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Dear Editor, Dear Colleague,

Youll find enclosed a manuscript entitled “Are luminescent Ru’" chelated complexes
selective coordinative sensors for the detection of heavy cations ?’ submitted by
Christophe Gourlaouen, Benjamin Schweitzer and Chantal Daniel to Phys Chem Chem Phys.
Motivated by a number of recent experimental articles claiming a high selectivity of Ru(II)
complexes towards the specific detection of some metal cations in aqueous media we illustrate
how quantum chemistry can contribute at validating or not the selectivity of a coordinative
probe on the basis of calculated Gibbs free energies of complexation and computed structural,
optical and photophysical properties.

In this work we show that in contrast to the conclusion of experimental findings by Kumar et a/
(Chem. Commun., 2014, 50, 8488), [Ru(bpy)(bpym)]** has not the optical and photophysical
potential for a selective detection of Pd*" ions in water over a variety of other cations as proven
by our analysis of the electronic transitions involved. However, the important work of Kumar
combined to our study opens new perspective for experimentalists for the design of such probes.

I thank you for considering this article as publishable in Phys Chem Chem Phys
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Are luminescent Ru?* chelated complexes selective coordinative
sensors for the detection of heavy cations ?

Received 00th January 20xx,

Accepted 00th January 20xx Christophe Gourlaouen,*2 Benjamin Schweitzer® and Chantal Daniel*?

DOI: 10.1039/x0xx00000x The ability of [Ru(bpy),(bpym)]** (bpy = 2,2’-biprydine; bpym = 2,2’-bipyrimidine) at probing specifically heavy cations has

been investigated by means of density functional theory for transition metals, group 12 elements and Pb?*. On the basis of
calculated Gibbs free energies of complexation in water it is shown that all reactions are favorable with negative
enthalpies excepted for Hg?*, the transition metal cations forming stable bi-metallic complexes by coordination to the
bpym ligand. Comparison between the optical and photophysical properties of the Ru?* probe and those of the
coordination compounds does not demonstrate a high selectivity due to very similar characteristics of the absorption and
(MLCT)
[Ru(bpy),(bpym)]?* at 462 nm is more or less shifted to the red as function of the cation, the second MLCT band at 415 nm,

emission spectra. Whereas by complexation the lowest metal-to-ligand-charge-transfer shoulder of
less sensitive to the complexation, gains in intensity and is slightly blue-shifted. The visible MLCT emission of
[Ru(bpy),(bpym)]?* at 706 nm is altered by complexation leading to near IR (800-900 nm) emission in most of the
coordination compounds. Complexation to some transition metal cations (Fe, Co, Rh and Pd) generates low-lying metal-
centered (MC) excited states that quench luminescence. In contrast to the conclusion of experimental findings by Kumar et
al (Chem. Commun. 2014, 50, 8488-8490)%, [Ru(bpy),(bpym)]?* cannot be proposed as fast and selective probe for
monitoring Pd?* in aqueous media. Indeed, It does not possess the optical and photophysical characteristics necessary to

discriminate Pd?" ions over a variety of other cations.

frameworks (MOFs) in the past decades resulted in highly
selective multi-luminescent devices able to reversibly trap and
probe a variety of analytes in a single molecular structure.”
These developments take advantage of the specific host-guest
interactions, the occurrence of PET processes as well as of the
diversity of accessible excited states, namely metal-centred
(MC), metal-to-ligand-charge-transfer (MLCT), ligand-to-ligand
charge transfer (LLCT), ligand-to-metal-charge-transfer (LMCT)
or ligand centred (LC). The presence of transition metal nodes
associated to specific ligands gives to these multifunctional

1 Introduction

Transition metal-based molecular chemosensors have been
developed originally in order to combine emissive properties
of organic fluorophores with the intrinsic properties of
coordination compounds, namely selective and reversible
binding, UV/visible absorption, and redox potential.? The idea
was to follow the competition between photo-induced
electron transfer (PET) / electronic energy transfer (EET) and

fluorescence processes controlled by the environment, more compounds the desired chemical reversibility, —redox
particularly in term of the presence of metal ions or other Propertiesand electronic flexibility.
chemical species of biological and environmental interest. In More recently, an improved knowledge of the rich

this context the emergence of metal-based supramolecular
photochemistry® paved the way to the development of new
compounds characterized by selective and reversible
recognition, high sensitivity and a broad palette of efficient
luminescent responses  potentially competitive  with
intramolecular PET/EET.* Coordination to metal complex of an
organic binding group dedicated to a specific analyte,
encapsulation of lanthanides as sensitized photoactive centres
or direct complexation of the analyte to the coordination
compound are all approaches to achieve luminescent sensor
molecules based on coordinated metals.> These pioneering
strategies were then used for the developments of efficient
probes employed in environmental, biological and clinical

sciences.® The huge activity devoted to metal-organic

photophysics of transition metal complexes characterized by
efficient intersystem crossings (ISCs), long lifetimes, high

luminescence quantum vyields and large Stokes-shift
concomitant to their structural and electronic flexibilities
prompted new investigations of their chemosensing

behavior.1® Whatever the role of the transition metal-based
coordination compound is in the sensing process, a detailed
knowledge of its electronic structure and photophysics is
mandatory in order to design efficient molecular chemosensor
devices and to avoid an overestimation of their selectivity.

Nowadays, quantum chemistry combined with efficient
computational strategy could contribute at estimating the
reactivity of the metal complex towards environment (solvent,
cations, anions...) and at

modelling realistic
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absorption/emission properties.’® In recent studies dedicated
to pure organic chemsensors,!! density functional theory (DFT)
used in the context of transition metal-based molecular
chemosensors, complements experiments for elucidating
bonding structure and/or assigning excited states.’> Most of
the time deep analysis of the mechanisms underlying the
chemosensing process is lacking.

The goal of this article is to illustrate how quantum chemistry
can contribute at validating or not the selectivity of a
coordinative probe. For this purpose, we have selected a
promising Ru?* coordinative probe developed by Kumar et al®
for a simple turn-on/turn-off detection of Pd?* via dual-optical
analysis. The capability of [Ru(bpy).(bpym)]** (bpy = 2,2’-
biprydine; bpym = 2,2’-bipyrimidine) at probing specifically
heavy cations is investigated by means of DFT and time-
dependent (TD-DFT) for transition metals, group 12 elements
and Pb?* and Ca?* on the basis of calculated complexation
enthalpies, absorption and emission spectra in water.

2 Computational Details

Two series of calculations were performed. A first set of
calculations was undertaken in order to compute the Gibbs
free energy potential associated to the complexation of
various [MCI,(H,0),]9 compounds (M= Ca?*, Mn?Z*, Fe?*, Co%*,
Ni%*, Zn?*, Rh3*, Pd?*, Cd?*, Pt?*, Au*, Au3*, Hg?*, Pb%*; x=1-3;
n=0-4; g=0,+1) to [Ru(bpy),(bpym)]?>* using GAUSSIAN 09
quantum chemistry package.!3

These calculations were carried out at the DFT level of theory
with the B3LYP functional including dispersion corrections!*
and using the 6-31+G** basis set!®> for C, N and O and the
Stuttgart-Dresden SDD basis sets and associated small core
pseudopotentials for metal atoms.® Solvation (water) was
included through a PCM model.)7 Geometry optimizations
were performed within the less constrained symmetry.
Thermochemistry and stationary state analysis were extracted
from the frequency calculations.

A second set of calculations was performed using ADF2019
software.’® The structures of [Ru(bpy),(bpym)]** 1 and
[Ru(bpy),(bpym)M(Cl),]>* 1-M (M= Ca?*, Mn?*, Fe?*, Co?*, NiZ*,
Zn?*, Rh3*, Pd?*, Cd?*, Pt?**, Au*, Au3*, Hg?*, Pb?*) depicted in
Figure 1 for M=Pd have been fully optimized at the DFT/B3LYP
level associated to TZP, triple-C basis sets?® on all atoms and
including dispersion corrections. Scalar relativistic corrections
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Figure 1. Structure of 1 [Ru(bpy),(bpym)]?* (bpy = 2,2’-biprydine;
bpym = 2,2’-bipyrimidine) (left) and 1-M (M = Pd) for
[Ru(bpy),(bpym)]?* coordinated to PdCl, (right).
were incorporated through the zero-order relativistic

approximation (ZORA)?° including solvent corrections by
means of the COnductor-like Screening Model COSMO?! of
water (¢ = 78.4). The theoretical absorption spectra were
computed by means TD-DFT?? performed on the ground state
optimized structures. The spin-orbit coupling (SOC) has been
included at a perturbative level.*> The Tamm-Dancoff
approximation (TDA)?* was used to avoid over stabilization of
the lowest triplet states. The low-lying singlet and triplet
electronic excited states were optimized at the same level of
theory using TD-DFT procedure available in ADF. The character
of the electronic excited states contributing significantly to the
absorption and emission spectra have been analysed with
TheoDORE.?*

3 Complexation: structures and energetics
3.1 Structures

In order to estimate the selectivity of the salt complexation
onto 1 and to evaluate the complexation Gibbs free energies,
we optimized separately 1 and the aqueous salt (e.g.
[PA(CI),(OH,),]. The number of water molecules around the
cation and its spin state has to be considered in the calculation
conditions. For Pd?* and Pt?* cations (d® species), we selected
square-planar structures with two chloride anions and two
water molecules, both in trans position (Figure 2), the closed
singlet being the electronic ground state configuration. The
NiZ* cation behaves differently, with a triplet electronic ground
state in an octahedral conformation, the chloride anions being
in apical positions (Figure 2). The Au3* cation gives rise to a
square planar complex with three chloride anions and one
water molecule (Figure 2). The d1° cations (Zn2*, Cd?* and HgZ*)
do not exhibit any stable structures with water molecules in
the first shell leading to [M(CI),] salts. The Ca?*, MnZ*, Fe?* and
Co?* adopt an octahedral structure, general formula
[M(CI),(OH,)4] with the chlorine anion occupying the apical
positions associated to singlet ground state for Ca2* and Fe?*, a
guartet ground state for Co?* and a sextet ground state for
Mn?2*, Rh3* also adopt an octahedral arrangement. The
environment of Pb2* is a cis-divacant distorted octahedron, the
so-called see-saw structure.?®

This journal is © The Royal Society of Chemistry 20xx
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Upon complexation with 1, the Pd?** and Pt** aqueous
compounds release two water molecules whereas the Au(lll)
agqueous compound loses one water and one chlorine anion to
form square planar structures with the chlorine in cis
positions. The Zn?*, Cd** and Hg?* cations adopt a distorted
tetrahedral structure around M. The d® Au* cation releases
one water molecule and affords bonding with a single nitrogen
of the bipyrimidine. The Pb?* cation expels the water
molecules upon complexation kipping its see-saw structure.

M=Ca?*, Mn?*,
Fe2* Co?*, Ni2*

? i
¢ o+
4 é

- e

M=Pd2*, Pt2*,

M=Au* M=Au3*
M=Pb* M=Rh3* M=Zn2*, Cd?*, Hg?*

Figure 2. Optimized structures of the [MCI,(H,0),] compounds (M=
CaZ+I an*, Fez+’ C02+’ Ni2+, an", Rh3+, Pd2+, Cd2+’ Pt2+, AU+, AU3+, Hg2+,
Pb?*; x=1-3; n=0-4).

The cations Ca?*, Mn2*, Co%*, FeZ*, Ni2* and Rh3* retain their
octahedral structures with the departure of two equatorial
water molecules. All these complexes have +2 global charge
coming from 1 and have a singlet ground state, except 1-Ni
that has a triplet ground state, 1-Co is a quartet and 1-Mn is a
sextet. Au3* forms square planar species upon complexation
with 1, one chlorine anion having to leave to form 1-Au(lll) in a
singlet electronic ground state with a net charge of +3 in
contrast to all the other ones.

Some important optimized bond distances and angles of 1 and
1-M, the structures of which are given in the Sl section, are
reported in Table 1. The Ru-N distances, including that of the
bipyrimidine, are scarcely affected by complexation of M
(Table 1), they increase from 2.085 A in 1 to 2.102 A in 1-
Au(lll). The M-N distances are much more dependent of M as

This journal is © The Royal Society of Chemistry 20xx
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are the M-O and M-Cl distances. As mentioned earlier, the d*°
cations form weak complexes. The 1-Hg complex is
characterized by a long Hg-N distance of 3.556 A (Table 1).

In 1-Au(l), the values of the Au-N distances confirm that only
one nitrogen atom is bonded to the cation. Similarly, in 1-Pb
there is a clear difference between the two Pb-N and Pb-Cl
distances: for both there is one short and one long bond
length. This is due to the seesaw structure. In such structure,
(Figure 2), one CI- anion has a nitrogen atom in trans position,
the second Cl- has no ligand in the trans position. The situation
is the same for the nitrogen atoms. The two atoms (one Cl-
and one nitrogen) repel each other leading to longer Pb-Cl and
Pb-N bond lengths than for the two atoms, which have no
trans partner. This trans repulsion is further illustrated by the
N-Pb-Cl angle that is significantly smaller than 180°. It is of
146.7° in 1-Pb.

Table 1. Selected optimized bond distances (in A) and bond angles (in
°) of the complexes 1-M. Experimental values known for 1-Pd! are
given in parenthesis.

Complex M-Cl M-0 M-N Cl-M-Cl
1-Ca 2.705, 2.722 2.440, 2.446 2.607, 2.610 133.2
1-Mn 2.455, 2.455 2.284,2.284 2.361, 2.361 166.5
1-Fe 2.355, 2.355 2.048, 2.048 1.975,1.975 172.7
1-Co 2.395,2.412 2.172,2.185 2.157, 2.196 172.9
1-Ni 2.408, 2.408 2.187,2.187 2.169, 2.169 170.6
1-Zn 2.238,2.249 2.204, 2024 137.7
1-Rh 2.343, 2.366, 2.142 2.089, 2.089 93.9

2.367 92.2

1-Pd 2.330, 2.330 2.089, 2.089 92.2

(2.231, 2.280) (1.939,2.049)  (92.3)

1-cd 2.492,2.492 2.546, 2.546 152.4

1-Pt 2.351,2.351 2.068, 2.068 91.4
1-Au(l) 2.330 2.137,2.849

1-Au(ill) 2.313,2.313 2.113,2.113 90.7
1-Hg 2.453, 2.453 3.556, 3.556 171.2
1-Pb 2.658, 2.711 2.711, 2.889 93.4

3.2 Solvated metal cation complexation

The balance chemical equation corresponding to the

complexation of 1 by solvated metal compounds is given by,

[Ru(bpy),(bpym)]>* + [Pd(Cl)2(OH2),] >
[Ru(bpy)2(bpym)(Pd)(Cl)]2. + 2 OH,

where the water molecules are substituted by the Ru?*
complex 1, as illustrated above for the palladium cation. The
spin and symmetry characteristics of the solvated metal
compounds are reported in Table 2 for the series under study
here.

J. Name., 2013, 00, 1-3 | 3
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Table 2. Spin state of [MCI(H,0),]9 (M= Ca?*, Mn?*, Fe?*, Co?, Ni%*,
Zn%*, Rh3*, Pd?*, Cd?*, Pt?*, Au*, Au3*, Hg?*, Pb?*; x=1-3; n=0-4; q=0,+1)
and Gibbs free energy BG (in k) Mol?) of complexation of 1 with them.

Metal compound Spin state AG
[Ca(Cl);(OH,)J] 0 -27.5
[Mn(Cl)2(OH,)4] 5/2 -40.7
[Fe(Cl)>(OH,)d] 0 -87.6
[Co(Cl),(OH,)4] 3/2 -59.5
[Ni(C1)2(OHo)a] 1 67.2
[Zn(Cl),] 0 -17.0
[Rh(CI)3(OH,)s] 0 -113.5
[Pd(CI)2(OH,),] 0 -108.6
[Cd(Cl),] 0 +19.2
[Pt(CI)2(OH,),] 0 -149.7
[Au(CI)(OH,)] 0 -44.5
[Au(Cl)3(OH,)] 0 -8.6
[Hg(Cl),] 0 +23.0
[Pb(Cl)z(OH;)] 0 -36.1

Complexation occurs via coordination of the cation to the
bpym ligand of complex 1. As illustrated by the energetics
reported in Table 2 and other than [Cd(Cl),] and [Hg(Cl).],
negative Gibbs free energies characterize the complexation
reaction for all investigated compounds. Clearly complexation
of 2" and 3r-row cations (groups 9 and 10) to 1 is more
favourable than the complexation of 1st-row transition metal
cations with |AG| > than 100.0 k)] Mol for Rh3*, Pd?*, Pt>* and
40.0 < |AG| <90.0 kJ Mol! for Mn?*, Fe*, Co?* and Ni?*. The
d° and d° compounds are either weakly bounded (ZnZ* and
Ca%*, |AG| <40.0 kJ Mol?) or not (Cd?** and Hg?*) (Table 2). 1-
Au(l) complex has an intermediate complexation value close to
that of the 1%t-row cations. The case of 1-Au(lll) complex is
special. Indeed, one chlorine anion, along with the water
molecule, has to be expelled from the coordination sphere in
order to keep the square planar structure around the Au3*
cation. This loss of one anion replace by a neutral ligand leads
to a rather low complexation energy although it remains
negative. These results exemplify the lack of selectivity as far
as the complexation process is concerned leading to stable
[Ru(bpy),(bpym)M(CI),]** complexes with M being a heavy
transition metal element.

4 Optical properties

4.1 Absorption spectra

4| J. Name., 2012, 00, 1-3
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The TD-DFT absorption spectra of 1 and 1-Pd are depicted in
Figure 3, the individual calculated absorption spectra of the
other 1-M complexes being represented in Figures S1-S15 (Sl
section). The calculated transition energies, electronic
composition of the states and associated oscillator strengths
can be found in Tables S1-S15 (SI Section).

The theoretical absorption spectrum of 1 reproduces rather
well the experimental features with a first band between 350-
500 nm with a maximum at 415 nm vs. an experimental value
of 428 nm and a shoulder at about 462 nm vs. 480 nm
experimentally. As illustrated by the analysis of the singlet
electronic excited states assigned to this visible band (Figure
4), the MLCT character originating from the ruthenium
(thereafter Mg LCT) is preponderant with minor contributions
of ligand centered (LC) and ligand-to-ligand-charge-transfer
(LLCT) transitions. The intense band calculated between 225
and 325 nm is attributed to LC transitions on the bpy and
bpym ligands (Table S1). No metal-centered (MC) state on the
ruthenium (MCg,) are present at low energy.

f——T———T 7T T T T T T T

Intensity
0

" | | I — n
400 450 500 550 600 650 700 750 800
Wavelength (nm)

- L
%[J(] 250 300 350

Figure 3. TD-DFT absorption spectra of 1 (in black) and 1-Pd (in red) in
water without SOC. The experimental spectrum? of 1 (in orange) and
of 1-Pd (dark red) is reproduced in the inset for comparison.
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Figure 4. Character of the low-lying triplet states (T1-T15) and of the
low-lying singlet states (S1-S15) of 1 contributing to the lowest
absorption band calculated between 350-500 nm with the following

color code: blue for Mg,LCT; green for LLCT; red for LC; black for MCg,).

The low-lying triplet states possess a major Mg,LCT character
(Figure 4) and their composition does not differ significantly
from those of the corresponding singlets. Including SOC has no

This journal is © The Royal Society of Chemistry 20xx
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effect on the absorption spectra of 1 and 1-Pd (Figures S1 and
S9).

Whereas the upper intense band (225-325 nm) of 1 is not
really affected by complexation, the lowest band is split into
two parts (Figure 3). The first one of MgylLypymCT character is
shifted to the red with a new band calculated at 538 nm and
experimentally observed at 565 nm. This is a direct effect of
the coordination to the bpym ligand, the acceptor character of
which is enhanced by complexation. The second band
MguLbpyCT/MgylopymCT is slightly shifted to the blue and gains in
intensity because of the contribution of three transitions
calculated at 390, 392 and 404 nm with significant oscillator
strengths. As shown by the composition of the low-lying
singlet and triplet excited states in 1-Pd (Figure 5), the density
and diversity of excited state increases dramatically by
complexation developing a high degree of mixing. However,
the Mg(LCT states remain the only ones having oscillator
strength in the visible energy domain.

Complexation generates low-lying metal-to-metal-charge-
transfer (MgyMpyqCT) transitions (Figure 5), which do not
contribute to the absorption spectrum.

The simulated absorption spectrum of 1-Pt is very similar to
the one of 1-Pd (Figure 6) three maxima at 540 nm, 390 nm
and 280 nm assigned to MLypymCT, MLppy/bpymCT and LC,
respectively. As in 1-Pd, SOC does not affect the absorption
spectra of 1-Pt, which is dominated by contribution from the
ligands or the ruthenium.

e A B S o B g m e

1

1Pd
1Pt
INi

Intensity
=]
T
1

| I | | | il PR l 1 I |
ol

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

Figure 6. TD-DFT absorption spectra of 1 (in black), 1-Pd (in red),
1-Pt (in purple) and 1-Ni (in blue) in water without SOC.
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Figure 5. Character of the low-lying singlet (S1-S30) and triplet excited
(T1-T30) states of 1-Pd with the following color code: blue for Mg,LCT;
green for LLCT; red for LC; black and grey for MC (Ru or Pd); pink for
XLCT; yellow for Mpy4LCT; orange for XMp4CT; violet for Mg ,Mp4CT; teal
for other transitions.

A comparative analysis of the excited state composition of 1-Pt
(Table S9 and S11) and 1-Pd (Figure 5) confirms that the
complexation of 1 by Pd?* and Pt?* results in nearly coincident
absorption spectra not sensitive selectively to one or the other
cation. The 1-Ni complex exhibits low-lying MC states with
very low oscillator strengths. Whereas these states do not
contribute to the absorption, the MLypymCT and MLypy/tpymCT
transitions are assigned to the two lowest bands at 500 nm
and 380 nm, similarly to 1-Pd and 1-Pt.

The calculated absorption spectra of 1-Ca, 1-Zn and 1-Pb
(Figures S2, S7 and S15) exhibit similar features to that of 1-Pd
(Figure S9). However, the nature of the transitions is close to
that of 1 with no contribution of the M cation to the electronic
transitions.

Figure 7 represents the absorption spectra
generated by the complexation of 1 with transition metal
cations, namely 1-Mn, 1-Fe, 1-Co, 1-Rh, 1-Au(l), 1-Au(lll) and
the one of 1-Hg. All spectra generated by complexation of 1

calculated

reveal a three-band structure as observed in the complexes
discussed above except that of 1-Fe. The calculated transition
energies, electronic composition of the states and associated
oscillator strengths can be found in Tables S3 to S14 (S|
Section).

4— — T T T T T T T

IMn
1Fe
1Co
IRh
1Au()
1Au(IID)
1Hg

5]

Intensity

by Lo i | i
200 250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

Figure 7. TD-DFT absorption spectra 1-Mn (in black), 1-Fe (in blue), 1-
Co (in red), 1-Rh (in purple), 1-Au(l) (in dark green), 1-Au(lll) (in light
green) and 1-Hg (in magenta) in water without SOC.

The lowest band attributed to MgyLypymCT (1-Mn, 1-Co, 1-Rh,
1-Au(l), 1-Au(lll), 1-Hg) or MeclypymCT (1-Fe) (Figure 7) is
sensitive to the metal cation with an important red-shift, as
compared to the lowest shoulder of 1 calculated 462 nm, for
Au3* (S6, 595 nm), less important in the case of Rh3* (S3, 545
nm). It is moderate for the other cations with a shoulder at
about 500 nm, S7 at 492 nm for Mn?*, S9 at 499 nm for Fe?*,
S12 at 496 nm for Co?*, S3 at 510 nm for Cd?*, S3 at 496 nm for
Au* and S3 at 500 nm for Hg?*. The spectra of 1-Fe differ from
the previous ones by the presence of a MgcLypymCT electronic

J. Name., 2013, 00, 1-3 | 5
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transition (S7) at 548 nm, more intense than the Mg LppymCT
transition. According to our calculations, this is the only
observed influence of the metal cation on one of the
absorption spectra.

The character of the transitions associated to the low-lying
singlet excited states (S1-S20) contributing to the absorption
between 350 nm and 600 nm (Figure S18) points to the
dominance of low-lying MC and MgeLypymCT/Meelp, CT states in
the iron coordinated complex whereas the spectra of Au* and
Hg?* containing complexes are nearly pure MgyLypy/bpymCT as in
1 (Figures S20 and S22). The compounds generated by
complexation with Au3* and Rh3* are characterized by a high
density of mixed states (Figures S19 and S21). The absorption
spectrum of 1-Rh exhibits low-lying singlet states with MCgy,
and Mg MgyCT contributions and several halide-to-ligand-
charge-transfer (XLCT) states. Electronic transitions with mixed
contributions characterize the absorption spectrum of 1-Au(lll)
with either Mg M,,CT character in S1, S2 or S3 or XMu,CT
character at higher energy (S10, S12, S13 or S17). It is
noteworthy to point out that, whatever the complex is, the
MgulbpyCT contributions are nearly unaffected by the nature of
the cations, which does not contribute to the absorption
(except for 1-Fe) and the first strongly absorbing state is the
34 MgyLppymCT, more or less shifted.

4.2 Low lying singlet and triplet states

In order to get insight into the emissive properties of the
complexes under investigation the lowest triplet excited states
have been fully optimized in water. The calculated emission
wavelengths of T1 and T2 are reported in Table 3 and Table 4
as well as the character, deformation and stabilization
energies corresponding to the minima of the associated
potential energy surfaces (PES). The emission wavelengths
corresponding to the S1 optimized structure have been
calculated only for 1 and 1-Pd leading to A®™ values of 645 nm

Physical.Chemistry Chemical Physics

The calculated S1 and T1 emission wavelengths of 1, namely
645 nm and 706 nm, respectively are within the domain of
experimental emission of the complex at about 670 nm.! Both
the singlet and the triplet are characterized as MLCT states.
Together 1-Pd, 1-Pt and 1-Ni possess low-lying T1 and T2
triplet structures, the first one of MLCT character emitting at ~
880 nm, meaning a significant red-shift by complexation as
compared to 1. However, the presence of the T2 MC state in
these complexes has different consequences as far as the
emission is concerned. In the case of 1-Ni and 1-Pd the
deformation and stabilization energies (Table 3) support a
luminescence quenching by this MC state calculated around
1500 nm in agreement with what is observed experimentally.?
In contrast, the Eges and Egap values associated to the 1-Pt
complex (Table 3) are in favor of an efficient luminescence at
889 nm, not observable within the domain of energy explored
by the experiments, namely (600-800 nm), supposed to prove
a high degree of selectivity.! Similarly, the emissive signal at
670 nm is red-shifted in the case of 1-Ca (791 nm), 1-Zn (858
nm) and 1-Pb (809 nm) complexes for which there is no
competition with MC states.

The lowest T1 state of 1-Fe and 1-Co correspond to MC states
calculated in the far infrared, whereas 1-Mn, 1-Cd, 1-Au(l) and
1-Hg are characterized by low-lying MLCT states emitting
between 790 nm and 900 nm. Ru?* to Au3* charge transfer
(T1/SO PES crossing) quenches the potential emission of 1-
Au(lll) via T1l. The Mg, LCT and Mg,C states are almost
degenerate and are in competition in 1-Rh. However, the
emission wavelength computed for those states also lead to a
strong red shift compared to 1.

Table 3. Character, deformation (Eges), emission (E.n), stabilization (E,) energies (in eV) and Ae™ (in nm) associated to the lowest T1
excited states of 1, 1-Pd, 1-Pt, 1-Ni, 1-Ca, 1-Zn and 1-Pb and lowest S1 state of 1.

1 1-Pd 1-Pt 1-Ni
L T2 Ty T2 T1 T2 T
Character Mg, LCT Mg, LCT MC(Pd) Mg LCT MC(Pt) Mg LCT MC(Ni)
Egef 0.27 0.26 0.53 0.24 1.80 0.26 0.66
Eem 1.76 1.41 0.81 1.39 0.24 1.54 0.82
Estab 2.02 1.66 1.33 1.63 2.04 1.80 1.48
Aem 706 880 1533 889 5205 806 1520
1 1-Ca 1-Zn 1-Pb
Ta
Character Mgy LCT Mg LCT MguLCT Mgy LCT
Eger 0.27 0.27 0.25 0.25
Eem 1.76 1.57 1.44 1.53
Estab 2.02 1.84 1.69 1.78
Aem 706 791 858 809

a) These values are qualitative because of convergence problems

and 822 nm, respectively.

6 | J. Name., 2012, 00, 1-3
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4.3 Optical selectivity

The first and second absorption peaks and the calculated
emission wavelengths associated to the lowest T1 triplet state
of the 1-M complexes are reported in Table 5 for comparison.

The selectivity of the response of 1 upon complexation with
various metal cations is governed by three factors, namely the
complexation energy, the perturbation of the absorption
spectrum and the alteration of emissive properties. On this

Table 4. Character, deformation (Eg), emission (Ecn), stabilization (Ep)
energies (in eV) and B*™ (in nm) associated to the lowest T1 excited
states of 1-Mn, 1-Fe, 1-Co, 1-Rh, 1-Cd, 1-Au(l), 1-Au(lll) and 1-Hg and T2
state of 1-Rh.

Character Eger Eem Estab Aem

1-Mn MgyLCT 0.26 1.55 1.81 798

1-Fe MC(Fe) 0.11 0.50 0.61 2498

1-Co MC(Co) 0.06 0.23 0.29 5411

1-Rh MgyLCT 0.28 1.37 1.65 904

MC(Rh) 0.73 0.88 1.60 1412

1-cd Mg, LCT 0.25 1.49 1.74 834

1-Au(l) Mg, LCT 0.25 1.56 1.81 792
1-Au(lll)p  Mg,MCT 0.30 - 0.30 -

1-Hg Mg, LCT 0.10 1.56 1.66 797

basis, to be selective, the complex should bind preferentially
the Pd?* salt and exhibit specific optical responses. The
absorption spectrum of 1 is dominated by Mg/LCT states in the
first absorbing band and by LC states in the second main
absorbing band. The emission originates from the lowest
triplet state corresponding to the Mg,LCT transition to the
bipyrimidine. The present calculations show that coordination
of complex 1 to almost all considered cations is favourable,
some of them being potentially competitive with Pd?*. Pt%* and
Rh3* give one illustration, their binding energies being greater
than the one calculated for Pd?*. The complexation is not
specific to Pd?*.

The optical response of 1 to complexation with Pd?* is the
splitting of the first absorbing band. The Mg LCT shoulder
observed in the absorption spectrum of 1 is strongly red
shifted (around 70 nm) in 1-Pd. This shift results from the
greater electrophilicity of the ligand but not from a direct
contribution of the Pd?* cation to the transition. Similar
feature is observed for all other cations. In all cases, the first
absorbing band is shifted towards the red, the shift depending

This journal is © The Royal Society of Chemistry 20xx
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on the cation nature. Consequently, several complexes absorb
in the same domain of energy than 1-Pd (1-Pt, 1-Rh and 1-Fe,
Table 5) making the change of absorption spectrum
nonspecific to 1-Pd.

The quenching of the luminescence in the visible energy
domain observed in 1-Pd is due to the relaxation of the
complex into a MCpq state found to be the global minimum of
the lowest triplet potential energy surface. More generally,
nearly all investigated complexes are characterized by a
Mgy LCT emission in the infra-red domain (800-900nm) (Ca?*,
Mn?*, ZnZ*, Cd?*, Pt**, Au*, Hg?*, Pb?*). One complex is not
emissive due to the crossing between the triplet PES (Au3*

Table 5. Calculated absorption and emission wavelengths (in nm) of 1-
M complexes and character associated to the emissive state.

A5 (1) A20s (2) Aem State
character
1 462 415 706 Mg,LCT
1-Ca 495 403, 399 791 MgyLCT
1-Mn 492 396, 392 798 MgyLCT
1-Fe 548 401, 396, 2498 Me.C
392
1-Co 496 395, 391 5411 McoC
1-Ni 501 394,393 - MniC
1-Zn 515 391, 387, 858 Mg,LCT
382
1-Rh 545 404, 402, 1412 MgrnC
392
1-pd 538 404, 392, 1533 Mpq4C
390
1-cd 510 399, 397 834 MgyLCT
1-Pt 548 407, 392, 889 MgyLCT
391
1-Au(l) 496 404, 402 792 Mg LCT
1-Au(lll) 595 408 - MguMa,CT
1-Hg 500 400 797 MgyLCT
1-Pb 498 414, 400, 809 Mg, LCT
397

with a MgM,CT state) and the electronic ground state,
whereas the others (Fe?*, Co?*, Ni?*, Rh3*, Pd?*) may be trapped
in low-lying MC states. Accordingly, the alteration of the
emissive properties is not specific to the Pd?* cation.

Conclusion

J. Name., 2013, 00, 1-3 | 7
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From the present detailed theoretical investigation of the
structural, bonding, optical and emissive properties of a series
of 1-M complexes generated by the complexation of various
[M(CI),(H,0),]9 compounds (M= Ca%*, Mn?*, Fe?*, Co?*, Ni%*,
Zn%*, Rh3+, Pd?*, Cd?*, Pt?*, Au*, Au3*, Hg?*, Pb?*; x=1-3; n=0-4;
g=0,+1) to [Ru(bpy),(bpym)]?>* we can conclude that this Ru?*
complex is not a selective probe for monitoring metal cations
in water. In order to increase this selectivity design of new
complexes with specific ligands and metals could be
considered. Indeed, the chelation site of 1 is flexible enough
for adjusting all kind of coordination sphere. Selectivity could
be enhanced by the design of ligands compatible with one
specific coordination sphere. For instance, large ligand could
inhibit binding of cations having octahedral coordination
spheres. None of the 1-M complexes exhibit absorption
spectra with low-lying absorbing MyLCT states potentially
specific to each cation if one except the 1-Fe complex.
Adapting the metal centre or the ligand of complex 1 in order
to significantly increase the contribution of the chelated metal
in the absorption spectrum would open new perspective in
term of selectivity. Finally, the nature of the counterion, here
Cl, could also affect drastically the optical and emissive
properties of the complexes.
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Figure S1 : spectra of 1, in black without SOC, in red with SOC

Figure S2: spectra of 1-Ca
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Figure S3: spectra of 1-Mn
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Figure S4: spectra of 1-Fe
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Figure S5 : spectra of 1-Co

Figure S6: spectra of 1-Ni
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Figure S8: spectra of 1-Rh
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Figure S9: spectra of 1-Pd, in black without SOC and in red with SOC

Figure S10: spectra of 1-Cd
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Figure S11: spectra of 1-Pt, in black without SOC and in red with SOC
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Figure S12: spectra of 1-Au(l)
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Figure S13: spectra of 1-Au(lll)
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Figure S14: spectra of 1-Hg
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Figure S15: spectra of 1-Pb
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Figure $18: : Character of the low-lying singlet states of 1-Fe
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Figure S22 : Character of the low-lying singlet states of 1-Hg

Character
o000
ISR N

The color code for figures S16 and S17: blue for Mg, LCT; green for LLCT; red for LC; black
and grey for MC (Ru or Pd); pink for XLCT; yellow for MpyLCT; orange for XMpyCT; violet
for Mg Mp4CT; teal for other transitions.

10



Page 21 of 37

Physical Chemistry Chemical Physics

Table S1: Energy (in Ev), oscillator strength and nature of the singlet states of 1

State Energy Oscillator Mg,C LC Mg, LCT LLCT Other
1 2.391 0.00E+00 3.27% 5.75% 78.43% 11.85% 0.70%
2 2.550 3.00E-03 2.79% 5.19% 71.81% 19.30% 0.91%
3 2.686 1.76E-01 1.62% 12.24% 72.90% 12.66% 0.58%
4 2.733 3.00E-03 2.29% 11.96% 79.23% 6.03% 0.50%
5 2.765 5.00E-03 5.09% 11.24% 76.66% 5.91% 1.10%
6 2.880 7.50E-02 2.74% 18.21% 72.24% 5.93% 0.87%
7 2.940 3.00E-03 2.93% 14.73% 71.39% 9.98% 0.97%
8 2.979 2.01E-01 4.19% 14.51% 70.48% 9.50% 1.33%
9 3.104 3.40E-02 1.48% 6.74% 78.88% 12.56% 0.34%
10 3.164 1.18E-01 2.36% 16.20% 72.28% 8.28% 0.88%
11 3.252 1.10E-02 1.40% 6.80% 72.12% 19.21% 0.47%
12 3.318 3.00E-03 1.65% 9.05% 76.47% 12.34% 0.49%
13 3.451 0.00E+00 1.02% 6.88% 73.98% 17.72% 0.39%
14 3.540 1.04E-01 0.99% 11.97% 73.47% 13.23% 0.35%
15 3.567 1.41E-01 1.01% 10.66% 74.68% 13.13% 0.53%
16 3.664 4.00E-03 1.39% 14.00% 77.63% 6.61% 0.37%
17 3.816 4.80E-02 1.71% 19.53% 72.17% 6.11% 0.49%
18 3.838 1.00E-03 2.46% 13.96% 75.66% 7.35% 0.57%
19 3.875 3.30E-02 2.46% 17.07% 69.33% 10.40% 0.75%
20 3.904 1.00E-03 0.05% 3.99% 3.24% 89.90% 2.82%
21 3.943 4.00E-03 13.30% 12.43% 65.71% 5.87% 2.69%
22 3.950 1.20E-02 0.69% 4.82% 2.43% 89.28% 2.78%
23 3.956 4.00E-03 43.71% 5.59% 37.44% 4.53% 8.73%
24 3.964 6.40E-02 6.12% 11.44% 75.20% 5.97% 1.28%
25 3.973 0.00E+00 40.51% 6.66% 40.72% 3.92% 8.20%
26 4.003 4.00E-03 0.92% 22.01% 70.75% 5.79% 0.53%
27 4.010 1.12E-01 4.01% 16.26% 66.25% 12.13% 1.35%
28 4.072 2.00E-02 11.21% 11.48% 64.59% 9.73% 2.99%
29 4.087 1.00E-03 36.54% 8.06% 41.10% 4.88% 9.41%
30 4.102 1.60E-02 8.04% 27.97% 56.32% 4.94% 2.74%
31 4.104 7.00E-03 1.40% 25.28% 62.77% 9.53% 1.03%
32 4.161 1.00E-03 0.06% 90.90% 2.05% 4.16% 2.84%
33 4.234 2.83E-01 0.51% 81.80% 11.74% 3.71% 2.23%
34 4.279 4.57E-01 0.18% 87.51% 6.35% 3.37% 2.58%
35 4.302 1.29E+00 0.53% 81.95% 10.66% 1.97% 4.89%
36 4.332 2.86E-01 0.24% 86.41% 6.04% 2.10% 5.22%
37 4.475 2.20E-02 5.69% 15.50% 61.25% 14.40% 3.17%
38 4.543 1.70E-02 2.95% 11.68% 4.88% 77.39% 3.10%
39 4.562 7.00E-03 18.27% 56.68% 11.84% 6.80% 6.41%
40 4.566 1.00E-03 46.67% 5.95% 29.20% 6.31% 11.86%
41 4.581 2.80E-02 1.82% 21.34% 1.76% 72.23% 2.84%
42 4.591 1.00E-02 29.04% 29.48% 18.43% 14.74% 8.30%
43 4.697 0.00E+00 44.83% 6.69% 30.51% 4.75% 13.22%
44 4.760 1.01E+00 0.09% 87.34% 1.55% 8.02% 2.99%
45 4.798 0.00E+00 0.21% 88.52% 2.48% 6.66% 2.13%
46 4.800 6.00E-03 0.01% 3.74% 0.38% 94.66% 1.22%
47 4.846 4.00E-03 0.02% 3.27% 1.00% 94.51% 1.20%
48 4.927 1.60E-02 0.06% 92.96% 1.72% 3.75% 1.51%
49 4.986 4.00E-03 1.57% 8.46% 73.22% 15.88% 0.86%
50 5.020 6.20E-02 0.03% 8.85% 0.67% 87.70% 2.75%
51 5.050 1.10E-02 0.18% 72.63% 8.75% 17.22% 1.23%
52 5.057 1.00E-03 0.87% 32.00% 53.38% 13.07% 0.68%
53 5.063 1.10E-02 0.12% 18.42% 3.18% 75.59% 2.70%
54 5.076 2.50E-02 0.88% 9.47% 45.59% 41.97% 2.09%
55 5.096 1.60E-02 0.57% 13.72% 20.11% 61.82% 3.78%
56 5.107 5.80E-02 0.01% 83.05% 3.69% 11.80% 1.44%
57 5.128 2.00E-03 0.14% 17.67% 2.79% 74.43% 4.97%
58 5.202 4.30E-02 0.12% 65.80% 22.25% 10.71% 1.12%
59 5.203 0.00E+00 1.19% 51.35% 38.94% 7.27% 1.25%
60 5.227 9.00E-03 0.49% 56.33% 19.54% 21.76% 1.88%
61 5.258 4.20E-02 0.03% 90.26% 4.46% 2.92% 2.34%
62 5.259 0.00E+00 0.05% 23.08% 1.49% 72.94% 2.44%
63 5.279 3.00E-03 0.67% 39.88% 30.67% 27.47% 1.31%
64 5.297 0.00E+00 0.22% 68.34% 14.98% 14.26% 2.21%
65 5.325 2.30E-02 0.29% 32.54% 15.47% 49.19% 2.52%
66 5.333 7.90E-02 0.06% 15.17% 4.01% 78.18% 2.58%
67 5.341 3.60E-02 0.29% 30.02% 57.70% 11.31% 0.69%
68 5.374 2.80E-02 0.76% 37.39% 51.91% 8.65% 1.30%
69 5.395 2.80E-02 0.68% 32.40% 53.67% 12.48% 0.77%
70 5.400 1.00E-03 0.02% 96.15% 1.10% 1.58% 1.15%
71 5.429 2.50E-02 0.11% 78.97% 12.92% 6.96% 1.04%
72 5.452 5.40E-02 0.11% 15.44% 5.91% 75.73% 2.81%
73 5.459 2.00E-03 0.16% 24.18% 31.14% 43.31% 1.21%
74 5.469 7.00E-03 0.15% 21.21% 36.18% 41.48% 0.99%
75 5.485 1.12E-01 0.23% 41.77% 17.80% 38.29% 1.90%
76 5.500 0.00E+00 2.37% 19.58% 49.67% 27.11% 1.27%
77 5.530 2.00E-03 10.75% 14.87% 18.87% 49.73% 5.78%
78 5.542 0.00E+00 15.46% 10.35% 29.70% 38.35% 6.15%
79 5.544 3.00E-03 0.23% 82.15% 1.86% 12.66% 3.10%
80 5.575 1.38E-01 0.85% 35.60% 7.86% 52.91% 2.78%

Table S2: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Ca
State Energy Oscillator Mg,C MyC LC Mg, LCT MyLCT LLCT XLCT XMCT MauMyCT | MyMg,CT Other
1 2.170 0.00E+00 3.36% 0.00% 5.37% 77.67% 0.03% 12.26% 0.01% 0.00% 0.36% 0.00% 0.95%
2 2.335 2.00E-03 2.83% 0.00% 4.92% 71.57% 0.02% 19.08% 0.01% 0.00% 0.39% 0.00% 1.19%
3 2.503 1.24E-01 1.53% 0.00% 11.56% 71.55% 0.01% 13.76% 0.05% 0.01% 0.53% 0.00% 1.00%
4 2.823 4.00E-03 2.80% 0.00% 12.39% 78.83% 0.02% 5.35% 0.01% 0.00% 0.01% 0.00% 0.60%
5 2.843 3.00E-03 5.02% 0.00% 11.36% 77.15% 0.02% 5.40% 0.01% 0.00% 0.01% 0.00% 1.04%
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6 2.891 2.40E-02 2.10% 0.00% 5.67% 77.57% 0.03% 12.83% 0.01% 0.00% 0.87% 0.00% 0.94%
7 2.972 5.90E-02 3.15% 0.00% 17.43% 72.11% 0.01% 6.27% 0.01% 0.00% 0.02% 0.00% 1.01%
8 3.016 6.00E-03 1.95% 0.00% 14.29% 72.86% 0.01% 10.17% 0.01% 0.00% 0.06% 0.00% 0.64%
9 3.033 5.70E-02 1.34% 0.00% 8.52% 73.10% 0.01% 15.55% 0.01% 0.00% 0.64% 0.00% 0.84%
10 3.078 1.95E-01 4.32% 0.00% 12.75% 70.12% 0.01% 11.15% 0.01% 0.00% 0.16% 0.00% 1.48%
11 3.105 1.62E-01 2.99% 0.00% 14.45% 70.67% 0.01% 10.11% 0.01% 0.00% 0.47% 0.00% 1.28%
12 3.155 2.80E-02 1.80% 0.00% 7.24% 77.78% 0.02% 12.43% 0.01% 0.00% 0.14% 0.00% 0.59%
13 3.304 3.70E-02 1.06% 0.00% 6.92% 73.66% 0.02% 17.80% 0.01% 0.00% 0.11% 0.00% 0.43%
14 3.368 9.00E-02 0.90% 0.00% 11.84% 72.72% 0.01% 13.98% 0.01% 0.00% 0.13% 0.00% 0.42%
15 3.527 8.00E-02 1.75% 0.00% 13.20% 68.57% 0.01% 15.06% 0.01% 0.00% 0.11% 0.00% 1.29%
16 3.588 5.00E-03 0.14% 0.00% 2.85% 3.79% 0.00% 89.74% 0.01% 0.00% 0.00% 0.00% 3.47%
17 3.632 6.00E-03 0.06% 0.00% 2.33% 1.14% 0.00% 92.88% 0.04% 0.00% 0.00% 0.00% 3.54%
18 3.733 7.00E-03 1.36% 0.00% 15.35% 76.89% 0.02% 5.82% 0.01% 0.00% 0.07% 0.00% 0.48%
19 3.891 3.60E-02 5.26% 0.00% 18.45% 69.94% 0.01% 5.07% 0.01% 0.00% 0.07% 0.00% 1.19%
20 3.913 2.00E-03 11.33% 0.00% 12.16% 66.64% 0.01% 7.45% 0.03% 0.00% 0.06% 0.00% 2.32%
21 3.931 1.00E-02 47.13% 0.00% 5.48% 33.97% 0.01% 3.37% 0.05% 0.00% 0.14% 0.01% 9.84%
22 3.945 4.00E-03 2.04% 0.00% 21.65% 68.51% 0.02% 6.81% 0.03% 0.00% 0.06% 0.00% 0.89%
23 3.954 6.00E-03 0.03% 0.01% 1.31% 0.05% 1.14% 0.12% 93.96% 3.08% 0.00% 0.03% 0.27%
24 3.968 0.00E+00 0.01% 0.01% 1.21% 0.04% 1.05% 0.07% 94.25% 3.08% 0.00% 0.03% 0.26%
25 3.984 3.00E-03 41.78% 0.00% 6.62% 39.20% 0.01% 3.93% 0.02% 0.00% 0.06% 0.00% 8.39%
26 4.013 2.00E-03 0.00% 0.01% 0.71% 0.09% 1.37% 0.05% 94.39% 3.10% 0.00% 0.03% 0.25%
27 4.014 8.00E-03 0.01% 0.01% 0.77% 0.34% 1.51% 0.09% 93.91% 3.08% 0.00% 0.04% 0.24%
28 4.042 3.00E-03 2.17% 0.00% 15.33% 75.61% 0.02% 5.86% 0.40% 0.01% 0.03% 0.00% 0.58%
29 4.055 2.70E-02 11.79% 0.00% 11.82% 67.26% 0.01% 6.03% 0.01% 0.00% 0.04% 0.00% 3.04%
30 4.075 9.90E-02 24.97% 0.00% 9.70% 53.33% 0.01% 5.48% 0.01% 0.00% 0.05% 0.00% 6.45%
31 4.094 5.00E-03 2.68% 0.00% 25.52% 65.69% 0.01% 5.13% 0.01% 0.00% 0.04% 0.00% 0.92%
32 4.099 6.40E-02 14.99% 0.00% 23.34% 48.98% 0.01% 8.14% 0.01% 0.00% 0.07% 0.00% 4.47%
33 4.166 7.70E-02 1.37% 0.00% 37.18% 43.97% 0.01% 16.50% 0.02% 0.00% 0.02% 0.00% 0.95%
34 4.168 8.00E-03 5.41% 0.00% 16.78% 65.58% 0.01% 10.72% 0.02% 0.00% 0.01% 0.00% 1.46%
35 4.172 1.55E-01 2.16% 0.00% 36.16% 53.99% 0.01% 6.47% 0.01% 0.00% 0.02% 0.00% 1.17%
36 4.179 3.00E-03 0.00% 0.03% 0.14% 0.03% 3.92% 0.03% 92.44% 3.06% 0.00% 0.10% 0.23%
37 4.232 1.40E-02 0.62% 0.00% 17.88% 24.87% 0.01% 54.25% 0.01% 0.00% 0.00% 0.00% 2.35%
38 4.262 6.00E-02 0.13% 0.00% 44.64% 7.73% 0.00% 45.29% 0.03% 0.00% 0.01% 0.00% 2.16%
39 4.274 9.50E-02 0.42% 0.00% 59.99% 7.41% 0.00% 27.01% 0.01% 0.00% 0.00% 0.00% 5.16%
40 4.296 1.29E-01 0.24% 0.00% 58.79% 4.53% 0.00% 31.13% 0.02% 0.00% 0.01% 0.00% 5.29%
41 4.337 9.69E-01 0.62% 0.00% 64.62% 20.68% 0.01% 10.02% 0.03% 0.00% 0.01% 0.00% 4.01%
42 4.340 9.11E-01 0.56% 0.00% 64.92% 19.23% 0.01% 11.11% 0.04% 0.00% 0.01% 0.00% 4.14%
43 4.505 1.60E-02 7.11% 0.00% 15.17% 62.01% 0.02% 12.18% 0.10% 0.01% 0.21% 0.00% 3.19%
44 4.520 1.60E-02 0.01% 0.00% 2.45% 0.40% 0.00% 95.66% 0.03% 0.00% 0.00% 0.00% 1.46%
45 4.561 3.00E-03 10.08% 0.06% 5.39% 6.85% 6.11% 3.36% 62.86% 2.15% 0.02% 0.15% 2.95%
46 4.562 3.00E-03 33.40% 0.02% 5.62% 22.71% 1.82% 8.22% 18.67% 0.64% 0.07% 0.05% 8.77%
47 4.565 0.00E+00 4.93% 0.00% 2.72% 4.86% 0.01% 84.82% 0.09% 0.00% 0.02% 0.00% 2.55%
48 4.585 2.00E-03 47.14% 0.00% 4.84% 30.33% 0.13% 4.14% 1.47% 0.05% 0.14% 0.01% 11.75%
49 4.632 6.00E-03 0.08% 0.01% 0.81% 0.08% 1.17% 0.17% 93.72% 3.64% 0.00% 0.03% 0.28%
50 4.641 0.00E+00 0.02% 0.01% 0.90% 0.04% 1.08% 0.12% 93.81% 3.70% 0.00% 0.03% 0.28%
51 4.683 1.10E-02 0.34% 0.01% 2.58% 0.29% 1.29% 0.33% 90.96% 3.73% 0.00% 0.04% 0.42%
52 4.689 9.00E-03 4.89% 0.01% 2.00% 3.55% 1.36% 0.75% 82.44% 3.23% 0.02% 0.04% 1.71%
53 4.691 1.40E-02 33.22% 0.00% 12.93% 23.84% 0.47% 6.14% 12.48% 0.45% 0.11% 0.02% 10.36%
54 4.702 8.74E-01 1.71% 0.01% 81.33% 2.01% 0.21% 8.61% 2.02% 0.06% 0.01% 0.01% 4.04%
55 4.721 6.20E-02 3.61% 0.02% 69.57% 5.25% 2.63% 13.47% 1.26% 0.04% 0.02% 0.07% 4.07%
56 4.842 0.00E+00 0.00% 0.00% 0.09% 0.08% 1.20% 0.79% 94.43% 3.33% 0.00% 0.04% 0.04%
57 4.852 2.00E-03 0.04% 0.04% 0.25% 1.31% 3.79% 0.34% 90.17% 3.68% 0.01% 0.11% 0.26%
58 4.856 0.00E+00 1.41% 0.00% 5.31% 54.65% 0.30% 15.30% 20.55% 0.71% 0.52% 0.01% 1.25%
59 4.856 0.00E+00 0.38% 0.00% 1.34% 13.33% 0.95% 4.10% 76.67% 2.73% 0.13% 0.03% 0.33%
60 4.869 0.00E+00 0.00% 0.00% 0.43% 0.10% 1.24% 0.55% 93.65% 3.92% 0.00% 0.05% 0.05%
61 4.881 0.00E+00 0.00% 0.00% 0.19% 0.02% 1.20% 0.55% 94.05% 3.90% 0.00% 0.05% 0.04%
62 4.895 1.00E-03 0.01% 0.00% 0.57% 0.51% 1.34% 0.62% 94.71% 2.15% 0.00% 0.03% 0.06%
63 4.903 1.00E-03 0.00% 0.00% 0.49% 0.07% 1.20% 0.46% 95.44% 2.26% 0.00% 0.03% 0.05%
64 4.933 5.00E-03 0.01% 0.00% 0.68% 0.75% 1.36% 0.64% 93.26% 3.18% 0.01% 0.05% 0.07%
65 4.936 5.40E-02 0.70% 0.00% 17.89% 49.74% 0.27% 11.42% 17.83% 0.57% 0.40% 0.01% 1.17%
66 4.937 7.00E-03 0.10% 0.00% 2.76% 6.94% 1.16% 2.14% 83.88% 2.71% 0.06% 0.04% 0.21%
67 4.939 0.00E+00 0.07% 0.00% 1.88% 4.35% 1.35% 1.53% 87.70% 2.90% 0.03% 0.04% 0.14%
68 4.946 0.00E+00 0.01% 0.00% 0.30% 0.45% 1.16% 0.89% 93.96% 3.15% 0.00% 0.04% 0.04%
69 4.961 2.30E-02 1.45% 0.00% 10.24% 58.66% 0.10% 24.47% 2.91% 0.14% 0.42% 0.01% 1.60%
70 4.962 3.00E-03 0.28% 0.00% 6.58% 9.40% 0.03% 80.14% 0.34% 0.02% 0.07% 0.00% 3.14%
71 4.979 2.00E-03 0.00% 0.00% 0.29% 0.12% 1.49% 0.74% 94.38% 2.89% 0.00% 0.05% 0.04%
72 4.981 1.00E-03 0.01% 0.00% 0.30% 0.34% 1.36% 1.10% 93.93% 2.87% 0.00% 0.04% 0.06%
73 5.009 5.70E-02 0.08% 0.00% 10.62% 3.45% 0.18% 81.64% 0.60% 0.03% 0.04% 0.01% 3.36%
74 5.042 3.90E-02 0.05% 0.00% 88.75% 2.03% 0.01% 7.79% 0.10% 0.00% 0.00% 0.00% 1.26%
75 5.069 0.00E+00 0.06% 0.00% 4.49% 1.65% 2.69% 25.47% 62.25% 2.13% 0.01% 0.09% 1.16%
76 5.071 1.00E-03 0.15% 0.00% 10.36% 3.93% 1.41% 50.14% 30.62% 1.09% 0.02% 0.05% 2.24%
77 5.087 6.90E-02 0.01% 0.00% 90.75% 2.60% 0.13% 4.68% 0.65% 0.03% 0.00% 0.00% 1.15%
78 5.101 0.00E+00 0.00% 0.01% 1.22% 0.18% 3.71% 3.75% 87.49% 3.30% 0.00% 0.13% 0.20%
79 5.103 1.80E-02 0.11% 0.00% 14.05% 3.81% 0.27% 73.53% 4.76% 0.20% 0.03% 0.01% 3.24%
80 5.143 1.00E-03 0.00% 0.00% 0.11% 0.01% 3.96% 0.11% 93.17% 2.51% 0.00% 0.10% 0.02%
Table S3: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Mn
State Energy Oscillator Mg,C MyC LC Mg LCT MyLCT LLCT XLCT XMCT MeoMyCT | MyMg,CT Other
1 2.076 6.24E-06
2 2.155 3.34E-05
3 2.161 1.46E-03
4 2.238 4.50E-05
5 2.304 6.70E-04
6 2.395 2.24E-03
7 2.504 8.25E-02
8 2.719 1.63E-04
9 2.721 1.37E-05
10 2.780 5.64E-04
11 2.785 7.24E-04
12 2.786 5.71E-04
13 2.827 9.16E-03
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14 2.838 9.29E-04
15 2.860 1.15E-03
16 2.872 4.21E-05
17 2.879 1.19E-02
18 2.934 4.18E-04
19 2.938 4.13E-04
20 2.956 7.96E-04
21 2.991 1.63E-02
22 3.020 1.56E-02
23 3.025 4.71E-03
24 3.083 7.63E-03
25 3.101 1.71E-03
26 3.117 1.77E-02
27 3.127 1.73E-01
28 3.151 1.04E-01
29 3.196 5.07E-04
30 3.228 7.68E-04
31 3.275 5.48E-02
32 3.325 3.83E-03
33 3.358 6.56E-02
34 3.372 5.34E-03
35 3.373 1.70E-02
36 3.396 2.17E-03
37 3.434 8.36E-04
38 3.458 9.05E-06
39 3.492 6.98E-03
40 3.524 6.53E-04
41 3.535 2.29E-02
42 3.535 2.01E-03
43 3.541 1.33E-02
44 3.565 2.99E-02
45 3.584 8.13E-03
46 3.589 5.59E-03
47 3.607 2.07E-03
48 3.612 6.96E-06
49 3.652 8.64E-04
50 3.677 4.84E-03
51 3.711 7.78E-06
52 3.738 1.41E-04
53 3.742 2.68E-05
54 3.747 1.66E-03
55 3.756 4.00E-04
56 3.761 2.10E-04
57 3.793 1.16E-03
58 3.853 3.02E-03
59 3.891 1.97E-03
60 3.901 1.50E-02
61 3.903 4.17E-04
62 3.913 2.85E-06
63 3.920 1.68E-03
64 3.923 1.31E-03
65 3.927 1.38E-02
66 3.932 2.23E-02
67 3.950 2.27E-05
68 3.953 4.11E-03
69 3.975 6.75E-03
70 3.978 1.55E-03
71 3.979 9.37E-04
72 3.984 2.80E-03
73 3.986 1.54E-03
74 4.013 1.53E-04
75 4.026 4.37E-06
76 4.039 6.68E-05
77 4.051 3.03E-03
78 4.065 3.91E-03
79 4.070 8.16E-04
80 4.087 2.19E-02
81 4.100 1.12E-03
82 4.123 1.93E-03
83 4.125 8.85E-02
84 4.142 7.87E-03
85 4.167 3.37E-03
86 4.174 1.26E-02
87 4.178 1.06E-02
88 4.182 2.91E-03
89 4.189 2.12E-02
90 4.214 6.32E-04
91 4.227 1.78E-03
92 4.235 2.52E-04
93 4.242 2.58E-03
94 4.255 6.53E-04
95 4.279 5.75E-04
96 4.280 7.35E-03
97 4.285 5.58E-05
98 4.289 4.02E-03
99 4.334 3.29E-06
100 4.337 3.00E-03
101 4.350 2.03E-03
102 4.383 2.14E-03
103 4.390 6.53E-03
104 4.420 2.11E-03
105 4.423 3.53E-03
106 4.439 4.29E-03
107 4.445 5.67E-04
108 4.459 2.08E-02
109 4.461 1.23E-03
110 4.469 4.44E-03
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111 4.490 7.03E-03

112 4.494 6.64E-03

113 4.501 1.65E-03

114 4.504 5.03E-02

115 4.514 6.93E-02

116 4.524 2.37E-05

117 4.535 0.1622

118 4.541 2.09E-03

119 4.545 1.93E-02

120 4.556 2.18E-02

121 4.557 3.84E-04

122 4.563 4.18E-03

123 4.564 3.34E-02

124 4.575 3.48E-03

125 4.582 3.35E-02

126 4.585 4.46E-06

127 4.598 0.2348

128 4.612 0.7188

129 4.615 4.92E-02

130 4.621 2.25E-03

131 4.630 9.96E-03

132 4.656 2.24E-03

133 4.658 2.12E-02

134 4.686 1.07E-04

135 4.688 1.61E-02

136 4.712 2.65E-08

137 4.732 2.44E-03

138 4.749 7.21E-04

139 4.762 0.101

140 4.774 1.67E-04

141 4.792 5.49E-02

142 4.802 3.81E-04

143 4.815 6.92E-06

144 4.829 6.00E-04

145 4.833 0.1086

146 4.842 5.57E-03

147 4.848 6.26E-05

148 4.858 1.47E-04

149 4.864 1.94E-03

150 4.880 1.29E-02

151 4.881 2.81E-02

152 4.888 8.08E-04

153 4.890 1.94E-04

154 4.901 3.82E-03

155 4.909 3.68E-02

156 4.910 1.87E-02

157 4.920 1.93E-03

158 4.941 1.12E-04

159 4.950 1.36E-03

160 4.959 4.42E-04

Table S4: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Fe

State Energy Oscillator Mg.,C MwmC LC Mg LCT MuLCT LLCT XLCT XMCT Mg, MuCT MuMg, CT Other
1 1.684 0.00E+00 0.00% 70.89% 0.17% 0.00% 3.57% 0.00% 0.24% 4.88% 0.01% 0.03% 20.21%
2 1.792 0.00E+00 0.00% 68.91% 0.24% 0.00% 3.87% 0.00% 0.26% 4.78% 0.01% 0.04% 21.89%
3 1.958 0.00E+00 0.00% 3.19% 3.50% 0.01% 75.56% 0.06% 14.35% 0.78% 0.00% 1.37% 1.19%
4 2.121 0.00E+00 1.60% 3.11% 3.41% 39.06% 41.27% 6.40% 2.03% 0.19% 0.70% 0.69% 1.54%
5 2.146 0.00E+00 0.10% 73.52% 0.42% 2.13% 11.24% 0.34% 0.48% 2.40% 0.06% 0.24% 9.09%
6 2.161 0.00E+00 1.52% 5.11% 3.97% 36.08% 42.21% 5.61% 2.17% 0.27% 0.62% 0.68% 1.77%
7 2.165 6.50E-02 0.10% 5.01% 6.46% 4.12% 62.76% 0.82% 15.16% 1.20% 0.11% 1.91% 2.36%
8 2.308 2.00E-03 2.74% 0.06% 4.54% 70.89% 0.56% 18.05% 0.04% 0.01% 1.27% 0.01% 1.84%
9 2.485 8.80E-02 1.47% 1.99% 9.41% 65.68% 3.39% 12.53% 1.24% 0.14% 1.69% 0.08% 2.39%
10 2.625 0.00E+00 0.02% 50.44% 1.69% 0.90% 23.45% 0.22% 5.06% 2.26% 0.06% 0.95% 14.95%
11 2.776 1.40E-02 0.03% 2.13% 3.41% 1.31% 73.01% 0.32% 15.11% 0.99% 0.04% 2.78% 0.86%
12 2.831 4.00E-03 2.77% 0.00% 12.60% 78.84% 0.16% 4.98% 0.03% 0.00% 0.03% 0.01% 0.59%
13 2.850 3.00E-03 5.08% 0.00% 11.57% 77.06% 0.12% 5.05% 0.03% 0.00% 0.03% 0.01% 1.05%
14 2.896 1.00E-03 0.09% 23.19% 1.89% 3.71% 57.77% 0.74% 3.16% 2.15% 0.17% 2.74% 4.41%
15 2.959 6.00E-03 1.66% 2.23% 5.38% 61.99% 10.43% 10.98% 2.05% 0.25% 2.57% 0.23% 2.22%
16 2.993 2.90E-02 3.05% 0.02% 17.56% 69.27% 1.87% 6.58% 0.45% 0.02% 0.05% 0.08% 1.06%
17 3.004 1.00E-03 0.17% 15.53% 5.21% 10.45% 48.11% 1.86% 11.63% 1.21% 0.06% 0.80% 4.98%
18 3.022 1.00E-03 1.94% 4.91% 11.51% 55.36% 13.08% 7.40% 2.79% 0.50% 0.08% 0.48% 1.96%
19 3.026 8.80E-02 0.23% 1.22% 6.63% 13.75% 59.18% 2.92% 13.59% 0.45% 0.46% 0.92% 0.66%
20 3.042 1.00E-03 0.14% 39.80% 2.29% 5.79% 36.37% 0.79% 2.10% 3.74% 0.02% 0.61% 8.34%
21 3.067 2.02E-01 2.84% 0.08% 14.73% 66.87% 4.65% 8.34% 1.10% 0.03% 0.22% 0.08% 1.06%
22 3.123 5.30E-02 2.31% 1.66% 5.54% 63.85% 5.10% 15.20% 1.15% 0.20% 2.36% 0.15% 2.50%
23 3.128 1.58E-01 2.14% 1.34% 9.28% 70.37% 3.42% 10.11% 0.94% 0.25% 0.74% 0.15% 1.26%
24 3.154 7.30E-02 1.96% 0.47% 10.28% 70.55% 1.16% 11.34% 0.31% 0.07% 1.96% 0.02% 1.88%
25 3.158 2.00E-03 0.09% 21.28% 0.99% 2.58% 54.93% 2.50% 9.02% 2.41% 0.10% 1.84% 4.26%
26 3.194 0.00E+00 0.01% 21.06% 0.58% 0.37% 56.92% 2.31% 10.79% 2.30% 0.02% 1.56% 4.08%
27 3.210 2.00E-02 0.10% 0.30% 1.23% 4.50% 68.52% 5.50% 17.38% 0.57% 0.02% 1.56% 0.32%
28 3.228 8.00E-03 0.01% 0.24% 0.36% 0.59% 71.82% 3.51% 18.06% 1.15% 0.01% 3.85% 0.41%
29 3.253 6.90E-02 0.24% 3.89% 3.29% 16.38% 50.09% 4.89% 15.68% 2.00% 0.27% 1.05% 2.22%
30 3.266 3.00E-03 0.08% 21.24% 2.60% 2.78% 58.25% 0.55% 6.20% 2.53% 0.03% 0.86% 4.88%
31 3.267 1.30E-02 0.27% 0.04% 1.05% 4.04% 66.47% 5.90% 17.72% 0.87% 0.01% 3.25% 0.38%
32 3.300 7.00E-03 0.85% 1.68% 6.09% 57.12% 14.09% 13.88% 3.55% 0.52% 0.69% 0.33% 1.21%
33 3.342 8.60E-02 0.92% 0.01% 10.71% 72.17% 0.50% 13.63% 0.27% 0.02% 1.01% 0.03% 0.76%
34 3.451 0.00E+00 0.01% 0.04% 0.12% 0.15% 89.02% 2.72% 5.03% 0.15% 0.00% 2.66% 0.10%
35 3.503 5.00E-03 0.10% 0.01% 0.51% 3.03% 83.65% 3.34% 4.73% 0.24% 0.03% 4.15% 0.22%
36 3.528 3.90E-02 1.13% 0.01% 8.70% 41.68% 3.50% 41.35% 0.31% 0.01% 0.34% 0.17% 2.81%
37 3.550 3.00E-02 0.86% 0.00% 6.64% 26.86% 0.65% 60.70% 0.10% 0.01% 0.15% 0.03% 3.99%
38 3.584 5.00E-03 0.05% 0.00% 1.95% 0.89% 0.01% 91.20% 0.42% 0.02% 0.02% 0.00% 5.45%
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39 3.739 6.00E-03 3.75% 0.00% 15.24% 74.62% 0.18% 5.02% 0.07% 0.00% 0.16% 0.01% 0.95%
40 3.845 0.00E+00 0.11% 0.02% 2.25% 0.22% 0.57% 0.57% 90.47% 4.78% 0.01% 0.01% 1.00%
41 3.853 0.00E+00 0.03% 0.03% 1.78% 0.05% 0.60% 0.08% 91.71% 4.80% 0.00% 0.02% 0.91%
42 3.858 1.00E-03 46.61% 0.00% 4.69% 34.01% 0.04% 3.31% 0.33% 0.02% 0.98% 0.04% 9.96%
43 3.894 2.00E-03 21.12% 0.01% 9.09% 55.48% 2.91% 6.25% 0.73% 0.02% 0.19% 0.05% 4.15%
44 3.918 4.00E-02 4.52% 0.00% 19.49% 69.52% 0.39% 4.60% 0.18% 0.00% 0.14% 0.01% 1.16%
45 3.950 3.00E-03 1.40% 0.01% 20.56% 66.39% 3.76% 5.98% 0.97% 0.02% 0.08% 0.05% 0.78%
46 3.966 4.00E-03 32.33% 0.01% 6.71% 41.55% 5.99% 4.85% 1.52% 0.03% 0.27% 0.08% 6.66%
47 3.992 9.00E-03 0.02% 0.21% 3.88% 0.10% 51.91% 2.31% 38.81% 1.95% 0.00% 0.32% 0.49%
48 4.007 3.20E-02 0.66% 0.10% 6.39% 0.69% 33.72% 1.81% 52.41% 2.13% 0.01% 0.93% 1.15%
49 4.023 5.00E-03 43.62% 0.00% 5.18% 33.59% 0.93% 4.21% 0.93% 0.05% 0.54% 0.04% 10.92%
50 4.037 2.70E-02 0.33% 0.20% 6.45% 4.08% 29.36% 2.63% 52.83% 2.31% 0.00% 0.76% 1.04%
51 4.042 1.70E-02 1.27% 0.28% 8.73% 25.54% 30.70% 4.08% 26.82% 1.54% 0.02% 0.19% 0.84%
52 4.063 0.00E+00 1.58% 0.10% 12.84% 58.04% 12.24% 5.08% 8.86% 0.50% 0.05% 0.09% 0.61%
53 4.068 8.40E-02 4.21% 0.00% 13.30% 75.21% 0.62% 5.34% 0.19% 0.01% 0.05% 0.01% 1.08%
54 4.087 8.60E-02 4.31% 0.02% 19.26% 54.15% 9.26% 8.86% 2.26% 0.04% 0.11% 0.15% 1.60%
55 4.111 7.00E-03 2.07% 0.00% 26.39% 65.26% 0.42% 4.69% 0.21% 0.01% 0.06% 0.01% 0.90%
56 4.160 4.00E-03 0.02% 0.09% 1.43% 1.04% 73.97% 3.90% 17.96% 0.30% 0.00% 1.12% 0.17%
57 4.164 1.80E-02 5.74% 0.00% 12.58% 65.77% 3.55% 9.76% 0.87% 0.03% 0.12% 0.10% 1.48%
58 4.171 1.86E-01 0.42% 0.03% 41.62% 32.61% 14.67% 5.24% 3.77% 0.07% 0.01% 0.23% 1.34%
59 4.172 7.70E-02 1.23% 0.01% 36.22% 46.24% 4.31% 9.73% 1.01% 0.02% 0.03% 0.06% 1.14%
60 4.209 2.60E-02 0.36% 0.05% 7.50% 26.46% 46.26% 5.76% 12.48% 0.20% 0.02% 0.67% 0.23%
61 4.251 7.90E-02 0.68% 0.00% 47.90% 22.08% 1.96% 24.74% 0.48% 0.00% 0.01% 0.01% 2.13%
62 4.271 0.00E+00 0.02% 0.05% 0.24% 0.39% 90.15% 2.78% 5.09% 0.07% 0.00% 1.14% 0.08%
63 4.273 1.70E-02 0.02% 0.00% 80.79% 3.53% 0.17% 12.19% 0.09% 0.00% 0.01% 0.00% 3.20%
64 4.294 1.20E-02 0.10% 0.00% 34.66% 1.49% 0.11% 56.46% 0.05% 0.00% 0.01% 0.00% 7.13%
65 4.311 5.39E-01 0.54% 0.00% 33.09% 16.89% 1.14% 43.17% 0.43% 0.02% 0.02% 0.03% 4.67%
66 4.330 3.77E-01 0.47% 0.00% 58.98% 11.89% 12.05% 9.43% 3.06% 0.04% 0.01% 0.13% 3.95%
67 4.334 3.30E-02 0.03% 0.00% 3.81% 0.82% 71.42% 3.90% 17.40% 0.45% 0.01% 1.83% 0.33%
68 4.341 6.39E-01 0.23% 0.00% 25.70% 10.76% 26.01% 26.98% 6.39% 0.04% 0.01% 0.15% 3.74%
69 4.344 3.26E-01 0.14% 0.00% 12.92% 6.48% 52.53% 13.28% 12.63% 0.08% 0.01% 0.31% 1.63%
70 4.370 4.00E-02 0.90% 0.01% 1.99% 4.47% 66.75% 6.11% 17.16% 0.43% 0.03% 1.70% 0.45%
71 4.382 5.40E-02 0.80% 0.00% 7.43% 8.94% 59.68% 5.98% 16.16% 0.07% 0.03% 0.33% 0.58%
72 4.401 7.00E-03 0.05% 0.33% 0.97% 0.54% 9.80% 0.32% 82.27% 4.46% 0.04% 0.21% 1.01%
73 4.435 0.00E+00 0.02% 0.10% 0.13% 0.23% 90.06% 2.80% 5.09% 0.08% 0.00% 1.37% 0.11%
74 4.481 2.30E-02 0.04% 0.00% 2.47% 0.42% 0.02% 94.07% 0.05% 0.00% 0.01% 0.00% 2.92%
75 4.492 2.00E-03 28.00% 0.01% 7.54% 36.18% 1.61% 14.95% 0.84% 0.05% 1.94% 0.05% 8.83%
76 4.512 6.00E-03 12.66% 0.01% 4.38% 16.35% 0.34% 34.83% 0.36% 0.03% 16.47% 0.03% 14.54%
77 4.526 4.00E-03 2.12% 0.01% 4.71% 15.68% 0.79% 52.14% 0.63% 0.04% 13.23% 0.02% 10.64%
78 4.529 2.00E-03 43.23% 0.00% 4.91% 29.86% 0.45% 3.98% 0.16% 0.03% 4.20% 0.05% 13.15%
79 4.557 3.00E-03 12.55% 0.01% 5.36% 23.88% 1.98% 3.63% 0.36% 0.04% 30.22% 0.07% 21.92%
80 4.609 2.00E-03 0.44% 0.00% 0.56% 1.44% 86.83% 2.88% 4.93% 0.13% 0.20% 2.25% 0.35%
Table S5: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Co

State Energy Oscillator Mg,C MuC LC Mg LCT MuLCT LLCT XLCT XMCT MeoMuCT | MyMg,CT Other
1 0.247 2.89E-09
2 0.268 6.43E-06
3 1.467 8.94E-06
4 1.476 8.58E-07
5 2.035 1.91E-05
6 2.115 4.95E-06
7 2.127 1.70E-03
8 2.211 4.09E-05
9 2.281 7.95E-04
10 2.380 1.52E-06
11 2.397 1.22E-05
12 2.478 8.51E-02
13 2.725 4.45E-05
14 2.729 2.77E-04
15 2.783 4.42E-03
16 2.796 2.13E-04
17 2.797 3.99E-04
18 2.801 4.05E-03
19 2.815 4.09E-03
20 2.848 5.24E-03
21 2.853 2.51E-03
22 2.867 2.06E-03
23 2.881 3.06E-03
24 2.891 1.09E-02
25 2.954 1.36E-03
26 2.961 1.08E-04
27 2.962 1.15E-03
28 2.977 2.07E-04
29 3.008 1.12E-02
30 3.048 3.46E-03
31 3.048 1.02E-02
32 3.066 2.99E-04
33 3.087 6.17E-05
34 3.107 5.09E-05
35 3.110 3.58E-05
36 3.145 1.82E-01
37 3.155 1.19E-01
38 3.179 1.16E-03
39 3.222 5.35E-04
40 3.277 7.59E-02
41 3.340 5.59E-02
42 3.354 4.71E-03
43 3.364 4.29E-03
44 3.375 1.74E-02
45 3.448 8.81E-06
46 3.490 2.64E-04
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47 3.506 5.93E-04
48 3.511 4.49E-05
49 3.524 3.44E-03
50 3.527 6.32E-03
51 3.529 9.43E-03
52 3.541 3.00E-05
53 3.552 5.85E-03
54 3.555 4.63E-03
55 3.556 2.66E-02
56 3.560 4.12E-02
57 3.580 2.16E-06
58 3.606 2.03E-03
59 3.679 3.31E-05
60 3.691 4.44E-03
61 3.698 9.70E-04
62 3.723 2.70E-04
63 3.729 1.41E-05
64 3.735 2.84E-04
65 3.737 7.71E-04
66 3.739 2.62E-04
67 3.741 3.26E-05
68 3.741 1.25E-06
69 3.758 1.08E-03
70 3.770 7.84E-05
71 3.774 2.28E-03
72 3.780 1.82E-04
73 3.812 1.01E-03
74 3.828 2.51E-04
75 3.831 6.04E-06
76 3.840 3.21E-05
77 3.853 9.27E-05
78 3.871 3.15E-03
79 3.908 3.30E-04
80 3.915 1.31E-04
81 3.918 6.97E-04
82 3.921 4.81E-05
83 3.936 7.37E-03
84 3.939 2.65E-02
85 3.942 4.87E-04
86 3.949 2.31E-02
87 3.960 1.08E-04
88 3.967 8.33E-05
89 3.968 1.88E-03
90 3.970 2.26E-04
91 3.988 6.89E-03
92 3.997 2.13E-05
93 4.000 1.63E-03
94 4.015 6.25E-04
95 4.038 1.06E-04
96 4.039 9.11E-03
97 4.073 2.56E-03
98 4.080 4.34E-03
99 4.081 1.05E-03
100 4.086 7.05E-04
101 4.105 3.28E-02
102 4.124 2.27E-03
103 4.128 9.31E-07
104 4.134 1.58E-03
105 4.143 8.49E-02
106 4.159 6.96E-04
107 4.168 3.31E-03
108 4.172 6.78E-07
109 4.183 3.16E-03
110 4.184 5.27E-03
111 4.190 9.43E-03
112 4.193 1.50E-03
113 4.203 1.17E-04
114 4.206 2.60E-02
115 4.225 6.95E-03
116 4.230 1.42E-02
117 4.236 3.68E-03
118 4.236 1.55E-03
119 4.237 7.09E-05
120 4.243 4.85E-03
121 4.267 3.20E-03
122 4.273 6.94E-05
123 4.276 3.33E-03
124 4.279 8.98E-05
125 4.282 5.23E-03
126 4.330 1.43E-04
127 4337 1.88E-03
128 4.344 1.79E-03
129 4371 1.46E-03
130 4.408 2.70E-04
131 4.414 6.63E-04
132 4.426 7.78E-03
133 4.431 5.28E-03
134 4.441 2.02E-03
135 4.445 4.01E-06
136 4.454 5.14E-04
137 4.457 6.79E-06
138 4.464 3.80E-03
139 4.466 1.09E-03
140 4.471 3.63E-02
141 4.478 1.89E-03
142 4.502 1.96E-02
143 4.522 2.85E-02
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144 4.533 1.53E-01
145 4.540 2.33E-04
146 4.545 6.87E-03
147 4.551 1.10E-01
148 4.556 2.08E-05
149 4.567 2.78E-03
150 4.571 6.56E-02
151 4.591 1.61E-02
152 4.598 6.20E-02
153 4.609 4.59E-05
154 4.615 9.01E-01
155 4.632 1.10E-04
156 4.659 1.28E-03
157 4.674 2.43E-03
158 4.678 2.79E-02
159 4.714 1.20E-03
160 4.731 7.74E-05
Table S6: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Ni
State Energy Oscillator Mg,C MwmC LC Mg LCT MuLCT LLCT XLCT XMCT Mg, MuCT MuMg CT Other
1 1.740 9.20E-09
2 1.768 1.50E-07
3 1.958 2.10E-05
4 2.035 1.44E-05
5 2.115 6.49E-06
6 2.123 1.75E-03
7 2.208 4.00E-05
8 2.279 8.72E-04
9 2.476 8.24E-02
10 2.521 2.82E-05
11 2.530 7.33E-05
12 2.564 3.43E-06
13 2.731 2.79E-04
14 2.732 8.82E-05
15 2.802 4.94E-03
16 2.802 4.31E-05
17 2.850 6.80E-03
18 2.857 9.92E-04
19 2.874 2.82E-03
20 2.885 2.80E-03
21 2.893 1.05E-02
22 2.953 1.22E-03
23 2.963 2.04E-03
24 2.978 4.86E-04
25 3.010 1.06E-02
26 3.026 5.86E-03
27 3.048 3.02E-03
28 3.051 9.79E-03
29 3.067 4.37E-04
30 3.110 3.71E-04
31 3.148 1.84E-01
32 3.155 1.15E-01
33 3.178 1.19E-03
34 3.221 9.98E-04
35 3.279 7.75E-02
36 3.338 5.55E-02
37 3.349 2.91E-03
38 3.363 4.48E-03
39 3.373 2.05E-02
40 3.395 7.92E-04
41 3.404 2.04E-04
42 3.442 1.55E-05
43 3.494 3.94E-04
44 3.496 6.65E-05
45 3.524 5.62E-03
46 3.534 4.22E-03
47 3.548 4.99E-03
48 3.558 6.43E-02
49 3.572 3.73E-06
50 3.587 8.46E-04
51 3.600 6.10E-03
52 3.608 1.33E-04
53 3.627 2.31E-03
54 3.669 4.11E-05
55 3.692 5.34E-03
56 3.702 2.97E-04
57 3.717 7.43E-04
58 3.743 2.74E-05
59 3.745 1.52E-04
60 3.758 5.25E-05
61 3.761 1.70E-03
62 3.765 1.43E-04
63 3.766 2.72E-03
64 3.785 3.27E-04
65 3.796 9.58E-05
66 3.814 1.06E-03
67 3.839 2.25E-04
68 3.872 3.01E-03
69 3.882 2.63E-07
70 3.917 4.21E-04
71 3.922 1.43E-04
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72 3.940 2.71E-02
73 3.949 2.28E-02
74 3.960 1.67E-05
75 3.966 6.36E-05
76 3.968 1.24E-03
77 3.986 6.14E-03
78 3.996 2.82E-04
79 4.001 2.20E-03
80 4.043 2.58E-05
81 4.057 5.77E-04
82 4.075 2.75E-03
83 4.085 2.07E-03
84 4.103 2.73E-02
85 4.114 8.15E-04
86 4117 5.05E-05
87 4.124 5.61E-03
88 4.133 9.45E-04
89 4.138 7.31E-05
90 4.142 9.72E-02
91 4.147 5.08E-03
92 4.158 1.20E-03
93 4.169 3.22E-03
94 4.172 5.41E-03
95 4.182 3.60E-03
96 4.184 4.69E-03
97 4.191 1.36E-03
98 4.202 2.15E-05
99 4.206 1.76E-02
100 4.214 1.49E-05
101 4.222 1.16E-02
102 4.225 6.41E-03
103 4.237 3.77E-03
104 4.276 1.53E-04
105 4.279 4.75E-03
106 4.281 1.45E-05
107 4.285 4.86E-03
108 4.295 1.23E-04
109 4.315 1.64E-03
110 4.332 2.51E-03
111 4337 5.80E-05
112 4.342 2.39E-04
113 4.344 3.84E-03
114 4.349 1.09E-03
115 4.367 3.03E-04
116 4370 1.14E-04
117 4374 2.24E-03
118 4379 2.08E-02
119 4.407 1.30E-03
120 4.426 4.60E-03
121 4.431 6.25E-03
122 4.442 7.66E-04
123 4.446 1.39E-05
124 4.459 5.22E-03
125 4.460 1.68E-04
126 4.464 6.01E-03
127 4.466 1.93E-03
128 4.468 6.59E-06
129 4.470 3.38E-02
130 4.501 5.97E-04
131 4.503 8.08E-03
132 4.504 1.05E-02
133 4517 6.44E-04
134 4.521 6.58E-03
135 4.525 6.63E-03
136 4.531 1.62E-01
137 4.536 5.75E-02
138 4.542 7.86E-04
139 4.549 8.79E-02
140 4.557 9.23E-04
141 4.559 1.50E-03
142 4.570 9.76E-02
143 4.590 2.69E-02
144 4.613 9.57E-01
145 4.615 4.46E-05
146 4.651 3.68E-03
147 4.653 1.29E-02
148 4.656 2.00E-03
149 4.661 3.31E-04
150 4.687 2.48E-05
151 4.690 7.33E-05
152 4.697 4.23E-03
153 4.698 2.46E-03
154 4.704 1.43E-05
155 4.713 1.31E-02
156 4.713 5.05E-04
157 4.734 1.89E-03
158 4.746 8.93E-05
159 4.750 1.20E-03
160 4.762 1.93E-03

Table S7: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Zn
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State Energy Oscillator Mg, C MuC LC Mg, LCT MyLCT LLCT XLCT XMCT Mg ,MuCT MyMg,CT Other
1 2.043 0.00E+00 3.17% 0.00% 5.20% 77.82% 0.02% 12.38% 0.03% 0.00% 0.29% 0.00% 1.09%
2 2.190 1.00E-03 2.75% 0.00% 4.49% 71.90% 0.02% 19.19% 0.04% 0.00% 0.28% 0.00% 1.32%
3 2.409 1.01E-01 1.39% 0.00% 11.66% 71.48% 0.02% 13.68% 0.06% 0.01% 0.49% 0.00% 1.22%
4 2.782 2.40E-02 2.66% 0.00% 5.29% 76.02% 0.03% 13.74% 0.04% 0.00% 0.88% 0.00% 1.34%
5 2.905 4.00E-03 1.99% 0.00% 13.15% 78.73% 0.02% 5.60% 0.02% 0.00% 0.02% 0.00% 0.47%
6 2.918 9.00E-03 2.40% 0.00% 5.10% 70.09% 0.02% 20.01% 0.03% 0.00% 0.79% 0.00% 1.58%
7 2.939 0.00E+00 4.83% 0.00% 11.86% 76.05% 0.02% 6.07% 0.02% 0.00% 0.02% 0.00% 1.13%
8 3.023 2.80E-02 1.19% 0.00% 9.65% 74.57% 0.01% 13.43% 0.03% 0.00% 0.39% 0.00% 0.72%
9 3.058 9.00E-02 2.02% 0.00% 20.34% 71.28% 0.02% 5.59% 0.03% 0.00% 0.01% 0.00% 0.72%
10 3.087 1.02E-01 0.80% 0.00% 9.38% 74.78% 0.02% 14.53% 0.04% 0.00% 0.11% 0.00% 0.33%
11 3.123 4.00E-02 4.04% 0.00% 13.41% 69.17% 0.02% 11.74% 0.04% 0.00% 0.11% 0.00% 1.47%
12 3.169 1.92E-01 4.10% 0.00% 14.61% 69.39% 0.01% 10.42% 0.03% 0.00% 0.01% 0.00% 1.42%
13 3.205 1.66E-01 1.09% 0.00% 9.25% 72.60% 0.02% 16.50% 0.03% 0.00% 0.09% 0.00% 0.43%
14 3.246 8.20E-02 0.84% 0.00% 12.16% 72.85% 0.01% 13.69% 0.01% 0.00% 0.09% 0.00% 0.36%
15 3.368 1.00E-03 0.02% 0.00% 1.60% 0.85% 0.00% 93.74% 0.01% 0.00% 0.00% 0.00% 3.78%
16 3.421 3.00E-03 0.02% 0.00% 1.56% 0.86% 0.00% 93.77% 0.01% 0.00% 0.01% 0.00% 3.78%
17 3.580 5.00E-02 1.97% 0.00% 16.20% 68.22% 0.02% 12.12% 0.07% 0.00% 0.10% 0.00% 1.31%
18 3.806 3.00E-03 4.15% 0.00% 15.88% 73.45% 0.02% 5.37% 0.03% 0.00% 0.06% 0.00% 1.05%
19 3.914 4.00E-03 43.17% 0.00% 6.00% 37.04% 0.01% 3.81% 0.02% 0.01% 0.22% 0.02% 9.71%
20 3.950 1.00E-03 48.02% 0.00% 5.12% 33.66% 0.00% 3.21% 0.01% 0.00% 0.11% 0.00% 9.86%
21 3.974 3.80E-02 7.27% 0.00% 20.26% 65.89% 0.02% 4.57% 0.03% 0.00% 0.06% 0.00% 1.88%
22 4.007 0.00E+00 0.00% 0.02% 0.08% 0.03% 2.69% 0.04% 93.63% 2.94% 0.00% 0.07% 0.50%
23 4.015 3.00E-03 1.39% 0.00% 25.07% 44.29% 0.02% 27.81% 0.09% 0.00% 0.03% 0.00% 1.30%
24 4.018 3.00E-03 5.26% 0.00% 14.69% 66.85% 0.02% 11.56% 0.19% 0.01% 0.05% 0.00% 1.39%
25 4.045 1.00E-03 0.55% 0.00% 6.81% 27.36% 0.01% 61.47% 0.09% 0.00% 0.01% 0.00% 3.71%
26 4.060 8.00E-03 48.83% 0.00% 4.68% 27.00% 0.05% 6.14% 0.70% 0.03% 0.13% 0.00% 12.45%
27 4.079 4.00E-03 1.37% 0.03% 7.83% 1.40% 4.15% 12.92% 68.54% 2.15% 0.01% 0.10% 1.51%
28 4.081 4.70E-02 1.02% 0.01% 9.92% 2.99% 0.83% 67.77% 13.72% 0.44% 0.01% 0.02% 3.29%
29 4.110 0.00E+00 0.00% 0.01% 0.30% 0.03% 1.93% 0.04% 94.24% 2.92% 0.00% 0.05% 0.48%
30 4.121 1.00E-02 2.71% 0.00% 15.41% 74.40% 0.02% 6.46% 0.16% 0.01% 0.02% 0.00% 0.82%
31 4.151 6.60E-02 0.71% 0.00% 16.09% 75.72% 0.02% 7.03% 0.08% 0.00% 0.01% 0.00% 0.34%
32 4.160 1.70E-02 0.52% 0.01% 25.85% 33.16% 1.47% 3.92% 32.82% 1.03% 0.02% 0.04% 1.16%
33 4.163 1.00E-02 0.33% 0.01% 21.63% 22.98% 2.06% 3.17% 47.23% 1.48% 0.01% 0.05% 1.06%
34 4.180 1.48E-01 0.88% 0.00% 35.56% 48.57% 0.01% 12.34% 0.21% 0.01% 0.02% 0.00% 2.39%
35 4.227 1.66E-01 0.93% 0.00% 55.63% 34.27% 0.01% 7.03% 0.03% 0.00% 0.02% 0.00% 2.09%
36 4.240 3.03E-01 1.13% 0.00% 38.80% 51.41% 0.02% 7.28% 0.03% 0.00% 0.02% 0.00% 1.32%
37 4.258 4.00E-03 3.89% 0.00% 16.70% 66.87% 0.01% 11.17% 0.04% 0.00% 0.01% 0.00% 1.31%
38 4.272 2.60E-02 0.24% 0.00% 82.21% 8.98% 0.00% 4.40% 0.01% 0.00% 0.00% 0.00% 4.16%
39 4.280 6.00E-03 1.18% 0.00% 61.32% 29.72% 0.01% 4.64% 0.02% 0.00% 0.01% 0.00% 3.10%
40 4.305 4.00E-03 0.04% 0.00% 3.64% 2.04% 0.00% 92.99% 0.00% 0.00% 0.00% 0.00% 1.28%
41 4.350 2.08E-01 0.60% 0.00% 19.55% 13.16% 0.01% 64.02% 0.02% 0.00% 0.00% 0.00% 2.64%
42 4.357 1.37E+00 1.22% 0.00% 47.09% 44.54% 0.01% 5.18% 0.02% 0.00% 0.01% 0.00% 1.94%
43 4.365 2.46E-01 0.73% 0.00% 40.83% 20.37% 0.01% 36.19% 0.03% 0.00% 0.00% 0.00% 1.85%
44 4.530 4.20E-02 6.79% 0.00% 13.85% 64.89% 0.07% 10.98% 0.36% 0.02% 0.15% 0.01% 2.90%
45 4.554 3.00E-03 46.73% 0.00% 5.41% 31.62% 0.01% 4.06% 0.04% 0.01% 0.21% 0.01% 11.91%
46 4.561 3.00E-03 46.44% 0.00% 5.48% 31.50% 0.01% 4.09% 0.03% 0.01% 0.22% 0.01% 12.21%
47 4.641 7.95E-01 0.05% 0.02% 77.83% 0.50% 0.10% 17.54% 0.12% 0.02% 0.00% 0.00% 3.82%
48 4.674 2.00E-03 41.81% 0.00% 7.24% 31.16% 0.04% 6.69% 0.26% 0.01% 0.14% 0.01% 12.64%
49 4.707 0.00E+00 0.00% 0.03% 0.06% 0.00% 2.64% 0.01% 92.02% 4.75% 0.00% 0.11% 0.39%
50 4.746 3.00E-03 0.09% 0.00% 2.60% 4.28% 0.20% 87.77% 1.41% 0.04% 0.01% 0.01% 3.59%
51 4.786 4.00E-03 0.02% 0.04% 6.06% 0.14% 4.57% 0.60% 83.63% 4.09% 0.00% 0.19% 0.68%
52 4.796 4.00E-03 1.79% 0.01% 6.38% 28.84% 1.70% 46.51% 11.82% 0.36% 0.06% 0.05% 2.49%
53 4.810 3.00E-03 0.01% 0.02% 0.65% 0.19% 1.87% 0.42% 91.85% 4.54% 0.00% 0.07% 0.38%
54 4.817 1.09E-01 0.05% 0.00% 10.08% 1.17% 0.10% 83.99% 0.98% 0.05% 0.01% 0.00% 3.58%
55 4.821 1.90E-02 0.78% 0.03% 6.62% 31.11% 5.90% 13.48% 39.52% 1.29% 0.07% 0.16% 1.04%
56 4.854 3.50E-02 1.05% 0.02% 4.42% 25.48% 3.60% 39.36% 23.43% 0.73% 0.03% 0.09% 1.80%
57 4.869 0.00E+00 0.01% 0.03% 8.95% 0.55% 3.41% 1.84% 80.31% 3.91% 0.01% 0.14% 0.84%
58 4.886 1.01E-01 0.89% 0.00% 20.04% 62.70% 0.06% 14.56% 0.49% 0.03% 0.07% 0.00% 1.16%
59 4.924 1.30E-02 1.44% 0.00% 8.37% 52.90% 0.67% 30.38% 4.24% 0.13% 0.07% 0.02% 1.79%
60 4.925 6.80E-02 0.25% 0.00% 10.93% 9.89% 0.10% 75.00% 0.51% 0.02% 0.03% 0.00% 3.28%
61 4.950 0.00E+00 0.00% 0.00% 0.07% 0.00% 2.63% 0.02% 95.77% 1.46% 0.00% 0.04% 0.01%
62 4.995 2.00E-03 0.08% 0.01% 8.30% 1.66% 0.85% 81.75% 3.79% 0.15% 0.01% 0.02% 3.39%
63 5.031 0.00E+00 0.00% 0.01% 6.04% 0.11% 4.68% 0.39% 87.19% 1.41% 0.00% 0.07% 0.12%
64 5.051 0.00E+00 0.00% 0.00% 1.20% 0.03% 1.96% 0.07% 95.25% 1.45% 0.00% 0.03% 0.02%
65 5.055 4.30E-02 0.05% 0.00% 93.08% 1.76% 0.06% 2.90% 1.25% 0.03% 0.01% 0.00% 0.86%
66 5.092 4.90E-02 0.03% 0.00% 92.83% 2.62% 0.04% 3.11% 0.29% 0.01% 0.00% 0.00% 1.08%
67 5.110 0.00E+00 0.01% 0.01% 11.34% 0.24% 3.72% 1.28% 81.88% 1.25% 0.00% 0.05% 0.23%
68 5.127 0.00E+00 0.00% 0.00% 0.16% 0.01% 2.66% 0.23% 94.45% 2.41% 0.00% 0.07% 0.02%
69 5.129 3.00E-03 0.05% 0.05% 23.26% 1.79% 8.95% 21.17% 41.32% 1.32% 0.01% 0.23% 1.85%
70 5.142 1.00E-03 0.22% 0.00% 8.39% 5.68% 0.73% 79.23% 2.39% 0.08% 0.03% 0.02% 3.24%
71 5.189 2.00E-03 0.17% 0.01% 72.32% 7.29% 0.24% 15.01% 0.82% 0.03% 0.10% 0.01% 4.01%
72 5.198 1.00E-03 0.00% 0.00% 2.21% 0.19% 2.89% 1.47% 88.92% 4.12% 0.00% 0.12% 0.06%
73 5.216 5.90E-02 0.06% 0.00% 76.95% 6.59% 0.45% 4.84% 9.66% 0.39% 0.00% 0.02% 1.04%
74 5.231 0.00E+00 0.00% 0.00% 0.80% 0.07% 1.94% 0.82% 93.89% 2.40% 0.00% 0.05% 0.03%
75 5.237 8.00E-03 0.01% 0.00% 7.60% 0.50% 3.93% 4.58% 80.64% 2.42% 0.00% 0.10% 0.20%
76 5.251 4.50E-02 0.03% 0.00% 91.47% 2.02% 0.10% 2.71% 1.40% 0.04% 0.00% 0.00% 2.23%
77 5.287 2.00E-03 0.17% 0.00% 38.12% 4.81% 1.56% 10.99% 41.35% 1.48% 0.09% 0.06% 1.39%
78 5.303 3.00E-03 0.12% 0.00% 15.20% 3.23% 1.77% 19.89% 55.80% 2.67% 0.04% 0.08% 1.20%
79 5.306 2.00E-03 0.05% 0.00% 2.71% 1.54% 3.82% 19.52% 67.80% 3.44% 0.01% 0.19% 0.93%
80 5.310 8.00E-03 0.20% 0.00% 28.75% 6.17% 1.27% 38.37% 21.83% 1.09% 0.05% 0.05% 2.23%

Table S8: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Rh

State Energy Oscillator Mpg,C MwC LC Mg, LCT MyLCT LLCT XLCT XMCT Mg,MuCT MuyMg,CT Other
1 1.915 0.00E+00 3.61% 0.00% 4.86% 75.92% 0.03% 13.18% 0.86% 0.00% 0.00% 0.04% 1.50%
2 2.056 1.00E-03 3.21% 0.00% 4.43% 71.22% 0.02% 18.52% 0.85% 0.00% 0.00% 0.03% 1.74%
3 2.275 1.31E-01 1.75% 0.04% 11.49% 69.08% 0.44% 13.53% 1.36% 0.01% 0.06% 0.28% 1.97%
4 2.605 0.00E+00 0.00% 37.69% 0.28% 0.02% 5.27% 0.01% 0.06% 0.03% 18.10% 2.69% 35.85%
5 2.639 1.00E-03 0.01% 36.69% 0.35% 0.24% 5.15% 0.05% 1.01% 0.03% 17.49% 2.59% 36.40%
6 2.748 1.50E-02 2.41% 0.07% 3.83% 57.54% 0.06% 9.87% 13.18% 0.00% 0.03% 0.05% 12.97%
7 2.872 0.00E+00 1.55% 0.02% 2.24% 37.07% 0.02% 9.83% 23.68% 0.00% 0.01% 0.03% 25.54%
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8 2.893 1.00E-02 1.33% 1.08% 2.98% 37.62% 0.36% 7.42% 22.47% 0.01% 0.55% 0.20% 25.98%
9 2.916 4.00E-03 0.09% 34.87% 0.93% 2.84% 11.01% 0.36% 1.14% 0.13% 17.47% 5.68% 25.50%
10 2.941 3.00E-03 2.43% 0.87% 11.64% 69.47% 0.31% 5.08% 4.48% 0.01% 0.55% 0.23% 4.95%
11 2.947 8.00E-03 1.95% 0.49% 5.74% 46.64% 0.33% 7.61% 16.11% 0.01% 0.32% 0.28% 20.52%
12 2.975 3.50E-02 2.97% 0.37% 7.91% 52.91% 0.31% 5.74% 12.52% 0.01% 0.28% 0.32% 16.66%
13 3.016 1.00E-03 0.79% 0.21% 2.01% 26.54% 0.16% 6.57% 27.71% 0.00% 0.12% 0.15% 35.74%
14 3.021 1.10E-02 1.59% 0.28% 6.89% 64.66% 0.16% 9.59% 6.95% 0.00% 0.24% 0.17% 9.49%
15 3.042 2.00E-03 0.02% 23.42% 1.08% 0.84% 14.06% 0.25% 0.43% 0.27% 18.03% 13.92% 27.70%
16 3.065 1.80E-02 2.53% 0.18% 3.78% 28.79% 0.95% 4.13% 31.77% 0.03% 0.18% 0.96% 26.71%
17 3.069 6.10E-02 0.83% 0.95% 6.18% 34.91% 16.34% 7.20% 6.51% 0.46% 0.63% 16.94% 9.06%
18 3.072 2.50E-02 0.72% 0.92% 4.83% 21.24% 25.68% 4.35% 6.06% 0.75% 0.68% 27.16% 7.63%
19 3.084 7.50E-02 2.31% 0.03% 17.04% 65.30% 0.54% 5.04% 4.39% 0.02% 0.03% 0.58% 4.73%
20 3.123 4.70E-02 1.92% 0.52% 8.38% 62.84% 0.65% 12.87% 5.44% 0.02% 0.36% 0.64% 6.38%
21 3.142 3.90E-02 0.09% 5.16% 3.24% 3.32% 31.31% 5.04% 0.50% 1.13% 3.85% 39.73% 6.63%
22 3.162 1.30E-01 2.03% 1.39% 8.04% 48.55% 1.51% 11.55% 11.28% 0.04% 0.93% 1.53% 13.16%
23 3.172 1.54E-01 2.75% 0.12% 10.61% 60.65% 0.15% 11.37% 6.74% 0.00% 0.10% 0.15% 7.36%
24 3.181 1.50E-02 2.12% 2.99% 8.05% 37.52% 1.43% 5.03% 18.31% 0.03% 2.01% 1.19% 21.32%
25 3.190 2.10E-02 0.42% 3.13% 2.46% 6.39% 6.02% 58.11% 3.67% 0.19% 2.49% 6.41% 10.73%
26 3.191 6.50E-02 2.27% 0.60% 5.15% 27.08% 0.89% 14.88% 23.60% 0.03% 0.42% 0.90% 24.17%
27 3.214 2.00E-03 0.12% 5.73% 2.27% 2.69% 24.42% 18.53% 0.07% 0.96% 4.78% 31.07% 9.37%
28 3.216 5.80E-02 2.09% 0.18% 13.17% 69.20% 0.70% 11.76% 0.51% 0.03% 0.14% 0.85% 1.37%
29 3.245 4.00E-03 0.03% 0.16% 1.53% 1.02% 0.70% 90.16% 0.02% 0.03% 0.13% 0.82% 5.41%
30 3.254 0.00E+00 0.01% 25.65% 1.09% 0.17% 14.69% 0.47% 0.33% 0.43% 19.30% 14.21% 23.66%
31 3.312 3.00E-03 0.39% 26.51% 0.82% 2.59% 8.29% 0.56% 6.30% 0.16% 19.46% 6.09% 28.86%
32 3.571 3.20E-02 2.31% 0.00% 16.67% 68.51% 0.07% 10.19% 0.36% 0.01% 0.01% 0.08% 1.80%
33 3.614 0.00E+00 0.00% 0.05% 1.46% 0.01% 0.53% 0.03% 0.00% 2.18% 9.58% 80.78% 5.40%
34 3.691 0.00E+00 0.00% 0.10% 3.30% 0.03% 0.80% 0.11% 0.00% 2.11% 9.09% 78.88% 5.58%
35 3.723 2.30E-02 0.01% 0.19% 1.69% 0.15% 3.01% 0.18% 0.01% 2.18% 7.86% 80.20% 4.54%
36 3.751 2.00E-03 0.00% 0.30% 0.33% 0.01% 0.18% 0.01% 0.00% 0.57% 48.02% 18.21% 32.38%
37 3.847 8.00E-03 0.01% 0.55% 0.90% 0.38% 0.36% 0.10% 0.01% 0.60% 45.99% 17.92% 33.20%
38 3.850 1.00E-03 2.94% 0.01% 17.33% 72.52% 0.08% 5.08% 0.28% 0.01% 0.26% 0.18% 1.32%
39 3.865 9.00E-03 0.00% 1.31% 0.48% 0.03% 1.46% 0.33% 0.06% 0.47% 46.35% 15.76% 33.75%
40 3.874 0.00E+00 0.02% 0.04% 1.03% 0.33% 0.05% 20.62% 0.29% 0.01% 0.43% 0.19% 77.01%
41 3.926 2.00E-03 0.06% 0.15% 1.47% 0.91% 7.87% 18.90% 0.43% 0.44% 0.64% 9.57% 59.56%
42 3.932 1.70E-02 0.07% 0.56% 2.84% 0.25% 32.45% 3.34% 0.12% 1.82% 0.71% 39.72% 18.13%
43 3.954 1.00E-03 45.46% 0.00% 4.31% 32.02% 0.13% 3.43% 2.38% 0.02% 0.04% 0.16% 12.05%
44 3.974 0.00E+00 49.15% 0.00% 4.79% 31.70% 0.14% 2.91% 0.59% 0.01% 0.04% 0.19% 10.49%
45 3.979 9.00E-03 0.19% 0.46% 2.43% 0.25% 22.71% 3.63% 0.01% 1.36% 21.79% 34.06% 13.14%
46 3.991 0.00E+00 0.11% 0.47% 2.04% 0.29% 13.56% 4.38% 0.01% 0.96% 33.44% 26.34% 18.40%
47 4.010 4.10E-02 3.26% 0.01% 20.79% 67.33% 0.49% 5.79% 0.10% 0.03% 0.02% 0.61% 1.59%
48 4.014 5.00E-03 0.43% 0.27% 10.12% 6.20% 13.79% 37.93% 0.06% 0.81% 0.35% 17.90% 12.15%
49 4.028 1.00E-03 0.12% 0.59% 6.73% 3.55% 27.55% 13.36% 0.04% 1.63% 2.11% 38.35% 5.99%
50 4.054 9.00E-03 1.39% 0.01% 22.24% 48.83% 0.50% 20.11% 0.09% 0.02% 0.02% 0.61% 6.18%
51 4.060 1.80E-02 2.29% 0.01% 9.90% 36.11% 0.41% 39.66% 0.09% 0.01% 0.01% 0.46% 11.05%
52 4.064 1.60E-02 2.32% 0.00% 11.93% 37.34% 0.18% 37.53% 0.09% 0.01% 0.03% 0.24% 10.34%
53 4.098 5.90E-02 13.35% 0.40% 2.18% 7.58% 6.09% 1.24% 0.29% 0.40% 32.00% 17.04% 19.45%
54 4.099 2.30E-02 36.06% 0.14% 3.19% 19.79% 2.26% 3.10% 0.91% 0.17% 11.96% 6.37% 16.05%
55 4.107 2.00E-03 0.17% 0.70% 0.70% 0.21% 1.22% 0.39% 0.07% 0.51% 52.25% 18.34% 25.43%
56 4.123 1.50E-02 0.01% 0.47% 2.70% 0.26% 34.05% 0.46% 0.01% 0.79% 10.11% 45.23% 5.93%
57 4.134 1.40E-02 0.07% 0.24% 4.18% 1.52% 30.90% 6.75% 0.03% 0.60% 2.35% 38.92% 14.44%
58 4.136 1.10E-02 0.29% 0.07% 6.08% 6.02% 8.19% 13.08% 0.22% 0.15% 0.19% 10.00% 55.72%
59 4.157 4.00E-03 0.02% 0.28% 4.10% 0.49% 39.49% 2.58% 0.00% 0.84% 0.53% 50.41% 1.26%
60 4.163 3.00E-03 2.10% 0.00% 15.56% 75.27% 0.04% 5.87% 0.06% 0.00% 0.13% 0.10% 0.87%
61 4.169 2.38E-01 0.70% 0.01% 35.17% 19.56% 1.40% 13.27% 0.31% 0.03% 0.14% 1.99% 27.41%
62 4.187 6.20E-02 0.79% 0.00% 30.21% 51.97% 0.16% 10.04% 0.05% 0.00% 0.03% 0.24% 6.52%
63 4.194 2.40E-02 0.20% 0.01% 8.59% 22.15% 0.75% 37.17% 0.27% 0.02% 0.14% 1.05% 29.66%
64 4.197 7.50E-02 0.48% 0.01% 16.74% 50.98% 0.61% 25.59% 0.04% 0.01% 0.03% 0.75% 4.78%
65 4.206 6.20E-02 0.29% 0.01% 17.82% 21.54% 0.46% 40.28% 0.17% 0.01% 0.05% 0.60% 18.78%
66 4.243 2.00E-03 0.03% 0.00% 7.04% 1.53% 0.26% 87.16% 0.01% 0.01% 0.01% 0.32% 3.63%
67 4.254 1.38E-01 0.56% 0.00% 48.89% 36.88% 0.10% 9.00% 0.08% 0.00% 0.00% 0.13% 4.36%
68 4.266 2.52E-01 1.06% 0.00% 38.40% 47.24% 0.06% 7.61% 0.10% 0.00% 0.01% 0.06% 5.47%
69 4.277 1.05E-01 0.28% 0.00% 76.76% 13.23% 0.08% 4.00% 0.03% 0.00% 0.00% 0.09% 5.53%
70 4.295 4.30E-02 1.06% 0.00% 63.71% 25.81% 0.05% 6.11% 0.03% 0.00% 0.00% 0.07% 3.17%
71 4.300 6.00E-03 5.13% 0.00% 15.81% 66.43% 0.11% 10.60% 0.08% 0.00% 0.00% 0.10% 1.75%
72 4.386 3.50E-01 2.26% 0.00% 40.54% 48.77% 0.07% 6.23% 0.03% 0.00% 0.00% 0.09% 2.00%
73 4.391 1.18E+00 0.95% 0.00% 38.75% 53.89% 0.10% 4.62% 0.02% 0.01% 0.00% 0.12% 1.54%
74 4.449 0.00E+00 0.02% 0.02% 3.03% 0.03% 1.33% 0.46% 0.00% 3.68% 1.60% 88.98% 0.84%
75 4.474 2.00E-03 0.00% 0.03% 0.17% 0.05% 41.62% 3.70% 0.00% 1.31% 0.01% 51.96% 1.14%
76 4.512 5.03E-01 0.06% 0.38% 57.52% 0.51% 1.21% 19.52% 0.02% 0.20% 1.74% 9.15% 9.69%
77 4.520 1.30E-02 1.91% 0.02% 4.29% 18.24% 29.11% 6.25% 0.08% 1.10% 0.05% 37.26% 1.69%
78 4.529 2.10E-02 3.87% 0.03% 8.10% 33.02% 11.54% 7.98% 0.16% 0.94% 0.39% 31.59% 2.38%
79 4.533 1.40E-02 1.16% 0.04% 5.51% 8.59% 3.84% 2.75% 0.04% 2.84% 1.37% 72.28% 1.56%
80 4.540 1.00E-03 0.06% 0.01% 0.27% 0.30% 40.11% 3.88% 0.00% 2.46% 0.04% 50.68% 2.20%
Table S9: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Pd
State Energy Oscillator Mg,C MyC LC Mg, LCT MyLCT LLCT XLCT XMCT MeoMyCT | MyMg,CT Other
1 1.962 0.00E+00 3.35% 0.00% 5.08% 76.97% 0.05% 12.12% 0.01% 0.00% 1.10% 0.00% 1.32%
2 2.115 1.00E-03 2.90% 0.00% 4.29% 70.79% 0.05% 19.20% 0.01% 0.00% 1.08% 0.00% 1.67%
3 2.306 1.32E-01 1.61% 0.02% 11.39% 69.77% 0.44% 13.24% 0.28% 0.05% 1.53% 0.01% 1.67%
4 2.596 1.00E-03 1.71% 2.61% 1.36% 15.22% 0.96% 2.55% 0.08% 0.16% 38.18% 0.02% 37.15%
5 2.666 2.00E-03 0.08% 35.03% 0.86% 0.85% 12.59% 0.18% 4.97% 13.53% 1.93% 0.22% 29.76%
6 2.670 4.00E-03 0.16% 37.62% 1.02% 1.72% 13.68% 0.33% 3.22% 8.17% 3.81% 0.24% 30.06%
7 2.704 1.00E-03 0.94% 6.44% 2.45% 11.47% 2.21% 2.17% 1.01% 2.88% 30.37% 0.04% 40.03%
8 2.742 1.00E-03 1.60% 4.13% 1.02% 12.98% 1.53% 3.82% 0.31% 0.69% 33.65% 0.03% 40.25%
9 2.782 7.00E-03 1.50% 14.56% 3.07% 39.94% 5.02% 6.55% 3.45% 9.87% 1.38% 0.08% 14.60%
10 2.793 1.40E-02 1.36% 16.80% 2.78% 35.51% 5.93% 6.04% 3.72% 10.55% 1.14% 0.10% 16.07%
11 2.885 1.00E-03 0.27% 28.73% 1.15% 2.98% 9.88% 0.62% 4.29% 12.32% 7.36% 0.17% 32.23%
12 2.915 3.00E-03 1.92% 0.00% 12.54% 78.64% 0.03% 5.10% 0.01% 0.00% 0.72% 0.00% 1.05%
13 2.924 9.00E-03 2.59% 0.06% 4.86% 70.17% 0.13% 18.20% 0.04% 0.02% 2.14% 0.00% 1.78%
14 2.937 1.00E-03 5.11% 0.00% 11.28% 76.87% 0.03% 5.55% 0.01% 0.00% 0.06% 0.00% 1.09%
15 3.025 2.40E-02 1.27% 0.00% 9.21% 74.11% 0.12% 13.13% 0.08% 0.00% 1.15% 0.01% 0.93%
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16 3.063 9.50E-02 2.08% 0.00% 19.21% 72.28% 0.04% 5.09% 0.02% 0.00% 0.30% 0.00% 0.98%
17 3.071 1.83E-01 1.19% 0.02% 9.09% 74.28% 0.14% 13.42% 0.09% 0.03% 0.83% 0.00% 0.91%
18 3.129 9.00E-03 3.61% 0.00% 14.20% 70.00% 0.13% 10.40% 0.07% 0.01% 0.24% 0.01% 1.33%
19 3.155 1.60E-02 0.27% 2.11% 4.56% 4.59% 43.45% 0.75% 39.99% 1.94% 0.01% 1.02% 1.32%
20 3.165 1.87E-01 3.99% 0.16% 13.37% 65.40% 3.01% 9.52% 2.83% 0.14% 0.09% 0.06% 1.44%
21 3.181 1.51E-01 1.05% 0.00% 8.20% 73.48% 0.08% 16.18% 0.05% 0.03% 0.36% 0.00% 0.57%
22 3.184 3.00E-03 0.00% 2.03% 4.92% 0.11% 80.93% 0.18% 8.75% 0.47% 0.00% 1.81% 0.79%
23 3.237 6.00E-02 0.79% 0.03% 11.92% 72.34% 0.21% 13.56% 0.18% 0.01% 0.41% 0.00% 0.56%
24 3.274 4.00E-03 0.01% 0.02% 1.53% 0.52% 0.54% 91.89% 0.39% 0.03% 0.01% 0.02% 5.05%
25 3.328 3.00E-03 0.02% 0.00% 1.45% 0.91% 0.03% 92.44% 0.04% 0.00% 0.02% 0.00% 5.07%
26 3.424 6.20E-02 0.07% 1.15% 5.56% 1.16% 46.58% 1.35% 39.86% 1.98% 0.01% 1.29% 1.00%
27 3.453 0.00E+00 0.00% 0.92% 3.46% 0.02% 32.52% 0.07% 58.59% 2.98% 0.00% 0.70% 0.75%
28 3.553 4.90E-02 2.20% 0.01% 15.72% 66.92% 0.07% 9.59% 0.73% 1.96% 0.21% 0.00% 2.58%
29 3.561 1.00E-02 0.10% 0.30% 1.27% 2.70% 0.16% 0.48% 17.06% 49.15% 0.02% 0.00% 28.78%
30 3.710 0.00E+00 0.00% 0.02% 3.71% 0.02% 0.69% 0.14% 90.27% 4.35% 0.00% 0.02% 0.80%
31 3.716 0.00E+00 0.03% 0.01% 0.64% 0.13% 0.00% 18.37% 0.16% 0.02% 0.27% 0.00% 80.37%
32 3.770 2.00E-03 0.35% 0.00% 0.72% 0.43% 0.00% 18.22% 0.00% 0.01% 0.42% 0.00% 79.85%
33 3.813 3.00E-03 3.41% 0.00% 16.21% 74.18% 0.05% 4.97% 0.03% 0.00% 0.16% 0.00% 0.98%
34 3.929 4.00E-03 43.37% 0.00% 5.42% 36.05% 0.10% 3.56% 0.07% 0.01% 1.09% 0.02% 10.30%
35 3.957 2.40E-02 0.04% 1.28% 4.66% 1.37% 41.99% 0.61% 44.65% 3.11% 0.00% 1.80% 0.50%
36 3.958 0.00E+00 50.39% 0.00% 4.49% 31.50% 0.04% 2.88% 0.04% 0.01% 0.26% 0.01% 10.41%
37 3.979 4.40E-02 7.24% 0.02% 19.65% 65.40% 0.65% 4.25% 0.66% 0.04% 0.20% 0.03% 1.86%
38 4.011 4.00E-03 0.75% 0.00% 27.07% 32.54% 0.17% 37.10% 0.11% 0.01% 0.05% 0.01% 2.19%
39 4.026 5.00E-03 4.13% 0.00% 13.37% 72.25% 0.11% 8.95% 0.09% 0.00% 0.09% 0.00% 1.00%
40 4.037 4.00E-03 0.05% 1.77% 3.90% 0.12% 79.14% 0.25% 10.03% 0.72% 0.00% 3.60% 0.44%
41 4.047 1.00E-03 0.66% 0.01% 8.69% 32.71% 0.29% 53.02% 0.22% 0.01% 0.02% 0.01% 4.37%
42 4.074 4.00E-02 26.97% 0.00% 8.28% 16.26% 0.07% 38.60% 0.07% 0.01% 0.28% 0.01% 9.45%
43 4.083 1.80E-02 23.55% 0.00% 6.21% 14.28% 0.15% 46.33% 0.20% 0.02% 0.24% 0.01% 8.99%
44 4.126 1.20E-02 2.45% 0.00% 14.51% 76.17% 0.13% 5.85% 0.12% 0.01% 0.05% 0.01% 0.71%
45 4.135 1.00E-03 0.02% 0.76% 4.78% 0.35% 44.57% 0.71% 45.19% 1.91% 0.01% 1.33% 0.40%
46 4.160 3.50E-02 0.82% 0.00% 36.93% 55.49% 0.05% 5.25% 0.02% 0.00% 0.05% 0.00% 1.40%
47 4.162 8.10E-02 0.64% 0.00% 16.79% 75.64% 0.05% 6.49% 0.03% 0.00% 0.03% 0.00% 0.33%
48 4.172 1.87E-01 0.91% 0.00% 40.86% 43.45% 0.06% 11.81% 0.05% 0.00% 0.04% 0.00% 2.83%
49 4.228 3.60E-02 0.24% 0.40% 17.47% 9.49% 62.00% 1.72% 6.98% 0.16% 0.01% 0.82% 0.71%
50 4.229 1.21E-01 0.68% 0.14% 40.27% 27.95% 21.57% 4.92% 2.51% 0.05% 0.03% 0.29% 1.60%
51 4.234 1.00E-03 0.00% 1.67% 3.91% 0.05% 32.06% 0.14% 52.06% 5.80% 0.00% 1.42% 2.89%
52 4.240 3.20E-01 1.01% 0.00% 33.39% 55.43% 0.09% 8.87% 0.08% 0.00% 0.05% 0.00% 1.09%
53 4.262 7.00E-03 3.16% 0.00% 34.05% 41.83% 0.08% 18.08% 0.08% 0.00% 0.02% 0.00% 2.70%
54 4.268 8.00E-03 1.40% 0.00% 34.54% 27.92% 0.24% 32.60% 0.17% 0.00% 0.01% 0.01% 3.11%
55 4.278 2.60E-02 0.09% 0.00% 37.93% 5.15% 0.35% 54.42% 0.25% 0.00% 0.00% 0.00% 1.80%
56 4.280 1.17E-01 0.28% 0.94% 13.43% 4.95% 37.53% 2.06% 37.02% 1.71% 0.00% 0.98% 1.09%
57 4.282 5.00E-02 0.85% 0.16% 55.47% 21.48% 6.37% 5.60% 6.41% 0.31% 0.01% 0.18% 3.17%
58 4.318 0.00E+00 0.01% 11.74% 4.29% 0.04% 6.17% 0.12% 13.44% 26.74% 0.05% 0.15% 37.27%
59 4.326 1.30E-02 0.17% 0.03% 2.13% 3.53% 1.16% 89.45% 1.40% 0.06% 0.01% 0.03% 2.04%
60 4.367 1.28E+00 1.02% 0.01% 43.02% 47.71% 1.17% 4.33% 1.04% 0.02% 0.02% 0.01% 1.66%
61 4.369 3.62E-01 1.49% 0.00% 50.30% 37.94% 0.11% 7.75% 0.08% 0.00% 0.02% 0.00% 2.31%
62 4.370 3.00E-02 0.03% 0.38% 11.51% 1.50% 46.30% 1.75% 36.49% 0.76% 0.01% 0.62% 0.65%
63 4.398 0.00E+00 0.00% 0.16% 4.24% 0.03% 20.74% 0.12% 70.71% 3.37% 0.00% 0.28% 0.35%
64 4.459 2.00E-03 0.00% 0.01% 0.26% 0.03% 39.69% 4.29% 53.19% 1.34% 0.00% 0.99% 0.20%
65 4.510 5.82E-01 0.04% 0.29% 57.42% 0.35% 9.28% 6.08% 19.74% 1.43% 0.01% 0.27% 5.09%
66 4.525 4.10E-02 6.69% 0.01% 14.06% 63.62% 0.73% 10.44% 1.07% 0.13% 0.29% 0.04% 2.93%
67 4.531 0.00E+00 0.10% 0.00% 0.23% 0.74% 38.61% 4.23% 51.28% 2.60% 0.00% 1.95% 0.26%
68 4.546 0.00E+00 0.04% 0.76% 3.61% 0.10% 16.69% 0.14% 71.39% 5.47% 0.00% 0.23% 1.58%
69 4.566 4.00E-03 46.38% 0.00% 5.89% 31.63% 0.11% 3.57% 0.12% 0.03% 0.21% 0.03% 12.03%
70 4.572 2.00E-03 46.39% 0.05% 5.16% 31.21% 0.12% 4.41% 0.07% 0.06% 0.28% 0.01% 12.26%
71 4.606 0.00E+00 0.03% 0.03% 0.10% 0.06% 79.87% 3.69% 13.83% 0.35% 0.00% 1.92% 0.13%
72 4.607 0.00E+00 0.03% 16.25% 0.76% 0.04% 6.93% 0.11% 15.16% 32.95% 0.01% 0.11% 27.66%
73 4.657 1.00E-03 0.28% 0.01% 2.81% 0.96% 0.05% 90.52% 0.31% 0.03% 0.01% 0.00% 5.01%
74 4.663 1.00E-03 4.80% 0.11% 1.09% 3.81% 40.54% 6.39% 38.86% 1.27% 0.04% 1.06% 2.03%
75 4.669 0.00E+00 0.24% 5.83% 14.05% 0.36% 2.23% 1.12% 2.33% 4.32% 0.53% 0.03% 68.96%
76 4.678 0.00E+00 0.90% 0.00% 0.23% 0.74% 76.13% 3.96% 13.06% 0.66% 0.01% 3.85% 0.46%
77 4.681 2.00E-03 30.63% 0.01% 6.19% 23.57% 6.83% 16.46% 5.62% 0.17% 0.22% 0.23% 10.08%
78 4.693 5.00E-03 0.05% 0.16% 5.86% 1.35% 5.31% 74.97% 7.16% 0.44% 0.02% 0.12% 4.55%
79 4.713 0.00E+00 0.00% 0.06% 3.82% 0.04% 1.92% 0.18% 91.47% 1.84% 0.00% 0.03% 0.64%
80 4.737 1.00E-03 0.04% 0.00% 0.33% 0.28% 44.44% 5.88% 44.23% 2.24% 0.00% 2.24% 0.32%
Table S10: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Cd
State Energy Oscillator Mpg,C MwC LC Mg, LCT MyLCT LLCT XLCT XMCT Mg MnCT MunMg,CT Other
1 2.096 0.00E+00 3.34% 0.00% 5.30% 77.89% 0.03% 12.15% 0.03% 0.00% 0.29% 0.00% 0.97%
2 2.239 1.00E-03 2.91% 0.00% 4.63% 71.99% 0.03% 18.91% 0.03% 0.00% 0.29% 0.00% 1.22%
3 2.432 1.22E-01 1.66% 0.00% 11.89% 71.32% 0.01% 13.53% 0.04% 0.01% 0.44% 0.00% 1.09%
4 2.843 2.40E-02 2.38% 0.00% 5.48% 76.88% 0.03% 13.31% 0.03% 0.00% 0.87% 0.00% 1.02%
5 2.883 3.00E-03 2.18% 0.00% 12.98% 78.71% 0.03% 5.58% 0.02% 0.00% 0.01% 0.00% 0.49%
6 2.909 1.00E-03 5.00% 0.00% 11.85% 76.27% 0.02% 5.73% 0.02% 0.00% 0.01% 0.00% 1.10%
7 2.974 1.10E-02 2.24% 0.00% 5.45% 70.62% 0.02% 19.58% 0.03% 0.00% 0.77% 0.00% 1.29%
8 3.025 9.70E-02 2.04% 0.00% 20.18% 71.46% 0.02% 5.56% 0.03% 0.00% 0.01% 0.00% 0.70%
9 3.046 5.80E-02 0.45% 0.00% 12.80% 72.91% 0.01% 13.09% 0.02% 0.00% 0.33% 0.00% 0.39%
10 3.087 0.00E+00 2.70% 0.00% 10.06% 74.82% 0.02% 11.35% 0.02% 0.00% 0.13% 0.00% 0.90%
11 3.105 1.57E-01 3.42% 0.00% 11.97% 72.93% 0.03% 10.35% 0.03% 0.00% 0.14% 0.00% 1.13%
12 3.122 1.87E-01 4.36% 0.00% 14.07% 69.77% 0.01% 10.33% 0.02% 0.00% 0.02% 0.00% 1.43%
13 3.221 8.10E-02 0.89% 0.00% 7.04% 73.95% 0.03% 17.70% 0.02% 0.00% 0.05% 0.00% 0.32%
14 3.291 9.40E-02 0.87% 0.00% 12.30% 72.62% 0.01% 13.77% 0.01% 0.00% 0.06% 0.00% 0.37%
15 3.447 0.00E+00 0.04% 0.00% 1.99% 1.95% 0.00% 92.28% 0.00% 0.00% 0.01% 0.00% 3.73%
16 3.501 4.00E-03 0.03% 0.00% 1.81% 0.82% 0.00% 93.59% 0.01% 0.00% 0.01% 0.00% 3.75%
17 3.541 5.50E-02 2.09% 0.00% 15.12% 69.09% 0.02% 12.23% 0.02% 0.00% 0.09% 0.00% 1.34%
18 3.787 4.00E-03 2.21% 0.00% 16.05% 75.41% 0.03% 5.58% 0.03% 0.00% 0.06% 0.00% 0.63%
19 3.910 1.10E-02 35.13% 0.00% 8.77% 44.76% 0.01% 3.85% 0.01% 0.01% 0.21% 0.02% 7.24%
20 3.941 3.40E-02 18.27% 0.00% 15.77% 57.68% 0.02% 4.19% 0.02% 0.01% 0.12% 0.01% 3.92%
21 3.948 1.00E-03 39.40% 0.00% 6.36% 41.31% 0.00% 4.42% 0.01% 0.00% 0.45% 0.00% 8.05%
22 3.987 0.00E+00 2.45% 0.00% 24.78% 66.13% 0.03% 5.63% 0.02% 0.00% 0.03% 0.00% 0.93%
23 3.993 5.00E-03 14.15% 0.00% 13.36% 60.87% 0.01% 8.24% 0.02% 0.00% 0.13% 0.00% 3.22%
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24 4.071 6.00E-03 50.97% 0.00% 4.19% 27.32% 0.00% 3.74% 0.02% 0.01% 0.42% 0.01% 13.33%
25 4.083 3.00E-03 2.41% 0.00% 14.28% 74.24% 0.02% 8.26% 0.02% 0.00% 0.02% 0.00% 0.76%
26 4.104 2.70E-02 0.44% 0.00% 24.18% 23.65% 0.00% 50.09% 0.01% 0.00% 0.02% 0.00% 1.62%
27 4.112 6.40E-02 0.70% 0.00% 18.83% 71.24% 0.02% 8.78% 0.04% 0.00% 0.01% 0.00% 0.36%
28 4.134 1.55E-01 0.89% 0.00% 31.09% 42.11% 0.01% 24.70% 0.06% 0.00% 0.03% 0.00% 1.10%
29 4.136 1.00E-03 0.73% 0.00% 16.54% 49.30% 0.01% 31.23% 0.02% 0.00% 0.03% 0.00% 2.14%
30 4.145 4.00E-03 0.02% 0.03% 9.50% 0.22% 4.72% 0.52% 81.56% 2.71% 0.00% 0.13% 0.59%
31 4.174 0.00E+00 0.00% 0.02% 0.05% 0.01% 2.81% 0.01% 93.68% 3.09% 0.00% 0.08% 0.26%
32 4.177 5.90E-02 0.39% 0.00% 10.95% 31.05% 0.01% 54.93% 0.03% 0.00% 0.04% 0.00% 2.62%
33 4.211 1.78E-01 1.72% 0.00% 29.15% 49.26% 0.02% 17.38% 0.04% 0.00% 0.05% 0.00% 2.40%
34 4.213 1.27E-01 0.87% 0.00% 43.10% 37.62% 0.01% 15.54% 0.04% 0.00% 0.03% 0.00% 2.79%
35 4.217 0.00E+00 0.01% 0.02% 0.17% 0.19% 2.22% 0.05% 93.84% 3.15% 0.00% 0.06% 0.30%
36 4.219 7.00E-03 3.42% 0.00% 16.62% 67.02% 0.01% 11.44% 0.28% 0.01% 0.01% 0.00% 1.20%
37 4.251 2.00E-03 0.03% 0.02% 20.32% 0.64% 2.98% 1.70% 70.88% 2.36% 0.00% 0.08% 1.00%
38 4.269 3.40E-02 1.00% 0.00% 64.51% 26.90% 0.02% 4.32% 0.35% 0.01% 0.01% 0.00% 2.88%
39 4.278 9.00E-03 0.03% 0.00% 90.33% 1.52% 0.00% 3.74% 0.00% 0.00% 0.00% 0.00% 4.38%
40 4.342 1.48E+00 0.84% 0.00% 51.39% 37.59% 0.01% 7.71% 0.01% 0.00% 0.01% 0.00% 2.44%
41 4.349 4.14E-01 0.91% 0.00% 66.33% 24.46% 0.01% 4.54% 0.03% 0.00% 0.03% 0.00% 3.69%
42 4.384 6.30E-02 0.01% 0.00% 3.69% 1.17% 0.00% 93.75% 0.00% 0.00% 0.00% 0.00% 1.37%
43 4.433 1.00E-03 0.16% 0.00% 2.34% 1.81% 0.00% 94.24% 0.01% 0.00% 0.07% 0.00% 1.38%
44 4.465 1.70E-02 5.37% 0.02% 4.11% 23.85% 0.01% 4.00% 0.04% 0.03% 35.33% 0.00% 27.24%
45 4.508 1.80E-02 6.13% 0.00% 9.74% 47.53% 0.03% 8.21% 0.18% 0.01% 14.92% 0.00% 13.25%
46 4.531 1.00E-03 31.94% 0.00% 4.02% 24.71% 0.01% 3.62% 0.03% 0.01% 14.74% 0.00% 20.93%
47 4.563 0.00E+00 33.66% 0.00% 5.01% 28.13% 0.01% 4.19% 0.05% 0.01% 11.13% 0.01% 17.80%
48 4.624 0.00E+00 11.81% 0.01% 3.76% 23.24% 0.02% 4.54% 0.10% 0.02% 28.30% 0.00% 28.20%
49 4.644 7.00E-03 16.15% 0.01% 3.47% 17.99% 0.01% 3.14% 0.06% 0.01% 29.21% 0.00% 29.96%
50 4.675 8.63E-01 0.12% 0.02% 82.13% 0.56% 0.07% 12.65% 0.14% 0.04% 0.17% 0.00% 4.09%
51 4.686 2.00E-03 38.98% 0.00% 7.14% 28.97% 0.09% 5.94% 0.51% 0.03% 3.65% 0.01% 14.68%
52 4.751 0.00E+00 1.18% 0.03% 41.40% 3.27% 4.39% 26.97% 18.91% 0.57% 0.04% 0.13% 3.13%
53 4.809 1.00E-03 1.45% 0.00% 5.15% 44.13% 0.41% 43.06% 3.07% 0.10% 0.33% 0.01% 2.28%
54 4.833 1.20E-02 0.65% 0.03% 6.13% 20.32% 4.93% 26.87% 37.97% 1.30% 0.16% 0.13% 1.51%
55 4.844 5.00E-03 0.02% 0.04% 9.83% 0.19% 4.57% 0.80% 80.19% 3.52% 0.00% 0.18% 0.67%
56 4.866 1.20E-02 0.31% 0.03% 7.48% 8.97% 5.32% 35.80% 38.93% 1.34% 0.02% 0.15% 1.66%
57 4.873 0.00E+00 0.00% 0.02% 0.06% 0.01% 2.76% 0.03% 92.75% 4.09% 0.00% 0.10% 0.19%
58 4.885 1.34E-01 0.14% 0.01% 12.72% 7.32% 0.37% 74.03% 1.91% 0.08% 0.02% 0.01% 3.39%
59 4.899 2.10E-02 0.86% 0.00% 16.83% 58.36% 0.12% 21.29% 1.20% 0.05% 0.14% 0.00% 1.14%
60 4.911 2.50E-02 1.64% 0.00% 11.57% 52.55% 0.54% 29.56% 2.09% 0.08% 0.20% 0.02% 1.75%
61 4.915 0.00E+00 0.01% 0.02% 0.27% 0.80% 2.16% 0.29% 91.96% 4.19% 0.00% 0.08% 0.22%
62 4.937 0.00E+00 0.02% 0.03% 21.08% 0.75% 3.35% 3.20% 67.27% 3.01% 0.01% 0.11% 1.19%
63 4.952 7.00E-03 0.06% 0.06% 27.95% 1.06% 8.45% 19.24% 39.63% 1.39% 0.02% 0.23% 1.93%
64 4.968 1.00E-03 0.61% 0.01% 10.49% 17.87% 0.74% 63.37% 3.56% 0.15% 0.07% 0.02% 3.11%
65 4.996 4.60E-02 0.13% 0.01% 13.18% 4.18% 1.50% 70.69% 6.68% 0.23% 0.02% 0.04% 3.34%
66 5.035 3.80E-02 0.02% 0.00% 93.89% 1.62% 0.01% 3.41% 0.03% 0.00% 0.00% 0.00% 1.03%
67 5.090 0.00E+00 0.00% 0.01% 6.61% 0.10% 4.28% 0.35% 86.83% 1.63% 0.00% 0.07% 0.14%
68 5.095 5.30E-02 0.01% 0.00% 92.80% 2.17% 0.01% 3.80% 0.08% 0.00% 0.00% 0.00% 1.13%
69 5.108 0.00E+00 0.00% 0.00% 0.07% 0.00% 2.83% 0.01% 95.61% 1.44% 0.00% 0.04% 0.00%
70 5.126 1.00E-03 0.05% 0.00% 9.63% 1.12% 0.61% 83.48% 1.45% 0.04% 0.00% 0.02% 3.60%
71 5.151 0.00E+00 0.00% 0.00% 0.10% 0.01% 2.22% 0.07% 96.12% 1.44% 0.00% 0.03% 0.01%
72 5.180 1.00E-03 0.01% 0.00% 11.48% 0.35% 3.44% 2.87% 79.85% 1.58% 0.00% 0.08% 0.35%
73 5.183 0.00E+00 0.00% 0.00% 3.24% 0.09% 2.94% 0.65% 90.46% 2.45% 0.00% 0.08% 0.09%
74 5.193 2.00E-03 0.01% 0.00% 9.07% 0.46% 3.63% 3.95% 80.22% 2.36% 0.00% 0.10% 0.21%
75 5.205 1.00E-03 0.14% 0.01% 71.52% 6.60% 0.14% 16.20% 1.95% 0.09% 0.03% 0.00% 3.31%
76 5.216 6.90E-02 0.05% 0.00% 80.42% 7.56% 0.18% 6.25% 3.81% 0.13% 0.01% 0.01% 1.60%
77 5.230 1.00E-03 0.00% 0.00% 1.13% 0.10% 2.15% 0.23% 93.62% 2.68% 0.00% 0.06% 0.02%
78 5.259 4.80E-02 0.03% 0.00% 91.82% 1.63% 0.05% 2.02% 1.50% 0.08% 0.00% 0.00% 2.87%
79 5.262 1.00E-03 0.00% 0.00% 1.42% 0.04% 2.79% 0.43% 90.66% 4.47% 0.00% 0.14% 0.06%
80 5.270 0.00E+00 0.01% 0.00% 0.31% 0.06% 4.09% 5.10% 85.69% 4.26% 0.00% 0.21% 0.27%
Table S11: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Pt
State Energy Oscillator Mg,C MyC LC Mg LCT MyLCT LLCT XLCT XMCT MaoMyCT | MyMg,CT Other
1 1.936 0.00E+00 3.15% 0.00% 4.95% 76.01% 0.05% 12.23% 0.01% 0.00% 1.86% 0.00% 1.75%
2 2.077 1.00E-03 2.88% 0.00% 4.19% 70.41% 0.05% 18.61% 0.01% 0.00% 1.76% 0.00% 2.10%
3 2.262 1.41E-01 1.58% 0.06% 11.25% 67.65% 1.20% 12.84% 0.64% 0.06% 2.42% 0.04% 2.26%
4 2.745 2.00E-03 0.03% 2.55% 6.40% 0.69% 52.95% 0.23% 32.49% 2.03% 0.03% 1.15% 1.46%
5 2.793 1.70E-02 2.81% 0.06% 4.70% 72.76% 0.63% 13.37% 0.39% 0.03% 3.32% 0.01% 1.92%
6 2.914 1.10E-02 2.49% 0.07% 6.01% 70.25% 1.08% 15.62% 0.08% 0.01% 2.45% 0.02% 1.93%
7 2.920 0.00E+00 2.45% 0.01% 11.29% 77.19% 0.22% 7.23% 0.03% 0.00% 0.66% 0.00% 0.91%
8 2.946 1.00E-03 5.02% 0.00% 10.74% 76.54% 0.04% 6.25% 0.02% 0.00% 0.22% 0.00% 1.16%
9 2.955 3.00E-03 0.03% 3.72% 3.29% 1.00% 84.07% 0.40% 3.93% 0.37% 0.05% 1.83% 1.31%
10 3.004 1.80E-02 1.27% 0.03% 8.79% 73.06% 1.38% 12.08% 0.80% 0.05% 1.41% 0.06% 1.08%
11 3.049 2.54E-01 1.30% 0.19% 8.83% 66.50% 5.17% 12.40% 3.05% 0.19% 1.13% 0.15% 1.10%
12 3.070 9.20E-02 2.28% 0.01% 19.16% 72.15% 0.18% 5.03% 0.19% 0.01% 0.14% 0.01% 0.86%
13 3.080 0.00E+00 0.01% 2.37% 3.86% 0.26% 37.61% 0.08% 49.77% 3.45% 0.00% 0.83% 1.75%
14 3.104 3.60E-02 0.19% 1.39% 9.97% 18.72% 37.79% 5.44% 22.41% 1.46% 0.05% 1.17% 1.41%
15 3.126 3.00E-02 2.59% 0.14% 9.32% 66.34% 3.57% 13.61% 2.65% 0.15% 0.40% 0.07% 1.17%
16 3.166 2.17E-01 4.23% 0.01% 13.67% 69.54% 0.25% 10.28% 0.15% 0.01% 0.30% 0.01% 1.55%
17 3.173 1.21E-01 1.98% 0.05% 12.16% 67.19% 1.88% 13.66% 1.35% 0.08% 0.50% 0.05% 1.10%
18 3.204 3.80E-02 1.03% 0.04% 12.15% 71.56% 0.53% 12.98% 0.30% 0.02% 0.62% 0.02% 0.76%
19 3.228 0.00E+00 0.06% 0.05% 1.73% 1.51% 1.48% 87.79% 0.99% 0.06% 0.02% 0.05% 6.26%
20 3.277 3.00E-03 0.02% 0.00% 1.38% 0.96% 0.01% 91.12% 0.01% 0.00% 0.04% 0.00% 6.46%
21 3.375 0.00E+00 0.00% 32.76% 1.24% 0.01% 13.72% 0.03% 7.66% 16.26% 0.01% 0.45% 27.86%
22 3.458 1.00E-03 3.21% 33.18% 1.24% 5.27% 14.00% 0.83% 2.63% 3.58% 8.51% 0.47% 27.10%
23 3.496 1.00E-03 8.76% 12.89% 1.76% 14.17% 6.20% 2.16% 1.29% 0.58% 23.04% 0.24% 28.91%
24 3.519 4.00E-03 0.44% 31.13% 1.18% 0.72% 11.80% 0.13% 7.17% 18.45% 0.98% 0.32% 27.69%
25 3.520 6.00E-03 2.46% 18.66% 4.54% 15.35% 6.92% 2.36% 2.88% 7.63% 10.10% 0.22% 28.88%
26 3.559 2.60E-02 1.79% 5.28% 14.11% 57.41% 2.08% 8.27% 1.03% 2.49% 0.73% 0.06% 6.77%
27 3.607 5.00E-03 10.16% 0.24% 2.27% 15.60% 5.32% 3.44% 3.59% 0.34% 27.94% 0.24% 30.87%
28 3.631 5.60E-02 1.17% 5.23% 5.14% 2.36% 41.43% 0.79% 30.29% 2.47% 3.00% 1.82% 6.31%
29 3.697 1.00E-03 6.99% 10.27% 2.55% 13.42% 3.96% 2.34% 1.72% 4.08% 22.10% 0.10% 32.48%
30 3.727 0.00E+00 0.01% 0.08% 3.70% 0.02% 0.51% 0.08% 88.64% 5.77% 0.01% 0.01% 1.18%
31 3.793 3.00E-03 0.03% 0.86% 6.98% 0.36% 49.11% 0.55% 38.51% 1.65% 0.01% 1.34% 0.60%
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32 3.830 2.00E-03 1.08% 0.00% 16.79% 75.14% 0.08% 4.94% 0.03% 0.00% 0.86% 0.00% 1.06%
33 3.857 3.00E-03 0.01% 2.64% 3.18% 0.07% 84.81% 0.17% 4.16% 0.40% 0.00% 3.96% 0.59%
34 3.940 0.00E+00 0.00% 1.24% 3.72% 0.02% 37.59% 0.17% 50.99% 3.93% 0.00% 1.71% 0.63%
35 3.974 3.00E-03 44.96% 0.15% 4.43% 29.60% 0.69% 2.85% 0.41% 0.08% 3.99% 0.02% 12.83%
36 3.980 3.30E-02 5.29% 0.01% 18.99% 65.73% 0.36% 4.50% 0.19% 0.01% 1.94% 0.01% 2.98%
37 3.986 2.35E-01 1.02% 1.89% 7.30% 1.81% 46.36% 4.52% 32.15% 1.97% 0.04% 1.22% 1.72%
38 4.006 1.00E-03 0.39% 0.07% 18.88% 12.48% 1.69% 60.64% 1.27% 0.09% 0.09% 0.05% 4.35%
39 4.012 6.00E-03 32.29% 0.16% 6.00% 27.47% 7.03% 2.94% 3.90% 0.11% 6.83% 0.11% 13.17%
40 4.016 6.80E-02 4.11% 0.74% 10.27% 5.32% 47.70% 1.02% 26.53% 0.67% 0.80% 0.65% 2.20%
41 4.025 1.00E-03 0.03% 0.97% 3.28% 0.25% 86.57% 0.12% 7.10% 0.19% 0.02% 1.15% 0.33%
42 4.035 0.00E+00 3.45% 0.06% 12.75% 71.73% 1.48% 8.47% 1.00% 0.06% 0.07% 0.04% 0.89%
43 4.044 8.00E-03 0.91% 0.03% 18.93% 50.03% 0.70% 25.55% 0.48% 0.03% 0.06% 0.02% 3.24%
44 4.059 4.70E-02 0.20% 0.00% 8.60% 2.76% 0.06% 82.12% 0.06% 0.01% 0.07% 0.00% 6.12%
45 4.106 0.00E+00 0.04% 0.59% 4.65% 0.08% 44.32% 0.05% 47.84% 1.34% 0.02% 0.59% 0.48%
46 4.111 9.00E-03 42.22% 0.01% 4.46% 25.44% 0.07% 4.56% 0.08% 0.02% 5.94% 0.02% 17.20%
47 4.141 1.40E-02 2.45% 0.01% 14.89% 75.51% 0.06% 5.83% 0.04% 0.01% 0.25% 0.00% 0.95%
48 4.143 5.00E-03 0.05% 0.08% 0.66% 0.25% 49.34% 7.02% 40.10% 1.01% 0.01% 1.23% 0.27%
49 4.165 9.80E-02 1.02% 0.00% 20.85% 69.74% 0.31% 6.93% 0.23% 0.01% 0.09% 0.01% 0.82%
50 4.167 4.70E-02 0.78% 0.00% 40.68% 51.89% 0.14% 4.87% 0.08% 0.00% 0.04% 0.00% 1.52%
51 4.177 2.13E-01 1.18% 0.00% 39.41% 46.82% 0.27% 9.32% 0.19% 0.00% 0.17% 0.01% 2.64%
52 4.214 0.00E+00 0.00% 0.00% 0.97% 0.02% 47.64% 6.37% 40.20% 2.04% 0.00% 2.41% 0.36%
53 4.229 7.00E-03 0.10% 0.00% 1.74% 3.58% 0.17% 91.47% 0.11% 0.00% 0.01% 0.00% 2.82%
54 4.235 1.35E-01 0.94% 0.00% 50.77% 38.87% 0.78% 5.94% 0.55% 0.02% 0.05% 0.02% 2.06%
55 4.257 1.97E-01 0.63% 0.00% 52.34% 37.39% 0.34% 7.02% 0.22% 0.00% 0.03% 0.01% 2.03%
56 4.271 1.44E-01 0.65% 0.00% 67.14% 23.39% 0.28% 5.39% 0.19% 0.01% 0.03% 0.02% 2.91%
57 4.277 2.30E-02 0.19% 0.00% 13.94% 5.65% 0.12% 76.41% 0.11% 0.01% 0.02% 0.00% 3.56%
58 4.283 1.40E-02 2.15% 0.00% 35.94% 39.39% 0.45% 19.54% 0.32% 0.01% 0.12% 0.01% 2.08%
59 4.287 2.00E-02 2.75% 0.00% 32.51% 48.43% 0.61% 13.12% 0.43% 0.01% 0.14% 0.01% 2.00%
60 4.356 5.00E-03 0.03% 0.08% 1.36% 1.12% 50.66% 9.49% 34.80% 0.87% 0.00% 1.25% 0.35%
61 4.373 4.21E-01 1.63% 0.00% 46.25% 44.04% 0.18% 5.46% 0.13% 0.01% 0.07% 0.01% 2.22%
62 4.374 1.15E+00 1.21% 0.00% 40.79% 51.07% 0.48% 4.47% 0.29% 0.02% 0.03% 0.02% 1.63%
63 4.426 2.00E-02 0.07% 0.00% 1.35% 1.03% 49.66% 9.27% 33.82% 1.72% 0.00% 2.52% 0.55%
64 4.450 1.00E-03 0.01% 0.06% 0.11% 0.05% 76.42% 2.90% 18.10% 0.45% 0.00% 1.80% 0.11%
65 4.492 3.08E-01 0.02% 0.11% 26.52% 0.20% 29.97% 6.04% 32.64% 1.26% 0.00% 0.74% 2.52%
66 4.495 3.52E-01 0.02% 0.25% 29.64% 0.23% 28.39% 6.38% 30.26% 1.26% 0.00% 0.68% 2.89%
67 4.520 1.00E-03 0.19% 0.00% 0.32% 1.12% 73.89% 2.91% 16.73% 0.87% 0.01% 3.75% 0.22%
68 4.531 4.30E-02 6.27% 0.01% 13.70% 60.79% 1.45% 10.35% 1.75% 1.56% 0.37% 0.06% 3.69%
69 4.548 1.00E-03 0.00% 0.04% 3.37% 0.06% 2.99% 0.34% 83.14% 8.34% 0.00% 0.12% 1.60%
70 4.564 0.00E+00 0.22% 0.00% 0.17% 0.30% 49.96% 4.44% 40.06% 2.07% 0.00% 2.51% 0.29%
71 4.569 1.00E-03 44.74% 0.00% 5.64% 30.83% 0.21% 4.74% 0.25% 0.03% 0.86% 0.04% 12.67%
72 4.574 4.00E-03 45.29% 0.00% 5.05% 31.00% 0.10% 4.41% 0.08% 0.03% 1.40% 0.02% 12.62%
73 4.583 1.80E-02 0.38% 0.24% 1.32% 1.98% 0.30% 0.59% 20.89% 48.01% 0.02% 0.01% 26.26%
74 4.608 0.00E+00 0.44% 0.00% 2.53% 0.94% 0.03% 89.05% 0.25% 0.18% 0.01% 0.00% 6.58%
75 4.649 5.00E-03 0.11% 0.17% 4.24% 1.12% 3.86% 69.54% 8.68% 0.55% 0.04% 0.10% 11.58%
76 4.650 2.00E-03 0.79% 0.02% 1.63% 0.81% 0.35% 24.02% 0.79% 0.05% 0.20% 0.01% 71.32%
77 4.670 1.00E-03 24.71% 0.01% 6.18% 19.60% 0.11% 35.87% 0.38% 0.15% 0.85% 0.02% 12.13%
78 4.705 7.00E-03 0.01% 0.00% 1.15% 0.25% 0.01% 19.19% 0.01% 0.01% 0.62% 0.00% 78.76%
79 4.711 3.00E-03 16.73% 0.00% 6.76% 19.42% 0.13% 47.35% 0.38% 0.03% 0.36% 0.01% 8.82%
80 4.726 3.70E-02 0.13% 0.24% 10.63% 1.27% 5.10% 67.21% 9.06% 0.56% 0.03% 0.11% 5.67%
Table S12: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Au(l)

State Energy Oscillator Mg.C MmC LC Mg LCT MuLCT LLCT XLCT XMCT Mg,MuCT MuMg, CT Other
1 2.166 0.00E+00 3.35% 0.00% 5.47% 77.10% 0.06% 11.86% 0.02% 0.00% 1.04% 0.00% 1.10%
2 2.323 2.00E-03 2.76% 0.00% 4.89% 69.83% 0.07% 20.03% 0.03% 0.00% 0.94% 0.00% 1.45%
3 2.500 1.45E-01 1.63% 0.02% 12.09% 70.35% 0.38% 12.87% 0.13% 0.01% 1.24% 0.01% 1.28%
4 2.806 2.10E-02 2.24% 0.01% 6.87% 77.46% 0.13% 11.18% 0.04% 0.00% 1.18% 0.00% 0.90%
5 2.824 1.00E-03 2.72% 0.00% 12.27% 78.23% 0.04% 6.03% 0.02% 0.00% 0.07% 0.00% 0.63%
6 2.848 2.00E-03 4.66% 0.00% 10.56% 77.33% 0.05% 6.21% 0.02% 0.00% 0.17% 0.00% 1.01%
7 2.953 4.00E-03 1.66% 0.25% 11.21% 55.26% 11.57% 15.19% 2.13% 0.09% 1.01% 0.26% 1.39%
8 2.961 3.00E-03 0.35% 0.87% 24.23% 15.72% 42.85% 4.97% 7.81% 0.36% 0.31% 1.05% 1.49%
9 2.980 1.05E-01 1.97% 0.00% 20.23% 71.23% 0.11% 5.69% 0.03% 0.00% 0.01% 0.00% 0.72%
10 3.020 4.70E-02 0.96% 0.00% 13.51% 72.20% 0.14% 12.43% 0.03% 0.00% 0.28% 0.00% 0.46%
11 3.070 2.06E-01 4.17% 0.00% 14.54% 69.71% 0.09% 9.51% 0.03% 0.00% 0.41% 0.01% 1.54%
12 3.083 1.37E-01 4.02% 0.00% 13.97% 70.03% 0.11% 10.27% 0.03% 0.00% 0.19% 0.01% 1.37%
13 3.236 5.70E-02 2.04% 0.00% 9.00% 76.07% 0.08% 11.88% 0.02% 0.00% 0.20% 0.00% 0.71%
14 3.378 2.60E-02 0.99% 0.00% 7.82% 71.68% 0.11% 18.72% 0.04% 0.00% 0.15% 0.00% 0.49%
15 3.443 4.80E-02 1.11% 0.00% 10.95% 73.31% 0.17% 13.86% 0.04% 0.00% 0.10% 0.00% 0.46%
16 3.555 8.00E-02 1.13% 0.01% 10.98% 55.76% 0.36% 29.81% 0.07% 0.00% 0.11% 0.02% 1.76%
17 3.583 3.00E-02 0.38% 0.02% 4.77% 15.75% 0.75% 74.03% 0.47% 0.03% 0.02% 0.03% 3.77%
18 3.613 2.00E-03 0.04% 1.03% 25.21% 1.31% 57.92% 1.50% 9.14% 0.49% 0.01% 1.86% 1.51%
19 3.628 5.00E-03 0.05% 0.01% 2.09% 1.01% 0.19% 91.92% 0.16% 0.01% 0.01% 0.01% 4.56%
20 3.683 1.00E-03 0.00% 1.25% 3.23% 0.03% 52.34% 0.07% 39.59% 1.82% 0.00% 1.28% 0.39%
21 3.708 7.60E-02 0.06% 1.17% 5.78% 1.65% 40.05% 1.34% 45.98% 2.17% 0.01% 1.07% 0.72%
22 3.742 4.00E-03 1.73% 0.01% 14.73% 75.38% 0.53% 6.30% 0.59% 0.03% 0.13% 0.01% 0.56%
23 3.892 3.90E-02 7.76% 0.00% 18.18% 66.26% 0.04% 5.60% 0.02% 0.00% 0.23% 0.00% 1.89%
24 3.925 4.00E-03 13.62% 0.00% 12.64% 64.10% 0.08% 6.38% 0.03% 0.00% 0.24% 0.01% 2.92%
25 3.937 4.00E-03 34.02% 0.00% 9.33% 44.35% 0.07% 4.07% 0.02% 0.01% 0.57% 0.02% 7.56%
26 3.957 6.00E-03 21.16% 0.00% 14.17% 53.29% 0.09% 6.12% 0.03% 0.00% 0.23% 0.01% 4.90%
27 3.967 8.00E-03 28.82% 0.00% 9.92% 48.73% 0.17% 5.74% 0.04% 0.00% 0.22% 0.01% 6.35%
28 4.011 1.00E-03 0.05% 0.15% 34.44% 1.17% 51.11% 2.31% 9.37% 0.15% 0.00% 0.63% 0.63%
29 4.040 4.00E-03 6.49% 0.00% 14.18% 70.18% 0.44% 6.66% 0.11% 0.00% 0.11% 0.02% 1.82%
30 4.055 3.30E-02 0.41% 0.02% 7.88% 41.19% 27.62% 15.69% 5.68% 0.15% 0.01% 0.80% 0.55%
31 4.055 3.80E-02 0.90% 0.02% 7.78% 39.35% 28.33% 16.05% 5.82% 0.17% 0.02% 0.84% 0.74%
32 4.078 7.00E-03 45.18% 0.00% 5.87% 32.02% 0.29% 4.09% 0.06% 0.01% 0.44% 0.03% 12.01%
33 4.085 4.00E-03 2.33% 0.00% 28.68% 61.41% 0.21% 6.32% 0.06% 0.00% 0.03% 0.01% 0.95%
34 4.106 8.30E-02 1.74% 0.00% 28.65% 52.09% 0.61% 15.51% 0.16% 0.01% 0.05% 0.02% 1.17%
35 4.132 1.00E-03 0.18% 0.01% 0.89% 0.94% 56.23% 24.78% 11.88% 0.65% 0.00% 3.03% 1.42%
36 4.138 3.90E-02 0.46% 0.00% 17.85% 18.70% 0.08% 60.35% 0.03% 0.00% 0.01% 0.00% 2.51%
37 4.158 7.00E-03 0.03% 1.90% 11.72% 0.54% 76.23% 0.71% 6.10% 0.31% 0.00% 1.73% 0.74%
38 4.162 1.58E-01 1.16% 0.01% 34.27% 52.33% 0.54% 10.66% 0.07% 0.00% 0.03% 0.01% 0.91%
39 4.182 1.00E-02 3.64% 0.00% 13.40% 69.24% 0.26% 12.17% 0.09% 0.00% 0.03% 0.01% 1.18%
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40 4.190 5.00E-02 0.92% 0.00% 26.78% 42.83% 0.10% 26.51% 0.03% 0.00% 0.02% 0.00% 2.82%
41 4.228 7.50E-02 0.56% 0.03% 14.71% 17.62% 0.85% 62.54% 0.81% 0.04% 0.01% 0.03% 2.82%
42 4.257 1.05E-01 0.59% 0.00% 67.02% 15.99% 0.11% 12.62% 0.08% 0.01% 0.01% 0.01% 3.56%
43 4.280 6.00E-03 0.05% 0.02% 84.46% 0.94% 0.88% 7.96% 0.98% 0.05% 0.00% 0.03% 4.63%
44 4.284 1.00E-03 0.00% 0.76% 3.00% 0.03% 50.89% 0.18% 41.09% 2.02% 0.00% 1.78% 0.26%
45 4.288 9.00E-03 0.01% 2.48% 2.60% 0.10% 92.09% 0.13% 0.16% 0.02% 0.00% 1.98% 0.44%
46 4.291 8.40E-02 0.02% 1.21% 7.57% 0.47% 40.01% 2.71% 43.75% 2.10% 0.00% 1.26% 0.90%
47 4.323 1.58E+00 0.76% 0.00% 61.53% 25.70% 0.07% 8.39% 0.06% 0.00% 0.01% 0.00% 3.47%
48 4.339 3.90E-01 0.52% 0.00% 76.45% 14.43% 0.04% 4.18% 0.02% 0.00% 0.01% 0.00% 4.36%
49 4.492 2.30E-02 8.43% 0.03% 14.01% 61.79% 0.49% 10.18% 0.30% 0.03% 0.76% 0.06% 3.93%
50 4.516 3.00E-03 42.84% 0.01% 5.21% 30.50% 0.11% 4.04% 0.03% 0.01% 3.70% 0.02% 13.53%
51 4.573 3.00E-03 43.13% 0.01% 5.59% 29.42% 0.75% 7.46% 0.84% 0.03% 0.88% 0.05% 11.84%
52 4.596 9.00E-03 1.47% 0.00% 4.35% 2.29% 0.48% 88.71% 0.61% 0.02% 0.04% 0.02% 2.00%
53 4.606 2.00E-03 1.05% 0.02% 0.88% 1.39% 36.41% 7.34% 50.22% 1.26% 0.03% 0.93% 0.48%
54 4.674 2.10E-02 1.92% 0.01% 6.28% 2.25% 0.28% 86.60% 0.33% 0.02% 0.07% 0.02% 2.22%
55 4.676 3.00E-03 0.00% 0.02% 0.49% 0.02% 47.01% 2.25% 47.79% 1.13% 0.00% 1.19% 0.10%
56 4.683 5.10E-02 4.14% 0.05% 5.66% 3.39% 30.58% 7.28% 42.77% 2.34% 0.18% 1.66% 1.96%
57 4.687 5.91E-01 6.05% 0.52% 54.97% 5.91% 7.97% 7.20% 10.55% 0.56% 0.26% 0.38% 5.64%
58 4.688 1.88E-01 29.69% 0.14% 21.70% 21.36% 2.25% 9.52% 2.92% 0.16% 1.29% 0.10% 10.87%
59 4.737 1.40E-02 0.14% 1.37% 38.50% 1.37% 41.65% 6.37% 7.20% 0.41% 0.05% 0.59% 2.37%
60 4.753 0.00E+00 0.01% 0.00% 0.04% 0.02% 47.31% 2.30% 45.09% 2.48% 0.00% 2.61% 0.13%
61 4.755 3.60E-02 0.01% 0.20% 9.12% 0.44% 40.52% 1.20% 46.55% 0.98% 0.01% 0.66% 0.31%
62 4.807 1.00E-03 0.00% 0.22% 2.86% 0.02% 52.54% 0.16% 42.26% 0.89% 0.00% 0.97% 0.08%
63 4.818 3.00E-03 0.03% 0.54% 15.34% 0.60% 70.63% 2.97% 5.68% 0.25% 0.02% 3.20% 0.74%
64 4.869 1.00E-03 1.68% 0.02% 6.56% 63.71% 2.12% 18.04% 0.69% 0.02% 3.94% 0.06% 3.17%
65 4.889 0.00E+00 0.10% 0.19% 1.60% 2.21% 56.49% 24.29% 12.85% 0.21% 0.51% 0.73% 0.81%
66 4.900 8.00E-03 0.07% 1.20% 8.60% 4.06% 79.64% 1.94% 0.64% 0.05% 0.20% 2.91% 0.69%
67 4.923 2.00E-03 3.20% 0.17% 2.19% 24.25% 0.64% 7.38% 0.12% 0.07% 38.83% 0.03% 23.11%
68 4.947 1.20E-02 0.61% 0.21% 8.88% 20.68% 2.40% 60.75% 0.29% 0.07% 1.77% 0.10% 4.25%
69 4.952 2.10E-02 0.80% 0.65% 10.75% 38.96% 6.14% 38.39% 0.59% 0.20% 0.57% 0.25% 2.71%
70 4.970 3.90E-02 1.40% 0.57% 11.24% 55.92% 3.31% 20.67% 0.56% 0.18% 2.84% 0.12% 3.19%
71 5.009 1.20E-02 0.13% 1.24% 5.65% 6.03% 0.78% 78.98% 0.89% 0.38% 0.54% 0.03% 5.33%
72 5.035 2.70E-02 1.07% 2.70% 15.00% 7.84% 2.75% 38.37% 1.11% 0.90% 14.91% 0.08% 15.27%
73 5.038 1.50E-02 1.04% 3.37% 44.54% 7.92% 3.09% 14.66% 1.09% 1.15% 10.83% 0.14% 12.16%
74 5.046 3.00E-02 0.69% 1.48% 47.44% 5.73% 1.37% 29.77% 0.98% 0.56% 4.77% 0.08% 7.13%
75 5.058 5.00E-03 0.65% 3.42% 1.83% 4.22% 40.78% 21.17% 8.58% 1.18% 8.64% 0.61% 8.94%
76 5.060 4.00E-03 4.79% 0.56% 6.05% 16.38% 2.32% 7.18% 0.64% 0.34% 34.67% 0.04% 27.05%
77 5.082 5.00E-03 0.47% 14.30% 8.73% 3.99% 17.10% 24.67% 4.88% 4.65% 5.05% 0.57% 15.60%
78 5.096 8.40E-02 0.10% 3.88% 64.37% 2.88% 3.33% 16.66% 1.10% 1.26% 1.01% 0.15% 5.26%
79 5.100 9.00E-03 0.12% 1.21% 42.55% 5.11% 2.29% 41.88% 1.72% 0.49% 0.23% 0.10% 4.29%
80 5.185 3.60E-02 0.17% 1.31% 46.36% 7.79% 5.24% 31.20% 3.37% 0.73% 0.20% 0.17% 3.47%
Table S13: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Au(lll)

State Energy Oscillator Mg,C MyC LC Mg LCT MyLCT LLCT XLCT XMCT MeoMyCT | MyMg,CT Other
1 1.210 0.00E+00 0.63% 0.01% 1.34% 17.65% 0.00% 3.16% 0.00% 0.01% 31.44% 0.00% 45.76%
2 1.334 0.00E+00 0.64% 0.01% 0.98% 16.27% 0.01% 4.89% 0.00% 0.01% 28.96% 0.00% 48.24%
3 1.349 1.00E-03 0.49% 0.04% 2.92% 15.95% 0.02% 3.22% 0.03% 0.06% 28.47% 0.00% 48.79%
4 1.693 0.00E+00 3.71% 0.00% 4.88% 76.20% 0.02% 12.59% 0.01% 0.00% 1.15% 0.00% 1.44%
5 1.833 1.00E-03 3.25% 0.00% 4.05% 70.61% 0.02% 19.19% 0.01% 0.00% 1.09% 0.00% 1.77%
6 2.082 1.07E-01 1.67% 0.01% 11.91% 68.93% 0.07% 13.87% 0.12% 0.06% 1.53% 0.00% 1.83%
7 2.165 0.00E+00 0.01% 0.00% 0.23% 0.15% 0.00% 21.78% 0.00% 0.01% 0.27% 0.00% 77.55%
8 2.222 0.00E+00 0.02% 0.00% 0.24% 0.31% 0.00% 21.69% 0.00% 0.00% 0.54% 0.00% 77.20%
9 2.584 1.90E-02 3.63% 0.01% 4.79% 74.86% 0.03% 13.21% 0.03% 0.02% 1.94% 0.00% 1.49%
10 2.638 0.00E+00 0.00% 4.81% 0.73% 0.01% 2.68% 0.02% 18.74% 33.87% 0.01% 0.05% 39.08%
11 2.711 9.00E-03 3.29% 0.02% 4.41% 69.78% 0.02% 18.71% 0.05% 0.07% 1.77% 0.00% 1.89%
12 2.802 2.00E-03 0.01% 7.91% 0.79% 0.22% 4.29% 0.06% 16.85% 30.98% 0.01% 0.06% 38.83%
13 2.815 2.60E-02 0.02% 0.28% 0.87% 0.91% 0.15% 0.55% 20.54% 37.92% 0.01% 0.00% 38.76%
14 2.830 2.00E-03 1.95% 0.00% 6.93% 74.40% 0.03% 14.30% 0.20% 0.30% 0.66% 0.00% 1.23%
15 2.858 0.00E+00 0.00% 0.00% 1.36% 1.08% 0.00% 91.78% 0.07% 0.13% 0.04% 0.00% 5.53%
16 2.912 2.00E-03 0.03% 0.00% 1.31% 1.22% 0.00% 92.00% 0.00% 0.00% 0.03% 0.00% 5.40%
17 2.913 0.00E+00 0.02% 7.25% 0.86% 0.56% 3.94% 0.22% 16.90% 30.95% 0.08% 0.06% 39.17%
18 2.922 3.80E-02 2.02% 0.05% 6.18% 70.81% 0.06% 18.65% 0.17% 0.27% 0.49% 0.00% 1.29%
19 3.039 6.40E-02 1.54% 0.00% 12.89% 73.86% 0.03% 10.89% 0.03% 0.01% 0.16% 0.00% 0.60%
20 3.042 3.57E-01 1.55% 0.01% 10.32% 72.34% 0.02% 14.14% 0.09% 0.11% 0.44% 0.00% 0.99%
21 3.049 2.30E-02 1.75% 0.00% 12.97% 76.21% 0.02% 8.35% 0.02% 0.00% 0.10% 0.00% 0.56%
22 3.082 1.80E-02 4.47% 0.00% 12.26% 76.72% 0.02% 5.53% 0.02% 0.01% 0.02% 0.00% 0.97%
23 3.202 1.55E-01 1.73% 0.00% 21.72% 71.21% 0.02% 4.68% 0.02% 0.00% 0.01% 0.00% 0.61%
24 3.272 5.00E-03 2.63% 0.00% 16.27% 70.16% 0.04% 9.93% 0.06% 0.00% 0.02% 0.00% 0.89%
25 3.311 1.13E-01 3.96% 0.00% 13.92% 68.68% 0.04% 11.13% 0.05% 0.02% 0.01% 0.00% 2.19%
26 3.321 1.00E-03 0.04% 0.07% 19.64% 0.88% 0.04% 1.80% 0.66% 1.19% 0.15% 0.00% 75.54%
27 3.561 4.00E-03 0.00% 0.00% 0.35% 0.09% 0.00% 21.73% 0.02% 0.03% 0.14% 0.00% 77.64%
28 3.609 3.00E-03 2.45% 0.00% 16.56% 60.22% 0.02% 18.37% 0.02% 0.01% 0.09% 0.00% 2.28%
29 3.631 0.00E+00 0.04% 0.01% 0.64% 0.22% 0.01% 21.29% 0.02% 0.03% 0.37% 0.00% 77.37%
30 3.679 6.00E-03 0.06% 0.01% 0.89% 0.53% 0.01% 20.74% 0.04% 0.06% 0.90% 0.00% 76.76%
31 3.709 2.00E-03 0.38% 0.00% 4.83% 8.66% 0.01% 79.89% 0.01% 0.00% 0.04% 0.00% 6.18%
32 3.739 0.00E+00 0.56% 0.09% 1.42% 1.30% 0.05% 20.62% 0.07% 0.11% 1.81% 0.00% 73.98%
33 3.748 6.00E-03 0.11% 0.00% 3.23% 1.18% 0.00% 87.78% 0.00% 0.00% 0.06% 0.00% 7.63%
34 3.840 7.00E-03 0.07% 0.02% 0.53% 0.25% 0.01% 21.33% 0.07% 0.10% 0.40% 0.00% 77.23%
35 3.875 0.00E+00 46.37% 0.01% 5.17% 32.66% 0.02% 3.96% 0.02% 0.01% 0.26% 0.02% 11.50%
36 3.924 1.00E-03 0.18% 0.00% 0.94% 0.80% 0.00% 95.97% 0.01% 0.00% 0.00% 0.00% 2.09%
37 3.949 0.00E+00 52.85% 0.00% 4.15% 29.16% 0.01% 2.54% 0.03% 0.01% 0.11% 0.01% 11.15%
38 3.963 3.00E-03 7.30% 0.00% 18.56% 65.91% 0.02% 5.53% 0.01% 0.00% 0.06% 0.00% 2.61%
39 3.979 7.00E-03 0.02% 0.00% 0.75% 1.17% 0.00% 96.14% 0.01% 0.00% 0.00% 0.00% 1.91%
40 3.990 2.30E-02 0.08% 2.51% 5.72% 0.09% 10.79% 0.28% 72.39% 3.97% 0.01% 0.27% 3.90%
41 4.057 2.00E-03 39.87% 0.04% 4.07% 25.36% 0.05% 6.60% 0.25% 0.03% 0.52% 0.01% 23.20%
42 4.057 1.00E-02 3.87% 0.02% 0.97% 3.61% 0.02% 18.88% 0.11% 0.07% 2.14% 0.00% 70.32%
43 4.088 0.00E+00 0.00% 0.02% 4.25% 0.04% 0.62% 0.91% 88.95% 4.48% 0.00% 0.02% 0.73%
44 4.096 6.00E-03 3.53% 0.91% 4.17% 12.41% 0.57% 15.40% 0.82% 0.07% 3.27% 0.01% 58.84%
45 4.107 9.30E-02 0.79% 0.01% 62.31% 30.33% 0.02% 3.76% 0.02% 0.00% 0.06% 0.00% 2.70%
46 4.110 7.60E-02 3.89% 0.13% 24.88% 58.96% 0.09% 5.20% 0.07% 0.01% 0.39% 0.00% 6.39%
47 4.176 2.00E-03 1.96% 0.00% 14.77% 73.03% 0.04% 9.49% 0.05% 0.00% 0.07% 0.00% 0.59%
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48 4.192 4.30E-02 0.03% 26.41% 5.38% 0.45% 15.12% 2.37% 9.26% 2.56% 0.29% 0.23% 37.90%
49 4.208 7.62E-01 0.88% 0.23% 73.31% 19.65% 0.14% 2.74% 0.07% 0.03% 0.02% 0.00% 2.94%
50 4.236 8.30E-02 1.12% 0.00% 51.73% 41.70% 0.02% 3.80% 0.03% 0.00% 0.02% 0.00% 1.59%
51 4.242 0.00E+00 0.00% 0.29% 3.40% 0.02% 13.36% 0.17% 77.64% 3.99% 0.00% 0.41% 0.72%
52 4.247 8.00E-03 0.06% 0.02% 2.77% 2.51% 0.62% 85.62% 3.11% 0.16% 0.01% 0.02% 5.11%
53 4.253 3.10E-02 0.09% 0.00% 92.64% 2.52% 0.00% 0.98% 0.00% 0.00% 0.00% 0.00% 3.77%
54 4.256 9.00E-03 2.36% 0.01% 18.50% 66.64% 0.24% 9.96% 0.99% 0.06% 0.05% 0.01% 1.19%
55 4.280 3.80E-02 0.49% 0.00% 61.62% 32.40% 0.01% 2.67% 0.02% 0.00% 0.02% 0.00% 2.77%
56 4.281 3.10E-02 0.05% 1.03% 8.45% 1.83% 0.57% 80.93% 0.36% 0.29% 0.03% 0.01% 6.47%
57 4.295 1.30E-02 0.34% 0.28% 6.43% 4.12% 10.85% 19.96% 51.70% 2.76% 0.04% 0.32% 3.19%
58 4.300 7.80E-02 0.57% 0.01% 14.83% 78.68% 0.02% 5.65% 0.02% 0.00% 0.01% 0.00% 0.22%
59 4.339 1.36E-01 2.85% 0.02% 28.74% 51.00% 0.75% 9.51% 4.22% 0.24% 0.10% 0.02% 2.55%
60 4.368 2.30E-02 0.21% 0.06% 6.19% 8.68% 2.01% 65.58% 11.52% 0.64% 0.07% 0.06% 4.98%
61 4.373 8.50E-02 0.06% 1.11% 21.08% 2.48% 0.64% 63.95% 0.91% 0.66% 0.09% 0.01% 9.02%
62 4.378 2.53E-01 1.11% 0.07% 19.05% 67.62% 0.08% 11.07% 0.08% 0.04% 0.07% 0.00% 0.83%
63 4.406 3.90E-02 11.74% 0.01% 13.25% 61.27% 0.04% 10.35% 0.05% 0.01% 0.04% 0.00% 3.25%
64 4.444 2.54E-01 0.35% 0.34% 9.61% 4.50% 0.42% 12.51% 1.57% 0.85% 1.60% 0.01% 68.22%
65 4.448 1.33E-01 8.17% 0.01% 19.83% 54.64% 0.10% 8.53% 0.51% 0.05% 0.23% 0.01% 7.92%
66 4.453 1.90E-02 0.10% 1.56% 10.59% 4.22% 0.92% 28.65% 0.98% 1.51% 1.26% 0.02% 50.20%
67 4.457 1.10E-01 0.16% 0.60% 18.09% 3.47% 0.38% 4.24% 0.56% 0.60% 0.68% 0.01% 71.22%
68 4.471 7.76E-01 2.50% 0.07% 26.10% 62.27% 0.06% 5.80% 0.07% 0.09% 0.06% 0.00% 2.98%
69 4.527 8.00E-03 9.68% 0.00% 10.14% 57.75% 0.04% 16.66% 0.25% 0.02% 0.30% 0.00% 5.15%
70 4.532 3.00E-03 0.47% 0.01% 5.06% 5.78% 0.31% 79.21% 2.43% 0.14% 0.10% 0.01% 6.48%
71 4.541 3.40E-01 0.35% 0.14% 44.74% 4.99% 0.17% 21.58% 2.26% 0.32% 0.67% 0.00% 24.78%
72 4.571 1.50E-02 30.98% 0.00% 8.60% 44.33% 0.02% 7.26% 0.04% 0.01% 0.18% 0.01% 8.57%
73 4.572 3.30E-02 36.68% 0.00% 7.93% 38.74% 0.02% 6.38% 0.02% 0.01% 0.20% 0.01% 10.01%
74 4.670 1.10E-02 5.19% 0.00% 5.90% 18.17% 0.04% 64.74% 0.16% 0.01% 0.15% 0.00% 5.63%
75 4.680 0.00E+00 34.41% 0.00% 5.64% 37.85% 0.02% 11.04% 0.03% 0.01% 0.21% 0.01% 10.77%
76 4.707 4.30E-02 7.93% 0.01% 6.02% 54.50% 0.03% 27.86% 0.08% 0.03% 0.28% 0.00% 3.28%
77 4.764 5.20E-02 0.88% 0.08% 14.88% 56.23% 0.61% 20.44% 2.34% 0.50% 0.38% 0.04% 3.62%
78 4.771 1.00E-03 0.75% 0.05% 5.66% 16.31% 0.20% 71.72% 0.25% 0.03% 0.20% 0.01% 4.82%
79 4.830 2.00E-03 0.09% 7.64% 10.70% 2.85% 4.26% 6.41% 2.33% 1.83% 1.42% 0.07% 62.42%
80 4.831 0.00E+00 2.20% 0.22% 14.93% 56.48% 0.35% 19.49% 1.34% 0.15% 0.29% 0.01% 4.53%
Table S14: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Hg
State Energy Oscillator Mg,C MwmC LC Mg LCT MyLCT LLCT XLCT XMCT Mg, MuCT MuMg, CT Other
1 2.204 0.00E+00 3.64% 0.00% 5.43% 77.94% 0.04% 11.80% 0.05% 0.00% 0.18% 0.00% 0.91%
2 2.346 1.00E-03 3.19% 0.00% 4.76% 71.76% 0.05% 18.86% 0.06% 0.00% 0.16% 0.00% 1.17%
3 2.550 1.52E-01 1.89% 0.01% 12.10% 71.93% 0.01% 12.77% 0.02% 0.01% 0.25% 0.00% 1.01%
4 2.813 3.00E-03 1.99% 0.00% 12.23% 79.80% 0.03% 5.49% 0.03% 0.00% 0.01% 0.00% 0.42%
5 2.851 1.00E-03 5.35% 0.00% 11.27% 76.91% 0.03% 5.29% 0.03% 0.00% 0.01% 0.00% 1.11%
6 2.943 2.30E-02 2.26% 0.00% 5.96% 78.35% 0.05% 12.02% 0.06% 0.00% 0.52% 0.00% 0.79%
7 2.965 1.20E-01 2.08% 0.00% 19.41% 72.56% 0.03% 5.20% 0.04% 0.00% 0.01% 0.00% 0.67%
8 3.016 3.00E-03 1.81% 0.00% 13.60% 73.30% 0.01% 10.65% 0.02% 0.00% 0.03% 0.00% 0.58%
9 3.054 7.00E-02 2.65% 0.00% 9.56% 71.69% 0.03% 14.74% 0.03% 0.00% 0.25% 0.00% 1.04%
10 3.096 9.40E-02 3.82% 0.00% 9.57% 70.65% 0.02% 14.32% 0.03% 0.00% 0.23% 0.00% 1.36%
11 3.140 2.11E-01 3.03% 0.00% 15.60% 71.12% 0.03% 8.78% 0.03% 0.00% 0.24% 0.00% 1.18%
12 3.174 7.00E-03 1.72% 0.00% 7.37% 77.91% 0.03% 12.22% 0.04% 0.00% 0.13% 0.00% 0.57%
13 3.301 2.40E-02 0.96% 0.00% 5.89% 72.85% 0.06% 18.77% 0.07% 0.00% 0.53% 0.00% 0.87%
14 3.355 1.00E-03 0.42% 0.02% 0.65% 7.65% 0.00% 1.37% 0.01% 0.03% 44.42% 0.00% 45.44%
15 3.393 1.07E-01 0.97% 0.00% 12.26% 73.20% 0.01% 13.11% 0.01% 0.00% 0.05% 0.00% 0.40%
16 3.480 0.00E+00 0.34% 0.03% 1.14% 10.42% 0.01% 2.64% 0.01% 0.05% 38.42% 0.00% 46.95%
17 3.493 0.00E+00 0.47% 0.00% 1.04% 6.16% 0.00% 1.19% 0.00% 0.01% 41.31% 0.00% 49.81%
18 3.545 9.40E-02 1.55% 0.01% 12.73% 64.76% 0.02% 13.59% 0.02% 0.01% 2.83% 0.00% 4.48%
19 3.624 6.00E-03 0.10% 0.00% 2.48% 3.14% 0.00% 90.71% 0.00% 0.00% 0.03% 0.00% 3.54%
20 3.673 4.00E-03 0.10% 0.00% 2.22% 1.58% 0.01% 92.55% 0.02% 0.00% 0.00% 0.00% 3.54%
21 3.737 6.00E-03 2.00% 0.00% 14.41% 76.31% 0.03% 6.54% 0.04% 0.00% 0.04% 0.00% 0.62%
22 3.881 4.00E-02 8.25% 0.00% 18.29% 66.60% 0.03% 4.92% 0.04% 0.00% 0.07% 0.00% 1.80%
23 3.931 1.00E-03 13.23% 0.00% 12.62% 64.71% 0.02% 6.49% 0.03% 0.00% 0.13% 0.00% 2.77%
24 3.936 4.00E-03 44.52% 0.00% 6.30% 36.37% 0.02% 3.36% 0.02% 0.02% 0.27% 0.02% 9.09%
25 3.946 0.00E+00 29.52% 0.00% 11.03% 49.12% 0.02% 3.80% 0.02% 0.00% 0.22% 0.00% 6.26%
26 3.955 1.20E-02 7.65% 0.00% 16.31% 65.82% 0.02% 8.21% 0.02% 0.00% 0.08% 0.00% 1.90%
27 4.043 4.00E-03 7.69% 0.00% 14.67% 69.75% 0.02% 5.87% 0.03% 0.00% 0.04% 0.00% 1.94%
28 4.055 3.10E-02 18.37% 0.00% 10.23% 60.54% 0.01% 5.86% 0.02% 0.00% 0.12% 0.00% 4.84%
29 4.070 5.40E-02 27.81% 0.00% 8.70% 51.66% 0.03% 4.42% 0.04% 0.00% 0.19% 0.00% 7.15%
30 4.077 1.00E-03 1.62% 0.00% 28.50% 64.58% 0.03% 4.49% 0.04% 0.00% 0.01% 0.00% 0.73%
31 4.101 6.50E-02 4.79% 0.00% 28.41% 55.76% 0.01% 9.06% 0.01% 0.00% 0.04% 0.00% 1.92%
32 4.164 1.20E-02 0.19% 0.06% 37.31% 1.77% 13.29% 1.81% 42.23% 1.45% 0.00% 0.39% 1.50%
33 4.172 1.19E-01 1.59% 0.00% 41.84% 44.60% 0.21% 10.10% 0.66% 0.03% 0.01% 0.01% 0.97%
34 4.174 1.35E-01 1.74% 0.00% 38.57% 50.31% 0.09% 7.99% 0.25% 0.01% 0.01% 0.00% 1.02%
35 4.186 2.10E-02 4.24% 0.00% 13.36% 69.52% 0.03% 11.46% 0.09% 0.00% 0.01% 0.00% 1.28%
36 4.240 9.30E-02 1.02% 0.00% 49.90% 34.91% 0.02% 12.78% 0.03% 0.00% 0.01% 0.00% 1.33%
37 4.266 9.50E-02 0.19% 0.00% 81.38% 8.23% 0.01% 7.73% 0.01% 0.00% 0.00% 0.00% 2.45%
38 4.295 2.00E-03 0.01% 0.00% 25.19% 1.76% 0.00% 68.27% 0.01% 0.00% 0.00% 0.00% 4.76%
39 4.305 9.79E-01 1.00% 0.00% 52.66% 20.32% 0.01% 22.57% 0.02% 0.00% 0.01% 0.00% 3.42%
40 4.315 3.00E-03 0.06% 0.02% 68.43% 1.68% 5.93% 4.78% 15.64% 0.54% 0.01% 0.18% 2.74%
41 4.347 4.08E-01 0.54% 0.00% 71.90% 12.85% 0.03% 9.84% 0.07% 0.00% 0.00% 0.00% 4.76%
42 4.357 5.84E-01 0.17% 0.00% 26.26% 6.28% 0.01% 62.49% 0.01% 0.00% 0.00% 0.00% 4.79%
43 4.481 1.00E-03 0.02% 0.04% 0.10% 0.18% 7.01% 0.04% 89.10% 3.01% 0.00% 0.20% 0.31%
44 4.501 2.00E-02 6.87% 0.04% 14.88% 63.01% 0.09% 10.68% 0.42% 0.20% 0.14% 0.01% 3.66%
45 4.514 0.00E+00 0.00% 0.03% 0.22% 0.00% 5.70% 0.02% 90.51% 3.03% 0.00% 0.16% 0.34%
46 4.516 1.00E-03 0.15% 0.00% 0.24% 0.13% 0.01% 9.77% 0.07% 0.01% 0.24% 0.00% 89.39%
47 4.537 3.00E-03 0.05% 0.00% 1.57% 0.40% 0.00% 94.75% 0.00% 0.00% 0.01% 0.00% 3.22%
48 4.558 3.00E-03 47.91% 0.00% 4.73% 30.04% 0.03% 4.28% 0.09% 0.00% 0.41% 0.00% 12.51%
49 4.566 0.00E+00 41.67% 0.00% 5.15% 27.73% 0.02% 6.95% 0.02% 0.02% 0.15% 0.02% 18.28%
50 4.570 0.00E+00 4.76% 0.02% 0.79% 3.20% 0.00% 8.93% 0.02% 0.09% 0.57% 0.00% 81.61%
51 4.588 3.00E-03 0.74% 0.00% 1.52% 2.55% 0.01% 90.98% 0.03% 0.01% 0.02% 0.00% 4.14%
52 4.681 4.00E-03 43.49% 0.05% 6.82% 30.81% 0.02% 4.69% 0.11% 0.32% 0.25% 0.01% 13.44%
53 4.704 8.01E-01 0.06% 0.29% 82.50% 0.90% 0.16% 6.04% 0.43% 1.55% 0.04% 0.00% 8.03%
54 4.713 1.00E-03 0.06% 3.62% 0.17% 0.06% 0.53% 0.03% 7.59% 52.87% 0.00% 0.01% 35.06%
55 4.721 3.50E-02 0.01% 3.80% 0.56% 0.01% 0.69% 0.04% 8.02% 52.05% 0.00% 0.02% 34.82%

25



Physical Chemistry Chemical Physics

56 4.736 1.19E-01 0.20% 5.97% 2.48% 0.83% 0.83% 0.30% 5.31% 38.50% 0.19% 0.01% 45.38%
57 4.817 1.40E-02 0.09% 0.14% 42.90% 0.75% 12.67% 2.59% 36.46% 1.89% 0.00% 0.38% 2.11%
58 4.871 1.00E-03 1.56% 0.01% 18.33% 57.24% 1.98% 13.91% 5.23% 0.10% 0.13% 0.05% 1.48%
59 4.909 1.00E-03 0.39% 0.03% 46.02% 16.67% 6.90% 7.63% 19.60% 0.31% 0.04% 0.14% 2.29%
60 4.948 7.00E-03 0.59% 0.02% 11.76% 21.21% 2.33% 16.68% 44.49% 1.72% 0.04% 0.06% 1.11%
61 4.953 3.80E-02 0.50% 0.95% 12.99% 33.59% 0.16% 10.70% 2.79% 18.31% 0.14% 0.00% 19.88%
62 4.965 1.80E-02 1.29% 0.01% 10.60% 47.81% 1.27% 13.31% 23.62% 0.91% 0.09% 0.04% 1.07%
63 4.971 1.88E-01 0.41% 1.03% 17.51% 27.30% 0.16% 5.92% 3.30% 21.95% 0.13% 0.00% 22.28%
64 5.004 1.00E-03 0.07% 0.00% 10.23% 2.22% 0.14% 82.30% 2.02% 0.08% 0.00% 0.01% 2.93%
65 5.040 3.60E-02 0.02% 0.00% 86.29% 1.68% 0.02% 10.36% 0.16% 0.01% 0.00% 0.00% 1.46%
66 5.046 4.40E-02 0.09% 0.02% 10.38% 4.04% 0.59% 73.63% 7.11% 0.64% 0.01% 0.02% 3.47%
67 5.077 0.00E+00 0.02% 0.03% 17.05% 0.45% 5.98% 15.02% 58.01% 1.88% 0.00% 0.19% 1.38%
68 5.092 5.80E-02 0.02% 0.00% 86.55% 2.56% 0.02% 9.43% 0.11% 0.00% 0.00% 0.00% 1.31%
69 5.092 2.00E-03 0.15% 0.00% 13.87% 3.56% 0.52% 74.36% 4.01% 0.14% 0.00% 0.02% 3.37%
70 5.136 3.00E-03 0.14% 0.00% 20.53% 5.41% 0.65% 66.24% 3.62% 0.12% 0.01% 0.03% 3.24%
71 5.141 0.00E+00 0.01% 0.00% 5.59% 0.60% 12.07% 30.54% 48.78% 1.39% 0.00% 0.26% 0.76%
72 5.165 0.00E+00 0.00% 0.05% 0.06% 0.00% 6.89% 0.06% 89.73% 2.85% 0.00% 0.17% 0.20%
73 5.193 0.00E+00 0.00% 0.05% 0.29% 0.02% 5.93% 0.15% 90.12% 3.01% 0.00% 0.15% 0.28%
74 5.201 1.80E-02 0.07% 0.01% 62.14% 5.83% 0.60% 26.91% 2.88% 0.27% 0.00% 0.02% 1.28%
75 5.215 2.00E-03 0.26% 0.00% 58.32% 8.22% 3.31% 14.10% 13.30% 0.70% 0.00% 0.17% 1.61%
76 5.230 1.00E-03 0.04% 0.02% 32.03% 1.54% 9.27% 13.97% 40.96% 0.85% 0.00% 0.16% 1.16%
77 5.235 1.00E-03 0.08% 0.01% 26.58% 3.05% 9.60% 15.46% 40.84% 2.17% 0.00% 0.51% 1.72%
78 5.242 6.80E-02 0.05% 0.01% 65.91% 4.45% 0.12% 26.60% 0.51% 0.15% 0.00% 0.01% 2.19%
79 5.253 6.70E-02 0.02% 0.02% 57.30% 2.96% 0.04% 36.73% 0.22% 0.27% 0.01% 0.00% 2.44%
80 5.271 0.00E+00 0.02% 0.03% 9.22% 0.44% 0.05% 3.37% 0.28% 0.02% 0.51% 0.00% 86.07%
Table S15: Energy (in Ev), oscillator strength and nature of the singlet states of 1-Pb
State Energy Oscillator Mg,C MnC LC Mg, LCT MyLCT LLCT XLCT XMCT Mg, MuCT My Mg, CT Other
1 2.151 2.00E-03 3.35% 0.00% 5.60% 77.29% 0.06% 11.74% 0.04% 0.00% 0.68% 0.00% 1.23%
2 2.308 3.00E-03 2.97% 0.00% 4.73% 70.57% 0.08% 19.44% 0.02% 0.00% 0.64% 0.00% 1.56%
3 2.490 1.36E-01 1.81% 0.01% 11.93% 70.86% 0.02% 12.87% 0.09% 0.01% 0.90% 0.00% 1.50%
4 2.833 3.00E-03 2.17% 0.00% 12.71% 78.38% 0.04% 6.04% 0.03% 0.00% 0.05% 0.00% 0.57%
5 2.870 1.00E-03 4.95% 0.00% 11.80% 75.90% 0.04% 6.06% 0.04% 0.00% 0.03% 0.00% 1.17%
6 2.904 2.90E-02 2.26% 0.00% 5.89% 75.98% 0.07% 13.00% 0.05% 0.01% 1.19% 0.00% 1.56%
7 2.994 1.03E-01 2.38% 0.00% 19.60% 70.85% 0.05% 6.15% 0.03% 0.00% 0.06% 0.00% 0.89%
8 3.042 1.30E-02 1.74% 0.00% 10.39% 71.09% 0.03% 14.98% 0.05% 0.00% 0.54% 0.00% 1.17%
9 3.044 2.30E-02 1.49% 0.00% 10.88% 71.78% 0.04% 14.33% 0.05% 0.00% 0.43% 0.00% 1.01%
10 3.098 1.53E-01 4.53% 0.00% 12.48% 70.03% 0.02% 11.12% 0.06% 0.00% 0.17% 0.00% 1.59%
11 3.125 1.70E-01 3.40% 0.00% 14.47% 70.20% 0.03% 9.38% 0.08% 0.01% 0.69% 0.00% 1.75%
12 3.165 4.90E-02 1.80% 0.00% 7.96% 76.83% 0.06% 12.48% 0.05% 0.00% 0.15% 0.00% 0.68%
13 3.313 3.40E-02 1.01% 0.00% 6.65% 71.54% 0.08% 20.07% 0.03% 0.00% 0.12% 0.00% 0.51%
14 3.383 9.10E-02 1.00% 0.00% 11.77% 73.24% 0.01% 13.24% 0.12% 0.00% 0.13% 0.00% 0.49%
15 3.522 9.00E-03 0.10% 0.01% 3.40% 4.56% 0.96% 82.46% 3.95% 0.17% 0.02% 0.03% 4.34%
16 3.558 6.50E-02 1.58% 0.00% 12.27% 58.88% 0.25% 23.91% 1.05% 0.06% 0.19% 0.01% 1.80%
17 3.596 1.30E-02 0.23% 0.01% 3.96% 8.27% 0.32% 81.81% 1.04% 0.05% 0.03% 0.01% 4.29%
18 3.739 4.00E-03 2.21% 0.06% 15.26% 61.76% 3.81% 5.76% 9.49% 0.41% 0.25% 0.10% 0.91%
19 3.748 6.00E-03 0.41% 0.25% 14.69% 13.59% 16.96% 7.58% 42.65% 1.87% 0.07% 0.48% 1.45%
20 3.883 2.10E-02 23.78% 0.01% 11.86% 51.68% 0.04% 4.32% 0.03% 0.01% 2.32% 0.02% 5.96%
21 3.911 1.90E-02 29.37% 0.01% 10.38% 44.78% 0.03% 3.71% 0.02% 0.02% 3.75% 0.01% 7.92%
22 3.931 6.00E-03 24.56% 0.00% 9.74% 53.35% 0.02% 6.14% 0.04% 0.01% 0.82% 0.01% 5.31%
23 3.949 0.00E+00 8.43% 0.00% 17.37% 66.03% 0.05% 5.14% 0.07% 0.00% 0.67% 0.00% 2.25%
24 3.969 8.00E-03 13.51% 0.00% 14.66% 60.22% 0.03% 7.62% 0.10% 0.01% 0.54% 0.00% 3.30%
25 4.017 2.00E-03 0.05% 0.02% 1.20% 0.13% 0.74% 1.15% 91.88% 4.10% 0.01% 0.02% 0.72%
26 4.050 6.00E-03 26.78% 0.00% 8.64% 48.12% 0.02% 5.18% 0.24% 0.02% 2.62% 0.01% 8.37%
27 4.056 6.00E-03 21.71% 0.00% 10.39% 53.93% 0.02% 5.33% 0.05% 0.01% 2.06% 0.00% 6.50%
28 4.073 6.60E-02 2.96% 0.00% 13.39% 75.42% 0.05% 6.34% 0.07% 0.00% 0.73% 0.00% 1.04%
29 4.099 1.60E-02 1.10% 0.00% 31.10% 60.29% 0.08% 6.06% 0.24% 0.01% 0.24% 0.00% 0.89%
30 4.124 9.00E-02 1.28% 0.00% 32.83% 51.49% 0.07% 8.68% 3.88% 0.19% 0.28% 0.00% 1.29%
31 4.127 7.00E-03 0.09% 0.01% 5.60% 2.77% 0.73% 2.34% 83.69% 3.81% 0.02% 0.02% 0.93%
32 4.167 1.09E-01 1.29% 0.00% 37.88% 36.96% 0.17% 20.81% 1.59% 0.05% 0.20% 0.00% 1.06%
33 4.177 1.74E-01 1.64% 0.00% 33.79% 53.23% 0.04% 9.40% 0.06% 0.00% 0.59% 0.00% 1.24%
34 4.191 5.00E-03 3.86% 0.00% 14.63% 68.72% 0.01% 11.31% 0.09% 0.01% 0.16% 0.00% 1.21%
35 4.228 1.00E-03 0.79% 0.01% 10.57% 26.79% 0.52% 53.51% 2.31% 0.14% 0.89% 0.02% 4.46%
36 4.252 6.30E-02 0.49% 0.00% 68.39% 11.05% 0.25% 13.42% 1.50% 0.09% 0.50% 0.01% 4.29%
37 4.254 6.10E-02 0.74% 0.01% 35.91% 12.99% 0.39% 42.12% 2.40% 0.12% 1.79% 0.02% 3.53%
38 4.274 2.00E-03 0.13% 0.04% 5.39% 0.68% 2.31% 1.10% 84.84% 3.79% 0.58% 0.06% 1.08%
39 4.281 2.40E-02 6.63% 0.02% 10.56% 13.66% 0.06% 2.40% 1.82% 0.14% 45.87% 0.00% 18.84%
40 4.289 5.10E-02 0.33% 0.01% 45.87% 4.09% 0.18% 37.57% 0.74% 0.04% 3.83% 0.01% 7.34%
41 4.332 1.03E+00 1.77% 0.02% 51.89% 20.15% 0.29% 7.45% 1.40% 0.14% 8.80% 0.02% 8.08%
42 4.340 7.48E-01 0.83% 0.00% 67.66% 19.71% 0.03% 5.22% 0.15% 0.01% 1.62% 0.00% 4.77%
43 4.356 4.00E-03 0.11% 0.05% 22.42% 0.76% 2.05% 2.11% 66.97% 3.15% 0.39% 0.07% 1.92%
44 4.373 1.37E-01 7.18% 0.02% 12.33% 19.25% 0.08% 3.17% 1.07% 0.11% 36.14% 0.00% 20.64%
45 4.435 1.10E-02 9.56% 0.03% 2.66% 15.18% 0.13% 2.75% 0.34% 0.04% 45.07% 0.01% 24.23%
46 4.442 2.00E-03 0.10% 0.42% 13.44% 1.01% 19.13% 9.73% 50.17% 2.89% 0.44% 0.63% 2.05%
47 4.488 6.00E-03 0.52% 0.03% 3.91% 4.57% 1.86% 80.10% 6.12% 0.21% 0.57% 0.05% 2.07%
48 4.502 2.30E-02 7.37% 0.01% 11.39% 49.92% 0.24% 15.31% 1.02% 0.06% 7.72% 0.01% 6.95%
49 4.560 3.00E-03 0.49% 0.00% 2.32% 1.09% 0.38% 92.13% 1.31% 0.02% 0.36% 0.01% 1.88%
50 4.571 0.00E+00 34.80% 0.01% 5.81% 28.78% 0.08% 4.80% 0.19% 0.03% 10.68% 0.02% 14.81%
51 4.588 4.00E-03 35.96% 0.00% 5.56% 26.47% 0.06% 4.19% 0.16% 0.03% 12.47% 0.02% 15.08%
52 4.630 6.07E-01 0.75% 0.06% 72.25% 1.96% 2.28% 8.55% 8.14% 0.40% 0.43% 0.05% 5.15%
53 4.689 1.90E-02 0.17% 0.05% 13.64% 0.54% 20.24% 8.35% 54.05% 1.51% 0.04% 0.53% 0.89%
54 4.697 6.00E-03 7.33% 0.04% 4.17% 6.49% 1.88% 2.29% 67.08% 3.82% 2.47% 0.05% 4.39%
55 4.700 2.00E-02 23.65% 0.02% 8.53% 19.10% 1.17% 4.91% 21.04% 1.16% 8.17% 0.05% 12.21%
56 4.707 1.60E-02 1.10% 0.06% 9.44% 1.65% 19.98% 9.05% 55.06% 1.38% 0.79% 0.36% 1.14%
57 4.721 1.37E-01 1.84% 0.08% 34.95% 4.33% 5.84% 9.62% 35.14% 1.76% 2.07% 0.18% 4.19%
58 4.727 4.60E-02 3.94% 0.06% 6.28% 15.33% 0.57% 3.70% 2.25% 0.14% 44.07% 0.02% 23.65%
59 4.795 4.00E-03 0.02% 0.01% 1.57% 0.36% 21.13% 9.94% 61.74% 3.16% 0.24% 1.07% 0.75%
60 4.804 2.00E-02 0.02% 0.02% 4.83% 0.14% 0.94% 1.59% 86.13% 5.02% 0.00% 0.04% 1.26%
61 4.837 4.00E-03 3.14% 0.02% 2.55% 31.36% 0.07% 8.66% 0.12% 0.02% 32.99% 0.00% 21.08%
62 4.860 0.00E+00 5.63% 0.02% 4.13% 27.51% 0.08% 5.48% 0.38% 0.05% 33.40% 0.00% 23.31%
63 4.904 1.60E-02 2.96% 0.03% 7.46% 22.14% 0.62% 38.12% 3.65% 0.17% 13.68% 0.02% 11.16%
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64 4.910 8.00E-03 0.73% 0.01% 3.91% 6.62% 1.18% 17.54% 63.02% 2.51% 2.11% 0.04% 2.35%
65 4.913 2.10E-02 1.40% 0.02% 6.10% 12.16% 1.39% 28.02% 41.22% 1.53% 3.93% 0.04% 4.21%
66 4.930 1.10E-02 0.02% 0.07% 4.73% 0.45% 2.13% 4.50% 81.82% 4.68% 0.11% 0.06% 1.43%
67 4.960 1.10E-02 0.26% 0.07% 19.63% 7.90% 3.93% 39.36% 21.70% 1.05% 1.80% 0.11% 4.21%
68 4.971 5.20E-02 0.26% 0.04% 12.85% 11.20% 0.41% 47.55% 13.81% 0.50% 6.61% 0.01% 6.75%
69 4.987 6.00E-03 0.14% 0.03% 6.34% 5.17% 1.96% 16.23% 64.95% 1.82% 1.15% 0.04% 2.17%
70 4.997 2.30E-02 0.90% 0.01% 7.01% 36.47% 0.15% 36.49% 0.72% 0.04% 10.85% 0.00% 7.36%
71 5.007 2.10E-02 0.73% 0.02% 13.67% 37.32% 0.91% 11.92% 16.86% 0.64% 10.82% 0.03% 7.09%
72 5.020 2.00E-03 0.03% 0.00% 7.99% 0.86% 1.03% 3.33% 82.28% 3.91% 0.12% 0.05% 0.40%
73 5.026 1.50E-02 0.05% 0.01% 34.57% 1.97% 0.66% 15.38% 43.67% 1.93% 0.22% 0.02% 1.53%
74 5.035 1.00E-02 0.03% 0.01% 31.61% 1.56% 0.64% 8.56% 54.31% 2.21% 0.13% 0.02% 0.93%
75 5.038 1.40E-02 0.25% 0.01% 31.15% 7.19% 0.52% 52.78% 3.26% 0.13% 0.89% 0.02% 3.83%
76 5.080 7.10E-02 0.02% 0.01% 86.72% 2.40% 0.26% 7.04% 1.86% 0.07% 0.05% 0.01% 1.57%
77 5.088 1.00E-03 0.05% 0.06% 14.99% 1.61% 2.25% 9.38% 66.25% 3.05% 0.26% 0.05% 2.06%
78 5.108 1.70E-02 0.08% 0.03% 17.33% 2.90% 2.16% 52.61% 19.77% 1.05% 0.31% 0.08% 3.68%
79 5.130 8.00E-03 0.02% 0.02% 4.56% 0.25% 0.96% 2.39% 86.97% 3.38% 0.67% 0.03% 0.76%
80 5.136 5.00E-03 0.02% 0.03% 4.01% 0.31% 0.93% 4.29% 86.69% 2.64% 0.48% 0.02% 0.60%
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