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INTRODUCTION 

The most low-temperature anomalies of amorphous solids can 

be explained by the phenomenological tunnelling theorylli, 2/ 

assuming that two-level systems (TLS) (due to the tunnelling 

of atoms) with a broad distribution of their energies and re

laxation times exist. Only three model parameters, namely: 

the distribution parameter P, describing a distribution inde

pendent of the energy E and the tunnelling parameter A 

P(E,A) = P =constant, ( I ) 

and the coupling parameters ·y1 and ·y , describing the coupl

ing between the TLS and phonons, aretnecessary for calcula

tion of various physical parameters. 
A fundamental question is the correlation between the low

temperature anomalies and the glass transition temperature Tg• 

From the thermal conductivity data of various amorphous so

lids, it was deduced that P is proportional to Tgl in accor

dance with the free volume model/3/ , assuming the coupling pa

rameters to be con.stant141 . The same result was obtained by 

heat capacity measurements on water-doped nitrat glasses/51 

and ultrasonic measurements on fluoride and silicate glas

ses16-101. Recently acoustic experiments have been performed 

with electrolyte glasses (LiCl•nH20, ZnCl·nH20) exhibiting 

very low glass transition temperatures. The obtained values 

of Py2 can be explained by the assumption that 'Y is proportio

nal to Tg and 

(2) 

~here P0 = 5.3·1044 j-km-3 and dk = 630K/H/. Moreover, the 

P-values calculated with eq.(2) for larger Tg are in quite 

good agreement with the results of the above-mentioned expe

riments. However, investigations of the dielectri£ suscepti

bility of LiCl·n7H20 yield significantly smaller P-values than 

expected from eq. (2) /li2/ , 
For an independent examination of eq.(2), the heat capacity 

and the power released after the rapid cooling of the sample 

were measured for LiC1·7H20. 
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According to the tunnelling theory the distribution parame
ter can be determined from the linear term of the heat capa
city a(t) = c(t)/T 

P=ll2a(t)/k2 rr~n(4t/rmln ), (3) 

or from the power Q(T1 ,T0 ,t) released or absorbed after a ra
pid temperature change from the equilibrium temperature T 1 
to T0 

- . 2 2 2 2 (4) P = 24 Vt Q ( T 1 , T 0 , t) I k rr ( T 
1 

- T
0 

) , 

where 'min is the shortest relaxation time and Vis the volu
me of the specimen. 

Thus both measurements allow a direct determination of P 
and the corresponding density of states (DOS) of TLS: 

n(E,t)=n (t)=(P/2)1n(4t/r ). 
0 min 

(5) 

However, the calculation of P from the heat capacity data 
is connected with some serious drawbacks. 

1. As a rule, 'mtn is unknown and must be calculated 
from lll 4! 

(6) 

withE ::. 2kT, where pis the mass density and v is the sound 
velocity. 

2. The low temperature heat capacity anomaly can be caused 
not only by TLS, but also by defects, impurities or electrons 
(in the case of metals). 

3. The energy dependence of the density of states (DOS) 
cannot be obtained for higher energies, because above a few 
kelvins the phonon contribution to the heat capacity domina
tes. 

The heat release measurement - free of these drawbacks -
is therefore more convenient for the DOS determination and its 
energy dependence. However, it is necessary to take into acco
unt that only TLS with relaxation times larger than the time 
required for cooling or heating the sample contribute to the 
power released or absorbed, i.e. only information about the 
distribution P(E, A) with large A will be obtained. 
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EXPERIMENTAL 

A special calorimeter with a low heat leak (Q8 = 0.5 nH) to 

the sample was used in our experiments. An aluminium contai

ner (with or without the electrolyte glass) hung in a vacuum 

chamber on 8 kapron threads. The container was connected with 

a Ge-thermometer, a heater and a copper wire to provide the 

thermal contact with a me~hanical heat switch. 
For the heat release study the resistance drift R of the 

thermometer was measured as a function of time t after the 

rapid cooling of the specimen from the equilibrium temperatu

re T1 (where the specimen remained for at least 24hr) t9 T0 = 

= 4.2 K or T0 = 1.5 K. The corresponding power release Q(T 1 , 

!o' t) was the~ determined from the measured power release 

Qm, the power QA due to the thermal contact between the SJ?e
cimen and the body of the calorimeter, and the heat leak Q8: 

(7) 

where 

Q =RC/(IlRIIlT) 
m 

(8) 

(9) 

C is the heat capacity of the container with or without the 

electrolyte glass, oR/oTis the sensitivity of the thermome

ter, and A is the total thermal resistance of the kapron thre

ads and the electrical wires to the heater and the thermome

ter. The sample temperatu·.re was chosen close to the calorime

ter temperature TK, 'which was kept constant (to w-4K). Hhen 

T(t)-TK = 10-2K, the sample temperature was set to T0 = TK. 

First, the heat capacity and the power release of the hol

low container (174.7g aluminium, 17.4g copper) was measured. 

~s expected, no long-time heat release was observed. After 

the cooling of the cont?iner from T1 = 10 K to To= 1.5 K 

in 8 min the heat leak QB = 0.5 nW was measured and the con

stant A = 0.1 nW/mK was determined. The accuracy of the power 

release measurement is given by the fluctuations of QB' which 

are smaller than 0.1 n\1 (tested during one weak). 
The LiC1·7H 20 solution was prepared from pure LiCl and de

ionized water. To control the LiCl concentration, the refrac

tion coefficient nr (20°C) = 1.394 was measured, yielding n = 

= 6.5 and Tg = 139 K according to ref.14. 
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T0 =1,55K 

Fig.l. Time t 0 necessary 
the sample from T1 to T 0 
T0 = 4. 2 K. 

for cooling 
= 1. 5 K or 

The container with the electroly
te glass was cooled down from room 

0 OLL~"-----1 '-0-~--2-'0---.J temperature to 78 K with a cooling 
rate of about 3 K/min. After the co-

T, ( Kl oling of the sample from 78 K to 
4.2 K in 3 hr, the power release was measured at 4.2 K for 
200 hr. However, even after 200 hr the power release was sig
nificantly larger (of about 5 nW) than the neat leak QB and a 
correction of the measured power release after cooling the 
sample from 4.2 K to 1.5 K and 2.52 K to 1.5 K was necessary. 
As a rule, the sample was kept at various T1 for 24 hr and 
measured at 1.5 K for 12 hr. For T1 = 10 K the power release 
was also measured after cooling to 4.2 K. The time tc requi
red for the cooling of the container with the electrolyte 
glass from T1 to T0 = 1.5 K and T0 = 4.2 K is shown in fig. I. 

RESULTS AND DISCUSSION 

In the temperature range 1.5 K S T _: 10 K equation 

( 10) 

with a= 11.3~J/gK 2 and b = 13.9~J/gK4 yields a good fit of 
the heat capacity data of LiC1·7H 20. From the_linear term of 
the heat capacity the distribution parameter P = (31 ± 6)· 
·I0 44 /Jm 3 can be obtained, where the values t = 200 s, 'min= 
= 1.4 ns, P = 1.166 g/cm 3 (p is the. mass density) and eq. (3) 
were used. 'min was calculated from eq. (5) with v1 =4·10 3 m/s, 
v, = 2·10 3 m/s, y1 = 0.47 eV, y

1 
= 0.33 eV 1121 and p = 

= 1.166 g/cm3. SinCe the heat capacity measurements were per
formed only above 1.5 K, and a massive aluminium container 
was used, the P-value is connected with a large error. 

In fig.2 the power release Q(T1 , TQ,t) after the rapid co
oling of the sample from various equllibrium temperatures T1 
to T0 = 1.5 K or 4.2 K is shown. For all T1 , T0 and 3t 0 < t < 
< 12 hr an accurate r-1 dependence of the power release was 
found. 

Note, that very large values of the heat release were ob
served. After cooling the sample from T1 = 20.3 K to T0=1.5 K, 
the limit of the accuracy of our apparatus (0.1 nW) will be 
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Fig.2. The power Q released in 
LiCI·7H20 LiCl·?H20 after the rapid cool
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ing of the sample from different 
T1 to 1.5 K (o) or 4.2 K (o). 
Straight lines: Q proportional 
to t-1• 

obtained only after 6000 hr, 
assuming that the time dependen
ce of the power release will 
not change. Nevertheless, the 
power release is significantly 
smaller than expected. For T1 < 
< 10 K, the temperature depen
dence of the power release ag
rees with eq.(4) and we obtain 

10 
P = (10.1 ±o.3)·1044 /Jm 3, which 
is significantly smaller than 
the value P = 5.1· J0 46 /Jm 3 cal
culated from eq.(2) with T0 = 
= 139 K, however it agrees qui
te well with P = (3!±6).Jo 44/Jm3 

and P (21 ± 5). I 044 I Jm 3 calculated from our heat capacity 
data and the dielectric susceptibility data of ref.l2 respec
tively. The discrepancy is probably due to the coupling para
meters. The dielectric measurements yield ·Y1 ~ 0.47 eV and 
y

1 
= 0.33 ev/12/, while in ref. II the larger P values were 

obtained with y1 = 0.1 eV and y = 0.07 eV assuming that y is • t 
proport1onal to T g . 

Figure 3 shows the distribution parameter calculated with 
eq.(4) from the long-time power release data of vitreous si
lica/13/, Fe 80 11,_ 4Si6 /14/, epoxy_resin/LS/ and LiC1·7H 20 as a 
function of Tr It is se~n that P increases with decreasing 
Tg. In particular, the P-value of LiC1·7H20 (Tg = 139 K) is 
about 10 times larger than in vitrious ~ilica (Tg = 1470 K) 
in accordance with the assumption that P is proportional to 
rg1. However, more long-time~power release data of various 
amorphous so!ids are necessary to determine the relation b.et-
ween Tg and P exactly. · 

For T1 > 10 K the P-values calculated with eq.(4) from the 
power release data of LiC1•7H 20 decrease with inc!easing T1. 
Similar deviations from the assumption P(E, A) = P = constant 
were found for all investigated amorphous solids (s.fig.3). 
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Fig.3. The distribution parame
ter P calculated with eq. (4) 
from the power release data of 
vitreous silica 1131 ,Fe 80 E 14 S·i~1 f 
epoxy resin/15! and LiCl·7H2 0 
as a function of T1• Curves: 
function (12) calculated with 
the energy dependent DOS(eq.11). 
The following ff:.t parameters 
were used: 1 - P=1.0·10 441Jm 3, 

Erik = 1J K, Tb = 0 K, 2 - P = 
= 1.3·10441Jm3, Erik= 20 K, 

Tb = 0 K, 3 - P = 7. 8 · 10 44 I Jm 3, 
Erik= 16.5 K, Tb = 3.3 K, 4-
p = 10.1·10 441Jm s, Erik = 48 K, 
Tb = 0 K. 

There are at least two possibilities to explain this beha

viour in the framework of the tunnelling theory: first, the 

DOS could not extend beyond energies above a cut-off energy 

Er, or second, an upper limit Amax of the distribution func

tion could exist. Inded, the first assumption yields a good 

fit for all investigated amorphous solids/!6/ (including 

LiC1·7H 20) and structural glasses/~.181, using for calcula

tion of Q the energy dependent DOS 

n (E, t) = n 
0 

(t) I ( 1 + exp ((E - E 
1

) lkT b)) ( 1 1 ) 

where the fit parameters Er and Tb are constant and n 0 is gi

ven by eq.(5). In this case the function 

• 2 2 
f ( T 1 , T 0 ) = 24 Vt Q ( T 1 , T 0 , t) I ( T 1 - T 2 ) 

(12) 

desreases with increasing T1 if T1 > 0.2 Er/k, and fCT1, To) = 

= P =constant if T0 , T 1 <0.2 E 1/k (s.fig.3). 

However, the T0 dependences of Q, which was yet obtained 

at higher temperatures only for epoxy resin/15/, cannot be 

explained either by the first or by the second assumption/lSI. 

The deviations of the time and temperature dependence of the 

power release at higher temperatures is probably due to a 

temperature dependent relaxation process, as, for example, 

the thermal activation. A detailed analysis of this problem 

will be given in a future paper. 
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4. CONCLUSIONS 

Measuring the heat capacity and the power release, the 
distribution parameter P = (31± 6)·I0 44/Jm 3 and P=(IO.I±0.3)· 
lo44(Jm3 of TLS ~n LiC1·7H 20 were obtained. These P-values 
agree well with P = (21 ± 5) ·I0 44 /Jm3 calculated from the die
lectric susceptibility data 1 ll.2/, and they are significantly 
smaller than expected from the acoustic experiments Ill/and 
eq.(2). In accordance with the assumption that Pis propor
tional toT~, the DOS of TLS in LiC1"7H 20 is about 10 times 
larger than in vitreous silica. 

In contrast to other investigated glasses the temperature 
dependence of the power release in LiCl·7H20 agrees with the 
tunnelling theory up to very large T1 (T1 < 10 K). 
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