And he said, I saw all Israel scattered upon the hills, as
sheep that have not a shepherd:

and the LORD said, These have no master: let them
return every man to his house in peace.

-1 Kings 22, 17
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1.1. Introduction

pZ"
AES

The absorbption length ( 7 = I,e™*) is roughly =
but with discrete edges.
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1.1. Introduction

Absorbance (Arb. Unis)
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1.1. Introduction
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Experimental spectrum of iron tris-(2,2)bipyridine ([Fe(bpy)s]")
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Experimental spectrum of iron tris-(2,2)bipyridine (FeBpy3)
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Experimental spectrum of iron tris-(2,2)bipyridine (FeBpy3)
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By the Fermi golden rule /(E) o [(i[H|f)|"
The final state |f)is perturbed by the neighboring

atoms:
|f) = |fo) + |Af)
Expanding,

u(E) o< |GIHIfo) 21 + GIHIAS) léﬁ,,'jﬁl;‘ ere
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By the Fermi golden rule /(E) o [(i[H|f)|"
The final state |f)is perturbed by the neighboring

atoms:
|f) = |fo) + |Af)
Expanding,

u(E) o< |GIHIfo) 21 + GIHIAS) léﬁ,,'jﬁl;‘ ere

p(E) = po(E)[1 + x(E)]

18
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pre-edge line
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X(E) o< (i[H|Af)

21
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X(E) o< (i[H|Af)

o Let the initial, buond state be 8(x)

* The interaction termis oc p- A oc etrr

22
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1.3. The EXAFS equation

X(E) o< (i[H|Af)

o Let the initial, buond state be 8(x)

* The interaction termis oc p- A oc etrr

(E) / Ar5(r)e™ e (1) = Wecase 0)

23
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X(E) o< (i[H|Af)

o Let the initial, bound state be &(x)

* The interaction termis oc p- A oc etrr

W(B) ox [ drd(r)e b ema(r) = a0

Using v (k. r) = (:] we obtain
oikR kR
X (k) o dcan (k.7 = 0) = - 2k f (k) ®)] — +C.C.
= I8 kR + 6(k)] s

kR?
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X(E) o< (i[H|Af)

o Let the initial, buond state be 8(x)

* The interaction termis oc p- A oc etrr

W(B) ox [ drd(r)e b ema(r) = a0

Jtkr
Using v (k. r) = (A"r we obtain
NOEDSE iR AL sin[2k 1 +0; (k)]

8 J

(summing over the atoms) 23



Raffaele Salvia August 31, 2018

KANES spectroscopy on iron complexes

Part Il - Theoretical calculations

26
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2. Methods for calculation

“Muffin Tin” approximation:

» Constant potential
outside the atoms

e Spherical symmetry
inside the atoms
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Finite Differences Method:

Approximates
Schréodinger equation
with discrete second
derivative.

The problem is reduced to
a linear system.

This method is more costly in terms of time
(expecially with large cluster sizes), but allows an
arrbitrary potential.

28
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2. Methods for calculation

Once chosen the method, we have to specify the

position of the atoms. This can be done via density
functional theory (DFT), or with a crystallographic
structure.
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2. Methods for calculation

The resulting spectra has to be convolved.

Predicted absorption spectrum for FeBpy3

0.14

Absorbtion amplitude
Convolved with default settings | |
Experiment

012

o
—_—

0.08

0.06

Cross-section [a.u.]

S

0.02 r

0 20 40 60 80 100 120
Energy [eV] 30



Raffaele Salvia August 31, 2018

KANES spectroscopy on iron complexes

2. Methods for calculation

The resulting spectra has to be convolved.

Predicted absorption spectrum for FeBpy3

0.14
Absorbtion amplitude
Convolved with I" ., = 1.33 eV
012 + CH -
Experiment
0.1
0.08

0.06 |

Cross-section [a.u.]

R

0.02

-20 0 20 40 60 80 100 120

Energy [eV] 31



Raffaele Salvia August 31, 2018

KANES spectroscopy on iron complexes

Part lll - Examples

32
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Experimental spectrum of iron hexacyanide [Fe(CN)s] *°
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Convolved spectrum for FeCNG

Energy [eV]

With only the first shell of C atoms, there is a single
peak. *
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Convolved spectrum for FeECNG
0.07 . T T . T
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0.06 L *T Experiment
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_ 005 A
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o 1+ | *llh
c 0.04 | T SR S
o |4 [ '
= | 1 f \
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003 N pmtey |
0.02 f \/ N -
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20 40 60 80 100 120
Energy [eV]

Look promising, but the amplitudes are too big
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FeCN6 Convolved (Ef =0eV, = 1.33 eV) - Shell molecule (FDM) - Changing configuration

0 20 40 60 80 100 120
Energy [eV]

Changing the internal configuration of the Fe atom is
not very effective :



Raffaele Salvia August 31, 2018

KANES spectroscopy on iron complexes

FeCN6 Convolved (Ef =0eV, M= 1.33 eV) - Shell molecule (FDM) - Changing configuration, ||

012 I | I I I [
——3d°4s2|CO|NO
——3d%4s%|C-0.5|N+05
3d® 452 | € +0.1|N -0.1
——3d4s% | C +0.2|N-02
01— i ——3d%4s% | C +0.5| N 0.5
0.08 — Electronsto N 7
=
5,
 =of
S
T 0.08 — =
({J -
(]
w
o
&)
Electrons to C
0.04
0.02 —
. T
20 0 20 40 60 80 100 120

Energy [eV]

Moving electrons from N to C lowers the first peak...
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FeCN6 Convolved (Ef =0eV, Ty = 1.33 eV) - Shell molecule (FDM) - Changing configuration, Ill

01y \ \ \ \ \ \
3d®4s?|CO|NO
3d®4s' |C+1/6|NO
0.09 — 3d°% 4s? | C +112 [N 0|
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I 11
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@
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w
<
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0.02 —
0.01—
ol \
20 0 20 40 60 80 100 120

Energy [eV]

...and also moving electrons from C to N 58
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FeCN6 Convolved (Ef =0eV, Fhi = 1.33 eV) - Shell molecule (FDM) - Changing configuration, IV

A& i | \ | \ \
i 3d®4s?|CO|NO
lik 3d%4s’' |[CO|N +1/6
11
It 3d554s2|CcoN+1/12
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01— LR Experiment —
IRA
| |
] |
| |
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'3 {
0.08 1 Electrons to N | N
{
E
5,
c
i)
B 006 — — _
o
[}
w
e
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Electrons to Fe
0.04 —
002 —
0
-20 0 20 40 60 80 100 120

Energy [eV]

Electron transfer from N to Fe shows the same trends,
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The second peak is inamovable; the only way to vary
it is to change the convolution.

-8
LA

40

fad
th

30

A(k)(A)
L

—
wn =
= D I D B W B N N N |

10

LA

!
5 10 15 20
k(A1

Mean free path of photoelectrons (from Newville)

Inelastic processes absorb emitted electrons
— Additional broadening

40



Raffaele Salvia August 31, 2018

KANES spectroscopy on iron complexes

0.07 Convolved spectrum for FeCN6

FDMNES
Experiment| |

0.06 A

= = =
™ g x
T

Cross-section [a.u.]

O
(=)
N

0.01 1

0 20 40 60 80 100 120
Energy [eV]

Result with the correct convolution (no charge transfer)
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3.2. Iron bipyridine-cyanide series

1_

- Experimental spectra
Fe C - FDM - Shell Molecule : I I I I
‘ ——FeBpy3 q Fe prs
'Fzngcmz 16 FeprZCNZ i
A ——Ra | a FeBpyCN4
I 14 | FeCN6
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;
g ol
Q
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02F
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7150 7200 7250 7300

Convolution with default parameters for inelastic
processes
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3.2. Iron bipyridine-cyanide series

Fe Complexes (Ef =-4eV, A= 1.33 eV) - FDM - Shell molecule >
\ \ \ Experimental spectra
T T T

———FeBpy3 1 8 T
FeBpy2CN2
% FeBpy3
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141 FeCN6 i
T2
1 i
08 i i
]
06
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_’0.2 1 1 1 1 1
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Convolution with core hole broadening (I' = 1.33 eV) in
the XANES region “
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3.2. Iron bipyridine-cyanide series

Fe Complexes (Ef =deV, W 1.33 eV) - FDM - Changing configuration (sandbox) 1.8

Experimental spectra

009 T T ‘ ‘
) A : FeBpys | |
= : FeBpy2CN2
FeBpyCN4
1.4 F FeCNG
12
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N )8 B i
p
. )6 f
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60 80 100 120 140
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The same, with some electron transfer
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