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S1 Cartesian Coordinates of [Rh(en)s3]*™"

Below we give the Cartesian coordinates of [Rh(en)s]*™ as obtained from the struc-

ture optimization. All values are given in A
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S2 Damping Factor

In order to investigate the influence of the damping value, we calculated the ROA
spectrum of [Rh(en)3]*" for two different damping values. In the first case, we
adopted a rather small damping value of 0.0037 a.u.; in the second case, a larger
value of 0.008 a.u. was used. For both damping values, we calculated the spectrum
with an excitation wavelength of 307.66 nm, i.e.,under full-resonance conditions, and
with an excitation wavelength of 370 nm. The four resulting spectra are shown in
Fig. S1. As one can see, when an excitation wavelength of 370 nm is adopted, the
two different damping values lead to virtually identical spectra, and therefore have
no influence (cf., the top two spectra in Fig. S1). Under full-resonance conditions,
however, the damping value has a rather large influence on the overall spectral
intensity. With larger damping value, the overall intensity is greatly reduced (up to
a factor of about five). However, the relative intensities as well as the overall band
shape is much less affected by changes in the damping value. We therefore conclude
that the exact numerical value adopted for the damping value is not of primary
importance as long as one and the same value is used throughout our study. This
will suffice to make the individual spectra comparable to each other.
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Figure S1: ROA spectra of [Rh(en)3]?* for two different excitation wavelengths and two
different damping values. A wavelength of 307.66 nm yields full-resonance spectra. Note
that the individual spectra span different intensity ranges.
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S3 Origin Dependence

In order to check whether the methodology followed in this work yields ROA spectra
which are origin independent, we shifted the molecule by 10 A in each of the three
spatial directions and recalculated the spectrum under full-resonance conditions. As
can be seen by comparing the first and third spectrum in Fig. S2, the spectrum does
literally not change. We therefore conclude that our spectra are not dependent on
the choice of origin.

As a further test, we also calculated the ROA spectrum under full-resonance con-
ditions without gauge-including atomic orbitals (GIAOs), both with the molecule
at its original location and with the molecule shifted by 10 A in all three spatial
directions. As can be seen from Fig. S2, in our case the use of GIAOs apparently
has no observable effects on the ROA spectrum.
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Figure S2: ROA spectra of [Rh(en)3]** calculated either with or without gauge-including
atomic orbitals. In the upper two spectra, the molecule is placed very close to the origin,
while in the lower two spectra, the molecule is shifted by 10 A in all three spatial directions.
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S4 Example Input File

Below we give an example NWCHEM input file as used in this work to calculate the
ROA spectra. The nuclear coordinates have been omitted in this example; in the
actual calculations, the distorted structures as generated by MOVIPAC have been
inserted.

echo

title "RROA calculation of [Rh(en3)]3+ in vacuum"
memory 2048 mb

start rh_en

geometry units au nocenter noautosym nucleus point
symmetry cl

end

basis "ao basis" spherical
* library def2-TZVP
end

ecp
Rh library def2-ECP
end

scf
singlet
rhf
direct
end

charge 3
dft
grid xfine nodisk

tolerances tight
convergence energy 1d-8

ST



convergence density 1d-7
maxiter 50

xc pbe0

disp vdw 3

direct

noio
end

set prop:newaoresp 1
set aor:roadata T
set cphf:maxsub 30
set cphf:maxiter 50

property
response 1 0.14809645
bdtensor
convergence le-4
damping 0.0080
giao

end

task dft property
task dft gradient
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S5 Intensities of Normal Modes
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Figure S3: Intensities of normal modes 1 to 30 as a function of excitation wavelength.

All intensities are given in A4 /amu~!'. The vertical line highlights the full-resonance

wavelength.
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Figure S4: Intensities of normal modes 31 to 60 as a function of excitation wavelength.

All intensities are given in A4 /amu~!. The vertical line highlights the full-resonance

wavelength.
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Figure S5: Intensities of normal modes 61 to 90 as a function of excitation wavelength.

All intensities are given in A4 /amu~!. The vertical line highlights the full-resonance

wavelength.
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Figure S6: Intensities of normal modes 91 to 105 as a function of excitation wavelength.

All intensities are given in A* /amu~".

wavelength.
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The vertical line highlights the full-resonance



