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COLLOID SCIENCE bubbles (Fig. 1d). This feature may be expl-
. oited to change the topology of the bubble by
N O n _S p h e rl Cal b u b b | eS introducing a hole into the object, thereby
creating a stable genus-1 toroid (Fig. 1e). The
change in topology is irreversibland seems
Surface tension gives gas bubbles their perfélee state of stress in the interfacial composite be the only permanent change associated
spherical shape by minimizing the surfacenaterial. A balance of normal stresses at theith the manipulation of the interfacial com-

area for a given volurheHere we show that bubble surface demands that posite material.

gas bubbles and liquid drops can exist in We have found that interfacial jamming is a
stable, non-spherical shapes if the surface is general phenomenon that occurs with particle
covered, or ;armourede, with a close-packed P El —2 types such as polymethylmethacrylate, gold
monolayer of particles. When two spherical L R and zirconium oxide, and that spans four

armoured bubbles are fused, jamming of orders of magnitude in particle and bubble
the particles on the interface supports thevhere Pis the pressure jump across the sursizes. Similar effects are evident with liquid
unequal stresses thaearecessary to stabilizeface R, andR, are the local principal radii of droplets of mineral oil that are covered with
a non-spherical shape. curvature, and; and ,are the corresponding rigid particles (Fig. 1f).

We have previously described a microfluidiprincipal resultants of surface stress. There- Stable, non-spherical shapes of pressur-
method for producing spherical armouredfore, ifR;/ R,, as is the case for non-sphericaked systems that have no obvious source of a
bubbles that are all the same %idée rigid bubbles, then,/ ,. A simple fluid interface stress-bearing network have been reported
particles straddle the gas...liquid interface aatl equilibrium cannot support unequalfor dirty air bubbles in the oce&and for
have mechanical properties distinct fromstressésBut the bubble does, because of stenarious cellular organellesAlso, systems
either constituent, forming what we call arjammingf of the armour particles, so we termsuch as gelled lipids on air bubBlesd
interfacial composite material. the interfacial composite material a solid.  protein-coated vesiclgshow plasticity. We

We find that fusion of these armoured The armoured bubbles can be remodellegropose that a generic interfacial jamming
bubbles, achieved by squeezing the bubblieo various stable anisotropic shapes becausansition may explain the mechanical
between two glass plates, produces a stabite interfacial composite material is able tproperties and structural stability of these
ellipsoidal shape (Fig. 1 a...c) (for methodsdergo extensive particle-scale rearrangehverse systems.
see supplementary information). The fusednents in order to accommodate externahnand Bala Subramaniam, Manouk Abkarian,
armoured bubble is unable to relax to a spherrhomogeneous stresses (our manuscript ib. Mahadevan, Howard A. Stone
ical shape by expelling particles: instead, thpeparation). These shape changes occur witlivision of Engineering and Applied Sciences,
jamming’ of the particles on the closed inter-apparently no hysteresis and at relatively lowarvard University, Cambridge, Massachusetts
face, which is mediated by surface tensiofgrces, which is equivalent to perfect plasticit§2138, USA
leads to non-minimal shapes. in continuum mechanics. e-mail: has@deas.harvard.edu

The non-trivial geometry of these bubbles High aspect-ratio shapes with saddle cur-

provides a natural means of understandingature can be maintained on the armoured. Boys, C.\6oap Bubbles,, Their Colours and the Forces
which Mould Thei@over, New York, 1959).
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ERRATUM

Nanoscale hydrodynamics: Enhanced flow in
carbon nanotubes

Mainak Majumder, Nitin Chopra, Rodney Andrews,

Figure 1| Non-spherical gas bubblesln a...gthe bubbles are covered with charge-stabilized, Bruce J. Hinds

fluorescent polystyrene beads, each of 26 diametera, Two initially spherical armoured bubbles, ~ Nature 438, 44 (2005)

b, The bubbles are compressed between two glass plates (see supplementary information for detailg)raple 1, slip lengths are in micrometres (and not
which exposes naked interfaces that spontaneously coaleSdee gas bubble maintains a stable millimetres, as published).

ellipsoidal shape even after the side plates are remal;@dmoured bubble with a stable saddle doi:10.1038/438930b

shapee, The ability to maintain a saddle curvature allows a hole to be introduced into the bubble to

create a permanent change of topology into a genus-1 toroid; here the particles are ground zirconium,

of average diameter 200m. f, Non-spherical shapes can be similarly maintained on mineral-oil

droplets in water armoured with 4.0-m fluorescent polystyrene particles. BRIEF COMMUNICATIONS ARISINgline
Scale bars (m): a...c100;d, 200;e, 500; and, 16. » www.nature.com/bca seeNature contents.
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