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NONEQUILIBRIUM SYSTEMS--------------

The shape of crystals to come 
J. Villain 

ThE most obvious property of solid objects is 
their shape. This shape is almost never an 
equilibrium property, but instead it depends 
on the history of the object. The case of crys
tals is of particular interest. Of fundamental 
interest, because it is associated with non
linear statics or dynamics. Of technological 
interest too - for semiconducting devices, 
for example. On page 322 of this issue1, 

Berge et al investigate the shapes that crys
tals can take when they grow two-dimen
sionally on the surface of water. Using the 

A crystal with an arbitrary initial shape (dotted 
curve) tends to a facetted shape (dashed 
curve). The orientations of the facets 
correspond to the slowest growth rate. The 
full curve r/1 indicates the Wulff construction 
for the growth shape. It is defined by 
OH=n~n). The crystal surface is the envelope 
of the perpendicular in H to r/1: A completely 
flat facet would be obtained if the full curve 
had a discontinuous slope in A. The 
dot-dashed curve :/1 is generated by the 
vectors OK=n/~n). Frank proved that the 
points of the crystal surface where the normal 
n has a given orientation move on a straight 
line parallel to the normal to :A/ at the 
corresponding point K, the point defined by 
OK=n/~n) for that precise value of n. 

surfactant sodium dodecyl sulphate (a soap 
molecule), they show that crystals can grow 
with curved and straight edges, and even 
with elaborate branched protrusions. 

The true equilibrium shape of crystals can 
be reached in a reasonable time (and there
fore be observed) in two cases only: in solid 
helium at equilibrium with the superfluid2 ; 

and in very small crystals3 (typically a few 
micrometres across). The equilibrium shape 
of an object is determined by the minimiza
tion of the surface energy for a fixed volume. 
This theoretical problem was solved in prin
ciple by Wulff at the beginning of this cen
tury, but interest has been renewed over the 
past 15 years. This is because a number of 
interesting features can arise from the var
ious forms of the surface free-energy density 
u(n), a function of the local orientation n 
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of the surface. Three-dimensional crystals 
generally (but not always) have flat facets 
and can have sharp edges, but need not. 

One of the difficulties of predicting the 
forms is three-dimensional geometry. Two
dimensional crystals are easier. So far, these 
were an academic issue for textbooks and 
theorists. The experiments by Berge et a/. 1 

make two-dimensional crystals available, 
but, what the authors observe is not the final 
equilibrium shape, but rather the shape of 
growing crystals. 

The simplest model one can imagine for 
describing the growth shapes of crystals is the 
following4: the growth rate vis assumed to be 
a function v ( n) of the local orientation n of 
the surface. Growth shapes exhibit facets5 if 
certain orientations have a particularly slow 
growth rate. For example, if the growth rate v 
is minimal at point A on the circumference of 
a growing crystal (see figure) and is much 
greater at point B, then as B progresses to B' 
and A to A', the line A'B' will eventually 
become parallel to the slow direction. So a 
facet parallel to the slow orientation is ex
pected to form. Indeed, the growth rate can 
vary dramatically, so that growth shapes 
have often broader facets than equilibrium 
shapes5. 

This model neglects all complications due 
to the conservation of energy and matter. For 
three-dimensional crystals, these laws can 
cause instabilities in the growth process6: 

minor changes in conditions can cause wild 
variations in the growth shape. They can also 
be responsible for the similar instabilities, 
such as the branched, filamentary growths, 
observed by Berge eta/ .. One does expect the 
matter diffusing toward the growing crystal 
to reach the comers first and to give rise to 
elaborate patterns. 

It is amusing to note that Berge eta/. have 
also observed, at shorter times, the opposite 
effect, namely a rounding of the corners. As 
the effect is related to the concentration of 
molecules in solution, it is presumably also a 
result of matter conservation. These experi
ments cannot be interpreted in a quite stan
dard way because although the patterns are 
two-dimensional, the dynamics that deter
mine them can be three-dimensional, in that 
molecules will aggregate onto the crystal 
edges from the bulk solution. 

Coming back to the simpler case of a crys
tal at equilibrium, the existence of flat facets 
(surfaces without steps) is just a consequence 
of steps having a positive free energy per unit 

1. Berge. B .• Faucheux. L.. Schwab K. & Libchaber. A. Nature 
350.322-324 (1991). 

2. Balibar. S. & Castaing, B. Surface Sci. Rep. 5. 87 (1985). 
3. Pavlowska, A. & Nenow, D. J. Cryst. Growth 12. 9 (1972). 
4. Frank, F. C. Growth and Perfection of Crystals (Wiley, New 

York. 1958). 
5. Heyraud, J. C. & Metois, J. J. J. Cryst. Growth 82, 269 

(1987). 
6. Pelce. P. Dynamics of Curved Fronts (Academic, New York, 

1988). 

NEWS AND VIEWS 
R~SUM~--------

lethargic viruses 
PosTVIRAL fatigue syndrome, until recently 
viewed with great scepticism by the public 
and doctors alike, may itself be caused by 
a virus. (Br. Med. J. 302, 692-696; 1991). 
Using the highly sensitive polymerase 
chain reaction, G.W. Gaw eta/. detected 
enteroviral RNA sequences in 53 per cent 
of patients with the syndrome, but in only 
15 per cent of control patients. The viral 
sequences were found in muscle tissue 
and the percentage might be higher if 
nervous tissue were to be investigated as 
well, because these are the two sites 
presumed to be affected in the disorder. 
Although the authors stress that the 
findings are preliminary, and do not 
constitute a diagnostic test as yet, the 
data are provocative enough to stimulate 
further hunts for viral agents in this 
distressing disease. 

Oriental eons 
CHINESE speech patterns and the pinyin 
transliteration system make a furtive 
appearance on the pages of Geology this 
month (19, 195;1991). The occasion is a 
plea on the Opinion page for a new unit of 
geological time, the year being ludicrously 
small and the second, the official Sl unit, 
even more so. Writing in partial support of 
an earlier plea by H. Hofmann for the unit 
of a 'geon', equal to 100 million years, A. F. 
Trendall notes that Hofmann's quixotic 
alternative name for the unit- i, the pinyin 
rendition of the Chinese character 
representing 10,000 X 10,000- could 
cause confusion if pronounced with the 
wrong inflection: with a falling tone, it 
would indicate the correct numeral, 108 , 

but with a high, flat tone it would represent 
the number 1. For the sake of 
completeness, Trendall points out the unit 
should be yi nian, for 108 years. 

Molecular determinism 
SoMEWHERE between small molecules and 
large biological structures one may expect 
that statistical properties, averaged over a 
large number of stochastic events, will give 
place to what G. Weber refers to as 
deterministic behaviour, caused by the 
presence in the system of measurably 
different populations. With L. Erijman, 
Weber has now obtained ingenious 
evidence that such a transition occurs in 
various subunit proteins between dimers 
and tetramers (Biochemistry 30, 
1595-1599; 1991). Pressure-induced 
shifts in the degree of self-association 
were measured and fluorescent labels 
allowed exchange of subunits in the 
quaternary structure to be followed. In 
dimers the two rates coincided, but in 
tetramers subunit exchange was two 
orders of magnitude slower. The tetramers 
are evidently a heterogeneous ensemble, 
in which the various individuals respond 
differently to the applied pressure and 
retain the imprint of their previous history 
for much longer than is needed for subunit 
dissociation. 
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