[Both academic and technological interests have caused a great
revival of research in glass science. The twin freedoms enjoyed by
materials in glassy state, namely, freedom jfrom restraints of periodi-
city and freedom from requirements of stoichiometry, make the study

of glasses an area of great research interest.
research during the last decade has also been phenomenal.

The rate of growth of
* Current

trends in glass research’ by Dr. Rao gives a bird’s eye view of the
prominent trends of research in glass.—Ed.]
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N a Festschrift volume brought out on the
occasion of the award of Nobel prize to
Professor N. F. Mott, one of the authors!
wrote, ‘for having ¢ done so much to transfer
glass science from the archieves to the fore-
front of solid state™® Indeed, these words
of dedication serve as a summary pointer to
the flurry of activities in the area of glass
science today. The challenges of the glassy
state are multifaceted. Many new glass
forming systems are being discovered and
reported; and there have arisen a variety of
new problems which require alt¢rafions or
extensions of the existing theoretical frame-
work in order to provide answers to them,
In such an expanding and expansive frontier
of physical science, to characterize some areas
of research as ‘trends’ cannot be expected
to be uniquely satisfactory; but in this article,
effort is directed to highlight some important
areas of current interest and the impact of
such research work, in understanding the glassy

state.

EXPERIMENTAL TECHNIQUES

Almost every physical tcchnique has been
used in the investigation of glasses. Notable
among those which have provided crucial
information in understanding the glassy state,
in recent times are the small angle X-ray
scattering (SKXS), neutron scattering, nuclear
magnetic resonance NMR, high resolution
electron micrascopy and extended X-ray
absorption fine structure (EXAFS) analysis.
Application of SAXS and neutron scattering

to analysis of glass structures has been reviewed
by Wright and Leadbetter?, Much has been
understood about borate glasses by the use
of 1B and B NMR through the monumental
contributions of Bray and co-workers®, 1t 1s
now known that the building blocks in borate
glasses consist of the five different types of
boron-oxygen groupings predicted much earlier
by Krogh-Moe?* Similarly the use of appro-
priate magnetic nuclei should be of great
value in understanding structures of many
other glasses. High resolution electron micro-
scopy combined with the techniques of image
synthesis (using computers) has provided,
perhaps, the most spectacular information on
glasses. The existence of ordered regions
with crystalline motifs can be recognised
through the appearance of fringes. Gaskell
et al®> and Bursill  er al.® have shown that
such ordered regions do exist in a variety of
glasses. These observations will prove very
crucial in developing a viable model for

glasses.

EXAFS analysis is decfinitely the most
significant development in  tecent times’,
Since the absorption edge energics are atom
specific, EXAFS can provide paic correlation
information with respect to the particular
type of atoms, The technique is quite sensi-
tive and LEXAFS dafa have revealed® the
presence of short Se~-Se distances in seleium
elass, corresponding to  the “presence  of
n-bonded sefcnium chain terminations “which
could also act as charged defect- centres,
However, the technique is” known to beg lesy
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sensitive to structural details beyond the first
shell of atdms, and therefore, is a powerful
tyol primarily for the understanding of local
configurations., The theory of EXAFS seems
to be well unde.styod, though certain features
like focussing effect®, etc., are not,

Grass SysteMs orf CURRENT TNTEREST

Several glass forming systems are attracting
considerable attention in recent times and
some of them on account of the needs of
industry. Oxygen free glasses, particularly
those based on beryllium flucride'ts't, have
potential applications in  areas TEQUIrIng
extended UV transmission and also in lasers
(since these glasses are known to have very
low rtefractive indices). Glass systems consist-
ing of heavy metal fluorides such as ZrF,,
BaF, and ThF, are likely to prove good
fast ion (anion) conducting glasses??, Jack!?
has reported nitrogen containing ‘sialon’
glasses. Many substituted sialon glasses have
also been reported recently’®%,  Since these
oxy-pitride glasses are good self-pucleating
systems, they can give rise to extremely valuable
high temperature ceramics. It is now estab-
lished that one out of every seven oOXygen
atoms, in aluminium silicate glasses can be
replaced by nitrogen. A large variety of
metallic glasses are being investigated™, since
met-glasses can be employed as materials of
very useful mechanical and magnetic proper-
ties. Glasses required for optical communi-
cation are primarily based on silica and
germarnda, though B,0; and P,0; are also
often used in combination. Various aspects
of optical quality glass fibres for application
in optical communication have been teported
recentlyl’1®

Another important class of glasses is the
chalcogenides as they have important appli-
cations? in the field of infrared transmission,
xerography, optical mass memory and fast
electronic switching. One of the chalcogenide
glass forming systems reported rtecently*®
relates to Ge-Bi-Se-Te glasses in which it
has been observed that n-type semiconductors
are formed when more than 10 atom per cent
of Bi is present. However, all the Known

chalcogenide glasses are only p-ype semi-
conductors,

Several ionic glasses consisting of discrete
antons such as Agf-Ag,MoOy, etc,, are attract-
ing attention because they are foupd?! to be
very grod fast ion conductors. Many other
glass systems*? with condensed anions such
as the silicates and borates containing Lit
1ons have also been found to be potential
fast 10n conductors in glassy state.

FAST TON CONDUCTION IN GLASSES

Very low activation energies (0:-2-0:6 eV)
for jon 1transport and consequently signi-
ficantly large values of conductivity, @ (of the
order of 10-% {0 10-7 ohm cm 1) are charac-
teristics of fast ion conducting glasses. The
conducting species in several glasses happen
t> be either Agr or Lit+ ions. As mentioned
earlier, fluoride systems such as ZrF,-BiF,-
ThF,; with F~ (anion) conducting species have
also been reported. Various Agl based FICs
have been investigated by Minami and co-
workers®!> 2% and recent progress has been
excellently reviewed by Tuller, Button and
Uhlmana®2. It is interesting to note -thai
Agl, which is itself a fast ion conductor in
high temperature crystalline form, is a major
compinent of glassy Ag-FICs., Values of
dy (high temperature limiting conductivity)
of glassy FICs are generally low, which means
that the corresponding attempt frequency or
the vibrational frequency of (charge transport-
ing) ion is low. Tt implies a limitation of the
notion of ionic hopping. There js the possi-
bility of field assisted concerted drift of the
Ag*r ions in glassy YICs. If there ar¢ ordered
regions, even approximatively of the size of
100 A, and with compositions corresponding 10
substituted Agl, it should be easy to visualise
the origin of the observed similarities of fast
1on conduction in crystalline and glassy states®.
The relevance of crystal chemical considerations
in discussing problems of glassy state also
becomes quite apparent.

Mixep IoN EFFECT

Mixed alkali effect is a phenomenon where
anomalous variations in propertics of glasses
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occur when two alkalt jons are present,
Occurience <f mixed alkali effect has been
found to be a feature of even ionic glasses®
It is now approp-iate to call it mixed izn effect,
since the presence of twy isovalent anions

in glasses also, seems to produce anomaldus

variation in thelr properties®, Varioug theore-

tical apprcaches have been made 1o explam
the origin of mixed alkali effect ard the
subject has been reviewed by Isard” and
Day®, Mixed jon effect is basically a con-
comitant of ionic environmert ard it would,
therefore, be appropriateé to emphasise the
influence of local geometries around the caticns.
Indeed, it has been found® advantageous to
invoke the presence of local strain fields which
affect the mobilities of cations in acccunting
for the mixed alkali effect in sulphate glasses.
The presence and influence of such micro
strain fields canpot be ruled out even in
network formirg glasses in which the atams
surrounding the cations are essentially ioni-
cally bynded?. Cage-like characteristic vibra-
tional modes of alkali fons have been reported
to be present in mixed alkali glasses®*0  These
frequencies d> notseem to be affected by inter-
alkali concentration variation® . Theretore,
it suggosts that electrodynamic interactiors™,
if any, may not play a vital role in mixed alkalj
effect, The advantage of emphasising packing
and strain aspects becomes more apparend
when the presence of similar anomalies is
nofed in ixed anion  glasies. Elowewer,
mixed ion effects remain at present a subject
of considerable interest and curivsity,

MODELLING, COMPUTER SIMULATION AND
STRUGTURE OF (GLASSES

Our understanding of the structure of glasscs
today remains at best ambigusus.  While
description of glasses as disordered solids
convey a qualitative understandirg of the
pature of glasses, a quantification of the
disorder3? has not been possible at all. The
scattering experiments at best provide a
radial distribution function (RDF) which only
constitutes an average representation of the
structured®, Meaningful interpretation of such
RDFs invariably require the assistance  of
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laboratory or computer bujlt models. Two
important types of such models have been
the randem netwerk model®: 3 and the
randem clcse packing modz21%% 3 Randem
network model which 15 most favoured for
fused silica, and such other covalently bonded
materials 15 based on the fact that three~
dimensioral periodicity of a connectcd lattice
car be eliminated by introduction of small
distributicn of bond angles and/or bard
distapces. Rardom close packing model which
is based on the classic work cf Bernelds, 38
uses the concept of close packirg of phserical
objects of identical or varying sizes in space
without inducing ordering in any Imarrer.
But as pointed out earlier, high resolution.
electron microscopy®® of glasses suggest that
sufficiently high correlatiors exist over shert
distances. Studies in ‘metallic glasses!® also
seem to suggest strong correlations over shert
distances of 10-15 A. Understanding of glassy
state has also been assisted substantially by
computer simulaticn, Two well-krowr, simu-
lation prccedures bave been the so-called
Morte-Carlo (MC) ard molecular dynamics
(MD) calculations. Both approachkes (though
involve unphysically large cooling rates) have
indicated that on cocling a'system from molten
state vitrification results at a temperature
which can be recognized as gfass trarsition
temperature, 7,. The influerce cf the varicus
interaction potentials on the characteristics
of glass framsition i compuict experiments
has been reviewed by Apgell et 4/, A signi-
ficant observation in computer experiments
i5 the formation of clusiers in the molter state
priof to the glass transition, Various aspects
related to such cluster formation have been
reviewed by Hoare® and Yoaie and Baker,

Considered together the results of computer
experiments and high resolution e¢lectron
microscopy suggest the formation of clusters
(prior to the glass transition) as a melt iy
subjected  to cooling, These clusters  may
have both crystalline and pon-crystalling motify
Indeed laboratory built models of tetrahedray
glasses also suggested*® existenva of ordered
regions in spite of all care exercised during
mode] bujlding. 1t s, therefore, now clegr
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that there cannot be any unified structural
model for all glasses. The existence of short
range order is perhaps inescapable and it$
details are likely to be dictated by the require-
ment of optimally low free energy ol the
clusters. Inherent to such disordered solids
‘should be the presence of a configurational
entropy®s. It is often measured in real systems
as the excess or frozen entropy. However, it
would be interesting to visualise a disordered
solid with the structural prescriptions
summarized above and possessing vanishing
configurational entropy. Such has been the
description of the so-called ideal glass*,

GLASS TRANSITION PHENOMENON

A unique feature which distinguishes glasses
from the rest of the amorphous materials is th:
occurrence of glass transition®®. An under-
standing of this has eluded many efforts to
date, While the fre¢ volume theory*® is both
elegant and conceptually simple, it has irherent
weaknesses in the context of pressure efiects?
on the glass transition. Entropy approach,
the development of which is largely due to
Gibbs and co-workers® has been by far the
most successful in accounting for several
features of an experimental glass fransition.
But these approaches are based on the assump-
tion that a theory for thermal variation of a
suitably chosen property of liquids in the
supercooled region should naturally account
for all aspects of glass transition. The Kinetic
features of the non-equilibrium, high viscosity
regime of a supercooled (metastable) liguid,
p-ior to the giaﬂs transition, rendeis the
sitfuation extremely complex. Evaluation of
any thermodynamic the:ry becomes urfeasible-
Features Like variation of trarsp:rt properties
as exp[+ E /(T — T,)] (where E, is an activaticn
barrier and T, a constant with units of tempe-
rature) are aise not sufficiently universa]®®
to be relied upon, as basis for developing new
theoretical] approaches®,

In this context the relatively recent experi-
mental observatiom on cluster formation
assumes considerable importance! The sigges.
tion that congealation of clusters {eads to glass
transition, a view that was expressed by
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Tammann®® long ago (though . provokingly
discussed by Hoare®) perhaps represents a
more promising model of glass transition.
Formation of clusters in supercooled liquids
prior to glass transition has been evidenced in
ESR spectroscopic studies ¢of organic glassess?,
It still remains to be understood as.to what
factors influence cluster formation and, how
to furmulate the problem of cluster congea-
lation.

I tbe clusters happen to have crystalline
motifs, effect of slow cooling can be looked
upon as assisting the growth of these clusters
at the expense of the inter-cluster material.
Then, it would lead to a very interesting possi-
bility**, An ideal glass corresponding to one
obtained at an infinitely slow cooling rate
would correspond to an aggregate of such
(crystalline) clusteis, Further, such glasses
werld have no inter-cluster material and
therefure no configuratioral entropy. Thus,
the notion of ideal glass with zero frozen
entrepy  would correspond to an ideally
compacted (fo theoretical density) mass. of
superfine crystalline particles. Would it elimi-
nate the paradox of disordered state of zero
configuraticnal entropy 48 ?

It appears certain that our understanding of
glass trapsition will widen through inputs
related to effects of clustering. Appreaches
based on treating glasses as discrdered solids
undergoing a trapsiticn on heating®% or
treatirg viscous supercceled liquids as under-
gcing  tramsition on- cooling®®4% may prove
less profitable in developing a mearingful
thecry of glass transition.

MAGNETIC INTERACTIONS IN GLASSY STATE

Corsiderable amount of work has been
done in recent times on spin glasses®® in which
magnetic atoms are substituted at random
in crystallice non-magnetic hest lattices. But
Inccrporating magnetic ions such as those of
transition metals or rare-earths in non-magnetic
glasses provides an interesting situation where
both, spacial and omnentational randomization
of spins are present. Studies of such glasses
are rather limited and the results reportedsss?
in conventional glasses suggest that the nature
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of magnetic interaction is dominantly anti-
ferromagnetic. It has now been found that
when the host glass is predominantly ionic, the
resulfant interactions counld be ferromagnetic®,
In view of. the formation of the clusters we
discussed earlier, investigation of magnefic
mteractions in glasses should prove a fruitful
and fascinating area of research.

ELECTRON TRANSPORT

Last decade has wiinessed an unusualily
largé amount of work reported with regard
to electron transport in glassés. A large
number of glasses studied happer to be chalco-
centides. It has now been established that
electron transport in chalcogenide glasses
should be treated as a distinct category (lone
pait semiconductors), The discrepancy iIn
density of carriers indicated from conductivity
and ESR. (or magnetic susceptibility) studics
have led to the current model that transport
in chalcogenide glasses occur primarily through
charged defects®®?®, These charged defects
cortespond to heteropolar scission of bonds
and hence to spin paired states. The transport
might involve an activated transfer of two
electrons®® (bipolaron mechanism) rather than,
one. A variety of investigations has been
carried out to understand the nature of these
defect states, and the present status has been
reviewed by Kastner®?

The formation of defect pairs from under
coordinated (with ‘broken’ bonds) atoms in
chalcogenide glasses could very well be
thought of as driven by the prospect of energy
lowering subject to the constraints of local
bonding detajls. Indeed, by considering an
energy minimum principle, it has been found®
recently that the activation energies fcr dc
transport and minimim encrgy for crecafion
of a pairt of defects are quite comparable
Such a comparison Implies that the nature of
transport involving charged defcots posscsscs
characteristics of an intrinsic gap.

There are many areas of research not
discussed here which have also provided
results of considerable interest such as rela-
xation spectroscopy®, pressure eflect on semi-
conducting chalcogenide glasses®®, role of
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1onicity in-glasses®, etc, But as pointed out
earlier, here is only a partial list of trends.
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