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I ntroduction

In recent years, polymers with different opticabperties have attracted much attentions due to
applications in the sensors [1], li-emitting diodes [2—4], anti-reflection margaland others [5,6]. The
optical properties of these materials can be easilyed by controlling contents of the differ
concentrations. Though excellent ws have been reported on such material8]jAt-is still meaningful tc
extend researches timese polymers. Optical prerties, such as complex refractiveex (—ik, where i is
the unit of imaginary) for a certain range of wargthfrom ultraviolet tonear infrared, and optical ba
gap valueg€g, are becoming quite important criteria for theeson of applications of the fabricated filn
The refractive inde is one of the fundamental properties of mats, because it is closely related to
electronic polarizability of ions and local fieldside the material. The evaluation of refractivdidas ol
optical materials is of considerable importancedpylications in integrated optic devices such as dweis
filters and modulators, etc., where the refractnaex of a material is the key parameter for dedesign
[10,11].

The study of optical absorption has proved to lrg useful for elucidaon of the electronic structure
these materials. It is possible to determine imdiend direct transition occurring in band gap loé
materials by optical absorption spectra. The f transmittance can be analyzed to determine of
constants sutas refractive index, extinction coefficient anelekctric constant. The optical constants of 1
films depend on the condition of preparation suzlthe substrate temperature during the depositioreps
These parameters have to be controlled ifrom the initial stages of depositiofhe aim of this stuc is to
investigate the structure and optical constantiPolythioacetatethin films such as refractive inden,
absorption index, optical band gaE,, optical dispersion parametdtsandEy, complex dielectric constar
relaxation timer, dissipation factor te , optical conductivitys,,. and electrical conductivitee. [12,13].
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Experimental
Preparation of Polythioacetate

Poly (2thioacetate) was prepared by simple condensatilymgoization .Thioacetic aci¢(7.6g , 0.1mol)
wasdissolved in dry toluene (75ml) . The solution weffuxed for 18h . After cooling , the precipitates
collected by filtration . The crude product was ke several times with ethanol to give a whitedsodi
80% yield .
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2-mercaptoagtic acid Poly(thiacetate)
Scheme 1: Preparation of poly-thioacetate) .

Measurement

FT. IR spectra for poly (Btoacetate ) was recorded as KBr disc using alRTspectrophotometse
Shimadzu model 8400S in the range 4400 cnt. The measurements of absorbance ancsmittance
spectra of polythioacetatiin film in the wavelength range (3-900) nm were carried out using VIS
Recording Spectrophotometer (-CE7200Aquarius). The optical absorption (A) and refleca
spectra(R) were analyzed to determine optical constants such as refractive index (n), extinc
coefficient (k), absorptiorwoefficient @), optical band gayE, , oscillator energyE, , optical dispersion
parametersEy, complex dielectric constant, optical conductivity,,). and electrical conductivityog).
Analysis of the absorption coefficient was alsoriear out to detemine therelaxation time ) and
dissipation factor tah The thickness of prepared films was measured um).

Result and Discussion

Poly (2thioacetate) was prepared by condensati-mercapto acetic acid with itself . The preps
poly(2-thioacéate) was obtained as a white solid in 80% yieltie prepared polymer was characterize«
FT.IR spectroscopy , Figure 1 . The spectrum dy(2-thioacetate) shows a broadening band center
3350 cn can attributed to hydroxyl group of the carbcend group [14,15] . Also a strong band appe.
at 1735crit due to asymmetric stretching of carbonyl group @hilsymmetrical stretching band appeare
1475cmt [14,15] , bands were appeared at 2915 and 28t" due to asymmetrical and symmetri
stretching of aliphatic & bond respectively . Furthermore , variable babefsveen 136-1300 cni be
assigned to aliphatic 8- bending [14,15] . Two strong band appeared ai0128d 1174 ci* can be
assigned for stretching band ofSCand (-O bonds [14,15] .

The study of materials by means of the optical giigmn provides a simple method for explaining sc
features concerning the band structure and eneaagy The absorption spectra of polythioacetate was
recorded in the wavelength range 00-900 nm and is given in Figure (2). Thptical parameters relat
to the spectrum are given in tabl

L)

Bmvenumber fom-1)

Fig 1: IR Spectrum of Poly -thioacetate)
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Table 1. optical parameters of the polythioacetaite film.

Quantity Value
Eg" (eV) 3.55
Ec‘%?(eV) 5.69
B, (cmev)™ 27
Eenonon (MEV) 558
a, e 1.95
Ebach (€VY) 29
E.(eV) 11.38
E,(eV) 19.96
n, 1.65
£ 2.75
£, 2.8
N/m-(m®kg)™ 5.36x10°
So, i 7.45x10°
A, (nm) 226.2
M, 1.75
M_,(eW)’ 0.0135

The absorption coefficientx() can be calculated from observed absorbance datg Beer Lambert’s
formula(a = 2303(A/d)) , where A is the optical absorbance anldis the film thickness. The extinction
coefficient can be obtained from the relatin= aA /4n), wherel is the wavelength of the light. The
reflection can be determined by using the followialgtion [16]:

1-R’e”
T= % .......... (1)

Where T is the transmittance, R the refleataanedd is the film's thickness. Fig. (2) Shows the vapati
of absorption coefficient as a function of waveldgnaof the light in the rang (300-900) nm. It isai¢hat, the
absorption coefficientq ) decrease as the wavelength increases. This igodar increase Permeability
class in the range of wavelength. Figure (3) shmvdependence of the optical transmission andctafte
on wavelength respectively. The data from trandonmssnd reflection spectrum are used to calculate
absorption coefficient by using equation (1).
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Figure (2) Absorbance as a function of wavelengttpblythioacetate.
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Figure (3) Optical transmittance and reflectanaecs as a function of wavelength polythioacetate.

The extinction coefficient represents the amoof attenuation of an electromagnetic wave tlsat i
traveling in material, where it values dependshandensity of free electrons in the material aso an the
structure nature. The values of extinction coeéfitiare directly related to the absorption of lightcan be
noticed that there is a decrease of extinctionfmefit with increasing wave length. Figure (4) sisothe

extinction coefficientK) for polythioacetate thin films as a function odwelength in the rang (300-900) nm
[17].

0.015

O.01F

O.005F

400 [sle]e} 800 1000
A (nm)

Figure (4) Extinction coefficienk] as a function of wavelength polythioacetate.
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The refractive index (n) {n = [(MR)/(14R)]+V(4R/(1-Rf-K?) where R } is reflectance of
polythioacetate thin film as functions of waveldngs shown in Figure (5). It can be seen that otifve
index decreases with the increasing of wavelerigth.decrease obtained in the value (n) is duestiositme
interactions take places between photons and etextiThe refractive index changes with the vanatb
the wavelength of the incident light beam due ®s¢hinteractions, in another word, one is the aptass
caused by absorption and scattering, which decsghseamplitudes of the transmission intensityltadins
at shorter wavelengths, in this work it can be eeigld because of the highly transparent of polgitetate
thin film. In the determination of refractive ingis for the polythioacetate thin film, the main l@stses
from the transmission measurement procedures, asidmall difference of light spot sizes and apegur
[11].

The relation between the absorption coeffilzie, and optical band gapg, is given by the following
relation [12].

B(hl/—Eg)r
qg=———— ="
hv

Where B is an energy-independent constant jhis the photon energy, The absorption coeffici@nt
identifies the type of the transitions betweendteztronic levels. The transition is directi§reater than 70
cm? or it's indirect if (o ) less than1Dem®. According to Tauc law the relation betweesHo)Y" and
photon energy ) was examined for different value of the parametéwhere r=1/2, 3/2, 2 and 3) to
determine the type of the optical transition. Tlaggmeter r is an index depending on the naturdef t
electronic transition responsible for the absorptie=1/2 for allowed direct transition, r = 3/2 flmrbidden
direct transition and r =3 for forbidden indirexrsition, with r =2 refers to indirect allowedrisitions. The
optical absorption spectra studies reveal thagtisorption mechanism is an indirect allowed tréosif it
has been found that the value of eifual 3.55ev [13].

1
-
\]

1.65F

400 [S]e]e] 800 1000
A (nm)

Figure (5) The variation of the refractive indeX ¢s. photon energy for polythioacetate.

The energy gap values depends in generalefilth crystal structure, the arrangement and itistion
of atoms in the crystal lattice, also it is affett®y crystal regularity. The energy gap (Eg) vatuealculated
by extrapolation of the straight line of the plét(@hv) versus photon energy¢h as shown in Figure (6).
The optical absorption coefficient near the fundatak absorption edge is found to be exponentially
dependent on the incident photon energy and oleysrpirical Urbach rule [16].

a=a,exphv/E,) ......... 3)
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Wherea, is constant and, is the Urbach energy and it can be evaluated awitfté of the localized
states.

100|

(el (eViom) "

9)]

Figure (6) Plot of¢ hv ) vs photon energy (h) near the absorption edge for polythioacetate

A plot ofa as a function of photon energyy for polythioacetate thin film illustrated in figui@). The
exponential dependence af on photon energy for the compound indicates thabéys Urbach's energy
equation. An electronic transition between locaistates in the band edge tails is valid in thimpound.
The exponential dependence of the optical absorgaefficient with photon energy may arise from the
electronic transitions between the localized statddch tail off in the band gap [17]. Figure (8)osvs the
variation of the (In) against the photon energyyh for polythioacetate.
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Figure(7) Vvariation of the absorption coefficient) (@gainst the photon energit () for polythioacetate.
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Figure (8) Variation of the (ij against the photon energyl) polythioacetate
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The relation between the refractive indexand the single oscillator strength below the bgayal is given
by the expression [18,19]:
E.E
nZ :1+ 5 d —o 5
ES - (ho?)
whereEy andE, are single-oscillator constants, is the energy of the effective dispersion os@laEy
the so-called dispersion energy, which measureaveege strength of interband optical transitions.

Experimental verification of Eq. (4) can be obtairsy plotting(nz— 151 versus lv)? as illustrated in
figure (9) for polythioacetate thin films, whigflelds a straight line for normal behavior havihg slope
(E.E9) ™ and the intercept with the vertical axis equalEgE,). But the obtained curves in figure (9), show
positive deviation from linearity. A positive cutuae deviation [19] from linearity at longer wavetgh is
usually observed due to the negative contributidattice vibrations on the refractive index. [19].

0.8

o data

o0.7F y - - 0.0044*x + O.57 /" lineady|

5 (3] e o 10 11 12

s
(hv)Z (eV)=

2 I 2
Figure (9) The plots of the variations(of-1) vs.(hv) for polythioacetate.

The obtained data of refractive indegan be analyzed to obtain the high frequency dieteconstant
via two procedures [20]: the first procedure ddmesithe contribution of the free carriers and titéce
vibration modes of the dispersion. The second plewe however, is based upon the dispersion arfsomgy
the bound carriers in an empty lattice. To obtaial@ble value for the high frequency dielectrimstantz.,,
we employed both procedures.

The first procedureThe following equation can be used to obtain thghhirequency dielectric
constant [20]:
1= £,(1) —BA%,
where
B = eN/4r’c’ecom™* ............ (5)

whereg, is the real part of dielectric constant,(1) the lattice dielectric constant or (the higeguency
dielectric constant) according to first procedurthe wavelengthN the free charge carrier concentratian,
the permittivity of free space (8.854x10-12 F/mmf, the effective mass of the charge carrier anthe
velocity of light. The real part of dielectric cdantse; = n° was calculated at different valuesiofThen, the
obtained values of; are plotted as a function &t as shown in Figure 10. It is observed that theeddpnce
of & on A% is linear at longer wavelengths. Extrapolating tmear part of this dependence to zero
wavelength gives the value af.,(1) and from the slopes of these lines, valuell/of* for the investigated
oxides were calculated according to the Eq. (8hefconstanB. The obtained values ef (1) andN/m* are
given in Table 1.
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Figure (10) the plots of the variations of)ws A % polythioacetate

The second procedur&he dielectric constant of a material could be waked using the dispersion
relation of incident photon. The refractive indeasaalso fitted using a function for extrapolatiowards
shorter wavelengths. The model of Moss [21], wistdted that the free carriers contribution to disipa
are relatively small. This means that data corredjpmy to the wavelength range lying below the ghbison
edge of the material are to be used. In such g sasene can apply the next relation. The progetif the
investigated polythioacetate could be treated sm@le oscillator at wavelength at high frequency. The
high frequency dielectric constant can be calcdldg applying the following simple classical dispen
relation [20]:

n® -1 A
: =1-(==)? 6
e (/1) (6)

wheren, is the refractive index at infinite wavelengih(average interband oscillator wavelengthjhe
refractive index and the wavelength of the incident photon. Plottimg £1)* againsti™ which showed
linear part, was below the absorption edge as showfigure 11. The intersection withn?(-1)™" axis is
(n’%— 1) and hencep®, at 4, equal tos,(2) (high frequency dielectric constant). Valuesepf2) for

polythioacetate thin films are given in Table 12][2ZThe average oscillator strength is given by ,
2 —
s = ”A_Zl ............. @)

The real part of the permittivitg, and the imaginary part of the permittivig, can be calculated by the
following relations [20,21]:

&=n"—Kk* ... (8)

T T T T T
0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10° 1.2x107

A', (nm)®

2 -1
Figure (11) the plots of the variations(af-1) vsi for polythioacetate.
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Figures (12&13) show the relation betwegne, and photon energy. Figure (14) shows the variatfon

optical conductivity with incident photon energyhel optical conductivity is determined by using the
relation [23]:

i (Secy™

N

(¢}
1 1.5 2 2. 3 3.5 4 4.5
)

5
hv (CV

2 -1
Figure (11) the plots of the variations(af-1) vs\ “for polythioacetate.

1.5 2 2.5 3.5 4 4.5

3
hv (eV)

Figure (12) the plots of the variatios vs hv for polythioacetate.
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Figure (13) the plots of the variatios, vs hv for polythioacetate
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The optical conductivity directly depends e fibsorption coefficient and was found to incresdmeply
for higher energy values due to the large absaorpticefficient for these values. Figure (15) shotws t
variation of electrical conductivity with incidephoton energy. the electrical conductivity is canaso
estimated by using the fallowing relation [24] .
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Figure (15) the plots of the variations electriCainductivityvs hv for polythioacetate.

N

The dielectric relaxation timecan be evaluated by using the relation [25,26]:
r=c¢, - & lae, (12)

Figur€16) indicates the dielectric relaxation timas a function of photon energy for polythioacetate.
This figure showed that the relaxation time incesawith increasing the photon energy. The dissipati
factor (tano) is a measure of loss-rate of power of a mechamcae. The dissipation factor tancan be

calculated according to the following equation [27]

tand = ¢,/ &, (13)

x 10

1 1.5 2 3.5 4 4.5

2.5 3
hy (CV)

Figure (16) Dependence of relaxation tieren the photon energw for polythioacetate.
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The variation of dissipation factor of the éstigated films with frequendyis shown in figure (17). It is
found that the dissipation factor increases witlereéasing photon energy in the absorption region.
Figures(18)show the relation between thea lng ) vs photon energy Infh-Ey) for polythioacetate thin

film. The moments of optical dispersion spedila and M; ,can be evaluated using the relationships
(Table 1.)[ 18].

M
2 _ 'V
E —M— ............. (14)
-3
M3
e Ma (15)
M
0.03
0.02
§
0.01
——
o
2, 4 5} 10
f (Hz) 14
x 10

Figure (17) Dependence of dissipation factordtam the photon enerdy for polythioacetate.
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Figure (18) Variation of the In(h )vs photon energy Ingh -Ey) for polythioacetate.

Conclusions

The dependence of the absorption coefficienbO photon energy (h was determined in the spectral
range from (300—900 nm). The variation of the apison coefficient and the optical gap are reporfeue
allowed indirect transitions were found to be ramiole for interband transitions. The type of ogitic
transition responsible for optical absorption wadirect transitions. Values of real part of thelet&ic
constant are higher than imaginary part. The réilexaime z, the dissipation factor ta#i the electrical
conductivity and the optical conductivitydpt) were increased with increasing the photongner
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