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Fluorescence polarizations oftheB 2~ ,,+ _X2[[g (,1-289 nm) and A 2[[,,_X2[[g (A> 310 nm) 
transitions in 12CO/ and 13CO/ are measured following the photoionization of CO2 at energies 
ranging from 18.2 to 31 eV. The rotational alignments and channel ratios of the 12CO/ and 
13C02+ B 2~ ,,+ state are identical within experimental error and agree well with existing 
theoretical calculations. Polarizations for theA-X emission differ for 12CO/ and 13C02+. We 
present evidence that this behavior can be explained by considering the influence of the extensive 
perturbations in theA and B states of the 12CO/ photoion. Mixed (A, B) states in 12CO/ give rise 
to red-shifted emission (A > 310 nm) with a quantum yield tP B, A defined as the fraction of red­
shifted emission to all emission originating at the B state energy. Using the present alignment data 
and published 12CO/ A and B state fluorescence cross sections, tP B,A is determined to be nearly 
independent of ionizing energy with a value of 0.36 at 21.0 eV, in good agreement with other 
quantum yield measurements. 

I. INTRODUCTION 

Fluorescence polarization measurements of photoion 
alignment can provide useful dynamical information on the 
photoionization of atomic and molecular systems. I

-
5 From 

these alignments, we can extract ratios of partial cross sec­
tions for photoelectron ejection into degenerate continuum 
channels.6

,7 These channel ratios can then be compared to 
theoretical cross section calculations to test the current un­
derstanding of photoelectron ejection dynamics. 

The occupied molecular orbitals of CO2 X 1~ g+ are 
(IO"g )2( 10"" )2(2O"g )2(30"g )2(20"" )2(4O"g )2(30"" )2( I1f"" )4( I1f"g )4. 
Upon irradiation at sufficiently high energy, inner valence 
electrons are ejected, leaving the molecular ion in an excited 
electronic state. Thus, at photon energies greater than 17.36 
e V, removal of an electron from the I1f"" orbital produces the 
CO2+ A 2[[" state. At photon energies greater than 18.08 eV 
a new channel opens, with the removal of an electron from 
the 30"" orbital to form the CO2+ B 2~;: state.8-10 Photo­
electron angular distributions, described by the {3 parameter, 
have been measured for the I1f"" and 30"" orbitals. 11 Agree­
ment with theoretical calculations for {3 using the multiple 
scattering method l2,13 and frozen-core Hartree-Fock meth­
od14 is good. 

Poliakoff et 01.15 have previously studied autoionizing 
structure in CO2 below 18 e V via polarization of the 12CO/ 
~ 2!!,,_X2[[g fluorescence. We have extended the 12CO/ 
A-X fluorescence polarization measurements up to 31.0 eV 
using a synchrotron radiation continuum light source, and 
we have performed the same studies on 13CO/ from 18.2 to 
31.0 eV. The CO/ B2~ ,,+_X2[[g fluorescence polariza­
tions for both 12C02 and 13C02 photoionization have also 
been measured in the range 18.2-31.0 eV. The primary goal 
in the analysis of the present measurements is to obtain 
alignments of the "pure" Bom-Oppenheimer A andB states 
of the CO2+ photoion as a function of the ionizing energy. 
The A and B alignments can be extracted from fluorescence 
polarizations provided that the spectroscopy of the A-X and 

B-X band systems is well understood.5 The 12C02+ B (000) 
state, which accounts for most of the B state population in 
photoionization, is now known to be strongly perturbed by 
the A state. I 6-18 However, in 13CO/ the B (000) level is 
essentially unperturbed by the A state. 19 

The importance of the 12C02+ perturbation in inter­
preting the results of various photoionization studies has not 
always been recognized. Widely differing values of the ap­
parent 12CO/ A IB production branching ratio have been 
determined by a variety of experimental techniques. 18 At an 
excitation energy of 21.2 eV, the A IB branching ratio was 
found from photoelectron spectroscopy (PES) to be about 
0.65.20 Resolved fluorescence spectra yielded a value of 
about 2.7 for the same ratio,21 and a photon-photoion coin­
cidence technique measured anA I B ratio of about 2.2.22 Re­
cent electron-photon coincidence studies verify that 0.34 of 
the 12CO/ that is supposed to be formed energetically in the 
B state actually fluoresces in the long-wavelength region 
generally ascribed to A-X emission.23 Photoelectron and 
photoion fluorescence branching ratio studies on 12C02, 
13C02, and C180 2 show the fluorescence to be isotope depen­
dent, in general accord with predictions from spectroscopic 
perturbations, while the relative photoelectron branching 
ratios are isotope independent.22 Various photoionization 
models have been proposed to account for the branching 
ratio discrepancy in CO2.

14,18.20,24.25 Johnson et 01.18 have 
recently demonstrated through high-resolution fluorescence 
spectroscopy and quantum yield measurements that 12CO/ 
B (000) is highly perturbed by theA state, resulting in a signif­
icant fraction (0.42) of red-shifted emission in theA-X region 
(A> 300 nm). Johnson et 01. concluded that perturbations 
between the A and B states were sufficient to account for the 
AlB branching ratio discrepancy involving the B (000) state 
at an excitation energy of 21.2 eV, but not necessarily the 
entire A IB branching ratio discrepancy. 

It is clear from the above discussion that the extensive 
CO2+ photoion perturbations hinder the direct extraction of 
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pure A and B alignments. Alignments determined directly 
from polarizations of the broadband cot fluorescence may 
contain significant contributions from perturbed levels. We 
address the problem of the effect of photoion perturbations 
on the measured alignments by invoking reasonable models 
for CO2 photoionization. The connection of the l2eot 
alignment to the l3eot alignment makes it possible for us 
to evaluate the partial channel ratios for photoejection of the 
111" and 30" electrons from CO2' These experimental chan-u u 

nel ratios are then compared to the theoretical calculations 
of Padial et al.26 

II. EXPERIMENTAL 

The experimental arrangement has been described pre­
viously.5 Gaseous 12eo2 (99.9%), supplied by Liquid Car­
bonic, was made to flow slowly through the sample chamber, 
which was maintained at a pressure of 5-10 mTorr. Static 
gas samples of l3eo2, supplied by Merck Sharpe and Dohme 
(90 at. %), were also used. Samples were not purified further. 
The remaining 10% of isotopes other than l3eo2 would not 
be expected to have any significant effect on the results of the 
present experiment. 

The low-pressure gas samples were photoionized with 
continuously tunable vacuum ultraviolet synchrotron radi­
ation in the range of 18.2-31 eV (8° beam line at the Stanford 
Synchrotron Radiation Laboratory). Four focusing mirrors 
on the beam line assembly enhanced the incident light polar­
ization in the horizontal plane to greater than 97%.27 Flu­
orescence from photoions was detected perpendicular to 
both the propagation direction and the polarization vector of 
the ionizing radiation. Fluorescence polarization was mea­
sured as a function of excitation energy using a photoelastic 
modulator (PEM) and a crystal polarizer, with optical filters 
to isolate emission from selected electronic states. 

Raw polarizations were corrected for the finite PEM 
sampling gate width of 2 J-LS, which is 10% of the total 211" 
oscillation of the PEM crystal retardance when the crystal is 
oscillating at 50 kHz.5 Effects from the variation in PEM 
response over the finite bandwidth of the detected emission 
were found to be small (see Sec. III A). 

The systematic polarization bias was checked by (i) re­
measuring the N 2+ B 2.I u+ -X 2.I t fluorescence polariza­
tion two of the authors reported in 19835 at selected wave­
lengths and (ii) measuring the polarization through the 
fluorescence collection optics of a nominally unpolarized 
light source placed at the interaction region. The main syste­
matic bias was caused by the variations in counter response 
to the short gating pulses that were synchronized with the 
different phases of the PEM oscillation. 

Photoion fluorescence excitation spectra were also col­
lected as a function of incident energy and stored on a micro­
computer. These were used to check the identity of the flu­
orescing species. 

III. RESULTS AND DISCUSSION 

A. 1ZC02+ and 13C02+ A-X fluorescence polarization 

Figures 1 and 2 show 12eo2 and l3eo2 results, respec­
tively. The (a) portion of each figure shows the polarization 
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FIG. 1. (a) Degree ofpoiarization Pofthe 1200t emission of A. > 310 nm 
(nominally A-X) and alignment ..af~) of the 12eo2+ photoion following pho­
toionization of 12eo2 by a beam oflinearly polarized r~ti£n as a function 
of energy. (b) Degree of polarization P of the 11eo1+ B-X emission and 
alignment ..af~) of 12eot j following photoionization ofe02 by a beam of 
linearly polarized radiation as a function of energy. All data are taken at 
0.90 nm (0.24-0.70 eV) resolution and the error bars represent 2 SD in the 
photon counting statistics. 

of the 12eot and 13eo2+ fluorescence detected in the wave-
- 2 - 2 . length region usually assigned to the A Ilu-X Ilg transI-

tion following photoionization of the CO2 isotopes. The po­
larization is plotted as a function of ionizing energy at 0.90 
nm (0.24--0.70 eV) resolution. A Coming 7-51 filter!.. w!th or 
without a 0-54 filter, was used to isolate a band of A-X flu­
orescence from the intense B-X emission occurring at wave­
lengths below 300 nm. The error bars in the figures represent 
two standard deviations (SD) in photon counting statistics, 
and the polarizations are accurate on an absolute scale to 
+ 0.01. 
- The 12eo2 was flowed slowly through the cell at a pres­

sure of 5-10 mTorr. The l3eo2 measurements were normal­
ly made using a static gas sample with replacement every 3-5 
h, and polarizations were measured at selected energies us­
ing a flowing gas sample. The polarization of l2eo2+ fluores­
cence was also measured at selected excitation energies using 
a static gas sample. No difference was found between the 
polarizations measured using either method for either iso­
tope. The polarizations were found to be independent of 
pressure over the range of 2-12 mTorr. 

Fluorescence polarizations of l2eo2+ were additionally 
measured through an interference filter centered at 325 nm 
(12 nm FWHM) which isolated emission from the l2eo2+ 
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FIG. 2. (a) Degree of polarization P of the 13eo2+ emission at A. > 310 nm 
(nominally A-X) and alignment dl;1 of the 13eot photoion following pho­

toionization of 13002 by a beam of linearly polarized ra~ti£n as a function 
of energy. (b) Degree of polarization P of the 13eo2+ B-X emission and 
alignment dl;1 of 13eot B following photoionization of 13eol by a beam 
oflinearly polarized radiation as a function of energy. All data are taken at 
0.90 nm (0.24-0.70 e V) resolution and the error bars represent 2 SD in the 
photon counting statistics. 

(n + 2,0,OHn,0,0) bands.28 These polarizations were, within 
the error limits, identical to those measured for the broad­
band 12C02+ emission. 

It was necessary to consider the effect of variation in 
PEM response over the relatively large bandwidth of the 
detected A-X fluorescence. The magnitude of this effect was 
determined by converting the observed polarization to a po­
larization anisotropy and calculating the correction to the 
polarization anisotropy at the central wavelength of each of 
the vibrational bands in the emission. S The corrected anisot­
ropies were then weighted by the relative integrated intensi­
ties21 they would have when observed through the filter and 
averaged. This bandwidth correction was found to be negli­
gibly small. Depolarization by ambient magnetic fields29 is 
determined to be negligible in this case, since the A state 
lifetime is relatively short (-120 ns),23 and the rotational 
distribution is expected to peak at a high value of N' ( - 15). 

B. 12C02+ and 13C02+ B-X fluorescence polarization 

Figures l(b) and 2(b) show the polarization of the 
Jj 2 I + -X 2 n fluorescence from 12CO + and 13CO + re-u g 2 2 , 

spectively, following photoionization of the CO2 isotopes as 
a function of excitation energy at 0.90 nm (0.24-0.70 eV) 
resolution. An interference filter centered at 289 nm (10 nm 
FWHM) isolated the Jj (000)-1' fluorescence from the longer 

wavelength A-X emission. The gas pressures and condition~ 
were as described above. The corrections made to the B-X 
polarizations were the same as those for the 1.-~ polariza­
tions. The narrow (-10 nm) bandwidth of the B-X emission 
detected through the filter made a PEM wavelength correc­
tion unnecessary. Depolarization by ambient magnetic fields 
was determined to be negligible for the Jj state, which has a 
lifetime of - 138 ± 10 ns. 18,23 The error bars shown in Figs. 
l(b) and 2(b) once again represent 2 SD in photon counting 
statistics, and the polarizations are accurate on an absolute 
scale to ± 0.01. 

It should be noted that the CO2+ C 2 I g+ state, which is 
produced at ionizing energies greater than 19.39 e V, does not 
affect the present measurements: since it is fully predisso-- - 30 ciated, it does not fluoresce to the A or B states. 

C. Extraction of the photo Ion alignment and the channel 
ratio r 

Because of spectroscopic complications in the cot A­
X and B-X emissions, the fluorescence polarizations pre­
sented in Figs. 1 and 2 cannot be converted unambiguously 
to photoion alignments for separable electronic states. In­
stead, we must postulate models based on available experi­
mental information and try to extract reasonable A and B 
state alignments using these suppositions. 

As a first step in the analysis, we describe a method for 
determining the CO2+ A and B state alignments in the ab­
sence of perturbations. The quadrupole alignment d~)(N') 
for photoion rotational level N ' is described by the relations.7 

d(2)(N') ~ 1 ~ (1) 
o - h(2)(N', N") 3 _P' 

where the geometrical factor h (2)(N' ,N ") accounts for the ef­
fect of the final state N" on the polarization of the N' -+N " 
transition. In the ground state of room temperature CO2, the 
most probable value of the nuclear rotation No is 16. Upon 
photoionization, cot A and Jj states are produced with 
rotational distributions that do not differ significantly from 
that of the CO2 parent. Consequently, the range of populated 
N' values in cot is sufficiently high that fluorescence de­
polarization due to the effects of isotropic nuclear and elec­
tron spin angular momenta is negligible.5

•
31 It is reasonable 

in this case to express the quadrupole alignment in the high-J 
limit, where 

d(2)_~ 
o - 3-P 

for a Q branch (LlJ = 0) and 

d(2)- - 8P 
o - 3-P 

(2a) 

(2b) 

for a P or R branch (LlJ = ± 1). The cot A - Xband can 
be treated as a II-II band system, which at high rotational 
quantum numbers has intensity only in the members of the 
P and R branches. TheA state alignment is thus determined 
by 

(3a) 

At high values of the rotational quantum number, CO2+ 
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j (000)-1' emission can be treated as a quasidiatomic ~-n 
system, where the sum of the intensities of the P and R 
branches is equal to that for the Q branch. 32 The geometrical 
factors h (2)(N' ,N ") are averaged accordingly. Hence, we de­
termine the j state alignment by 

<d~J(j) = 16P . (3b) 
3-P 

The photoion alignments for 12C02+ and 13C02+ deter­
mined from Eqs. (3a) and (3b) are shown in Figs. 1 and 2. 

Once the quadrupole alignment is found from polariza­
tion measurements, it is possible to determine ratios of dyna­
mical photoionization channel amplitudes from d~l. As 
outlined by Guest, Jackson, and Zare,5 at high rotation the 
alignment d~) can be expressed as 

d~)~! {4.9'0 - 2(.9' + +.9' -)J , (4) 

where the.9'i are the normalized angular momentum trans­
fer channel probabilities.33.34 The channel ratio r, where 

r=.9'oI(.9' + +.9' _I, 
can be expressed in terms of the alignment by 

r = [(2 + 5 d~l)!(4 - 5 db21)] • 

(5) 

(6) 

The value of r represents the ratio of parity-unfavored 
to parity-favored6

,7 contributions to the total photoioniza­
tion cross section. Figures 3 and 4 present the channel ratio r 
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FIG. 3. (a) Plot ofthe channel ratio r vs energy of the ionizing radiation for 
t~e 'photoionization of 12C02 leading to photoion emission at A. > 310 nm 
(A-X region). (b) Plot of the channel ratio r vs energy of the ionizing radi­
ation for the photoionization of 12C02 leading to CO2+ lJ. Dashed curve is 
from the calculation of Padial et 01. (Ref. 26). Error bars for all data repre­
sent 2 SD. 
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FIG. 4. (a) Plot of the channel ratio r vs energy of the ionizing radiation for 
t~e 'photoionization of l3C02 leading to photoion emission at A. > 310 nm 
(A-X region). Dashed curve is from the calculation ofPadiai et 01. (Ref. 26). 
(b) Plot of the channel ratio r vs energy of the ionizing radiation for the 
photoionization of 13C02leading to 13CO/ lJ. Error bars for all data repre­
sent 2 SD. 

as a function of ionizing energy for I2C02 and 13eoz, respec­
tively. Examination of Figs. 1~ reveals that the alignments 
and the channel ratios are effectively identical in both iso­
topes for the production of the CO/ j state, but that d~) 
and r differ significantly for the CO2+ A state. 

D. Interpretation of the alignment differences 

The isotopic substitution of 13C for 1ZC in COz is not 
expected to make a noticeable change in the continuum pho­
toionization dynamics as a function of energy. We therefore 
look for an explanation of the alignment differences in terms 
of the known perturbations in the final A and j states of the 
photoion. We consider a model (see Fig. 5)18.24 where some of 
the photoions are produced in unperturbed levels of the A 
andj states (and nonfluorescing states). The rest of the CO2+ 
product is formed in a mixed state, which is described by the 
wave function i¢'m) = CA.i¢'A.) + CB i¢'B)' Because the vi­
brational overlap with the j part of the mixed wave function 
from CO2 X (000) is good and the overlap to the levels of A 
that mix with j is poor, photoionization to the mixed state 
proceeds largely through a 3uu -type electron ejection. 
Therefore the mixed state photoions should be aligned as if 
they were formed in a pure j state. The distribution of flu­
orescence from the mixed state is determined by its Franck­
Condon overlap with the eo/ 1' 211g ground state. This 
overlap is such that only the j 2 ~ u+ part of the mixed state 
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FIG. 5. 12eo2 photoionization model used in the data analysis (see Refs. 18 
and 24). Photoionization leads to unperturbed levels of the 12eo,+ A and 11 
state and a mixed state resulting from interelectronic coupling of A and 11. 

fluoresces to the 1'2 lIg state in the 290 nm region, while only 
the A 2lIu part of the mixed state emits photons at wave­
lengths greater than 310 nm. Cross terms are expected to 
make a negligible contribution to the fluorescence transition 
probabilities because emission from the two electronic states 
are so well separated in frequency. 

Recall thatB (000) in 13C02+ is unperturbed andB (000) 
in 12C02+ is heavily perturbed by the A state. Thus the ob­
served B state alignments in both isotopes are effectively 
identical because the oscillator strength for photoionization 
to the mixed state in l2C02+ is carried by the B part of the 
wave function, and the alignment of the mixed state will be 
that of the B state. The portion of the mixed state that fluor­
esces in the A manifold in 12C02+ will also have the align­
ment of a pure B state. This alignment is of opposite sign to 
that of the nearly unperturbed A state in 13C02+ [cf. Figs. 
l(b) and 2(a)]. Therefore, the observed A state alignment in 
l2C02+ is expected to be smaller in magnitUde than that for 
the pure A state. This is what is observed [cf. Fig. l(a) with 
Fig.2(a)]. 

We quantify the results of the model presented in Fig. 5 
by supposing that (i) the alignment measured for the B state 
of both isotopes represents the alignment of the unperturbed 
B state and (ii) the alignment measured for the A state of 
13C02+ represents the alignment of the unperturbed A state. 
This is a good assumption provided that most of the 13cot 
B state is produced in the unperturbed (000) level. Then the 
measured alignment for l2cot A from fluorescence polari­
zations in the "A-X" region (d~)(12COt A) can be ex­
pressed as a population-weighted average of the 13C02+ A 
and the l2C02 (or 13C02) B alignments 

<..raf~)(12cot A) 
=fB (..raf~)(cot B) + (1 - fB)(d~)(\3Cot A) ,(7) 

where fB is the fraction of the emission in the A-X region 
that is from the mixed state. Figure 6(a) plots fB vs ionizing 
energy. The error bars represent 2 SD of the uncertainty in 
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FIG. 6. (a) Plot of fB' the ratio of emission from the mixed state in the A-X 
manifold to the total emission in the A-X region, for 12eo,+ as determined 
from the alignment data using Eq. (7). (b) Plot of the quantum yield rp B,A for 
apparent 11 state emission in the A-X region. Error bars for both plots repre­
sent 2 SD determined from uncertainties in the polarization measurements. 

the polarization measurements. 
If we know the A / B fluorescence branching ratio as a 

function of ionizing energy, then we can use the values of 
Fig. 6(a) to determine an effective quantum yield (/) B,A for 
the fraction of the l2C02+ produced energetically in the B 
state that will fluoresce in the long-wavelength A-X region. 
This quantum yield is expressed as 

(/) B.A = fB~(E) (8) 
~(E)+fB~(E) 

at each excitation energy. The values of ~ (E) are the 
12cot photoion fluorescence cross sections at A. > 310 nm 
measured by Lee et al. 35 and the values of ~ (E) are the 
12cot B-X photoion fluorescence cross sections in the 289 
nm region measured by Carlson et al.36 Calculation of (/) B,A 
by this model requires no assumptions other than those 
made in determining fB' The quantum yield (/) B,A deter­
mined from Eq. (8) is plotted in Fig. 6(b). Errors are estimat­
ed as for Fig. 6(a). The quoted errors in the fluorescence cross 
sections are not included in the uncertainties. 

The quantum yield (/) B.A in Fig. 6(b) ~E.ears to depend 
only slightly on energy. The nature of the (A,B) perturbation 
in the 12cot photoion should not be affected by the ionizing 
energy. However, the vibrational distribution in the CO2+ A 
and B states could vary as the ionizing energy increases, 
causing the fraction of mixed levels to change. This could 
account for the apparent variation that we observe in the 
quantum yield (/) B,A with ionizing energy. The present result 
of 0.36 for (/) B,A at 21.0 eV agrees quantitatively with experi­
mental quantum yield studies at 21.2 eV. 18 

From the results of Fig. 6, it is clear that the mixing 
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model diagrammed in Fig. 5 describes the 12COt photoion 
alignment adequately. We can also approach this problem 
by assuming that the 12C02+ and 13C02+ A /jj PES branch­
ing ratios of about 0.6520.22 correctly describe the A and B 
state production in cot, insofar as the mixed state is as­
signed as being produced in the B manifold. Citing the pho­
toionization model of Fig. 5, we suppose that the A IB flu­
orescence branching ratios of 2.20 ± 0.30 for 12cot and 
1.37 ± 0.50 for 13C02+ photoionization at 21.2 eV22 differ 
from the PES results only because of (A,B) perturbations. 
The fractions of 12COt and 13cot that are formed in per­
turbed levels are again assumed to be aligned as the pure B 
state. The pure A state alignment that is determined from 
our data using these assumptions gives the physically unreal­
istic result that the alignment is larger than the high J limit­
ing value of 0.20 for a perpendicular I..1A I = I transition.s 

Therefore, if the mixing model shown in Fig. 5 is valid, there 
is an inconsistency between the present alignment measure­
ments and the previously reported PES A IB branching ra­
tios. This may be caused by misassignment of part of the 
photoelectron spectrum, resulting in a low A IB branching 
ratio. Such a possibility seems likely because of the low reso­
lution of photoelectron experiments. 

We have assumed in our analysis that the perturbed 
emission in theA-X region can be described as all-ll transi­
tion in the high-J limit. This is not strictly true, because the 
perturbations are strong in a region of the A state energy 
levels where several quanta of V 2 bending must be excited. 17 
Renner-Teller interactions will thus complicate the fluores­
cence from the perturbed state, which is no longer linear. 
However, small deviations are not expected to be significant. 

E. Comparison with theory 

Padial et al.26 have provided theoretical partial cross 
sections for CO2 photoionization to continuum electron 
states, which may be compared to our experimentally de­
rived channel ratios. Photoionization of CO2 to give the 
B 2 ~ u+ state of the photoion is described as proceeding 
through the dipole-allowed ejection of a 3u u electron to the 
(EUg ,E1Tg ) continuum states. This process is exactly analo­
gous to that described previously for N2 and CO photoioni­
zation. S The theoretical cross sections of Padial et al.26 are 
related to our channel ratio y by5.37 

DhlDi 
Y= 2+DhIDi' 

(9) 

where D i is the dipole strength for 3u u -+£ug photoejection 
and D h is the dipole strength for 3u u -+£1T <L photoejection. 

CO2 photoionization to give CO2+ A 2 llu proceeds 
through the dipole-allowed ejection of a 11T u electron to the 
(EUg ,E1Tg ,E8g ) continuum states. At high J, we describe the 
absorption as having ~-~ or ~-ll character based on the 
combined ion core plus photoelectron angular momentum 
projection along the internuclear axis. The 11Tu-+£ug and 
11Tu-+£8g channels are equivalent to a ~-ll transition in 
CO2, while the 11Tu-+£1Tg channel is identified with a ~-~ 
type absorption. Even though three separate degenerate 
photoejection channels exist in the molecular frame, at high 

J the 11Tu-+£ug and 11Tu-+£8g channels have the same type 
of absorption symmetry, and the dipole strength D;' equals 
the sum of these two degenerate cross sections. Thus we can 
determine the ratio D hiD i. 

The dashed line in Fig. 4(a) is the theoretical channel 
ratio y for CO2 photoionization to yield cot A 2llu. From 
theory the 11T u -+£8 g transition predominates at the energies 
studied, resulting in a y very near its maximum possible val­
ue of I. This strong transition is expected to be atomic-like in 
character (2p-€d). The 11T u -+£u g is weak because of intensi­
ty borrowing by 11Tu-5ug discrete transitions.26 The 
11T u -+£1Tg transition is also weak because it is closely related 
to a forbidden atomic-like 2p-€p transition. 

The experimental channel ratio y in 13cot for the re­
movalofthe 11Tu electron indicates that the 11Tu-(E8g,EUg) 

ejections should dominate the dynamics, but not as fully as 
theory indicates. This lack of quantitative agreement may be 
caused by neglecting configuration interaction effects, as 
was the case for 2uu photoejection in N2.4.S.38 If 13cot A is 
not free from perturbations, then our determined alignments 
may not be attributable to a pure A state. 

The theoretical channel ratios for 3u u electron photoe­
jection shown by the dashed line in Fig. 3(b) agree very well 
with our experiments on 12cot and 13C02+ . Padial et al. 26 

predict that the 3uu-+£ug cross-section peaks just above 
threshold because of a low-lying 5ug (u*) virtual valence or­
bital in this region. The 3Uu-+£1Tg channel increases slowly 
with energy and peaks at around 35 e V because of a growing 
d1T orbital contribution. These partial cross sections lead to a 
strongly energy-dependent y, in agreement with the results 
of our experiment. 

IV. CONCLUSION 

Upon photoionization of carbon dioxide at sufficiently 
high energies, the cot ion is produced in the A and B excit­
ed states. We have measured the polarization of the unre­
solved A-X and B-X fluorescence as a function of ionizing 
energy (18.2 to 31 eV) for both 12C02+ and 13cot. For 
13C02+ , the A and B states are nearly unperturbed and it is a 
straightforward matter to extract the alignment of the A and 
B state photoions, which are taken to be those of the pure 
states. For 12C02+ , the A and B states are strongly mixed. 

We interpret the polarization data by invoking a model 
in which A, B, and mixed (A,B) levels are produced and (be­
cause of the photoionization Franck-Condon factors) the 
mixed levels have the alignment of the B state. By assuming 
the alignments of the A and B states to be the same for 
12C02+ and 13C02+ , we find that the fraction of emission in 
the A-X region originating from the mixed (A,B) state is 
about 0.20, nearly independent of ionizing energy. This im­
plies a quantum yield for apparent B-X emission in the A-X 
wavelength region of 0.36 ± 0.05 (at 21 eV), in close agree­
ment with other estimates of this quantity. However, our 
alignment data cannot be reconciled with previously report­
edA IB photoelectron branching ratios in both 12COt and 
13C02+. Degenerate photoionization channel ratios have 
been extracted from the alignment data. Comparison with 
the separated channel static exchange calculations of Padial 
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et al.26 shows good agreement of the channel ratios for the 
removal of a 3u u electron to produce the cot B state, but 
less satisfactory agreement for the removal of a ITT u electron 
to produce the CO2+ A state. 
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