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BaFe2As2 - “hole doping”

Single crystals !!
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BaFe2As2 - “electron doping”
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1 - Is there a common structural feature linking the 
“hole-doped”, “electron-doped”, and pressure-
induced superconductivity in BaFe2As2 ?

2 – What is the nature of doping in this system in 
real space ? Is there an actual charge transfer to 
the Fe ions ?

The million-dollars questions:



  

Neutron diffraction 
indicates Fe-As bond is 
rigid and 
superconductivity is 
apparently regulated 
by a tuning of the As-
Fe-As angle

Nature Mater. 8, 471 (2009).



  

Jorgensen & Hansen, Eur. Phys. J. B 
78, 411 (2010).

Mittal et al., cond-mat 1007.2320

However, synchrotron x-ray diffraction yield different results...

Also, the “electron-doped” Co-substituted system shows maximum Tc 
at As-Fe-As angles far away of the ideal tetrahedral value of 109.5o



  

Espectroscopia de Absorção de Raios-X
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O coeficiente de absorção é proporcional à probabilidade do campo 
eletromagnético da luz (uma perturbação) induzir uma transição 
eletrônica. O cálculo é feito com teoria de perturbação dependente 
do tempo, com o resultado:
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EXAFS:



  

- The Fe-As bond distance 
controls the chemical pressure 
on Fe, and should be sensitive to 
the Fe valency and spin state.

- EXAFS in the As K-edge is an 
ideally suited technique to 
investigate the Fe-As bond.

- As-Fe first shell widely 
separated from the As-Ba 
second shell.

- As K-edge: 11.865 keV  →
transmission experiments in thin 
single crystals possible.

- Local structure may deviate 
from the crystal structure for 
doped samples.

EXAFS in the BaFe2As2 system



  

Our samples:

- Thin        
(~10 microns) 
single Xtals 
grown by the 
In-flux 
technique.



  

Raw EXAFS data:

XAFS-2 
Beamline of 
LNLS



  



  



  

Diamond anvil cell



  

Dispersive x-ray absorption experiment
DXAS beamline

Monochromator

2-Theta arm – 
Experimental station
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Transmittance spectrum collected by the 
CCD camera. The upper insert correspond 
to the beam image formed in the phosphor 
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J.C. Cesar et al.,
J. Synchrotron Rad. 17, 
93 (2010).



  
Neutrons, S.A.J. Kimber et al., Nature Mater. 8, 471 (2009).
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Thus, Co-substitution, K-substitution, and applied pressures induce 
at least one common structural feature: a contraction of the Fe-As 
bond !!

Can it be related to the emergence of superconductivity ?



  

Thus...

The observed contraction in the Fe-As distance upon 
doping and pressure is likely related to a reduction of the 
Fe local moments.

BTW, The local moments is not the same thing as the 
ordered AFM moments (extracted, e.g., by neutron 
diffraction).

Contraction weakens the antiferromagnetic ground state 
and alters the balance with respect to superconductivity, 
favoring the latter.

EXAFS may be the most accurate technique to access the 
Fe-As distances, and therefore the behavior of the Fe 
moments ! 



  

Besides bond distance control, is there “electronic tuning” ?



  

Common sense say “yes”, but...



  

X-ray absorption near-edge
Structure  (XANES)
of BaFe2As2

Fe K-edge

Probed transitions:
A,B: 1s  3d→
C,D,E,F: 1s  4p→

XANES is an element-
specific probe of the
electronic structure



  

Simulations indicate
that electron doping
of the FeAs layers
should shift significantly 
the 1s  4p peaks (C-F) →
to lower energies 



  
No shift of any feature was observed by Co-substitution

NO ELECTRON DOPING !



  



  

Summary and conclusions

 Successful XAS measurements in BaFe2As2 at LNLS, 
under doping, temperature, pressure, in the XANES and 
EXAFS regions.
 Both K and Co doping induce a slight Fe-As bond 
compression.
 Significant Fe-As bond compressibility. 
 Reduction of Fe-As bond distance likely related to a 
decrease of the Fe local moments, favoring 
superconductivity against magnetic order.
 Co-substitution does not promote charge tranfer to the 
Fe ions.
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