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DISCLAIMER

This document was prepared as an account of work sponsored by the
United States Government. Neither the United States Government
nor any agency thereof, nor The Regents of the University of Califor-
nia, nor any of their employees, makes any warranty, express or im-
plied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe pri-
vately owned rights. Reference herein to any specific commercial
product, process, or service by its trade name, trademark, manufac-
turer, or otherwise, does not necessarily constitute or imply its en-
dorsement, recommendation, or favoring by the United States Gov-
ermnment or any agency thereof, or The Regents of the University of
California. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government
or any agency thereof or The Regents of the University of California
and shall not be used for advertising or product endorsement pur-
poses.
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Comment on "Two-photon spectroscopy of N,: Multiphoton
ioniza;ign, laser-induced fluorescence, and direct absorption via

the av 29 state"

Marcus J.J. Vrakking, Allan S. Bracker and Yuan T. Lee

Department of Chemistry
University of California
and
Chemical Sciences Division
Lawrence Berkeley Laboratory
Berkeley, California 94720 USA

In a recent paper in this journal1, Lykke and Kay reported a

new, highly efficient (2+1) REMPI detection scheme for the

- detection of N,, employing the aﬁ12; state. Coincidentally, in

our laboratory,,wé have recently completed some'éxperiments on
the same detection scheme. In this comment we would like present
some additional information provided by our experimental results.
The laser system used in our experiments operates on three-
stage pulse-amplification of the cw output of a Coherent 699-29
Autoscan ringlaserz, giving about 90 mJ/pulse of linearly
polarized visible light with a near transforh-limited bandwidth
of'approximately 52 MHz. Up to 4.5 mJ/pulse of tﬁnable radiation
around 202 nm are generated by frequency doubling in KDP and
mixing in BBO. Doppler-broadened spectra were recorded by
focusing the 202 nm light into a parallel plate ionization
chamber containing a mixture of N, and H,, using a 15 cm focal
length fused silica lens. In addition, Doppler-free spectra were
recorded using a éounterpropagating laser beam arrangement in a
time-of-flight mass spectrometer.3 Oon this apparatus, prior to
splitting the laser into two beams of approximately equal power,

the 202 nm light was passed through a telescope where the beam
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kécquired a 5 m focal length; A metering valve was used to admit
the N, into the time-of-flight mass spectrometer.

The room temperature Q-branch spectrum for the N, a"‘z; <== ;
}82; transition obtained in the Doppler-free arrangement is shown
in Figure 1. In this spectrum, which was recorded at full laser
power, the lines are observed to have a FWHM of approximately 2
GHz, due to lifetime broadening of the aﬁ12;'state. Line-
positions in the Doppler-free spectrum were calibrated against
the Iz-standard.a Fitting the line-positions yielded a term value
of 98840.59(1) cm' and a rotational constant of 1.98979(3) cm’
for the aﬂ12; state, where the rotational constant for the X5%+
from ref. 5 was used to calculate the latter value.

A portion of the room temperature spectrum obtained in the
parallel plate ionization chamber is shown in Figure 2. The
linewidth is approximately 12 GHz, thch is well above the
calculated Dopplerwidth of 6.9 GHz, and indicates even stronger
saturation of the ionization step under the sharper focal
conditions in this setup.

Inspection of figures 1 and 2 shows that the O0- and S-branch
transitions are significantly weaker than the Q-branch
transitions. According to Bray and Hochstrasseré, when using a

laser with linear polarization, the two-photon excitation rates

.

in a £ <--> ¥ transition scale as

0,S-branch: I« _J(3-1) *p (1)
30(23-1) »



Q-branch: I « (2J+1)*p’ + J(JI+1) (2T+1) *u
9 45(23-1) (23+3) (2)

where the isotropic and anisotropic transition moments u; and ug
are given as

2

TP TR TP S TR T S AL TR (3)

2

s = [ 2u4uy" = pyp' = p"u" ] (4)

Our observation that the Q-branch intensities are more intehse
than the O- and S-branch intensities by approximately a factor of
500 indicates that the two-photon transition is predominantly
isotropic. Similar behaviour was recently calculated for the
(0,0) band in the two-photon excitation.of H, to the E5%+ state.’
Further insight into the two-photon transition moments of N, is
precluded at this moment by the difficulty of assighing a
dominant intermediate state in the two—photon absorption proces.

The Q-branch spectrum measured by Lykkevand Kay1 showed an
anomalous intensity around J=26 which was correctly intefpreted
as being due to the presence of a perturbation. In our spectrum
(Fig. 2) it is readily visible how the Q(26) transition is split
into two components. As yet, no attempt has been made to

determine the source of this perturbation.
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FIGURE CAPTIONS

1.

a) Q-branch for the N, a"1zg’ <== x'zg* (Vau=0 <-= v,=0) two-
photon transition, obtained using a counterpropagating
beam arrangement with a near transform-limited laser.

b) Portion of spectrum a) near the bandhead of the Q-
branch, with full rotational quantum state resolution.

Portion of the O-branch and the Q-branch of the N, a“12;'<——
XE%* (V=0 <-- v,=0) two-photon transition, measured in a
parallel plate ionization chamber. An asterisk is placed on
the two lines which arise from the perturbation at Q(26).
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