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Crystalline SPCPs structures 
computationally using molecular 
modeling simulations 

Used the ToBaCCo 3.0 software to generate crystalline soft porous 
coordination polymers (SPCPs) structures. Calculated the surface area, pore 
volume, and helium void fraction of each structure using RASPA. 
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Perform adsorption simulations 
and plot isotherms 

Performed hydrogen adsorption simulations at different temperatures and 
pressures. Each simulation corresponds to one point in the isotherm plots. 
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difference between the loading of hydrogen at 100 bar and 5 bar. Then 
compared with the deliverable capacity targets form the Department of 
Energy. 
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RESEARCH EXPERIENCE 
Please let us know what you thought of your research experience:  Did this experience meet your expectations? Were lab personnel helpful 
and responsive to your needs? What else could have been done to improve your experience or achieve additional results? 
This research opportunity at the University of Notre Dame exceeded my expectations. Despite being remote due to the 
pandemic, I learned so much from the research and how would be the experience as a graduate student. I am very grateful to 
my advisor Dr. Yamil Colón and mentor Christian Villa for guiding me and teaching me so much. I enjoyed every event offered 
which helped with my professional development. I hope to get the opportunity to have this experience in person one day. 
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(Please use the space below to describe your research project and objectives, any findings and results you can share, and 
graphs, charts, and other visuals to help us understand what you achieved as a result of this research experience.) 

 
Abstract: 

 
In the need to find efficient adsorbents, porous materials have been studied for their great potential, especially in gas storage. 
Soft porous coordination polymers (SPCPs) are a new class of materials composed of metal-organic polyhedra (MOP) and organic 
linkers, with the promising properties of permanent porosity, high surface area and pore volume, low weight, flexibility, 
processability, among others. There are many challenges regarding hydrogen storage, some of these are finding more efficient, 
lower-cost systems, higher storage capacity, with reduced weight and volume, and ambient temperature storage. To advance 
technologies for SPCPs applications, studies on structural properties and performance are needed. We use computational 
molecular modeling and simulations to generate idealized crystalline structures and calculate their adsorption capacity. 
Characterization simulations were performed on structures composed by MOP with different nodes (Rh, Co, Cu, Zn) and Rh-MOP 
with different linkers by calculating their surface area and pore volume. We then perform adsorption simulations at different 
temperatures and pressures. The deliverable capacities for hydrogen uptake for each structure was calculated and found to 
surpass the targets from the Department of Energy. It is noted that since the values for uptake are based on ideal crystalline 
structures, adsorption in real systems would be lower. These adsorption simulations findings provide better understanding of 
the potential of these materials and how their structural characteristics and temperature play a role in their adsorption capacity. 
 
Description: 
 
Soft porous coordination polymers are a relatively new class of materials that are composed of metal organic polyhedra (MOP) 
connected by organic linkers. These materials combine favorable features of metal organic frameworks (MOFs) and soft 
materials. Some of their features are permanent porosity, high surface area and pore volume, low weight, flexibility, 
processability, among others. The unique properties of these materials are highly valuable for applications in the fields of 
separation processes, drug delivery, electrical and ion conduction, catalysis, energy storage and conversion. Thanks to these 
characteristics, these materials have great potential in hydrogen storage for energy applications. However, there are many 
challenges in hydrogen storage technologies. Some of these challenges are finding mass and volume efficient systems and 
ambient temperature storage. Also, reaching the Department of Energy (DOE) targets have been another challenge.  

The objective of this research project is to design, characterize, and study soft porous coordination polymers (SPCPs) to 
understand their behavior and evaluate their performance for hydrogen adsorption. We generated the crystalline structures 
using the ToBaCCo 3.0 software and then used the files obtained as input files to perform energy minimizations in LAMMPS 

software. The structures can be visualized using VESTA. 

 

This figure shows on the left the 12-connected MOP structure where the connection points are the metal atoms on the outside 
of the cage which can be either Co, Cu, Rh, or Zn (in this case it is Rh). On its right is the organic linker bix. These combined form 
the crystalline soft porous coordination polymer RhMOP-bix. This is an example of a crystalline soft porous coordination polymer. 

 
 
 
 



 
 
Results: 
 
Crystalline structures were generated using Co, Cu, Rh, or Zn MOP as nodes and DABCO, bipyridine, bix, or bidod as linkers. The 
helium void fraction, surface area and pore volume were calculated for each structure using RASPA. 
 

 
 
We proceeded to perform the hydrogen adsorption simulations for each structure. For each temperature, individual 
simulations were run at pressures from 1 bar to 100 bar. Each simulation corresponds to a point in the isotherm.  
 
 
 

 

 

 

 

 

 

 

  

 

 

 
 
 
 
 

 
 
 
 
 
 
 

Structure
Helium Void 

Fraction
Surface Area 

[m^2/g]
Pore Volume

[cm^3/g}

RhMOP-Dabco 0.71 2478 0.872

RhMOP-bipyridine 0.82 3377 1.55

RhMOP-bix 0.85 3706 2.05

RhMOP-bidod 0.86 5089 3.71

CuMOP-bix 0.86 4169 2.06

CoMOP-bix 0.86 4204 2.39

ZnMOP-bix 0.95 4047 2.57



By looking at the results of our isotherms we can observe how there’s an S shaped isotherm at temperatures around 140 Kelvin 
for most of the structures. We find this very interesting since these materials show the potential of suppressing the adsorption 
at low temperatures without losing high capacity at high pressures, and therefore having higher values for deliverable capacity. 
We calculated the deliverable capacity using the difference in hydrogen adsorption between 100 and 5 bars and obtained 
promising results of deliverable capacities higher than the targets from the DOE: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Department of Energy deliverable capacity targets: 
 

 
 

Department of Energy https://www.energy.gov/eere/fuelcells/doe-technical-targets-onboard-hydrogen-storage-light-duty-
vehicles  
 
Conclusions: 
 
These SPCPs show great potential for hydrogen storage since the derivable capacity targets from the DOE were surpassed. 
Changing the metal atom (Rh, Cu, Co, or Zn) of the MOP does not change their capacity for adsorption. It is noted that since the 
values for uptake are based on ideal crystalline structures, adsorption in real systems would be lower. These findings provide 
better understanding of the potential of these materials and how their structural characteristics and temperature play a role in 
their adsorption capacity. 

Capacity 2025 Ultimate

Gravimetric [g H2/kg  system] 55 65

Volumetric [g H2/L system] 40 50

Structure T(K)
Gravimetric 

Capacity 
[g H2/kg  system]

Volumetric 
Capacity

[g H2/L system]

RhMOP-Dabco 140 79 65

RhMOP-bipyridine 140 159 84

RhMOP-bix 140 219 91

RhMOP-bidod 150 384 89

CuMOP-bix 140 248 91

CoMOP-bix 140 255 92

ZnMOP-bix 140 248 92


