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1. Force Field parameters and simulation preparation

For the n-dodecane molecules and TBP molecules parameters were taken from gaff2 force field.1 

The dihedral parameters developed by Junmei et al.2 were used for aliphatic chains (n-dodecane 

and TBP molecules). The OPLS-AA parameters were used for non-bonded interactions of aliphatic 

chains of both n-dodecane and TBP molecules.3 The used water model was the OPC model.4 The 

atomic partial charges of the TBP molecules have been calculated using the RESP fitting of the 

electrostatic potentials,5 from HF/6-31G* calculations (see Figure S.I.1), which is the 

recommended level of theory for non-polarizable MD simulations, using Gaussian09.6

The boxes were generated using the packmol program.7 The quantity of molecules placed in the 

boxes (see Table S.I.1) was calculated in order to obtain, after pressure equilibration, box 

dimensions close to 70∙70∙400 Å3. The initial position were distributed such as the organic phase 

was placed in the center of the box, surrounded by the aqueous phase (same number of water 

molecules on each side, see Figure S.I.2). The simulations were prepared in order to attain 

equilibrium by diffusion of water intro the organic phase. Periodic boundary conditions were 
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applied to the simulation boxes and a 12 Å truncation cutoff was used for the Lennard-Jones 

potential truncation. The electrostatic interactions have been calculated using the particle-mesh 

Ewald method with a similar cutoff of 12 Å.8 A 2 fs time step was used to integrate the equations 

of motion and the hydrogen atoms were kept frozen by SHAKE algorithm.9

The MD boxes were equilibrated in the NPT ensemble at 1 atm and 300 K maintained constant 

with a Berendsen barostat and a weak-coupling thermostat.10 Once the equilibration done, the 

production runs were performed in the NVT ensemble using the same thermostat. The Berendsen 

thermostat and barostat were employed to ensure stable equilibration and density stabilization of 

the large biphasic systems considered in the present work. Since the present analysis focuses 

primarily on equilibrium concentration profiles rather than fluctuation amplitudes or dynamical 

properties, the qualitative thermodynamic relationship reported here is not expected to depend 

critically on the precise thermostat/barostat choice.

The MD trajectories were analyzed using cpptraj package from Amber20 program. All the z 

profiles were calculated using a ∆z resolution of 0.25 Å. For clarity, only one interface is shown 

in the analysis. The profiles were obtained by averaging the two interfaces present in the simulation 

box with respect to the symmetry plane located at the center of the organic phase.

N° of H2O 
molecules

N° of TBP 
molecules

N° of n-dodecane 
molecules

Box dimensions (Å)

(Volume in Å3)

Diluted B 
contacted to 
pure A

33120 812 1662

Lx : 70.69

Ly : 70.69

Lz : 399.88

(1.998231∙106 Å3)

Pure B 
contacted to 
Pure A

33120 2199 0
Lx : 70.45

Ly : 70.45
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Lz : 398.73

(1.978978∙106 Å3)

Table S.I.1. Composition and dimensions of box simulations boxes

Figure S.I.1. Partial Charges and atom-type of the TBP molecule.
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Figure S.I.2. Snapshots of the simulated systems. (a) Snapshot containing all components in the 

simulation of diluted B contacted to pure A (water, n-dodecane and TBP molecules). (b) The 

simulation box where only water molecules (species A) are shown for sake of clarity. (c) Snapshot 

containing all components in the simulation of pure B contacted to pure A (water and TBP 

molecules). (d) The simulation box where only water molecules (species A) are shown for sake of 

clarity. Water and n-dodecane molecules are shown in blue and orange color respectively. For TBP 

molecules, oxygen, phosphorous and carbon atoms are shown in red, tan and black. The aliphatic 

hydrogen atoms are not shown for more clarity.

2. Equilibrium characterization

The equilibrium was reached when the amount of water molecules in the organic phase remains, 

in average, constant. Figure S.I.3 shows the evolution of the number of water molecules in the 

organic phase (excluding the interfacial region). A plateau can be discerned in both simulations. It 

is noteworthy that this plateau contains fluctuations due to the constant dynamic exchange of water 

molecules between the two phases. The main simulation (diluted B contacted to pure A) was run 

up to 8 µs to ensure sufficient sampling of the phase space. The simulation of pure B contacted to 

pure A was ran for 5 µs. Interestingly, sporadic excursions of species B were observed into the 

aqueous phase in both simulations (see Figure S.I.4). The solubility of B in water being very low, 

these excursions are not usually observed in nanoseconds simulations, underlining the extensive 

sampling of the simulations. The electrostatic profile of the simulations can be also observed in 

Figure S.I.5.
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Figure S.I.3. Number of water molecules in the organic phase through time.

Figure S.I.4. Concentration profiles of B species in log scale.
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Figure S.I.5. Average charge density along z axis.

Figure S.I.6. Excess chemical potential of A (µA
exc) as a function of the concentration of B (cB) 

in the case of a pure phase of B contacted to a pure phase of A. Here the distribution of the data is 

obtained from, as detailed in the main text, concentration and excess chemical potential 

fluctuations in the bulk organic phase.
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3. Excess Chemical Potential from Density of Probability

3.1 Determination of the Local Excess Chemical Potential from Equilibrium Profiles

At thermodynamic equilibrium, the chemical potential of species A is equal in the two coexisting 

phases:

𝜇𝑎𝑞
𝐴 = 𝜇𝑜𝑟𝑔

𝐴

More generally, in an inhomogeneous system at equilibrium, the chemical potential remains 

constant throughout space:

𝜇𝐴(𝑧) = 𝜇𝑏𝑢𝑙𝑘
𝐴

The chemical potential can be decomposed into ideal and excess contributions:

𝜇𝐴(𝑧) = 𝜇𝑖𝑑
𝐴 (𝑧) + 𝜇𝑒𝑥𝑐

𝐴 (𝑧)

The ideal contribution is related to the local number density:

𝜇𝑖𝑑
𝐴 (𝑧) = 𝐾𝐵𝑇 𝑙𝑛⁡𝜌𝐴(𝑧)

Thus:

𝜇𝑒𝑥𝑐
𝐴 (𝑧) = 𝜇𝑏𝑢𝑙𝑘

𝐴 ‒ 𝐾𝐵𝑇 𝑙𝑛⁡𝜌𝐴(𝑧)

Taking a reference bulk region (e.g., the aqueous phase), one obtains:

𝜇𝑒𝑥𝑐
𝐴 (𝑧) ‒ 𝜇𝑒𝑥𝑐,𝑎𝑞

𝐴 =‒ 𝐾𝐵𝑇 𝑙𝑛(𝜌𝐴(𝑧)

𝜌𝑎𝑞
𝐴

)
This expression shows that the spatial variation of the local density directly reflects variations 

in the excess chemical potential relative to a bulk reference.

3.2 Relation to the Potential of Mean Force

The potential of mean force (PMF) along the z-coordinate is defined from the equilibrium 

probability density PA(z):

𝑊𝐴(𝑧) = ‒ 𝐾𝐵𝑇ln 𝑃𝐴(𝑧) + 𝐶
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Since PA(z) ∝ ρA(z), it follows that:

𝑊𝐴(𝑧) = ‒ 𝐾𝐵𝑇ln 𝜌𝐴(𝑧) + 𝐶'

Combining with the previous expression yields:

𝑊𝐴(𝑧) = 𝜇𝑒𝑥𝑐
𝐴 (𝑧) + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

Thus, up to an additive constant, the PMF corresponds to the local excess chemical potential.

3.3 Final Expression

By choosing a bulk reference, the constant can be removed:

𝜇𝑒𝑥𝑐
𝐴 (𝑧) =‒ 𝐾𝐵𝑇 𝑙𝑛(𝜌𝐴(𝑧)

𝜌𝑎𝑞
𝐴

)

3.4 Distribution coefficient

It can be shown that the distribution coefficient can be obtained by the following expression:

𝐷 = 𝐾(𝑐𝐵

𝑐°)𝛼

With

𝐾 = (𝜇 𝑒𝑥𝑐
𝐴,𝑎𝑞 ‒ 𝜇 𝑒𝑥𝑐

𝐴,𝑜𝑟𝑔

𝐾𝐵𝑇 )
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