Chalcogenide Letters Val. 3, No. 2, March 2006, p. 29 -31

INTERMEDIATE PHASES, REVERSIBILITY WINDOWS, STRESS-FREE AND
NON-AGING NETWORKS, AND STRONG LIQUIDS

P. Boolchand

Department of Electrical, Computer Engineering and Computer Science, University of
Cincinnati, Cincinnati, OH 45221-0030, USA

Network glasses usualy display glass trandtions that are hysteretic, i.e, a second scan
across a glass transition endotherm usudly does not replicate the first one. But in recent years,
examination of glass transition endotherms of several inorganic systems [1-4] reved a different
pattern: one observes compositional windows across which glass transitions become amost
completdy non-hysteretic. Specificaly, the non-reversing enthalpy (AH,,) assocdiated with the glass
transition (Tg) accessed from modul ated Differential Scanning Calorimetry is found to nearly vanish
[1-4]. These compositional windows, aso called reversibility windows, usualy occur [5] in the
2.29 <r < 252 range, where r represents the mean coordination humber, a measure of network
connectivity.

Glasses in reversibility windows form ideal stress-free networks. The idedlity derives from
the optimization of glass forming tendency. The stress-free character of binary GeSe .« glassesin
the reversibility window, 0.20 < x < 0.25, was recently demonstrated [5] in Raman pressure
measurements. In these experiments one found that sdect vibrational modes blue-shift as a function
of external pressure (P), but only once P exceeds a threshold value (P.). The threshold pressures, P,
serve as a measure of network internal stress. Chemical trends in P(x) are found [5] to closdy track
those of AH,(X). In particular, both terms nearly vanish in the reversibility window. Thus, networks
in reversibility windows arein a state of a quasi-equilibrium, and represent a new topol ogical phase
of glassy solids [6]. This new phase shares some functiondities with crystalline solids including the
absence of aging as evidenced [3] by the fact that the AH.(X) term does not evolve with time at
T<T,

’ In reversibility windows, the vanishing of AH,, suggests that configurational entropy change
batween glasses and corresponding melts is small, i.e, liquid and glass structures are quite similar.
Indeed, optimization of glass forming tendency in this new phase would appear to be a natura
consequence of this finding. Glassy neworks bd onging to this new phase generally form efficient
space filling networks. Furthermore, one also finds that activation energy of viscosity (AE,) of the
melts in this compositional window displays a global minimum as well, i.e,, these liquids are strong
in the fragile-strong classification [7,8] of glass forming melts. Here the term strong denotes robust
loca structures that apparently give rise to Arrhenius activation of viscosity. The corrdation is
illustrated for the case of two chalcogenide glass systems (Fig. 1) where fairly complete results [9-
12] are available in the literature. The corrdation of reversibility windows with windows in
activation energies for viscosity, highlights the very special reation of glasses and corresponding
liquids.

What is so special about molecular structures of glasses in reversibility windows?

Local structures comprising these glassy networks ind ude tetrahedra and/or quasi-tetrahedra
and/or pyramids, and each of these shares a common property. They are mechanically rigid with no
redundant bonds. Such local structures are described as isostatic. Constraint counting & gorithms
[13] have proved to be remarkably incisive in decoding whether a loca structure is floppy
(underconstrained), isostatic (optimally constrained) or stressed rigid (overconstrained). Raman
scattering has been extremely powerful in identifying vibrational modes of characteristic local
structures of glasses including those in reversibility windows. Thus, the width of the reversibility
window in binary As-Se glasses is largely controlled [12] by two As-centered isostatic loca
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structures, AS(Sey)s pyramids and Se=As(Sey;)s quasi tetrahedra. On the other hand, the much
wider reversibility window [14] in ternary AsGeAs,.ox glasses (Fig. 1) includes four isostatic local
structures; two of these are the same As-centered ones mentioned above, and other two include Ge-
centered corner-sharing Ge(Sey,)s and edge-sharing GeSe, tetrahedra. But there are clearly
chdlenges ahead. Aspects of medium range structure of glasses that lead to the specia structural
organization in reversibility windows continue to be a subject of discussions in the field.
Experiments have unequivocally shown that the wide reversibility windows present in binary Ge-Se
and Ge-S glasses, for example, are dramatically collapsed by aloying terminal atoms such as iodine
[15]. These experiments underscore the crucial importance of medium range structures in sdf-
organizing networks in reversibility windows, a view that is corroborated by numerical simulations
[16, 17].
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Fig. 1. Compositiona variations of non-reversing enthalpy, AH,(x) and activation energy of

viscosity, AEL(X), in binary As,Sei.« (top) and ternary (As«GeSer.ox) glasses taken from ref.

9-12 displaying aclear correlation. Note that the windows in AH,(x) are far deeper changing
by afactor 10 or more than windows in AE4(X) that change by afactor of 3 or less.

In summary, reversibility windows appear to be signatures of a new topologica phase of
disordered condensed matter. There is growing evidence for a certain universality in structure and
functionality of this phase in the properties of Si/SIO, interfaces [18], of protein-folding [19], of
computational complexity [20], of high-temperature superconductivity [21], and of network glasses
[22]. It is a pleasure to acknowledge discussions with Professor Jim Phillips, Professor Bernard
Goodman and Ping Chen during the course of this work. This work is supported by NSF grant
DMR-04-56472.
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