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Physics 850: Soft Condensed M atter Physics, Fall04
A.D. Dinsmore
Lecture4: Forcesarising from Fluctuations
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(divide up the small spheres’ degrees of freedom into rotations
about the center of mass of each sphere and tranglations of the
center of mass. Rotational DOF are not affected by the
positions of the large spheres. The number of translation DOF
depends only on accessible volume.
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Croksr, Muitao, Dinsmonr, Yodh | Lomgipeemn PRL (1999).

A direct measurement of the depletion interaction between two PMMA colloidal spheres
in solution with many spheres of much smaller size (R./Rs = 12). Laser tweezers are used
to restrict the large spheres to aline so that their center-to-center distance can be
accurately measured. If the particles could move out of the plane, then only the projection
of their separation onto the plane could be measured.
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Pair Interaction Energy F(r)

f sisthe volume
fraction of small
spheres. The small dip
with f s= 0 is probably
van der Waals.

Freeenergy Fis
measured using the
Boltzmann relation:

P(I‘) u e—F(r)/kBT
P(r) is measured by
histogramming the
measured separations r
between large-sphere
centers.

Anintriguing result is
that the minimum
(contact value) of Fis
well described by the
ideal-gas
approximation that was
discussed, even though
the small particlesare
hard spheres and have
alarge concentration

(f saslarge as 0.3).
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Separation r (um)

1.50




This slide explains why there is adepletion barrier when f s> 0.05 (when the small
particles are hard spheres. The small particles tend to form ashell around the large
spheres. In order for the larger spheresto move closer together, the shell of small spheres
must be expelled, which costs entropy. In short, the large spheres prefer to be separated
by 0,1, 2, ... layers of small spheres. Not by 0.5, 1.5, 2.5.... layers. When the small
particles are random-coil polymers (which better approximate an idea gas), this structuring
is not seen and the attraction is monotonically attractive, asin the ideal-gas model.

s &0

confocal microscope image of
binary hard-sphere mixture
(Dinsmore and Weitz).
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Depletion forces also push larger particles to flat surfaces and along surface of
varying curvature. Here the addition of small particles means that the large
particle is more often found near the concave sections of the vesicle wall.
These measurements were made using an optical microscope and simply
observing the position of the large sphere many many times.
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