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➠ ➡➡ ➠ ❐ ? ✖ History

The icosidodecahedron
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➠ ➡➡ ➠ ❐ ? ✖ History

– History –

Celebrating 10+ years of

Searching in the dark!
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➠ ➡➡ ➠ ❐ ? ✖ History

In 2001 (we thought) we solved the problem!

A. Müller et al., Chem. Phys. Chem. 2, 517 (2001).
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➠ ➡➡ ➠ ❐ ? ✖ History

Again in 2001 (we thought) we solved the problem!

J. Schnack, M. Luban, and R. Modler, Europhys. Lett. 56, 863 (2001).
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➠ ➡➡ ➠ ❐ ? ✖ History

The following solutions were so good,

they all appeared in Phys. Rev. Lett.!
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➠ ➡➡ ➠ ❐ ? ✖ History

In 2002 (we thought) we solved the problem!

J. Schulenburg et al., Phys. Rev. Lett. 88, 167207 (2002).
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➠ ➡➡ ➠ ❐ ? ✖ History

In 2005 (we thought) we solved the problem!

We had to discuss the experimental data somewhat. ⇒ !!!

C. Schröder et al., Phys. Rev. Lett. 94, 017205 (2005).
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➠ ➡➡ ➠ ❐ ? ✖ History

In 2008 even the editor thought that the problem was solved!

C. Schröder et al., Phys. Rev. B 77, 224409 (2008).
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➠ ➡➡ ➠ ❐ ? ✖ History

Finally in 2010: Hare Krishna!

P. Kögerler, B. Tsukerblat, and A. Müller, Dalton Trans. 39, 1 (2010).
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➠ ➡➡ ➠ ❐ ? ✖ History

This world could be
so nice and harmonic . . .
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➠ ➡➡ ➠ ❐ ? ✖ History

. . . except:

IT IS NOT!
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➠ ➡➡ ➠ ❐ ? ✖ History

So, what is the problem?
Well, we all thought that{
(Mo/W)72(Fe/Cr/V)30

}
is

“The Kagome on a sphere”.

But it is not.
I. Rousochatzakis, A. M. Läuchli, and F. Mila, Phys. Rev. B 77, 094420 (2008).
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➠ ➡➡ ➠ ❐ ? ✖ Contents for you today

Contents for you today

1. History
√

2. Expectations

3. The Reality

4. Speculation: random J (CS)

5.
{

W72V30

}
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➠ ➡➡ ➠ ❐ ? ✖ Expectations

Expectations
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➠ ➡➡ ➠ ❐ ? ✖ Expectations

Icosidodecahedron
+

Heisenberg model
=
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➠ ➡➡ ➠ ❐ ? ✖ Expectations

Expectations: Singlets, Plateau, and Jump
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• Many singlet levels below the first triplet;

• Plateau at M = Msat/3;

• Unusually large jump to saturation.

R. Schmidt, J. Schnack, and J. Richter, J. Magn. Magn. Mater. 295, 164 (2005).
J. Schnack, Dalton Trans. 39, 4677 (2010).
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➠ ➡➡ ➠ ❐ ? ✖ Expectation

Expectation: {W72V30}

• Perfect fit of susceptibility (FTLM);

• Expect magnetization steps in high-field measurements.

exp. data: A. M. Todea, A. Merca, H. Bögge, T. Glaser, L. Engelhardt, R. Prozorov, M. Luban, A. Müller, Chem.
Commun., 3351 (2009).
J. Schnack, arXiv:1012.4980
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➠ ➡➡ ➠ ❐ ? ✖ Reality

Reality
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➠ ➡➡ ➠ ❐ ? ✖ Reality

Reality: magnetization curve without steps
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➠ ➡➡ ➠ ❐ ? ✖ Speculations

Speculations
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➠ ➡➡ ➠ ❐ ? ✖ Speculation I

Speculation I: random J

H∼ = −2
∑
i<j

Jij~s∼(i) ·~s∼(j) + g µB B
N∑
i

s∼z(i)

Heisenberg Zeeman

Idea of Christian Schröder: Jij fluctuate (J-strain), therefore, are chosen according
to a random distribution.
C. Schröder et al., Phys. Rev. B 77, 224409 (2008).
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➠ ➡➡ ➠ ❐ ? ✖ Speculation I

Speculation I: random J

• Classical spin dynamics with random J for {Mo72Fe30} and {Mo72Cr30};

• Absolutely astonishing accuracy.

C. Schröder et al., Phys. Rev. B 77, 224409 (2008).
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➠ ➡➡ ➠ ❐ ? ✖ {W72V30}

{
W72V30

}
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➠ ➡➡ ➠ ❐ ? ✖ {W72V30}

{W72V30}

• {W72V30} is the MOST symmetric Keplerate (AM).

• Nevertheless, it needs a J variation of about 30%.

• Full FTLM quantum calculations, 15 hours on 510 cores for a single
parameter set.
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➠ ➡➡ ➠ ❐ ? ✖ Outlook

Outlook
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➠ ➡➡ ➠ ❐ ? ✖ DMRG & FTLM

DMRG & FTLM provide full details I
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• DMRG yields ground states + very few low-lying states in orthogonal subspaces.

• Magnetization curve for T = 0, resonance energies for spectroscopy.

(1) J. Ummethum, J. Schnack, and A. Laeuchli, J. Magn. Magn. Mater. 327 (2013) 103
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➠ ➡➡ ➠ ❐ ? ✖ DMRG & FTLM

DMRG & FTLM provide full details II
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• Aim: better understanding of low-lying levels, INS.

(1) J. Ummethum, J. Schnack, and A. Laeuchli, J. Magn. Magn. Mater. 327 (2013) 103
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➠ ➡➡ ➠ ❐ ? ✖ Summary

Summary

• The Keplerate molecules remain my hobby.

• Finite-temperature Lanczos is perfect to deal with
larger systems and to go beyond Heisenberg
models.

• J-strain should be visible elsewhere!

• If you have no explanation, try Dzyaloshinskii-
Moriya! This is our next step.
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➠ ➡➡ ➠ ❐ ? ✖ Collaboration
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• T. Glaser, Chr. Heesing, M. Höck, N.B. Ivanov, J. Korenke, H.T. Langwald, S. Lei-
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➠ ➡➡ ➠ ❐ ? ✖ The end

Thank you very much for your
attention.

The end.
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➠ ➡➡ ➠ ❐ ? ✖ Information

Molecular Magnetism Web

www.molmag.de

Highlights. Tutorials. Who is who. Conferences.
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