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a vesicle. The relationship between entry pressure, permeation
pressure, and the deformability, size, and adhesion energy of
a colloidal particle in an arbitrary pore is however still poorly
understood.
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are cylindrical coordinates about a system whose origin is at
the center of the pore. The global equilibrium of the vesicle
can be easily derived by taking the difference betweenρ2 and
ρ1 in order to obtain

�P = 2γ (ρ2 − ρ1). (2)

Note that this expression is only valid for equilibrium or
quasistatic systems in which the inner vesicle pressure is
homogeneous and there is no ßuid ßow around the pore. A
dynamic approach would require solving the Navier-Stokes
equations coupled with the membrane governing equations
[43]. By simple geometrical relations, one can show that
the cap curvatures can be related to the pore geometry by
ρi = − cos(θ + βi)/ri , whereri and βi = arctan[r ′(zi)] are
the radii and the signed tangent angle (withr ′ = dr/dz) of each
contact lines (Fig.1). Using the Young-Dupre relation [41],
the contact angle can further be related to the adhesion energy

 between the vesicle and the pore by cos(θ ) = −
/γ − 1,
allowing us to express the cap curvatures in terms of the surface
energy as

ρi = 1
γ ri

[

γ cosβi + 


(

cosβi + sinβi

√

−1 − 2
γ




)]

. (3)

This relation, together with Eq. (2), can be used to compute
the pressure drop across a vesicle in a pore, as long as one
knows the position of the contact linesx1 and x2. It can
be useful, for instance, to characterize the tendency of a vesicle
to enter a pore by measuring its sudden pressure drop�P as
it Þrst makes contact with the pore surface. At this point, the
two contact lines are confounded (i.e.,r1 = r2 andβ1 = −β2)

and we are left with the term�P = 4 sin(β1) 

r1

√

−1 − 2γ



,

which measures thesuction pressurethat drives a vesicle into
the pore. A simple observation of this equation show that this
pressure increases with adhesion energy
 and pore orientation
angleβ1 but decreases with the contact line radius
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FIG. 2. Three-dimensional representation of the axisymmetric
pore. In the top three Þgures, the value ofm is kept constant at 0
while we vary the sharpness parametern. In the bottom Þguresn is
constant and equal to 5 whilem is varied.

pronounced conical shapes are obtained as the magnitude of
m increases; Eq. (8) can be used into the system of (5) and
(6) to obtain an explicit form of the governing equations and
a numerical solution for a variety of pore-vesicle systems
(details are provided in AppendixA).

A. Equilibrium diagrams

The equilibrium states of a soft vesicle conÞned in a
pore can be visualized by the pressure diagram, showing the
position of the center of mass of the vesicle in terms of the
pressure drop�P across the pore. Figures3(a)and3(b)show
such diagrams for a normalized radiusR� = 1.5, adhesion
energy
 = 0, and toroidal and cylindrical pore geometries. It
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and trapping efÞciency is nonlinear and exhibits an optimum.
(ii) The optimal design is a slightly tapered (moderaten)
conical shape. Indeed, we found that pronounced conical
shapes (largem) would lose their Òasymmetric powerÓ by
providing an overly restrictive pore opening. (iii) Trapping
efÞciency is promoted by larger pore curvatures, controlled
by the shape parametern. Figure 8(c) further shows that
the mechanics of asymmetric trapping is strongly affected by
adhesion. This observation can be explained by the fact that the
CPP is dominated by the XP, which involves mechanisms very
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