
Computationally Efficient Calculation of Charges in Metal-Organic Frameworks 

 As our society continues to grow and develop, the demand for energy increases. 

Currently, most of this energy is obtained from fossil fuels, which are dwindling, creating 

energy security issues.  Burning of fossil fuels is also a direct cause of the large amounts of 

CO2 being released to the atmosphere. Atmospheric CO2 concentration has increased to 400 

ppm in 2015
1
 largely due to a 29% increase in fossil fuel-related emissions between 2000 and 

2008.
2
 This constitutes a major issue due to the link between the atmospheric levels of CO2 

and global warming.
3, 4

 This has motivated research efforts towards the development of more 

environmentally-friendly sources of fuel, such as methane
5-7

 and hydrogen
5
, and towards the 

development of CO2 capture systems.
5
 In both scenarios, a novel class of materials, metal-

organic frameworks (MOFs), has the potential to offer technological solutions due to their 

highly tunable structures and adsorption properties for the storage of fuel gases
5
 or for the 

capture of CO2
5
 at places such as coal plants. 

 Metal-organic frameworks (MOFs) are porous crystalline inorganic-organic “hybrid” 

materials. They are constructed from the assembly of metal-containing clusters called 

secondary building units (SBUs) with multidentate organic ligands to create a three-

dimensional network
5
 held together by coordination bonds. The tunability of MOFs comes 

from the myriad of combination possibilities of MOF building blocks, which quickly 

increases the number of potential MOF structures to the order of millions.
5
 Since 

investigating such a large number of structures is unfeasible by experimental means, 

computational approaches where potential MOF structures are constructed and evaluated in 

silico has helped tremendously in accelerating the rate at which new top materials are 

discovered.
8-10 

Naturally, this approach relies on an accurate prediction of the adsorption 

properties of these materials.  

 Recently, the Snurr Research Group at Northwestern University has developed a 

novel computational algorithm to construct thousands of MOFs where pre-constructed 

building blocks are mapped onto lattice templates of diverse topologies. The generated 

materials have been evaluated for hydrogen and methane adsorption, where electrostatic 

interactions are negligible. However, assessment of these materials for CO2 capture raises the 

challenge of accurately describing electrostatic interactions between CO2 and MOF atoms, 

which depends on an accurate assignment of electronic charges to the different atoms 

constituting a given MOF. For a given MOF, this can be done by deriving electronic charge 

values from expensive quantum mechanics calculations.
8
 However, the high computational 

cost of this approach makes it unsuitable for high throughput screening strategies.
10

 Some 

approaches have been investigated to assign electronic charges to MOFs
8
, but they have had 

mixed success. Therefore, even though developing an efficient and reliable assignment of 

electronic charges to MOFs remains challenging, it would enable a reliable computational 

assessment of these materials, not only for CO2 capture, but for other gases as well.  

 The main goal of my research will be to develop an algorithm that can be coupled 

with the new MOF construction algorithm developed at the Snurr Research Group at 

Northwestern University to automatically produce hypothetical metal-organic framework 

structures with assigned electronic charges, which can then be used for high throughput 

screening.  The strategy that I will aim to develop is inspired by a charge assignment strategy 

that is often used to assign charges to a particular MOF for simulation purposes.  First, a 

small representative piece, or “cluster” of the MOF is extracted. Then, quantum mechanics 

calculations are used to calculate the electrostatic potential around the cluster, and common 

charge-fitting procedures such as ChelpG
11

 are used to assign electronic charges to the cluster 

atoms.  Finally, the electronic charges of the clusters are used to assign electronic charges to 

equivalent atoms in the MOF. My hypothesis is that the atoms in the MOF will have similar 

charges as the corresponding atoms in the pre-constructed building blocks. For example, it is 



hypothesized that the charges of the carbon and hydrogen atoms of a benzoic dicarboxylate 

linker are similar independently of the MOF where this linker is found.  Therefore, a model 

will be created in which the electronic charges can be pre-assigned to the building blocks, 

making sure that they maintain these charges when assembled into MOFs. Then, for each 

MOF, charge neutrality will be assured through redistribution of the excess electronic charge 

onto carbon and hydrogen atoms.  

 The first stage of the work will consist of calculating the charges in 47 

unfunctionalized carboxylate-terminated organic linkers and three SBUs (4-connected copper 

paddlewheels, 6-connected zinc oxoclusters, and 6-connected iron oxoclusters) using the 

ChelPG method, identifying potential patterns of the electronic charges based on atom type 

and location. The second stage will consist of calculating the charges in selected linkers (~10) 

connected to the selected SBUs to determine the extent of variation of electronic charges in 

the atoms of the building blocks in comparison to when they were isolated.  The third stage 

will be to carry out the first and second stage in functionalized versions of selected linkers 

(~6) to identify how the charges of linker, which play a critical role in carbon capture 

applications, are affected by the position of the functional groups in the organic building 

blocks, as well as the connection of the latter to the SBUs.  The fourth stage will be to use the 

information obtained to devise a charge assignment algorithm and implement it to construct a 

functionally and topologically diverse database of MOFs with topologies based on SBUs 

connected by ditopic linkers.  Then, computational assessment of CO2 capture performance 

will be performed to identify the best materials for this application.  During the development 

of the charge assignment algorithm, for selected MOFs, tests will be done to compare to 

simulated adsorption isotherms based on electronic charges obtained by traditional methods 

and those based on the charges assigned by the newly developed algorithm. 

 Other applications where an efficient and reliable assignment of electrostatic charges 

in MOFs can be extremely beneficial include, but are not limited to, water/alcohol 

separations during biofuel production. 

 My experiences during my time at Northwestern University have prepared me to take 

on this research project. For instance, I have gained experience with mathematical modelling 

and programming during my summer internship at Cementos del Norte, S.A., a cement 

company in Honduras, where I used MATLAB for various projects. Also, during classes and 

during my internship, I have excelled in the use of Excel as a tool to analyze datasets and 

draw meaningful relationships that can be used to predict the behavior of a phenomenon, 

which will be very useful for this project. Finally, I will learn and develop other skills needed 

for this project under the mentoring of postdoctoral fellow Diego Gómez-Gualdrón and 

Professor Randall Snurr during Spring Quarter. I will learn to work in a UNIX environment, 

and gain expertise in the use of modeling and visualization software such as VMD, 

GaussView, Materials Studio, Gaussian09, and RASPA.  

 As a Chemical Engineer, I am especially concerned about the sustainable and 

environmentally friendly use of energy in the world, and I believe that it is our responsibility 

to take action to address these issues. I believe that doing the research hereby proposed would 

put me a step closer towards forming part of a solution, and it would provide invaluable 

experience to me in the area of clean energy.  Additionally, it would allow me to learn about 

different strategies to address the challenges that need to be overcome to produce clean 

energy. During Spring Quarter, my academic course load limits my research time to around 

12-15 hours a week. Thus, engaging in research over the summer will allow me to commit to 

the Snurr Research Group full time, maximize my development as a researcher, and make a 

much more significant contribution to society. 
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