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ABSTRACT

Inthiswork thereisthe films of Zn(etx), doped PMMA filmswere investi-
gated for gammarirradiation dosimeter purpose. Samples were fabricated
using cast method. PMMA doped by Zn(etx), films were exposed to a
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(**"Cs) gamma-radiation source at different dose rate (0, 1, 2 Gy) at room
temperature. Transmittance and absorption spectrafor filmswere recorder
and the values of the optical band gap and energies of localized states for
unirradiated and gammarirradiated samples were cal culated. It was found
that the optical band gap values were decreased as the radiation dose
increased. The observed change in the optical properties suggest that
Zn(etx), doped PMMA films may be considered as an effective material for
room temperature real time gammea-radiation dosimeters.
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INTRODACTION

Radiation methodislargely used polymer modifi-
cation, sinceirradiationinducestransformationsinthe
structure of materialswhich can be exploited toim-
provetheir performance. On the other hand, combined
action of ionizing radiation and oxygen may lead to deg-
radation of the polymer, with worsening of properties
such asmechanicd strength or dectrica insulationre-
sistance. Therefore, the change of the chemical and
physical propertiesof polymersunder irradiationisa
dynamic topic of researchi¥.

Irradiationin polymersdestroystheinitid structure
by way of crosslinking, freeradical formation, irre-
versible bond cleavages etc. Theseresult inthefrag-
mentation of moleculesand formation of saturated and

unsaturated groups. All these processesintroducethe
so called defectsinside the material that are respon-
siblefor changeintheoptical, e ectrical, mechanica
and chemical propertiesof thematerial?.

One of the polymers applied most successfully to
dosmetryisPMMA, know commercidly asplexiglass.
Radi ation dos metersusing induced optical changesin
clear plexiglasswith particular referenceto theeffect of
radiation’.

In the study of physical properties of polymers,
optical absorption spectrum isone of themost impor-
tant tool for understanding band structureand el ectronic
properties of pure and doped polymers. Thistechnique
depends on: when aphoton with energy greater than
the band gap, energy will be absorbed, atransition of
andectroninthevaenceband (VB) to conduction band
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(CB) takesplace. Thetrangtionisdirect whenthewave
vector for the e ectron remains unchanged, but inthe
caseof indirect trangition, interaction with alatticevi-
bration (phonon) occurs (theminimum of theC.B. lies
inadifferent part of K-spacefrom themaximum of the
V.B.)“9l,

Themain goal of thiswork hasbeen mainly con-
centrated on the determination of theoptical properties
of Zn(ext), doped PMMA filmsbeforeand after gamma
irradiation. It has been suggested that Zn(etx), doped
PMMA filmscan beused asdosimeters.

EXPERMENTAL

poly(methylmethacrylate) (PMMA) issupplied by
IClwithM =100g.mol*, Mw/Mn = 1.06 and purity
99.995, was used as matrix. Chloroform (ChCl,,) of
purity 1599.98 used as solvent was supplied by (BDH)
Company ChemicasLtd. Poole. England). For dopant
used the Zn(etx),, that preparation by this steps, 25ml
of ethanolic solution of 0.01 mol, NnCl,. .H.,O was
added, with constant stirring. After that 0.02 mol of
Potassium, ethyl xanthate dissolved in 25ml of water
was added. Thismixturewasthen stirred until white
crystdline solid was obtained. The product wasrecrys-
tallized from amixture of Petroleum ether and acetone
toyieldwhitecrystalsof Zn(etx),

PMMA grainsof weight (2) gmweredissolvedin
(10) VI of Chloroform (CHCI,) to doped was fabri-
cated by dissolving Zn(etx), in Chloroform of concen-
tration 0.02 w/w. Themixturewas shakenwell by stir-
ring about 30 min. to obtain homogenous solution, (10
ml) of the prepared solution wastransferredintoaclean
glassPetri dishwith (6 cm) diameter and dried at room
temperaturefor 2 days. Thedriedfilmsremoved easily
using tweezersclamp. Other smilar filmswerecastin
order to ensuredried sampleswithout bubblesand ther-
mal damage. The thicknesses of prepared films
were(0.14 mm) measured by using digital vernier.

Thefilmsirradiations by used the (*’Cs) source.
For each dosethe film sampleswere placed s multa-
neously at the centre of the chamber surrounded for
radiation equilibrium purposes. Sampleswereirradi-
ated with various doses ranging 0, 1, 2 Gy at room
temperature.

Themeasurementsof absorbanceand transmittance

spectrain thewave ength range (275 - 900) nm were
carried out by using UV-160A UV-VIS (Shimadzu Ja
pan) Recording Spectrophotometer.

RESULT AND DISCUSSION

The absorptions and transmittance spectra of
Zn(etx), doped PMMA filmsareillustrated in Figure
(1a-b). The absorptions spectraexhibit opposite be-
havior inspectraof transmittance. Theabsorption spec-
tra, which arethemost direct and perhapsthe smplest
method for probing the optical band structure.
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Figurel: Thevariation of a) Absor ption and b) Transmis-
sion spectrawith (Waveength) of doped PMM Afilmsat dif-
ferent dosesirradiation.

Optica absorption measurement isastandard tech-
niquefor investigating band Sructureanditistherefore
of interest to study absorptioninfilms. Theabsorption
spectrainthelower region (IR) areuseful in studying
themolecular vibrations. Thehigher energy region (UV)
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can be useful to manifest the e ectronic state of the at-
omsand other important phenomenaaffected by irra-
diation’®. Thewavel ength dependence 275-1000 nm
of the optical absorbance spectra of Zn(etx), doped
PMMA at different gamma-doseare shownin Figure
(18). Itisobviousfromthisfigure, whichtheincreasing
of gamma-dose leadsto increasing in optical absor-
bance; theradiation effectsare strongly dependent on
the structure of the absorbing substances. It is clear
that the absorbanceincreaseslinearly with absorbed
gamma-dosg, itisevident that the optical absorption
spectradistributionis sensitiveto theradiationinflu-
ence. Itisbelieved that ionizing radiation causes struc-
tural defectsleadingto their density changeontheex-
posureto gamma-rays!”®l,

Thefundamental absorptionisthe mostimportant
absorption processinvolvesthetransition of electrons
from thevalenceto the conduction band, which mani-
festsitsalf by arapid risein absorption, can beused to
determinetheenergy gap of thematerid. Infundamen-
tal absorption, an eectron absorbsaphoton (fromthe
incident beam), and jumpsfrom thevaenceto the con-
duction band. Thephoton energy (hv) must be equal or
morethan energy gap (Eg). Theabsorption of radiation
that |eadsto e ectronic trangtions between thevalence
and conduction bandstakestwo mechanisms: direct
and indirect process. Thedirect transitionin general
occurs between states of the same wave vector
[K;=K,.]- Thedloweddirect transitionsrefer to that
transitionswhich occur between thetop of thevaence
band and the bottom of the conduction band when the
changeinwavevector isequal to zero [AK=0]. If the
trangition occurs al so between states of the samewave
vector, but thewave vector doesnot equa to zero then
thesetrangtionsarecalled “direct forbidden transitions”.
Inindirect trangtionsthereisalarge momentum differ-
ence between the pointsto which thetransition takes
placein vaence and conduction bands, thismeansthat
the conduction- band minimaarenot at thesamevaue
of K asthe valence band maxima. Therefore, assis-
tance of aphonon is necessary to conserve the mo-
mentum. Therefore hu:Eg+Ep Where E, istheenergy
of absorbed or emitted phonon. For an alowed indi-
rect trangition, thetransition occursfrom thetop of the
valence band to the bottom of the conduction band.
Whiletheforbiddenindirect trangitionsoccur fromany
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point other than the bottom of C.B. Theempirica rda
tionshipfor thistypesof trandtionisgivenas

ahv =B (hv - Eg) (@]
Where E, the optica energy gap, o absorption coeffi-
cient, B isaconstant and r isan index which can be
assumedto havevauesof 1/2, 3/2, 2 and 3, depending
onthenatureof thee ectronictransition responsiblefor
theabsorption. r =1/2for dlowed direct transition, r =
3/2for forbidden direct transitionandr = 3for forbid-
denindirect trangition, with r = 2 refersto Indirect al-
lowed transitiong*59,

Theindirect allowed optica energy gaps Zn(etx),
doped PMMA filmswereestimated lieintherange 3.2
eValOGyto2.79eV a 2Gy, anditisdlightly de-
creased withincreas ng gammadoses. and the attribut-
ableto effect of gammaray on thestructure of polymer
samples, Thevariation of E, with gammadosistabu-
latedinTABLE 1 andillustratedin Figure 2.

TABLE 1: Optical parametersof doped PMMA films at
different dosesirradiation.

Doses Eq (eV) AE eV
0 Gy 32 1.52
1Gy 284 1.65
2Gy 2.79 1.67

12 1

hv (eV)
Figure2: Thevariation of (ahv)“?with (hv) of doped PMM A
filmsat different dosesirradiation.

Thedensity of thelocalized statesinthe band can
be evaluated from the Urbach energy (AE). There are
absorptiontailsat energiessmaller than Eg, andtheab-
sorption coefficient can exhibit exponential behavior.
The Urbach energy can be calculated from the equa-
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a=a_ exp(hv/AE) 2
by plotting In o asafunction of hv, thereciproca dope
of thelinear part givethevaueof AE, thevariationof In
a with hv for Zn(etx),doped PMMA filmsat different
gammadose, andthevauesof AE tabulatedin TABLE
1, we can observethat AE isincreased withincreasing
gammadoses.

The extinction coefficient can be cd culated by the
relation*:
k=aMin 3
Where (1) is the wavelength, and therefractiveindex
(n) of thefilmwas cal culated by thefollowing equa-
tion*3:

1+R)? "R
+ +
" =[(m) ‘(kz”)] IR )

Wherek istheextinction coefficient and Risthereflec-
tance.
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Figure3: Thevariation of a) k & b) nwith (Wavelength) of
doped PMMA filmsat different dosesirradiation.
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Figure4: Thevariation of a) g, b) & with Wavelength (nm)
of doped PMM A filmsat differ ent dosesirradiation.

Theevduation of refractiveindex of anopticd ma:
teriad isimportant for many applicationsespecialy in
optica devices. Figures(3a& b) showsthevariation
of refractiveindex n and extinction coefficient k with
wavelength, fromwhichit can benoticed that, in gen-
eral noticed the values of n and k in increased with
gammadose.

Theredl (g) andimaginary (¢,) partsof thediel ec-
tric constant can be cal culated using the from formu-
|6é14]

g =n’—k? ©)
g =2nk (6)

Figures (4 a& b) presentsthe dependenceof (g )
andimaginary (¢) onwavelength. Thevariation of (g )
and (¢) havesimilar trends asfor refractiveindex ex-
tincti on coefficient an accordingto Maxwe l’s equation™

Optica conductivity o iscalculated usingthefol-
| owing equation(®':
c=anclin (7
Theplotsof 6_againgt hv of filmswith different gamma
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dosearedisplayedin Figure5.
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Figure5: Thevariation optical conductivity ¢ with (hv) of
doped PMMA filmsat different dosesirradiation.

All thechangein optica parametersof for Zn(etx),
doped PMMA filmsafter radiation can attributeto the
effect of radiation on the structure of samples, which
createsalocalized energy statesin theforbidden band
gap actsasatail to the conduction band which reduced
theenergy gap and dl other optical parameters.

CONCLUSIONS

Theresults present abovethe absorbanceasafunc-
tion of wavelength for unirradiated samplesaswell as
sampl es exposed to various gamma-dosesin Zn(etx),
doped PMMA films. From theseresults, thefollowing
conclusonsweredrawn:

1- TheAbsorptionsincreaseslinearly withincreasing
gamma-dose.

2- theoptical gap energy decreaseswithincreasing
gamma-dose.

3- Upon the results obtained,it is possible to use
Zn(etx), doped PMMA film asados meter to mear
surethe average dose rate of gammarrayswithin
therange (0,1, 2,) Gy.
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