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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 



Multiscale ab initio modeling & machine learning



Outline

• 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 m
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 and Heisenberg interactions J
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Chemical unit cell magnetic sites m
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 ( >0.1 muB)
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We consider interactions up to a 
cut-off radius r

c

DFT LDA calculations using the LKAG formula
Liechtenstein et al., J. Mag. Mat 67, 65 (1987)
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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 



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). 



Representations of crystals
Crystals: Defined by 
Lattice vectors (a

1
, a

2
, a

3
), atomic sites ( {r

i
} ), atomic numbers, ( {Z

i
} ).  

The description a
1
, a

2
 , a

3
, {r

i
, Z

i
} is not unique

For a low symmetric
compound, consider
e.g. a permutation of
the lattice vectors

A good descriptor for a crystal should be:

1. Translationally invariant

2. Invariant with respect to the size of the cell



Multihot encoding – presence/absence of elements

Smooth overlap of atomic positions (SOAP)

A. P. Bartók, S. De, C. Poelking, N. Bernstein, J. R. Kermode, G. Csányi, and M. Ceriotti, Sci. Adv. 3(12):e1701816 (2017)



Local environment representations

Radial Multihot: Concatenate to a vector

Examples: Carbon dioxide CO2 and methane CH4

For central atom carbon, both have



Classification of magnetic crystals – baseline model 

Ratios of magnetic materials for training set

Metrics for test set



Classification of magnetic crystals – machine learning

For full training set,
SOAP achieves 



Classification of magnetic sites – baseline model

Ratios of magnetic sites for training set

Metrics for test set

Group in periodic table 
is a strong indicator



Classification of magnetic sites – machine learning

Best performance for 
Radial Multi-Hot

Accuracy=0.99

F1=0.89



Regression for site magnetic moments – statistics



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.  



Prediction of Heisenberg interactions – representation

Idea: The interaction depend on the local chemistry of sites ri and rj, and 
the linking region.



Conclusions

• Extending the OMDB to magnetic excitations

• High throughput calculation of magnetic Hamiltonians and spin wave 
spectra

• Machine learning for magnetic properties



Conclusions

• Extending the OMDB to magnetic excitations

• High throughput calculation of magnetic Hamiltonians and spin wave 
spectra

• Machine learning for site-specific magnetic properties

https://omdb.mathub.io

Organic Materials Database

Thank you for your attention!
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