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Compositional dependences of y-induced optical effects in ternary chdcogenide glasses of
Ge-Shb-S system within Sb,S—GeS, and Sh,S;—Ge,S; cross-sections have been studied in
terms of the average coordination number Z. The structural-chemical approach based upon
the criterion of structura modification efficiency, covdent bond redistribution and free
volume concept has been used for their interpretation. It is found that the most suitable
explanation for compositiona dependences of y-induced optical effects can be made in the
framework of combination of covdent bond redistribution and free volume content. The
microstructurd features of the effects observed have been dso andysed.
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1. Introduction

Chal cogenide glasses (ChG) are known to be very sensitive to different externa influences,
including photoexposure, high-energy ionizing irradiation (y-quanta, accelerated e ectrons, protons,
neutrons, etc.), light ion flows, ec. [1-4]. This feature predetermines possihilities for their practical
application in optodectronics. However, in respect to radiation-induced opticd effects (RIOES),
which reveal themsdves through reversible changes in fundamental optical absorption edge [5],
there are a number of problems in anaytical description of the observed compositiond dependences
for multicomponent ChG.

This paper is aimed to study compositional features of y-induced RIOEs (or y-RIOEs, for
simplicity) in ChG of Ge-Sh-S system within Sb,S;-GeS, and Sb,S;—-Ge,S; cross-sections.
Compositional changes will be described in dependence on average coordination number Z,
caculated as the number of covalent chemica bonds per one atom of formula unit (eg. for
GeShyS,: Z = (4x + 3y + 22)/(x + y + 2), where 4, 3, 2 are coordination numbers for Ge, Sb and S
atoms, respectivey).

We shall try to develop a unique structural-chemical approach to describe adequatdy
compositiona features in the observed y-RIOES in dependence on so-called criterion for structural
modification efficiency (CSME) introduced by Popov A.l. [6], covalent bonds redistribution [7] and
free volume content [8,9]. Each of these parameters can be used alone, but their linear combinati ons
will be examined additionally to find the best corre ations with experimental data.
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2. Experimental

The following ChG samples from (ShySs)«(GeS;)1x (X = 0.1, Z = 2.63; x = 0.2, Z = 2.59;
Xx=0.3,Z=255 x=04,Z=253; x=0.5, Z=250) and (ShSs)y(Ce:Ss)1.y (Y = 0.125, Z = 2.75;
y=0.325,Z2=267;y=0.375, Z= 2.65; y = 0.625, Z = 2.55; y = 0.725, Z = 2.45) cut-sections were
sdected for our research. All ChG were synthesised by melt quenching in evacuated quartz
ampoules from high-purity (99.9999 %) congtituents. Obtained ingots were cut and polished to
1 mm thickness discs of opticd quality.

Radiation treatment of the investigated ChG was performed by y-quanta in the normal
conditions of sationary radiation fied, created in the closed cylindrica cavity owing to
concentrically established ®Co (E = 1.25 MeV) sources. The total value of absorbed dose was equal
to 3 MGy. No specia measures were used to prevent uncontrolled thermal annealing of the samples,
but maximum temperature in the irradiating camera did not exceed 320-330 K during radiation
treatment.

Optical transmission measurements were carried out using SPECORD M-40
spectrophotometer (200-900 nm). The special marks by diamond cutter were drifted on the sample
surfaces to minimize inaccuracy in the reproduction of measuring conditions before and after
irradiation. The maximal deviation in optical transmittance was about +0.5%.

Difference in optica absorption coefficient a before (ap) and after y-irradiation Aalag
calculated at the bass of the obtained optica transmission spectra was chosen as controlled
parameter for the observed y-RIOE. As was shown in our previous work [10], the spectral
dependences Aalag(hv) can be plotted as asymmeric bdl-shaped curves with well-defined
maxi mum (peak) x = (Adl ap)mex Observed at the fixed photon energy huna. In fact, this y parameter
is the most important characteristics for y-RIOE, reflecting its quantitative magnitude, whereas the
peak position huy, is only sightly sensitive to irradiation, correlated mainly with optical band gap
Eg of ChG [10].

3. Results and discussion
3.1. Compositional dependences of y-RIOEs

As was reveaded previously [10-12], y-irradiation of the investigated ChG leads to long-
wave shift of their fundamenta optical absorption edge (a so-called radiation-induced darkening
effect). This effect is unstable and restores gradually to some residual value during a period of 2-3
months after irradiation [10-12]. In other words, the total effect consists of two components —
dynamic (dyn), which relaxes after irradiation, and static (st), which remains stable for a long time
after irradiation:

XE= x5+ (6h)

Numerical values of y > and y * parameters from Eq. (1) for the investigated ChG as a
function of their average coordination number Z are presented in Table 1. In the case of Sh,S;—-GeS,
ChG, these parameters increase with Z or Ge content, beginning approxi mately from Z = 2.53. At the
same time, for Sh,S;—Ge,S; ChG, the absol ute values of ¥* and ¥* parameters reveal strong maxima
near Z J2.7, decaying compl ey for composition with Z = 2.45. It should be noted that the relative
content of static component x /x> increases with Z for both cross-sections. It means that Sb atoms
assist to post-irradiation relaxation in the glass structure independently on the chosen cross-section.
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Table 1. The quantitative parameter of y-RIOEs y as afunction of the average coordination
number Z for theinvestigated ChG of Ge-Sh—S system.

z Total effect Static component z Total effect Static component
¥ (au) xS (au) (%) x*(au) y3(au) (%)
Sh,S;—GeS, cross-section Sh,S;—-Ge,S; cross-section

2.50 0 0 O 245 0 0 O
2.53 0.100 0.050 50 2.55 0.060 0.027 45
2.55 0.300 0.180 60 2.65 0.135 0.080 59
2.59 0.440 0.270 61 2.67 0.177 0.115 65
2.63 0.760 0.530 70 2.75 0.170 0.115 68

Footnote. The relative content of the static (stable) component into the total effect is represented in percent.

3.2.y-RIOEsin termsof CSME

The CSME parameter (the criterion for the structural modification efficiency) was
introduced by Popov et al. (1983) for the control of ChG properties. A basic idea of CSME was that
the degree of possible changes in the structure of the material and, hence, in its properties, can be
written as [6]:

AD = f[CSME] = f[(Nos = No)/(N(1 - Ic — M)], )

where Nos is the average number of dectrons in the outermost shells of the atoms, N, is the average
coordination number (N; = 2), I is the average coefficient of bond ionicity (Ic = ZS\Nm, Sy is the
ionicity of the bond m determined by the dectronegativity difference of the atoms and Ny, is the
fraction of m bonds in the materiads), M is the degree of metdlization of chemica

bonds (M =(Z-Zcp) 1072 ,Z isthe average number of eectrons per atom for chosen chemical
composition, Zq, isthe overall number of dectronsin chal cogen atoms (Ch)).

Firstly, the CSME was used to interpret photoinduced effects in ChG, suggesting that the
magnitude of photoinduced changes should depend on the degree of possible changes in structure
and therefore should increase with the value of the CSME [6]. It should be noted, however, that the
interpretation of photoinduced effects based upon the CSME was controversid from next reasons.
On the one hand, it was noted in Ref. [6] that the photoinduced shift of the optical absorption edgein
AsSe  increases with increasing x, athough the rise of As content in the system results in a
reduction in CSME. On the other hand, the comparison of photoinduced optical effects in As,Se;
and As;Se, amorphous chal cogenide films indicates that the sensitivity of photodarkening in As,Se;
sample is greater and As,Se; has a grater CSME va ue than As;Se,. According to Popov e al. [6]
this contradiction is permissible, especidly when a changein the stability of various structura forms
on changing the material composition takes place. Significantly, in the next work [13], Popov et al.
analyzed the using of CSME for interpretation of the y-induced changes of mechanical propertiesin
arsenic glassy chal cogenides and concluded that “...the results of measurements confirm the validity
of the proposal about the extreme character of the dependence of the structural modification
efficiency on the value of the CSME in case when the externa influence on the material and its
exploitation (examination) is realized at the same temperature”. From this point of view, we consider
the possibility using of the CSME to interpret the y-induced changes of opticd properties in the
investigated ChG in conditions of conducted experimental procedure (see §2).

The compositional dependences of the CSME, cdl culated from Eqg. (2), and the magnitude of
thetotal y-RIOE y* for the investigated ChG within Sb,S;—GeS, and Sh,S;—Ge,S; cross-sections are
shown in Figs. 1 and 2, respectively.
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Fig. 1. CSME and magnitude of the total y-RIOE ¥* Fig. 2. CSME and magnitude of the total y-RIOE ¥*
are plotted asafunction of Z for Sh,S;-GeS, ChG. are plotted as afunction of Z for Sh,S;—Ge,S; ChG.

It can be seen that dependences of x* = f(Z) and CSME =f(Z) are opposite one to another and
their compositional behaviour is essentially different in the case of Sh,S;—-Ge,S; ChG. Such
compositiond trend of y-RIOE against the CSME is in full contradiction with the main idea of
CSME for induced changes in ChG properties [6]. That is, given structurd-sensitive parameter in
present form is not available to adeguate interpretation of compositional features of y-RIOEs
observed. We suppose that the CSME does not include al needed conditions to effective structural
modification and it has to be used with some corrections.

3.3. y-RIOEs in terms of covalent bond redistribution

The idea of radiation-induced covalent bond redistribution mode is based on the
presentation of the magnitude of effect as summa of products of the concentration of cova ent bonds
and coefficients, reflecting their contribution into the magnitude of effect. In the case of bulk
glasses, the ordered bond network modd (OBNM) [7] is recommended to determine the
concentration of main coval ent bonds.

According to OBNM, the main cova ent bonds in Sh,S;—GeS, cross-section are heteropolar
Sb-Sand Ge-S bonds. Thus, the magnitude of y-RIOEs x* can be presented as:

)2< — <(kSD-S 5<S)—S + <(kGELS 5(69-81 (3)

where index “k” stands for total (Z), static (st) and/or dynamic (dyn) effects (see Eq. (3)), &*°
stands for the coefficient that reflects the contribution of Sb—S bonds into the magnitude of effect ¥,
x>S stands for the concentration of Sb—S bonds, &%°° stands for the coefficient that reflects the
contribution of Ge-S bonds into the magnitude of effect ¥*, xX°** stands for the concentration of
Ge-S bonds (according to OBNM x®5 + x¢#5=1).

The positive val ues of coeffid ents mean that the corresponded to them coval ent bonds assi st
for radiation-induced changes to be appeared, while their negative val ues testify on the contrary (the
absol ute val ues of coefficients determine the magnitude of this influence).

In the framework of OBNM for Sh,S;—Ge,S; cross-section, the main covalent bonds are
heteropolar Sb-S, Ge-S and homopolar Sh—Sh, Ge-Ge bonds. Therefore, analogically to the Eq.
(3), the magnitude of effect x* can be written as:

)2(: <(kSJ-S 5(93-S+ <(kGeLS D(Ge-s_’_ g(kSD-Sa 5(3393 + <(kGeLGe ﬂGeGe_ (4)

The values of coefficients (calculated from Egs. (3) and (4)), reflecting the contribution of
respective chemical bonds into the magnitude of y-RIOEs, are summarized in Table 2. We can see
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that only Ge-S heateropolar bonds give the positive contribution into y-RIOEs. It is significant that
among of the homopolar bonds the Sb—Sb bonds make the most negative contribution into the
effects.

Table 2. The values of coefficients obtained on the basis of proposed modd of radiation-
induced redistribution of covalent bonds for the investigated ChG of Ge—-Sb-S system.

Sh,S;—-GeS, cross-section Sh,S—-Ge,S; cross-section

Chemical bond &S &8s 525 gees ES® £8eCe
coefficients

Total effect: x> -0.79 0.96 -0.26 4.67 -33.61 -26.68

Static effect: x -0.63 0.68 -0.18 3.83 -28.40 -21.99

Contribution of covalent bonds into the effects ( n — negative; p — positive)

Total effect: x> Sb-S (n); Ge-S (p) Sb-S (n); Ge-S (p); Sb—Sb (n); Ge-Ge (n)
Static effect: y Sb-S (n); Ge-S (p) Sb-S (n); Ge-S (p); Sb—-Sb (n); Ge-Ge (n)

The compositional dependences of the concentration of Ge-S heteropolar covalent bonds
(determined according to OBNM [7]) and the magnitude of total y-RIOE y* for the investigated ChG
within Sh,S;—GeS, and Sh,S;—Ge,S; cross-sections are shown in Figs. 3 and 4, respectivedy.
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Fig. 3. Concentration of Ge-S covalent bonds
(determined according to OBNM [7]) and magnitude
of the tota y-RIOE y* are plotted as a function of Z
for S,S;-GeS, ChG (3t - theoretically calculated

Fig. 4. Concentration of Ge-S covaent bonds
(determined according to OBNM [7]) and magnitude
of the total y-RIOE x> are plotted as a function of Z
for S,S:-Ge,S; ChG (% — theoreticaly caculated

value of y* from Eq. (3), using data of Table 2). values of ¥* from Eq. (4), using data of Table 2).

As it will be expected, the values of effect increase with (Ge-S) and low concentration of
Ge-S bonds in Sb-rich samples with the smallest Z vaues can be a reason for absence of radiation-
induced changes in such glass compositions. However, in this case of Sh,S;-GeS; cross-section
from dependence of x> = f(Z) the clear maximum in the region of Z 2.7 is obtained, whereas from
dependence of (Ge-S) = f(Z) such feature is absent. In other words, the compositional behaviour of

Ge-S bonds does not explain fully the compositional trend of y-RIOES for Sh,S;—-Ge,S; ChG.
Therefore, the proposed modd of radiation-induced covalent bond redistribution is not enough for

adequate interpretation of radiation-i nduced phenomena in whole Ge-Sh-S system.
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3.4.y-RIOEs in terms of free volume concept

The free volume concept has successfully been applied to interpret photoinduced
phenomena in amorphous solids [8,9]. Let's consider the role of this concept for interpretation of y-
RIOESs observed.

A measure of free volume is the compactness of structure o cd culated according to the wdll-
known formula[8,9]:

0 = (2Vi —Va)lVa = p[ZAXI A — ZAXIAIIZAX, ()

where V; is the volume occupied by the atoms of i-th chemical edement of glass;, V, is the
experimentally measured volume of glass (the mean atomic volume); Ai, x and g are the atomic
weight, the atomic fraction and the atomic density of i-th chemical eement, respectivdy; pis the
measured density of glass. The quantities J can take the negative va ues, corresponding to larger free
volume[9].

The compositiond dependences of the compactness of structure dand the magnitude of total
y-RIOE ¥* for the investigated ChG within Sb,S;—-GeS, and Sh,S;-Ge,S; cross-sections are shown
in Figs. 5 and 6, respectively. According to formula (5), it is clear that increasing of free volumein
glass network will be conditioned by increasing of the mean atomic volume V, That is, the
compactness of structure is also a measure of the normalized change of the mean atomic volume
[14]. Therefore, compositiona dependences of V, for the investigated ChG are also shown inFigs. 5
and 6 (insets).

It can be seen the corrd ation between the character in dependences of > = f(Z) and = f(2)
or V, = f(2) takes place, and the maximum of the radiation-induced darkening effect at Z [12.7 for
Sh,S;—-Ge,S; ChG corresponds to minimum of dand/or maximum of V,, i.e. to larger free volume.
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Fig. 5. Compactness of structure o and magnitude of Fig. 6. Compactness of structure é and magnitude of
the total y-RIOE y* are plotted as a function of Z for  the total y-RIOE y* are plotted as a function of Z for
Sh,S:—-GeS, ChG (3t —theoretically calculated value  Sh,S;-Ge,S; ChG (3t — theoretically calculated values
of ¥* from Eq. (3), using data of Table 2). Inset of x> from Eq. (4), using dataof Table 2). Inset
indicates Z-dependence of mean atomic volume V. indicates Z-dependence of mean atomic volume V,.

3.5. y-RIOEsin terms of combination of covalent bond redistribution and free volume
concept

On the basis of above mentioned explanation of the radiation-induced changes observed, we
suppose that covalent bond redistribution and free volume concept should be additionally tested in
combination to find the most adequate parameter to be well corrdated with y-RIOES. Similar
approach has also been made in the case of photoinduced effects in ChG through w parameter
expressed by formula w= (M—X)Ld, where (M—X) are the concentrations of heteropolar bonds which
might be changed by incident light, and dis the compactness of glass structure [15,16]. However, in
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our case, according to the developed radiation-induced covaent bond redistribution mode, the
parameter wshould be represented as w= (Ge-S)[d.

The compositional dependences of the parameter w and the magnitude of total y-RIOE x*
for the investigated ChG within Sh,S;-GeS, and Sh,S;—-Ge,S; cross-sections are shown in Figs. 7
and 8.
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Fig. 7. Parameter w and magnitude of the total y- Fig. 8. Parameter w and magnitude of the total y-
RIOE x ae plotted as a function of Z for RIOE x* ae plotted as a function of Z for
Sh,S:—-GeS, ChG (3t — theoretically calculated value  Sb,S:—-Ge,S; ChG (3 — theoretically calculaed

of x* from Eq. (3), using data of Table 2). values of x* from Eq. (4), using data of Table 2).

The high values of win Sb-rich ChG explain the absence of y-RIOEs in these samples. The
correation between dependences of x* = f(Z) and w= f(Z) takes place. The well agreement between
numerical vaues of effect and win the ChG of Ge-Sb-S system has also been detected. So, the

minimum val ues of wfor the glasses of Sh,S;—Ge,S; and Sh,S;—GeS, cross-sections differ about in
three times, whereas the maxi mum values of total effect differ about in four times (see Figs. 7 and

8). It means that free volume in the glass structure defines not only the compositiona trend of -
RIOEs in the both investigated cross-sections of Ge—-Sh—S system, but aso influences on their
magnitude. Moreover, in the case of Sh,S;-Ge,S; compositions it can be seen that the shapes of
w= f(2) and y* = f(Z) are agreed better than respective shapes of = f(Z) and x* = f(2) (see Figs. 6
and 8).

Therefore, among the probes proposed to interpret the compositional dependences of y-
RIOEs observed in the ChG of Ge-Sb-S system the structural-chemical approach based upon
combination of covalent bond redistribution and free volume concept, describing by wparameter, is
the most suitable and adequate. Besides, successful using of such type model for explanaion of
photoinduced optical phenomena in ternary Ge-Sb-S ChG [15,16] allows us to foresee that this
approach can be universal for interpretation of induced phenomena in Ge-Sh-S glassy system, in
general.

3.6. Microstructural features of y-RIOEs

In order to understand better the role of free volume in the appearance of the static (stable)
component of y-RIOEs, let’s consider the radiation-induced darkening effects in Sh,S;—GeS, and
Sh,S;:-Ge,S; ChG on the microstructural level. So, the microstructura origin of the observed
phenomenais connected with radiati on-induced defect formation processes. This statement confirms
by the decreasing of the slope of Urbach tail I &fter y-irradiation (Fig. 9), where parameter I is a
measure of the defectiveness of structure [17]. It is clear that the rdationship between the slope of
Urbach tail and the concentration of defects should be existed.
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Fig. 9. Thetypica spectral dependence of the optica absorption coefficient a(hv) before and

after y-irradiation for the ChG of Sb,S;—GeS,; crass-section at Z = 2.63 (Gepg 125506 25565.625) -

The parameters o, ' and I correspond to the slope of Urbach tail before, one day and two
months after y-irradiation, respectively.

According to [18] some characteristic energy E (where E ~ 1/I'), determined from Urbach
role (a ~ exp{(hv-Eg)/ E }), can be written as:

E=22Wg(nia3)?’>, 6)

where Wy = €%/2¢ag, ag is the boron radius, € is the didectric constant, Mt is the concentration of
charge defect centres. Hence, the reative radiation-induced change in concentration of charge defect

centres Ang /ng can be simply estimated through expression:

* 5/2
Ai*n[ = (roj _11 (7)

n I

‘0 I
where [ and I'; stand for the slope of Urbach tail before and after y-irradiation, respectivey (i # 0).
In our case, if i =1 or I'; takes place (one day after y-irradiation), we will have @/ rfo)z (total

effect) and if i = 2 or I, takes place (two months after y-irradiation), we will have @1/1)* (static
effect).

The compositional features of the slope of Urbach tail (before and after y-irradiation) and,
respectively, the relative radiation-induced change in concentration of charge defect centres & Iy,

(determined from Eq. (7)) for the ChG of Sh,S;—GeS, and Sh,S:—Ge,S; cross-sections are presented
in Table 3. It can be seen that in the non-irradiated samples the magnitude of Iy is decreased with
increasing of Z. According to Eq. (6), we can conclude that the degree of defectiveness of structure
rises into side of Ge-rich ChG. Immediatdly (one day) after y-irradiation, I'; is reduced with
increasing of Z. It means that y-irradiation leads to the increasing of defect centres in the glass
structure, concentration of which should be the largest in Ge-rich compositions. For the period of

two months after y-irradiation the parameter I, some redacts. The An: / n; data were obtained on

the basis of I, 1 and I'> one (see Table 3). It is significant that (/)" and @N/N)* are

characterized by the same compositional features as x> and x in the investigated glasses (see
Tables 1 and 3).
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An | n; = f(Z2) and d = f(Z) should be also corrdated. It means that free volume in the glass
structure assigts to the stabilisation of radiation-induced defects results in the appearance of the static

The dependences of y* againgt (A% /™))" and ¥* againgt N/ for Sb,S-GeS, and
Sh,S;—Ge,S; cross-sections at various values of Z are shown in Fig. 10. It can be seen the well

correaion between y and Anf / n; . Because of y = f(Z2) agrees with &= f(Z), the dependences of

(stable) component of y-RIOEs.

of our

Footnote. The rel ative content of the static (stable) component into the total effect is represented in percent.

Total effect f (aun)

The origin of defects, created by y-irradiation, is an objective of individual research. From
this point of view we have used method of far IR spectroscopy and paositron annihilation technique
The results obtained in this fidd will be compared to the former ones [19,20] and will be the subject

next work presented in our next work.
Table 3. Compositiona dependences of the slope of Urbach tail before (o), one day (1)
and two months (I,) &fter y-irradiation and the relative radiation-induced change in

concentration of charge defect centres An: / nfo (for total effect (%) and its static component
(st)) for the investigated ChG of Ge-Sh—S system.

yd 1"0 1"1 1"2 K kT * o *\g
@ @ @ G Bin)
au au. %
Sh,S:—GEeS, cross-section
2.50 10.9 10.9 10.9 0 0 O
2.53 10.8 10.25 10.55 0.14 0.07 50
2.55 111 10.1 10.5 0.27 0.15 56
2.59 9.75 85 8.9 0.41 0.26 63
2.63 8.35 6.65 71 0.77 0.50 65
Sh,S:-Ge,S; cross-section
2.45 11.4 11.4 11.4 0 0 0
2.55 114 11.25 11.35 0.03 0.01 33
2.65 111 10.7 10.9 0.10 0.05 50
2.67 11.0 10.4 10.65 0.15 0.08 53
2.75 9.95 9.45 9.65 0.14 0.08 57

1.0 0.25

054 [Sb,5,-Ges, 020 |56,8,-GeS,

0.15

Z=267

o
o
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Fig. 10. The dependence of magnitude of the total y-RIOE y* against the relative radiation-

induced change in concentration of charge defect centres (Aﬂ* / rl*o)z (estimated from Eq.
(7), udng data of Table 3) for the investigated ChG at various vaues of Z. Insets
demonstrate the same dependences for the static y-RIOE ™.
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4. Conclusions

On the basis of experimental results obtained we have proposed an adequate
phenomenological description of compositional dependences of y-RIOEs (“radiation-induced
darkening”) for the ChG of Ge-Sb-S system within Sh,S;—GeS, and Sh,S;—-Ge,S; cross-sections in
the framework of structural-chemical approach based upon criterion for the structural modification
efficiency (CSME), cova ent bond redistribution and free volume concept.

It has been established that: (i) CSME is unfit to interpret y-RIOES observed for the ChG of
Ge-Sb-S system; (ii) radiation-induced covaent bond redistribution mode proposed alows to
determine the chemical bonds supporting the occurrence of radiation-induced changes; (iii)
combination of cova ent bond redistribution along with free vol ume concept, taking into account the
concentration of covaent bonds which assist the appearance of radiation-induced changes, is the
most adequate and suitable for interpretation and quaity description of compositional dependences
of y-RIOEs for the ChG of Ge—-Sh—S system.

On the microstructurd leve the radiation-induced darkening effect observed is connected
with radiation-induced defect formation processes. The rdative radiation-induced change in

concentration of charge defect centres An¢ /ng_correlates with the qualitative parameters of the

effects (x* and ¥*) and free volume ones (dand «) for the investigated ChG. It can be supposed that
free volume in the glass structure assists to the stabilisation of radiation-induced defects results in
the appearance of the static (stable) component of y-RIOEs.

Structural-chemical approach proposed to interpret the compositiona features of y-RIOEs
for the ChG of Ge-Sb-S system is recommended to be used for explanati on of induced phenomena
in other such type of amorphous chal cogenide materials.
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