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— History —
Celebrating 10+ years of
Searching in the dark!
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ooooao? U History

In 2001 (we thought) we solved the problem!

A EUROPEAN JOURNAL

CHEM CHEM

OF CHEMICAL PHYSICS AND PHYSICAL CHEMISTRY

Nanometer-Sized Magnets

60 Tesla

A. Mller et al., Chem. Phys. Chem. 2, 517 (2001).
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Again in 2001 (we thought) we solved the problem!

EUROPHYSICS LETTERS 15 December 2001
Europhys. Lett., 56 (6), pp. 863869 (2001)

Quantum rotational band model for the Heisenberg
molecular magnet {MozsFesq}

J. Scunack!, M. Luan? and R. MoDLER?

L Universitiat Osnabriick, Fachbereich Physik - D-49069 Osnabriick, Germany

2 Ames Laboratory & Department of Physics and Astronomy, Iowa State University
Ames, Towa 50011, USA

(received 27 April 2001; accepted in final form 4 October 2001)

PACS. 75.10.Jm — Quantized spin models.
PACS. 76.50.Xx — Molecular magnets.

J. Schnack, M. Luban, and R. Modler, Europhys. Lett. 56, 863 (2001).
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The following solutions were so good,
they all appeared in Phys. Rev. Lett.!
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In 2002 (we thought) we solved the problem!

VOLUME 88, NUMBEER 16 PHYSICAL REVIEW LETTERS 22 ApriL 2002

Macroscopic Magnetization Jumps due to Independent Magnons
in Frustrated Quantum Spin Lattices

J. Schulenburg,! A. Honecker,> J. Schnack,” I. Richter,! and H.-J. Schmidt}
‘nstitut fiir Theoretische Physik, Universitdt Magdeburg, PO. Box 4120, D-39016 Magdeburg, Germany
*Institut fitr Theoretische Physik, TU Braunschweig, Mendelssohnstrasse 3, D-38106 Braunschweig, Germany

3Universitt Osnabriick, Fachbereich Physik, Barbarastrasse 7, D-49069 Osnabriick, Germany
{Received 29 August 2001: published 8§ April 2002)

For a class of frustrated spin lattices including the Kagomé lattice we construct exact eigenstates
consisting of several independent, localized one-magnon states and argue that they are ground states for
high magnetic fields. If the maximal number of local magnons scales with the number of spins in the
system, which is the case for the Kagomé lattice, the effect persists in the thermodynamic limit and gives
rise to a macroscopic jump in the zero-temperature magnetization curve just below the saturation field.
The effect decreases with increasing spin quantum number and vanishes in the classical limit. Thus it is
a true macroscopic quantum effect.

DOL: 10 1103/PhysRevLett. 88167207 PACS numbers: 75.10.Jm, 7545+, 75.50.Ee, 75.60.E]

J. Schulenburg et al., Phys. Rev. Lett. 88, 167207 (2002).
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In 2005 (we thought) we solved the problem!

p ' week ending
PRL 94, 017205 (2005) PHYSICAL SREVIEW LETTERS 14 JANUARY 2003

Competing Spin Phases in Geometrically Frustrated Magnetic Molecules

Christian Schrider®
Department of Electrical Engineering and Computer Science, University of Applied Sciences Bielefeld, [}-33602 Bielefeld, Germany
and Ames Laboratory, Ames, fowa 50011, USA

Hiroyuki Nojiri
Department of Physics, Okavama University, Trushimanaka 3-1-1, Okavama, 7N0-8530 Japan
12 ; ; ) ] e

Jirgen Schnack and Peter Hage
Fachbereich Physik, Universitdt Osnabriick, D-49069 Osnabriick, Germany

Marshall Luban and Paul Kogerler

Ames Laboratory & Department of Physics and Astronomy, Iowa State University, Ames, lowa 50011, USA
(Received 18 May 2004: revised manuscript received 27 November 2004; published 11 January 2005}

We had to discuss the experimental data somewnhat. = Il

C. Schroder et al., Phys. Rev. Lett. 94, 017205 (2005).
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In 2008 even the editor thought that the problem was solved!

PHYSICAL REVIEW B 77, 224400 (2008)

£

Multiple nearest-neighbor exchange model for the frustrated magnetic molecules
{Mo5,Fes) and {Mo7,Crs, )

Christian Schroder™
Department of Electrical Engineering and Computer Science, University of Applied Sciences Bielefeld, D-33602 Bielefeld, Germany
and Ames Laboratory, Ames, Towa 50011, USA

Ruslan Prozorov, Paul Kogerler,” Matthew D. Vannette, Xikui Fang, and Marshall Luban
Ames Laboratory & Department of Physics and Astronomy, lowa State University, Ames, lowa 50011, USA

Akira Matsuo and Koichi Kindo
Institute for Solid State Physics, University of Tokyo, Kashiwanoha 5-1-5, Kashiwa, Chiba 277-8581, Japan

Achim Miiller and Ana Maria Todea
Fakultdr fiir Chemie, Universitit Bielefeld, D-33501 Bielefeld., Germany
(Received 27 December 2007 ; revised manuscript received 9 May 2008; published 4 June 2008)

C. Schroder et al., Phys. Rev. B 77, 224409 (2008).

Jurgen Schnack, The AF Heisenberg icosidodecahedron 8/31



ooooao? U History

Finally in 2010: Hare Krishna!

PERSPECTIVE www rsc.org/dalton | Dalton Transactions

Structure-related frustrated magnetism of nanosized polyoxometalates:
aesthetics and properties in harmony+

Paul Kogerler,** Boris Tsukerblat” and Achim Miiller¢
Received st June 2009, Accepted st September 2009

First published as an Advance Avticle on the web 12th October 2009
DOL: 10.1039/b9107 16a

P. Kdgerler, B. Tsukerblat, and A. Miiller, Dalton Trans. 39, 1 (2010).
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This world could be
SO nice and harmonic ...
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... except:

IT IS NOT!
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So, what Is the problem?

Well, we all thought that
{ (Mo/W)7o(Fe/CrIV); } is

“The Kagome on a sphere”.

But It IS not.

|. Rousochatzakis, A. M. Lauchli, and F. Mila, Phys. Rev. B 77, 094420 (2008).
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ooooao? O 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
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lcosidodecahedron
_|_

Helsenberg model
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Expectations: Singlets, Plateau, and Jump
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e Many singlet levels below the first triplet;

e Plateau at M = Mgy/3;

e 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: {W:3V3p}
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e Perfect fit of susceptibility (FTLM);
e Expect magnetization steps in high-field measurements.

exp. data: A. M. Todea, A. Merca, H. Bogge, T. Glaser, L. Engelhardt, R. Prozorov, M. Luban, A. Mller, Chem.
Commun., 3351 (2009).
J. Schnack, arXiv:1012.4980
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Reality
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Reality: magnetization curve without steps

(WyoVao), 5=1/2

=== "perfect” theory (JS): T=0.h K
— Exp-2V (Hiroyuki)
— Exp-2V (Steven & Ruslan)

10 20 30 40 50 60 70
B (T)
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Speculations
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Speculation I: random J

N
H = -2 Jy36)-30) + gusB)Y 5.0
i< i
Heisenberg Zeeman

ldea of Christian Schroder: J;; fluctuate (J-strain), therefore, are chosen according
to a random distribution.

C. Schroder et al., Phys. Rev. B 77, 224409 (2008).
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Speculation I: random J

30

10 s {M072 Fe;q } ?: T=60mK

dM/dH [arb. units]

e Classical spin dynamics with random J for {MorsFe;y} and {Mo72Crsp};
e Absolutely astonishing accuracy.

C. Schroder et al., Phys. Rev. B 77, 224409 (2008).
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W75V
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o {W:5V3p} isthe MOST symmetric Keplerate (AM).

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

e Full FTLM quantum calculations, 15 hours on 510 cores for a single
parameter set.
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Outlook
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DMRG & FTLM provide full details |
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e DMRG yields ground states + very few low-lying states in orthogonal subspaces.

e 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 provide full details |

- ED Poles 500 iterations

0.25} ED n=0.05 J
— EDn=0.15J
= 02| x DDMRG n=0.15 J
S,
3

loc

o V3o. SZ (C,d) = —%Im<GS\S§ — _1 G . 5‘GS>

e 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

e The Keplerate molecules remain my hobby.

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

e J-strain should be visible elsewhere!

e If you have no explanation, try Dzyaloshinskii-
Moriya! This is our next step.
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Thank you very much for your
attention.

The end.
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Molecular Magnetism Web

www.molmag.de

Highlights. Tutorials. Who is who. Conferences.
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