
TU
TO

R
IA

L
TU

TO
R

IA
L

Building a Kerogen Slit-Pore Model
Release 3.4.1

• Objective: Learn how to build a model for a kerogen slit-pore with MedeA.

• Modules: Amorphous Materials Builder, LAMMPS

Preparation time Run time (8 Intel cores) Level
20 minutes 4 hours Intermediate

Note: Required files:

• Structures: kerogen II-C.sci

• Flowchart: build-kerogen-layer-for-slit-pore-model.flow

These files are part of a separate zip file Tutorial-Building-kerogen-slit-pore-model.zip which is available in the Ma-
terials Design tutorial repository1.

Hint: You can move through this tutorial quicker using the following prepared files:

• Structure: 8-condensed-kerogen II-C-molecules.sci

Outline

• Building a Kerogen Slit-Pore Model
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1 https://my.materialsdesign.com/tutorials
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1 Introduction

This tutorial describes the principle steps to create a kerogen slit-pore model with MedeA. You can use the kerogen
slit-pore model to calculate the transport properties of fluids (liquids and gases, respectively) in porous kerogen
matrices by performing boundary-driven non-equilibrium molecular dynamics (BD-NEMD) simulations as introduced
by Frentrup et al. [1] and applied by Collell et al. [2]. The model is suited to calculate scattering properties of fluids
on porous kerogen surfaces, such as done by Chen et al.[3]. You can also use the slit-pore models to calculate
self-diffusion coefficients of fluids in kerogens using MedeA Diffusion.

We depict the kerogen slit-pore model in the following figure. The key building block of the model is a layer of kerogen
molecules that has the dimensions 𝑎𝑘𝑙 × 𝑏𝑘𝑙 × 𝑐𝑘𝑙, whereby (the cell length 𝑎𝑘𝑙 is the dimension parallel to the x-axis,
which is orthogonal to the y-axis and z-axis, respectively. You can open up the slit-pore by increasing the distance
between the two surfaces of the kerogen layer. The thickness of the slit-pore (dpore) is the distance between the two
surfaces of the kerogen layer. The length of the slit-pore is identical to that of the kerogen layer, i.e. 𝑐𝑘𝑙.

Note: The slit-pore model has periodic boundary conditions in all three spatial directions.

The building procedure applied in this tutorial is very similar to that used by Yu et al. to simulate the transport of
methane in organic shale nanopores [4]. The starting point is an ensemble of kerogen models, either one type or a
mixture of different types. You can use any of the kerogen models introduced by Ungerer et al. [5]. In this tutorial,
the kerogen model II-C of the Duvernay series is used to represent organic-rich marine shales. Ungerer et al. [5]
created the kerogen model II-C and other kerogen models, and these are available on the Materials Design website2.

In the initial step of the building procedure, an ensemble of condensed kerogen models is created with the MedeA
Amorphous Materials Builder. In this step, you collect randomly oriented kerogen models in a small simulation cell.
Due to technical reasons, the kerogen models are treated as rigid molecules, and the density is lower than the
actual target density of 1.3 g/cm3 (g/mL) by a factor of 2-3. The target density is the median value of experimentally
observed densities of kerogens, which are 1.2-1.4 g/cm3 [4]. The final kerogen layer that forms the slit-pore has the
target density.

In the next step of the building procedure, the MedeA Amorphous Materials Builder is used to determine the actual
dimensions of the kerogen layer, especially the value of 𝑐𝑘𝑙which depends on the number of kerogen models used
to form the layer. In this tutorial, the values of 𝑎𝑘𝑙 and 𝑏𝑘𝑙 are 2.5 nm and 3 nm, respectively. The length of 𝑐𝑘𝑙 should
be around 4 nm.

Using these parameters and starting from the condensed ensemble of kerogen models, a MedeA flowchart builds
the layer by performing a series of cell transformations and MedeA LAMMPS calculations involving compression
of the condensed kerogen ensemble to form the final kerogen layer. All interatomic interactions are described with
pcff+, considering the (6-9) Lennard-Jones interactions and Coulomb interactions between non-bonded atoms and
classical terms for stretching, bending, and torsion between bound atoms.

In the last step, the cell length parallel to the y-axis is increased by the value of the slit-pore thickness (dpore) without
changing the coordinates of the kerogen layer.

2 https://www.materialsdesign.com/Publications/Ungerer2015
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2 Build an Amorphous Ensemble of Kerogen Models

The starting point is a structure file that contains the kerogen model II-C. The structure file is part of the separate zip
file Tutorial-Building-kerogen-slit-pore-model.zip which is available in the Materials Design tutorial repository3.

1. File >> Open structure from disk

2. Browse to the folder where you extracted the zip file of this tutorial and select the file kerogen II-C.sci, and
confirm with Open

3. With the Amorphous Materials Builder create a condensed ensemble of eight (8) molecules:

1. Builders >> Amorphous Materials

2. Add a component >> From MedeA >> type II Duvernay C v4-rev2-MOPAC-job1102-initial

3. Set the value of the option Type to Rigid

4. Set the value of the option Nmols to 8

5. Set the value of the option Density (g/ml) to 0.5

Note: Creating the amorphous structure with higher densities can cause structures with unwanted and
chemically very unlikely catenated rings.

6. Click on Refresh to update the values for a:, b:, and c:

3 https://my.materialsdesign.com/tutorials
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7. Set the value of the option Temperature (K) to 300

8. Build the amorphous structure with OK

Note: In the interactive mode, the building process can take up to two (2) minutes. During this time, the
MedeA GUI cannot be used for other tasks.

The structure of the eight condensed kerogen models should look similar to the one depicted in the below figure:

4
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3 Determine the Dimensions of the Kerogen Layer

The kerogen layer forming the slit-pore should have a density of about 1.3 g/cm3 (g/mL) to meet the experimental
results of 1.2-1.4 g/cm3 [4] The dimension of the simulation cell length a should be 2.5 nm, i.e., 25 Å and is identical
to the value of 𝑎𝑘𝑙. The dimension of the simulation cell length b should be 3.0 nm, i.e., 30 Å and is identical to
the thickness of the kerogen layer (𝑏𝑘𝑙). Unclear is the length c of the simulation cell, which is the actual length of
the slit-pore, 𝑐𝑘𝑙. We can easily determine the value of the cell length c in the dialogue of the MedeA Amorphous
Materials Builder :

1. Builders >> Amorphous Materials

Note: The parameters of the previous amorphous structure building process should still be visible. If that’s
not the case, then work again through the building process of the previous section.

1. Set the value of the option Specify cell: to density,a,b

2. Set the value of the option Density (g/ml) to 1.3

3. Set the value of the option Cell length a (Ang) to 25

4. Set the value of the option Cell length b (Ang) to 30

5. Click on Refresh to update the values for a:, b:, and c:

Note: The resulting value of c is approximately 47 Å, i.e. the length of the slit-pore is 4.7 nm. This is an
important input parameter for the building procedure of the kerogen layer explained in the next section.

5
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2. Close the Amorphous Materials Builder dialogue with Cancel

4 Create the Layer with Kerogen Models

The building procedure for the actual kerogen layer is performed with a series of cell transformations and molecular
dynamics (MD) simulations with MedeA LAMMPS. The procedure is implemented in a MedeA Flowchart, which is
provided in this tutorial. You can load the flowchart from the file build-kerogen-layer-for-slit-pore-model.flow. The
flowchart file is part of the separate zip file Tutorial-Building-kerogen-slit-pore-model.zip.

1. Either activate the structure of eight condensed kerogen models created in the previous sections or open the
file 8-condensed-kerogen II-C-molecules.sci from disk via File >> Open structure from disk

2. Jobs >> New Job. . .

3. Load the MedeA flowchart: Open User. . .

4. Browse to the folder containing the extracted zip file and select the file build-kerogen-layer-for-slit-pore-
model.flow. Confirm with Open

Note: Note that a brief description of the flowchart is displayed in the lower part of the file browser upon
selecting the file build-kerogen-layer-for-slit-pore-model.flow

5. Examine whether the flowchart looks as depicted in the below figure.

6
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6. Open the Variables stage (right-click on the stage >> Edit. . . ) to assure that the values of Lx, Ly, and Lz
are identical to the values you determined in the previous section for a, b, and c, respectively.

• Lx: is identical to the value of 𝑎𝑘𝑙

• Ly: is identical to the value of 𝑏𝑘𝑙

• Lz: is identical to the value of 𝑐𝑘𝑙

7. If necessary, change and adapt the values of Lx, Ly, and Lz, leave the other values untouched, and confirm
the modifications with OK

8. Inspect the While Loop stage: right-click on the stage >> Edit. . .

9. Open the Flowchart tab and ensure that the flowchart on the canvas to the left is identical to the flowchart
depicted in the below figure.

7
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10. If the flowchart is correct click OK to return to the main flowchart. Otherwise, contact sup-
port@materialsdesign.com.

11. In the main flowchart, enter an informative job title, e.g., create kerogen II-C layer 2.5nm x 3nm
x 4.7 nm and submit the job with Run

Hint: The job completes within 3-4 hours if submitted to 8 cores of an Intel CPU. The computing time depends
on the type and number of the kerogen models used to create the layer.

12. Once the job is completed you can load the final structure:

1. File >> Open structure from job

2. Click on Expand All and search for the file final.sci of the job with the title create kerogen II-C
layer 2.5nm x 3nm x 4.7nm

3. Highlight the file final.sci and confirm the selection with Open

The loaded structure should look similar to that depicted on the left side of the below figure.
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5 Create a Kerogen Slit-Pore Model

The final step is to modify the cell parameters of the kerogen layer such that we create a vacuum region along the
y-axis. In the example on the right side of the above figure, the thickness of the slit-pore (dpore) is set to 20 Å, i.e. 2
nm. To create the vacuum region, increase the value of the cell length B:` by 20 (Å):

1. Activate the final structure of the kerogen layer

2. Edit >> Edit structure. . .

3. Add a mark in the check box of the option : highlightgray:Don’t move atoms

4. Increase the value of the option B: by 20 (Å)

5. Confirm the modification with a click on the icon

The final structure should be similar to that depicted on the right side of the above figure.

Note: In case you want the create a thicker slit-pore, increase the value of B: by the desired slit-pore thickness;
be aware that the value must be entered in units of Å.

6 Conclusions

In this tutorial, you have learned how to build a kerogen slit-pore model to simulate transport properties of fluids
through shale nanopores. The fundamental building block of the slit-pore is a kerogen layer formed by an ensemble
of condensed kerogen models. The length of the kerogen layer determines the dimensions of the slit-pore (𝑐𝑘𝑙)
and the thickness (dpore). The latter is identical to the distance between the two surfaces of the kerogen layer. The
dimensions of the kerogen slit-pore model in this tutorial are (𝑐𝑘𝑙 = 4.7 nm and dpore = 2 nm.

You can quickly adapt the building procedure to create kerogen slit-pore models with other dimensions and another
composition of the kerogen layer. The composition can be changed in the first step to build an amorphous ensemble
of kerogen models. Add other components, i.e., kerogen models or other compounds. In the MedeA Amorphous
Materials Builder, the concentration of the kerogen models and the other compounds present in the kerogen layer
are determined by their Nmols values.

The composition of the kerogen layer also determines its dimensions, i.e., the values of 𝑎𝑘𝑙, 𝑏𝑘𝑙, and 𝑐𝑘𝑙. The more
compounds and kerogen models are used to form the kerogen layer, the larger the values of 𝑎𝑘𝑙, 𝑏𝑘𝑙, and 𝑐𝑘𝑙 have
to be. The MedeA Amorphous Materials Builder dialogue helps determine the kerogen layer’s final dimensions.

Modules Required
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• MedeA Amorphous Materials Builder

For further information, please contact

Materials Design, Inc.

12121 Scripps Summit Drive, Suite 160

San Diego, CA 92131, USA

T+1 760 495-4924

info@materialsdesign.com www.materialsdesign.com
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