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DFT exploration of the family of 2D metal organic frameworks M(C4N2H4)Cl2

Andrea Ilicetoa, Jem Pitcairnb, Matthew J. Cliffeb, Andrew J. Morrisa.

a School of Metallurgy and Materials, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK
b School of Chemistry, University of Nottingham, Nottingham, NG7 2RD, UK

Introduction
This ab initio computational research focuses on developing a

new class of Metal Organic Frameworks (MOFs) with the

potential of revolutionizing the IT world by offering a new

class of easy-to-design and more flexible materials exhibiting

switchable and stimuli-responsive characteristics.

To achieve this new class of MOFs, it is essential to gain a

clear understanding of the role of the magnetic and structural

local correlations, to investigate the electronic band-structure

and to carry out successful predictions of dopant locations.

Background Research
Kreno et al.1 has shown great potential in MOFs as these

modular materials enable the organic component to be

functionalised while preserving the overall framework

topology. Recent computational advances in this field focused

on ab initio random structure searching by implementing the

Wyckoff Alignment of Molecules (WAM)2 approach in order

to find topologically diverse MOFs, to predict the nature and

locations of dopants and to overcome the limitations of the

widely used reverse topological approach.3
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Band-structure & DOS of Cr(C4N2H4)Cl2

Research Overview & Methodology
➢ This computational exploration has investigated the structure and properties of a new family of 2D metal organic 

frameworks, M(C4N2H4)Cl2, where M = transition metals V to Cu
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Results & Conclusions

Ferromagnetic Configuration for Cr

➢ Lowest Energy Configurations:

▪ Ferromagnetic: Cr, V, Co

▪ Anti-ferromagnetic: Fe, Ni

➢ Band crossing 

around the Fermi 

level found with 

Cr & Fe

➢ Larger band-gap 

around the Fermi 

level found with 

V & Co
Exchange Interaction [EFM-EAFM]

Chromium   0.72 meV

Nickel          6.51 meV

Cobalt         -0.06 meV

Iron             1.41 meV

Vanadium   -4.00 meV

➢ For M = Cr: Spin difference of 

3.9 electrons between up and 

down d-states occupancies

⇨ SPIN = 2 for Cr

Hubbard U correction opened the 

band gap around the Fermi Level

➢ HOMOs showed low levels 

of dispersion

M:

https://pubs.acs.org/doi/10.1021/ac102127p
https://chemrxiv.org/articles/preprint/Ab_Initio_Prediction_of_Metal-Organic_Framework_Structures/8204159/2
https://pubs.rsc.org/en/content/articlelanding/2018/fd/c8fd00051d
https://joss.theoj.org/papers/10.21105/joss.02563
https://www.researchgate.net/publication/260756689_OptaDOS_A_tool_for_obtaining_density_of_states_core-level_and_optical_spectra_from_electronic_structure_codes

