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Fig. 1. A typical depletion interaction potential be-
tween two big spheres. 72 is the volume fraction of
small spheres, o2/01 = 0.10 is the size ratio of small
and big spheres. The horizental axis is the distance
between the centers of the two big spheres in unit of
diameter of the big sphere, and vertical axis is the de-

pletion potential in unit of kgT 131,
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Fig. 2. A schematic of depletion force.

The shadow areas around the big spheres and the walls of the

container are regions where the small spheres are unreachable. When the shadow areas overlap, the free

volume of the small spheres increases the same amount of the overlap volume thus the entropy of the small

spheres increases.

(a) (b)

3 (a) HA2N 825 nm MIEKZIHIREREL 2% BRI BN KT, £ RSRIARINE)T, REREEAR SN, A
AIRDLESSEE; (b) IANEARYY 69 nm KI/NER, A4 8%, K ERERKIGABLIN; () DEREIAIRTHIE T 16%,
DU RER Eh - HE 2 0 1 2% B O SR B s 45 (K24 40 b JR) (29

Fig. 3. (a) Optical micrographs of polystyrene spheres of diameter 0.825 nm dispersed in water with volume

fraction 2%, only very few spheres are visible on the wall; (b) when small spheres of diameter 69 nm are added

with volume fraction 8%, the big spheres on the surface increase; (¢) with the volume fraction of small spheres

increased to 16%, a crystallite made of the large spheres can be seen at the surface (after ~ 40 h) (23],
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Fig. 4. When the big sphere is on the edge of the ter-
race (a), the entropy of small spheres is smaller than
that of the big sphere on the middle of the terrace (b),
thus the big sphere is repelled from the edge of the

terrace.
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Fig. 5. The measured free energy of a big sphere on
the terrace, the force exerted on the big sphere is es-
timated 0.04 pN [20],
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Fig. 6. The depletion force on a big sphere of radius Ry, located inside (a) and outside (b) of a curved surface

of curvature radius R. by the small sphere (with radius Rs) colloids
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Fig. 7. The definition of respective lengths in the calculation under Derjaguin approximation.
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Abstract

Colloidal suspension is composed of particles with sizes between 1 nm and 1 pm, suspended in liquid phase. The
interaction between the particles consists of a hard core repulsive interaction and other kinds of repulsive and attractive
interacions. Hard interaction forbids the particles from occupying the same places, resulting in a depletion effect. When
big colloid particles are immersed in a colloid of small particles, each big particle has a depletion layer where the small
particles cannot enter due to the hard interaction. The depletion layers of two big particles overlap when they are
close enough so that extra free volume of the small particles increases and therefore the entropy of the small particles
increase, thus an effective interaction between big particles is induced. This effective interaction is the so-called depletion
interaction. In this review the concepts and an intuitive explanation of depletion interaction of colloidal suspensions are
presented. The numerical calculation methods, including the acceptance ratio method, Wang-Landau-type method, and
density functional theory method, are briefly reviewed. Several useful analytic approximations are presented. Stating
from the depletion interaction between two flat plates, the Derjaguin approximation is introduced through the Asakura-
Oosawa model. With this approximation, the approximate formulas of depletion interaction between two hard spheres,
between a hard sphere and a hard wall, and between a hard sphere and curved hard walls in a small hard sphere colloid
are derived. The depletion interaction between two hard spheres in a thin rod colloid and a thin disk colloid are also

derived in the Derjaguin approximation.
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