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. SPECTROSCOPY BEAMLINES AT ESRF
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XAS - X-ray Absorption, XMCD — X-ray Magnetic Circular chhr0|sm
XES — X-ray Emission, RIXS — Resonant Inelastic X-ray Scattering %
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. DATA REDUCTION AND ANALYSIS FOR SPECTROSCOPY

1. Getting from raw data to publishable plot

* spectra averaging, rebinning, etc.
« background subtraction

» outliers removal

« plotting

2. Interpreting and understanding the experimental data
» assignment of spectral features

« extraction of structural and electronic properties: oxidation state, bond lengths,
crystal field parameters, etc.
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. ESRF-EBS: A NEW CONTROL SYSTEM AND DATA FORMAT

O~ o
/ I ’: BeamLine Instrumentation Support Software

The BLISS control system provides a global approach to running synchrotron
experiments requiring synchronously controlled motors, detectors, and various

acquisition devices thanks to hardware integration, Python sequences, and an
advanced scanning engine.

Adds additional rules and structure to help
HDF5 is file format to organize people and software understand how to
large amounts of data. read a HDF5 file.

https://manual ..nexusformat.org/impatient
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TOOLS TO VISUALIZE AND ANALYZE EXPERIMENTAL DATA

Flint is the GUI companion for BLISS that Daiquiri is a Python-based framework
provides a live display for current scans. for beamline control and data acquisition.

. Daiquiri Ul is the web-based JavaScript
A N OLE T AR A A User Interface for Daiquiri.

File Windows Layout Workspace Help

(base) Live scan

ascansy 0 1200.1 (#4)

FINISHED
ascan sy 0120 0.1 (#4)
250
W 2% . /\ R @ B
= Flint (PID=19930) - attached to 'demo_session' - X S
lame
~ I axis File Windows Layout Workspace Help A ﬁmﬂ; g
T Baxs [ pace) Live scan 2 =) ]
Y = =]
iy @“"‘:lfal No scan available R QL O N AD+ ¥ - = g
& s eT‘ Hoscan Static data (finished) ROI selection e® =D a
v & simu'a image[bliss,
sim gel ] 3 O [ Aeply
Name Use Styl 01
~ [ static Label Edit Kind
~ [& tomocal m v roil Rectangle
100
v
Miimage vl roi2 Arc
Data Collections BE:3
200 vl roi3 Horizontal reduction " s ook st Type
V! roi4 Vertical reduction
>
300
@ o 2mn e mao
400 Maps [=] o [ wro |
@ oc s bory
cw B B
. -a
500 : =
: . . . -an
0 100 200 300 400 500 600
X otz otmem P e —— v 8o o — = . " S —

51| Curvel = cCount diffcam | tomocam

https://bliss.gitlab-pages.esrf.fr

| ESRF
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TOOLS TO VISUALIZE AND ANALYZE EXPERIMENTAL DATA

L . _ h5web a collection of components to
silx view a unified viewer for HDF5, visualize and explore data

SPEC, and image file formats

®0 0 = upyerad x + v
00 Silx viewer N Ca N a dk/wpBst s Juser/337/labjtree/gi anoscsi scho =
~ m Z File Edit View Run Kemel Tabs Settings Help
B B experimental_data/ihch1515/id26/Cr203_new/Cr203 _new_0001/Cr203_new_0001.h5::/6.1 _
Name Desoription [ Tvpe Shape [0 o Bl : c BC203 new 000ths x|+ o
Cr203_new_0001.h5 NXroot ; -
= o e U X Dy b e e A G R o 2/ | B onosrencoos (@ o o ) £3 | D e
21 @ "dscanp... NXentry | Cra03-new Cra03 new.0001 a A NX Spectrum X = Lnear - Y = Linear - ®
~EX ® "dscanp.. NXentry Lastoditod | > 1@
| @ "ascanx.. NXentry 00 3 minutes ago >21 @ n 150
+ end_time @ "2021-0...sting scalar 34200000 " ihchiS15-C203 ne..  Iminutesago | 31 (D (oo 100
& instrument NXinstrument »
) measurement NXcollection > 41 @ 3.42e+7
&0 plotselect NXdata 34000000 » 51
= sample ® "Cr203_.. NXsample M,
« start_time @ "2021-0.. string scalar v61 @ 3.4e+7
. title @ "ascanx... string scalar 33800000 < end_time
|5 @ "ascanx.. NXentry e — )
e @ “ascanx.. NXentn . \ - ‘
' o~ piid 33600000 33807 | !
« end_time @ "2021-0... string scalar > measurement | »es_en (keV) = 5.9674
= mstru:\em z::\s(trumem R > plotselect (@ I |, 3.3656e47 (float64)
] ane letector =] 3.36e+7 y ! |
33400000 I
B att NXattenuator > sample ‘
@ chi2_diode_pos_counter NXdetector < start_time o S
) det_dtc_apd NXdetector 33200000 ) 351047 1, |
R det_dtc_ICR NXdetector & title | |
B det_dtc_ketek NXdetector >71 Vol
f elapsed_time NXdetector 33000000 Yol 332047
@) encoder _hdh NXdetector . :
) encoder_pm600 NXdetector > 91 @ !
& epoch NXdetector 32800000
B halth NXpositioner 3.3e+7
) ha2th NXpositioner
& hadth Nxpositioner 596 597 598 599 6.00
0 hadth NXpositioner xes_en 3.28e+7
) hasth NXpositioner
& hachil NXpositioner
& hachi2 NXpositioner options,| X: 5.966859 Y: 3.27327e+07 3.26e+7
@ hachi3 NXpositioner 596 597 ses_en flfj/) 599 6
®a hachi4 NXpositioner ® HDF5 @ NXdata =
Simple 1Mo @ Cr203_new_0001.h5

http://www.silx.orqg
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TOOLS TO VISUALIZE AND ANALYZE EXPERIMENTAL DATA

PyMCA is a ready to use, and in many aspects state-of-the-art, set of applications
implementing most of the needs of X-ray fluorescence (XRF) data analysis.

E PyMca - McaAdvancedFit

(=5 [

Fit of XRFSpectrum.mca 2.1.1.1 from Channel 306.000 to 3332.000
Function [ Short Tail [] Long Tail [] Step Tail
Background [No Background v [V] Escape [ ] Pile-up  [¥] Strip Back.
GRAPH | TABLE | CONCENTRATIONS | DIAGNOSTICS |
x EFR# +Es 4 & 8 a
104 4
)
g
3
(v} 103 4
102 4
2 4 6 B 10 12 14 16
Energy
Options, X: 16.64915 ¥: 114.2534
Fitagaint | prnt || HTML Report | [Matrix Spectrum| MC Matrix Spectrum| [peaks Spectrum Dismiss

http://www.silx.orqg
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L IO PyMca
File Tools Window Help
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121 fscan2 6.53 6.63 30 0.0001 1013 0 14 ﬂ
131 fscan2 6.53 6.63 30 0.0001 1013 0 | |
141 fscan2 6.53 6.63 30 0.0001 1013 0 |}
151 fscan2 6.53 6.63 30 0.0001 1013 0 ‘\
161 fscan2 6,53 6.63 30 0.0001 1013 0 L i
174 fscan2 6.53 6.63 30 0.0001 1013 0 | 1
18.1  fscan2 6.53 6.63 30 0.0001 1013 0 A
19.1  fscan2 6.53 6.63 30 0.0001 1013 0 10 | &
201 fscan2 6.53 6.63 30 0.0001 1013 0 |
211 fscan2 6.53 6.63 30 0.0001 1013 0 5 8 \
221 fscan2 6.53 6.63 30 0.0001 1013 0 208 2
221 _feran? A 528 A2 200 0001 1012 0 o0 / ]
3 i
oo PR Mon B o6 ,’/
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B ketdtc {
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® 102 bot |
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20 IF2
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2 apd e
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2 ICR arr_hdh_ene
2% ketek
26 OcR
27 apd_pol Options X3 ---- ¥ oeee
Auto OFF Auto ADD ) Auto REPLACE 00 Scan Window Info,
3D On 2D On Force MCA Source: /Users/marius/Fuse/slurm/MnO
Scan: #S11 fscan2 6.53 6.63 30 0.0001 (7 I 7 Iy '
ADD REMOVE REPLACE Peak: 1.475353  at:6.554295 COM: 6.587024 Mean: 0.8292758 STD: 0.3606247

Fwhm: ).08220109 588549 Max: 1.475353 Min: 0 Delta: 1.475353
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TOOLS TO VISUALIZE AND ANALYZE EXPERIMENTAL DATA

Larch is an open-source library and set of applications for processing and analyzing X-
ray fluorescence (XRF) and X-ray absorption spectroscopy (XAS).

from larch.io import read_ascii
from larch.xafs import pre_edge
from wxmplot.interactive import plot

fname = 'fe203_rtl.xmu'
dat = read_ascii(fname, labels='energy mu i0')

pre_edge(dat, group=dat)

plot(dat.energy, dat.mu, label='mu', xlabel='Energy (eV)',
title=fname,show_legend=True)

plot(dat.energy, dat.pre_edge, label='pre-edge line')

plot(dat.energy, dat.post_edge, label='post-edge curve')

fe293_rt1.xmu .

2.5 —_— mu L
—— pre_edge
2.0 —— post_edge |
1.5 A r
0
32 1.0 A L
0.5 - r
0.0 - L

T T T T T T
7000.0 7200.0 7400.0 7600.0 7800.0 8000.0
E(eV)

& Larch XAS GUI: XAS Visualization and Analysis
File Groups Data Pre-edgePeaks Feff Help

Energy Reference Group: e bp9.001

E0: Ii!ﬁ!l:

Copy to Selected Groups:

. Y ofiset: [0.000 |2

+ Mauto? [[show?

[JFreeze Group

read 8 datasets from U:/work/LarchWorkshop/XANES/FeXAFS_Glasses.prj

Edge Step: 0.00347 = auto?

Pre-edge range: ‘ 90.00 ‘ 2l ¢ l 50.00 ‘ | 2
Victoreen order: 0 v

Normalization method: mback ~

Normalization range: 79.77 “ £ |223.50 |
Polynomial Type: linear v

Save as Default Settings

v Copy

Copy

Select All Select None fe_bp9.001
Dfe_wb3.001 Normalization | Pre-edge Peak | PCA | Linear Combo | Regression | EXAFS | Feff Fitting
_gt8.001 XAS Pre-edge subtraction and Normalization
Mfe_df2.001 "
% fe_bp9.001 Plot Selected Groups Normalized p(E)
[fe_zt6.001 Plot Current Group Normalized p(E) ~ | full E range
[Ife_bx1.001
fe hi7.001 Non-XAS Data Scale: 1.000 =
XAS Data: Use Default Settings
Element and Edge: Fe v K v

Copy
Copy
Copy
Copy

Copy

Copy

ready

https://millenia.cars.aps.anl.gov/xraylarch
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TOOLS TO VISUALIZE AND ANALYZE EXPERIMENTAL DATA

Visualization Analysis

Several tools can be used to look at the There are a plethora of tools to analyze
acquired data during an experiment: XANES/EXAFS data: PyMCA, Larch,

Flint, Daiquri, silx view, h5web GNXAS, PyFitlt

The analysis tools are focused on XAS, and there are no tools to treat XES or RIXS
measurements.

® O ® @ xes_outliers_removal - Jupyter X 4+ o
C N N O nttp://localhost:8891/notebooks/xes_outliers_removal.ipynb 29O @8 B© =
® © ® @ spectroscopy /daxs - Gitlab X + © _ .
p— _ — Jupyter xes_outliers_removal (autosaved) Logout
q C @ [N & gitlab.esrf.fr/spectroscopy/daxs 89 *» B = :
File Edit View Insert Cell Kernel Widgets Help Not Trusted ‘ Python 3 (ipykerne)) O
B+ % @B 4 ¥ PRin B C W Makdown v @ dvoila | s & Black
D spectroscopy > daxs
a @00 @ 2. X + v
In [4]: = =
B D daxs ® Yr Star | 1 n (4] C @~ O O localhost:8866 o B0 @ B =
Project ID: 2527 [3
o
I -0- 261 Commits §° 1Branch ¢ 2 Tags [ 27.2 MB Project Storage
T . ' Path: | scans/inhouse/id002112/id00/sam 3
1 opics:  dataanalysis  spectroscopy Amplitude = 1332.4 '.‘....
@  DataAnalysis for X-Ray Spectroscopy Scanld: | 4.1 1201 Center =129 M
Sigma = 4.2
Read I :
| Resdmore In [5]: Fit Model: | Gaussian v Fwhm = 9.9 g -
100 Height = 126.1 4 »
a
)
@ r h!
Fraie || v % ) \
N 8 9
i £ r 4
2 'Y
= © | 1595ct95 | & 3 60 P 3
X & L)
40 s
s )
[} README | 38 MIT License [3) cIfcD configuration P '~
20 s LS
Name Last commit Last update // \
Eadoc Refactor and test 2 months ago L
5 o 5 10 15 20 25
B3 notebooks Update XES notebook 2 weeks ago Elapsed Time (s)

https://gitlab.esrf.fr/spectroscopy/daxs
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JUPYTERHUB AT ESRF

The JupyterHub installation can be used to access computing resources and measured

data.

®  ® = LupyterHub x e
q C & O @& jupyter-slum.est.fr/hubjspawn 9 @* o =
7~ Jupyterhub Home  Token retegan | & Logout

Server Options

Simple Advanced
Partition
Intel Xeon (x86_86) IBM Power9 (ppc6dle)
Partition: jupyter-nice Partition: jupyter-p9gpu
CPUs
Minimum Quarter node Half node Entire node
1 core 10 cores 20 cores 40 cores
Options
Jupyter environment: | Operating system (defaul) v
Launch JupyterLab:
Job duration: 8 hours v}
List of available resources:
Current Status
Partition # nodes # avail
jupyter-nice 28 16
jupyter-p9gpu 8 4

For information, see the Jupyter @ ESRF documentation.
To get help or provide feedback, send a message to jupyter@esrf.fr or use the #upyter-slurm
chat channel.

To receive news, subscribe to the jupyter@esrt.fr mailing list and join the #jupyter-slurm

channel.

https://jupyter-slurm.esrf.fr

Page 9 PaNOSC Summere School | 15/04/2022 | Marius Retegan

& analysis - Jupyter Notebook X 4 (-]
conla it o _to_ o23fanalysisi. B 10| @y ® B =
_ Jupyter analysis Last Checkpoint: 20/02/2020 (autosaved) @ | Logout | ControlPanel
File  Edit  View  Inset  Cell Kernel Widgets Help Not Trusted | Python3 ©
B+ (3@ B [+ v PRn B C W Makiown v | @] KBk

ids = (x >= xmin) & (x <= xmax)
x2 = np.average (x[ids])
y2 = np.average(y[ids]) - y2

ax.plot(x, y, label='Prussian blue')
background = (y2 - y1) / (x2 - x1) * (x - x1) + yl
y =y - background

# Renormalize using the area
y =y / np.trapz(y, x)
ax.plot(x, y, label='Prussian blue (renormalized)')

measurement.x = x
measurement.y = y # We finally store the corrected and renormalized data in measurement

elif measurement.specfile in ('KdFe CN6_3H20', 'K3Fe CN6'):
X = measurement.x

y = measurement.y

ax.plot(x, y, label-measurement.specfile)

ax.grid()
plt.legend()
Figure 5 n
0.16
—— K4Fe_CN6_3H20
0.14 K3Fe_CN6
—— Prussian_blue
0.12 —— Prussian_blue (renormalized)
0.10
0.08
0.06
0.04
0.02
0.00

7020 7030 7040 7050 7060 7070 7080
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THE ESRF DATA C

®  ® @ esrFData Portal

d CcC & 0

DataPortal ~ MyData

x|+

@ data.esrf.fr/public

Closed Data

O @ o

#® Feedback @ Log out Anonymous

OpenData

Investigations

Data collections

‘F\Itcr between dates ‘

‘Fi\(cr between dates

Proposal Beamline
© Mx-2112 CMo1
© MA-3672 BM30
© Mx-2214 CMo1
© Mx-2208 CMo1
© IH-LS-3224 CMo1
© Mx-2178 CMo1
© HG-94 D21
© MX-2209 CMo1
[ o oo RSV

Start
i 06/03/2020
i 16/01/2020

i 08/01/2020

i 23/10/2019

& 24/09/2019

& 09/09/2019

& 02/09/2019
i 30/08/2019
i 27/08/2019

i 23/08/2019

i 09/08/2019

& 26/07/2019

i 26/07/2019

& 23/07/2019

& 16/07/2019

& 12/07/2019

Documents

® 0 ® @ EsrFData Portal

d cC e Q

Data Portal

My Data

x +

& data.esrf.fr/public/10.15151/ESRF-DC-924121042

@ Log out Anonymous

Title
TEST proposal for software developements
Further investigations on Hg speciation in tree barks

Insitu detection of Ce oxidation state in YAG nanop:
by high resolution XANES

Lipid Bilayers at Soft Liquid/Liquid interfaces

Structure of the HIV-1 envelope protein in complex'
broadly neutralizing antibodies PGT128 and LNO2

Structure of octameric SARM1 and RIP2K-XIAPBIR:
complex

Structural studies on orphan delta receptor ion chan
High-resolution structure of the TH:14-3-3 complex
Multi-specific antibodies with antigen

Structural basis for Na+/H+ anti-transportation mec
of NHA2 in SLC9B family

Characterisation of Chikungunya non-structural prc
complexes using cryo-EM

Investigation of the role of sulfur speciation in the
degradation mechanism of ultramarine pigments in

Investigation of the influence of historical prepared
ultramarine on the 'ultramarine sickness' by the sulfi
speciation.

Structural studies of motor protein dynein

Structural studies on the coupling of transcription at
translation

RNA Palumarace comnlex with Olisa and nratein

https://data.esrf.fr
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Closed Data
Preview  Location
® /NiO_diluted_Ka1 rixs_cc_0002.h5
® /ihch1527-NiO_diluted-Ka1_rixs_cc_0002.h5

Showing rows 1to 2 of 2

® Feedback
Size
783
MB p
1 (In} NiO_dil... > 31.1 Display Inspect | (D Feedback
)
KB
A~ NX Spectrum X = Linear ~ =] ®
. n 102
— det_dtc_apd
x | DO
4e+5- /
/
o3e+b—
Qo
9
£
‘;,'2e+57
o
le+5 —
R
| | | |
0 20 40 60

elapsed_time
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. X-RAY SPECTROSCOPY: EXPERIMENT AND COMPUTATION

Experimental X-ray spectroscopy data are often evaluated by comparison to reference compounds.

3 0020 3 0.006 P ;‘:\\

5 5 0.005 - JISuEms ~ "\.\

I :

g oot g 0.004 !’F ‘.an:" “1\“6

Z 0,010 = £ 0,003 1 P PR\

5 e 5 GER i/ ]}w

§ 0.005 — a-Fe;03 E 0.0024 F\“ W” '

£ — y-Fe:0; £ 0001 ’ ’/ / "'l’f /)

2 0000 s . r ’ 2 0000 L— | g v ! -ﬁf‘/ (/M
7100 7120 7140 7160 7180 7200 7110 7112 7114 7116 7118 XA T

Incident Energy (eV) Incident Energy (eV) v /’;_u'

Computational X-ray spectroscopy provides a deeper insight by maximizing the amount of information
that can be extracted from the experimental data.

Specialized ab initio codes:
FEFF, FDMNES, OCEAN, ...

Generic ab initio codes:
ORCA, MOLCAS, ADF, Wien2k, VASP, Quantum ESPRESSO, ...

Semi-empirical multiplets codes:
Cowan’s Codes (RCN), Quanty, Xclaim, XTLS, Hilbert++, ...
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SEMI-EMPIRICAL MULTIPLETS: THE EARLY DAYS

. atoms Mo @ .
\ 3
Article .‘2\p ¥ L Y
Cowan Code: 50 Years of Growing Impact on 3 2
Atomic Physics o Mn (o) @
- s E
Alexander Kramida :. "' :.'/\'\ ‘2
National Institute of Standards and Technology, Gaithersburg, MD 20899, USA; alexander.kramida@nist.gov . “\ :-' \- = 14
< s ; P P  FIE PR G| T—T
Received: 28 May 2019; Accepted: 19 June 2019; Published: 2 July 2019 lclrl;e;:‘feosr ' \"""“/ 51[ 8 55 8
P Energy (eV)
DA CuMn (b)
‘\ ."F’\‘ ®
7 \w SN MnF,
/ |
i 0
. }1 S
o 3 -~
§ d [
; |\|“1 {h - JRAT
‘ | | | l T l T 1T 1 I l T T T
635 BUS 655 638 648
ENERGY (eV) Energy (eV)
B.T. Thole et al., F.M.F. de Groot et al.,
Phys. Rev. B, 31, 1985 Phys. Rev. B, 1990

The European Synchrotron | E

Page 12 PaNOSC Summere School | 15/04/2022 | Marius Retegan



QUANTY: A MODERN APPROACH TO MULTIPLETS CALCULATIONS

®  ® @ xAss$L_{2,3)$-Quanty X+ v

O @» 0o =

o s e e e QUANLY is @ powerful and versatile
library, but...

q C # 0 & quanty.org/documentation/tutorialsinio_crystal_field/xas_I23

Atticle | Talk | | Read | Edi

o

| Oid revisions | Manage Subscriptions

XAS Lo 3

Once the ground-state s calculated one can calculate the spectra. This example shows the Ni 2 to 3d excitations in NiO. Note that these excitations have an energy of more than 800 electron Volt, which is

Quanty This tutorial compares calculated spectra to experiment. In order to make the plots you need to download the experimental data. You can download them in a zip file here ez nio_data zip. Please unpack this file
Documentation

and make sure to have the folders NiO_Experiment and NiO_Radial in the same folder as you do the calculations. And as always, if used in a publication, please cite the original papers that published the data. pe rfo rm Ca I Cu I atl O n S .
Physics and Chemistry

Register The input file to do these calculation is:

Download area
Copyright

Authors

How to cite:

User publications
Questions and answers

some example code

This tutorial calculates the 2p to 3d x-ray absorption spectra of Ni in NiO using
crystal field theory

« The program is very forgiving, and it

Within crystal-field theory the solid is approximated by a

single atom in an effective .
Forum potential. Although an extremely crude approximation it is useful for some cases. Can take a Ion tlme to S ot an error
For correlated transition metal insulators it captures the right symmetry of the .
Workshops localized open d-shell. It is useful to determine magnetic g-factors, emergies of d-d
e excitations or core level x-ray absorption. (2p to 3d excitations L23 edges)
Heidelberg X ; ; i1 s . :
One should notice that the effective crystal-field potential is an affective potential 0
it is there to mimic the interaction with neighboring ligand atoms. In real materials 6 T T T " T T
Script versions there do not exist such large electro static potentials. isotropic experiment —
isotropic theor;
Quanty.nb In order to do crystal-field theory for NiO we need to define a Ni d-shell. P y
Quanty.m A d-shell has 10 elements and we label again the even spin-orbitals to be spin down
Quanty.py and the odd spin-orbitals to be spin up. In order to calculate 2p to 3d excitations we
also need a Ni 2p shell. We thus have a total of 10+6=16 fermions, 6 Ni-2p and 10 Ni-3d
spin-orbitals
External programs =3
NB=0
cTM4
IndexDn_2p=(0,2,4}

Crispy IndexUp_2p={1,3,5}
DFT and Hartree-Fock IndexDn_3d={6,8,10,12,14}
IndexUp_3d={7,9,11,13,15}

Privacy
Privacy policy

The resulting spectra are: (Experimental data from Alders et al. Phys. Rev. B 57, 11623 (1998) )
Printexport ,,,

Intensity (arb. units)

https://quanty.org

E (eV)
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CRISPY: A GRAPHICAL USER INTERFACE FOR MULTIPLETS CALCULATIONS

eCe Crispy - Ni2+_Oh_RIXS_1s2p

Qb X & e x (8B 2oy
[ormamsonn
Element and Experiment
Ni B » B oo B
Rxs [|J | K-L23(1s2p) B
Experimental Conditions C I I t' .
Temperature (K) 10 a Cu a Ions'

; + transition metals, lanthanides, and actinides

[CENEEETM Energy Transfer

oo T « XAS, XMCD, X(M)LD, XES, XPS, and RIXS
,  alarge number of edges
o 4 X o v b 0 @ B p * O, Dgp, Csy, Tq, and D3, symmetries
Energy Transfer = 4.89072 * Incident Energy -39903.5; width = 6
Additional features:
* logging console to display the progress
R S T ST + dialog showing the details of a calculation
BRI * interactive broadening using FFT
L  save and load functionality
' » easy-to-use installers for Windows and macOS

 Jupyter notebook interface

Incident Energy

Incident Energy.

Sum

& python’

X: 8336.22 Y:2.01599

$ NumPy »‘3

https://github.com/mretegan/crispy

Page 14  PaNOSC Summere School | 15/04/2022 | Marius Retegan The European Synchrotron | ESRF



. SEMI-EMPIRICAL MULTIPLETS: THE HAMILTONIAN

Hybridization Exchange
+ Hcf + thb + HZeeman + Hex
Crystal Field Magnetic Field

Kinetic energy of the electrons

Electron—nuclear interaction

1 e?

Hee = - Z Z O Electron—electron interaction
2 Py |7’z_7"j‘

H,, = Z E(ri)li - si Spin—orbit interaction

i

00 k

H.s = Z Z rkAkka,m(@, ?) Crystal field potential
k=0m=—k
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SEMI-EMPIRICAL MULTIPLETS: THE PARAMETRIZATION PROBLEM

Electronic repulsions: direct and exchange integrals

The Slater radial integrals are reduced from their Hartree—Fock values
using empirical reduction factors.

0.7<k <09 jonic character
0.5<k<0.6 covalent character

Spin-orbit coupling constants
They are usually close to the Hartree—Fock atomic values.

Crystal field parameters
Initial values are usually taken from other spectroscopies or calculations

10Dq for octahedral symmetry (O,)
Dq, Ds, Dt with a tetragonal distortion (Dgy,)

Hybridization (configuration interaction) parameters
Many ad hoc parameters: A, Udd, Upa, V(eg), V(t2g)
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