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A new and elaborate set of high-level ab initio bound-state computations has been undertaken to obtain the \'ari ous low- lying 
excited electronic states of doubly charged C02

+ ion , using the multireference single and double excitations configuration interact ion 
(MRDCI) method. The characterist ics and shapes of the potential energy curves are discussed to elucidate the metastable character of 
C02

+ ion. The results are discussed and compared with earli er theoretical and experimental results. 

Introduction 
C02+ ion is perhaps the first among the doubly charged 

metastable species observed in mass spectrometry mea­
surements in 1930's. Since then it has been investigated 
by a variety of experimental techniques and theoretica l 
studies. It is now generally agreed that C02+ is meta­
stable for at least a few microseconds (f..l s). However, 
the quanta] characterization of the low-lying electronic 
states responsible for its metastability remained a debat­
ing issue in the literature. A brief hi storical account can 
be found in a recent review 1

• 

Short lifet imes, high reactivity, and relatively high en­
ergies required for C02+ formation (- 40 e Y) with re­
spect to the neutral ground state) along with sparse bound 
electronically excited states, pose a challenging task for 
its experimental invest igat ion . As a result, it has been 
explored mostly by techniques which are inherent ly of 
low resolution. Improved experimental information has 
become available in recent years by usi ng ion-trans la­
tional-energy spectrometer and mon itoring the kinetic 
energy released (KER) when metastable C02+ ions dis­
sociate by tunneling or predissoc iation mechani sm. Most 
of the relevant experimental references are compiled in 
references 2 and 3. 

The stab ility of such molecular ions is strongly corre­
lated wi th the nature of their potential energy curves 
(PECs). Quite often these metastable species possess a 
high density of electronic states in a given range of en­
ergy and also exhibit near-degeneracies which make their 
ass ignments difficult from the available experimental 
data. Because of the increased nuclear charge (Coulom­
bic) repul sion it becomes extremely importan t to com­
pute the electronic energy as accurately as possible, tak-

ing into account the electron correlation. This still poses 
a challenging problem theoretically, and demands the 
use of .high quality ab initio calculatio· s. 

The first attempt to construct the PECs for C02+ was 
based on a semiempirical approach. Hurlel identi fied 
the PEC of the ground electronic state of C02+as a 30 
state which exhibited a potential minimum (with a bar­
rier), and was sufficiently deep to support a number of 
vibrational levels . This could perhaps explain the li fe­
time of the dication of the order of f..LS. However, subse­
quent ab initio computations showed somewhat di ver­
gent results as regards the lowest electronic states as well 
as the shapes of PECs. In their ca lcul ati ons using a re­
stricted contracted gaussian basis set and multi reference 
configuration interaction (MRCI) method with self-con­
sistent field (SCF) molecular orbitals (MO) Wetmore 
eta/. 5 suggested a In to be the lowest state. Correia et 
a/. 6, employing a mu ltireference contracted configura­
tion interact ion (MRCCI) treatment with MOs obtained 
from complete act ive space SCF (CASSCF) and using a 
larger basis set, identi fied a 1I+ state as the lowest state. 
The second state of 1I +, which could be important , was 
described quite differently by these computations. Later, 
employing a larger basis set, Larsson et aU computed 
th e low-l y in g e lectroni c states of C02+ using th e 
CASSSCF and MRCCI approaches, and identi fied a 1I + 
state to be the lowest state. Their calculations also re­
vealed that both 11I + and I 30 states were nearly degen­
erate in the Franck-Condon (FC) regions, and thus both 
could be accessed during a FC excitation from the ground 
vibrational state (v=O) of the grou nd electronic state 
(X 1I+) of neutral CO. However, the I 'TI tate was found 
to be the lowest state exhibiting a minimum at a slightl y 
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larger internuclear distance (r). Krishnamurthi et a!. 3 

computed the various electronic states wherein the con­
figuration interaction effects were treated by perturbative 
techniques, using M01ler-Plesset perturbation theory 
upto fourth order, and by variational methods, using the 
coupled-cluster approach. The ir calculations also indi­
cated that the lowest energy I'L.+ and P IT states are 
nearl y degenerate and that the latte r is e xpected to 

predissociate rapidly due to a curve crossing with a purely 
repulsive 3L_-state, which was in agreement with the find­

ings of Larsson eta!. 2. It is to be noted that the earlier 
calculations of Wetmore et a!. 5 had predicted that the 
3L.· state was bound show ing a minimum. Lablanquie et 
a/.1 undertook valence electrons configuration interac­

tion calculations. Interestingly, the ordering of PECs 
fo r 11L.+ and I 1IT states in the calculations of Wetmore 
et al. and Lablanquie et a! were found to be reversed in 
·~ompari son with that from MRCCI calculations2

·
6 and 

as suggested by Auger spectroscopy6. 
It is worth pointing out that most of the e::J.rlie r experi­

mental results are of low reso lut ion in which the initi al 
C02+ state d istribution is mostly not known. Therefore, 
the ir interpretation depends heav ily on theoretical cal­
culati ons. In view of the fact that some of the electronic 
states show (near) degeneracy in the FC reg ion, and that 
earlier theoretical calculations fa il to agree on the shapes 
of the PECs, it becomes important to perfo rm elaborate 
ab initio calculati ons for the low-l ying electronic states 
of C02+. In the present study we report on hi gh level 
bound-state ah initio mul tireference double-exci tat ions 
configura tion-interaction (MRDCI) calcul ations for the 
several low- lying electronic states of coc+. In the next 
section we discuss the characteristics and shapes of vari­
ous PECs along w ith earlier theoretical and experimen­

tal resu lts. 

Results and Discussion 

Th e basis set and MRDCI computations 
The present set of calculations was carried out using 

hi ghl y correlated wave func tions usin g the MRDCI 
method. The method has been discussed several times 
in the literatureR-Jo and was used prev iously by us on a 
similar problem 11

• Therefore, we only highli ght the com­
putational detai Is here. The basis set chosen was cc-p VTZ 
(con-elation consistent polari zed valence triple zeta) sug­
gested earlier by Dunning and coworkers 12 11

. The em­
ployed atomic basis set was I Os, 5p, 2d, If contracted to 
4s, 3p, 2d , If, which led to 70 contracted GTO fu ncti ons 

fo r the C02+ system . 

In view of computational convenience molecular calcu­
lations were performed in C

2
v symmetry, and identi fica­

tion of electronic states for the C ~v molecular geometry 
was done according to the usual correlation rules 15

• This 
means that the various species of C

2
v point group will 

correlate with the corresponding species of the C ~'' po int 

group. That is, calculations for L_+ and L_- states were 

done in the A
1 
and A

2 
symmetries (the irreducible repre­

sentations of the Cn, point group), respectively. The oc­
cun-ences of IT and ~ states were identified with the 
degenerac ies of electronic energ ies in B

1 
and B

2 
sym­

metries (B
1
+B

2
), and in A

1 
and A

2 
symmetries (A

1
+A

2
) , 

respectively. The MRDCI calculations fo r asy mptotic 
atomic states were can-ied out in D

11
, wherein the P and 

I g 

P states con-elate with B 1 +B, +B
3 

and B 
1 

+B
2 

+B, spe-
u g _g g u u .lll 

c ies, respecti vely. S and S atomic states were identi-
g ll 

fied, respecti vely, with Ag and Au species of the po int 
group. The CI configuration space was generated by 
restricted Hartree-Fock (HF) calcul ations. For the spa­
ti al symmetry various open or closed shell SCF occupa­
ti ons were chosen, and the CI results were found to be 
in sensitive to the cho ice . The present set of CI calcula­
tions were done with the HF-SCF configuration space 
of 3IT-state. Three of the MOs with ex treme ly high or­
bital energ ies were exc luded from the CJ while the low­
est two, essentia lly the core orbita ls, were kept doubl y 
occupied in the CI exc itation process. These approxi ­
mations are known to have negligible influence on the 
final interaction energies whi le produci ng substantial 
savings in the computational effort. T hus, in the Cl treat­
ment 65 MOs were available for the excitations. In the 
MRDCI method the dimension of final Cf space depends 
upon a selection of threshold values in the configurati on 
selection step. In a typ ical run , for most geometry and 
spatial symmetries about 35-60 opt imized main confi gu­
rations were used to generate I .0-3.0x I 05 singly and 
doubly excited configurations out of which 14 000 were 

th e n se lected by adopting a thres ho ld of 2- 12 
microhartrees. The final Hamiltonian matrix in the se­
lected configuration space was then diagonalized to give 
5 lowest roots . Their e igenvalues were subsequentl y 
extrapolated to the ful l generated space corresponding 
to a se lec tion threshold of zero , and also corrected for 
the effects a ri s ing from the higher e xcitations by the 
modified Davidson correction (for detai ls see ref. 8-1 0) . 
We report the extrapolated and corrected values here . 
The final CI wavefunctions were quite well represented 
by the reference space . The sum over the squared con­
figura tion coeffi cients was between 0 .9 1 and 0 .95 for 



KUMAR : LOW-LYI NG ELECTRONIC STATES OF co~+ 175 

the lower roots and for most of the geometry considered 
here. It is worth pointing that using the same basis set 
employed here the computed dissociation energy of CO 
with respect to v=O(X'L,+) was 11.0 15e V (compared to 
the experimental value 15 of 11 .09eV). The computed 
equilibrium di stance (r) was found to be 2. 130 bohr, 
which was again in excellent agreement with the experi­
mental va lue 15 of 2.132 bohr. 

Comparison with theoretical and experimental results 
Figure I displays the PECs as a function of inter­

nuclear di stance (r ) for the lowest 'I,+ and 'I · states of 
C02+. Note that for the sake of convenience the PEC of 
the ground electronic state of CO (X 'I,+) is also displayed 
in the lower panel, and the energies of the electronic 
states are shown (hereafter in e V) with respect to the 
energy value corresponding tore of the ground state PEC 
of neutral CO (X'L,+). There is an avoided crossing be­
tween 2' L,+ and 3 'L. +curves around r = 2 .3 bohr and 
also between I'L,+ and 2 'L,+ around r = 2.9 bohr. The 
PEC for the I'L,· (line connecting the crosses) is also 
shown in the fi gure. Interestingly, the 3 'L,+ state becomes 
degenerate (within the assoc iated computational accu­
racy) with the I 'L,· at lower values of r ( < 2.3 bohr), 
while 2 1L,+ and l'L.+ become degenerate with I'L,· state 
at intermediate (2.3 < r < 2.9 bohr) and at large r (r > 
2.9 bohr) values, respectively. As di scussed above, the 
computations were carried out in C21. point group where 
the I/ and I,- states of the diatom correlate with A, and 
A, symmetries of the point group, and a D. state is iden­
ti fied as the state having the same energy in both A 

1 
and 

A
2 

symmetries, that is, when I,+ and I,· states become 
degenerate . Here, we see that l'L.· state becomes degen­
erate with 'I+ states in different interva ls of r. There­
fore, we identify the l 'L,· state as 'D. state . Accordingly, 
the 'I+ states get modified and are shown in Fig.2 . 

We used a cubic spline16 to interpolate the PECs . We 
see that the (2,3) 'I.+ state (hereafter mentioned as 2 'L,+ 
state) thus exhibits a potential minimum around r=2 bohr 
and another potential minimum around r = 3 bohr. The 
ex istence of a double minimum has also been predicted 
in earlier calcul ati ons2. While Auger spectroscopy!' sup­
ports the minimum at r, = 2.073 bohr, the ex istence of 
the second minimum is yet to be confirmed experimen­
tally. Another low lying PEC of I 'D state is also shown 
in Fig.2 . The PECs for the lowest singlet and triplet ~ates 

a re shown in F ig .3 . Unlike the earl ier findin gs of 
Wetmore et al. 5 and Larsson et aU, we did not encoun­
ter any difficulty in getting the convergence for selected 
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Fig I - Potenti al energy curves (PEC) for the lowest single I : and I; 
states of C02•. The PEC of the ground electronic state or CO 
(X1I +) is also di splayed in the lower panel, and the energieS o r 
the e lectronic states are shown with respect to E(r) o r the 
ground state PEC of the neut ra l CO (Xr[+). Note the avo ided 
crossing between the I • states , and that the I · state becomes 
(nearly) degenerate with the I • states. The I · state is identi -. 

fied as a D. state (see text). 

roots for r beyond 5 bohr. It was pointed out that due to 
near-degeneracy and cross ing of different singlet and 
triplet states, it was di ffi cult to get convergence for a 
selected root for larger r values. One can see in Fig.2 
that the PECs display a 1/r behavior beyond r=5 bohr. 
The computed energy difference between the lowest as­
ymptotic limits C+(2P) +0+(4S) and C+(2P)+0+(2D.,) was . 
3.43eV. The present value is in better agreement wi th 
experimental va lue 17, and is higher only by 0 .11 e V than 
the latter. The I 3D and I 'L.· states correlate to the .l ow­
est asymptotic limit c+(2P )+0+(4S ), while the rest ·Of 

ll ll 

the states shown in the fi gure correlate to the next higher 
asy mptotic limit , c+(2P )+0+(2D ). 

u ll 

The present PECs shown in Fig.2 and F ig . 3 are in 
good agreement with those obtained by Larsson et a!. 2• 

A compari son of r, and T,. (vertical energy difference 
from the equilibrium di stance) values of different elec-
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Table I - Equilibrium constants for electronic states of COh 

State Ref. 

This work 

2 

5 

7 

This work 

2 

5 

7 

This work 

2 

5 

6 

7 

This work 

2 

5 

7 

This work 

2 

5 

6 

7 

r (A) 
e 

1.23R 

1.261 

I. 180 

1.2782 

1.1446 

1.142 

1.238 

1.1149 

1.160 

1.170 

1.125 

1.170 

1.1736 

I .083 

1.097 

1.5 

1.10 

1.248 

1.264 

1.170 

1.257 

1.275 

T,. (eV) 

0.0 

0.0 

0.0 

0.0 

2.46 

2.60 

7.09 

2.88 

0.14 

0.25 

0.92 

1.29 

4.22 

4.37 

4.62 

5.58 

0.51 

0.52 

0.62 

0.71 

tronic states is given in Table I along with other earlier 
theoretical results. The present elaborate calculations 
using a larger basis set appear to yield better results . It 
also settles the issue that 3TI state is the ground state of 
C02+ in confirmation with earlier calculationsu 6

. It is 
to be noted that a reverse order was predicted for 'I ,+ 
and 'TI states by Wetmore et al. 5 and Lablanquie eta!. 7 

as compared to that suggested by Auger spectroscop/'. 
Also, one find s a little resemblance among the present 
PECs and those of Wetmore et a/. 5 for 2 12/, ' I,+ and 3I · 
states. The 32:,+ state was predicted by Wetmore et al. to 
lie about 7e V above the 3TI state, which appears to be 
unusually large. Another point of difference is that 
Wetmore et al. found 32:,· state to be bound in contrast to 
its purely repulsive nature found in the present and ear-

46 
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Fig 2 - Potential energy curves for the lowest singlet states of C02•. 
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The energies of the electronic states are shown with respect 
to E(r..) of the ground state PEC of the neutral CO (X 12:•). 

co'· 

4oL1 ------~2~L-----~3 ------~~----~ 
r (bohr) 

Fig 3- Potential energy curves for the lowest singlet and tripl et states 
of COh The energies of the electronic states are shown with 
respect to E(r) of the ground state PEC of the neutral CO 
(X12:•) . The 3D and 32:· curves correl ate to the lowest asymp­
totic limit , c+(2P )+0+(4S ). while the rest of the curves cor­
relate to the next higher ~symptotic limit , c+(2P) +0 '(2D). 
The lowest vibrational energy l:!vels are marked by horizon­
tal lines, and the Franck-Condon region is highlighted with 
the two vertical lines. Note that the energy levels for v=O( 112:•) 
and v= I CD) are coincident. 

lier calculations2
·3·6 . 

In most of the experiments the metastable C02+ ions 
are produced by low energy electron impact or photon 
absorption of neutral CO mostly from its ground vibra­
tional state v=O (X 1L,+). Therefore, one would expect 
that excited electronic states of C02+ would be popu­
lated through the FC exc itations. Larsson et aU have 
discussed in detail about possible electronic states which 
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could give ri se to metastabilty. Since the present PECs 
are in good qualitative agreement with those of Larsson 
et al. we will not di scuss this aspect in detail. In the 
following section we discuss only qualitatively the like­
lihood of states responsible for the metastability of C02+. 

The FC exci tation reg ion is shown by two vertical 
lines in Fig.3 . The lowest vibrat ional energy levels of 
the electronic states were obtained by solving the radial 
Schrodinger equation numerically using the LeRoy pro­
gram 18. The vibrational energy levels are also marked 

by horizontal lines in the figure . It can be seen that a ll 

the shown states can be populated in various vibration al 
states and predissociation through tunneling (Herzberg 
case III 14) is poss ible for all of them. However, such a 
mechanism would be effective only for vibrational lev­
e ls c lose to barrier maximum, and thus loss by tunneling 
wou ld be very little for lower vibrat ional states . The 11 I + 

state is expected to be mostly populated in lower vibra­
tional state with v=O having the largest population , and 
one wou ld expect little contribution from tunneling since 
there is a substantial barrier for dissociation. Likewise, 
the l ' I+ state would be mostly populated in v=O state. 
The lower vibrational levels of 13[1 and 11[1 would al so 
have little effect from tunne ling. The first (inner) well 
of 2 1I + state supports three vibrat iona l levels and the ir 
tunneling lifetime has been estimated2 to be of the order 
of 14ns. Overall, tunneling mechani sm appears to be in­
signi ficant except for 21I +s tate, and lower vibrati onal 
levels of other states are expected to survive for longer 
time. Thus one would expect emi ss ion spectra arising 
from 2 1I+~ l 1I+, 2 1 I+~ 11[1+, and f'I+~ P[l transi­

tions . However, there is no experimental evidence for 
these as yet. There are some experimental hints2 about 
the possibility of l 'I+~ 13[1 e mi ss ion , but a conc lu sive 
experimental ev idence is yet to come. 

We see th at 3I · state crosses with all the bound elec­
tronic states in Fig.3. Thus, predissoc iation (Herzberg 
case 1 1 ~) of lower vibrat ional levels is possible by the 
repu lsive 3I · state, and it would depend on the coupling 
between the different electronic states and 3I · state. The 
interaction between di screte vibrational and continuum 
levels can be given in terms of Fano theory 19 as r v = 
27t I H .12, where r is the width of the bound vibrati onal 

v E v 

level H is the matix element between di screte vibra-
' v E 

tiona) wavefunction and energy-normalized cont inuum 
wavcfunction. In the case of potenti al cross ing Hv.E can 
be separated20 in terms of on(; electron spin-orbit cou­

pling and the FC factor <Xv I x E> ' where Xv and XE are 
the vibrational and continuum wavefunctions. Larsson 

eta!. 2 numerically estimated the predissoc iation lifetime 
of the low vibrationa l levels of the considered electronic 
states: -40ns and -80/lS, respectively, for v=O and v= I 
states of 3[1 state, - 3ns for v=O state of 1 [1 state, - Ills 
for v=O state of 3I+ state, and - 14ns for v=O state of 
2 1I+ state . They argued that the v=O level of l 1I + state 
could be considered to be infinitely lived since its over­
lap with the dissociating 3I · state was practically zero . 
Therefore, they concluded that v=O level of l 1I ' was 
responsible for the observation of C02+ in the mass spec­
trometry. Considering the window-time in mass spec­

trometry of the order of -11s they argued that the ob­
served KER was due to v=O of 3TI state. However, they 
noted that these lifetimes would be sensiti ve to the exact 
location of the potential crossing between 3Tiand ' I · state 
and an order of magnitude error in the respecti ve li fe­
times could be poss ible. For example, in their MRCCI 
computations with a "selection threshold" of O.l the v=O 
state yielded a lifetime of 2011s while with "select ion 
threshold" of 0 .05 the lifetime increased to 80p.s. Over­
all , there is good agreement between the present PECs 
and those of Larsson et al. 2, but a quant itative pi cture 
may emerge differently if the present PECs are employed. 
Although we do not compute the associated lifet imes in 
the present study we feel that it is the v= I ( l 3I1) state 
which would undergo predi ssoc iation at microsecond 
timescale, and survival time for v=O( I 3I1) state would 
be even more than 8011s, as we wi ll see in the following 
discuss ion when we compare the computed va lues of 
KER with the experimental values . 

There are two aspects which need to be di scussed 
while making comparison with experimental data : first, 
the unimolecular di ssociat ion of metastabl e C02 + into 
C+ and o + and measurement of their KER , and, second , 
the observation of C02+ itse lf which does not dissoc iate 
and travels from the production region to the ion-detec­
tion region in the mass spectrometer. Experiments21·22 

show that electron impact appearance pot ent ials (thresh­
old energies) for both C02+ and the dissociated fragments 
(c+ and O+ ions) are equal at 41 .5e V. Photoioni zati on 
experi ments of Dujardin et af.23 show a threshold of 
41.25±0.05e V for production of metastab le (>20ps) 
C02+. Single photon double ioni zation experiments of 
Labl anquie et al. 7 ·24 yie lded thresh o ld va lues of 
40.75±0.5eV7 and 40.5±0.5 eV24 for C02+ production, 
and a threshold energy of 38.5±0.5e V24 for c+ + O+ fo r­

mation. Considering a typical transit time of the ions in 
the mass spectrometer of the order of Ills, there appears 
to be two sets of li fetimes of the e lectroni c states: first. 
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in which the C02+ predissociates on the time scale of 

the order of Ills or even less, and second , in which it 
survives for more than a few microseconds (or even 

longer). There have been several measurements ofKERs, 
when C02+ undergoes unimolecular dissociation , which 

range from 5.2 to 5.9 eY (5 .75±0.2eV21
, 5.8±0.1 eV23

, 

5.59±0.07e V25
, 5.3±0.1 e V26

,). In a recent experiment, 

Kri shnamurthi et al. 3 measured the KER to be 5.6±0.2eY. 

In their experiments the mass spectrometer window time 

was approximately 0.71ls, and disssociation processes 
occurring at much shorter time than this could not be 

observed. Following the di scuss ion above, one would 

expect that only those e lc tronic states would contribute 

to the observed KER processes which predi ssoc iate in 

approximately IllS time scale. Thus, we focu s attention 

on the v=O and v= I state of 3Il state which predi ssoc iates 

through the ' I · state to the lowes t asymptotic level , 

c+CZP )+0+(4S ) . From the present computations we find 
u " 

that v=O and v=l states oPil lie, respectively, 5 .72eY 
and 5 .89eY above the asymptotic limit, c+CZP )+0+(4S ). 

u tl 

Thus, predissociation from these vibrational states would 

g ive KER values of 5.72eY and 5.89eV, respective ly, 

which is in excellent agreement with the experimental 

value of 5.6±0.2eY of Kri shn amurthi et a/. ·1. Since 

v=OCID state is expected to survive for longer time 

( -801ls), presumably, it is the v= I Cil) state which is 

large ly responsible for the observed KER in the experi­

ments. We also see that v=OCil) and v=OCI.+) states lie 
40.88eY and 41.05eY, respec tively, above the v=O(X 1I,+) 

state of the neutra l CO. These values are in excellent 
agreement with experimentally deduced values by 
Hamdan and Brenton27 (40.8e V and 41.1 eY, respective ly) 

and Herman et af.28 (4 1.0 eY for v=OC I +). We furth er 

see in Fig. 3 that the energ ies of v=O( 11I.+) and v= I Cil) 

states are coincident, lying 4 1.05e V above the v=O(X 1I.+) 

state of CO. As discussed previously the v=O( 11I.+) state 

is one of the accessible states through FC exc itati ons, 
which could possess practically an infinite lifetime. Al­

though the l 3Il state crosses with the 11I + state , how­
ever the change in mutliplicity would serious ly hinder 
the 1 1 I,+~ 13Il transition processes. This explain s why 
the threshold energies (appearance potentials) for both 
the dissociated products (C+ and O+) and C02+ were ex­

perimentally observed to be the same6
·
19

·
20 

Herman et al. 28 also found "conclusive" evidence of a 

non-di ssociative excited state 1.7 e V above the 3Il state. 
Our calculations show that v=OCI.+) state lies 2.46e Y 

above the v=OCil ) state (see Table I), and does not ex­
plain the experimental value. However, as menti oned 

above that the estimated2 life time of the v=oen ) state 

was of the order of Ills (or even below) , and it could be 
considered to be a like ly candidate for unimolecu lar di s­

sociation to be observed in mass spectrometer. In the 

measurements of KER Dujardin et a/. 23 and Curti s and 

Boyd22 also observed a peak at 7 .8±0. 1eV and 7 .9e V, 

respectively. The computed v=OCI +) state lies 8.18eV 
above the lowest asymptotic limit, c+CZP )+O+(~S ). The 

ll u 

experimental values of KER could be attributed to be 
ari sing from this state . 

There have been a few measurements of threshold en­

ergy for the formation of metastable C02+ ions using 

double e lectron capture reaction of the type: H+(3ke V) 

+ CO~R+C02+. These experiments he lp us locate"') the 

singlet states of C02+ because of the sp in se lect ion rule , 

~S=O. Experiments of Lablanquie et al. 7 gave a value 

of 41.3eV, while experiments of M azumd ar et a/. 30 

yielded values of 39.45±0.20eV30 and 39.6eV3 1
. How­

ever, using the technique of ion translational spectros­
copy in collisions of CO+ with He, Mazumdar et a!. 30 

measured the doubl e ioni zation ene rgy of CO to be 

40.21 ±0.35eY, which they ass igned to a metastable state . 
The lower energy values of 39.45eY and 39.6eV were 

assigned, respectivel y, to a predissoc iating state and 
the 11I + state. 

The lower threshold of 38.5±0.5eY for c+ + O+ pro­

duction through sing le photon i on i zation2~ of CO can­

not be explained by the present calculations. It was pro­
posed that it is due to an indirect process where in a highly 
excited electronic state of CO+ autoionizes into C0 2+CL) 
+ e (continuum), thus be ing responsible f01· c + + O+ pro-. 

duction below the energetic threshold for metastab le C02+ 

formation32
• Kri shnamurthi et af.3 also studied the dis­

sociation of C02+ in a proposed two step process in the 

presence of He : 

C02• + He ~ co··+ He• ± t..E .. ( 1) 

followed by 

... (2) 

or 

.. . (3) 

where.t..E 's are the corresponding energy defects . They 
also computed PECs for some of the highly excited e lec­
tronic states of CO+. However, there st ill remains uncer­
tainty about the exact location of these excited PECs. To 
explain the ir KER values obtained in thi s collis ion pro-
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cess and the observed threshold energy in double elec­
tron capture reaction it is necessary to compute the ex­
cited state PECs of CO+ on the same foo ting. Such a 
study is currently being undertaken in our laboratory. 
Just recently, measurements with high KER reso lution 
(better than 250me V) have been performed at Grand 
Accelerateur National d' Ions Lourds facility (GANIL, 
Caen, France). We have studied the fragmentation dy­
namics of C02+ using the present PECs and a time-de­
pendent wavepacket dynamics method. We obtained a 
good agreement between the experimentally observed 
and calcu lated KER distribution. The experimental and 
theoretical study is reported together e lsewhere" . 
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