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ABSTRACT

The optical absorption method is a powerful tool for Studying the optically

induced transitions and for determining the energy gap in the crystalline and non-

crystalline materials. The absorption spectra in the lower energy part sheds light on the

atomic vibrations, While the higher energy parts of the spectrum manifest the

electronic states in the atoms. Effect of y - irradiation on the optical properties of

plastic detector (Lexan film) has been studied. This investigations were carried out for

y- doses from 10 K Gy - 2 M Gy to determine the optical parameters: optical energy

gap EOp, absorption coefficient a, absorption index K, mobility energy gap Eg,

absorption band edge Xe and the absorbance at wavelength 340 nm. The results

showed that both direct and indirect transitions are existed in Lexan detector, and

became highly sensitive to y - irradiation doses. The variations of optical energy gap

with y - irradiation doses can be explained as the change in the degree of disorder and

the phonon energy Ep, is dose dependent.

INTRODUCTION
The study of optical absorption and particularly absorption band edge is a

useful tool for providing information about band structure, and optical energy gap in

polymeric materials^).

Radiation damage can be measured by a number of different methods, e.g. solid state

nuclear track detector as y- ray dosimeterw, and generally radiation interaction with

plastic detectors causes reduction of the average molecular weight of the latter, which

in turn produces an enhancement in the bulk etch rate VB as y- dose increases^).
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Large doses of y irradiation caused by the presence of oxygen and U.V.

irradiation, were found to influence the response and sensitivty of detectors(4>5) but

the data available for all kinds of plastics and the effect of radiation on the physical

properties are not sufficient.

The aim of the present work is to study the influence of y- irradiation, on the

optical properties of Lexan detector at different y-doses up to 2 MGy.

EXPERIMENTAL PROCEDURE

Lexan is the trade name of Bisphenol- A polycarbonate formula

[General Electric Co. USA] of density 1.29 and thickness 500 |in. Samples were

irradiated to *°Co. source (Atomic Energy of Canada) for different durations and

varying integrated doses [0.01, 0.05. 0.1, 0.2. 0.5,1.0, 2.0 MGy]. The absorption

measurements for Lexan samples were made using Shimadzu 16° A spectrophotometer

of wave lengthes 200-600 nm.

RESULTS AND DISCUSSION
The optical absorptions spectra of Lexan films in the visible and U.V. range at

different y-doses are shown in Fig. 1. It is clear that the sharp absorption edge in the

curves of the virgin and 10 KGy indicates crystaline specimens, while the fact that

there is no sharp absorption edge in the curves of 50 KGy up to 2 MGy provides less

crystalline ones. Also, it is evident from Fig. 1 that the position of the fundamental

absorption edge shifts towards larger wavelengthes. This behaviour can be attributed

to the fact that degradation of sample starts at dose greater than 10 KGy. Figure 2

shows the variation of in a as a function of photon energy (hco)at different y-

radiation doses. A clear dependance of I n a on y- doses and the photon energy is

observed. The absorption edge was analysed using Davis and Mott formula (6)

a/ko = B(/i®-Eo )" (1-b)

OQ and B are constants, AE is the band tail width of the localized state, Eop is the

optical energy gap of the system and "n" is the index determine the nature of the

electronic transitions during the absorption process.

According to equation. (1-b), the direct and indirect transitions (Eop)d, (Eop) in

can be obtained by extrapolating the linear portions of the curves which represent
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(afico) and {aticoj1 versus the photon energy (hco) at different y- doses. Fig. 3

represents (aTia))1 versus (hco) curve. The values of (Eop) in and (Eo p)d were found

to decrease slowely as the y- dose increases (see Fig. 6) where a sharp decrease up to

5 KGy followed by gradual decrease up to 2 MGy is observed. Such behavior is due to

the crystaline structure of Lexan detector which lead to an increase in the degree of

disorder(7).

The optical energy gap E o p can be expressed asW.

where E g 0 is the unperturbed optical gap, hJT and / l V are the self-energies due
c v

to electron- electron and electron impurity scattering, respectively. They are being half
to one third in magnitude compared with AEg, and AE*M is the band gap shift given by

Burstein Moss theory(9>10) which corresponds to different interband absorption

process. This indicates that a direct and indirect transition exist, and the absorption

coefficient (a) can be expressed as:

cc 2 =A(/ ico~E d ) (3-a)

a1 sCyto -E* 1 1 ) (3-b)

where A,C are constant, E ,E are mobility energy gap for direct and indirect

transition respectively, where E = E + E . Ep is the energy of the phonon

associated with transition (E = /to) ) .
P P

Figure 4 shows the variation of the value (a) as a function of photon engergy
in

g
(/}©) at different y- doses. From the intersection of the line with X- axis, E should

d o
be estimated. Also, E can be estimated from ( a ) z curves.

The change of the absorption coefficient (a - OQ) due to irradiation as a

function of wavelength X (nm) at different y- doses.

is depicted in Fig 5. Here OLQ is the absorption coefficient of unirradiated sample. At

low doses, an increase in intensity is recorded, and a radiation induced absorption

band is obtained. Small doses are suggested to induce such absorption band.
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As y-dose is increased a consequent inhancement in the intensity of the

absorption is observed. However, there is no band absorption edge. One should point

out that the sensitivity to y-irradiation of Lexan detector at higher doses is appreciable.

[2,4], as it is in case of PVC doped with Pb and contrary for case of PVC doped with

Cd(H).

Figure 6 shows the variation of E , E , E and the band tail width of

localized state AE. For intermediate doses up to 100 KGy, the phonon energy Ep is

rapidly decreased with increasing y-dose, this is due to phonon scattering. Above this

dose, the sample suffers a crosslinking at which the value of Ep decrease slowly.

Furthermore, Fig. 6 reveal that, both direct and indirect energy gaps E , E decrease

as y-dose increases. There is no difference in magnitude compared with the values of

E and E respectively,op op r J

Also, it should be noted that E is found to be smaller than the mobility
op J

energy gap E by the very small value of band tail width AE of the range of localized
©

states in the valance or conduction between the two values at any y-dose. The values

of AE for different y-doses were derived from the curves of Fig. 2 talcing into

consideration eqn. (1-a). From the coresponding curve, the band tail width AE

increases as y-dose increase up to 200 KGy followed by a small change.

Figure 7 shows the fundamental absorption edge Xg (nm) for Lexan detector at

different y-doses. The values of Xg increase up to 500 KGy, and degradation takes

place and starts to be nearly flat out at higher doses where crosslinking becomes

effectiveO^). The variation of absorbance at certain wavelength 340 nm for different

y- doses, is also shown in Fig. 7. It is clear that, at low doses up to 20 KGy the

crystaline structure is nearly stable against radiation. Above this dose until 2MGy,

there is abrupt increase in the absorbance indicating radiation induced highly damaged

system.

DurranK5) reports that, by irradiation of Lexan detector, degradation becomes

effective due to the combination of oxygen atoms in detector with radiation induced

ions and radicals, and this in turn, prevents their recombination (i.e crosslinking). Our

results showed that this recombined action is more effective at high y- doses.
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CONCLUSION

1- Both mechanisms of direct and indirect transition exist in Lexan detector.

2- Lexan detector became a highly sensitive to y-irradiation doses due to crosslinking

with increasing absorbance at certain wavelength 340 nm.

3- The variation of E o p direct and indirect indicate that the degree of disorder

increases due to y-irradiation effect, also, the phonon energy Ep is sensitive to y

doses.
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