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Disorder? 

Neil Allan* 

* School of Chemistry, University of Bristol  

TBA 

 

Invited Talk 1 Talk 1.1 

 





Multiscale modelling of the electrical conductivity of carbon nanotube 
films 

Thomas R. Durrant*, Yvelin Giret, David Z. Gao, Alexander L. Shluger 

*Department of Physics and Astronomy, UCL e05-nano-shl 

Carbon nanotubes (CNTs) are a fascinating low dimensional material with very high 

electrical conductivity. CNTs hold significant technological promise due to their 

extremely high electrical conductivities. This is because metallic CNTs behave as 

ballistic conductors, which enables highly energy efficient electrical devices to be 

constructed from them. In many practical applications, CNTs are deposited in a 

disorganized film. One such example application is the use of a CNT film as resistance 

changing element in non-volatile computer memory. In order to model the electrical 

conductivity of such films, models of the electrical conductivity of individual CNT 

junctions must be combined with larger-scale models of their geometric structure.  

In this project, a multiscale model of the electrical conductivity of CNT films was 

developed through the following steps: (a) A large library of CNT-CNT junction 

structures was simulated using density functional tight binding (DFTB) in combination 

with the nonequilibrium Green’s function (NEFG) approach. The intrinsic electrical 

conductivity of individual CNTs is high and the primary source of electrical resistance 





Current Challenges in Catalytic Science 

Graham Hutchings 

University of Cardiff  

 

TBA 

 

Invited Talk 3 Talk 2.1 

 





The Electronic Structure and Catalytic Activity of a Ru3 Cluster 
Embedded on Nitrogen-doped Graphene 

Yao Zhao*, 



Computational investigation of NiOOH, from bulk to catalysis 

Ruotao Yang*, Alexey A. Sokol, C. Richard A. Catlow 

*Department of Chemistry, University College London e05-react-cat 
 
Mitigating environmental and ecological damage caused by human emissions are amongst the 

grand challenges of the 21st century. Therefore, the transition from conventional fossil energy to 

renewable energy, including solar and wind energy is an increasingly important topic. Power-to-

gas (P2G), a process of converting renewable energy into hydrogen gas via electrolyser, is 



Amorphous ZnO: Structure, Stability and Charge Trapping 

David Mora Fonz 

HTU, Mexico  

 

TBA 

 

Invited Talk 4 Talk 3.1 

 



Ab-Initio Molecular Dynamics Simulations of Substoichiometric   
Amorphous Alumina 

J. Strand*, A. Shluger 

*Department of Physics and Astronomy, University College 
London 

e05-bulk-shl 

Oxygen vacancies play an important role in the application of oxides in technology. The 

notion of a vacancy is well defined in the case of crystals, where a defect is simply any 

break from crystallographic order. In amorphous materials, where there is no long-range 

order, defects are less well defined. Amorphous oxides are widely used in technology, 

yet there has not been a great deal of focus on this ambiguity. Often, vacancies are 

modelled by deleting oxygen atoms from a stoichiometric amorphous model, previously 

produced using the melt-and-quench technique, and then relaxing the system geometry 

(‘post-quench’ method). However, this may not be the appropriate way to model 

substoichiometry in amorphous oxides. Here, we use an alternative approach where we 

produce substoichiometric amorphous oxide models by quenching from an oxygen-

deficient melt (‘in-melt’ method). We use ab-initio molecular dynamics (AIMD) with a 

hybrid DFT functional to investigate the structure of substoichiometric alumina. The 

models produced are periodic and pseudo-amorphous, with 357 atoms in the unit cell. 

We find that there are vacancy-like point defects in the amorphous oxide, characterized 

by undercoordinated Al ions and formation of Al-Al dimers. In subsequent simulations, 

we take post-quench vacancies and anneal them with ab-initio MD at 1000K. The 

resulting configurations are similar to those produced with the in-melt method, 

suggesting that use of ab-initio MD allows for a fuller exploration of configuration space 

and therefore more stable ‘vacancy’ structures. 

Overall, the results suggest that, while vacancies may be ill-defined in amorphous 

oxides, oxygen deficiency leads to the formation of point-defects with similar properties 

to crystallographic vacancies. Further, it is possible that AIMD is necessary to find the 

most stable configurations of these defects.  

 

Fundamentals of Bulk Materials Talk 3.2 

 



Unravelling Hydrogen Bonding Behaviours and their Impact on 
Proton Conductivity in Supramolecular Cages 

Lei Lei, Sanliang Ling* 

*Advanced Materials Research Group, Faculty of Engineering, 
University of Nottingham 

e05-bulk-lin 

Proton-exchange membrane (PEM) fuel cells hold promise as a solution for achieving a 

zero-emission economy. Recently, molecular cages have emerged as potential PEM 

candidates for stable and efficient fuel cells through structural design. However, due to 

their complex structures, understanding the proton transport dynamics and mechanisms 

using experimental or simulation methods has proven challenging. In this study, we 

employed ab initio molecular dynamics simulations to investigate these complex 

systems over extended timescales, spanning hundreds of picoseconds, to unravel these 

intricate systems. Additionally, we developed efficient python code to analyse the vast 

trajectory data generated. Our results highlight a significant disparity in the interaction of 

water with two molecular cages composed of the same functional groups, attributed to 

their distinct geometries. Notably, Cage 1, characterized by a spacious cavity, exhibits 



Investigation of unintentional aggregation of impurity-related defects 
within 4H-SiC. 

N. Smith*, A. Shluger 

*Department of Physics and Astronomy, UCL e05-bulk-shl 
To create p-doped regions within 4H-SiC MOSFET devices, 4H-SiC is bombarded with high 

energy Al+ ions from gaseous AlH3, durin



Simulation of correlation driven metal-insulator transitions in real 



The effect of ceria surface composition on scavenging reactive 
oxygen species 

Khoa Minh Ta*, David J. Cooke, Lisa J. Gillie, Roger M. Phillips, Marco Molinari 

*Department of Chemistry, University of Huddersfield e05-surfin-mol 

 

Cellular activities produce reactive oxygen species (ROS), such as hydrogen peroxide, 

superoxide anions, and hydroxyl radicals, which can accumulate and produce oxidative 

stress. This is linked to many degenerative diseases and cancer. Ceria nanoparticles 

(CeNPs) have been reported to perform enzyme mimetic activities to scavenge RO

RO



Modelling the effect of H in the formation, stabilisation and evolution 
of voids in polycrystalline Cu 

Vasileios Fotopoulos *, Alexander L. Shluger* 

Physics and Astronomy, University College London e05-surfin-shl 

Cu is used in a wide variety of applications ranging from power generation to microelectronics. 





Study of Hydroxyl Nests in Zeolites 

Alec Desmoutier 

* University College London surfin-cat 



Bulk and Surface Contributions to Ionisation Potentials of Metal 
Oxides 

Xingfan Zhang*, Alexey A. Sokol, C. Richard A. Catlow 

*Department of Chemistry, University College London e05-power-sok 

Obtaining absolute band edge positions in solid materials remains an inherently 

complex task from both experiment and theory, and indeed there is considerable 

confusion in the literature. Our work shows clearly that the ionisation potential (IP) and 

electron affinity (EA) of metal oxides emerge as surface-



Bismuth oxychalcogenide materials for thermoelectric applications  

Joseph M. Flitcroft,* Adel Althubiani, Jonathan M. Skelton 

*Department of Chemistry, University of Manchester e05-power-ske 

In order to effectively combat climate change a wide range of approaches are required. 

One route is to increase the efficiency of energy-intensive process 





Controlling the heat transport in thermoelectric materials 

Jonathan M. Skelton* 

*Department of Ch







Oxygen-functionalised graphene: structure, properties and potential 
for phosphate sensing 

Negar Mansouriboroujeni, Xue Yong, Natalia Martsinovich* 

*Department of Chemistry, University of Sheffield e05-enviro-nat 

Graphene is an outstanding material thanks to its excellent electronic and optical 

properties. Graphene is 



 

An Efficient Model for sp-Lone Pair Cations 

Woongkyu Jee*, Scott M. Woodley, Alexey A. Sokol 

University College London, Department of Chemistry e05





Optimisation of decision sequences from selection of elements to 
chemical formulae of functional materials 

A. Vasylenko1, D. Antypov1, V. Gusev1, G. Darling1, M. S. Dyer1, M. J. Rosseinsky1 

*Department of Chemistry, University of Liverpool



Computational Modelling of Wide Band Gap Transparent Conducting 
Oxide Sb2O5 

Ke Liab, Joe Willisab, David O. Scanlonab 

aDepartment of Chemistry, University College London 
bThomas Young Centre, University College London 

e05-discov-dos 

Transparent conducting oxides (TCOs) combine optical transparency and electrical 

conductivity, making them indispensable in the fields of optoelectronics. However, the 

limited number of post-transition metal TCOs restricts the range of devices they can 

support. Recently, Ga-doped ZnSb2O6, an Sb(V)-based oxide with unique band 

alignment, has been computationally and experimentally examined, offering much-

needed diversity to the field.1 Inspired by this success, an underexplored post-transition 

binary Sb(V)-based system, Sb2O5 is considered a promising candidate due to its wide 

band gap and comparable electronic structures to the other successful TCOs.  

In this work, we use hybrid density functional theory to investigate the electronic 

structure of Sb2O5, where wide fundamental and optical band gaps are found, enabling 

transparency. Furthermore, 



A computational study characterising the intrinsic and extrinsic 
doping profile of ZnS 

https://github.com/SMTG-��С����̳/doped


 

Organosulfide-Halide Perovskites incorporating Zwitterions  

Santanu Saha1,*, Jiayi Li2, Hemamala I. Karunadasa2,3, Marina R. Filip1 

1Department of Physics, University of Oxford, Clarendon Laboratory,  
 Oxford OX1 3PU, United Kingdom 
2Department of Chemistry, Stanford University, Stanford, CA 94305,  
 United States 
3Stanford Institute for Materials and Energy Sciences, SLAC National        



Prediction of critical micelle concentrations in surfactant mixtures by 
DPD simulations 

Guadalupe Jiménez-Serratos1,*, Annalaura del Regno1, Patrick B. Warren1, David J. 
Bray1, Scott Singleton2, and Richard L. Anderson





Iron-sulfur peptides for an efficient electron transfer to the 
hydrogenase enzyme 

Umberto Terranova* 



How bulk and surface properties of Ti4SiC3, V4SiC3, Nb4SiC3 and 
Zr4SiC3 tune reactivity: A computational study 

Matthew G. Quesne*, Nora H. de Leeuw, C. Richard A. Catlow 

* School of Chemistry, Cardiff University e05-react-cat 

The “MAX”-phase of over 100 ternary carbides/nitrides was first identified in the 1960s.1 

They display a very novel combination of properties including high conductivity and 

extreme resistance to oxidation or heating, which has led to these materials being 

labeled as “metallic ceramics”.2   Structurally, the surfaces of these materials strongly 

resemble the pristine (111) facets of early transition metal carbides (TMCs), which have 

themselves been shown to be efficient catalysts for the hydrogenation of CO2. Our 

group has previously undertaken a detailed in silico study into the catalytic activity of the 

equivalent TMCs to the MAX-phase material under investigation in this work and found 

the metal terminated (111) facets to be extremely active for CO2 reduction.3 The choice 

of the transition metal components was partly informed by this study and partly by a 

systematic screening of the bulk and surface properties of a diverse array of carbides.4 

This talk will focus on results published as part of a recent Faraday Discussion will 

present the results from a computational study into the bulk and catalytic properties of 

Ti4SiC3, V4SiC3, Nb4SiC3 & Zr4SiC3 and compare these properties to those already 

obtained for TiC, VC, NbC & ZrC.5 We will show that the addition of an intestinal silicon 

layer into the bulk of these material increases the lattice paraments beyond those 

observe for the corresponding carbides. We also show that the pristine surfaces of the 

MAX-phase materials are much more active towards CO2, H2, H2O and OH. However, 

our results demonstrate that pristine surfaces are not likely to be present in an 

oxygenating environment. Instead, the modelling predicts all surfaces will oxidise and 

barriers for CO2 reduction will increase in the presence of H2O, O2 or OH. Current, work 

supported by the MCC is looking into the activity of these oxidized surfaces.  

References 

[1] W. Jeitschko, H. Nowotny and F. Benesovsky, Monatshefte für Chemie, 1963, 94, 672–676.  

[2] Z. M. Sun, H. Hashimoto, Z. F. Zhang, S. L. Yang and S. Tada, Mater. Trans., 2006, 47, 170–174.  
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Advances in sustainable catalysis: A computational perspective 

Matthew G. Quesne*, Fabrizio Silveri, Nora H. de Leeuw, C. Richard A. Catlow 

* School of Chemistry, Cardiff University e05-react-cat 

 

The urgent need for society to move towards a greener and more sustainable future 

presents a very exciting opportunity for catalytic chemists. Many of the necessary 

changes in resource management and increased energy efficiency will be propelled by 



 

Capturing the ground state electronic and magnetic properties of Cobalt 
containing metal and mixed metal oxides using density functional theory (DFT). 

Akash Hiregange*, Pavel Stishenko, Andrew Logsdail, James Paterson, Sarah Haigh 

*School of Chemistry, Cardiff University. e05-surfin-log 
 



Modelling hole trapping in hydrogen-related defects at the c-Si/a-SiO2 
and c-Si/a-SiO2/a-HfO2 interface  

Teofilo Cobos Freire and Alexander Shluger 

*Department of Physics and Astronomy, University College London e05-surfin-shl 

The performance metal-oxide-semiconductor field-effect transistors (MOSFETs) is 

affected by random telegraph noise and bias temperature instability. These effects are 

caused by the trapping and release of holes and electrons in the dielectric oxide layer, 



Computational Infrared and Raman Spectroscopy in ChemShell 

Jingcheng Guan*, You Lu, Kakali Sen, Jamal Abdul Nasir, Andrew M. Beale, C. Richard 
A. Catlow, Thomas W. Keal and Alexey A. Sokol 

*Chemistry Department, University College London e05-sok 

 

To aid the interpretation of experimental vibrational spectra, we developed and 

implemented computational infrared and Raman facilities in the ChemShell 

computational chemistry environment using hybrid quantum mechanical and molecular 



Catalytic Partial Oxidation of Methane using an Yttria-Stabiliz



Potential thermoelectric materials: zinc-based oxychalcogenides 
SrZn2Ch2O (Ch = S, Se) 

Shipeng Bi*, Katarina Brlec, David O. Scanlon 

*Department of Chemistry, University College London e05-power-dos 

In the process of primary energy consumption, a large amount of waste heat is 

generated. Thermoelectric materials can convert waste heat energy into electric energy, 

which is crucial to solving the current energy crisis and global warming. In general, the 

performance of thermoelectric materials can be determined by the dimensionless figure 

of merit, ZT, that is evaluated by electronic and thermal properties. However, it is 

difficult to maximize ZT due to the interaction between different parameters. Although 

some high ZT thermoelectric materials such as Bi2Te3 and PbTe have been found, they 

have not been widely used because they contain rare or toxic elements.1,2 

Recently, SrZn2S2O was proposed as a novel photocatalyst for water splitting 

applications.3 Because of  its complex structure, relatively high thermal stability, and the 

low toxicity and easy synthesis of oxides, we think that SrZn2S2O may be a potential 

thermoelectric material. Using density functional theory (DFT), we first studied the 

phononic stability of SrZn2S2O and its variant - SrZn2Se2O. Then based on the 

SrZn2Ch2O (Ch = S, Se) electronic structure calculated with hybrid-DFT, electronic 

transport properties were calculated using AMSET4. Our calculation results indicate that 

both oxychalcogenides may become thermoelectric materials for high-temperature 

applications. 

 

References 

1  Y. Z. Pei, A. D. LaLonde, N. A. Heinz and G. J. Snyder, Adv. Energy Mater., 2012, 2, 670-

675.  

2  M. Saleemi, M. Toprak, S. Li, M. Johnsson and M. Muhammed, J. Mater. Chem., 2012, 22, 

725-730.  

3  S. Nishioka, T. Kanazawa, K. Shibata, Y. Tsujimoto, H.-C. Loye and K. Maeda, Dalton T., 

2019, 48, 15778–15781.  

4  A. M. Ganose, J. Park, A. Faghaninia, R. Woods-Robinson, K. A. Persson and A. Jain, Nat. 

Commun., 2021, 12, 2222.  
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Influence of Solvent on Selective Catalytic Reduction of Nitrogen 
Oxides with Ammonia over Cu-CHA Zeolite 

Jamal Abdul Nasir*, Alexey A. Sokol, Jingcheng Guan, You Lu, Thomas W. 
Keal, Andrew M. Beale, C. Richard A. Catlow 
*Department of Chemistry, University College London e05-react-sok 
In this new study, we made a comparison between water- and ammonia-solvated and 

bare Cu species [1]. Our results show the promoting effect of solvent on the oxidation 

component of the NH3-SCR cycle since the formation of important nitrate species is 

found to be energetically more favourable on the solvated Cu. Conversely, both solvent 

molecules are predicted to inhibit the reduction component of the NH3-SCR cycle. 

Diffuse reflectance infrared fourier-transform spectroscopy (DRIFTS) experiments 

exploiting (concentration) modulation excitation spectroscopy (MES) and phase-

sensitive detection (PSD) identified spectroscopic signatures of Cu-nitrate and Cu-

nitrosamine (H2NNO), important species which had not been previously observed 

experimentally. This is further supported by the QM/MM-calculated harmonic vibrational 

analysis. Additional insights are provided into the reactivity of solvated active sites and 

the formation of key intermediates including their formation energies and vibrational 



Removal of VOCs in cooking fumes via adsorption method on zeolites 

Yuanyuan Zhang*, Alexey A. Sokols, C. Richard A. Catlow 

*Department of Chemistry, University College London e05-enviro-cat 

The growth of public awareness of hazard from gaseous pollutants emitted by cooking 

activities spawned the implement of new laws and regulations as well as new 

technologies for cooking fumes emission control. Considering the emission 

characteristics of large air volume and intermittence of cooking fumes, MFI zeolites 

were applied as an efficient adsorbent for enriching the low-concentrated complex 

humid volatile organic compounds (VOCs) from cooking fumes. In order to illustrate the 

superiority of Ti-O-Si framework as a cooking VOCs adsorbent, zeolites with the same 

MFI topology to TS-1 but different framework compositions of Si-O-Al (ZSM-5) and Si-

O-Si (silicalite-1, hereinafter referred as S-1) were also investigated for comparison. 

Related characterizations were performed to reveal the difference among three zeolites. 

It was found that textural properties, surface silanol density and defect content 

significantly affect the adsorption site accessibility, water resistance as well as 

organophilicity of zeolites adsorbents, all of which play a decisive role in the adsorption 

process of cooking fumes. Furthermore, adsorption energy between water/VOCs 

molecular and zeolites with Si/Al/Ti center was calculated through hybrid quantum 

mechanical/molecular mechanical (QM/MM) technique, revealing the adsorption 

interaction between different framework and 



Thermoelectric properties of the Pnma and R3m phases of GeS and 
GeSe 

Min. Zhang*, Joseph M. Flitcroft, Jonathan M. Skelton 

*Department of Chemistry, University



Stability of Ru@Sn9 Zintl cluster on a CeO2 (111) surface and its 
catalytic activity in Water-Gas-Shift (WGS) reaction. 

Sourav Mondal*, John E. McGrady  

*Department of Chemistry, University of Oxford e05-react-mcg 

Cerium Oxide (CeO2) is one of the most efficient compounds, supporting surface, 
because of the facile changes in oxidation state between Ce4+ to Ce3+, and is widely 
used in high-performance oxygen storage applications and catalytic redox reactions, 
solid oxide fuel cells, water-gas shift reactions, etc. The use of Zintl clusters or 
metalloids rather than isolated noble metal atoms as the catalytic centre offers the 
potential to exploit the interactions between transition and main-group metal to 
achieve low-barrier reactions, and recent work from our collaborators in Tianjin 
suggests that Zintl clusters are effective catalysts for the water gas shift (WGS) 
reaction. Recently, Sun et al. have reported the selective reduction of CO2 over highly 
dispersed RuSnOx sites, derived from a [Ru@Sn9]6- Zintl cluster but an atomic-level 
understanding of mechanism, and how it relates to the electronic properties of the 
cluster remain unclear.1  
In this work, we firstly investigate the stability of the Ru@Sn9 Zintl cluster on the CeO2 
surface by comparing the optimised energy of the cluster on the surface with a 
dispersed structure where the Ru and Sn atoms are dispersed on the surface, using 
periodic Density Functional Theory (DFT). Interestingly, in many cases clusters prove 
not to be stable on surface, but rather are disrupted by strong metal-support 
interactions (SMSI).2 An important first objective therefore is to establish the stability of 
the Ru@Sn9 cluster on the surface under normal reaction conditions. It has been 
found that Ru@Sn9 cluster will disperse over the surface and accumulate in a 
monolayer where Ru would prefer to stay at the edge. Later, we report some initial 
studies on the RuSn9/CeO2 (111) catalyst for WGS reaction where possible reaction 
mechanisms have been explored and activation energy barriers calculated. This 
catalyst shows a significantly lower energy barrier using different reaction path, 
compared to other reported heterogeneou
[(int)ed heterogeneou



Utilisation of Machine Learning for Lithium Titanium Sulphate (LTS) 
Solid Solutions Energy Prediction 

Stefani Alexandria Setiono, Bruno Camino, Scott M Woodley 

*Department 



Effects of Electronic Polarization on the Convergence of Mott-Littleton 
Calculations of BaSnO3 

Cyril Xu*, Alexey Sokol*, Scott Woodley* 

*Department of Chemistry, University College London e05-bulk-smw 

Barium Stannate (BaSnO3) is a perovskite oxide material with a wide range 

of applications in various electronic devices thanks to its attractive 

electronic and thermal properties. Point defects in such materials can 

introduce additional charge carriers, modify band structures, and affect 

carrier mobility, resulting in changes in conductivities as well as catalytic 

activities. Understanding and controlling point defects in perovskite 

materials is crucial for tailoring their properties to specific applications and 

advancing their technological potential. The Mott-Littleton method 

evaluates the defect energy accurately by calculating the energy difference 

between the perfect and the defective crystals using interatomic potentials, 

which require significantly less computational resources, compared to ab 

initio methods. Partitioning the regions around the defect centre also 

provide straightforward and intuitive interpretations on defect energies 

based on factors that affect the formation and stability of the defect.  

We show that converging the defect energy in Mott-Littleton calculations 

can be challenging due to effects of electronic polarization due to the 

charged point defect, even for simple crystal structures in bulk phase, and 

analysing charge distributions in localised cluster can provide further 

insights on how the model can be improved and adapted to surfaces and 

interfaces, where addressing defect-induced dipole and quadrupole effects 

remains problematic. 

 

Fundamentals of Bulk 



 

Ketonisation of Carboxylic Acids over ZrO2-based catalysts for 
Biomass Valorisation: The Role of Surface Acid-Base Sites 

M. Delarmelina*, G. Deshmukh, H. Manyar, C. R. A. Catlow 

* School of Chemistry, Cardiff University, Cardiff CF10 3AT, UK e05-react-



Computational investigation of CO2 hydrogenation over Rh-based 
catalysts 

Shijia Sun*, Michael D. Higham, C. Richard A. Catlow 



High-dimensional neural networks for interatomic potentials: 
Applications to metal organic frameworks 

E. Kasoar*, D. Mason, P. Austin, A. Elena 

*Scientific Computing, STFC UKRI  

Machine learning interatomic potentials (MLIP) are revolutionising our way of describing 

and understanding how atoms and molecules interact. Precise simulations of atomic 

and molecular chemical systems is hampered by the poor scalability of first principles 



USING POTENTIALS FOR MODELLING COMPOUNDS THAT UNDERGO THE 

METAL – INSULATOR PHASE TRANSITION 

Paula Gómez García 

*Department of Chemistry, University College London  e05-bulk-smw 
 

The metal-insulator phase transition is the process by which a compound that conducts 

electricity becomes an insulator (or vice versa) by means of a change in its atomic and 

electronic structure. One of the most studied compounds is vanadium dioxide (VO2). 

The computational method most widely used for its study is DFT since the process has 

its origin in a Peierls distortion caused by the presence of a d1 electron in vanadium. 

Moreover, there are other dioxides that undergo the same process by means of a 

Peierls distortion: NbO2 and TaO2





 

Modeling the Effect of OSDA on Nucleation Process of TS-1 Zeolite 

Xu Zhang*; Sokols, Alexeykols



High-throughput computational design and discovery of conductive 
materials in the CSD MOF subset  

Federica Zanca1, Sanggyu Chong2, Bartomeu Monserrat3, David Fairen-Jimenez4, 
Peyman Z. Moghadam1* 
1 Dept. of Chemical and Biological Engineering, University of Sheffield, Sheffield, United 
Kingdom;  

e05-power 

 
 
MOFs are innovative porous materials, and have been widely studied for the past two 
decades for applications in different areas including gas storage, gas separation and 
catalysis. Here, we aim to study electrical conductivity in MOFs, a less explored but 
interesting property that can bring promising opportunities in energy storage and 
sensing application. Due to their high porosity and surface area, MOFs are poor 
electrical conductors. Here, to identify promising conductive structures, we performed 
high-throughput screening of the existing ca. 90,000 structures in the CSD MOF 
subset1— characterising the band gap and examining the presence or absence of 
metallic behavior. The first set of selection criteria was developed based on the nature 
of MOFs’ surface chemistry with a focus on the type of the secondary building unit and 
the ligand. We focused on MOFs containing open shell metals, metal clusters and 
highly conjugated linkers that can facilitate through-linker charge transfer between 
metals. The second set of criteria involved the presence of linkers containing metal-S, 
or -N coordination, redox-active linkers, π-π stacking, and mixed valence metals. For 
the ca. 1000 structures shortlisted, we then performed DFT calculations to derive useful 
insights into structure-conductivity relationships in MOFs, identify top-performing 
conductive MOFs, and to delineate key chemical and physical features in MOFs that 
influence their conductive properties for the first time. The results guide MOF 
researchers to assess and design conductive structures for electronics, energy storage 
and sensing applications.   
Reference: 
[1] Peyman Z. Moghadam et al. (2017) Chemistry of Materials, 29, 2618–2625 
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