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Bulk density computational details: 

The MBWR EOS takes the form: 

 
8 6

*

1 1

ex k

LJ x k k k

k k

F N a b G 
= =

 
= + 

 
  ,  (1) 

where ex

LJF  is the excess free energy of the LJ system and * 3= x  , 
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paper1. The chemical potential of thi − component consist of two parts, i.e., the ideal part and 

the excess part: 
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where 3= lnid

i B i ik T    is the ideal chemical potential of thi − component, the excess part reads: 
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After liquid and gas system reach phase equilibrium, the chemical potential of thi −

component should simultaneously equal to its counterparts in gas phase: 

 L G
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The MBWR EOS also gives the relationship between the pressure and the density: 
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where 
* 3= /x xP P  , 

*2=exp( ), 3F  − = .   

In our calculation, an iterative algorithm was adopted. We first set the initial guess of mole 

fraction of solvent in liquid and gas phase as 1x  and 1y . The density of solvent and solute could 

be obtained by Eq.(5) under a specific thermodynamic condition. By combining Eq.(1) and 
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Eq.(3), we can get the chemical potential of solvent and solute in both liquid and gas phase, i.e. 

1 2 1 2, , ,L L G G    . The differential equation of Eq. (3) is solved by difference method. If one of the 

values 
1 1 1( ) /L G L  −  and 

2 2 2( ) /L G L  −  is larger than the threshold, i.e., -410 , then change 

the mole fraction until the iteration approach convergence. 

 

Figure S1. Bulk solubility of methane in benzene at 323 K. Symbols are simulation results, 

while solid line presents MBWR prediction. 

Figure S1 presents the predicted solubility of methane in bulk benzene. The MBWR 

prediction (red solid line) agrees well with the simulation results2 (black squares), demonstrating 

that the MBWR calculation on bulk solubility is highly reliable.  
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