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1. Introduction

The study of polymer composite materiby means obptical absorption provides simple methods
explaining some features concerning the band streic@nd optical energy band gap of matel[1], they
have attracted much attention due to their enhanpédal and electronic properti[2,3]. PVA is used as
glue and exhibits good emulsify and film formingperties, it is also resistant to grease, oil ayldents
[3]. When a metal sulfide is doped a transparent polymer like PVA, the resultingipositesare expected
to be used for electronic and optical device apfibm [4,5]. Among the metal sulfideSilver sulfide(AgS)
is an important inorganic compot because of their technological applicati@hsIn the past decade, ,S
has been studied for its numerous applications asgiromising material for solar cell applicat[7]. There
is a growing interest in A& films because of their unique electri[8,9], optical[10], photovoltaic[11],
and thermoelectric properti§s2,13]. These unique propertissiggest potentially broad application of,S
films invariantdevices such as solar cells, supericonductorsand semiconductors, microwave shield
coating, photodetectarsphotothermal conversiorelectroconductiveelectrodes, as sensors at room
temperatureand thepolarizafrinfrared radiatior[14,15]

Ag.Ssemiconductor is a gog@dospectiv photoelectric and thermoelectricmaterial, and maaoygks have
been done on|[it6,17] In thepresent investigati, we reported thdabrication o Ag,S in an aqueous
solution of PVA, using in sithemical reductiormethod The effect of synthesized ,S on optical
parameters of PVA polymer are also investigatedgukiv-Visible Spectrometer.
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2. Experimental details

The raw materials utilized in the present workytotkesise the A filler are silver nitrate (AgN¢) and
sodium sulphide (N&) without further purification. In this work, PV used as a host polymer and as a
capping material. For this purpose, 2 g of low roolar weight PVA (supplied by Alfa Aesar) was fixadd
dissolved in 30 mL of distilled water at 80 for one hour. AgN@and NaS as a source of Aband g ions
respectively, were dissolved in the 5 mL of distlllwater separately at room temperature. Diffenewitir
concentrations of (0.01, 0.02, 0.03 and 0.04 M) lbeen used to prepare PVA-based polymer composites.
To obtain the AgS filler, the two solutions with ration 2:1were arporated into the homogeneous PVA
solution at room temperature under stirring. Thencical reaction for the A& formation is given by:

2 AgNG; (aqg) + NasS (aq) = AgS (s) + 2 NaN@(aq)

The change of color of the solutionfrom colorless llack demonstrates the formation of ,8g
component. To get a homogenous dispersion, theumixtvas further stirred continuously for 30 min
without heating. The resulting solution was cadbqguiastic Petri dish and allowed to dry slowlyrabm
temperature for films to form. The optical absayptspectra of synthesized polymer composite filrasew
recorded using the double beam UV-Visible-NIR spmattotometer (Model: Lambda 25) in the wavelength
range (190-1100) nm.

3. Resultsand Discussion

Figure (1) shows the optical absorbance spectrgptioe PVA and PVA/AgS composite films with
different concentrations, which are measured amré@mperature at the normal incident as a funabibn
wavelength in the spectral range from 190 nm uplt@0 nm. It is clearly observable from the pure PVA
curve that there is no remarkable absorption inuiséble region with a wavelength above 400 nm, as
compared to the UV region. The sharp decreasd®itUV region can be observed in the absorptiontspec
in the range of (190 — 220) nm for pure PVA andghted to higher wavelength for the doped samples,
which can be correlated with the optical band gap.

The optical absorbance of the pure PVA and PVASAgomposites near the fundamental absorption edge
was found to be exponentially decreases with is&rda wavelength. The sharp decrease observed in
absorbance spectrum indicates the presence ofptieloband gap of the material, which arises friwa
electronic transitions between the localized statéich have tailed off in the band gg8,19]
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Figure (1):Absorbance versus wavelength for PVA{8golymer composite.

The optical measurements constitute the most irmpbrneans of determining the band structures. The
optical behavior of materials is generally utilizex determine its optical constants. Both of the¢icap
constants, refractive indgx)and extinction coefficientk), represent fundamental properties of a material
not only because of their relation to the electostructure but also due to their applications ianyn
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integrated optical devices [20]. The optical proigsrof composite materials can be expressed mgube
concepts of refractive indgx) and extinction coefficientk) through the following relationd 8]:

1
_ (R 2)e _ @D
n= ((R—l)2 k ) (R-1) (1)
al
k= o 2)

where 4 is the wavelength of incident photoa, absorption coefficient, an& the reflectance, which
calculated from the relatiofR + A + T = 1), whereA represents absorption afidepresent transmittance.
In order to determine the extinction coefficienttbé films, the absorption coefficient was determined
based on the Lambert-Beer form{24]:

2.3034
a=2= (3)
whereA is the absorbance adds the film thickness.

Figure (2) shows the variation of refractive inde} as a function of wavelength for PVA/8 polymer
composite with different concentration of &g The refractive index gradually decreases wighittisrease in
wavelength, whereas it increases with the incregage,S concentration. It was also noticed that the sghe
value for the refractive index is 2.64 for 0.04M,8g The peak value of refractive index move towdhas
higher wavelength values as the,8goncentration increases.
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Figure (2):Refractive index versus wavelength for PVAiSgolymer composite.

The extinction coefficienfk) is a measure of the fraction of light lost duestattering and absorption
per unit distance of the penetration medi{@2]. Figure (3) represents a variation in the extorcti
coefficient(k) as a function of wavelength for PVA/A§ polymer composite with different concentration of
Ag.S. It was observed that the value of the extinctioefficient have the same trends of absorbanasrspe
This can be interpreted by saying that the incréaslee value of the absorption coefficient dirgaffects
the value of the extinction coefficient. The deseedn the extinction coefficient with an increase i
wavelength of all samples shows that the fractidigbt lost due to scatterin@3].
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Figure (3):Extinction coefficient versus wavelength for PVALSgoolymer composite.

Figure (4) represents the plot of therefractiveeidat high wavelength region againstthe,3\g
concentration. The values of refractiveindex of saenples are obtained from the intersection oftttepl
(high wavelength region) of thefigure(2) on theYsaXrefractive index axis). It can be seen that the
refractive index increased linearly with increasivegof AgSconcentration. It was reportedthat the linear
behaviour between refractive index and volume ioacoffiller can be attributable to the homogeneous
dispersion ofthe filler inside the host polymg@4]. The lineardependence of the refractive index in
polymeric compositematerials with filler loadingshbeen reported both fromexperimental measurements
and theoretical modelinf25,26] The regression value is (0.958) as exhibitedgaoré(4)indicates a well
fitting between the data points.
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Figure (4): Refractive index (n) at high wavelengghion as a function of A§ concentration.

One of the most important factors in developingehextronicband structure of composite film materia
is adetermination of theirbandgap eng2d}.The band gap energy of a material is defined asetiergy
distance between the valence band and conductioth #ad is one of the fundamental optical parameters
that explain the optical absorption. The smaller bland gap, the more electrically conductive mailtavill
be [28]. According to the Davis and Mott mod@9] near the fundamental band edge, the optical energy
band gajE, for the investigated films can be determined bpgithe Tauc's equatidB0]:

ahv = B(hv — Eg)y 4)
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wheref is a constanty is an index, which take the values 1/2, 3/2, 3,odepending on the nature of the
electronic transition responsible for absorptiorchamism of electron transition. The exponent vageal

to 1/2, or 3/2 for allowed or forbidden direct ts#tion in the quantum mechanical sense, and equaldr 3
for allowed and forbidden indirect transition, resfively[31,32]

Figure (5) shows the relation betwegrhv)? versus incident photon ener@yv) (often referred to as a
Tauc plot[18]) The value of direct optical energy band gap heenbdetermined by the extrapolation of the
best fit line to the intercept of the energy axiahv)? = 0.

The energy gap of pure PVA sample is equal to 8\27and with increasing the A§ concentration in
the PVA matrix, the band gap energy is decreasked €ktracted band gap energy of PVA/Bgamples are
(4.83, 3.57, 3.12, and 2.43 eV) for composite samplith (0.01, 0.02, 0.03, 0.04 M) £ concentration,
respectively.
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Figure (5): The value dfahv)? versus(hv) for PVA/AQ,S polymer composite.

The significant reduction of optical energy gap ibgreasing AgS content was attributed to the
interaction between polymer chains and,@\garticles which lowering the Fermi level and @nsently
affecting the energy gd28]. Another reason was the increase in the degreisofder in the network and
broadening in the band tails in the localized etatt state$33].

Thus, the present work indicates that@glispersion tunes the optical band gap of PVAiBugmtly and
consequently makes the PVA//&composite film more useful in wide variety of aglectronic device.

4. Conclusion

We have introduced modified optical properties ®APpolymer by embedded A§ inside it. AgS
particles cause a significant shift of absorptipactra to higher wavelengths. There was an incrisage
absorption coefficient and refractive index of twanposites as compared to pure PVA, in which ttterla
causes to increase the extinction coefficients twedformer, can be ascribed to the increase inetarr
density. The refractive index of the samples corntposxhibits a dispersion behavior. The extinction
coefficients of the composite samples are highan tthat of pure PVA. The optical band gap of PVA
significantly reduced from 6.27 to 2.43 eV.
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