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ENTHALPY AND ENTROPY CHANGE DURING GLASS/CRYSTAL PHASE
TRANSFORMATION FOR Ge,Seqs.,Ins (y= 10, 15 and 20) GLASSES
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A study of thermodynamic parameters enthalpy and entropy change during glass/crystal
phase transformation of Ge,Seqs.yINg (y = 10, 15 and 20) glasses have been carried out by
Differential Scanning Calorimetery (DSC) under non-isothermal conditions. DSC scans
have been recorded at heating rate 20K/min. Specific heat measurements are required to
study the variation of enthalpy and entropy during glass/crystal phase transformation. DSC
scans have been used for specific heat measurements. As AHy and ASy both are the
criteria of glass stability; the stability of Ge,Seqs.,Ing (y = 10, 15 and 20) glasses has been
accounted for the values of AHg.and ASy during glass/crystal phase transformation.
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1. Introduction

Amorphous chalcogenide glasses are emerging as new interesting materials from
technological point of view because of their wide range of applications in electronics and
optoelectronics field [1-6]. Amorphous Se, due to high glass forming ability, represents a good
host matrix for the investigation of chalcogenide glasses. But in pure state, it has disadvantages
like short life time and low sensitivity. To overcome these difficulties certain additives Bi, Te, Ge,
As, Ga etc. are used. Ge-Se binary chalcogenide glasses have easy synthesis requirements, good
chemical stability and ready glass formations [7, 8]. Addition of In as the third element to Ge-Se
glassy system expands glass forming region, creates compositional and configurational disorder in
system, which results in large effect on their structural, electrical, optical and thermal properties
[9-11]. Ge-Se-In system is of interest as it forms glasses over a wide domain of composition [12].

For practical applications, thermal stability of glasses prior to crystallization is important
to be known. Change in thermodynamic parameters during glass/ crystal transformation gives
important information about the thermal stability of glasses. From the thermodynamic point of
view, glass is a non- equilibrium frozen system. During the process of glass formation, the liquid
is cooled at sufficiently high rate to avoid crystallization. When glassy samples are heated in DSC
at constant heating rate, the frozen structure relaxes. In such procedures, a transition is observed
from non-equilibrium glassy state to equilibrium crystalline state. To study these phase
transformation, the investigation of thermodynamic parameters of glassy and crystalline state is
essential. In the present study, the thermodynamic parameters which have been studied, using
DSC, are enthalpy and entropy during glass/ crystal transformation for Ge,Sega.yIng (y = 10, 15 and
20) glasses. Many researchers have used Differential Scanning Calorimetery to study
thermodynamics of glasses [13-17].

“Corresponding author: vibhav.spsl@gmail.com



184
2. Material preparation and experimental procedure

Preparation of GeySeqsyIns (y = 10, 15 and 20) glassy system has been carried out using
rapid quenching of melt technique. High purity (99.999%) constituent materials Ge, Se and In
have been taken in elemental power form in proper atomic weight percentage and sealed in quartz
ampoule under a vacuum of 10 torr. The sealed ampoules have been subjected to a heat treatment
inside a programmable furnace whose temperature has been raised to 940°C and maintained at
940°C for 15 hrs. Quenching has been carried out in ice-cooled water to obtain glassy state.
Amorphous nature of, so, produced glassy samples has been confirmed by X-ray diffraction.

Differential scanning calorimetery (DSC) Netschz 204 F1 Phoenix has been used to record
thermograms under non iso- thermal conditions. DSC scans have been recorded at a heating rate of
20 I0</min on accurately weighted samples sealed in aluminium pans from room temperature to
550 C.

3. Results and discussion

Sudden change in specific heat at glass transition is a characteristic feature of all glasses.
Measurement of specific heat as function of temperature provides an easy method for
determination of glass transition under different compositions and heating rates. Specific heat
measurements are necessary for calculating other thermodynamic parameters such as enthalpy and
entropy [18-25]. Using DSC data, specific heat of the sample can be calculated using the following
relation;
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where, M, and M; are masses of reference material (sapphire) and sample, respectively and Aand
A are the shifts for sample and reference material with respect to base line. C, is specific heat of
reference material, which has been taken from standard literature.

Fig. 3.1 (a, b, c) show the specific heat curves of GeySeqsyIns (y = 10, 15 and 20) glassy
alloys at heating rate of 20 K/min. These thermograms have been recorded from room temperature
to 550°C
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Fig.3.1 (a): Variation of specific heat (C,) with temperature of Ge;oSessIng glass.
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Fig3.1 (b): Variation of specific heat (C,) with temperature of Ge;sSezglng glass.

P 1K K

1000] |

ul

e .

1.600 ltl\ _ \ ;”/J
] \ /

1.400 ll\l ’l

1200 \E ,'/

1.200 l\j’l

1100

50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00
B Temperature *C

%1139 usera

Fig.3.1(c): Variation of specific heat (C,) with temperature of Ge,SezIns glass.

From the figures, it is evident that below glass transition temperature specific heat is
weekly temperature dependent. At T, Specific heat shows an abrupt jump due to addition
configurational degrees of freedom of motion (rotational and translation) [26] of the atoms which
were locked when the structure was frozen in glassy state [27]. An endothermic peak is observed
in specific heat curve at crystallization temperature. This may be due to vestiges of short range
order that still remain above on -set crystallization temperature and are disappeared when
temperature is further increased [28].

3.1 Enthalpy released during glass/crystal phase transformation
Enthalpy released during transformation from glassy to crystalline state is given by
relation;
AHg= AHg- AH. 2
Where, AHy and AH. represents enthalpy released per unit mass of the sample during relaxation

and crystallization process respectively.
AH_ has been measured by calculating area under crystallization peak.

AH, =[C,dT (3)
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And, AHg is the area under the curve of specific heat verses temperature in glass transition region.
AHg is an important parameter for determining stability of glasses. Fig. 3.2 shows the variation of
AHg as a function of Ge concentration for glass/crystal phase transformation of Ge,Segs.yIng (y =

10, 15 and 20) glasses.
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Fig. 3.2: Variation of AHy as function of Ge concentration for GeySegs.yIng
(y = 10, 15 and 20) glasses.

From fig. 3.2, it is evident that AHy increases with increase of Ge concentration in
GeySegayIng (y = 10, 15 and 20) glasses. Enthalpy released during the phase transformation from
glassy to crystalline state is related with stability of Sample. Glass being a metastable state releases
excess enthalpy during phase transformation (glass/ crystal) and tries to gain stability. The sample

that releases least value of AH . will be most stable as it already posses least energy stable atomic

configuration. As the composition with minimum value of AHg. is most stable, in Ge,Segs.yIng (y =
10, 15 and 20) glassy series GejoSegslns glass has minimum value of AHg hence most stable
among all composition of Ge,Seqg..,Ins (y = 10, 15 and 20) glassy series. The stability can also be
explained on the basis of bond theory. The total bond energy of system decreases with increase of
Ge concentration in Ge,Seqs.yIng (y = 10, 15 and 20) glasses. Because of fixed amount of In in
system the number of In-Se bonds are fixed and the variation in average bond strength is only due
to the variation in Ge and Se concentration in the samples. For Ge rich compositions the strong
heteropolar Ge-Se bonds (bond energy = 234.9 kJ/mol) are replaced by weaker homopolar Ge-Ge
bonds (bond energy = 205.2 kJ/mol), results in decrease of bond energy of system resulting in
maximum stability of GejoSegsIng glass as compare to other compositions of series.

3.2 Entropy difference between glassy and crystalline state
Entropy is associated with disorder present in system. Entropy difference between glassy
and crystalline state is another parameter which tells the stability of glass. Difference in entropy of
glass and crystalline state is given by thermodynamic relation.
ASy=ASy-AS, (4)
The thermodynamic relation describing the entropy of glassy state is given by equation;

S =S+ (%)dT )
0

Where, S IS configuration entropy. Configurational entropy is that part of entropy which is due
to configuration rather than vibrational degree of freedom [29].



187
Seor. = -K In (W) (6)

Where, 'K' is Boltzmann constant, ‘w' is the total number of different ways in which atoms can
arrange themselves in a particular fashion and is given by relation;
N!

(AN)!B,N )(C,N )

Where 'N' is the total number of atoms present in the system. A, is fraction of 'x' atom, B, is the
fraction of 'y' atom, C, is number of 'z' atoms.

When calculating the entropy of crystalline state, configuration entropy is taken equal to zero
because there is only one way to arrange the atoms in the correct ordered array (w=1). So, the
entropy of crystalline state is [30];

(7)

T(C
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S, =] [—T de ®)

0

The area of C,/T verses T curve gives the entropy of crystalline state. Fig. 3.3 shows the variation
of ASy: with Ge concentration of Ge,Seqs.Ing (y = 10, 15 and 20) compositions.
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Fig. 3.3: Variation of A4Sy with Ge concentration.

ASy is also a parameter to determine stability of glasses. Higher value of ASg is an
indicator of stable glassy state. From fig. 3.3, it is evident that entropy difference between glassy
and corresponding crystalline state decreases with increase of Ge Concentration in Ge,Segs.yIns
(y = 10, 15 and 20) glassy system. As ASy is a parameter of glass stability, Ge;oSegslng glass
having maximum value of ASg is most stable in series.

4. Conclusions

In Ge,Seq.yIns (y = 10, 15 and 20) glassy alloys the study of thermodynamic parameters
(enthalpy & entropy) indicates that stability of samples of Ge,Seqs.,INg(y=10, 15, 20) glassy alloys
decreases with increase of Ge concentration. The enthalpy released during glass/crystal phase
transformation is minimum for Ge;,Segs.yIns glass, indicating maximum stability of sample as
compare to other compositions of series.

The values of entropy difference between glassy and crystalline state decreases with
increase of Ge concentration in Ge,Seq..,Ing (y = 10, 15 and 20) glassy alloys, confirming the fact
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that stability decreases with increase of Ge concentration in Ge,Seqgs.,Ins (y = 10, 15 and 20) glassy
series. Ge;pSegslng glass having maximum value of ASy. is most stable composition in series.
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