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Our study concerns the two glassy systems (GeSes)ioo-xINx and (GeTes)io0-xINx Which contain different chalcogen
elements. Se and Te rich glasses are interesting in view of the possibility of their application in switching and memory
devices. They show, however, high values of electrical resistance implying certain limitations as short lifetime and low
sensitivity. To eliminate these limitations we added In as a third element into the Ge-Se (Te) matrix. As a result of the
addition of In new properties are expected, which can be related with structural transformation. The investigation of the
physico-chemical properties gives useful information about the real structure of the glasses.

In this paper some physico-chemical properties of the glasses were studied, such as density, compactness, molar
volume, number of constraints per atom and overall mean bond energy. The correlations between the composition and
the properties of the glasses were discussed in terms of the supposed structural changes that occur in the investigated

chalcogenide materials.
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INTRODUCTION

The physico-chemical properties of
chalcogenide semiconducting glasses are strongly
dependent on their composition. Normally, control
of the properties and expansion of the scope of
applications of two-component systems is achieved
through introduction of a third component. The
addition of a third component expands the glass-
forming area and also creates compositional and
configurational disorder. Thus, the addition of In in
the binary systems Ge-Se and Ge-Te is expected to
affect some of their physico-chemical properties
[1]. The chosen concentration ratio of the
investigated glasses provides good flexibility of the
structure, which facilitates the photoinduced
changes in these materials.

In this paper we report the results of the studies
of some physico-chemical properties as density,
compactness, molar volume, number of constraints
per atom and overall mean bond energy of these
glasses and the results are discussed in respect to
the composition of the glasses. The relation
between chemical bonding and basic physico-
chemical properties of the glasses (transformation
temperature, density) is an essential feature of any
comprehensive theory relating their structure and
properties [2, 3].

EXPERIMENTAL

Bulk samples with composition (GeSes)100-xINx

and (GeTes)100xINx, X = 0, 5Mol% were prepared by
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melt-quenched technique [4]. The initial elements
Ge, Se (Te) and In were used with 4N purity
elements. The respective amounts of the initial
elements were evacuated in quartz ampoules with a
residual pressure 1.33x10°Pa. The synthesis was
carried out in furnace ,,Firemagic FM4 Plus” with a
constant rate of 5x102K/s up to final temperature
1300K. Glasses were obtained after quenching in a
mixture of water and ice with quenching rate of
1x10%K/s.

The density of the bulk samples was measured
by the pycnometer method with an accuracy of
+0.5%.

The compactness was calculated using the
formula [5]:
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where c; is the atomic fraction, Ai — the atomic
weight, pi — the density of the components and p is
the measured density of the bulk sample.
The molar volume was determined from the
density data by the equation:

_isea
vm—ch.A- ()

The average coordination number was estimated
according to [3] as:
Zgass = 4X+2y +32

: )

: 3)
where X, y and z are the atomic fractions of Ge,
Se (Te) and In, respectively.
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The number of constraints per atom can be
calculated by theoretical arguments according to
the Phillips model [6]:

Nco = Nd , (4)

i. e. the number of the topological constraint Nco,
evaluated for an atom, is equal to the number of
degrees of freedom Ng. Nc is defined by the

formula:

Zglass
Nco(zglass) = Na + Nb = + (Zzglass -3)
2 : (5)
where Na and N, are the radial and axial bond
strengths, respectively.

Using the correlation proposed by Tichy et al.
[7] for chalcogenide-rich systems we could
determine the values of the overall mean bond
energy:

<E>=E.+E,,, (6)
where EC is the average heteropolar bond

energy and Erm is the average homopolar bond
energy.

RESULTS AND DISCUSSION

The results obtained for the density of the bulk
samples from the system Ge-Se-In (Table 1) show
that the density increases after indium addition. It is
known that the variation of the density is related to
the atomic weight and to the atomic volume of the
chemical elements contained in the chalcogenide
glassy system. The atomic weight of Se and In is
Ase=7.9x10kg/mol and  A=11.5x102kg/mol,
respectively, i.e. the atomic weight of In is higher
and by replacement of Se atoms with In atoms
(increasing content of indium) the density
increases. In the system Ge-Te-In, with increasing
the In content the values of the density decrease.
The Te atomic weight is Ar.=12.6x102kg/mol, i. e.
the atomic weight of In is lower than that of Te and
by replacing tellurium with indium atoms
(increasing of In content) the value of the density
decreases. The compositions containing Te are
denser than the compositions containing Se due to
the higher atomic weight of Te.

The strength of the chemical bond is associated
with the compactness of the material, i. e. with the
“free volume” or it can be related to the density of
defect states in the samples [8]. The dependence of
the compactness on the In content for both systems
is the same as the compositional dependence of the
density (Table 1). The Te containing compositions
show lower values of compactness than the Se
containing compositions, i. e. bigger structural

changes would be expected for the Te containing
compositions.

The compositional dependence of the molar
volume also repeats the compositional dependence
of the density (Table 1).

The dependence of the physico-chemical
properties on the composition could be investigated
based on the expected chemical bonds in the
glasses. The first approximation consists of
ignorance of the unstable chemical bonds and the
weak van der Waals forces. It is assumed that
atoms predominantly combine with atoms of
different types than of the same kind in
chalcogenide glasses [9], i. e. chemical bond
between atoms from the same kind will only occur,
if there is an excess of these atoms. Furthermore,
the bonds are formed in sequence of increasing
bond energies until all available valences of the
atoms are saturated. In the investigated
chalcogenide glassy systems Ge-Se-In and Ge-Te-
In, which are enriched in Se, or Te, respectively,
the homopolar Se bonds or Te bonds are formed in
the presence of unsaturated valences of Se or Te
atoms after all heteropolar bonds are created. By In
addition the number of the homopolar selenium,
respectively tellurium bonds decreases and the
number of degrees of freedom per atom increases
(Table 1), which leads to an increase in the stability
of the glassy systems (the number of degrees of
freedom for an atom moving in a 3-dimensional
space is Ng=3, and for the ideal glass N¢=3 [10],
with an optimum mechanical stability of the
network).

The physico-chemical properties of the
chalcogenide glasses are related to their mean bond
energy, which is a function of the average
coordination number and of the bond type and bond
energy between the atoms of the glass components.
According to [6], the structure of the glassy system
Ge-Se-In is realized by a network composed of
tetrahedral GeSe; structural units and pyramidal
In,Ses structural units. Based on the model of the
chemically ordered covalent random network [11]
they are combined with the additional Se atoms.
The remaining Se atoms are combined in chains.
The structure of the glassy system Ge-Te-In is also
realized by a network composed of tetrahedral
GeTe, structural units and pyramidal In,Tes
structural units. They are also combined with the
additional Te atoms, and the remaining Te atoms
are combined in chains. No formation of Ge-Ge
bonds at a Ge content up to 33mol% is expected
[12].
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Table 1. Composition and physico-chemical properties of the investigated samples.

Composition, mol% Zgass Density, 10°%kg/m* Compactness, 102 Molar volume, 10°m®/mol Ng  <E>,1019)
Ge17Segs 2.34 4.34 -3.95 1.80 2.85 3.58
GeisSerlins 2.37 4.54 -0.09 1.75 2.93 3.61
GeirTess 2.34 5.86 -4.86 2.02 2.85 3.62
GeisTernlins 2.37 5.55 -12.61 2.12 2.93 4.18

The value of the In-Se bond energy (4.27x109))
[13] is higher than that of the Ge-Se bond energy
(3.39x1019]) [14], and the value of the In-Te bond
energy (3.60x107°J) [15] is higher than that of the
Ge-Te bond energy (3.32x107%J) [15], i. e. the
overall mean bond energy increases by indium
addition (Table 1) and the bonds between atoms of
the glass components become more stable. The
formation of stronger bonds could be responsible
for the wvariations in their physico-chemical
properties. Te containing compositions possess
higher overall mean bond energy than Se
containing compositions because of the higher
value of the Te-Te bond energy (3.24x10%J) [15]
in comparison to that of the Se-Se bond energy
(2.82x1019)) [14].

CONCLUSIONS

The values of the density of the compositions
containing Te are higher than the values of the
density of the compositions containing Se. The
increase in the In content leads to variation of the
density in both investigated systems Ge-Se-In and
Ge-Te-In in a different way.

Because of their lower compactness, more
structural changes would be expected in the
compositions containing Te.

The compositional dependence of the molar
volume repeats the compositional dependence of
the density.

The increase in the number of degrees of
freedom with addition of In leads to an increase in
the sustainability of the glassy system.
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The overall mean bond energy of the glassy
alloys containing Te is higher than the overall mean
bond energy of the glassy alloys containing Se. By
In addition the bonds between the atoms of the
glass components become more stable.
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CPABHUTEJIEH AHAJIN3 HA HIKOU ®U3UKO-XUMUYHU CBOCTBA HA
CTBKIIOBUAHUTE CUCTEMM (GeSes)100xINx 1 (GeTes)1o0-xINx

. H. Tpudonosa, B. X. UBanora, A. A. Cromnoga, B. JI. Jlunosa*
Kameopa ,, @usuka *, Xumuxomexnonrocuuen u memanypeuier ynugepcumem, oyi. ,, Knumenm Oxpudcku ™ Ne 8,

1756 Cogpus, bvreapus
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(Pe3srome)

Uscnenanu ca cucremure (GeSes)iooxINk u (GeTes)iooxINx, ChABpIKAIIN pasIMYHN XaJKOTCHHH CIIEMEHTH.
Crpkiara, oborareHrn Ha S€ W Te, ca MHTEpEeCHH OT IJIeHA TOYKAa HA BH3MOXKHOCTTA 3a MPUIOKCHHUETO UM B
MPEBKIIFOYBAIIY YCTPOWCTBA U mameT. Ho Te mpuTexaBaT BUCOKHA CTOWHOCTH Ha CIEKTPUYECKO CHIIPOTHBIICHHE, KOCTO
Mpe/roiara HIKOW OTPAHMYCHHUS KAaTO KPaTKO BpEME Ha JKMBOT M HHCKa YYBCTBHTEIHOCT. 3a MoAoOpsBaHE Ha
KavecTBaTa Ha Te3u Marepuanu e gobaseH Tpetu enaement In B Ge-Se (Te) marpunara. Jlo6aBsaeTo Ha In Moxe ma 6b1e
CBBP3aHO ChC CTPYKTYPHHU MPOMEHHU B CTHKJIATA U CE OYaKBa T€ Jia MPOSBST HOBH CBOMCTBA. M3cnenBaHeTo Ha (YU3HUKO-
XMMHUYHHUTE CBOMCTBA JaBa MOJe3Ha HH(POPMAIIKS 3a pealiHaTa CTPYKTypa Ha CTHKIIATa.

Hacrosiiata paboTa € cBbp3aHa ¢ ONPEACNITHETO HIKOU (PU3MKO-XMMHUYHH CBOMCTBA HA CTHKIJIATA KaTO IUTBTHOCT,
KOMIIAaKTHOCT, MoJapeH o0eM, Opoi BpB3KM Ha aTOM W MBJHA CPEIHA CHEPrusi Ha BPB3KUTE. 3aBUCHMOCTHTE Ha
CBOICTBaTa HA W3CJICABAHUTE XAIKOTCHHIHM MAaTEpPHANd OT TEXHHS ChCTaB ca JUCKYTHPAHH OT TIe[HAa TOYKa Ha
BB3HUKBAHETO HA CTPYKTYPHH IIPOMEHHU B THX.
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