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Metal Organic Framework Structures (MOFs) have shown 

great promise for use in gas storage. Computer simulations 

have been touted as a method to identify strong candidate 

molecules for experimental research. This project assessed 

the relationship between computer simulations of methane 

absorption and experimental gas absorption. We acquired 

experimental data and ran Monte Carlo molecular 

simulations on crystal models. Our analysis found that there 

was limited statistical correlation between the two data sets 

when crystal structures were rigid. Further research is 

needed on non-rigid structures to identify the accuracy of 

rankings based on molecule simulations.

One type of material that has shown promise in gas storage 

applications is Metal Organic Framework Structures (MOFs).

Due to the large range of conceivable MOF structures made 

possible by the variety of linker and base molecules, 

computer simulations have been touted as a method to 

identify strong candidates for experimental research. 

Preselecting strong candidate MOFs for experimental 

validation will greatly reduce experimental costs and 

increase the efficiency of material searches. However, little 

validation has been done comparing the prediction accuracy 

of computer simulated adsorption against “true” 

experimental adsorption. Can molecular models and 

simulations be used to predict the CH4 uptake of a material 

before it is synthesized and tested?

Data Preparation 

A dataset of methane gas adsorption at different pressures 

in 17 MOFs was acquired from Eric Bloch at the University 

of Delaware. Crystal Information Files (CIF) for each MOF 

were acquired from the Bloch research group as well as 

from the CORE-MOF 2019 database. These files were 

visually inspected in Avogadro and the structure was built 

in PorousMaterials.jl to check for defects. 

Cubic spine calculations 

were performed on the 

simulated adsorption 

points to allow for more 

accurate comparison in 

the data set. Relative error 

was calculated assuming 

the experimental 

adsorption value 

represented the “true” 

adsorption value.
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Fig. 5: Relative error comparison between experimental and simulation cubic 
splines 

Fig. 7:  Ranking coefficient comparison  against pressure

Fig. 6: Deliverable Capacity comparison using the ARPA-E standard 
difference between 65.0 bar and 5.8 bar. The dotted line in grey 

represents  a direct relationship with perfect correlation

Deliverable capacities of the MOFs were calculated at 2 

different pressure ranges, 65-5.8 bar and 30-5.0 bar 

according to the ARPA-E standard. 

Fig 2. Potential energy graphed 
against atom distance

Fig 3. Movement of gas molecules in a molecular simulation

The total energy of gas and the number of adsorbed gas 

molecules fluctuate. During the simulation, the expected 

number of adsorbed gas particles, the heat of adsorption, and 

the expected location that molecules will adsorb is tracked.  

Simulation specifications were 10,000 burn cycles at 293.15 

K, pressure between 1-65 bar, the TrAPPE model was used 

for CH4.

• Simulations succeed in matching experimental absorption 

within a range of 2 percent when compared at the same 

pressure

• Correlation coefficients show a positive correlation 

between the two sample sets, with the highest correlations 

at the low-mid pressure range

• Deliverable capacity has limited predictability with the 

sample set 

• Selection bias in the sample set

• Rigid MOF structures overall do not allow for high 

accuracy in modeling. Further study is needed using non-

rigid molecular simulations

Fig. 4:  Cubic spline plot of UiO-67  
comparing experimental and 
simulations data points including cubic 
spline interpolation 

Molecular Model

The universal forcefield (UFF) 

was used to calculate the 

potential energy of a given 

configuration of gas in the MOF. 

The potential energy is modeled 

as a function of distance between 

the two atoms, where σ

represents the distance at which 

the molecules have zero potential 

energy and ε represents the 

lowest potential energy.  

Grand-canonical Monte Carlo simulation

Pearson correlation coefficient measures linear 

correlation between the two data sets. Spearman rank 

correlation coefficient measures rank correlation. Both 

coefficients are positive, which indicate that the two data 

sets are positively correlate.

Fig 1. Basic components of a MOF structure


