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Abstract. The temperature dependence of the relaxation times in the supercooled 
liquids is discussed. On the basis of Adam-Gibbs conception a method for mea
suring the size of the Cooperative Rearranging Region and the number of config
urations in these regions is suggested. From the experimental results we obtain 
that the number of configurations is higher than the number of the fundamental 
kinetic units in the same region. On this basis one subspectrum of relaxation 
times is predicted and it is called configuration spectrum. The range of the spec
trum is estimated in three alcohols and it is accepted that such kind of spectrum 
is observed in Glycerol. 

1. Introduction 

Adam-Gibbs theory describes temperature dependence of relaxation times in liquid 
from the point of view of cooperative motion [1]. The average transition probability w 
for cooperative rearrangement is given by 

( 
z* 6.U) w =A exp - RT (1) 

where z"* is a critical low-limit size of the cooperative region which can yield nonzero 
transition, 6.U is the potential energy hindering the cooperative rearrangement, R is 
the gas constant, T is the temperature and A is the frequency factor. On the basis of 
the Hiray-Eyring hole model of liquids [2] it is shown that the same equation may be 
obtained if the size of the cooperative rearrangement region (CRR) z is regarded as a 
function of transition probability of each fundamental kinetic unit [3, 4] 

vz(T) = v0e-rre-* ... e-JtT (2) 

where v0 (s- 1 ) is the frequency factor and eEr are temperature dependent components 
of individual transition probability, Ui are the individual barrier hindering rearrange-
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ment, k is the Boltzmann constant and T is the temperature. One common frequency 
factor implies that the correlation in the cooperative motion is due to the correlation in 
frequencies. If we accept an average potential barrier 6.U and average z, we obtain 

Dz(T) = vo exp (- z~:) . (3) 

The fundamental kinetic units in supercooled liquids were accepted [3, 4] to be 
fragments of the molecules named by Wunderlich "beads" [5]. Hence the size of CRR 
is the number of cooperatively rearranging beads [3]. Adam and Gibbs defined the 
CRR as a subsystem of the sample which upon a sufficient fluctuation of energy can 
be rearranged into another configuration independently of its environment where the 
thermodynamical concept may be applied. 

The z may be characterized by the configuration entropy s given by 

s = klnw (4) 

where w is the average number of configurations available in the CRR. For the inter
pretation of the experimental result Adam and Gibbs accepted for first approximation 
w = 2 which means that the CRR acts as a solid system with two configurations: the 
first one is initial, before rearranging, and the second - after transition, and accepted 
that kinetic units "surmounting essentially simulateneously the individual barriers re
stricting their arrangement". In the authors' model of the cooperative motion (3, 4] such 
a restriction is not obligatory. We regarded CRR as fluctuating (statistical rearranging) 
and the probability for cooperative rearrangement is a function of the individual tran
sitional probability of every fundamental kinetic unit [3]. That kind of a model of 
the cooperative motion is checked and we observe that the number of configurations 
in the CRR is higher than the number of beads in the same range. From this model 
of motion it follows that a spectrum of very short times should always be tied with 
the cooperative motion. These configuration times should be the inherent properties of 
cooperative motion of a- relaxation process in the supercooled liquids and should be 
subtimes of the relaxation times. 

The aim of this paper is to evaluate the size and the number of configurations in 
the CRR and to predict the spectrum of configuration times in alcohols. 

2. The Size of the Cooperative Rearranging Region. The Number 
of Configurations in the CRR 

It was obtained that the number of fundamental kinetic units in the CRR is given by 
[3] 

T 
(5) z = T-T

00 

where T = is the temperature of VTF equation for the relaxation times 

T =A exp (r _BT=) (6) 
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:Vhere A, Ban? T °': are the specific constants for every liquid (6, 1]. The VTF equation 
is usually applied m the temperature range from the glass transition temperature Tg to 
about a hundred and fifty degree above it. The last equation may be represented as 

T =To exp ( l::i..U ) (7) 
R(T - T00 ) 

where l::i..U =BR and To= A(s). From the Eq. (3) the relaxation time is given by 

zl::i..U 
T(T) = To exp -- (8) 

RT 
1 

where To = ~nvo are the vibrational times (8). As it may be seen Eq. (8) is equivalent 

to Eq. (7) if z is taken from Eq. (5). 
Configuration entropy per mol of bead Sb can be measured (9, I 0) and the config

uration entropy per CRR can be obtained 

s(T) = Sb(T) z(T) 
Na 

where Na is the Avogadro number. 
From Eqs (4) and (9) we obtain 

In w = z(T)Sb(T) 
R 

which gives the possibility to measure w. 

3. Discussion of the Experimental Results 

(9) 

(10) 

The experimental results for n-Propanol, Ethylene glycol and Glycerol will be dis
cussed. They represent correspondingly one, two and three-valent· alcohols, which can 
be experimentally investigated as supercooled liquids. In the Table 1 the substance, the 
glass trimsition temperature T9 from dilatometric measurements and the VTF param
eters from the dielectric investigation are given, correspondingly in the columns from 
I to 5. The VTF parameters are for the most probable relaxation time at which the 
maxima of the lost factor c: are observed. According to Adam-Gibbs theory T 00 is equal 
to the temperature, at which the configurational entropy becomes zero and in this way 
it may be obtained also by colorimetric measurements (1, 9, 10). The last values for 
l'g and T 00 in the column 2 and 3 are from the calorimetric investigations. 

In the column 6 the z(Tg) obtained from Eq. (5) is given. In the column 7 the 
numbers of the bead in the molecules are given, for example n-Propanol CH3 -CH2-
CH2-0H has four beads or every CH3, CH2 and OH group is co,unted as a bead. As 
it may be seen from the table the z(T9 ) for n-Propanol and Ethylene glycol is of the 
order of the molecules, while in Glycerol it is smaller than the molecule. 

In Table 2 the thermodynamical properties of the same alcohols are given. In col
umn 2 the configuration entropy per mol of bead is taken from the results of Chang et 
al. (9), Angell and Smith (7). 
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W~ should mention that th~ relation between the usual molar entropy S and this per 
bead is S = mSb, where m is the number qf beads in the molecule. In column 3 the 
average number of configurations in the CRR according to Eq. (10) is given and in 
colum~ 4 ~ the average number of configurations per bead. In the next two columns 
the activation energy per mol bead and the activation energy per mo! CRR are listed. 

Table 1. Size of the cooperative rearranging region 

" 2 3 4 5 6 7 8 

Substance Ty (K) Too (K) B(K) log To (s) z(Tg) m Ref. 

r1rPropanol 109 73.5 1062 - 10.99 3.0 6 
64.5 1291 - 11.51 2.5 11, 12 

95 69 3.6 4 9, 10 

Ethylene 153 125 937 - 10.89 5.4 7 
glycol 109 1741 - 14.30 3.5 7 

115 4 7 

Glycerol 193 137 1741 - 14.60 3.4 7 
111 .2 3295 - 16.80 2.4 14 

185 135 3.3 6 7, 10 

Table 2. Thermodynamical properties of the size of the CRR 

2 3 4 5 6 

Substance Sb, w(Ty) w(Tg) / z(Tg) f>.U z(Tg)f>.U, 
J/ k mol bead J/ mol bead J/ mol CRR 

r1rPropanol 3.98 4.20 1.40 8830 37086 
3.30 1.32 10737 35432 
3.00 l.30 

Ethylene 4.43 17.8 3.29 7790 42069 
glycol 6.45 l.84 14475 50664 

8.42 2.10 

Glycerol 4.01 5.15 l.50 14475 78167 
3.18 1.32 27396 65750 
4.91 1.49 

The VTF parameters depend, to some degree, on the temperature range of measure
ments and near to T9 from the thermal history of the sample [6, 7], which may be seen 
from the results of different authors in the Table 1. It is interesting that the scatter of 
these results influence slightly the number of configurations per bead w(Tg)/ z(Tg) 
and the activation energy per CRR. As a matter of fact the activation energy per CRR 
is the main value determining the relaxation times, Eq. (8). From the Tables 1 and 2, we 
can see that there is a well-outlined proportionality between the glass transition tem
peratures and the activation energy per CRR. This dependence is discussed in detail in 
polymers [13]. 

As it may be seen from the table the number of configurations is higher than the 

., 
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correspondent number of beads in the CRR. Or during the rearrangement every bead 
should change its position in relation to its neighbours, and this change of position 
needs a very short time compared with the relaxation time for the whole CRR. Hence 
every individual bead during the rearrangement shall overcome the potential barrier 
/:::,.U which will be the basis of these very short configuration times. We postulate that 
the configuration times will have the same vibrational time as in the VTF equation and 
will obey Arrenius law 

Tzs =To exp(~~) . (11) 

As both values !:::,.U and To are known from the VTF equation in the form of Eq. (7) 
we can estimate the spectrum of configuration times. 

Table 3. Rel,axation and configuration times at Tg and vibrational times 

Substance logT(T9 ) 1ogTzs(Tg) log To 

r!rPropanol 1.99 -7.28 -10.99 
2.09 -6.37 -11.51 

Ethylene glycol 3.64 -8.23 -10.89 
2.88 -9.36 -14.3 

Glycerol -1.17 -10.42 -14.6 
0.695 -9.38 -16.8 

ln the Table 3. the relaxation and configuration times at T9 , are listed, and, for 
convenience in the process of comparison, the vibrational times from Table 2 are also 
presented. As it may be seen from the table, that configuration times at T9 are about 
10 orders shorter than the a-relaxation times of which they are subspectrum. 

As follows fr.om the results in the Table 3 the configuration times will be observed 

at very high frequencies f = ~7rTzs· It would be useful if the configuration times 

predicted from theory are observed in the temperature range near to T 9 where the 
VTF parameters have been obtained. From the alcohols, listed in the Table 3, this is 
possible for Glycerol which recently has been investigated in a very wide temperature 
and frequency range [ 15 -16]. In Glycerol a fast ,8-relaxation process was observed 
with the relaxation times of order 10-11 in the temperature range from T9 to 213 K 
[ 1 S, 16]. This process is usually discussed with the connection of the Mode Coupling 
Theory [17, 18]. For the configuration times at T9 = 193K from the result of Angell 
and Smith [7] we obtain Tzs = 3.8 x 10- 11 s and from the results of Hofman et al. 
[14] Tzs = 41.6 x 10-11 s (Table 3). The obtained values are just in the range of 
the observed ,8-process, hence this process seems to be the predicted configurational 
process. For n-Propanol and Ethylene glycol the results in GHz and THz range are not 
available in the supercooled temperature range [6, 7, 12], but a comparison between 
the predicted configuration times and experimentally observed relaxation times may be 
obtained at room temperature., where such kind of experiment has been reported [19, 
20]. In the majority of the investigated alcohols in addition to primary a-dispersion a 
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"higher frequency dispersion" is well observed in the Cole arc type of plots [6, 12, 19, 
20]. This "higher frequency dispersion" is usually divided into second and even third 
dispersion [6, 12, 19]. 

In the Table 4 the extrapolated with the VTF equation relaxation times for the pri
mary dispersion and by the Eq. (10) the configuration times at room temperature are 
compared with the measured relaxation times of the primary, secondary and, in the 
case of n- Propanol, the third dispersions. 

Table 4. Calculated relaxation and configuration times and measured' relaxation times at room 
temperature (293 K) 

Substance T (ps) Tz s (ps) Tcxp (ps) Ref. 

n-Propanol 1289 383 430, 219, 212 19 
875 252.3 

Ethylene 3405 315 145, JO 20 
glycol 64 1.93 

As may be seen from the table, at temperatures fairly above Tg the relaxation times 
are close to the configuration times which may be expected as the size of CRR is 
considerably reduced, and at room temperature for n-Propanol is 1.3 and for Ethylene 
glycol - 1.7. Hence the cooperative motion at such high temperatures tends to reduce 
to the individual configuration motion. As a matter of fact in glass forming liquids a 
distribution of relaxation times is usually observed [21 - 25]. In the case of n-Propanol 
a- dispersion may be regarded as governed by a single relaxation time [6], but in 
the Ethylene glycol and in the Glycerol the distribution of relaxation times is observed 
[ 14, 20]. Hence the dividing of "high frequency dispersion" in the individual relaxation 
process is to some degree a kind of approximation. On the other hand the extrapolation 
of relaxation times up to the room temperature of alcohols, listed in the Table 4, is 
necessary for an approximate assessment. Having in mind these circumstances and the 
fact that the values of configuration times in the Table 4 are in the range of experimen
tally observed times, it may be accepted that at least part of the spectrum consists of 
configuration times. This interpretation is in agreement with the assumption of Garag 
and Smyth [ 19] that the third dispersion in n-Propanol is due to rotation of OH groups. 
Naturally experimental investigation up to THz frequencies in the temperature range 
close to T9 will give more clear information for the predicted configurational spectra. 

Finally, we shall mention that the spirit of the theory of Adam and Gibbs is that the 
value of w can be higher than two and they used this value as the first approximation 
and the words that the fundamental kinetic units will "surmound essentionaly simulate
neously the individual barriers" should not be accepted literaly, since the configuration 
times at T9 are 10 orders of magnitude shorter than the relaxation times. 

4. Concll!sion 

A model of cooperative motion in glass-forming liquids is suggested where the fun
damental kinetic units are fragments of molecules called by Wunderlich "beads". The 
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obtained equation for the number of the fundamental kinetic units in a cooperative 
rearranging region permits fundamental characteristics such as activation energy, con
figuration entropy and enthalpy etc. of this smallest, possible to be measured, ther
modynamical system. An equation for the number of configuration in the cooperative 
rearranging region is suggested. From the experimental results we obtain that the aver
age number of configurations is higher than the number of beads in the range. On this 
basis a subspectrum of the cooperative motion is predicted to exist and it is accepted 
that such kind of spectrum is experimentally observed in Glycerol. 
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