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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. 

 

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: 
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where γ is the surface energy, A represents the interface area, C1 and C2 are arbitrary 
constants. Following the assumptions in references S1S1 and S2S2 

C1= C2 = 0, 
W can be rewritten into   



Supplementary Material (ESI) for Soft Matter 
This journal is (c) The Royal Society of Chemistry 2010 

planeSLplaneSVepaSLparticleSLparticleSVparticleSLLVLV AAAW −−−−−− −+−+= )( ln γγγγγ ）（ .   (S2)              

Taking the Young equation of SLSVLV γγθγ −=cos  into consideration, W can be 

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

planeSLpLVparticleSLtLVLVLV AAAW −− −−= θγθγγ coscos .                      (S3) 

The surface areas are given by eqs. (S4), (S5), and (S6) as follows: 

)cos1(2 2 βπ −=− tparticleSL RA ,                                      (S4) 

2
ln PepaSL xA π=− ,                                                     (S5) 

dyyfyxA
ty

LV
2/

0

])([1)(2 += ∫π .                                    (S6) 

f(y) is the equation of the meniscus profile in the form of   
222 )):)( tpoo ryyxxyf =−+− （（ .                                      (S7) 

Substituting eq. (S7) into eq. (S6), the surface area of liquid-vapor ALV can be 
rewritten as 

})]([{2 tptotpLV yxrA −++−= θθβππ .                                  (S8) 

The total W is then given by substituting eqs. (S4), (S5) and (S8) into eq. (S3), 

})]([{2 tptotpLV yxrW −++−= θθβππγ    

22 cos)cos1(cos2 PpLVttLV xR θπγβθγπ −−− .                         (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,  
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(a)  Case θt ≠ 0o and θp ≠ 0o  

Considering the rupture of a liquid bridge, we assume that the shape of the two 
droplets is spherical (φ = θt = θp). The volume of a single droplet is  
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3/)coscos32( 33
ttdroplet RV θθπ +−=  .                                                   (S11) 

The interfacial energy of a single droplet is  

SVSVSLSLLVLVdroplet AAAU γγγ ++=1   

      )coscos32( 32
ttLV R θθπγ +−= .                                (S12) 

Substituting eq. (S11) into eq. (S12), the expression of Udroplet 1 becomes 
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For convenience, we introduce P1 and P2 by defining 
3/13
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Consequently, Udroplet 1 can be expressed as a function of P1, 
3/2
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With the identical methods, we can get 
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Using the identities 3

2
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PK =   and  21 dropletdroplet VVV += , U can be finally 

rewritten as follows: 
3/13/2

2 )1( KVPU LV += γ .                                            (S18) 

Thus, we arrive at eq. (8) in the main text. 
 
(b)  Case θt = θp = 0o  

Using the calculation methods as case (a), we assume that shape of the two 
droplets is circular cone in the perfect wetting condition (φ = β), and that the height of 
the droplets are Htp/2, the final expression for U is now given by 

SVSVSLSLLVLV AAAU γγγ ++=               

][ 222222
PtpPPttpttLV xHxxxHxx −++−+= πγ  .                    (S19)               

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