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FINITE	
  DIFFERENCE	
  METHOD	
  FOR	
  
NEAR-­‐EDGE	
  STRUCTURE	
  (FDMNES)	
  

•  Written	
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FINITE	
  DIFFERENCE	
  METHOD	
  FOR	
  
NEAR-­‐EDGE	
  STRUCTURE	
  (FDMNES)	
  

•  Cluster-based calculation for the 
determination of x-ray spectroscopies 

•  Many applications – X-ray Absorption Near-
Edge Structure (XANES), X-ray Absorption 
Fine Structure (XAFS), Diffraction Anomalous 
Fine Structure (DAFS), Resonant X-ray 
Diffraction/Scattering (RXD/RXS) 

•  Our focus is on XANES – XAFS – EXAFS 	
  



FDMNES	
  OVERVIEW	
  AND	
  PURPOSE	
  
•  Originally used for near-edge 
structure (XANES) calculations 
•  Two operational modes – Finite 
Difference Method (FDM) and 
Full-Multiple Scattering (FMS)	
  

•  FDM mode avoids 
muffin-tin approximation 
•  Useful in XANES 
region and for complex 
molecules 



FDMNES	
  OVERVIEW	
  AND	
  PURPOSE	
  
•  Example of FDM 
application – Activated 
Nickel (t-Amylisocyanide) 
molecule 

*	
  J.	
  L.	
  Glover	
  et	
  al.	
  AIP	
  Conf.	
  Proc.	
  882	
  625	
  (2007)	
  

•  Full-potential calculation 
predicts extra near-edge 
structure 
•  Very computationally 
intensive 
•  Structures can be 
overestimated – see FDMX 



FDMNES	
  –	
  METHOD	
  OF	
  CALCULATION	
  
•  Sum over transition amplitudes 

•  To evaluate optical cross section Fermi’s 
Golden Rule 

 

•  Require wavefunctions for final + initial states 
•  Initial state is a ground state – calculated 
atomistically with relativistic corrections 
•  Final state determined using the FDM	
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FDMNES	
  –	
  METHOD	
  OF	
  CALCULATION	
  
•  Cluster broken up into three zones – (1) near 
cores (small), (2) interstitial, (3) outside cluster 

 

•  Wave functions in 
zone 1 constructed 
from spherical 
harmonics, in zone 3 
from Neumann and 
Bessel functions 
 

•  In zone 2 the FDM is used to determine 
the final-state photoelectron wave function 

 



FDMNES	
  –	
  METHOD	
  OF	
  CALCULATION	
  
•  Potential in interstitial region may be 
determined from DFT internally or externally 
(WIEN2k), or from electron density values with 
exchange+correlation correction 
•  Once potential is found, evaluate 
wavefunctions using discretized Schrödinger 
Equation: 
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FDMNES	
  –	
  EXAMPLES	
  AND	
  HANDS-­‐ON	
  
•  /fdmnes/fdmfile.txt 

 

•  /fdmnes/entree/
cu_inp.txt 

 

•  Run 
FDMNES.exe 

 



FDMNES	
  –	
  EXAMPLES	
  AND	
  HANDS-­‐ON	
  
•  KEYWORDS (Mandatory) 
•  Filout – output file 
•  Range – energy range of calculation 
•  Radius – cluster radius 
•  Crystal – atomic co-ordinates 
•  KEYWORDS (Important) 
•  Convolution – Lorentzian convolution 
•  Adimp – interpoint distance 
•  Edge – absorption edge (K, L1, L2, etc) 
•  Green – MS calculation (fast) 

 



FDMNES	
  –	
  EXAMPLES	
  AND	
  HANDS-­‐ON	
  
•  Outputs /fdmnes/
xanout/test_stand/ 
•  Cu.txt 
•  Cu_bav.txt 
•  Cu_conv.txt 

 
 



FDMNES	
  –	
  EXAMPLES	
  AND	
  HANDS-­‐ON	
  

•  Output from copper 
example: 

•  Try increased 
energy range, Radius 
3.0 Å -> 4.0 Å 

•  Extra structure 
appears from second 
co-ordination shell 

 
 



•  Jay Bourke, Chris Chantler, Yves Joly 
•   School of Physics, University of Melbourne, 
Australia 
•  Available jayb@unimelb.edu.au and from 
IUCr 2014 - online soon! 

•  Designed to enable ab initio full energy range 
XAFS, XAS calculations from a full potential 
base 

•  Includes extra physics! 

FINITE	
  DIFFERENCE	
  METHOD	
  FOR	
  
XAFS	
  (FDMX)	
  



FDMX	
  –	
  EXAMPLES	
  AND	
  HANDS-­‐ON	
  
•  FDMNES: increase Radius to 8.3 Å, reduce 
grid spacing (adimp), increase energy 

•  Match to experiment not so good! – Need 
extended theory 

 



•  In a nutshell… we want to turn this: 
FDMX	
  OVERVIEW	
  AND	
  PURPOSE	
  



•  In a nutshell… we want to turn this: 
FDMX	
  OVERVIEW	
  AND	
  PURPOSE	
  

•  Into this à 



•  XAFS Equation – convenient parameterization 

•  Make sure all of the physics is there! 
 

FDMX	
  OVERVIEW	
  AND	
  PURPOSE	
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•  Inclusion of thermal disorder 

•  Beni-Platzmann theory 

FDMX	
  METHOD	
  OF	
  CALCULATION	
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•  Evaluate DW factor 
from neighbour 
positions 
•  Includes correlated 
motion 



FDMX	
  METHOD	
  OF	
  CALCULATION	
  
•  Inelastic scattering causes 
an energy-dependent 
broadening of the XAFS   
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•  Core-hole lifetime 
also included 
•  Strong effect beyond 
10 eV 

 

•  Use many-pole optical data model and 
generalized theory of Tanuma et al. 

*	
  S.	
  Tanuma	
  et	
  al.	
  Surf.	
  Interface	
  Anal.	
  43	
  689	
  (2011)	
  



FDMX	
  METHOD	
  OF	
  CALCULATION	
  
•  IMFP determined from electron 
energy loss function (ELF) 

λ−1(E) = 
a0πE

1
qq−

q+

∫
0

E−EF


∫ Im −1
ε(q,ω)
#

$
%

&

'
(dqdω

  

€ 

q± =
2mE
2

±
2m
2
(E − ω)

€ 

Im −1
ε(0,ω)
% 

& ' 
( 

) * 
= Ai

i
∑ Im −1

εFEG (0,ω;ω p =ω i)

% 

& 
' 

( 

) 
* 

•  Electron ELF built from 
transform of optical dielectric 
function  ε(0,ω)



•  Run FDMX.exe 

•  Uses fdmnes inputs (fdmfile.txt etc) to 
establish material data e.g. crystal structure 

FDMX	
  –	
  EXAMPLES	
  AND	
  HANDS-­‐ON	
  

 

•  implements 
physical effects to 
produce accurate 
XAFS theory over 
an extended range 

Cu Example: 



•  Custom parameters 
may be included with 
optional input fdmxfile.txt 

FDMX	
  –	
  EXAMPLES	
  AND	
  HANDS-­‐ON	
  

•  Can exclude effects 
using keywords nohole, 
noDW, noIMFP 

•  Recommended for low 
& high T measurements, 
complex molecules, 
exotic materials 



FITTING	
  –	
  ELECTRON	
  IMFP	
  
•  May be extracted with sufficiently 
high measurement density and 
absolute accuracy 
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λ =12Å

€ 

λ = 8Å

€ 

λ = 4Å
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  YOU!	
  


