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Input file for geometry optimization of Cp*Ir(CO):

ITPSSh def2-TZVP def2-TZVP/C Opt rijcosx VERYTIGHTSCF
lcpcm(cyclohexane)

%freq
AnFreq true
end

%pal nprocs 16
end

* xyzfile 0 1 Cp_stlrCO2.xyz

Input file for generating the orbitals used in the TD-DFT calculation of Cp*Ir(CO).

IB3LYP ZORA ZORA-def2-TZVPP def2-TZVP/C rijcosx TightSCF
lcpcm(cyclohexane)

%basis
NewGTO Ir "SARC-ZORA-TZVP" end
end

%tddft
NRoots 20
end

%pal nprocs 16
end

%maxcore 4000

* xyzfile 0 1 Cp_stIrCO2.xyz

Input file for TD-DFT calculation of core and valence excited states of Cp*Ir(CO):

IB3LYP ZORA ZORA-def2-TZVPP def2-TZVP/C rijcosx TightSCF noiter
lcpcm(cyclohexane)

%Dbasis
NewGTO Ir "SARC-ZORA-TZVP" end
end

Imoread
Y%moinp "TDDFT_Cp_stirCO2.gbw"

%scf
rotate
{2,68,90}
{3,67,90}
{4,66,90}



end
end

%tddft
tda true

OrbWin[0] = 66,89,90,109

NRoots 1500
end

Y%opal
nprocs 16
end

%maxcore 4000

* xyzfile 0 1 Cp_stlrCO2.xyz

Optimized structures
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Whiteline intensity analysis
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Fig. S1 Closeup of the whitelines of the three complexes. Each whiteline is fitted with the sum of two
Gaussian functions as well as an arctangent function, which is centered at the maximum of the whiteline
and broadened with the 5.24 eV lifetime broadening of the Ir 2p core-hole. The integral of the sum of the
two Gaussians is then used as an estimate of the total whiteline intensity for each of the three complexes.
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Fig. $2 HERFD X-ray absorption spectra of Cp*Ir(CO)z, Cplr(CO)2 and Ir(acac)(CO)2 measured at the Ir
Ls-edge. The inset shows the unsmoothed 15t derivative of the absorption spectra in the area of the whiteline
(top) as well as the smoothed 15t derivative of the spectra (bottom) as shown in the main text for better
visualization of the relative shifts. The magnitude of the shifts has been determined from both the
unsmoothed as well as smoothed derivatives yielding the same values.



Potential energy surfaces
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Fig. S3 Calculated potential energy surfaces of
valence excited states as a function of the Ir-CO bond
lengths for the three complexes.

Additional experimental details

HERFD spectra have been recorded with a total exposure time of 0.5s, 3.5s and 10s per point for
Cp*Ir(CO)2, Cp*Ir(CO)2, and Ir(acac)(CO)., respectively. The incidence energy was moved as
follows:

11165 eV - 11195 eV (5 eV step size)
11195 eV - 11205 eV (1 eV step size)
11205 eV - 11210 eV (0.25 eV step size)
11210 eV - 11224 eV (0.2 eV step size)
11224 eV - 11230 eV (0.5 eV step size)
11230 eV - 11260 eV (1 eV step size)
11260 eV - 11290 eV (2 eV step size)
11290 eV - 11500 eV (5 eV step size)

The RIXS maps were measured with a total exposure of 0.5s, 3.5s and 5s time per point in each
RIXS map for Cp*Ir(CO),, Cp*Ir(CO),, and Ir(acac)(CO)., respectively. The incidence energy was
moved in the range of 11210 eV to 11225 eV in steps of 0.25 eV. At each incidence energy, the
emission energy was scanned in the range of 11204 eV to 11218 eV in steps of 0.25 eV.



Identification of 5d orbitals
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Fig. S4 Coordinate system based on
the Ir(CO)2 structural motif used for
identifying the 5d orbitals.

The Ir(CO). structural motif is common to all the three complexes studied here and was therefore
used to define a common coordinate system as shown in Fig. S4. The C-Ir-C atoms in the Ir(CO).
moiety form a plane which is unique to all three complexes and we considered this plane to be the
xy plane. The y axis is taken to be along the direction of the perpendicular bisector of the C-Ir-C
angle in the Ir(CO), moiety. As a result, the LUMO can be designated as a dx,-derived orbital as
shown in the main text. This also gives the description of the z axis, i.e., in a direction perpendicular
to the xy plane. Based on this, the d,z-derived orbital (shown in the main text) can be defined
along with the d,z_y2 (shown below), as well as dx; (shown below) and dy.-derived orbitals (shown

in the main text).
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Cp*Ir(CO),
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Orbital assignment of optical transitions

Complex Wavelength (nm) _ Dominant Kohn-Sham orbitals
Cp*Ir(CO)2 271
Cplr(CO). 253
309
Ir(acac)(CO).
245

Natural Transition Orbital analysis of RIXS transitions

Complex Energy (eV)
3.31 >0.99
4.38 >0.99
0.74
Cp*Ir(CO)2 5.25
0.22
0.56
5.77
0.19
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0.51

6.48 0.23
0.19
4.28 >0.99
4.75 >0.99
0.68
4.99
0.24
0.60
Ir(acac)(CO)2 5.63
0.23
0.43
5.76 0.28
0.20
6.49 0.79
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