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STRUCTURAL ORDERING As,S, BULK GLASS:
~ ROLE
OF QUENCH TEMPERATURE

l. Zitkovsky and P. Boolchand

Physics Department University of Cincinnati
Cincinnati, Ohio 45221-0011

Direct microscopic evidence for a precipitous drop in the concentration
of homopolar S~S bonds in melt-quenched é8283 glass as a function of
quench temperature is observed at T >700°C, “This may be related to the
breaking up of 88 rings present in he glass below the indicated
temperature. .

INTRODUCTION

There is growing evidence that the molecular structure of S-bearing
glasses differs from their Se-bearing counterparts in significant ways. For
example, the Ge tetrahedral fraction of 0.71(2) found1 in GeS2 glass may be
compared to a higher value of this fraction’of 0.84(1) found in GeSe2 glass.
It has been suggested1 that, chemically, this result is signature of a higher
degree of network polymerization of GeSe2 glass in relation to GeS2 glass.
S-bearing glassy networks appear in general to phase separate more pronoun-
cedly into characteristic molecular clusters than their Se counterparts.
Chemically, this tendency may be the consequence of the higher stability of
the S-S bond in relation to the Se-Se bond, It appears that for this reason 58
rings proliferate in S-rich glassy networks of binary Si-S, Ge-S and As-S
alloys for which Raman spectroscopic evidencez’3 is available. It is possible
that a small but finite concentration of SS rings persists even in stoichio-

metric glasses such as GeS2 and Aszs3.
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The molecular structure of melt-quenched AsZS3 and ASZSe3 glasses haz been ¢
the subject of several previous investigations using scanning calorimetry ,
Raman scatterings, X~-ray diffuse scattering6 and Mossbauer spectroscopy7. In
the present work we have used Mossbauer spectroscopy to probe the chalcogen
chemical order in these prototypical glasses as a function of fixative or
quench temperature (Tq). The details of this technique to grgbe the molecular
structure of glasses has been described in several articles ', The present
results show qualitative differences between the two pnictide glasses.
Specifically, the Tq variation of Mossbauer site intensity ratios unambiguously
demonstrates that the concentration of homopolar S-S bonds in A5283 glass de-

creases strikingly above a threshold quench temperature (Tq>700°C) although no

PERCENT TRANSMISSION |

such effect is observed in AsZSe3 glass, We associate this effect with the
presence of a small but finite concentration of 88 rings in stoichiometric

A5253 glasses quenched from Tq<700°C. At Tq>700°C, apparently, the 58 rings are
systematically cut or broken in a thermally reversible fashion. Consequences of
these results on the optical absorption edge and Raman scattering studies are
briefly commented upon.

EXPERIMENTAL

99.9997% pure Aszse3 and 98% pure As samples were purchased from Aesar

125Te and 128Te) and

S
273 .
and alloyed with traces of the Mossbauer active elements (

elemental As to maintain the stoichiometry. Prior to alloying, both the AsZS3

starting material and enriched Te125 metal (or 128Te metal) were purified to

remove traces of HCl1l and oxygen, respectively, by procedures described else-

wherelo’ll. A master alloy glass was prepared by heating the starting

materials im evacuated fused quartz ampules held vertical in a furnace at 600°C
for a five-day period. The temperature was then lowered to 350°C and the melt e T .

q
equilibrated at this temperature for 24 hours prior to a water quench. The i rup

master alloy was then split in several parts and each part quenched from a pre- and

R Not.
selected T 1in the temperature range 350°C<Tq<1000°C, and examined by both S iA(

125Te absorption and 1291 emission Mossbauer spectroscopy. Details of the *5§ gla

experimental procedure appear elsewheres’g.

‘ 125Te spectra of the glasses are characterized by a quadrupole doublet12
(Figure 1). The separation between the doublet (i.e., the quadrupole
splitting) is found to remain constant as a function of Tq for ASZSe3 glass
(Figure 2). On the other hand the quadrupole splitting is found to display a

profound, precipitous drop at Tq>700°C for ASZS glass, and this is also

3
illustrated in Figure 2,

1291 emission spectra of ASZS3 glass display evidence of two types of

7,12

sites (Figure 3) whose microscopic nature was discussed previously




Jgen
T
lecular

agent

Lguously
35 de-
»ugh no
the

:ic

rings are
iences of

'8 are

Aesar
‘e) and
: ASZS3
«d to

:1se-

t 600°C

e melt

. a pre-
th
he

let12
ass

lay a

of

STRUCTURAL ORDERING 169

100
s
o
w
w
pmy
wn
z
a
&
100}
’_
z
|
&)
24
w
a
900°C
-20 -10 0 10 J20
VELOQCITY (mm/s)
g-125
E
O
Z
-
s
Figure 2 g 120
Vi
T dependence of average quad- L
rupole splitting in As,S, (top) Q
and As,Se., (bottom) glass. 2
Note the precipitous drop in 2 15
<A(Tq)> at Tq>700°C for Aszs3 8
glass., o
=
To
o
w
) 110
é 11.0
& S
<108

Figure 1
lste Mossbauer spectra of
1\s2S2.98Te0'02 glass samples
quenched from indicated temperatures.
Note that the quadrupole splitting
decreases with T . Spectra were
iﬁgorded at 4.2K using a source of

Te" in GeTe.

.i | I |
~___i A ~._~£\\\\
]

‘ I I I
B S )
= 4? ASZSe3 -

1 1 |
400 600 800 1000

Tq(C)



170 ZITKOVSKY AND BOOLCHAND

Briefly, the A site represents a chemically ordered As-Te-As site which results
when a Te atom replaées a S site two-fold coordinated to As, while the B site
represents a chemically disordered S-Te-As site which results when Te replaces
S in an As-S-S string or a S5-5-S string or both. The B site consequently is
signature of S-S homopolar bonds in the network. The Tq variation of the Moss-
bauver site intensity ratio IB/IA deduced from a standard deconvolution of the
spectra is plotted in Figure 4. We note that the IB/IA(Tq) trend displayed in
Figure 4 mimics that of the average 125Te quadrupole splitting <A(Tq)> shown in
Figure 3. In fact, given the measured IB/IA site intensity ratio of Figure 4,

we can calculate the expected <A(Tq)> variation using the relation

<> =T,8 + T4 (1)

where AA and AB represent the respective Te quadrupole splittings at the A and
B site. The dashed curve displayed in Figure 2 is the expected variation of
<A(Tq)> for fixed values of AA = 7,1 mm/s and AB = 14,7 mm/s. These quadrupole

splitting values are fully compatible with the microscopic
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identification of the Te A and B sites and the reader is referred to a more
complete discussion of this point in reference 12,
DISCUSSION

The principal result to emerge from the present work is the precipitous
drop in the concentration of S-S bonds in A3283 g}ass quenched from Tq>700°C
(Figure 4). We note that quite a similar trend was reported independently by
Tanaka, Gohda and Odajimal3 in the Tq variation of the optical band gap of this

glass., Given that in binary AsxS x glasses there exists a local minimum14 in

1-
the optical band gap near the stoichiometric composition of x¥0.4, the reduction

in the optical band gap of A5283 glass quenched at Tq>700°C is fully compatible

with a reduction in the concentration of homopolar S-S bonds present in glasses
quenched above 700°C. The present experiments also show that the trend of
Figure 4 is thermally reversible and this is a point of interest in itself.
The Raman scattering results of reference 13 display an increase in the
scattering strength of the 200:.:m-1 mode (As-As bond) normalized to the 341\‘cm-1
band (As~S bond) with increasing Tq. These results do not necessarily imply an
increase in the concentration of S-S bonds as suggested by the authors. This
could have been the case provided the scattering strength of the 344cm_1 band
remained independent of T . Finkman, DeFonzo and Tauc15 several years ago dir-
ectly studied the T-dependence of Raman scattering from liquid Aszs3 and demon-~
strated that the scattering strength of both the 344cm-1 band and the 220cm"1
mode decreases sharply with T, with the activation energy fbr each band charac-
terized respectively by values of 190meV and 70meV. These results suggest that
even if the concentration of wrong bonds in Aszs3 melts were to remfin un-
changed with T, one may expect the scattering strength of the 200cm ~ mode

normalized to the 344 cm_l band to actually increase with T. -
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Diffusion
In As28e3 glass melt-quenching from various temperatures does not alter
IB/IA ratio. In A5283 glass on the other hand a drastic reduction in IB/IA
takes place at Tq,700°C suggesting that a new type of cluster must be populated
in the S-bearing glass which is not intrinsic to the Se-bearing glass. 88 rings
are stable species in S-vapor as shown from optical absorption edge studiesl6,
although this is not the case for Se8 rings. Furthermore because S8 rings are (
known to be present in sizable concentrations to be detected in Raman spectra
of S-rich (y>0) As283+& glasses, it appears plausible to propose that a small
concentration (£2%) of S-S bonds in the form of 88 rings persists in the stoi-
chiometric (y=0) glass. Evidence for As-As bonds in Aszs3 glass has already
been documentedl7 by previous Raman scattering experiments.
We acknowledge stimulating discussions with Dr., J.C. Phillips and the
assistance of Dr. Gary Ehrhart in neutron irradiations. This work was
supported by NSF grant DMR-85-21005,
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