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Comment on “Viscosity and Structural Relaxation
in Suspensions of Hard-Sphere Colloids”

Recently Segrèet al. [1] measured the basic Newtonia
viscosity hsfd as a function of the volume fractionf
of a suspension of neutral PMMA spheres in acis-decalin
solvent with viscosityh0 over the entire fluid range. They
obtain values for the relative viscosityhrsfd  hsfdyh0

which differ very significantly (up to 100%) from those
found in the literature [2, 3].

Here we argue that this is due to their procedure to d
termine f, which is at variance with established resul
from experiment [4], molecular dynamics computer sim
lations [5], and theory [6].

Segrè et al. determine thef for all their measure-
ments by normalizing all of them to onef  fF, at
which they observe their suspension freeze, settingad
hoc fF  0.494, the theoretical value for freezing of a
pure hard sphere fluid. Leaving aside the question of
identity of a monodisperse hard-sphere colloidal susp
sion and a pure hard-sphere fluid and whether the PMM
particles used by Segrèet al. are really hard spheres [7]
their suspensions exhibit a polydispersityp ø 0.05, i.e.,
5%. Experiments [4], molecular dynamics computer sim
ulations [5], and density functional theory calculation
[6] all show that thefF for colloidal suspensions is
a sensitive functionfFspd of p, with fFs0d  0.494
at best a lower bound at freezing. In fact,fFs0.05d
is significantly larger (5%–10%) thanfFs0d [5, 6] and
for p $ 0.08 there is no freezing at all, at least up t
f  0.60 [4–6].

All this strongly suggests that Segrèet al.’s results
for hr sfd must be reinterpreted using a value offF

which is about 5%–10% larger thanfFs0d  0.494.
In Fig. 1 we have done so usingfFs0.05d  0.53.
Then their hr sfd values agree very well with those
of Van der Werff et al. [2] obtained for three different
suspensions of silica spheres in cyclohexane, which c
be considered benchmark measurements, since se
different experimental techniques were used to obtainf

[8]. They also agree then very well with the measur
ments on silica suspensions by Jones, Leary, and Bo
[3], as well as with thehr sfd calculated theoretically
for hard sphere colloids [9].

Obviously, independentexperimentaldeterminations of
f for the PMMA suspensions are needed before one c
be confident that Segrèet al.’s renormalizedhr sfd indeed
agree with those obtained by Van der Werffet al. for
their silica suspensions.

We acknowledge very helpful discussions wit
J. Mellema, J. K. G. Dhont, and especially C. G. de Kru
E. G. D. C. acknowledges support by DOE Gra
584 0031-9007y96y77(3)y584(1)$10.00
e-
s

u-

he
n-
A

-
s

o

an
ven

e-
ger

an

h
if.

t

FIG. 1. hr sfd ; hsfdyh0 as a function off: Van der Werff
et al. [2] s3d (with 4% experimentalf uncertainty); Jones
et al. [3] shd; Segrèet al. [1] (s: with fF  0.494), (≤; with
fF  0.53); colloid theory [9] (—).
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