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MICROHARDNESS OF Pb MODIFIED CHALCOGENIDE GLASSES
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Microhardness of bulk Pb,GepySess (3 < x £ 15), PbpGeSesnyx (17 < x < 24),
Pb, GesoxSessTero (3 < x < 15) and PbyoGe,SeroxTer (17 < X < 24) glasses was measured at
room temperature. In PbyyGeSegox and PhyxGeSern« Tero glasses, microhardness attained a
maximum value a the composition with 21 at. wt. % Ge. In the case of Pb,Ges.«Sess and
Ph,Gep.xSessTero glasses, the microhardness decreased with the addition of Ph. The variation
in microhardness with composition and the effect of Te substitution on the microhardness of
these glasses are discussed in the light of the change in the average bond energy of the glasses.
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1. Introduction

Chalcogenide glasses are p-type semiconductors [1]. The p-type conduction is attributed to
pinning of the Fermi energy leved near the middle of the band gap by charge defects present in these
glasses [2]. Through their pioneering work in early eighties, Tohge et a. [3, 4] showed that n-type
glasses could be obtained when Ge-Se glasses were prepared with appropriate amounts of Bi or Pb as
additives. In Pb-Ge-Se glasses, mgjority charge carrier reversal (MCCR) has been reported [4] in two
saies of glasses, namdy, PbGep Ses (Series], 0 < x < 15) and PbyGeSesxTen
(seriesll, 15 <x<24) atx =9 at. wt. % Pb and x = 21 at. wt. % Ge, respectively. Murugave e al.
[5] reported the occurrence of carrier reversal in Pb,Gey, (SesTepo glasses at x = 9 at. wt. % Ge.
Vaidhyanathan & a. [6] proposed that the MCCR in Pb,Gey,«Sess glasses is a consequence of the
energetically disposed Pb* ion. Differential scanning calorimeter [6, 7], photo-acoustic spectroscopy
[8] and spectrophotometry [9] studies on Pb-Ge-Se(-Te) glasses showed that even physical properties
of non-d ectroni ¢ nature exhibited anomalous behaviour at the MCCR composition.

Hardness of glasses is a function of the strength of the strength of individual bonds and the
atomic packing density [10]. The Vickers hardness number (VHN), obtained by measuring the
diagonal length of the indentation produced by the penetration of a square-based pyramid indentor is
normally taken as a measure of the microhardness of the materid. VHN is determined using the
relation [11],
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where F is the load applied (in kg) and d is the length (in mm) of the diagonal of the indentation.
During indentation, a glass undergoes both compression and shear, resulting in its dastic deformation,
flow and densification [12]. The bond strength of a certain compound determines the ratio of
recoverabl e and irreversible deformation. High bond strength results in high dastic modulus, whichin
turn prevents bond breakage On the other hand, low bond strength results in bond breaking
concomitant irreversible, plastic flow. It is often convenient to understand the variation in VHN of a

Y Corresponding author: asrini @iitg.ernet.in



36 A. K. Pattanaik, P. S. Robi , A. Srinivasan

glassinterms of the variation in the average bond energy of the glass. The average bond energy could
be estimated by Pauling’s method [13] from the single covalent bond energy and € ectronegativity of
the constituent elements. Microhardness has also been rdated to the dilatometric softening point Ty
[10] of glasses. It has been pointed that microhardness and softening temperature of glasses show the
same behaviour [14]. This work is amed at understanding the composition dependence of the
mi crohardness and the effect of Te substitution on the microhardness of Pb modified chd cogenide
glasses.

2. Experimental

Bulk Pb,Gess,Sess (3 < X < 15), PG Sesox (17 < X < 24), Pb,GeypSeysTep (3 < x < 15)
and Pb,GeSernxTep (17 < x < 24) glasses were prepared by the melt quenching technique [7].
Appropriate amounts of high purity € ements were taken in a quartz ampoule. The ampoul e was flame
sedled after evacuating the ampoule to 10° Torr pressure. The sealed ampoul e was then loaded into a
rotary furnace, heated to 1050 °C and then dropped into cold brine water solution. To check the
amorphous nature of these glasses x-ray diffraction method was used. The glass transition temperature
(Tg) was determined from Differential Scanning Calorimeter (Perkin-Elmer DSC 7) under a constant
heating rate of 10°C.min™. The T, (on-set) values are tabulated in Table 1. Polished samples were
indented using a Buehler Micromet 2100 automated Vickers microhardness tester. All glass samples
were uniformly subjected to a load of 50 g for 15 seconds duration. Each microhardness value
tabulated in table 1 is the average of at |least ten indents made on each sample. All measurements were
made at room temperature.

3. Results and discussion

Fig. 1a shows the variation of Vickers hardness number VHN of Pb,Ge,Sess and
Ph.Gey,«SeusTer (3 < x < 15) glasses as a function of Pb at. wt. %. VHN of these glasses decreases as
the concentration of Pb isincreased. This behaviour can be interpreted in terms of the variation in the
average bond energy of the glasses with change in composition. Pauling proposed [13] that single
covaent bond energy of heteronuclear bonds D(A-B) can be estimated from the single covalent bond
energy of homonuclear bonds D(A-A) and D(B-B) and the € ectronegativity, x, of atom A and xg of
atom B using the formul g,

D(A-B) = [D(A-A) x D(B-B)]"*+ 30(xa-Xs)* @

The single bond energy values [15,16] of Ge-Ge (205.2 kJ.mol™), Pb-Pb (85.7 kd.mal™),
Se-Se (206.1 kJ.mol™) and Te-Te (158.8 kJ.mol ™) and Allred—Rockow d ectronegativity values were
used to estimate the single covalent bond energies of Ge-Se (234.9 k.mol™), Pb-Se (231.2 kd.mal ™),
Se-Te(201.1 kd.mol™), Po-Te (183.1 kdmal™), etc.

In Pb,Geyp.xSess glasses, substitution of Ge with Pb atoms results in the reduction of Ge-Se
bonds and an increase in Pb-Se bonds. Since Pb-Se bonds have a lower energy than Ge-Se bonds,
addition of Pb results in a reduction in the average bond energy of PbGes,Sess glasses. This
reduction in the average bond energy of the glasses is reflected in the reduction in the microhardness
of these glasses. In the case of Pb,Gey,xSessTerp glasses, Te content remains constant throughout this
series, whereas Ge is substituted by Pb. Te bonds have lower energy as compared to Se bonds. The
presence of a finite number of Te bonds in Pb,Ges,.,SessTero glasses results in an overal reduction in
the average bond energy of this series of glasses as shown in Fig. la, as compared to the
corresponding Pb.Gey,.«Sess glasses. The glass transition temperature Ty of Ph,Ges.Sess and
Ph,Gey,.«SessTep dlasses islisted in Table 1 along with the VHN data. Since T is aso a property that
depends on the average bond energy of the glass, its variation with Pb content is similar to that of the
mi crohardness.
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Fig. 1. Vickers hardness number (VHN) of (a) PbGeoxSess and PhbyGesxSessTero

(3<x<15) glasses, (b) PhypGeSenx and PhGeSenTep (17 < X < 24) glasses as a
function of composition.

Table 1. Vickers hardness number (VHN) and glass transition temperature (T,) recorded at a

constant heating rate of 10°C.min* of various Pb-Ge-Se(-Te) glasses.

Glass composition VHN | T4(K) Glass composition VHN | T4(K)
PhosGesoSess 227 544 | PbosGesSessTero 203 536
PboeG%eS%g 224 527 PboeG%eS&;gTelo 195 522
PbogGe\;g%g 218 524 PbogG@sgS@;gTelo 187 517
Pblseezg%g 214 527 PblgeezgS&gTelo 171 514
Pb15Gez78653 207 528 Pb15Gez7S&13Telo 165 515
szOGeUSeeg 191 495 szoGeus%gTelo 158 506
szoGelgseﬂ 195 533 szoGelgS%lTelo 168 510
Pb206621865g 203 544 Pb2066218&QTQ0 174 516
Pby0Ge 5575 197 535 | PhyoGexnsSeursTen 164 516
szoG@z;;%—,e 177 524 szoGez4SQleTelo 154 489

Fig. 1b depicts the variation of VHN of PbxGeSesx and PboGeSernxTen (17 < X < 24)
glasses as a function of Ge a. wt. %. Tohge et d. [4] estimated the variation in the number of Ge-Se,
Ge-Ge and Se-Se bonds in this glass system (the number of Pb-Se bonds remai ns constant throughout
this series). They showed that Ge-Se bonds increase in number, reach a maximum at 20 mol % of Ge
and, thereafter, decrease in humber. Se-Se bonds decrease in number as Ge content increases and
disappear at 20 mol % Ge, whereas Ge-Ge bonds, which start appearing at 20 at. wt. % Ge, atain a
maximum value a 24 at. wt. % Ge. Since Ge-Se bonds are maximum at 20 at. wt. % Ge The average
bond energy of the glass with this composition is the maximum in the series. This explains the
maximum vaue in VHN at this composition for PhbyGeSesnx seies of glasses. In the
Ph,oGe,Sero.x Ter series of glasses, Te content remains constant at 10 at. wt. % throughout and hence
the VHN of this seriesis also expected to exhibit a maximum at the composition with 20 at. wt. % Ge.
It is evident from Fig. 1b that the presence of low energy Te bonds has resulted in alower VHN value
for al PhyGeSernxTe glasses as compared to the PbyGe,Seso glasses. The composition dependence
of Ty of PbxGeSes and PhoGeSenxTen glasses (Table 1) exhibits similar dependence with
composition. Thisis to be expected since both these properties depend on the average bond energy of
the glass.
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Thermod ectric power measurements (TEP) made [17] on Pb,Gey,.«Sess and PhyGess xSess T ero
glasses confirmed that the p-typeto n-type transition in these glasses occurred near x = 9 at. wt. % Pb.
Similarly, TEP measurements showed [17] that the carrier type reversal occurs near x = 21 at. wt. %
Ge in Pby,yGeSey and PbyyGeSernxTe glasses. The present studies on microhardness of these
glasses, especidly, Pb,GeSes and Phy,GeSern Ter glasses show that the VHN data exhibits an
anomaly at the x = 21 at. wt. % Ge composition. From the simple interpretation of the composition
dependence of VHN of these glasses provided above, it is evident that there is a preponderance of
heteronuclear (Ge-Se) bonds at this composition. It is interesting to note that a non-€l ectronic property
such as microhardness, which depends on the average bond energy of the glass, is exhibiting an
anomaly at the composition at which the éectronic (p-type to n-type) transition was observed. This
observation suggests that there is considerable amount of change in the chemical bonding at this
composition. Earlier reports on other non-d ectronic properties such a thermal diffusivity [8], optica
band gap [9], and T4 [7,18] on Pb-Ge-Se(-Te) glasses lend support to this argument.

4. Conclusion

Microhardness of bulk PbGep,Ses (3 < x < 15), PbxoGeSanx (17 < x < 24),
Pb,Ges,SessTep (3 < X < 15) and Pb,yGeSenyTep (17 < X < 24) glasses was measured at room
temperature. In Pb,yGeSesy.x and PbyaGeSer« T €1 glasses, microhardness attained a maxi mum value
at the composition with 21 at. wt. % Ge. In the case of Pb,Gey,.Sess and Ph,Geyo «SeusT e glasses,
mi crohardness decreased with the addition of Pb. The variation in microhardness with compaosition
and the effect of Te substitution on the microhardness of these glasses have been interpreted in terms
of the variation in the average bond energy of the glasses with compaosition. This simpleinterpretation
enables one to satisfactorily account for the variation of VHN with composition in these glasses and
the effect of Te substitution. These observations suggest that there is a preponderance of hetero-
nuclear bonds at the composition with 21 at. wt. % Gein Pb,yGeSeso.x and PbyyGeSerT ey glasses.
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