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M2 Acetate Complex

A tetragonal crystal containing a large
(Avogadro's) number of  weakly
interacting magnetically identical spin-
10 molecules.

Mn,0,,(CH;COO0),,(H,0),

Uniaxial crystal, large anisotropy = 60 K



Molecular Structure of M n,,-acetate
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Spin Reversal by Tunneling
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Spin Reversal by Tunneling
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Spin Reversal by Tunneling
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Normalized Magnetization
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Magnetic Deflagration
Chemical Deflagration

Chemica Reaction Spin Reversal
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DIPOLAR(?) FERROMAGNETISM IN MN-12
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Reaching Equilibrium

Magnetization (arb. unit)

Temperature
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O Measurements of susceptibility in equilibrium

MZ (arb. units)
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Pure-system MFA

X (ar?. units)

Mean field calculation of transition temperature for a

pure dipolar Ising ferromagnet in transverse field.
[Milliset al, PRB 81, 024423 (2010)]

T decreases due to quantum fluctuation (spin canting).

H =_-D “1“ B 51 1+ C (Sj_ —+ f‘)i ) + glp ﬁ Ik q | * the dipolar interaction
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X, (arb. units)

The intercept is suppressed by the transverse magnetic
field much more strongly than expected.
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Behavior ssmilar to LIHO Y. Fy

Silevitch et al. (Nature, 448, 06050 (2007)
Random Field Ising Ferromagnetism (RFIFM)
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The distribution of random fields arises physically from a
distribution of isomers of the host acetate material.

[Mn12042[0=CCHs he(He0}a] - 2CHaC0eH - 4H=0
Magnetﬁf Core

Sy
Organic Environment
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Tilted easy
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Six different isomers Corniaet a. PRL 2002;
del Barco et a. JLTP 2005

|somer disorder causes the easy axis of some of the moleculesto tilt

HE, > .
260 280

away from the crystal c axisby asmall angle & ~0.5 to 1.7 degrees




Isomer disorder > easy axistilt

O The external magnetic field is applied
transverse to the crystal c-axis,
NOT perpendicular to the easy axis
of the tilted molecules.

O The tilted molecules experience a
field along their Ising axis.

O  The projection become comparable
to the dipolar interactionswhen H, =
5T, thetilted spins are frozen and do

not order. Thisleadsto an effective
dilution.




easy axistilt » random field

At zero H , tilting changes dipolar interaction very little,

For untilted molecules, the two longitudinal orientations
areequal, eveninH,.

For tilted molecules, the projection of transverse field
makes one orientation preferred over the other.
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LIHOxY 1xF4 — Mn12-acetates

eDilution
-random interactions
(“SG” behavior for x<0.2)

eTransverse field

-spin-canting+dipole interactions
produces a random field along the Ising
axis
randomly located spins that are
uniformly polarized along x
produce a random field along z.

Hyperfine interactions ~
dipolar interactions

*Critical behavior can be
studied experimentally

eNo dilution

-In zero-transverse field Mni2-ac is
essentially a pure Ising system

eTransverse field

-random field along the Ising axis

of misaligned molecules

-large random fields
misaligned spins "slave’ to random
field and do not order

randomly located and randomly
polarized "slave’ spins produce an
additional random field along the Ising
axis*

*\Weak hyperfine interactions

*Slow QTM relaxation
prevents study of the critical behavior
(at least for now).

*not included in mft (i.e. Millis et al, Arxiv:2009)
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Determination of Curie-Weiss 6 of Mn,,-ac and Mn,,-ac -MeOH
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In addition to dipolar interactions,
a non-dipolar (superexchange) contribution.



Summary
| - Background — molecular magnets

Il - We have found an experimental realization of

random field Ising ferromagnetism (RFIFM) In
Mnl2-ac, a prototypical molecular magnet.

I11 -  Therandomnessis introduced, and can be tuned, by
external magnetic field.

11 — The interactions are not purely dipolar and depend
on the crystal ligands.
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