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Organic Materials Database (OMDB)

Free to use!

https://omdb.mathub.io
S.S. Borysov, RM. Geilhufe, A.V. Balatsky,PloS one, 12:2, 2017

Electronic Structure

➢ Band structure, DOS

First dataset

➢ VASP, PBE

➢ ~ 41,000 materials

Second dataset

➢ VASP, SCAN+VdW 

(DFT-TS)

➢ In progress

Magnetic Structure

➢ Magnon spectra

➢ Magnetic ground state

First dataset

➢ RSPT

➢ Linear spin-wave theory

➢ ~ 120 materials (in 

progress)

OMDB Community

➢ Provide / request 

services

○ Synthesis, theory, 

measurements

➢ Upload your own results

➢ “Follow” materials



Organic Materials Database
Online Database with Focus on Data Mining
omdb.mathub.io

Accelerated Materials Discovery

https://www.whitehouse.gov/sites/de fault/ files/mi crosites/ ostp

/materials_genome_initiative-final .pdf

Organic Materials

• Flexible electronics
• Organic LED
• Organic solar cells

http://www.flickr.com/photos/rdecom/4146880795/

Dirac Materials

Data
Mining

Large-Scale
Calculations

• Graphene
• Topological insulators
• Weyl semi-metals

General Context and Motivation



The 
Materials
Project

Curtarolo Materials Laboratory

MatDat
Material Properties Database

Over 1000 detailed, fully referenced and verified datasets for steels,
aluminium and titanium alloys, cast irons/steels, weld metals,...

Detailed mechanical properties (monotonic, cyclic, fatigue) for all 
materials in the database.
Sign up for MatDat Free

search materials in the database only

Sign up for MatDat Edu
access to all materials in the 

database for students and young 
researchers/scientists

Sign up for MatDat Pro
full access to all materials and 

advanced options

MatNavi is NIMS Structural Datasheet Online. It is one of the 
largest databases in the world for materials. 

https://www.matdat.com/MainMenuItem.aspx?idM=2&subM=43
https://www.matdat.com/MainMenuItem.aspx?idM=2&subM=10
https://www.matdat.com/MainMenuItem.aspx?idM=2&subM=43


Overview

Data management and search systems for materials databases

Organic materials

Building database

Development of advanced search tools and tools for predictive analysis for materials
incorporating machine learning and data mining techniques

Database

Machine 
Learning

Data
Mining



How we do it

crystallography.net
More than 100,000 organic compounds 
to calculate (~40,000 are ready)

Standard DFT calculations to capture trends

Borysov SS, Geilhufe RM, Balatsky AV, 
Organic materials database: An open-access online database for data mining,

PLoS ONE 12(2), e0171501 (2017)





Organic Materials Database: Content

~40,000 Electronic Structures 
(june, 2022)



Organic Materials Database: Online Pattern Search

E
 (

e
V

)

X Γ Y,L Γ Z,N Γ M,R Γ
- 1.2

- 1.15

- 1.1

- 1.05

- 1

- 0.95

Highchar ts.com

Arbitrary pattern

Search results

S.S. Borysov, B. Olsthoorn, M.B. Gedik, R.M. Geilhufe, A.V. Balatsky,

Nature Computatonal Materials Science (2018)



Organic Materials Database: Online Pattern Search

S.S. Borysov, B. Olsthoorn, M.B. Gedik, R.M. Geilhufe, A.V. Balatsky,

Nature Computational Materials Science (2018)

1. Represent data and query as vectors 2. Approximate nearest neighbor search

https://www.cs.umd.edu/~mount/ANN/



 

  

• Dirac Materials

• Organic Materials Database

•Examples of a search of DM

•ML and electronic structure inference

•Conclusion

omdb.mathub.io



Organic Materials Database: High-Tc SC Search

Ren-Shu Wang, Yun Gao, Zhong-Bing Huang, Xiao-Jia Chen, 
Superconductivity above 120 kelvin in a chain link molecule, 

arXiv preprint arXiv:1703.06641 (2017)

K doped P-Terphenyl (Tc ~ 120 K) 



Organic Materials Database: DOS Similarity Search

Reference material
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(a) OM DB-ID 12336, COD-ID 2212018, C8H8Br2

(b) OM DB-ID 261, COD-ID 4062949, C8H5O

(c) OM DB-ID 12231, COD-ID 2203730, C18H18O2

FIG. 2: Elect ronic st ructure of the three most

promising materials with similarity to the elect ronic

st ructure of p-terphenyl within the valence bands.

almost planar molecules comparable to p-terphenyl.

The mechanisms guiding the high-temperature super-

conduct ivity in p-terphenyl are st ill unclear. The first

at tempts were reported by Mazziot t i et al. [45] propos-

ing that thedriving mechanism is the quantum resonance

between di↵erent superconduct ing gaps near a Lifshitz

(a) OM DB-ID 20042, COD-ID 2222905, C13H9FO3

(b) OM DB-ID 21466, COD-ID 7153064, C16 H12ClN3O

(c) OM DB-ID 19325, COD-ID 1542706,C12H14N2O5

FIG. 3: Elect ronic st ructure of the three most

promising materials with similarity to the elect ronic

st ructure of p-terphenyl within the conduct ion bands.

t ransit ion.

Considering a BCS-type mechanism to induce super-

conduct ivity, the t ransit ion temperature Tc increases

with increasing DOS at the Fermi level N (EF ) and cou-

pling constant g,

Tc ⇠ e− 1/ |g|N (E F ) . (1)

Search results



Organic Materials Database: DOS Similarity Search

Geilhufe RM, Borysov SS, Kalpakchi D, Balatsky AV, 
Novel Organic High-Tc Superconductors: Data Mining using Density of States Similarity Search, arXiv 

preprint arXiv:1709.03151 (2017)
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(a) OM DB-ID 12336, cod-id 2212018, C8H8Br2
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(b) OM DB-ID 261, cod-id 4062949, C8H5O
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(c) OM DB-ID 12231, cod-id 2203730, C18H18O2

FIG. 2: Elect ronic st ructure of the three most

promising materials with similarity to the elect ronic

st ructure of p-terphenyl within the valence bands.

almost planar molecules comparable to p-terphenyl.

The mechanisms guiding the high-temperature super-

conduct ivity in p-terphenyl are st ill unclear. The first

at tempts were reported by Mazziot t i et al. [45] propos-

ing that the driving mechanism is thequantum resonance

between di↵erent superconduct ing gaps near a Lifshitz
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(a) OM DB-ID 20042, cod-id 2222905, C13H9FO3
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(b) OM DB-ID 21466, cod-id 7153064, C16H12ClN3O
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(c) OM DB-ID 19325, cod-id 1542706,C12H14N2O5

FIG. 3: Elect ronic st ructure of the three most

promising materials with similarity to the elect ronic

st ructure of p-terphenyl within the conduct ion bands.

t ransit ion.

Considering a BCS-type mechanism to induce super-

conduct ivity, the t ransit ion temperature Tc increases

with increasing DOS at the Fermi level N (EF ) and cou-

pling constant g,

Tc ⇠ e− 1/ |g|N (E F ) . (1)

Valence Bands

Reference material (p-terphenyl)

Conduction Bands



Materials Informatics for Dark Matter detection

15

Y. Hochberg, et al, Physics Letters B 772, 239 – 246 (2017). Y. Hochberg et al, 

Phys. Rev. D 97, 015004 (2018)

Light dark matter – small gap sensors  Small 
gap natural for Dirac Materials



DM for DM detection

16

(BEDT-TTF)Br.

Database search: M. Geilhufe et al, arxiv18

Mass fluctuations and absorption rates in Dirac materials sensorsB 
Olsthoorn, AV Balatsky
arXiv preprint arXiv:1909.10394



Goals: close the loop

17

Mined- predicted 

Formula C10 H8 Cu N2 O3
A biomimetic copper water oxidation catalyst with low overpotential
Zhang et al, JACS, v 136, 273(2014)



Ab initio saturation- certainty

18



Structural similarity (dimensionality reduction) and band gaps

⚫ Chemical hydrogen storage

⚫ Boron-containing clusters

⚫ Similar molecular crystals

Organic metals/superconductors
⚫ Interactive version available:  

https://omdb.diracmaterials.org/dataset/OMDB-GAP1/interactive

Band gap prediction for large organic crystal structures with machine learning

Bart Olsthoorn, arXiv:1810.12814v4

https://arxiv.org/search/cond-mat?searchtype=author&query=Olsthoorn,+B
https://arxiv.org/abs/1810.12814v4


Band gap prediction for large organic crystal structures with machine learning

OMDB-GAP1: A new dataset for machine learning – https://omdb.diracmaterials.org/dataset/

SOAP: a structural similarity kernel for kernel ridge regression 

(10.1103/PhysRevB.87.184115)
SchNet: a deep neural network (arXiv:1809.01072)

ArXiv:1810.12814 (2018, under review)

Also part of: Machine Learning for Molecules and Materials NIPS 2018 
Workshop

10,000 training examples, 2500 to test out of sample error

Band gap prediction for large organic crystal structures with machine learningB Olsthoorn, RM 
Geilhufe, SS Borysov, AV Balatsky
Advanced Quantum Technologies 2 (7-8), 1900023



Papers  ~200+ citations
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5. R. Matthias Geilhufe, Bart Olsthoorn, Alfredo Ferella, Timo Koski, Felix Kahlhoefer, Jan Conrad, 

Alexander V. Balatsky, Phys. Status Solidi RRL, 12: 1800293 (2018).
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