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Why organics?

Properties

• strong correlations and electron interactions
→ complex phase diagrams

• softness → flexitronic

• infinite coordination space

Applications

• OLEDs, molecular qubits, spintronics, magnon
spintronics, spin liquid physics, ...



The Organic Materials Database

Electronic Structure

• Band structure, DOS

First dataset

• VASP, PBE

• ≈ 28, 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

• ≈ 100 materials

Hellsvik, et al., arXiv 
1907.01817

OMDB Community

1. provide/request 
services

2. upload your own results

3. ”Follow” materials

Free to use: 
https://omdb.mathub.io
Borysov, et al., PLoS ONE, 12(2), e0171501 (2017)

https://omdb.mathub.io/


Magnetic Excitations of organic magnets

Organic magnetic material with exchange 
between magnetic metal ions (silver) 
mediated over organic ligands

Excitation spectra from multiscale ab initio 
modeling

Hellsvik, Díaz Pérez, Geilhufe, Månsson, and Balatsky, arXiv 1907.01817



Magnetic excitations on the OMDB

Scope: Materials informatics for magnetic excitations on the 
Organic Materials Database (OMDB)

Physical entities: Magnetic ground states, interactions, and 
excitations spectra for crystalline solids

Ab initio dataset: High throughput calculations for spin 
Hamiltonians. Calculation of magnetic ground states and magnon 
spectra

Machine learning: Prediction of local magnetic properties: magnetic 
moments and Heisenberg interactions



Magnetic Hamiltonians and spin waves

Magnetic Hamiltonians to model low energy
magnetic excitations



Magnetic Hamiltonians and spin waves

Magnetic Hamiltonians to model low energy
magnetic excitations

Dispersion relations ω(q) with linear spin wave theory

Dynamic structure factor S(q,ω) with atomistic spin dynamics (ASD) simulations



Magnetic moments mi and Heisenberg interactions Jij

Chemical unit cell magnetic sites mi ( >0.1 muB)



Magnetic moments mi and Heisenberg interactions Jij

m
j

m
i

Nearest neighbour

interaction JNN

Next nearest neigh-

bour interaction JNNN

We consider interactions up to a 

cut-off radius rc

DFT LDA calculations using the LKAG formula

Liechtenstein et al., J. Mag. Mat 67, 65 (1987)



The cyclopentadiene alkylation and nickel complex C14H23Ni0.5

https://omdb.mathub.io/material/cod/4064866





Ground state and primitive magnetic cell

Ground state obtained from atomistic spin dynamics quenching simulation down to T=0 K
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AFM spin spiral 

ordering

Modulated with

incommensurate 
wave vector

Material COD 2203562                 



120 degree

AFM 

configuration

Commensurate
magnetic 

ordering?

Material COD 7008182 



Multiscale ab initio modeling & machine learning



Machine learning of magnetic properties

Challenge: Predict local properties 
of complex crystal structures

Target: Magnetic moments and 
Heisenberg interactions

Strategy:
1. Classification of crystals as magnetic or non-
magnetic
2. Classification of atoms as magnetic or non-
magnetic

3. Regression for |mi| and Jij

Roberto Díaz Pérez, MSc thesis, Stockholm University and Nordita (2019)
R. Díaz Pérez, R. M. Geilhufe, J. Hellsvik, and A. V. Balatsky, in preparation (2019). 



Regression for magnetization density – machine learning

Performance for Radial Multi-Hot

Metric:

where

MSE = Mean Square Error

VAR = Variance

For all data: r2=0.67

Blue asterisks represent missclassified
materials

Removing missclassified data (magnetic or 
not magnetic)

r2=0.89

which is a large improvement



Prediction of magnetization density

Distribution of DFT calculated magnetization

density for 23,486 materials contained in the

OMDB.

Distribution of machine learning

predicted magnetization density for

196,471 materials.



Modeling of OMDB organic materials with spinW

Look for magnetic Hamiltonians posted on the OMDB

Set up the magnetic Hamiltonian in spinW

Calculate the spin wave spectra and dynamic structure 
factor with spinW

Compare with the spin wave and dynamic structure 
spectra available on the OMDB



Exercise: Calculate the spin wave spectra for the material
https://omdb.mathub.io/material/cod/7018178



Input for spinW





Input for spinW



Compare your spectra with graphs on
https://omdb.mathub.io/material/cod/7018178



Exercise: Calculate spin wave spectra for the material
https://omdb.mathub.io/material/cod/7203358







Conclusions

Extending the OMDB to magnetic excitations

High throughput calculation of magnetic Hamiltonians and spin 
wave spectra

Machine learning for site-specific magnetic properties

Exercises on spin wave spectra for organic materials using spinW


