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Methodology

DFT: Density Functional Theory
GCMC or µvT : Grand Canonic Monte Carlo Calculations
NPT: Isothermal-isobaric ensemble 
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W: Rosenbluth weight 
V: The volume of the simulation box

Fluid-Rock 
Interaction Model 
using DFT

 T=353K
 3,4,5nm
 P=0-12000 psi
 Density profiles
 Isotherms
 Adsorbed and Excess of Gas

Chemical Potentials 
of CH4 using NPT
ensemble 

GCMC ensemble 
(µvT)

Molecular Simulation of CH4 in Carbon Slit-pores
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Chemical Potentials of CH4 using NPT
Ensemble

Chemical potential of CH4 versus pressure using NPT calculations. The chemical potential
increases with pressure. This information is needed as input for VT calculations.

Density Profile for Methane in a Slit Pore
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Isothermal Density Profile for CH4 at 353K in a slit pore of 4nm 

(a) (b)

(c)
Density profile of CH4 across the diameter of a 4nm slit pore at 353K and at (a) 580 psi, (b) 4,000psi and (c )
12,000 psi pore pressure. The density of CH4 is not constant in the pore and higher densities are obtained near
the wall (First Layer). The red lines are free gas values and the calculated density in the middle of the pore
tend to match these free gas values.

(Left) Adsorption isotherms for methane in a slit-shape pore with sizes 3, 4 and 5nm. The pore walls
are pristine graphene. No significant variation is observed in the isotherms as the size of the pore
increases because the surface area of the first adsorption layer does not change. (Right) Excess
adsorption of CH4 in a slit pore, excluding the first layer of adsorption by the walls. The excess amount
is the largest in between 1,000-5,000 psi, which is a typical range for shale gas reservoir initial
pressures
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Isotherms at  353K of CH4 in a slit pore   

-- 3nm
-- 4nm
-- 5nm

0 2000 4000 6000 8000 10000 12000
0

50

100

150

200

250

300

Pressure(psi)

N
u

m
be

r 
o

f 
ad

so
rb

ed
 m

o
le

cu
le

s

-- 3nm
-- 4nm
-- 5nm

-60

-40

-20

0

20

40

60

80

3 5 7 9E
n

er
gy

 (
K

)

distance (Å)

Graphene

N-doped

di-vacancy

Stone-Wales

Organic Models with Heterogeneities-DFT

Stone-Wales Defect N-doped grapheneDi-vacancy graphene
(2 atoms out of sheet)

7 7
5

5

Pristine graphene

Model ε(K) σ(Å)

Graphene* -44.00 3.95

di-vacancy -46.78 4.00

N-doped -48.32 3.90

Stone-wales -49.18 3.92

(A) Organic model with heterogeneities, (B) Lenard Jones potential profile for the interaction between
methane and organic models and (C) Lenard Jones parameters obtained for the methane-organic wall
interactions in the presence of the heterogeneities. The epsilon parameter slightly varies with the
heterogeneities on the surface.
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Fluid-Rock Model Interaction

Carbon Nanotube Models-DFT

Density functional theory (DFT) calculations have been
carried out using the VASP code within the generalized
gradient approximation with the Perdew-Burke-Ernzerhof
exchange-correlation functional (GGA/PBE) for the structural
optimization of the following structures:

Prisitine 3-D periodic single-walled carbon nanotubes
(SWCNT): calculations were carried out for both armchair-
and zigzag-type SWCNTs with similar diameters, i.e. (4,4)
(5.42 Å diameter), (7,0) (5.48 Å diameter), (7,7) (9.49 Å
diameter), (12,0) (9.39 Å diameter), (14,14) (18.98 Å
diameter) and (25,0) (19.57 Å diameter).

CH4@SWCNTs: the structure and interaction of one CH4
molecule inside (4,4), (7,0), (7,7), (12,0), (14,14) and (25,0)
SWCNTs was investigated; charge distribution maps of the

CH4@SWCNTs were obtained.

Molecular Modeling of Methane-Kerogen 
Interactions

Kerogen Model with 
Molecular Formula C512H640O18S10

This study is focused on kerogen interactions
with methane, methane + H2O, methane +
H2O + CO2. The work will lead to the
development of both thermodynamic and
transport properties of methane in kerogen
nanopores.
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