Steps for successfully using the CTM4XAS20 Charge-Transfer Multiplet Program
Layout of inputs is different for the current CTM4XAS55 version, but this guide is still totally
relevant and usable

* Go to http://www.anorg.chem.uu.nl/people/staff/FrankdeGroot/SLS/ctm4xas2008.htm.
Follow the download and installation steps exactly. Finally, everything needed should be in the
folder: c:\cowan\ctm4xas20\

*Go to this folder and run ctm4xas20.exe
*You will see a cmmd window, as on slide 2, while the program gets ready to work

*After a while, you will then see the real input page, as on slide 3, where various inputs and
options are indicated

+If you select charge transfer, which is optional for XAS since the excited electron is mostly
excited into a 3d “screening” orbital, but required for XPS since the core hole will strongly
polarize everything around it, other options appear, as shown on slide 4.

*Background on the method and the parameters is shown in slides 5-7

«If you now select XPS, you see something like slide 8

*Now input some parameters appropriate to your case. For example, for Mn?* in MnO, with
origins discussed in slides 9-12.


http://www.anorg.chem.uu.nl/people/staff/FrankdeGroot/SLS/ctm4xas2008.htm

. C:\cowan\ctm4xas20\ctm4xas20.exe
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Localized configuration interaction approach to spectrum simulation:

Anderson impurity model for PS, XAS, XES
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From CTM manual:

(

From Bocquet & Fujimori, J.
Elect.Spect. & Rel. Phen. 82,

The electronic structures of transition-metal (TM)
compounds, particularly the 3d TM halides, oxides
and chalcogenides, have long provided intriguing pro-

': Charge Transfer Parameters

blems for physicists and chemists. These compounds
are highly correlated electron systems where the
essential physics can be described in terms of a few
interaction strengths, namely the on-site d—d coloum-
bic repulsion energy U, the ligand-to-metal charge-
transfer energy A, and the ligand p—metal d hybridi-
zation strength 7. Core-level X-ray photoemission
spectroscopy (XPS) is a useful probe of the valence
electronic structures of TM compounds, and has been
successfully used in recent years to extract parame

87 (1996):

values for these interaction strengths [1-5]. In

Delta: This 1s the charge transfer parameter A. which gives the energy difference between the
(centers of the) 3d™ and 3L configurations. The effective value of A (Aex) 15 affected by the
multiplet and crystal field effects on each configuration. In the next version, the value of Acgr will
be given in a parameter-output file.

Udd: This 1s the value of the Hubbard U.

Upd: Ths 1s the core hole potential. In case of XAS spectra, only the difference between Upg and
Uqq 1s important.

Hopping T: The hopping parameters are given for the 4 symmetries in tetragonal symmetry A,
By, E and By. A (z°) and Bl (xz-yz) are part of the eg-orbitals and E (xz, yz) and B, (xy) are part
of the ty, orbitals. In Oh symmetry the values of A;=B; and E=B,. (This 1s not yet automatic in
the test-version).

Originated in the Hubbard Model: Ashcroft and Mermin, pp. 689-691



E.g.—Crystal field in Mn3* & Mn?* with negative octahedral ligands
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FIG. 1. Theoretical 2p core-level XPS spectra (solid line)
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From later paper (see nextslides) 6.5 6.0 -1.99N3=-11 U/Q=0.7-1.0, a best fit no. is 0.83. 10Dq is 1.0-2.0 eV
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Estimating the parameters from fits to the
experimental satellite intensity and spacing

From Bocquet & Fujimori, J. Elect.Spect. & Rel. Phen. 82, 87 (1996)
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Crystal field 10Dq assumed zero in this study,
but a value of about ~1.0-2.0 eV has been estimated from previous
optical, XAS, and EELS measurements:
Garvie et al., Physical Chemistry of Materials 21, 191 (1994)
Muller et al., Phys. Rev. B 78, 085438 (2008)
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And finally you will get something like this, with no crystal field splitting:
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Now just switching to XAS gives you:
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