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1. Model

The partial enlarged view of the liquid bridge separation process for Fig. 2 in the

main text is shown in Fig. S1.
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Figure S1. The partial enlarged view of the liquid bridge separation process for Fig. 2.

2. Total interfacial energy W of the liquid bridge
The particle-plane system has three phases (S, solid; L, liquid; V, vapor). The
liquid bridge total interfacial energy W can be expressed as follows:
W=w,,+Wy, +W,
= YA + Vs A + Vsy Agy
=Y Ay + Vsi-pariicte Ast—particie T Vsv—particie Asv - particie)
+ (st ptane Asi-ptane + Vs ptane Asv—ptane)

= }/LV ALV + [7SL—pam‘cle ASL—pal’ticle + 7SV7pam'cle (Cl - ASL—particle )]

+ [7SL7p1ane ASprlane + 7SV7plane (C2 - ASprlane )] H (S 1)

where y is the surface energy, 4 represents the interface area, C/ and C2 are arbitrary
constants. Following the assumptions in references S1°' and 2%

ClI=C2=0,
W can be rewritten into
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W = yLVALV +( ySL—pam‘cle - 7SV—pam‘cle ) ASL—particle + (75L—palne - 75V—plane)ASL7plane . (Sz)

Taking the Young equation of ,, cos@ =y, — 7, Into consideration, I can be

evaluated as a function of the contact angle, surface tension and interface area

W =74, =7, cosb,4 — Y1y €OS gpASL—plane' (S3)

SL—particle
The surface areas are given by egs. (S4), (S5), and (S6) as follows:

A =27R’ (1-cos f3) , (S4)

SL—particle

A =, (S5)

SL—palne

Ay =27 [ xOWIHLF ) Ty (S6)

f(v) is the equation of the meniscus profile in the form of
S (x=x)Hy-»,) =r,. (S7)

Substituting eq. (S7) into eq. (S6), the surface area of liquid-vapor A;y can be

rewritten as

Ay =2m,{x,[7 - (B+6,+6,)]-y}. (S8)
The total ¥ is then given by substituting egs. (S4), (S5) and (S8) into eq. (S3),
W=y,2m,ix[x—-(B+6,+6,)]-y}

—2718 ¥, c0s6,R} (1-cos B)— my,, cosb,x; . (S9)

Thus, we arrive at eq. (7) in the main text.

3. The interfacial energy U of the two droplets

The interfacial energy of the two droplets is the sum of the energy of the
liquid-vapor (LV), liquid-solid (LS) and solid-vapor (SV) interfaces,
U =U +U

droplet

droplet 1 droplet 2

= }/L V —droplet IAL V —droplet 1 + 7SL7droplet 1 ASLfdroplet 1 + }/SV—droplet IASV—dmplet 1
+ 7L V —droplet 2AL V —droplet 2 + 75L—dr0plet 2 ASLfdmplet 2 + 7SV—dr0plet 2 ASV—dmplet 2" (S 1 0)
(a) Case6,#0°and 6, #0°

Considering the rupture of a liquid bridge, we assume that the shape of the two

droplets is spherical (¢ = 6, = 6,). The volume of a single droplet is
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e

droplet

=7R*(2—3c0s6, +cos’6)/3 . (S11)
The interfacial energy of a single droplet is

Udroplet 1= 7LV ALV + 7SL ASL + 7SV ASV

=y, 7R *(2—-3co0s6, +cos’ b)) . (S12)
Substituting eq. (S11) into eq. (S12), the expression of Ugpie: 1 becomes

U =7,,[97(2 -3 cos 6, +cos’ OV, .27 . (S13)

droplet 1 droplet 1

For convenience, we introduce P/ and P2 by defining

P, =[97(2—3co0s8, +cos’ 6], (S14)

P, =[97(2—3cos8, +cos’ 6)]"°. (S15)
Consequently, Ugopies 1 can be expressed as a function of P;,

Udropletl = 7LVEVd 2 . (816)

roplet 1

With the identical methods, we can get

U=y, hV,

roplet 1

Y PV i (S17)

roplet 2

Using the identities Kz(g)3 and V=V +V

droplet 1 droplet 2 >
2

U can be finally

rewritten as follows:
U=y, BV’ (1+K)". (S18)

Thus, we arrive at eq. (8) in the main text.

(b) Case6,=6,=0°
Using the calculation methods as case (a), we assume that shape of the two
droplets is circular cone in the perfect wetting condition (¢ = /), and that the height of

the droplets are H,,/2, the final expression for U is now given by

U=y, A4, +VaAg + V9 Agy

=y, 7[x,4/x, +Htp2 — x4 Xp X, +Htp2 -x,71 . (S19)

Therefore, we get eq. (9) in the main text.
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