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Derivation of interfacial thickness

In this study, a formula for determining the interfacial thickness between two mutually soluble 

phases (e.g., oil and CO2 phases) is derived by taking account of the two-way mass transfer. 

Suppose that a closed system, as shown in Fig. S1, consists of two mutually soluble phases ( and 

), each of which has two components (1 and 2), the Gibbs free energy as an interfacial excess 

quantity is given by,1

                      (S1)TSPVUNNATpG  2211),( 

where  is the interfacial tension,  is the surface area of the interface,  is the chemical  A 

potential,  is the mole number of the component,  is the internal energy,  is the jN thj U P

pressure, is the volume,  is the temperature,  is the entropy. Two-way mass transfer occurs V T S

so that there is not only internal energy (U) change but also external potential energy (Y) change,

   (S2)                        )()()()( 22221111
  NNNNAPVTSYUYU 

Legendre transforms of the internal energy plus external potential energy gives,

(S3)                   )()()]()[( 22221111
  dNdNdNdNdAPdVTdSYUYUd 

Given the fact that and  are constant because of mass conservation, Eq. )( 11
 NN  )( 22

 NN 

(S3) is rewritten as,

       (S4)  222111 )()()]()[( dNdNdAPdVTdSYUYUd 

In Eq. (S4),  is referred to as the chemical potential changes due ])()[( 222111
  dNdN 

to the interfacial mass transfer. Physically,  or  represents the ])[( 111
  dN ])[( 222

  dN

change of the internal energy and external potential energy for each component.
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Then, subtracting differentiation of  from the full differentiation of )( 2211 NNA  

 yields,])[( TSPVYU 

                            (S5) AddNdNVdPSdT  2211

The Gibbs-Duhem equation for each phase can be written,2

              Phase             (S6a)02211    dNdNdPVdTS 

           Phase             (S6b)01122    dNdNdPVdTS 

Two undetermined Lagrange multipliers, and  are introduced and applied into Eqs. (S6a)  ,

and (S6b). Afterwards, Eq. (S5) is used to subtract them, which is then divided by interfacial area 

A, 
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Let,

                                               (S8a)ASSSs /)(   

                                               (S8b)AVVV /)(   

                                         (S8c) ANNN /)( 1111
  

                                         (S8d)ANNN /)( 2222
  

Then, Eq. (S7) can be represented as,

                                       (S9)2211  dddPdTsd 

Theoretically, two Lagrange multipliers and could be determined by setting any two of the  

interfacial excess quantities (i.e., ) to be zero, the choices of which are purely 21 ,,, s
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conventional.3 At a given P and T, the chemical potentials cannot be determined and should be 

eliminated as independent variables so that and are set to be zero,1 2

                                                         (S10)dPdTsd  

T remains constant in the study, i.e., , so,0dT

                                                                    (S11)TP
)(







In Eq. (S11),  is the distance between two miscible phases, which is also denoted as the 

interfacial thickness.

In addition to the above derivations, there is another series of derivations for the interfacial 

thickness based on the Gibbs convention is proposed. First, dividing Eqs. (S6a) and (S6b) by 

volume and at the constant temperature,V V

                  Phase                 (S12a)2211   dndndP  

                  Phase                 (S12b)1122   dndndP  

where are the molar concentrations of the first component in and  phases, 
11  and nn  

respectively; are the molar concentrations of the second component in and  phases, 
22  and nn  

respectively.

Gibbs convention at a constant temperature states,4

                                                  (S13)
 
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Assuming the location of  to be the reference surface,01 

                                              (S14)
11111 )( nzHnzN 
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where  is the surface location and  is the total height. For Component 1, with respect to the 1z H

surface at  and a random location b,2z
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Similar equations can be obtained for substance 2.

Eqs. (S14) and (S15) are subtracted to obtain  Similarly,  ).( 11
)(

1
 nnb  ).( 22

)(
2

 nnb 

Given that  Eqs. (S12a) and (S12b) are rearranged to be,,PPP  
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Then, Eqs. (S16a) and (S16b) are combined into Eq. (S13),
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Since , b or d means any location in the system. Thus the interfacial thickness is,
in
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In this study, phase is the vapour phase, phase is the liquid phase, substance 1 is CO2,  

and substance 2 is oil. For a light oilCO2 system, . Thus Eq. (S18) 1
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is simplified to be , which represents the interfacial thickness between two mutually TP
)(







soluble phases as defined in Eq. (S11).

It should be noted that the sign of  is determined by the characteristics of the two bulk phases. 

More specifically, if the two phases are barely mutually soluble and repulsive intermolecular 

interaction dominates in the interfacial region,  If the two phases are mutually soluble and . 0

two-way mass transfer occurs across the interface,  In this study, the interfacial tension of .0

the light oilCO2 system is decreased with the pressure so that  is negative. Although the sign 

of  can be positive, zero, or negative, the physical interfacial thickness has to be positive.3
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Fig. S1 Schematic diagram of the interfacial structure between two miscible phases: (a) real case and; (b) ideal case.
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