decreasing gowth in the ealy limb bud,
such as inhilition of the gowth of blood
vessks®’, wuld also ontribute lagr to
decreasd gowth of the sldetal dements,
leading o shatening o the log hkones.
Although this is not sictly a patérning
defect, it is @mmonly dbseved in thalido-
mide cases.

Finaly, afer the period of exposure ©
thalidomide, the pogress ane would
recover, lealing o the ange d patterning
defects accasimally sen, induding améia
(absece d limbs), fhocomelia, and edial
aplasia (lek of devdlopment of the radius).
The limb patérning defects d thalidomide
are theefore the undrstandale and
expected result of decoupling distalizabn
from outgrowth during limb patertning.
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Mistakes notn ecessary
for MYllerian mimic ry

In a ecent News and Vews aticle', Ruxton

showved with admirable darity how the ing-

nious sinulations ty MacDougall and Stamp

Dawking of defensive mimicry in animals

highlight the 1ole d cognitive limitatons d

predators in the gneration of relationships

involving mimicry. However, Ruxton mis

represats my work®, on which MacDougall

and Stamp Dakins hae dawn, theeby

giving a misleding impressio that mistaks

in prey recognition by predators ae nees

sawy for the gneration of MY llerian mimic-

ry. In fact, the Gwtual predator® o which

MacDougall and Stamp Dakins and othes’

base thie work quite atly generates MVYiker-

ian mimicry without depending o predator

discimination erors.

Michael P. Speed
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Hope Park, Liverpool L16 9D, UK
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Encapsulated G, in
carbon nan otubes

Pulsal lase vaporizaion of graphite in the
pres@ce d certain mdallic cataysts po-
duces loth cabon nanoubes and ¢ mole-
cules. In nanoube goduction, most d the
Cqo is removed, almg with other residual
contaminants, ly puiification and anneal
ing. It has leen suggesed that G, may be
trapped insice a nanaibe during this ¢abo-
rate sgquence, hut this has not éen detected.

Here we use hibg-resoltion transmis
sion dectron microsopy (HRTEM) to shav
that dosel cabon shdls ae ®ntained
within appropriately sizd, sinde-waled
nanotubes. Measirements d the diaméer
of these edofullerenes sggest that map o
them are G, molecules. 8Bme d them are
obseved as deassenbled diains vith
neaty uniform centre-to-centre distanes
and esenble a nanosmpic peamwd. The
endofullerenes oalese into longer capsiles
under the ation of the dectron beam.

HRTEM dbsevations were male m
purified nanoube matrial that ha been
synthesied by pulsé lase vaporizaton
(from A. G. Bnhzler and R. E. iBalley). An
HRTEM imag d an isolagd sinde-waled
nanotube is shwn in Fig 1. The imag is
dark where the &ectrons ecounter the
most cabon abms and a& maximaly scat
tered. The paallel lines ae the imags &
opposing tibule wals that ae at a tanent,
or neaty sq to the dectron beam. he lines
are sparated by between 1.3 and 1.4
nanametres, vhich is onsisent, within the
resoution of the micosope, wth the
diameer of a typical nanotibe. Retween the
lines ae &n wllinear cicles aproximately
0.7 nanmnetres in diameer and spaed 0.3
nanametres fom the ubule wals.

These & the mpected measrements
for Cy, contained within the tube and sga
rated from it by a gaphitic Van der Waals
gap?. Furthermore, ontrast fom the cicles
is similar o that flom the ubule wals, so
the onsttuent atoms ae pobaly cabon

Fgure 1 A sing le-walled carbon nanotube contain -
ing a r ow of closed carbon shells concentric with

the tubule axis. The diameter and centr  e-to-centre
spacing of the internal shells ar e consistent with a
chain of C 4 molecules. The nanotube is surr  ounded
by a vacuum. Scale bar , 2.0 nanometr es.

Nature © Macmillan Publishers Ltd 1998

Fgure 2 Cross-sectional imag e of a r ope compris -
ing hexagonally pack ed par allel sing le-walled car -
bon nanotubes. At least thr ee tubes contain
concentric cir cular featur es that ar e consistent with
Cso-sized fuller enes. Scale bar , 2.0 nanometr es.

rathe than a heger dement. Most cicles
are 1.0 nanmetre apat, centre-to-centre,
which is the neaest-néghbour spa&ing in
face-entred-cubic Gy, (ref. 3), kut this s@-
aration is sligntly lessdr two pairs.

The HRTEM imag shevn in Fig 2 also
indicates the pesemce d oontained
fullerenes. t shawvs the coss-setion of a
rope d sinde-waled nanotubes that is
curved auch that the tibule axes ae agprox-
imately parllel to the dectron beam. he
image d eah tubule is a dd¢ circle 1.3 ©
1.4 nanonetres in diameer. The ubules ae
packed hexagnally and ae searated by
approximately 0.3 nanmetres, the xpected
Van dx Waals speing d tubes in a ope.
Three wbes that lealy hae an inne con-
centric circle ae interspersal in the latice.
These innecircles cannot & Fesné arte-
facts because djacent tubes in the same
focus ondition shav no internal ontrast.
The inne circles ae alout 0.7 nanonetres
in diameer and ae intrpreted as the
images & contained fullerenes the siz d
Csomolecules.

After extended exposure © a 100-kiloolt
electron beam, the wedofullerenes vere
sanetimes sen to walese ino longer cap
aules that wre dolong, with Cyrlike caps af
the ends. The lang paallel wals maintaine
a nealy uniform spaing d 0.3 nanmetres
from the wals d the ouer tube. lengths
correspnding © the oalesence d three o
four spherical moleules wre sen. This
behaviour may be understood by @nsider-
ing that the mergy o binding of a cabon
atom to a G, Guckybal® is at 0.6 dec-
tronvolts less thanot a nanotibe®. For an
electron beam & a gven energy, this difer-
ence means that that a ¢dmn aom is mae
likely to be displaed from Gy, than from a
nanotube. The malesence my theefore
be the econfiguration of damagd G;yinto
more stabe capsle stuctures, vith the
dimensions onstrained by the sirrounding
nanotube.

Most nanotbes @ not ntain
fullerenes, althoug mary such assmblies
were sen. Stale, doseal, cabon shéls eist
inside sinde-waled cabon nanoubes, and
there is stong evidence that may o these
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