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The photochemical reactions of the nitroprusside and the CpNiNO complexes are explained on the basis of
ASCF and time-dependent density functional theory (TD-DFT) calculations. Both similarities and differences
in the photochemical processes are highlighted.

Introduction TABLE 1: Lowest Excitation Energies of the Ground State

Transition metal nitrosyl compounds have attracted chemists’ [Fe(CN)NOJ?~ Complex®
interest for more than 30 years. The main reason for this interest symmetry MO character ASCF TD-DFF exp'®
is the existence of long-lived metastable states that are easily 1g 2, — 10e MLCT 2.30 1.91 2.49
obtained by light irradiation. Complex systems, with long-living B, 2b,—13a  MC 4.05 3.92
metastable states, are good candidates for optical information A2 2, — 5by MC 3.69 3.94 3.76
storage. 1A1 9e— 10e LC 3.69 2.66

. . Az 3.42 2.48

~ The most studied compound among those nitrosyl complexes 1, 369 257
is the sodium nitroprusside N&e(CNlNO]2H,0. The exist- 1B, 3.42 2.50
ence of its metastable states were predicted in 1977 on the basis *A: 8e— 10e MLCT 3.74 3.36 3.15
of Méssbauer spectra. A2 3.78 2.75

In the preceding paper in this isstigie studied the ground lgl g';g %'gg
state and the metastable states of two different metal complexes 1~ 9e—13a LMCT 465 4.37
containing a nitrosyl ligand, namely, the nitroprusside and the 1E 9e— 5by LMCT 6.61 4.87
cyclopentadienylnitrosylnickel(ll) (CpNiNO) complexes. In this E 8e— 13a MC 5.01 4.63 4.69
paper, we complete our theoretical investigation with a study ~ 'E 8e— 5b; MC 5.47 5.03 5.21

of the excited states of those compounds. On the basis of our 2ValuesineV."LMCT: ligand—metal charge transfer; MC: metal
earlier resu|tS, we propose a photochemica| mechanism for thecentered transition; LC: ligand centered transitib@alculation with
transformation of the ground state (global minimum) into the the LB94/B88P86 scheme.
various metastable states (local minima) and vice-versa. For the calculation of excited states, both A8CF metho8i10
Theoretical Approach ar_ld Fhe time-c!eper!dent den;ity-fpnctional theory (TD-BFT§ .
i ) ) ) within the adiabatic approximation have been used. As first

This aspect has already been widely described in the pre-mentioned by Jamorski et af the use of an asymptotically
ceding joint paper in this issfeBriefly, the density functional  \ye|l.behaved potential functional is preferable to avoid the
theory? within the Kohn-Sham methodolodyhas been used.  gramatic collapse of excitation energies calculated with an LDA
The Becke’s exchange functiohand the Perdew’s correlation  potential. Therefore, such a potential, developed by van Leeuwen
functlonaP (!388P86) have been useq in the generalized gradient 5nq Baerends (LB94¥ has been used during the SCF proce-
approximation (GGA). The calculations have been performed qyre,. The evaluation of the coupling matrix has been performed

with the ADF99® program package. Computational details sing the adiabatic local density approximation (ALDA).
(basis set and integration accuracy) are the same as in the

previous papet. Results and Discussion
*To whom correspondence should be addressed: cherm@ 1ransition Energies from the Ground State.[Fe(CNENOF .
catalyse.univ-lyon1.fr. A detailed description of the electronic structure of the ground-
! Universitede Geriee. state nitroprusside can be found in our preceding paper in this

* Universite Claude Bernard Lyon 1 and Institut de Recherches sur la ; ;
Catalyse, CNRS UPR 5401. issue? As can be seen, the HOMO (highest occupied molecular

§ Universitede Fribourg. orbital) is the 2b orbital and has a predominant iron ,3d
' Avantium Technologies. character. The LUMO 10e (lowest unoccupied molecular orbital)
U Universitede Saint Etienne. is of NO 7* character.

$ E-mail: Claude.Daul@unifr.ch. . . . . .
# Present address: Eco@?e Nationale Siguae de Chimie, av. Gl Leclerc, Calculations of the excited-state energies of the nitroprusside

F-35042 Rennes, France. ion are given in Table 1. For the lowest excitation due to the
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TABLE 2: Optical Absorption of the Ground State CpNiNO Complex

LB94//B88P86 expp

sym MO ASCF (eV) energy (eV) f(a.u.p %° energy (eV) intensity

E; 9a; — 7e; 3.25 3.08 0.0004 87 2.68 (295 w
3e— 76 7

E; 9a; — 7e; 3.95 3.52 0.0004 13 3.22 (390 w
3e,— 7 86

Ay 66— 7er 3.69 4.24 0.4128 70 4.43 (4287 s
5e,— 7 24

E; 6e; — 10 5.98 6.42 0.0012 94

E; 3e,—4e, 6.41 0.0166 78
8ay — 7e; 10

E; 8a; — 7e; 6.39 5.97 0.0364 54 6.20 S
6e, — 4e, 44

E; 26— T 5.54 <10 100

aMajor molecular orbital transitior?. Oscillator strength¢ Percentage of the corresponding electron configuration in the total dethsity:
weak and s= strong.®Hg lines used in ref 18 to study the wavelengh dependence of the-GA&S, reaction.

: TABLE 3: Geometric Parameters of Ground-, Metastable-,
promotion of one electron from the HOMO to the LUMO, the and Excited-States of the Nitroprusside and the CpNiNO

experimental transition energy is best reproduced byMBEF Complexes
procedure. In this case, the transition is of metal to ligand charge
transfer (MLCT) type, and the TD-DFT method largely

underestimates the excitation energy. For states lying at higher
energy and for which the experimental transition energies are

MNP MOP NO  MNO®  MONP
parameters  (pm)  (pm)  (pm) (pm) (pm)

nitroprusside
GS 164.2 281.2 117.0 180 0

known, the TD-DFT r_nethod gives results in slightly better I-ExSts 183.7 286.7 119.1 1415 235
agreement with experiment. MS; 183.4 2057 121 82.2 62.1
Long-living metastable states of nitroprusside have been r-ExSt'ys 183.7 286.7 119.1 141.5 235
observed® when the molecule is excited below 150 K with a  I-ExSt'ws 303.2 202.5 110. 25.6 139.8
514.5 nm (2.41 eV) Ar ion laser beam. The wavelength MSi 2894 1731 116.3 0 180
dependence of the formation of the metastable states indicates r-ExShs 303.2 2025 119. 25.6 1398
that the metastable state M$ a relaxed byproduct of the CpNiNO
charge-transfer transition 3¢~ 7*(NO). That experimental GS 162.9 344, 118.1 180. 0.
. . . . r-ExSts 177.4 278.9 120.4 138.1 25.1
evidence combined with the results of our calculations on the g 1676 2517 119.4 121.7 34.6
electronic structure and transition energies of [FeKX)]>~ MS, 172.1 209. 123. 88.6 55.4
clearly indicate that the metastable state appears after excitation r-ExSt'ys, 167.2 287.4 120.4 176.0 2.3
of one electron from the 2bmolecular orbital (MO) to the 10e r-ExSt'ws, 1876  177.0 1223 19.4 1473
one, i.e., the HOMGLUMO excitation. The resulting state, IAS'SI 3235 %éé ﬁgg 38' 133'7
19625104 1E >, is Jahr-Teller, or pseudo Renner-Teller, r-ExStus, 2774 1870 1207 304 1274

active. It will then be split and will give rise to two nondegen- 2GS ground state. r-ExSt relaxed excited state, I “left” or
. . . = u . -ExSt X XCI L Ir=
erate states. Pressprich etdhave predicted the higher energy “right” with respect to the position of MS TS = transition state. MS

state to have a linear FeN—O geometry and the lower energy  _ metastable staté.M = metal center (Fe for nitroprusside and Ni
state to have a bent F&N—O geometry. We computed the  for CpNiNO).

energy of both states resulting from this excited configuration
in Cs symmetry, namely, thg12a'113a"%; 1A'> and the already overestimates the energies as compared with experi-
|12a"'126a'l; 1A"> states. Note that the HOMO 2bin the ments, theASCF method overestimates even more the excitation
ground-state geometry gCsymmetry) becomes 12an the Cs energies. The deviation is however acceptable, remaining less
symmetry, whereas the LUMO 10e splits into the'18ad 26a than 0.45 eV. On the other hand, the corresponding calculation
orbitals. We let the geometry of the excited-state relax and of the intensities (not presented in Table 2) gives erroneous
obtained the bent structure more stable than the other one. Theesults. This is probably related to the mixture of determinants
calculated energy difference (Jahfeller stabilization energy)  already mentioned. Despite the small intensities of these bands,
amounts to 0.26 eV, and the distorted FENO angle is 219.1 experimentalist$ have suggested that these transitions can be
(Table 3). Furthermore, it can be seen that the [Rdoond length responsible of the formation of the metastable statg.MS
increases and is close to that of the M&pecies. As for the The next two experimental bands emerging at 4.43 eY (A
energetics, the geometrically relaxed excited state (r-&sx& symmetry) and 6.20 eV Esymmetry) are well reproduced by
only 0.17 eV higher in energy than the T Species (Table 4).  the TD-DFT calculations. At most, the deviation amounts to
CpNiNO. The experimental UV spectrdthfeatures four only 0.23 eV. One should however note that whereas the TD-
bands located at 2.68, 3.22, 4.43, and 6.20 eV (see Table 2)DFT calculation overestimates the transition energies in the case
The former two are about 100 times less intense than the latterof the two former bands, the contrary is observed for these
two. According to the TD-DFT calculations, the electronic bands. Consequently, the spectrum is slightly shrunk. Such a
density of the first two excited states ij(Bymmetry) is a trend is not observed iInSCF which underestimated the energy
combination of the 9a— 7e; and 3¢ — 7 excited determi- of the excited-state found at 4.43 eV and overestimated the
nants. One can notice that in both transitions the contribution energy of the excited state at 6.20 eV. The dramatic underes-
of each determinant is reverse. As far as the transition energiestimation of theA; state (lowered by 0.74 eV as compared with
are concerned, thASCF procedure leads to similar positions experiment) by theASCF procedure leads to an inversion of
for the bands. As compared with the TD-DFT formalism, which the ordering of the states. The calculated intensities of these
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TABLE 4: Energetics of the Species Pertaining to the Photochemistry of the [Fe(ChYO]2~ and the CpNiNO Complexes (e\®

GS r-EXS&S TS" r-EXStIMs” MS” r-EXStrMSH TS| r-EXSﬁAg MS|
Fe(CNRNO?#~ 0 1.98 1.81 1.98 1.42 2.75 2.80 2.75 1.61
CpNIiNO 0 1.57 1.44 3.61 1.05 1.72 2.68 3.05 1.74

ar-ExSt= relaxed excited state. r5F “left” or “right” with respect to the position of M TS = transition state. MS= metastable state.

TABLE 5: Lowest Electronic Transitions from the

transitions are roughly 1000 and 100 times greater than thoseMetastable States of the Nitroprusside Complex (eV)

of the small peaks, respectively, in agreement with experimental

observations. The most intense band (4.43 eV) corresponds to_Symmetry MO ASCF TD-DFT (LB94)
the HOMO-LUMO transition, with a slight contribution from MS, state
the 5@(HOMO-3) — 7e;(LUMO) electron promotion. As this A 128" — 134’ 1.37 1.08
excitation is of ligand-to-ligand (from-Cp toz*-NO) charge A 11d — 134 176 2.08

. S . A 124" — 264 1.97 2.02
transfer type, a strong intensity is expected. The next excited NG 254 — 134’ 538 166
state (6.20 eV) is composed of a strong mixture between two Yy 104’ — 134’ 2.85 1.78
excited Slater determinants, namely, the HOMG=2LUMO MS, state
(55%) and the HOMO-1~ LUMO (44%) ones. On the basis 1 2b, — 10e 1.29 1.03

of these results, we infer that the transition that is responsible
for the formation of the M$ metastable state is the HOMO  the vertically excited state was performed. The results are given
LUMO one. in Table 3 (structure r-Ex%is;)). Comparison with the geometry
Similar to the nitroprusside complex, the electron promotion of MS;, indicates that the major change in the geometry of the
from the HOMO to the LUMO of the CpNiNO leads to a relaxed excited statd2d'126d2; 1A"> is the variation of the
degenerate excited state, which induces a spontaneous symmetrige—N—O angle. In M, the nitrosyl ligand is 42) bonded
breaking of the electronic density. This leads to a removal of sideway, whereas it is IN-bonded in the excited state. Hence,
the 2-fold degeneracy of the molecular orbitals, involving the the ring opens upon excitation. Consequently, |#2='1264?;
so-called pseudo-Renner-Teller effect. Therefore, upon relax-1A"> state will decay on the ground-state potential energy
ation of the degenerate excited state, the molecular symmetrysuyrface near the T;Qransition state and then relax either to the
is also broken, leaving the complex in tlg symmetry. The  ground state or to the MSspecies. The r-Ex8g structure of
geometry of the relaxed HOMEGLUMO excited state has been  Table 3, is very similar to the geometry of r-EX&i.
calculated. As expected, the NiINO fragment of the complex is Furthermore, their electronic configurations are identical. There-
distorted, and the corresponding angle amounts to $38ee fore, we can ascertain that both the r-ExStand the
Table 3). Therefore, the NiINO bending of S largely initiated ~ r-ExStyg, are the same relaxation product of the excited state
in the relaxed excited state (121.@nd 138.1, respectively).  of both of the GS and M§ This unique excited-state allows
The energetic relaxation due to the pseudo-Renner-Tellerfor the backward and forward GS MS; reaction.
instability amounts to 1.09 eV which is significantly larger than To complete the photochemistry description of MSt
for the nitroprusside. The relaxed excited state remains slightly remains to explain how the MState can be generated. As seen
higher in energy than the transition state, T& the ground in Figure 2 of ref 2, the energy of the MO 26eeaches a
state potential energy curve. The difference in energy betweenmaximum for angle FeN—O of 70°. Although this angle is
both structures amounts only to 0.13 eV (Table 4). close to that of M, the excited statgl2d'1264®; A" > could
In conclusion, we observe that the pseudo-Renner-Teller aiso relax, at least to a small extent, to the geometry of TS
effect in the degenerate excited states of the two (nitroprussidestate and then reach upon relaxation the, Mpecies. The
and CpNiNO) complexes leads to relaxed excited states thatgeometry of the corresponding relaxed excited state (r-FxHt
are geometrically and electronically very similar to both the s depicted in Table 3. All excited molecules are relaxing from
TS, transition states and the MSmetastable states of the the z* — d,, orbital into the M$ and subsequently can be
corresponding species. It is therefore suggested that, by theexcited toward the MSisomer. According to experimental
HOMO-LUMO excitation, an excited state is formed, which results, the range of excitation to generate the biSnplex is
decays not only to the ground state, but also at least partially 350-600 nm. It is remarkable that the HOM& LUMO+1
into the M§; metastable state. (12d' — 264d) excitation energy lies at the boundary of this
Excited States of M§ Metastable State.From the M§ range. As the structure of the excited-state relaxes, the Fe
state, both the forward reaction (toward M&nd the reverse ~ O—N angle increases, reaching 139.8Therefore, the
reaction (toward the GS) are possible. The following sections r-ExStyg state is located beyond the barrier. It can be seen in
compare the pathways and electronic excitations of both Table 4 that the energy of T® higher than that of r-ExSis;.
complexes to accomplish these reactions. However, it must be stressed that some imprecision may be
[Fe(CN)ENOJ?". Itis experimentally knowt? that irradiation  related to the geometry of T$hat could not be optimized.
with visible light (350-600 nm) converts MBto MS;, as is Therefore, the geometrical parameters of & not reported
the case for the GS- MS;, reaction. The photoreaction of MS  in Table 3, and its energy is a crude estimate from a linear transit
to GS is activated by irradiation with light within the range calculation. Furthermore, the energy of the r-Ex§t species
600-1200 nm as the M= MS; reaction. does not correspond to the energy of a corresponding true state
The electronic configuration of the MSstate is 10&- but rather to a monodeterminantal wave function one.
25d2114'?124'?134'%264°. According to Table 5 the promotion CpNiNO.The experimental UVVis spectrur of the MS,
of one electron from the HOMO 12,,) into the 26&7y,,) species of CpNiNO features a broad absorption band at 1.46
orbital occurs at ca. 2.0 eV, which lies in the range 602200 eV, with low intensity, upon excitation at 3.96/4.10 eV (Hg
nm as experimentally observed. According to Figure 2 of ref lines). The calculated transition energies and intensities are given
2, the MO 26a4is of 73, character and undergoes the strongest in Table 6. The configuration of MSspecies near the Fermi
perturbation upon rotation of the NO ligand. The relaxation of level is 84217d%184294d'2104'°194°. As compared with the
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TABLE 6: Optical Absorption of the MS ;; Complex of structure of the complex in the ground state (similar-Ni—O
CpNiNO angles). Therefore, the r-ExX4, structure relaxes toward the
LB94//B88P86 exp CpNINO species. The r-ExSi structure is higher in energy

than the Tscomplex (2.68 and 4.81 eV, respectively, in Table

symmetr MO energy (eV) f(au %° energy (eV
Y Y oy (eV) f(aup 96 gy (&) 4) and shows a structure similar to the latter (14a:3d 129.7,

A ?g a__',ll%i 1.66 0.0072 1i3 1.46 respectively, for the NiON angle. See Table 3). Therefore, this
Al 8d' — 104’ 277 0.0060 70 2.27 structure can relax toward the second metastable statg).(MS
184 — 194 27 As is the case with nitroprusside, a unique excitation is able
A’ 17d — 194 3.32 0.0420 37 to convert the M$ species into the ground state or into the
igg: igg g? second metastable state MSowever, the energetics for the
8d' — 104’ 9 MS; — MS; pathway is much more demanding in the case of
A’ 74’ — 104’ 4.00 0.0757 71 37 CpNiNO. Therefore, the MOs involved in the transition are
184 — 194 9 different. Whereas the HOMO— LUMO+1 transition is
i?g - igg ; sufficiently effective in the case of nitroprusside, it is necessary
, - to promote an electron from the HOMO-6 to the LUMQ to
A E:: igg 415 0.1510 136 3.96/4.10 reach the MSspecies in the case of CpNiNO.
184 — 194 13 Excited States of the M$ Metastable State[Fe(CNNOJ?.
164 — 194 12 Similarly to the ground-state nitroprusside, the M®mplex
gg, - 183, ﬁ has a linear FeO—N group and is 04, symmetry. The NO

ligand is reversed, i.e., O-bound to the Fe. Therefore, the
2 Molecular orbitals? Oscillator strength¢ Percentage of the cor- electronic structure of the two systems are very close to each

responding electron configuration in the total densitylercury lines other. The ordering of the orbitals is identical fﬁéZtﬁlOé’-

used to excite the sample. 1345b)). The main difference is the gap between the HOMO

and the LUMO, which is smaller for the MState. This is in

spectrum of the ground state (Table 2) the ectrum
P g ( ) IMSP agreement with the maximum hardness principle which states

features the same small peaks, with the same intensities, in k ]
which the electron density is given by two excited Slater that the higher the hardness (i.e., the gap), the more stable the

determinants. However, the comparison stops here. First, thes¢@Mpound iS22 Consequently, the lowest electronic transition
peaks are largely downshifted as compared with those of the (HOMO — LUMO) of MS, appears red-shifted (see Tables 1
CpNiNO ground state. Second, the first band mainly corresponds@nd ). AS is the case with the other nitroprusside isomers, the
to the HOMO-LUMO transition, whereas the second one arises MLCT transition energies calculated with the TD-DFT meth-
from the HOMO-3— LUMO electron promotion. The fact that odology are significantly downshifted as compared with the

both the HOMO and HOMO-3 orbitals mainly accommodate ASCF results. As compared to the literatéitehese kinds of
transitions are better described by th& CF method. For the

the nickel d electrons probably explains the reason that these A . o -
absorption peaks have a similar intensity. The next two peaks MSi SPecies, we only know from experiment that light irradiation

(3.32 and 4.00 eV) have higher intensity and correspond to I the range 6061200 nm depopulates the metastable state.
HOMO-2 — LUMO+1 and HOMO-5— LUMO excitations, ~ A\ccording to our results (Table 5), the HOMQUMO
respectively. Finally, the most intense band is calculated at 4.15transition lies in this range.
eV and corresponds to the HOMO-6 LUMO+1 excitation. As was also the case with the ground-state nitroprusside, the
The band at 4.15 eV falls exactly in the domain of the [20'10€;'E> state, which corresponds to the HOMOUMO
mercury lines of excitation (Table 6). Furthermore, it is in the €Xcitation, is pseudo Renner-Teller active. As a consequence
same energy region as that of the ground state (see Table 2)0f the vibronic coupling the symmetry of the complex is broken
One can therefore suggest that the absorption spectrum of theCs) and thez*(NO) levels (10e) split, giving rise to two states
MS, metastable state features some bands in this region,With lower symmetries, namely, tH&' and the'!A" ones. The
a|though these peaks may be hidden by those of the ground_eXCitEd stat¢12a'126a1; 1IA""> is the most stable one. Because
state CpNiNO. This last assumption can be justified by the of the pseudo Renner-Teller effect, the-&@—N angle deviates
relative proportion between the ground state and that of the from linearity and amounts to 139.8Table 3) in the completely
metastable state in the sample. Comparing theNN-O angle relaxed structure. The pseudo Renner-Teller energy stabilization
of the r-ExSts species with that of the TStransition state, =~ amounts to 0.14 eV. The F® bond length elongates in this
one can assume that the relaxation of the excited state can lea@Xxcited state A" since the antibonding* — dy, orbital is
both to the ground-state itself or to the MBetastable state. ~ Populated. Even if it was not possible to optimize the structure
As the r-ExSgs species is located before the barrier (i.e., the of TS, the Fe-O—N angle is estimated to amount to ca. 140
NiNO angle of r-ExSts is smaller than that of T;§, one can Hence, the excited state has a geometry very close to the
suppose that the decay of the excited state will yield a greatertransition state TTable 3). Through relaxation, th&" state
proportion of ground-state molecules. Therefore, although the should fall onto the ground-state potential energy surface around
intensity of the 4.15 eV band of Mds high (0.1510 au), this TS and then populate MS This corresponds to the reverse
band can be hidden by the absorption of the ground state becausgeaction Mg <— MS,. Consequently, we assume that there exists
the concentration of MSremains always small. However, the @ unique relaxed HOMOLUMO excited state which allows
vertical excitation is high enough to cross the barriers and to for the MS, <~ MS, reaction in both direction.
allow for the formation of either the ground state or the second  CpNiNO. Until recently, the M$ species was not experi-
metastable state MSThe calculation of structure relaxation has mentally detected, although its existence was predicted by both
been performed. Two structures labeled r-ExSt and theoretical investigations and experimental studies on similar
r-ExStysi, respectively, (see Table 3) are obtained. For the compounds:24Very recently, evidence of the existence of the
r-ExStys) species, the gain in energy upon geometry relaxation MS; metastable state of the CpNiNO complex has been
is as high as 2.07 eV, and the state is located close to theestablished from IR spectroscofy.
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TABLE 7: Optical Absorption of CpNiON (MS ) where MS shows an absorption band. As the geometrically
LB94//B8SPS6 relaxed excited states are all higher in energy than the ground-
. state energy potential barrier, they can lead to the Bl&cies.
symmetry MG energy(ev)  f(a.uy i It is also noteworthy that the extent of the pseudo Renner-Teller
E 92— 78 2.47 0.0003 0.87 effect is significantly higher in the case of CpNiNO.
E geﬁﬂ?el 0.14 On the contrary, the behavior of the MSpecies, and in
1 e—7a 2.83 0.0001 0.86 . . . . . - .
92— 7¢ 0.13 particular their photochemistry, is drastically different if one
Al 6e— 7 3.73 0.4192 0.62 considers the nitroprusside complex or the CpNiNO. This is
5e — 7e 0.32 closely related to the height of the barrier between;M8&d
A da— 78 5.46 0.4536 0.44 MS,. In the case of the nitroprusside complex, this barrier is
gg:;g 8'%2 lower than the relaxed HOMELUMO excited state. Conse-
’ quently, this state can lead to either the ground state or the MS
aMajor molecular orbitals transition8.Oscillator strength¢ Per- species. In the case of CpNiNO, this WS- MS; barrier is

centage of the corresponding electron configuration in the total density. higher than the relaxed HOMELUMO excited state. There-
fore, this reaction is energetically more demanding. It has been
shown that the backward reaction GSMS,; and the forward
one M§, — MS; is enabled by the HOMO-6~ LUMO+1
transition.

The UV absorption spectrum of the CpNiON species has been
calculated and is presented in Table 7. As compared with those
of the ground state CpNiNO (Table 2), the spectrum of CpNiON
is very similar although slightly downshifted. The absorption
of the MS features two small peaks located at 2.47 and 2.83  Acknowledgment. The authors thank Prof. A. Hauser from
eV, with the same intensities, and for which the same Slater’s the University of Geneva for fruitful discussions. This work is
determinants enter in the composition of the electron density supported by the Swiss National Science Foundation and the
though with reverse contributions. These states correspond toCOST action D9.
the HOMO-2— LUMO and HOMO-1— LUMO excitations.
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