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Outline

Magnetic switching of FeMagnetic switching of Fe--porphyrin molecules adsorbed on surfacesporphyrin molecules adsorbed on surfaces

only very few publication cover this full range of XAFS

ultrathin ferromagnets

Fe -

 

OEP

switching will change the conductance ?



4/20Freie Universität Berlin XAFS XIV, Camerino 26.-31. July 2009

Nature nanotech. 2007

Nature Materials, March 2009

1. Introduction
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Nature Materials 6,516 (2007)
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There is plenty of  research in bulk metalorganic
 

powder, solution, 
i. e. random orientation of the molecules.

•Penner-Hahn, Hodgson in Iron Porphyrins Vol. 3, 1989

•Goulon
 

et al. The Porphyrin Handbook , 2000

•Hocking et al. JACS 2007, the Stanford-Utrecht group

•See also Electron Spin Resonance in Iron Porphyrins Vol. 2 
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2. NEXAFS at the
 

C and N K-edges
Distinguish between (I. Nenner

 
1986):

1) Excitation in an unoccupied bound state, 
=>

 
discrete resonance,  relax back to the ground state.

 2) The core electron is ejected in the continuum
 => centrifugal barrier, scattering theory (MSM) 

J. P. Connerade
 

1986, D. Arvanitis
 

et al. Z. Physik
 

1989
 eff. spherical well potential  →

 
analytical solution
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D. Bovenschen, Diplom

 

Thesis 2009 University Duisburg-Essen;  V0

 

a2 = 7.3eVÅ2,
 

Schwinger’s theorem 1947

Fe-OEP/Ni/Cu(100)
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Angular dependent NEXAFS  flat lying porphyrin molecules on surface.
In bulk usually the average over f(Θ) is measured.

•
 

Sharp resonances below threshold: 
fine structure of 1s → π* transitions, angular dependence, 
similar to earlier work by Narioka

 

et al. JCP 1995 on ZnTPP/Ag

•Broad scattering profile above threshold: 
1s →∞ ,

 
σ* -shape resonances, both at C and N edges, 

scattering-potential, -strength,  direct access to bonding geometry,
 see Dehmer, Connerade, Nenner

 

etc.

•Analysis of  ΔΘ-spectra, 
ongoing work, Diplom

 

Thesis, Bovenschen

 

Uni-

 

DUE 2009

•No XMCD signal at N was detected, but there will be some induced
 

magnetism,
 see Sorg

 

et al. @ XAFS 13 for oxygen on Fe,Co,Ni, and Amemiya

 

et al. CO/Co/Cu(100) PRB 2001

•Confirm a flat oriented  monolayer of Fe-porphyrin on the surface
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3. NEXAFS and XMCD at the Fe L3,2
 

-edges
 3dn-energy scheme and magnetism of the Fe-ion

Dramatic change of ligand
 

field upon 
coadsorption

 
of oxygen. 

Gambardella et al. 2009, 
Bernien

 
et al. 2009

Unperturbed eg

 

, t2g

 

eigenstates
are no good.

“zero field splitting”
 

≡
 

CEF

Fe 3+,2+

S= 5/2, 3/2, 1/2
S= 2, 1, 0
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orbital and spin magnetic moments

LZ • SZ

+L •

 

S
L±

 

• S+
_

The
 

orbital moment
 

is
 

quenched
 

in 
cubic

 
symmetry

2-
 

LZ

 

2-
 

= 0,

but
 

not
 

for
 

tetragonal symmetry
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Orbital magnetism
 

in second order perturbation
 

theory
H

 
'= µB

 

H•L
 

+ L•S

anisotropic
 

µL

 


 

MAE

LSMAE  µL4µB

Bruno (‘89)

Anisotropic magnetic moment (g-tensor) and magnetic anisotropy energy 
have the identical same origin:  SOC mixes the eigenstates (l-

 
and s-part !). 
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3. NEXAFS and XMCD at the Fe L3,2
 

-edges
 L-edge spectra

Iron magnetic moments can be flipped up and down,  left and right 
with  a small “external force”

 
of  mT, only. Wende

 
et al. 2007

First experiments of this kind on Mn
 

TPP /10 nm Co 
by Scheybal

 
et al. Chem. Phys. Lett. 2005 @SLS

This will change the conductance thru the molecule.
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High sensitivity @ BESSY UE56-2/PGM2
1 ML of Fe-OEP 

 
1/100 ML of Fe/Cu.

T-dependent XMCD 50 –
 

300 K was measured
for Fe and

 
Ni/Co  

and the exchange coupling determined to be


 
70 meV

 
for Fe-OEP/Co and

 
 

20 meV
 

for Fe-OEP/Ni.

See Bernien
 

et al. PRB 2007
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Oxygen surfactant-growth of Ni and Co ultrathin films 
Oxygen c(2x2) floats on top  (Sorg

 
et al. PRB 2006)

On top of this we evaporate Fe-OEP

As a result we find antiparallel alignment 
of μFe

 

and MNi,Co

 

antiferromagnetic
 

coupling

See Bernien et al. PRL 2009
Eex

 


 

37(17) meV
 

for
 

Fe-OEP/Co(Ni)
DFT calc. UU Eriksson-group
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L3,2

 

NEXAFS/XANES and XMCD on oriented Fe-porphyrin 
contain very reach information:

Electronic:

Magnetic:

•
 

Different Fe L3

 

line shape for Ni and Co substrate. Normal (grazing) incidence 
is probing unoccupied Fe orbitals

 
in plane (out of plane).

• Shift of  Fe L3  energy position  valence state, charge transfer

•Element specific magnetization 
•Paramagnetic Fe moment is aligned with respect to FM film, switching, hysteresis.
•Switching also by an external field of 5T and 8 K, ongoing work at ESRF
•f (T) → Eex
•f (Θ) → selective orbitals
•Sum rules → μspin

 

,  μorb

 

, → MAE Caution
 

!
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4. Discussion
Mannini

 
et al. @ BESSY, SLS

Partial saturation of an Fe4

 

SMM/Au(111)
 anisotropic paramagnet

Gambardella et al. @  ESRF

Fe(TPA)4

 

on Cu(100)   O2

 

- Fe(TPA)4

change of easy axis upon O2

 

dosage
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ESR gives direct access to 
real ground state, wave function and g-tensor
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Spin-polarized STM
in CoPc

 
on Co/Cu(111)

Bucher-group PRL 2008
Spin dependent conductivity

Pt –
 

benzene –Pt

in plane conductance, 

van Ruitenbeek-group PRL 2009

Molecular
 

spintronics
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Phys. Chem. Chem. Phys., 2009, online 23rd June
Frequency

 
domain

 
Fourier

 
transform

 
THz-EPR

 
on single

 molecule
 

magnets
 

using
 

coherent
 

synchrotron
 

radiation
 Alexander Schnegg, Jan Behrends, Klaus Lips, Robert Bittl, Karsten Holldack

Frequency domain Fourier transform THz electron paramagnetic resonance (FD-
 FT THz-EPR) based on coherent synchrotron radiation (CSR) is presented as a 

novel tool ….  at the BESSY II storage ring …
 

in a frequency range from 5 cm-1

 up to 40 cm-1

 
… together with first measurements on the SMM Mn12

 

Ac
 where ΔMS

 

= ±1 spin transition
 

was studied …. 
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