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Abstract

We discuss a connection between the glass transition and the low
temperature properties of glass by examining the elastic dipolar in-
teractions among the two level tunneling systems in glass, suggesting
the glass transition to be a spin glass transition—like phase transition
among the two level tunneling systems in glass, pointing out that this
connection could lead to finite size effect in glass transition, as experi-

mentally observed.
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In our recent work [1] we suggested that the glass transition at the
transition temperature 7, may well be a spin glass-like phase transition
[2, 3, 4, 5, 6, 7] among the two level tunneling systems (TLS) [8, 9] in glass,
though we understand that there is no direct experimental evidence that the
TLS are relevant to glass transition. In this paper we continue this discus-
sion by examining the finite size effect in glass transition that might result
from the inter—TLS interactions as we have proposed. Morineau, Xia, and
Alba-Siminesco [10], measuring the heat capacity and thermal expansion of
small glass samples, have observed finite size effects in glass transition in lig-
uid toluene porous silicates confined in cylindrical mesopores. They found,
among other things, that in pores of radius ~ 2.4 nm, the glass transition
temperature was raised by 37K, from 117K in bulk samples to 154K in
pores. The finite size effect in spin glass transition has also been observed
by Kennig et al. [11] The finite size effects in glass dynamics though not
in glass transition have also been discussed by Horbach et al. [12] and by
Riggeleman et al.. [13] It is important to note that the glass transition is
not an equilibrium thermodynamic phase transition but is fundamentally
a kinetic phenomenon, a tremendous slowing down, a huge increase and
divergence of the substance’s viscosity, [14] all within a narrow interval of
temperatures. As such we do not see how any equilibrium thermodynam-
ics treatment, one based on the calculation of the partition function or the
application of the results of equilibrium thermodynamics phase transitions,
can be relevant. According to one definition, the glass transition tempera-
ture T} is defined as the temperature above which the “molecular structure
exhibits macromolecular mobility.” [15] One definition for the glass transi-
tion temperature provides as the temperature 7, at which the viscosity goes
to 10'? Pasco-sec, taking into account the dynamic nature of the transition.

[14] But it has also been noted that all definitions for the glass transition



temperature are arbitrary, that at best they agree within a few degrees. [14]

A collection of mutually noninteracting particles do not have nonzero
finite size effect (indeed would not have phase transition at all). To observe
finite size effect, it is essential to take into consideration the inter—particle
interactions. At a temperature of 1K or below, the phonon wavelength is
A ~ 10% A or longer, and one really cannot tell much difference between a
piece of glass and a piece of crystal. The reason that the low temperature
behaviors of glasses are very different from crystals is largely due to the
existence of the TLS. The interaction among TLS via exchanges of virtual
phonons has been discussed by, among others, Jofferin and Levelut [16]
and Black and Halperin [17] for the inter-TLS elastic interaction in glass
and their effect on the relaxation rate of dressed TLS. Kassner and Silbey
[18] have also considered the inter-TLS interaction and its effect on the
relaxation rate of dressed TLS. In bulk glass, the TLS are mutually coupled
via long range elastic dipolar interactions. [19] The interaction between two
elastic dipoles in bulk medium is: [21]
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where, for many glasses, o ~ 0.2 is Poisson’s ratio, A ~ 2 eV is the elastic
dipolar moment of one dipole, ¢4 ~ 4,000 m/s is the speed of sound in
glass, p ~ 2.5 g/cm? is the mass density of the glass, and so we have A ~
2.1 eV A3 . To study the finite size effects of glass behavior and not only its
transition, we have suggested to examine the properties of glass fibers inside
which the long range elastic dipolar interaction will be screened to become
short ranged [19] so that we will have, for two TLS separated by distance
z in a fiber of radius a, U(z) = Upexp(—z/a). Following virial theorem
[20], the average potential energy U is proportional to the average kinetic
energy, which is proportional to T'. If we then relate the glass transition

temperature T, to < U > and assume that the two are proportional to each



other, we see then that, comparing the transition temperatures in two fibers
of lengths L1 and Lo and both of radius a, there is a finite size effect in that

their transition temperatures T'g; and T'gs obey:

Tq (1— e_Ll/“)

Tgy  (1— e Le/a) @

In a first order phase transition, while through nucleation which allows
supercooling there may have limited finite size effect arising from the sur-
face tension of the phase boundary, the sign of which depending on the
comparative surface free energies of the two phases, a finite size effect is not
significant. Thus the glass transition as considered in [22] would not have
sizable finite size effects, contrary to what was observed experimentally. [10]
It is only in a second order phase transition during which the divergence of
the correlation length might be bounded by the finite size of the sample that
the transition would have significant finite size effect. Still, we note that the
glass transition is neither a first order nor a second order equilibrium ther-
modynamic phase transition but is fundamentally a kinetic transition which
does have a finite size effect. As a side remark we note that, for that reason,
the spin glass transition, [2] a kinetic transition and has a finite size effect
as observed experimentally and studied theoretically, [5] is more appropri-
ately described using time-dependent techniques [4] rather than equilibrium
statistical mechanics.

We understand that the finite size effect in glass transition as observed
experimentally [10] is in three dimensional samples while here we consider
essentially a one dimensional system, making it difficult to compare our
result with the experimental findings. We also note that there may well be
other sources of finite size effects in glass transitions in addition to what is
discussed here. Since the concentration of TLS in glass is around 100 ppm,
[8, 9] we estimate the average separation between nearest neighbor TLS to be

~ 2nm. Thus in the experiment of [10] the sample size, of radius ~ 2.5nm,



is about the same as the inter—TLS distance. We see therefore that there
may not be more than a few TLS in each glass pore in that experiment.
Because of that, there is no reason to expect such small “glass” pores to
have comparable glass transition (or to have transition at all) temperature
as that of the bulk glass if, as we assume, that the TLS are important
in affecting the behaviors of glass both at low temperatures and at the
transition temperature. That glass transitions have been observed in pores
so small may either contradict our suggestion that the TLS are important
to glass transition or provide evidence that enough TLS exist in very small
glass samples. We compare samples of two different sizes. The bigger pore
we assume to be of infinite size. The small one we assume to have the same
size as the “tube” radius’ a. Therefore the ratio between the two transition
temperatures T'g; and T'go would be
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~ 1.59 (3)

to be compared with the experimental finding of T'g1 /T g2 ~ 1.32.
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