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In this work, phase equilibrium of pure and binary systems have been studied using the Monte Carlo 
molecular simulation method. The Gibbs ensemble method has been applied for this purpose. At first, 
vapor-liquid phase equilibrium of pure water and normal hexane was studied. Pure water vapor-liquid 
equilibrium was simulated using SPC-E, COMPASS and AMBER force fields. Also n-hexane vapor-
liquid equilibrium was simulated using AMBER, CHARM-27 and TraPPE-UA force fields. Finally, the 
simulation in the Gibbs ensemble was used for liquid-liquid-vapor phase equilibrium calculations for 
mixture of water and n-hexane. Simulation results are in very good agreement with experimental data in 
pure cases while for the binaries, the results are fairly comparable to experimental data. 
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1- Introduction 
In recent years wide studies have been 

performed on the vapor-liquid and liquid-liquid 
phase equilibrium simulation for multi component 
mixtures. There are many studies on the Monte Carlo 
molecular simulation of biphasic fluid equilibrium 
[1-3]. Three-phase vapor-liquid-liquid equilibrium 
has also been studied for mixtures containing three 
or more components. However, the study of three-
phase equilibrium for binary systems rarely has been 
performed [4, 5].

2- Theory and Simulation Methodology
In this study, the Gibbs ensemble was used for 

the Monte Carlo simulation. The Gibbs method is 
applicable in NVT and NPT ensemble. In both of 
the Gibbs method formulations, the total number of 
particles is constant [6, 7]. Degree of freedom for the 
three-phase equilibrium in a two-component system 
is equal to 1. It must be mentioned that degrees of 
freedom refers to the number of intensive properties 
such as temperature and pressure, which are 
independent of the other intensive variables. So for 
this system, it cannot be considered as constant over 
one intensive variable. NPT method cannot be used, as 
needs to fix pressure and temperature simultaneously, 
for the simulation of binary mixture at three-phase 
equilibrium. In this regard NVT method can be used 
only [8, 9].

For all simulations the MCCCS towhee code 
was used, that utilizes the GEMC method in NVT 
ensemble. The Coupled-decoupled Configurational 
Bias (CB) algorithm was used also for all 
simulations. The cut-off radius was considered as 10 
Ǻ, and the minimum length of the simulation box was 
considered as well as 20 Ǻ (twice  the cut-off radius).  
An analytical tail correction was used to correct the 
error which occurred by cutting the potential [10, 11]. 

Simulations performed for 105, 160, 210, 310, 
520, 830, 1050 and 1560 number of molecules 
separately. For all cases except of 105 and 160 
number of molecules, 1×104 Monte Carlo cycles used 
to achieve equilibrium and then 1×104 Monte Carlo 
cycles used to density calculations. Figure 1 shows 
the variation of reduced density versus the number of 
cycles for different number of molecules.

Also water and n-hexane as pure component were 
simulated at different number of molecules. Figure 
2 (a) shows the water and n-hexane liquid density 
versus number of molecules of simulations.

It can be seen that for molecules number greater 
than 310, similar results are obtained. Figure 2 
(b) shows the CPU time versus molecule number. 
Considering both accuracy and time of simulations, 
for all simulations approximately 520 molecules were 
considered.

3- Simulation Results 
Values of the %ARD for different force fields are 

shown in Table 1. Our results show that SPC-E model 
is more accurate than the other force fields.

Figure 1. Reduced density versus MC cycles for differ-
ent number of molecules

Figure 2. a) Liquid density for water and n-hexane in dif-
ferent number of molecules, b) CPU time for water and 
n-hexane simulation in different number of molecules
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Pure water and n-hexane were simulated in Gibbs 
NVT ensemble for 7 different temperatures and 
the simulation results were compared to available 
experimental data from NIST [12] in Figure 3 and 
Figure 4.

The results of simulation in Gibbs NVT ensemble 
successfully yielded three distinct equilibrium phases 
with different densities for n-Hexane-water system. 
The equilibrium mole fractions for water-n-hexane 
mixture in two liquid phases are in good agreement 
with experimental. The composition of components 
in vapor phase was not reported in literatures (there is 
not any comparison).

4- Conclusions
In summary, we report the first successful GEMC 

simulations of binary VLLE of realistic systems. 
Binary three-phase fluid equilibrium for complex 
chemical systems can be studied by using the NVT–
GEMC method. Equilibrium mole fractions which 
obtained from the NVT simulations were in semi-
quantitative agreement with experiments. The NPT 
simulations are incapable of producing stable binary 
three-phase equilibrium for the n-hexane–water 
system under the conditions studied here. 
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Table 1. Comparison of different force fields’ %ARD 
for simulations

Figure 3. Pure water phase equlibria diagram

Figure 4. Pure n-hexane phase equlibria diagram




