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The molecular cation C 2 O + plays an important role in the chain reactions which take place in the interstellar clouds involving the monoatomic fragments C, C + , O, O + and diatomic C 2 , C + 2 , CO, CO + , O 2 , O + 2 from which C 2 O + can be formed. In particular, C 2 O + can be produced by the ion-neutral reaction of CO [1]. Furthermore, this cation is a link towards molecular cations of C n O + type, with n > 2. Some of the occuring mechanisms have already been identified twenty five years ago, using mass spectroscopy, by Schildcrout and Franklin [2].

In 1982, Haese and Woods [3] performed ab initio calculations on the electronic states of C 2 O + , and established that the most stable isomer is the linear [C-C-O] + . They presented a 2 Π for the ground state, which is in agreement with the more recent works performed by Maclagan and Sudkeaw in 1993 [4], who also calculated the harmonic vibrational frequencies of the 2 Π state.

In 1995, Cao and Tian [5] studied theoretically the reactions {C + 2 + CO} and {C + 2 +O}. They found that the reaction product is mostly C 2 O + in the 4 Σ -state in both cases and they computed harmonic frequencies for this state. But there is still an uncertainty about the nature of the ground electronic state.

The objective of the present ab initio study is to obtain an accurate relative position of the 2 Π and the 4 Σ -energies. In a first part, all the electronic states associated to the first dissociation asymptotes are studied, showing that the minima of the first 2 Π and 4 Σ -states are close to each other and are much lower than the other states. Then, the second part of this work is devoted to accurate electronic calculations of these both states in order to confirm the nature of the ground state. Moreover, using new ab initio potential energy functions, the rovibronic energies corresponding to these lowest electronic states are computed variationaly. The study is completed by an investigation of the spin-orbit coupling between the 2 Π and 4 Σ -states.

2 Study of the first electronic states

Asymptotes of dissociation

All the molecular electronic states belonging to the first three asymptotes of dissociation are studied. Relative energies of these asymptotes are already known from Moore [START_REF] Moore | Atomic Energy Levels[END_REF] for atomic fragments, Huber and Herzberg [START_REF] Huber | Constants of Diatomic Molecules[END_REF] for CO and CO + and Wang, Zhu and Yang [START_REF] Wang | [END_REF] for C + 2 . The corresponding states for linear geometries are reported in Table 1. The dissociation along CO shows a high density of states: 6 doublets, 6 quartets and 2 sextets states are distributed in the two first asymptotes separated by less than 8000 cm -1 . These asymptotes are associated to the first electronic states of C + 2 combined with O in its electronic ground state 3 P g . For this molecule, the ambiguity concerning the nature of the electronic ground state was raised very recently by Wang et al. [START_REF] Wang | [END_REF]. They found that the electronic ground state is X 4 Σ - g with an equilibrium bond length of 2.672 bohr and the first excited electronic state is a 2 Π u with R eq CC at 2.497 bohr. The dissociation along CC is by far less complicated. The first asymptote is due to the combination of C + and CO in their respective electronic ground states 2 P u and X 1 Σ + with R eq CO = 2.132 bohr [START_REF] Huber | Constants of Diatomic Molecules[END_REF]. The second and the third ones combine CO + in X 2 Σ + with R eq CO = 2.107 bohr [START_REF] Huber | Constants of Diatomic Molecules[END_REF] with C in 3 P g and 

Linear cuts

Using the MOLPRO software [9], the energies of the molecular electronic states given in Table 1 are obtained at the Multi-Configuration Self Consistent Field (MCSCF) level [10,11] with the correlation consistent polarized Valence Triple Zeta (cc-pVTZ) basis set [12] leading to a total of 90 contracted s, p, d and f gaussian functions. The active space comprised all the valence molecular orbitals (OMs) and all the states associated to a given spin multiplicity are averaged alltogether with one set of optimised OMs. Figures 1 and2 present the linear cuts of the electronic states of Table 1 dissociating along CC and CO respectively. The computations were done in the C 2v symmetry group and the non-dissociating part of the molecule was not relaxed. In the first case, R CO is fixed arbitrarily at 2.15 bohr and in the second one R CC at 2.60 bohr, these values being close to the isolated diatomic bond lengths. The density of states in Figure 2 is as large as expected from Table 1 and the avoided-crossings occur for large values of R CO . In Figure 1 both states in the CC dissociation for large R CC is certainly linked to the interactions between the different fragments. In the case of the 4 Σ -state, the interaction between CO + (X 2 Σ + ) and C corresponds to an ion-quadrupole interaction which behaves like ∼ -1/R 3 CC . Whereas for the 2 Π state, CO + C + corresponds to a ion-polarisability interaction which behaves like

∼ -1/R 4
CC since CO is almost apolar [13].

Linear equilibrium geometries

The linear equilibrium geometries of the first doublet and quartet states have been optimised

and are reported in Table 2 with the corresponding energies and the predominant electronic configuration. The values confirm that the lowest 4 Σ -state seems to be the ground electronic state separated by only 0.011645 a.u., i.e. 0.32 eV from the lowest 2 Π state. This value is relatively close to the separation of 0.93 eV between the X 4 Σ - g and the 2 Π u states in C + 2 . Table 2 and Figures 1 and2 show also that the 2 Π state has a floppier minimum along R CC than the 4 Σ -state associated with a different value of R eq CC (in agreement with the equilibrium bond lengths of the correlating electronic states of the C + 2 fragment [START_REF] Wang | [END_REF]), whereas both states present similar values of R eq CO and similar steepness around the minimum along R CO . These equilibrium geometries are in agreement with previous ab initio values [4] and [5]. The cut along the CC dissociation presents a crossing of these two states for a value of R CC intermediate between the equilibrium positions of 4 Σ -and 2 Π. This behaviour seems typical of the CC bond length since it has been already found in the diatomic C + 2 by Wang et al. [START_REF] Wang | [END_REF] and in the larger system [HCCO] + by Papakondylis and Mavridis [14].

For each spin multiplicity, there is a difference between the geometry of the lowest state and the geometries of the excited states which have similar equilibrium geometries. 

Bent cuts

The variation of the potential of the lowest doublet and quartet electronic states with the bending angle was investigated. The doublet and the quartet states have been computed independently using the C s symmetry for all the points. The variation of the energy of the doublet states with the bending angle is shown in Figure 3 and in Figure 4 for the quartet states.

The bond lengths were fixed at the equilibrium geometry of the lowest 2 Π state and of the lowest 4 Σ -state for the doublet and the quartet states respectively. The two Renner-Teller From the results of the previous section, the inclusion of more electronic correlation in the electronic treatment is necessary in order to confirm if the 4 Σ -state is the electronic ground state of C 2 O + . After a MCSCF step producing a reference wavefunction, the Internally Contracted Multi-Reference Configuration Interaction (MRCI) method [15,16] including the multireference Davidson correction [17] (MRCI+Q) is applied to the lowest 4 Σ -state and to each electronic component of the lowest 2 Π state separately. For the 2 Π state, the two Renner-Teller components are averaged together at the MCSCF level. The equilibrium geometry of these states was obtained using different basis sets. Table 3 shows that the equilibrium bond lengths and energies of both states decrease with the size of the basis set. But Table 3 shows also the variation of the energy difference ∆E = E eq ( 4 Σ -) -E eq ( 2 Π) with the basis. This difference is positive for all the basis set and seems also to converge at 2388 cm -1 for the cc-pV5Z basis set [12] (giving a total of 273 contracted s, p, d, f , g and h gaussian functions). This basis set will be used in order to determine the potential energy functions (PEFs) of both states in the following part of the study. the static correlation must be included in order to place correctly the 2 Π state with respect to the 4 Σ -. We checked that this relative order is the same at the MRCI level.

Determination of the PEFs

The MRCI+Q / cc-pV5Z electronic energy was computed for 33 geometries around the respective equilibrium geometry for both the a 4 Σ -and the X 2 Π electronic states. All the points (24 linear and 9 non-linear) were performed in the C s symmetry group.

For the doublet state, the geometries spread over a range such as: 2.56 ≤ R CC ≤ 3.50 bohr, 1.91 ≤ R CO ≤ 2.41 bohr and 150 • ≤ θ ≤ 180 • . For the quartet state: 2.17 ≤ R CC ≤ 3.10 bohr,

1.93 ≤ R CO ≤ 2.43 bohr and 150 • ≤ θ ≤ 180 • .
These points were fitted by a polynomial expansion up to the sixth order of R CC and to the fourth order of R CO and θ:

V (R CC , R CO , θ) = ijk C ijk (R CC -R eq CC ) i (R CO -R eq CO ) j (θ -π) k (1) 
with 0 ≤ i ≤ 6, 0 ≤ j, k ≤ 4, 0 ≤ i+j +k ≤ 4 and k must always be even in order to respect the symmetry of the bending mode. The reference is chosen as the equilibrium geometry (defined as the geometry for which the first derivatives of the PEF are zero) of the given state. The 24 expansion coefficients, optimised in a least square fitting with a Root Mean Square (RMS) of 0.4 cm -1 , are given in Table 4 with the reference geometries. The coefficient C 002 , associated to the square of the bending displacement, of the two linear-linear Renner-Teller components of the X 2 Π state confirms that the lower component is 2 A ′′ as shown in Figure 3 for large values of θ.

The norm of the equilibrium dipole moment, the reference being the center of mass of the molecule, is given for both states in Table 4 as Figure 5 shows the 2D crossing between the X 2 Π and a 4 Σ -states for the linear geometries.

The crossing surface is almost independent of R CC and the minimum is at R CC = 2.574 bohr and R CO = 2.140 bohr, 2434 cm -1 above the X 2 Π minimum and very close to the equilibrium of the a 4 Σ -state (cf Table 4).

The harmonic and anharmonic constants are obtained from the PEFs derivatives at the minima [18,[START_REF] Mills | Molecular Spectroscopy[END_REF], and are given in Table 5 with the equilibrium rotational constants for both electronic states. The harmonic wavenumbers predict a Fermi coupling in the X 2 Π state between the modes 1 and 2. This Renner-Teller state presents also strong anharmonic constants when the bending is involved in the A ′ component. This could be linked to the avoided crossing occuring in this component for θ ≈ 95 • (cf. Figure 3). Moreover, the values of ω 1 and ω 2 are approximatively twice in the quartet state than in the doublet state, whereas ω 3 are identical in both states.

The definitions of the stretching normal modes are given in Table 6 showing that, for both electronic states, Q 3 corresponds almost completely to the stretching of the CO bond whereas Q 1 is mostly associated to the CC stretch with a small mixing with the CO stretch. The mixing between the two bond stretches is slightly stronger for the a 4 Σ -state than for the X 2 Π state in relation with the fact that the harmonic wavenumbers ω 

Spin-orbit coupling

The spin-orbit interaction was calculated between the X 2 Π and a 4 Σ -states and between the 4 spin-electronic components of the X 2 Π state. The spin-orbit coupling can be treated perturbatively and the coupling terms are the matrix elements of the non-relativistic part of the Breit-Pauli operator ĤBP SO [START_REF] Berning | [END_REF]21] on the basis of the spin-electronic wavefunctions. The wavefunctions were obtained with the MCSCF method and the uncontracted s, p and d functions of the cc-pV5Z basis set. The z axis corresponds to the linear molecular axis and x-axis bisects the bond angle θ. For the X 2 Π state, the couplings between the different components can be determined from:

LS z = A ′ φ σ=1/2 S=1/2 | ĤBP SO |A ′′ φ σ=1/2 S=1/2 = iA (2) 
A equals -22.52 cm -1 at the equilibrium geometry leading to a spin-orbit constant A SO = -2A = 45.05 cm -1 (cf. ref [21]). This positive value is in agreement with a normal multiplet splitting and is comparable with the spin-orbit splitting of 43.5 cm -1 between the 3 P g0 and 3 P g2 states of the carbon atom [START_REF] Moore | Atomic Energy Levels[END_REF]. The LS z integral has been calculated for all the geometries of the grid used for the X 2 Π state and the corresponding A values have been fitted using the polynomial expansion of equation 1 with the same restrictions on i, j and k. The corresponding coefficients are given in Table 7. The fitted function has been obtained with a RMS of 10 -8 a.u. The variations of A with the geometry are shown in Figure 6. The coupling terms between the X 2 Π and a 4 Σ -states are given by:

LS 1 x = A ′ φ σ=1/2 S=1/2 | ĤBP SO |A ′′ φ σ=1/2 S=3/2
(3)

LS 1 y = A ′′ φ σ=1/2 S=1/2 | ĤBP SO |A ′′ φ σ=3/2 S=3/2 (4) 
with

LS 1 x = iLS 1 y . LS 2 x = A ′ φ σ=1/2 S=1/2 | ĤBP SO |A ′′ φ σ=-1/2 S=3/2 = -LS 1 x √ 3 ( 5 
)
LS 2 y = A ′′ φ σ=1/2 S=1/2 | ĤBP SO |A ′′ φ σ=-1/2 S=3/2 = LS 1 y √ 3 ( 6 
)
with also LS 2 x = iLS 2 y . As an example, a zoom of the region of the crossing between the X 2 Π and a 4 Σ -states including the spin-orbit coupling is shown in Figure 7 for R CO fixed at 2.123 bohr ≈ R eq CO (X 2 Π). The first avoided crossing occurs at R cc = 2.6402 bohr with a splitting of 5.77 cm -1 between the Ω = 1/2 components and the second avoided crossing at R cc = 2.6424 bohr, the Ω = 3/2 components being separated by 9.82 cm -1 . |LS 1 y | = 3.47 cm -1 for both crossings. In conclusion, the spin-orbit coupling between the two electronic states is small and we checked that this coupling is almost not geometry dependent. where 2S + 1 is the spin-multiplicity and {K} is the notation for the different values of K: K = 0, 1, 2, 3 gives Σ, Π, ∆, Φ vibronic levels.

Using the code RVIB3 [22], the rovibronic levels of the X 2 Π state on one hand and the rovibrational levels of the a 4 Σ -state on the other hand have been determined up to 2200 cm -1

and 5000 cm -1 respectively using the PEFs presented in Table 4. These two sets were treated independently.

For the doublet state, the internal spin-orbit interaction is included via the geometry dependant analytical representation of A (see Table 7) [21] and the rovibronic levels have been obtained

for J = P = 1/2, 3/2, 5/2 and 7/2, where J is the quantum number associated with the projection of the total angular momentum on the molecular axis. For the quartet state, the internal spin-vibrational coupling is not taken into account at the present time in the code RVIB3 and the rovibrational levels have been obtained for J = K = 0, 1, 2, 3 and 4.

For both states, the contraction scheme involves 25 harmonic oscillator eigenfunctions for each stretching mode and 41 Legendre polynomials for the bending mode as basis functions. The primitive set of integration points comprised 46 and 52 points for the stretching and the bending modes respectively. The resulting energies are given in Tables 8 and9. The energy reference is the zero rovibrational energy of the corresponding electronic state. The density of levels is high for the X 2 Π state due to the spin-orbit and the Renner-Teller couplings, and the assignment of the levels above 2200 cm -1 becomes hazardous. The level noted * are tentatively assigned.

Such levels are more numerous among the κ levels (associated with the A ′ component) than among the µ levels (associated with the A ′′ component) ; this results from the Fermi coupling and the strong anharmonicity for the levels associated to the A ′ component as predicted above.

The vibrational levels of the quartet state are more separated in energy and they have been assigned up to 5000 cm -1 . Several levels are only tentatively labeled due to the Fermi coupling eventhough the harmonic wavenumbers do not emphasize this behaviour in the quartet state .

Since the minimum of the crossing surface (R CO , R CC , θ = 180 • ) of both states occurs at 2434 cm -1 above the X 2 Π minimum, the presented levels of the doublet state should not be perturbated by the presence of the quartet state. Moreover, the rovibrational levels of the a 4 Σ - state have been computed assuming that the X 2 Π and a 4 Σ -states do not interfer by spin-orbit coupling. This assumption is confirmed by the following development. The spin-orbit coupling between vibrational levels v and v ′ corresponding to different spin-electronic states se and s ′ e ′ can be seen, in the Born-Oppenheimer approximation, as the quantity:

SO vv ′ = Ψ se Ψ e v | ĤSO |Ψ s ′ e ′ Ψ e ′ v ′ = Ψ e v |Ψ e ′ v ′ Ψ se | ĤSO |Ψ s ′ e ′ (8) 
The first integral is the Franck-Condon factor. This factor is assumed to be rather large (but never larger than 1) for the energy levels of the a 4 Σ -state situated below 5000 cm -1 from the zero rovibrational energy due to the fact that the X 2 Π and a 4 Σ -states intersect close to the equilibrium of the a 4 Σ -state (cf. Figure 5). However, the second integral corresponds to quantities computed in equations 3 to 5 and is associated with small values (≈ 3.5 cm -1 ).

Moreover, the zero vibrational energy of the quartet state lies 2864 cm -1 above the zero vibrational energy of the doublet state, reaching a high density of vibronic levels region in the doublet state. It is very difficult to predict the accurate position of the levels in such a situation.

Consequently the resonances between the X 2 Π and the a 4 Σ -states rovibrational levels have 

Electronic transitions

In order to predict the possible transitions in UV absorption spectroscopy, the vertical transition moments and energies were computed at the equilibrium geometries of the X 2 Π and 4 Σ - states. The results are presented in Table 10. The first transitions start from the X 2 Π state and reach the first 2 ∆, 2 Σ + and 2 Σ -electronic states. These transitions correspond to relatively large transition dipole moments. They should be observed between 450 and 300 nm. They should be caracterized by long progressions involving the stretching mode which is associated to the variation of CC bond length, i.e. ν 1 due to the strong difference of the CC equilibrium bond lengths between the X 2 Π and the excited doublet states (cf. Table 2). The first transition associated with quartet states involves the a 4 Σ -and the first 4 Π electronic states and should be mesured at 232 nm, but the corresponding transition dipole moment is small (≈ 0. In conclusion, at room temperature, 3 2 kT = 308 cm -1 if T = 295 K, the absorption spectra should only show transitions from the X 2 Π state since the a 4 Σ -state is 2388 cm -1 above and the spin-orbit coupling is too small to couple these states efficiently. This study has given a general view about the spectroscopy of the C 2 O + cation where an ambiguity remained about the nature of the electronic ground state. The excited electronic states have been investigated showing that the lowest states are X 2 Π and a 4 Σ -. High level of configuration interaction calculations have allowed to guaranty that the electronic ground state is the Renner-Teller 2 Π state and that the first excited state is the 4 Σ -state with an equilibrium transition energy, T e , of 2388 cm -1 . In order to complete the study, the rovibrational levels of both states have been computed. It has been shown also that the spin-orbit coupling between these electronic states can be neglected. The knowledge of the electronic ground state has allowed to determine the vertical electronic transitions. These predictions will be useful for further experimental investigations of the spectroscopy of this cation.

Note : the ab initio points are available upon request. The origin of energy is the minimum of the X 2 Π state, and the step among curves is 1000 Table 1: First asymptotes of dissociation in both cases : {CO + C} + or {C 2 + O} + , and resulting molecular states. The energy reference is taken at the lowest energetic asymptote : { CO[ 1 Σ + ]+C + [ 2 P u ]}. The fragment energies are taken from ref. [START_REF] Moore | Atomic Energy Levels[END_REF], [START_REF] Huber | Constants of Diatomic Molecules[END_REF] and [START_REF] Wang | [END_REF]. R CC → ∞ : a : Maclagan and Sudkeaw [4] using MP2 / 6-31G** b : Cao and Tian [5] using UHF / 6-31G* Table 3: Equilibrium geometries (in bohr) and corresponding energies of the 2 Π and 4 Σ - electronic states calculated with MRCI+Q and cc-pVnZ basis sets (n = 2, 3, 4, 5 (D, T, Q, 5)) [12]. ) of the first rovibronic levels of the X 2 Π electronic state given with respect to the zero rovibrational energy at 1679.9 cm -1 . 9: Energies of the first rovibrational levels of the a 4 Σ -electronic state given with respect to the zero rovibrational energy at 2155.7 cm -1 . 

cm -1 .
Energy (cm -1 ) Fragments States for the linear molecule [CCO] + 32345 CO + [ 2 Σ + ] C[ 1 D g ] 2 Σ + , 2 Π , 2 ∆ 22151 CO + [ 2 Σ + ] C[ 3 P g ] 2 Σ -, 2 Π , 4 Σ -, 4 Π 0 CO[ 1 Σ + ] C + [ 2 P u ] 2 Σ + , 2 Π R CO → ∞ : Energy (cm -1 ) Fragments States for the linear molecule [CCO] + 47821 CC + [ 2 Π u ] O[ 3 P g ] 2 Σ + , 2 Σ -, 2 Π , 2 ∆ , 4 Σ + , 4 Σ -, 4 Π , 4 ∆ 40312 CC + [ 4 Σ - g ] O[ 3 P g ] 2 Σ + , 2 Π , 4 Σ + , 4 Π , 6 Σ + , 6 Π
Basis 2 Π 4 Σ - R eq CC R eq CO E (u.a.) R eq CC R eq CO E (u.a.) ∆E (cm -1 ) cc-pVDZ 2.
2 Σ 1/2 µ 2 Σ 1/2 κ 2 Π 1/2 2 Π 3/2 v 1 v 2 v 3 Energy v 1 v 2 v 3 Energy v 1 v 2 v 3 Energy v 1 v 2 v 3
2 ∆ 3/2 2 ∆ 5/2 2 Φ 5/2 2 Φ 7/2 v 1 v 2 v 3 Energy v 1 v 2 v 3 Energy v 1 v 2 v 3 Energy v 1 v 2 v 3
4 Σ - 4 Π 4 ∆ 4 Φ v 1 v 2 v 3 Energy v 1 v 2 v 3 Energy v 1 v 2 v 3 Energy v 1 v 2 v
Σ - 2 Π 2 ∆ ↑ 2 Σ + ↑ 2 Σ -↓ 4 Π 2 Π↓ 2 Π 2 Σ + CO + [ 2 Σ + ] + C[ 1 D g ] CO + [ 2 Σ + ] + C[ 3 P g ] CO[ 1 Σ + ] + C + [ 2 P u ]
Σ - 2 Π 2 ∆ 2 Σ + ↑ 2 Σ -↓ 4 Π 2 Π 4 ∆ 4 Σ + 2 Σ + ↑ 4 Σ + 4 Π 6 Π 6 Σ + → CC + [ 2 Π u ] + O[ 3 P g ] CC + [ 4 Σ - g ] + O[ 3 P g ]
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  Figure captions:

Figure 1 :

 1 Figure 1: linear dissociation of CCO + along R CC (bohr) towards the first three asymptotes with MCSCF/cc-pVTZ computations.

Figure 2 :

 2 Figure 2: linear dissociation of CCO + along R CO (bohr) towards the first three asymptotes with MCSCF/cc-pVTZ computations.

Figure 3 :

 3 Figure 3: variation of the energy of the first doublet electronic states with the bending coordinate from MCSCF/cc-pVTZ computations.

Figure 4 :

 4 Figure 4: variation of the energy of the first quartet electronic states with the bending coordinate from MCSCF/cc-pVTZ computations.

Figure 5 :

 5 Figure 5: 2D contour plots of the MRCI+Q / cc-pV5Z PEFs for the X 2 Π and a 4 Σ -states for linear geometries. The full lines describe the a 4 Σ -state and the dashed lines the X 2 Π state.

Figure 6 :

 6 Figure 6: 1D cuts (a, b, c) of the variation of the spin-orbit coupling term A (see eq. 2) of the X 2 Π electronic state with R CC , R CO and θ. The other coordinates are respectively fixed to their equilibrium values: R CC = 2.8944 bohr, R CO = 2.1235 bohr and θ = 180 • .

Figure 7 : 14 Page

 714 Figure 7: Crossings between the X 2 Π and a 4 Σ -electronic states including the spin-orbit coupling. The Ω = 1/2 components are in full-lines and the Ω = 3/2 components are in dashed lines where Ω = |Λ + σ| (Λ and σ are the quantum numbers associated with the projection along z of the total electronic orbital and spin angular momenta respectively).
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  1 D g . The density of states is smaller in that case with only 7 doublets and 2 quartets.
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4 Σ -state is correlated to the { CO + [ 2 Σ + ]+C[ 3 P g ]} and the {C + 2 [ 2 Π u ]+O[ 3 P g ]} asymptotes and the 2 Π state to the {CO[ 1 Σ + ]+C + [ 2 P u ]} and the {C + 2 [ 4 Σ - g ]+O[ 3 P g ]} asymptotes. At this level of computation, the electronic ground state of C 2 O

Table 2 :

 2 Dominant configurations, energies and optimized linear geometries for the first electronic states of C 2 O + calculated by CASSCF method and cc-pVTZ basis set (cf. text).

		2.96	2.11	-150.320846
		2.984 a	2.132 a	
	2 ∆ [...(1π 4 )(7σ 1 )(2π 2 )]	2.49	2.20	-150.240009
	2 Σ + [...(1π 4 )(7σ 1 )(2π 2 )]	2.47	2.23	-150.216771
	2 Σ -[...(1π 4 )(7σ 1 )(2π 2 )]	2.45	2.24	-150.211309
	4 Σ -[...(1π 4 )(7σ 1 )(2π 2 )]	2.57	2.13	-150.332491
		2.551 b	2.098 b	
	4 Π [...(1π 3 )(7σ 2 )(2π 2 )]	2.64	2.47	-150.152082
	4 Σ -[...(1π 3 )(7σ 1 )(2π 3 )]	2.56	2.42	-150.113733

State / Configuration R CC (bohr) R CO (bohr) Energy (hartree) 2 Π [...(1π 4 )(7σ 2 )(2π 1 )]

Table 4 :

 4 Polynomial expansion coefficients (in u.a.) of the PEFs, equilibrium geometries and equilibrium dipole moment of the X 2 Π state and of the a 4 Σ -state. the reference is taken at the center of mass.

	Page 15 of 26	
	954 2.148 -150.505063 2.580 2.166 -150.493383	2569
	cc-pVTZ 2.908 2.134 -150.621250 2.553 2.152 -150.610359	2393
	cc-pVQZ 2.897 2.127 -150.657942 2.546 2.145 -150.647108	2378
	cc-pV5Z 2.895 2.125 -150.669238 2.544 2.144 -150.658356	2388
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a

Table 5 :

 5 Spectroscopic constants (in cm -1 ) of X 2 Π (A";A') and a 4 Σ -electronic states obtained from PEFs given by equation 1.

	X 2 Π

Table 6 :

 6 Decomposition of stretching normal modes Q 1 and Q 3 on displacements of internal coordinates ∆R CC = R CC -R eq CC and ∆R CO = R CO -R eq CO from the analysis of PEFs given in

Table 4 .

 4 State Normal mode ∆R CC ∆R CO

	X 2 Π	Q 1	0.8599 0.5105
		Q 3	-0.0277 0.9996
	a 4 Σ -	Q 1	0.8031 0.5959
		Q 3	-0.2310 0.9730

Table 7 :

 7 Polynomial expansion coefficients of the spin-orbit function A of the 2 Π state. The reference is the equilibrium geometry of the X 2 Π electronic state.

	Coefficient (10 -4 u.a.)
	C 000	-1.026284 C 100 0.568288 C 010 -0.478982
	C 200	-0.500797 C 110 0.818086 C 020 -0.264850
	C 002	0.213810 C 300 -0.021868 C 210 -0.141058
	C 120	0.147772 C 030 0.002741 C 102 -0.207771
	C 012	0.092577 C 400 0.240398 C 310 -0.653277
	C 220	0.594445 C 130 -0.364503 C 040 0.060324
	C 202	0.035374 C 112 0.075825 C 022 -0.117369
	C 004	-0.015375 C 500 -0.029922 C 600 -0.079419

Table 8 :

 8 Energies (in cm-1 

Table 10 :

 10 First MRCI+Q / cc-pV5Z vertical transitions at the equilibrium geometry of the X 2 Π state for the doublet states and at the equilibrium geometry of the a 4 Σ -for the quartet states.

	3 Energy
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