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Abstract. In this paper, impact of γ-irradiation on the transmittance of As
32

Sb
8
S

60 
chalcogenide 

glass in the near and mid IR spectral range is investigated. The radiation-induced changes in the 
main IR impurity absorption bands are discussed to be taken into account in IR optical devices 
based on the glass composition studied to work in the conditions of high energy radiation fields. 
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ÂÏËÈÂ γ-ÎÏÐÎÌ²ÍÅÍÍß ÍÀ ²× ÎÏÒÈ×Í² ÂËÀÑÒÈÂÎÑÒ² 
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Ò. Ñ. Êàâåöüêèé, Î. É. Øïîòþê, Ã. ². Äîâáåøêî, ². Â. Áëîíñüêèé, Â. Ì. Öìîöü 

Àíîòàö³ÿ. Â ñòàòò³ ïðåäñòàâëåíî ðåçóëüòàòè âèâ÷åííÿ âïëèâó γ-îïðîì³íåííÿ íà ïðîçîð³ñòü 
õàëüêîãåí³äíîãî ñêëà As

32
Sb

8
S

60 
â áëèæíüîìó òà ñåðåäíüîìó ²× ä³àïàçîí³ ñïåêòðó. Îáãîâî-

ðþþòüñÿ ðàä³àö³éíî-³íäóêîâàí³ çì³íè îñíîâíèõ ñìóã ²× äîì³øêîâîãî ïîãëèíàííÿ, ÿê³ ñë³ä 
âðàõóâàòè ïðè âèêîðèñòàíí³ ñêëà äàíîãî õ³ì³÷íîãî ñêëàäó â ²× îïòè÷íîìó ïðèëàäîáóäóâàíí³ 
äëÿ ðîáîòè â óìîâàõ âèñîêîåíåðãåòè÷íèõ ðàä³àö³éíèõ ïîë³â. 

Êëþ÷îâ³ ñëîâà: õàëüêîãåí³äí³ ñòåêëà, äîì³øêîâå ïîãëèíàííÿ, ðàä³àö³éíà ìîäèô³êàö³ÿ, ²× 
îïòèêà 
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1. Introduction 

Chalcogenide glasses based on sulphur, se-
lenium, and tellurium and doped by rare-earth 
elements are widely used in modern optoelec-
tronics with passive and active applications for 
IR optical devices [1]. A very significant prop-
erty for such applications is a high IR transmit-
tance of these materials, but impurity absorption 
processes in the near and mid IR range must be 
taking into account during fabrication and ex-
ploitation of chalcogenide glass optical fibers 
and waveguides [2]. 

Another problem is preparation of host glass 
matrix with optimal properties. The chemical-
technological modification methods have been de-
veloped to resolve it, but their possibilities are prac-
tically exhausted. Besides, sufficient complication 
in chemical-technological modification exists due 
to additional and very expensive procedures such 
as multi-state distillation, homogenized vacuum 
melting, vapour filtration, thermal decomposi-
tion, dissociate evaporation, melt centrifugation 
and fractioning, etc. The real problem appeared re-
cently is connected with development of alternative 
energy-conserved and ecologically-save methods of 
post-technological modification of chalcogenide 
glass. One of the most suitable ways to successfully 
resolve the above problem is connected with pos-
sibilities of structural modification of glass in the 
conditions of high energy γ-irradiation. The princi-
pal advantages of this post-technological route were 
discussed elsewhere

 
[3]. 

In the present study we report recent results on 
impact of post-technological radiation modifica-
tion on the IR impurity absorption in bulk samples 
of As

32
Sb

8
S

60 
chalcogenide glass. 

2. Experimental 

As
32

Sb
8
S

60
 glass was prepared by the convention-

al melt-quenching procedure [4]. After synthesis, 
the ingot was cut to the disks of the same thickness 
(∼ 1 mm) and polished to a high optical quality. Be-
fore experimental measurements, the samples were 
annealed at a temperature of 20-30 K below the 
glass transition temperature (T

g
 = 455-460 K [4]) 

to remove possible mechanical strains formed after 
preparation. 

Post-technological radiation treatment of the 
samples was performed by γ-quanta with average 
energy of 1.25 MeV and accumulated dose of 0.76 
MGy at normal conditions of stationary radiation 
field created in a closed cylindrical cavity by a num-
ber of concentrically established 60Co radioisotope 
capsules. No special measures were taken to prevent 
uncontrolled thermal annealing of the samples, but 
maximum temperature in the irradiating camera 
did not exceed 320-330 K during prolonged γ-ir-
radiation (more than 10 days), providing absorbed 
dose power P < 5 Gy/s. 

IR spectra were recorded in the transmission 
geometry in the region of 4000-400 cm-1 by using 
Fourier spectrometer Bruker IFS-66 (Germany). 
The spectra measured were treated with standard 
programmes Opus-4.2 and Opus-5.5, included into 
Bruker IFS-66 software, and also with special pro-
gramme OMNIC for spectra processing. 

3. Results and discussion 

Fig. 1 shows the IR transmittance spectra mea-
sured for the non-irradiated and γ-irradiated sam-
ples. It is seen that the glass composition studied pos-
sesses a high transmittance, being a good candidate 
for applications in IR optical devices. The remark-
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Àííîòàöèÿ. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû ïî èçó÷åíèþ âëèÿíèÿ γ-îáëó÷åíèÿ íà ïðî-
çðà÷íîñòü õàëüêîãåíèäíîãî ñòåêëà As

32
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8
S

60 
â áëèæíåì è ñðåäíåì ÈÊ äèàïàçîíå ñïåêòðà. 

Îáñóæäàþòñÿ ðàäèàöèîííî-èíäóöèðîâàííûå èçìåíåíèÿ îñíîâíûõ ïîëîñ ÈÊ ïðèìåñíîãî 
ïîãëîùåíèÿ, êîòîðûå ñëåäóåò ó÷èòûâàòü ïðè èñïîëüçîâàíèè ñòåêëà äàííîãî õèìè÷åñêîãî 
ñîñòàâà â ÈÊ îïòè÷åñêîì ïðèáîðîñòðîåíèè äëÿ ðàáîòû â óñëîâèÿõ âûñîêîýíåðãåòè÷åñêèõ 
ðàäèàöèîííûõ ïîëåé. 
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able changes in IR transmittance upon γ-irradiation 
are found in the vicinity of 3500, 3000, and 1500 cm-1 
and marked by dashed circles in the figure. 

Fig. 1. IR transmission spectra for the investigated non-
irradiated and γ-irradiated samples of As

32
Sb

8
S

60
 glass. 

The remarkable radiation-induced changes in IR trans-
mittance in the vicinity of 3500, 3000, and 1500 cm-1 are 
marked by dashed circles. 

In order to make comparative analysis between 
the non-irradiated and γ-irradiated samples, the IR 
transmittance spectra were transformed to the op-
tical density spectra by using OMNIC programme 
and than were normalized as shown in Fig. 2. The 
wavenumbers of the main impurity absorption 
bands were identified by Opus programmes. The 
dashed circles in the figure are cited in the spectral 
ranges corresponding to those marked in Fig. 1. 

Fig. 2. Normalized optical density spectra for the in-
vestigated non-irradiated and γ-irradiated samples of 
As

32
Sb

8
S

60
 glass. The dashed circles are cited in the spec-

tral ranges corresponding to those marked in Fig. 1. 

Several very weak absorption bands are iden-
tified, being related to the impurity complexes 
of [2,5-7]: isolated (free) molecular water H

2
O 

(band at 3789 cm-1); hydroxyl =As−OH groups 
(band at 3440 cm-1); hydroxyl −S−OH groups 
(band at 3270 cm-1); hydrocarbon CH

2
 groups 

(bands at 2917 and 2849 cm-1); sulphur-hydrogen 
−S−H complexes (band at 2479 cm-1); molecu-
lar H

2
S (band at 2323 cm-1); molecular-adsorbed 

water H
2
O (band at 1586 cm-1); oxide −S−O− 

complexes and/or molecular As
4
O

6
 (bands at 

1436 and 1265 cm-1). 
After post-technological radiation modifica-

tion of the glass matrix the picture in the impu-
rity absorption becomes some different from one 
proper for the non-irradiated sample. The main 
radiation-induced changes detected are (i) the de-
crease amount of molecular-adsorbed water H

2
O, 

and (ii) increase amounts of hydroxyl −S−OH, hy-
drocarbon CH

2
, oxide −S−O− and/or molecular 

As
4
O

6 
groups. 

First process is probably connected with radi-
olysis of molecular-adsorbed water H

2
O under ir-

radiation and joining of the created products with 
intrinsic structural units of a glass network. The 
main products formed as a result of this radioly-
sis are hydroxyl −S−OH complexes that explain in 
part the second process. Also, the radiation-in-
duced oxidation takes place upon irradiation with 
additional appearance of oxide −S−O− complexes 
and/or molecular As

4
O

6
 groups due to implanta-

tion of air-adsorbed oxygen into a glass network 
through mechanisms described earlier in the case 
of g-As

2
S

3
 [5]. The largest effect, however, is ob-

served on the hydrocarbon CH
2
 complexes (so-

called ‘radiation-induced hydrocarbonization’) 
which seems to be originated from chemical in-
teraction of γ-destructed intrinsic structural units 
with absorbed hydrocarbon C

n
H

m
 groups in a good 

agreement with laser mass spectroscopy data for 
g-As

2
S

3
 [5]. 

The above mentioned post-technological ra-
diation modification effects should be taken into 
account from the practical viewpoint for control-
ling/monitoring of impurity absorption processes 
in chalcogenide glass used in IR optical devices. It 
is interesting whether these effects are reversible or 
irreversible with annealing of glass. This problem 
and also compositional investigations are now in 
progress. 
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4. Final remarks 

It is established g-As
32

Sb
8
S

60 
possesses a high 

transmittance in the 4000-1000 cm-1 range that 
makes it a good candidate for IR optical applica-
tions. Post-technological radiation modification 
effects are found to be connected with radiolysis 
of molecular-adsorbed water, implantation of air-
adsorbed oxygen into a glass network and chemical 
interaction of γ-destructed intrinsic structural units 
with absorbed hydrocarbon groups. The features 
observed should be used during fabrication and ex-
ploitation of IR optical fibers and waveguides based 
on the glass composition studied to work in the 
conditions of high energy radiation fields. 
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