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Abstract

The influence of Co60 c-irradiation on the optical properties of chalcogenide semiconducting glasses from As2S3–

Ge2S3 cut-section is analyzed taking into account the accompanying spontaneous thermal annealing of the samples in

the irradiation chamber. It is established that essential thermal heating of the investigated glasses during high-doses

irradiation leads to the rough changes in compositional dependences of radiation-induced total (unrelaxed) and static

(relaxed) optical effects. An attempt to describe dose dependence of the observed optical changes is made on the basis of

stretched–exponential relaxation function.

� 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Chalcogenide semiconducting glasses (ChSG)

possess a number of unique features, such as de-
pendence of their physical–chemical properties on

high-energetic ionizing irradiation (E > 1 MeV).

They are still remaining a topic of many investiga-

tions in last years. However, despite of a great

progress in this field, some vital scientific problems

remain unresolved. The well-known thermoradia-

tion effects, consisting in mixed thermal and radia-

tion influences on ChSG structure, are typical
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examples of the latter. These effects are shown to be

very important in radiation-optical properties of

oxide glasses [1]. Nevertheless, in the previous in-

vestigations of ChSG, they were not taken into
account at all. As a result, the great inconsistencies

appear in experimental results on radiation effects

for the same glass compositions, irradiated in dif-

ferent (often uncontrolled) thermal conditions [2,3].

The present work is devoted to Co60 c-irradia-
tion dose effects revealed through optical proper-

ties changes of As2S3–Ge2S3 ChSG cut-section.

The observed darkening effects in the fundamental
optical absorption edge region are analyzed from

the standpoint of simultaneous influence of high-

dose c-irradiation and spontaneous thermal an-

nealing of the ChSG samples in the irradiation

chamber.
ed.

mail to: shpotyuk@novas.lviv.ua


V. Balitska et al. / Journal of Non-Crystalline Solids 326&327 (2003) 130–134 131
2. Experimental

The As2S3–Ge2S3 samples of seven different

chemical compositions with average coordination

numbers Z [4], ranging from Z ¼ 2:48 (As32Ge8S60)

up to Z ¼ 2:76 (As4Ge36S60), were selected for our

investigations. It is supposed that all glasses with

Z < 2:67 have a character layer-like 2D-structure
proper to vitreous As2S3, and those with Z > 2:67
– a quasi three-dimensional cross-linked 3D-net-

work proper to vitreous GeS2 [5].

The investigated ChSG were synthesized from

the constituent high-purity (99.9999%) elements by

a standard melt-quenching method described in

[6]. All samples were annealed additionally after

synthesis at the temperatures of 20–30 K below
softening point Tg to remove the mechanical

strains.

The prepared ChSG samples were irradiated

by c-quanta (E ¼ 1:25 MeV) at a few Gy/s ex-

posure dose power. The accumulated doses U of

1.0 and 4.4 MGy were chosen as controlled ones,

taking into account our previous investigations

[6–8]. Radiation treatment was performed at the
normal conditions of stationary radiation field,

created in the closed cylindrical cavity owing

to the concentrically established 60Co sources. No

special procedures were used to prevent the spon-

taneous thermal heating of the samples, but the

temperature in Co60 cavity was controlled with ±5

K accuracy. It achieves the level of 320 K in the

case of 1.0 MGy absorbed dose, and 390 K in the
case of 4.4 MGy one. It should be noted that

the temperature of 390 K is sufficient to anneal the

radiation-stimulated optical changes in v-As2S3

[8].

Optical measurements were performed before

and after c-irradiation with �Specord M-40� spec-
trophotometer (200–900 nm) at the ambient tem-

perature using the high-quality polished disk
samples of d � 2 mm thickness. The values of

optical absorption coefficient a were obtained from

the spectral dependences of optical transmission s
and reflection r using formula [9]

a ¼ ð1=dÞ lnðð1� r2Þ=sÞ: ð1Þ

The relative changes in absorption were taken

as the descriptive parameter:
Da=a0 ¼ ða � a0Þ=a0; ð2Þ
where a0 and a are the optical absorption coeffi-

cients at a fixed photons energy before and after c-
irradiation, respectively. The maximum value of

the effect was near 40% and depended strongly on

the glass composition.
3. Results

It was established previously that c-irradiation
of the investigated ChSG leads to the low-ener-

getic shift of their fundamental optical absorption

edge [6]. At that, the quantitative peculiarities of

this effect for the samples, irradiated with 4.4 MGy

absorbed dose of 60Co c-quanta, were discussed.

The attention was paid mainly to the instability of

radiation-induced changes of optical properties
under natural conditions. The spontaneous heat-

ing effect was not separated during this consider-

ation.

Particularly, it was shown that magnitudes of

total (unrelaxed, measured just after c-irradiation)
and static (relaxed, measured two months after c-
irradiation) radiation-induced effects with 4.4

MGy absorbed dose in the investigated ChSG,
defined as maximum fractional increase of optical

absorption coefficient ðDa=a0Þmax take the well-

expressed minimum in the vicinity of Z ¼ 2:67
(Fig. 1). However, the opposite character of these

compositional dependences with the maximum

(but not minimum) behaviour of the measured

changes near Z ¼ 2:67 should be expected taking

into account the results of previously studied
photoinduced optical effects in As2S3-Ge2S3 sys-

tem [10]. But in the case of photo-exciting pro-

cesses, the spontaneous heating is neglectfully

small. In this connection we can suppose a large

thermoradiation effect in the ChSG irradiated with

4.4 MGy dose.

In order to confirm the supposition on essential

thermal contribution to the c-induced optical
changes, another c-radiation treatment of the in-

vestigated As2S3–Ge2S3 glass samples has been

carried out. The dose of irradiation was reduced to

1.0 MGy. The obtained results are shown in Fig. 1

too. As it was pointed out above, the temperature



Fig. 1. Compositional dependence of total (curves a) and static

(curves b) radiation-induced changes for As2S3–Ge2S3 glasses

c-irradiated with 1.0 and 4.4 MGy absorbed doses.
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during irradiation in this case did not exceed 320

K. In consequence, the compositional dependences

of total and static radiation-induced optical

changes achieve maximum near Z ¼ 2:67. The

values of ðDa=a0Þmax are lower than those observed

at 4.4 MGy dose, and the shape of maximum
changes after a period of natural storage (it be-

comes more smooth).
Fig. 2. Dose-dependence of c-induced optical changes (regis-

tered at 600 nm wavelength) in vitreous As2S3 irradiated with

�5 Gy/s dose power and fitting parameters according with

curve obtained from formula (3).
4. Discussion

It is clear, that thermal annealing under radia-

tion treatment is sensitive to the structure of the
ChSG and, consequently, reveals the peculiarity at

the point Z ¼ 2:67. It can be concluded, that the

exact type of the observed extremum is strongly

determined not only by the glass composition, but

also by the dose level of irradiation and the cor-

respondent temperature in the source cavity dur-

ing radiation treatment. For this range of doses the

higher the dose of c-irradiation, the greater the
absolute value of observed radiation-induced op-

tical effect, but the more essential is also the in-

fluence of spontaneous thermal annealing of the

samples during irradiation.

Earlier the dependence of c-induced optical

changes on the dose of irradiation was studied in
details only for vitreous As2S3 [8]. Until now there
were no attempts to describe this dependence an-

alytically. If we consider that c-irradiation leads

to the formation of additional coordination de-

fects (such mechanism is established elsewhere

[11]), we can assume that spontaneous thermal

heating favours their annihilation. Then the

number of relaxation functions, used in [12] for

characterization of time-dependent component of
c-induced optical changes, can be applied for an-

alytical description of the dose dependence. In this

connection, time dependence in the relaxation

functions can be compared with dose dependence

one due to the UðtÞ linearity. Such procedure was

applied to the dose-dependence of c-induced op-

tical changes in vitreous As2S3 (Fig. 2). The best

fitting results (minimum parameters and mini-
mum v-square value) were obtained for stretched–

exponential DeBast–Gillard functional behaviour:

v ¼ v0 1
�

� e�ðU=U0Þk
�
; ð3Þ

where v can be replaced with ðDa=a0Þmax, U is the

accumulated dose, U0, v0 and k are the fitting pa-

rameters.

It is not a surprise since great numbers of time-
dependent relaxation processes in ChSG are well

described by DeBast–Gillard function [13,14]. We



Fig. 3. Dose dependences of radiation-stimulated maximal

relative changes of absorption ðDa=a0Þmax for As2S3–Ge2S3

glasses: a – the total effect, b – the static effect (d – atomic

compactness [4]).

Fig. 4. Compositional dependences of parameter k from for-

mula (3) in the investigated As2S3–Ge2S3 glasses.
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used it for quantitative explanation of the ob-

served peculiarities for investigated ChSG too.

First of all, the interesting feature of dose depen-
dences for the thermoradiation effects should be

noted (Fig. 3). By straight connecting of the

ðDa=a0Þmax values for total 1.0 MGy dose effect

with the correspondent values for total 4.4 MGy

dose effect, two focal points can be distinguished

on the cross-sights of these dose dependences. The

first one at �2.1 MGy is attributed to 2D-struc-

tured (Z < 2:67) ChSG, while the second focal
point at �2.2 MGy – to 3D-structured (Z > 2:67)
cross-linked samples. In these points c-induced
effect does not depend on the ChSG composition.

Practically the same happens when U ¼ U0 in Eq.

(3). So, we can assume that U0 plays the role of

focal point position in the case of investigated

ChSG. Using appropriate fitting procedure, we

can find that v0 � 1 for total radiation-induced
effect independently on glass composition, but k
parameter, likely to atomic compactness [4], ex-

hibits strong dependence on the chemical compo-

sition (Fig. 4).

Two focal points for total radiation-induced

effect in the investigated ChSG converge into sin-

gle one (near 2.0 MGy) after a period of 2–3

months. The v0 value for this static effect reduces
to �0.5, but the same dependence on the glass

composition for k parameter remains (Fig. 4).
By accepting the nature of the observed radia-

tion-induced effects in strong correlation with non-

equilibrium defect sub-system of the irradiated

ChSG [11], we can explain the above features by

different thermal stability of the created coordi-

nation topological defects. The microstructural
picture of the correspondent atomic transforma-

tions needs more detailed investigations.
5. Conclusions

The quite different compositional dependences

of the maximum relative changes of absorption

ðDa=a0Þmax in As2S3–Ge2S3 ChSG samples were

obtained for 1.0 and 4.4 MGy accumulated ab-

sorbed doses of c-irradiation. The maximum in the

vicinity of Z ¼ 2:67 for the first case and the
minimum at this point for the second one were

explained by the essential influence of spontaneous

heating in the irradiation chamber. It is assumed

that the effect of thermoradiation influence is

connected with different thermal stability of coor-

dination topological defects created under c-irra-
diation, which, in turn, depends on structural

peculiarities of ChSG. The combined influence
of temperature and irradiation can be success-

fully described with stretched-exponential DeBast–

Gillard function.
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