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Techniques for the determination of the magnetic anisotropy

STM

Anisotropy parameters     Anisotropy axes orientation   

Å(HF-)EPR on powder 

ÅInelastic Neutron Scattering

ÅMagnetometry on powder

ÅSpecific heat on powder

Å(HF-)EPR on single crystal

ÅTorque Magnetometry 

ÅAngle resolved  magnetometry
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Angular resolved magnetometry: the rotator

STMAn old technique 

revisited thanks to the 

automation & precision of 

horizontal sample rotator

combined high sensitivity 

of modern SQUID 

magnetometers

H

Internal rod

External rod

Sample 

holder

Wire &

spring

3



H

Angular resolved magnetometry: the crystal

STM
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Å1st step: Accurate indexing of the faces

2nd step: Three rotations along orthogonal 

axes allow a full characterization of the 

magnetic anisotropy without a priori

information
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Angular resolved magnetometry: the support

STM
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STM

SMM

The laboratory reference frame

By indexing with a single crystal X-ray diffractometer the 

faces of the amorphous cube on which the crystal is

glued, the laboratory reference frame is defined in the 

crystal lattice frame 6



Angular resolved magnetometry: the support

STM

© On-cube indexing of poorly 

defined or solvent loosing crystals7



The sign of each rotation has to be carefully checked
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top
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Increasing

angles for

QD 

machines

Rotation clockwise

0° 90° 180° 270°

Rotx z y -z -y

Roty z -x -z x

Rotz y x -y -x

Suggested sequences of rotations

Procedures to avoid mistakes
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Choose a right reference frame 

for the cube and place the 

crystal on +z

X rot
ïz cubeôs face 

on the support
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Characterization of the magnetic anisotropy of  Dy(hfac)3(NITR)2
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STM

SMM

Characterization of the magnetic anisotropy of  Dy(hfac)3(NITR)2

Experimental data are simulated

assuming a simple tensorial relation 

and taking into account that only the 

component of M along H is measured

M H= Öɢ

2 2( ) ( cos ( ) 2 cos( )sin( ) sin ( ))M H aa ab bbq c q c q q c q= + +

For each rotation :

Where a, bare the cyclic permutation of the reference frame axes

4.7599 0.3578 5.8439

0.3578 0.7758 0.4681

5.8439 0.4681 9.2236

-å õ
æ ö
=
æ ö
æ ö-ç ÷

ɢ
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STM

SMM

Characterization of the magnetic anisotropy of  Dy(hfac)3(NITR)2

Diagonalization of the susceptibility matrix

'= Ö Ö-1
ɢ R ɢ R

Provides us with the principal values of the susceptibility:

4.7599 0.3578 5.8439

0.3578 0.7758 0.4681

5.8439 0.4681 9.2236

-å õ
æ ö
=
æ ö
æ ö-ç ÷

ɢ

cx=0.2±0.1 emu·K·mol-1

cy=1.3±0.1 emu·K·mol-1

cz=13.2±0.2 emu·K·mol-1

The eigenvector matrix R

provides us with the principal

directions of the magnetic 

anisotropy
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