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ABSTRACT

Polymer-nanoparticale composites were prepared by solution cast method using Polymethylmethacrylate as base
matrix and silver nanoparticleasfiller. Optical propertiesof (PMMA-Ag) hanocomposite with different percentage
(0,2,4,6, 8,10)wt% and thickness 100pm are investigated using uv-visspectroscopy within the spectral region (200-
800)nm. The energy gap of indirect transition (allowed and forbidden) has been determined and it was decreased
with increasing nanoparticles concentration. The dispersion phenomenafor refractive index and extinction coeffi-
cient are also investigated, the refractive index increase with increasing Ag concentration. The morphological
analysis of the samplesis determined by AFM measurements and optical microscope. The result shows a homoge-

neous distribution,very smooth surface and small roughness.

INTRODUCTION

In recent years, anoblemetal nanoparticles such
assilver isof great significance dueto size dependent
optical properties¥. These specia and unique proper-
tiescould beattributed to their small sizesand large
specific surfacearea. Themetallic nanoparticleshave
been used in many applicationssuch ascatayss, elec-
tronics and photonics. Polymersare considered to be
an excdllent host materid for nanoparticlesof metal 5.
The polymer will act asasurface capping agent when
the nanoparticlesare embedded into them. Theobtained
nanocompositesmight exhibit enhanced optica prop-
erties?. However, the properties of polymer compos-
ites depend on type of incorporated nanoparticles, as
well astheir size and shape, concentration and i nterac-
tion with the polymer matrix. Among polymer materi-
als, PMMA iswdl known asapolymericglasswitha
widerangeof applications. Useof PMMA offerstwo
fold advantagessuch asavailability to carboxylatefunc-
tional group for achemical bonding with themetalions
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and high solubility of PMMA in solvent like Chloro-
form for silver nitrate reduction. Various preparation
routes have been reported for the preparation of me-
tallic nanoparticles; including reverse micelles pro-
cess*d, salt reduction™®, ultrasonicirradiation!”, el ec-
trochemical synthesig®® and etc. Deng et al.,[*% pre-
pared PMM A-Agnanocompositesby considering sil-
ver nanoparticles colloids suspension drying on the
quartz substratesusing PMMA and DMF viain-situ
technique. They observed that the behaviorsof linear
and nonlinear optical propertieswere different com-
pared to the pure PMMA film. In this paper, we used
simple procedure for preparation of PMMA/
Agnanocompos teswith ahomogeneousdistribution of
metal nanoparticlesinthepolymer matrix without using
any externa reducing agent. Theinsitu produced Ag+
ions were bound to the acrylate polymer through a
chemica bonding whichlater helpstheAg+ionsto get
converted intotheAg.
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Figurel: Theabsorbancefor (PMM A-Ag) compositesasafunction of wavelength.

The materialsused in thiswork are commercia
Polymethylmethacrylate (PMMA), it was obtained as
fine powder Netherland company and
Silvernanopowder Black Color Size (20nm) with gpurity
(99.99%) supplied from (Hongwu nanometer).

Filmswere prepared with weight percent (2, 4, 6,8
and 10wt%). It wasdissolved in Chloroform using mag-
netic stirrer about (1hr). Theprocessof sonicacationis
onethat shoots ultrasonic waves at the sample ;there-
foreaiding dispersion of thefiller and creating amore
homogenoussolution, soto preparethefilmsEach sample
ispoured in 5x5 cm? glass basin after been cleaned
with water and acetone. They arekeptto Placed ona
flat tablesurface. Thethicknessof thedried samplesis
about (100um).

RESULTSAND DISCUSSION

Optical properties

The UV-VISabsorbance spectraintheregion 200-
800nm for PMMA-Ag nanocompositesareshownin
Figure 1. It isclear from thefigurethat the absorption
spectrafor al films decreased with increasing wave-
length, whiletheabsorptionincreased with increasing
concentration of Ag. Thisisbecauses lver nanoparticles
ions are combined with the polymer chainswhich ab-
sorb theincident radiation at the shortest wavelengths

greater than 250 nm by the free el ectrons 12,

Theoptica transmisson spectracf thePMMA films
with different concentrations ofnanoAg areshownin
Figure2. Thisfigure showsthat thetransmittanceinten-
sty increaseswith theincreasing of thewavelength, and
asthe concentration of nano Agincreases, thetrans-
mittance decreases. Thereason for thisbehavior isbe-
cause of theform of coval ent bonds between polymer
chainsand additivesthat decrease thetransmitting of
theincident light especidly at the shortest wave engths.
Theedectronsintheouter orbitshavetravelled to the
higher energy levelsand have occupied vacant posi-
tions of energy bands. Thus, part of incident light does
not penetrate through itl*2. However, the pure
Polymethylmethacrylate have no free e ectron and the
conductionband needs photon with high energy as
shownintheFigure2.

The absorption coefficient o(cm)tiscaculated by
using equation (1).

a = 2.303(Alt) @
where (A) isthe absorbanceand (t) isthe thickness of
thematter.

Figure 3 showsthe absorption coefficient o(cm)?
asafunction of wavelengthAt low energies, thepossi-
bility of eectrontrangtionislittle, becausetheenergy is
not sufficient to movethiselectron from thevalence
band to the conduction band (hv<Eg)™. At high ener-
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Figure2: Thetransmittancefor (PM M A-Ag) compositesasafunction of wavelength.
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Figure3: Theabsor ption coefficient for (PM M A-Ag) compositesasafunction of wavelength.

gies, absorptionisgreat,thismeansthat agreat possi-
bility of eectron transitions consequently, theenergy of
theincident photonisenough to movethedectronfrom
thevalence band to the conduction band, the energy of
theincident photon isgreater than the energy gap!*?.
Thisshowsthat theabsorption coefficient assstsinfigur-
ing out thenature of eectron trangition,*3,among other

results is that the coefficient of absorption for the
(PMMA-AQ) compositesislessthan 10/cm® thismeans
trangtionsisindirect.

Refractiveindex (n) wasdetermined from theabso-
|ute values of the absorbance and transmittance of the
investigated filmsusingthefollowing equetion [ 2] :
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Figure4: Therefractiveindex for (PM M A-Ag) compositesasafunction of waveength.
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whereRistheoptical reflectance. Figure4 represents
thedispersonintherefractiveindex for thefilmsinthe
investigated range of wavel engths. Inspection of Figure
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4indicatesthat therefractiveindex decreaseswithin-
creasing wavelength for samplespure, 2, 6, 8 and 10%
but sample 4% increase with wavelength. Thefigure
showsthat therefractiveindex increasesasaresult of
anincreaseinthe percentage of Ag; thisbehavior can
beattributed to theincreasing of the packing density as
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aresult of filler content!4,

Theextinction coefficient wasdetermined using the
following equation (3).

oA
K =4z ©)
wherea istheabsorption coefficent and () isthewave-
length of theincident ray.

InFigure5,itisclear that the extinction coefficient
for pure PMMA sample showsadecreasein va ues of
all wavelengths (200-800) nm, while it increases for
thesamples (2, 4, 6, 8, and 10%), in the wavelength
from 300 nm to 800 nm. Extinction coefficient wasin-
creased for PMMA filmswith increasing Ag concen-
tration, thismay be attri buted to high absorpti on coeffi-
cient. Thisresult indicatesthat theatomsof (Ag) will
modify the structure of the host polymer. Aninteresting
result issilver nanoparticlesincreasesthe absorbance
inthevisibleregion®,

The dependenceof thered partisshownin Figure
6 for pure sample and with Ag nanoparticles. It was
observed that thereal part depends on refractivein-
dex. Thereal part isincreased with increasing wave-
length and Agconcentration, moving thecurvevertex to
higher wavel engthswere noticed with increasingAg
nanoparticles percentage may be attributed to rel ated
real part of dielectric constant with refractiveindex by

240

—== Fyl| Paper

equation (4)1,
g, = N%—k? @
g, =2nK (5)

where (o) isthecomplex didectric constant, (o.,, o, are
thered andimaginary partsof thedielectric constant,
respectively.

Theimaginary part of the dielectric constant asa
function of wavelengthisshowninFigure7. Itisclear
that theimaginary part depends on extinction coeffi-
cient by equation 5 becausetherefractiveindex isvery
smal|6:17,

Theimaginary part increasesfor al wavelengths
200nm to 800 nm and withincreasing Ag percentage.
New pegksappear whichindicatethat thesampleshave
no samestructure. Hence, the changein the percentage
of Aggave changein the chemical composition of the
polymer8l, The absorption spectraclarify an extend-
ing tail for lower photon energies below the band
edge,.

Figure 8 shows the rel ation between (ahv)¥? for
(PMMA-Ag) composites asafunction of photon en-
ergy on drawing astraight linefrom the upper part of
the curvetoward the (x) axis. At the value (ahv)Y2 =0
weget an energy gap for thedlowed indirect transition.
The obtained valuesareshownin TABLE 1. Wecan
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Figure 6 : Thereal dielectric constant for (PMMA-AQ) composites as a function of wavelength.
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Figure7: Theimaginary dielectric constant for (PM M A-Ag) compositesasafunction of wavelength.

TABLE 1: Thevaluesof energy gap for theallowed and for-
bidden indirect transition

Allowed (aE)%

Forbidden(aE)"?

AgWt% = Eg Eq Eg
0 4.3 4.9 4.3 4.91
2 4.2 4.8 4.2 4.8
4 4.1 4.7 4.07 4.7
6 4 4.6 4 4.6
8 3.7 44 3.8 4.4
10 3.3 4 35 4.1

seethat thevalues of energy gap decreasewith thein-
creasing of theweight percentage of the added nano
particles, thisattributed to the creation of onsitelevels
intheenergy gap,thetranstioninthiscaseisconducted
intwo stagesthat involvethetransition of an electron
from thevalenceband to thelocal levelsasaresult of
increasing Ag percentage. Thisbehavior isattributed to
thefact that compositesare of heterogeneoustype(i.ethe
electronic conduction depends on added Ag
nanoparticles), theincrease of the added rate provides
eectronic pathsinthe polymer whichfadilitatethecross-
ing of electronsfrom the valence band to the conduc-
tion band,thisexplainsthe decrease of energy gap with
the increase of the concentration of the additive [*2.
Theforbidden transition of theindirect energy gap is

TABLE 2: Values(RM S) and (RS) and (Avg. Diameter) for
samples

wt% RMS(nm) Roughnesgnm)  Avg.Di(nm)
0 0.22 0.18 95.99
2 0.05 0.04 107.74
4 0.46 0.38 102.91
6 048 0.39 100.3
8 023 0.18 88.84
10 248 2.06 106.2

caculated inthe sameway.
Figure 9 showstheforbidden transition of theindi-
rect energy gap for the (PMMA-Ag) composites.

Atomic forcemicroscope (AFM)

Figure(10,11,12,13,14,15) showsAFM images of
samplesintwo and threedimensions. All theimages
show homogeneous di stribution with columnar struc-
ture.

The average diameters, root mean square (RMS)
and the averageroughness of thefilmsare Listed in
TABLE 2. It was observed that the diameter of all
samplesisabout therange of nanoscale. Also, it was
shown very smooth surface with small roughness,
smoothing of thefilmsispossibly dueto order of sur-
faceatomsto attain alower energy state.
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Figure16: Photo micrographspower (X 400)

Theoptical microscope reflect themetdlic natureof Ag, thenitlook dark black

Thefollowing Figure 16 showstheoptica micro- at 10%.

Thefirst film (pure PMMA) tendsto whitecolor,
thisisacolor of the polymer (PMMA) thenincrease ¢
the proportion of Ag (2%, 4%, 6%, 8% and10%) the
color of filmstendsto be dark (nearly black) which

TheElectronic Transitionsareindirect trang -
tions.
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2 Optica energy gap decreaseswithincreasing
of Ag nanoparticlesconcentration.

3 Theresult of Optica Microscope show homo-
geneousdistributionfrom (PMMA-AQ).

4 Theresult of Atomic Force Microscope show
very smooth surfaceand small roughness.
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