
doi: 10.1098/rsta.1997.0085
, 1697-1699355 1997 Phil. Trans. R. Soc. Lond. A

 
Claudina Cossart-Magos
  2PFI spectrum of CS−in the ZEKE

 Rydberg state with vibrationally excited core assignedn−A low
 

Email alerting service
 herecorner of the article or click 

Receive free email alerts when new articles cite this article - sign up in the box at the top right-hand

 http://rsta.royalsocietypublishing.org/subscriptions go to: Phil. Trans. R. Soc. Lond. ATo subscribe to 

This journal is © 1997 The Royal Society

 rsta.royalsocietypublishing.orgDownloaded from 

http://rsta.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=roypta;355/1729/1697&return_type=article&return_url=http://rsta.royalsocietypublishing.org/content/355/1729/1697.full.pdf
http://rsta.royalsocietypublishing.org/subscriptions
http://rsta.royalsocietypublishing.org/


A low-n Rydberg state with vibrationally
excited core assigned in the ZEKE–PFI

spectrum of CS2

B y Claudina Cossart-Magos

Laboratoire de Photophysique Moléculaire, Bât. 213,
Université de Paris-Sud 91405, Orsay Cedex, France

Polyatomic molecules offer the possibility of studying the dependence of vibrational
autoionization rate on the nature of the particular vibrational modes involved. For
example, in NO2, as stressed by E. R. Grant, the symmetric stretching relaxes much
faster than the bending motion. A particular feature observed in the ZEKE–PFI
spectrum of CS2 can be quoted as another example of the difficulty of relaxing the
bending vibration in the ionic core of a triatomic molecule.

1. Experimental background and results

The ZEKE–PFI spectrum of jet-cooled CS2 was recorded by Huang et al. (1997) using
VUV laser excitation. After a typical delay of 3.8 µs the laser pulse was followed
by a voltage pulse equal to 0.24 V cm−1 and 1 µs duration. A reverse DC field of
0.08 V cm−1 was used to sweep out prompt electrons.

The O0
0 origin band of the spectrum, corresponding to ionization in the X̃ 2Πg

ground state of CS+
2 , presents two sub-bands, one for each of the two possible values

of Ω+ ( 1
2 and 3

2), roughly separated by the spin-orbit coupling constant, 440 cm−1.
A simulation of the band contours was made (Huang et al. 1997) which uses matrix
diagonalization of the molecular energy in Hund’s case (e) representation (Lefebvre-
Brion 1990, 1995). The observed sub-band intensity ratio (2Π3/2/

2Π1/2 = 1.9± 0.3)
could be accounted for by including rotational and spin-orbit autoionization and
considering in the calculation a particular value of the principal quantum number,
the meaning of which is discussed by Huang et al. (1997).

Superimposed on the X̃ 2Π3/2 sub-band of the ZEKE–PFI spectrum, a quite strong
peak (cf. figure 10a of Huang et al. (1997), where it is marked with an arrow) is ob-
served at 81 274 cm−1. It happens that in the photoionization (PI) spectrum (Huang
et al. 1997) is observed for the same wavenumber, the principal peak of the 17pσ
Rydberg state with X̃ 2Π1/2 ionic core. However, as it can be seen in the level scheme
represented in figure 1, the upper level of the latter transition (vertical line on the
left) is 12 cm−1 below the X̃ 2Π3/2 threshold. For the large Stark shifts corresponding
to the PI spectra, the molecule can thus be autoionized in the (2Π1/2) 17pσ state.
But for the smaller Stark shifts typical of ZEKE–PFI spectra (from 1.6–1.7 cm−1,
for the electric field values given above), the (2Π1/2) 17pσ state can be only partially
autoionized, for rotational energies exceeding 12 cm−1 (i.e. J > 10, for a rotational
constant B equal to about 0.1 cm−1).

Phil. Trans. R. Soc. Lond. A (1997) 355, 1697–1699 c© 1997 The Royal Society
Printed in Great Britain 1697 TEX Paper

 rsta.royalsocietypublishing.orgDownloaded from 

http://rsta.royalsocietypublishing.org/


1698 C. Cossart-Magos

Figure 1. Vibrational levels in CS2 X̃
1Σ+

g and in CS+
2 X̃ 2Πg states involved in the discussion

of the assignment of the hot band transition shown on the right-hand side, which presents the
same wavenumber as the cold-band transition represented on the left. Zero-rovibrational levels
of the two states (separated by 81 286 cm−1, cf. Huang et al. (1997)) are both used as origin of
the wavenumbers given.

2. A hot band in the ZEKE-PFI spectrum involving a low-n Rydberg
state

Another assignment of the 81 274 cm−1 peak in the ZEKE–PFI spectrum is possi-
ble, which is more satisfying. In the same spectrum, which extends over 1000 cm−1

(cf. figure 6 of Huang et al. (1997)), were assigned various vibronic bands allowing
determination of the energies of the Renner–Teller split levels of the bending ν2 (πu)
vibration for v+

2 = 1 in the X̃ 2Πg of the CS+
2 ion. These are shown in figure 1,

labelled as 21 with corresponding vibronic symmetries 2Σ+
1/2, 2∆5/2, 2∆3/2, 2Σ−1/2,
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in the order of increasing energies, which are also given in the figure (deduced from
the 21

1 transitions observed by Huang et al. (1997), preferred here to the weaker 21
0

transitions also observed). These level positions were found to be in good agreement
with the calculated results of the ion ground state by Brommer & Rosmus (1993).
Now, considering the 21 (2Σ−1/2) limit with the same quantum defect value (0.4) as
in the (2Π1/2) npσ series, for n > 15, as observed in the PI spectrum by Huang et
al. (1997) and in the VUV absorption spectrum by Cossart-Magos et al. (1997), one
obtains, as indicated in figure 1, a 18pσ state at 385 cm−1 above the zero-level of
X̃ 2Π3/2. The hot band transition represented by the vertical line on the right-hand
side of figure 1, with a lower level 21 (1Πu) at 397 cm−1 from the zero-vibration
level of the CS2 X̃

1Σ+
g state, and an upper level [21 (2Σ−1/2)] 18pσ, is thus found at

385–397 = −12 cm−1 (at the same frequency as (2Π1/2) 17pσ ← X̃ 1Σ+
g ).

3. Conclusion

In conclusion, according to this hot band assignment, a Rydberg state with princi-
pal quantum number n as low as 18, can be observed in the experimental conditions of
ZEKE–PFI spectroscopy, indicating that during the delay time of 3.8 µs, relaxation
of the vibrationally excited CS+

2 core is not yet completed.
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