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CrI3 CrSBrMPS3

TC = 45 K TC = 146 KTN = 70 - 150 K
Lee et al., Nano Lett. 2021, 21(8), 3511
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Lee et al., Nano Lett. 2021, 21(8), 3511
Yang et al., Phys. Rev. B 2021, 104(14), 144416

Rizzo et al., Adv. Mater. 2022, 2201000



Electronic structure (DFT+U)

Lee et al., Nano Lett. 2021, 21(8), 3511
Yang et al., Phys. Rev. B 2021, 104(14), 144416

Rizzo et al., Adv. Mater. 2022, 2201000
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DFT+U+SOC / TBH

- Tight-binding model with ab initio parameters
- Selected projectors: Cr (d), S (p) and Br (p) orbitals
- Minimization of spread for the Wannier functions

Lee et al., Nano Lett. 2021, 21(8), 3511
Yang et al., Phys. Rev. B 2021, 104(14), 144416

Rizzo et al., Adv. Mater. 2022, 2201000





- Three Wannier hamiltonians that include
SOC. Spin pointing x, y and z directions.

- Green’s function method with local rigid
spin rotation as a perturbation

TB2J code : https://github.com/mailhexu/TB2J



Synchrotron X-ray diffraction (250-10K)
López-Paz et al. Nat. Commun. 2022, 13, 4745

Boix-Constant, Mañas-Valero,* Ruiz, Rybakov, Konieczny, Pillet, Baldoví and Coronado* Adv. Mater. 2022, 34, 2204940
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Esteras, Rybakov, Ruiz and Baldoví* Nano Lett. 2022, 22, 8771–8778  

2D materials

Outstanding deformation capacity

Can we use strain engineering to control 
spin waves propagation?



Dorye L. Esteras

U = 3 eV



- Uniaxial strain (a)

- Uniaxial strain (b)
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- Uniaxial strain (a)

- Competing FM (t2g-eg) vs AFM (t2g-t2g) pathways
- Tensile strain and an enhancement of Coulomb interactions

lead to a decrease of the AFM channel, thus enhancing J1. 



- Uniaxial strain (a)

- Uniaxial strain (b)

Dorye L. Esteras

U = 3 eV

Esteras, Rybakov, Ruiz and Baldoví* Nano Lett. 2022, 22, 8771–8778  



- Uniaxial strain (b)

- Competing FM (t2g-eg) vs AFM (eg-eg) pathways
- Compressive strain (b) and decrease of Hubbard U lead to a 

decrease of the AFM channel, thus enhancing J3. 



- Holstein-Primakoff transformation in linear spin wave approximation

Andrey Rybakov

Uniaxial strain (a)
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- From magnon dispersion relation through renormalized spin-wave theory

- Uniaxial strain (b)

- Uniaxial strain (a)

30% enhancement!

Fight eg-eg (J3)

TC (calc) = 122 K

Fight t2g-t2g (J1)

Lado et al., 2D Materials
2017, 4(3), 03002



- Real-time real-space
SWs propagation (LLG)

- Gilbert damping: 0.01 
(from CrI3 literature)

- Ultrashort oscillating
magnetic field (1 ps) to
generate a SW.

- Tensile strain a reaches
group velocity va = 
4.2·103 m/s vs 
compressive strain b 
reaches group velocity
vb = 7.5·103 m/s 

0 % strain -5 % compressive strain (b)
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Spin waves in hybrid molecular/2D magnetic materials!





Coronene

TTF

TCNQ

Perylene



- Different adsorption sites

- Different orientation of the
molecules (rotation f axis)

- 4x4 supercells (~12 Å
between molecules)

- Dispersion corrections

- Calculation of Eads

Eads = Ehybrid – E2D - Emol



- Full optimization for each
molecular orientation

Top Br Top Cr

Hollow Top Br

perylene coronene

TTF TCNQ

Perylene Coronene

Molecules Site Eads, eV h, Å e- transfer
TTF-CH3 Hollow-top -2.23 1.32 0.80
TTF Hollow-top -1.55 2.14 0.69
Perylene Br-top -1.35 2.76 0.45
Coronene Cr-top -1.18 2.97 0.16
TCNQ Br-top -0.65 3.15 -0.03



(a) (b) (c)

(d) (e) (f)

Ruiz, Rivero-Carracedo, Rybakov, Dey and Baldoví* 
Nanoscale Adv. 2024, DOI: 10.1039/D4NA00230J 



Gonzalo Rivero

Alberto M. Ruiz

Ruiz, Rivero, Rybakov, Dey and Baldoví* Nanoscale Adv. 2024, DOI: 10.1039/D4NA00230J 



Eads = -1.55 eV  

Eads = -1.35 eV  

Gonzalo Rivero

0.15 µB

DMCr = -0.21%

Alberto M. Ruiz

Ruiz, Rivero-Carracedo, Rybakov, Dey and Baldoví* 
Nanoscale Adv. 2024, DOI: 10.1039/D4NA00230J 



Huang et al., Nature 2017, 546, 270–273Lee et al., Nano Lett. 2016, 16(12), 7433–7438

CrI3 CrSBrMPS3

TC = 45 K TC = 146 KTN = 70 - 150 K
Lee et al., Nano Lett. 2021, 21(8), 3511



CrCl3 CrBr3 CrI3 Chen, L et al. (2021). PRX, 11(3), 031047.
Nikitin, et al. (2022). PRL, 129(12), 127201.
Chen, L. (2021). 2D Materials, 9(1), 015006.

CrCl3 CrBr3

CrI3
INS at 4 K

Esteras, Baldoví*, 
Materials Today Electronics, 2023, 6, 100072



- First principles: Zero free parameter 
methodology

- Biaxial strain: scf Hubbard U for each 
structure (Linear response DFPT)

Esteras, Baldoví*, Materials Today Electronics,
2023, 6, 100072



- First principles: Zero free parameter 
methodology

- Biaxial strain: scf Hubbard U for each 
structure (Linear response DFPT)

- In absence of DMI (antisymmetric 
exchange), there is no gap

CrCl3 CrI3CrBr3

Esteras, Baldoví*, Materials Today Electronics,
2023, 6, 100072



- DMI gaps out the Dirac 
points in the magnon 
dispersion of CrI3 monolayer

- Strain engineering of DMI: 
enhancement of magnon 
gap (by 40 %)

CrCl3 CrI3CrBr3
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PRX 2019, 9, 011026; PRB 2020, 101, 064416; PRB 2021, 103, 064431; 
Nano Lett. 2021, 21, 5045; PRL 2021, 127, 097401; PRB 2021, 104, L100404 



Jonah Nitschke

Mirko Cinchetti
TU Dortmund

- Exp. vs theo. momentum 
maps for various energies

- Phenomenological Hubbard 
U = 1.9 eV that matches 
energy gap between 1st and 
2nd group of bands

- Rich band structure with 
multiple overlapping bands 
(agreement with DFT+U) 

- Bands closer to the VBM 
dominated by Fe 3d orbitals

Materials Today Electronics, 6, 100061 (2023)





Houmes, Baglioni, Siskins, Lee, Esteras, Ruiz, Mañas-Valero, Boix-Constant, Baldoví, 
Coronado, Blanter, Steeneken and van der Zant, Nature Commun., 14, 8503 (2023)



Ruiz, Esteras, Rybakov and Baldoví* Dalton Trans. 2022, 51, 16816

Janus 2D materials

Two faces of the material are asymmetric

What are the effects of 
mirror broken symmetry?



- Crystal, electronic and magnetic structure of selenized Janus monolayers

Ruiz, Esteras, Rybakov and Baldoví* Dalton Trans. 2022, 51, 16816



- Crystal, electronic and magnetic structure of selenized Janus monolayers

Ruiz, Esteras, Rybakov and Baldoví* Dalton Trans. 2022, 51, 16816

Change of magnetic easy axis from in-
plane (NiPS3) to out-of-plane (Ni2P2S3Se3)

Drastic enhancement of magnetic anisotropy
(induced broken inversion symmetry)



- Wannier Hamiltonian using d orbitals of M and s, p orbitals of P, S and Se

- Exchange interactions determined by Green’s function method; Single-anion
anisotropy extracted from MAE

- Induced broken symmetry creates large DMI

Ruiz, Esteras, Rybakov and Baldoví* Dalton Trans. 2022, 51, 16816

Janus

MnPS3



- Wannier Hamiltonian using d orbitals of M and s, p orbitals of P, S and Se

- Exchange interactions determined by Green’s function method; Single-anion
anisotropy extracted from MAE

- Induced broken symmetry creates large DMI

Ruiz, Esteras, Rybakov and Baldoví* Dalton Trans. 2022, 51, 16816 Mazin et al. arXiv:2309.02355

Janus



Ruiz, Esteras, López-Alcalá and Baldoví* 
Nano Lett. 2024, DOI: 0.1021/acs.nanolett.4c01019 

Fe3GaTe2

Isostructural with Fe3GeTe2

What is the origin of above-room-
temperature magnetism in Fe3GaTe2?
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Fe3GaTe2 (Tc ~380 K); Fe3GeTe2 (Tc ~230 K)  
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Fe3GeTe2Fe3GaTe2



1. 2D magnetic materials: A fascinating playground
for exploring and controlling magnetic properties.
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2. Ab initio calculations provide fundamental
understanding and practical guidelines for the
rational design and optimization of novel materials.



1. 2D magnetic materials: A fascinating playground
for exploring and controlling magnetic properties.

2. Ab initio calculations provide fundamental
understanding and practical guidelines for the
rational design and optimization of novel materials.

3. The versatility of chemistry to tune the magnetic
properties and offer new opportunities for
designing ultrathin films with tailored properties
for magnonic applications.
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Thank you!
¡Muchas gracias!
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