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Absence of increase in length scale upon approaching the glass transition 
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(Received 22 October 1990; accepted 20 December 1990) 

Earlier experiments based on comparing viscometer measurements of the viscosity of glycerol 
with the viscosity inferred from dynamic light scattering of Brownian particles have suggested 
the existence of an increasing microscopic length scale upon lowering the temperature towards 
the glass transition. We have performed accurate experiments on glycerol using Brownian 
particles of different sizes. Our results do not support the earlier claims. 

I. INTRODUCTION 

The salient feature of a glass forming material is the 
rapid rise in viscosity that is observed upon cooling the su
percooled liquid towards the glass transition. Indeed in prac
tice, the glass temperature Tg is often defined as the tempera
ture at which the viscosity reaches about 10\3 Poise, 
corresponding to relaxation times of the order of 100 s. A 
good understanding of the glass transition, or even the ques
tion of whether there is a true glass transition, is still lack
ing.1 

The most prominent signatures of the random field 2 and 
spin-glass transitions3 are also of dynamic nature. Neverthe
less, in recent years it has become established that these tran
sitions are indeed true equilibrium phase transitions. This 
has renewed speculation4 as to whether a true equilibrium 
phase transition might underlie the liquid-glass transition as 
well. If this were the case, one might hope to observe the 
usual signs of a second order phase transition, such as a di
vergent correlation length or an increase in short-range or
der. 1 

From this perspective, the recent experiments by Kiya
chenko and Litvinov5 (KL) on glycerol are quite intriguing. 
These authors measured the viscosity of glycerol both on a 
macroscopic scale and on a microscopic scale, and found 
that the two were substantially different. They interpreted 
this in terms of an increase in the (correlationlike) length 
scale 5 upon lowering the temperature. At the lowest tem
perature at which they measured, T = Tg + 60 K, they 
claimed to find 5 = 120 A. Clearly, if confirmed, these re
sults would yield important ingredients for a theory of the 
glass transition. We have, therefore, performed more precise 
measurements of this length scale dependence of the viscos
ity of glycerol. Unfortunately, we find no evidence for a scale 
dependence of the viscosity, and therefore, for an increase in 
the (correlation) length scale 5. 

II. SUMMARY OF EXPERIMENTS OF KL 

KL measured5 the viscosity of glycerol with two meth
ods that probe the flow on two different length scales. The 
"macroscopic" viscosity 1]0 was measured with an ordinary 
capillary viscometer, while the viscosity 1] measured on a 

.) Address after 1 January 1991: Instituut-Lorentz, University of Leiden, 
Nieuwsteeg 18, 2311 SB Leiden, The Netherlands. 

"microscopic" scale of a few hundred Angstrom was deter
mined with light beating spectroscopy.6 Here, the linewidth 
r of the light scattered by a dilute suspension oflatex parti
cles of radius R = 172 A was measured. Since r = Dq2, 
where q is the length of the scattering wave vector and 

D=~ 
61r1]R 

(1) 

is the diffusion coefficient of the latex particles, one can ex
tract the temperature dependence of this microscopic 1] di
rectly from r. 

Figure l(a) shows the data of KL for the ratio 1]11]0 

obtained this way. According to their measurements, this 
ratio increases as the temperature decreases. In other words, 
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FIG. 1. Experimental data ofKL for glycerol. (a) The ratio 11/110 as a func
tion of temperature. (b) The length S obtained from the data in (a) as dis
cussed in the text. 
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at low temperatures the microscopic viscosity appears to be 
larger than the macroscopic one. KL reinterpret this result 
as follows. Instead of an increase in 'YJ, one can also attribute 
these results to an increase in the effective radius of the sus
pended particles, as if they are surrounded by a rigid shell of 
thickness 5. In this case, KL writeS 

kT 
D=-----

61T'YJo(R + 5) 
(2) 

The increase in the correlation lengthlike quantity 5 upon 
decreasing temperature is the main result ofthe paper ofKL. 
Their results for 5 are reproduced in Fig. 1 (b), which shows 
that 5 is claimed to increase to about 120 A at the lowest 
temperature. This value is surprisingly large, and if correct 
these results would be an important indication that a sub
stantial wavelength dependence develops in the viscosity, 
upon approaching the glass transition (note that the lowest 
temperatures at which measurements are reported in Fig. 1 
are still some 60' K above the glass temperature). 

The above analysis is obviously rather crude. A more 
satisfactory analysis would be based on the derivation of the 
relaxation of the particles in a fluid with wave vector and 
frequency dependent viscosity 'YJ(q,(J). We have not at
tempted to perform such an analysis, since our own mea
surements do not support the results of KL. 

III. RESULTS FOR PARTICLES WITH DIFFERENT RADII 

The major difficulty in performing accurate measure
ments of the type of those of KL is that the viscosity has a 
very strong temperature dependence: Over the range in 
which the experiments of KL are performed, 'YJo varies by 
more than 3 orders ofmagnitude.7 As a result, the tempera
ture has to be controlled extremely accurately in an absolute 
sense in both experiments. Moreover, the viscosity of glycer
ol depends rather sensitively on the water content,7 and this 
can easily be another source of error when two different 
types of measurements are performed. In order to avoid 
these problems, we have performed dynamic light scattering 
of suspensions of particles with different radii in glycerol. 
This allows us to investigate the length scale dependence-
and hence the dispersion of'YJ (q,(J) )-within the same experi
ment. In addition, all measurements probe the scale of a few 
hundred Angstrom which, according to Fig. 1 (b), is the 
relevant one. In our experiments, a temperature dependence 
of the ratio f /f 2' etc., of the Iinewidth of different suspen
sions would be a sign of a dispersion in the viscosity, since 
this ratio is constant in the absence of any length scale depen
dence. 

We have studied three suspensions of latex particles 
with concentrations of about lo-s by weight (KL used a 
similar concentration). The particles have radii 

RI = 190 A, R2 = 455 A, R3 = 1075 A. 
The samples were prepared at the same time with the same 
glycerol, and had all the same water content. They were 
sealed without any subsequent exposure to air to avoid possi
ble moisture pickup. We obtained an estimate for the water 
content from measurements of the bulk viscosity. This is the 
method also used by KL. The viscosity of our samples is 
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FIG. 2. Our data for the ratios of the relaxation rates r" r 2. and r> ob
tained from dynamic light scattering measurements. The crosses denote a 
measurement for the same latex particles suspended in water. 

550 ± 20 cp at 30°C, which indicates that the water content 
is approximately 0.5%, very similar to that quoted by KL. In 
practice, the range over which we can obtain reliable results 
is limited on the low temperature side by the requirement 
that the decay rates are large enough that reasonable statis
tics could be builtup in less than 3 h at each temperature. For 
the particles sizes employed here, this implies that the viscos
ity 'YJo has to be smaller than about 1000 cp (corresponding to 
a decay time of about 1 s at a scattering angle of 90°), and 
that for glycerol we can only study temperatures T~ 280 K. 

In Fig. 2, we report our results for temperatures between 
283 and 323 OK, for the three ratios f /f 2' f I/f 3' and f 21 
f 3' Based on the results of KL, one would expect the ratio 
f [If 3 to change by about 50% over this temperature range. 
As Fig. 2 shows, however, we find no statistically significant 
variation of any of these ratios with temperature. We there
fore find no evidence for the alleged increase in length scale 5 
in glycerol in the range 283 K<323 K. 

IV. CONCLUSION 

Our dynamic light scattering measurements on particles 
with different radii suspended in glycerol have established 
that, contrary to earlier reports, there is no significant 
length-scale dependence of the viscosity. Unfortunately, ex
periments of this type are limited to the range 'YJo S 1000 cp 
and therefore can only be used relatively far from the glass 
transition. Nevertheless, it would be interesting to explore 
whether experiments of this type can be made accurate 
enough that they can test the wave number dependence of 'YJo 
implied by mode coupling theories8 of the glass transition. 
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