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INTRODUCTION



MOLECULAR SPINTRONICS

Molecular electronics spintronics
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Molecular electronics spintronics



SPINTERFACE AND ORBITAL MATCHING



OUTLINE

• Tunnelling magnetoresistance: C60/Cr(001)

• Tuning magneto-crystalline anisotropy: C60/Co

• Influence of substrate on switchable molecules
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TUNELLING MAGNETORESISTANCE

Nano Lett. 12, 4558-4563 (2012).



SYSTEM: C60/Cr(001)

Cr: AF material C60

Fe tip



STM IMAGES: C60/Cr(001)

STM topograph + dI/dU map

U=-25mVU=1V; I=300pA



MODELLING TOOL

Plane wave basis set

Ultra-soft pseudo-potentialsDFT 

Many analyzing tools



SPECTRUM OF ISOLATED C60

Isolated C60

Distorted C60

Pentagonal orientation



dI/dU map

Molecular orbital projected DOS

SPECTRUM OF C60/Cr(001)
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C60/FERROMAGNETIC INTERFACES

Phys. Rev. B 93, 085425 (2016).

C60/  bcc Cr(001) , bcc Fe(001), bcc Co(001), fcc Co(001), hcp Co(0001)

The surface symmetry 
and compacity is also 
crucial:
bcc(001) is optimal

Pentagonal symmetry 
is optimal for TMR

ORBITAL MATCHING





18 DÉCEMBRE 2018

|  PAGE 19

MASTANI, Pune, INDIA,  July 2014

TUNING MAGNETIC ANISOTROPY

PRL 114, 247203 (2015).



Co/Au(111) SUBSTRATE
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•Adsorption of C60 on  Co(0001)/Au(111)

C60/Co/Au(111) EXPERIMENT
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C60 favors « out-of-plane » magnetization

C60/Co/Au(111) EXPERIMENT

Co

Au(Pt)
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•Adsorption of C60 on  Co(0001)/Au(111): Theory

Decrease of

magnetization

increase of

“out-of-plane”

MCA

DFT calculation: 

C60/10L Co (4x4)

ani MCA shape

0.9 0.6

E 1.5meV    E = E For 5x16 Co atoms ani 19 eV / atom  E

C60/Co MODELLING
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C60 favors « out-of-plane » magnetizationExperiment:

Theory: C60 kills « in-plane » dz2 component of MCA

Orbital-resolved MCA

ORBITAL ANALYSIS



C60/Co/Au(111) VERSUS C60/Co/Pt(111)

EXPERIMENT
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Increase of coercive field

100% for C60/Co/Au

700% for C60/Co/Pt

Co/Au Co/Pt

PRB 98, 085432 (2018)



Co/Au(111) VERSUS Co/Pt(111)   
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Co/Au(111) Co/Pt(111)

residual strain



Co/Au(111) VERSUS Co/Pt(111)
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strain induced by interface can affect the surface MCA 

STRAINTRONICS
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INFLUENCE OF SUBSTRATE ON 

SWITCHABLE MOLECULES

Nature Comm. 7, 12212 (2016). + submitted…. 



SPIN CROSSOVER MOLECULES

Central ion 
(Fe, Co, Mn..)

Ligand

Ion in octahedral « cage »
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SCO ON SURFACE

Fe(phen)2 (NCS)2

On Cu(001) → no switching

On CuN/Cu(001) → switching (with voltage)

Interaction with surface can greatly affect the SCO

Nature Comm. 3, 938 (2012). Freezing of the configuration

fragmentation Gruber et al.  

terpyridine-based spin-

crossover complexes on 

Au(111)



FeII[((CH3)2Pz)3BH]2

Journal of material chemistry C 42, 11067

• Complete spin transition with T → E=0.1eV

• Structural bulk characterization

Bulk phase

2D self-assembly on Au(111)

Real space (STM) Reciprocal space (GIXD) Epitaxial structure



MIXED LS AND HS PHASE

3x1 structure

1.5V V 

0.3V V

• 1/3 of molecule are bright at 0.3V 

Mixed LS-HS phase

Nature Comm. 7, 12212 (2016).

Switching under blue illumination…



DFT MODELLING OF ISOLATED SCO

Tuning U in DFT+U From LS to HS

Standard DFT not sufficient → DFT+U

HS LS 0.1E E eV   



DFT MODELLING SCO/SURFACE

LS-HS-HS LS-HS-LS LS-LS-LS HS-HS-HS

0 2.3 28.1 15.0

Spin configuration

Energy (meV)

3x1 SCO / 3 Au(111) layers



TOWARDS A GENERIC MODEL
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MODEL OF A SCO CHAIN

intra ( )E r inter ( )V a

Mixed phase

Phase diagram
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CONCLUSIONS PERSPECTIVES



CONCLUSION & PERSPECTIVES

• Spinterface: affects the molecule as well as the substrate

• Orbital matching: a combination between surface and molecule

Open perspectives based on Orbital Engineering

• Even rather low surface/molecule interaction can affect the intrinsic 
properties of the molecules

Room for rational design..
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