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We investigate the thermal fluctuations of the colloidal gas-liquid interface subjected to a shear flow
parallel to the interface. Strikingly, we find that the shear strongly suppresses capillary waves, making the
interface smoother. This phenomenon can be described by introducing an effective interfacial tension o .
that increases with the shear rate. The increase of o is a direct consequence of the loss of interfacial
entropy caused by the flow, which affects especially the slow fluctuations. This demonstrates that the
interfacial tension of fluids results from an intrinsic as well as a fluctuation contribution.
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Wind blowing across a lake causes the water surface to
ripple. This rippling is resisted by both interfacial tension
and gravity. The same forces act at a microscopic scale on

capillary waves that exist as a result of thermal agitation
[1-3]. In this Letter we provide the first visual evidence
that, contrary to what happens for wind driven waves, flow
strongly suppresses thermal interfacial fluctuations. To
explain this, we present a simple model based on the idea
that shear mostly affects the slow modes, since these
couple the strongest to the flow. The observed interface
smoothening will have repercussions for the understanding
of the flow in, for example, micro- and nanofluidics [4] and
during the process of droplet coalescence [5]. In addition,
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PACS numbers: 82.70.Dd, 68.03.Cd, 68.03.Kn

point (sample A), the other farther removed (sample B). A
sample was loaded into the shear cell, which was placed on
a Leica TCS-SP2 inverted confocal scanning microscope
equipped with a 100 X 1.4 NA oil immersion objective,
and allowed to fully phase separate for 24 h. For details of
the setup and its performance, we refer to Ref. [17]. Briefly,
the shear cell is a counterrotating cone-plate cell. The
bottom plate consisted of a 6 cm diameter No. 1 cover
slip, while the metal cone had an angle of 1°. By rotating
them in opposite directions, a simple shear flow was cre-
ated with a (nearly) horizontal plane of zero velocity
(ZVP). Objects in this plane remain stationary with respect
to the lab frame while shearing. The vertical position of the
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colloidal gas

colloidal liquid

FIG. 1. Snapshots of the interface of sample A, closest to the
critical point, at three shear rates. Each image is 18 X 106 um?
and shows a vertical cross section through the interface. The
position of the interface is indicated with bright pixels. The
bottom panel schematically shows the flow geometry with the
plane of zero velocity located at the interface.
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Spin-spin correlation function
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Experimental result
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