Magnetic response of magnetic molecules
with non-collinear local d-tensors

Jurgen Schnack

Department of Physics — University of Bielefeld — Germany
http://obelix.physik.uni-bielefeld.de/~schnack/

DPG Spring Meeting
Regensburg, March 22-26, 2010

Deutsche )
Forschungsgemeinschaft

oFG

Universitat Bielefeld

The Leverhulme Trust



I I I N A I O Collaboration

Many thanks to my collaborators worldwide

e T. Englisch, T. Glaser, M. Hock, S. Leiding, A. Mller, R. Schnalle, Chr. Schroder,
J. Ummethum (Bielefeld)

e K. Barwinkel, H.-J. Schmidt, M. Neumann (Osnabrlck);

e M. Luban, D. Vaknin (Ames Lab, USA); P. Kogerler (Aachen, Jilich, Ames)
J. Musfeld (U. of Tennessee, USA); N. Dalal (Florida State, USA);
R.E.P. Winpenny, E.J.L. Mclinnes (Man U, UK); L. Cronin (Glasgow, UK);
J. van Slageren (Nottingham);
H. Nojiri (Sendal, Japan); A. Postnikov (Metz, France)

e J. Richter, J. Schulenburg (Magdeburg); S. Blugel (FZ Julich); A. Honecker
(Gottingen); U. Kortz (Bremen); K. Kupper (Uim); A. Tennant, B. Lake (HMI
Berlin); B. Blchner, V. Kataev, R. Klingeler, H.-H. Klaul3 (Dresden); P. Chaud-
huri (Midhlheim); O. Waldmann (Freiburg); J. Wosnitza (Dresden-Rossendorf)

Jurgen Schnack, Magnetic response of magnetic molecules with non-collinear local d-tensors 1/20



ooooao? O Contents for you today

Contents for you today

1. Aim
2. The Hamiltonian
3.V,

| ©cn

= 4. Some Systematics

Jurgen Schnack, Magnetic response of magnetic molecules with non-collinear local d-tensors 2/20



gogood? U Aim

Alm
Understand depenence of magnetic properties on

microscopic, i.e. local d-tensors

Derive microscopic parameters from macroscopic
observables

Compare to ab initio calculations
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The Hamiltonian
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ooooao? O Getting eigenvalues

Getting eigenvalues
— 2 — N
H(B) = - Z Jijs(i)- (1) + Z di (é-3(i))"+ ppB- Z g - 5(7)

o |H,5?| #0, |H,5.| £0; = MAGPACK does not work

—

e You have to diagonalize H(B) for every field (direction and strength)!

e Orientational average for powder samples.
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V'Clg(thme),(bipy)s]
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[V'Cls(thme) »(bipy) 5]

e From a physicists point of view this molecule con-

tains 4 interesting V! ions with s = 1 and very
likely large anisotropy.

e The other stuff —thyme? — seems to be important
for the cooking.

lan S. Tidmarsh, Luke J. Batchelor, Emma Scales, Rebecca H. Laye,
Lorenzo Sorace, Andrea Caneschi, Jurgen Schnack and Eric J.L.
Mclnnes, Dalton Trans. (2009) 9402-9409
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[V}'Cls(thme) »(bipy) 3]

e 4 V!'ions with s = 1; approximate C3 symmetry;
e 2 exchange interactions;

. e Central V: axial anisotropy;

e Quter Vs: local anisotropy axis with azimuthal
angle v.

e Powder average.

lan S. Tidmarsh, Luke J. Batchelor, Emma Scales, Rebecca H. Laye,
Lorenzo Sorace, Andrea Caneschi, Jurgen Schnack and Eric J.L.
Mclnnes, Dalton Trans. (2009) 9402-9409
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Two equally good parameter sets.
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High fields could distinguish.
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Accuracy of measurement limits modeling.
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V4 — Anisotropy tensors

Cartoon of anisotropy tensors.
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Any Systematics?
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ooooao? O Systematic study of a trimer

Systematic study of a trimer

Anisotropic trimer

> C3 N e lons with s = 1; C3 symmetry;

e 1 exchange interaction;

T e Local anisotropy axis with azimuthal angle v.

e Powder average.

J. Schnack, Condens. Matter Phys. 12 (2009) 323-330
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Intermediate coupling

gbd=-D=-1009=0. 90° gl3=-1D=+0m8=0. 90°
T=0110 T=0110
m 4 =
3
X
=
2 = -
0 B 1 1 1 ]
6 7
6 =
m 4| =
3
N
> |
2t J=+,D=-1011 9 =0 . 90°- 2+ | J=+,D=+01J%=0_ 90°]
T =010 | N T =011
0 B 1 1 1 1 1 1 1 1 1 ] 0 B 1 1 1 1 1 1 1 1 1 ]
0.0 05 1.0 15 2.0 0.0 05 1.0 15 2.0
gugB/lI gugB/lI

Jurgen Schnack, Magnetic response of magnetic molecules with non-collinear local d-tensors 16/20



gogood?

Weak coupling
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Conclusion

Understand depenence of magnetic properties on
microscopic, i.e. local d-tensors

Derive microscopic parameters from macroscopic
observables \/

Compare to ab initio calculations ' I I
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Thank you very much for your attention.
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Molecular Magnetism Web

www.molmag.de

Highlights. Tutorials. Who is who. Conferences.
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