Observation of the Zeeman Effect of Ozone

by Doppler Free Laser Spectroscopy
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The Zeeman effect of rotational-vibrational transitions of ozone has been studied with a CO,
laser at 9.6 um by means of saturation spectroscopy. The observed Zeeman pattern of the v;
transitions 1639 — 16gg and 119, — 1293 are analyzed and compared with calculations. The

previously proposed assignments are confirmed.

Introduction

During the past decade laser magnetic resonance
has become a powerful tool in molecular spectro-
scopy of free radicals and molecular ions. Because
of its high sensitivity it is an excellent method to
investigate free radicals in very low concentrations
and to measure their molecular constants with high
precision. So far most of the radicals observed by
radioastronomy have been investigated by LMR
methods. We have begun the construction of a LMR
spectrometer in order to analyze the spectra of
radicals and ions of astrophysical interest by means
of CO,, N,O and CO lasers.

For a variety of reasons, ozone was chosen as first
target for investigation with the newly built LMR
spectrometer.

(1) There exist several coincidences between
strong O; absorption lines and several CO, laser
lines [1, 2, 3].

(i1) The small (rotational) magnetic moment of
Oj; allows a scrutinizing test of the spectrometer’s
resolution. It also demonstrates the feasibility of
LMR techniques even on closed shell molecules,
which are mostly not taken into consideration for
LMR experiments, and

(1i1) In comparison with ions and radicals the
handling of Oj is easy. Since the molecular con-
stants [4] and the magnetic moments along the
principal axes [5] are known to high accuracy, the
molecular Zeeman effect of the observed transitions
can be calculated using the expressions given by
Hiittner and Flygare [6] for asymmetric top mole-
cules.
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Experimental

Ozone was prepared using a silent electric dis-
charge ozonizer. The resulting ozone-oxygen mix-
ture was trapped at liquid nitrogen temperature and
finally purified by pumping for several hours at
this temperature. The total pressure in the gas cell
did not increase due to formation of oxygen during
periods of more than two hours.

The 15cm cell was made of pyrex and BaF,
windows were epoxied on both ends. The CO; laser
has a conventional flowing discharge tube 120 cm in
length and operates at pressures up to 30 Torr.
Single frequency operation is obtained with a grat-
ing and a diaphragm inside the cavity selects a pure
TEMy mode. The frequency can be tuned over
80 MHz on most of the lines by applying a dc
voltage to the piezoelectric transducer carrying the
output coupling mirror. The tuning corresponds to
one free spectral range of the resonator.

A block diagram of the experimental arrange-
ment is shown in Figure 1. The magnet (Bruker B-
E 30 V) operates at fields up to 25 kG. The field is
stabilized with a Hall probe and it can be deter-
mined accurately by means of a NMR gaussmeter.
The cell is placed between the poles of the magnet
and the variation of the field along the cell is less
than 10 G at 20 kG.

Instead of using an intracavity setup mostly used
in LMR studies, we have employed saturated ab-
sorption spectroscopy to observe the Zeeman split-
ting of the molecular transitions, because the small
magnetic moment of O; prevents the use of the
widely applied Zeeman modulation. Although the
intracavity arrangement provides considerably higher
sensitivity, the saturation method has advantages (i)
Doppler-free-spectroscopy and (ii) the relative ease
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Fig. 1. Experimental setup: The polarization rotator (PR)
consists- of ‘two mirrors. The polarizer (P) suppresses
scattered radiation of the bleachbeam falling on the detec-
tor. The- beam splitter in front of the laser delivers about
- 5% of the total intensity for the probe beam. For further
details see text.

of adjusting the system. Since the observed Zeeman
splitting is smaller than the Doppler width of the
molecular transitions (55 MHz) saturation spectros-
copy is a convenient method to suppress the Doppler
broadened linear absorption background [8]. In
addition, the sensitivity of this method may be
improved with the use of more sensitive methods
for signal detection [7, 8, 9].

The two beams passing through the cell have
crossed polarizations in order to avoid feedback
into the laser. The polarization vector of the probe
beam is perpendicular to the magnetic field direc-
tion, therefore only AM = * 1 transitions are de-
tected. The bleachbeam is chopped by a mechan-
ical chopper with a frequency of about 350 Hz. The
signal is synchroneously detected by means of a
pyroelectric detector and a lock-in amplifier. The
signal is finally displayed on a chart recorder.

Observations

Absorptions of ozone have been reported with
P(30) [3] and P(40) [2] of the 9.6 um CO, laser
band. A typical saturation signal at P(30) is shown
in Fig. 2 at several field settings. The width of the
signal is mainly determined by pressure broadening,
although a small contribution of power-broadening
cannot be excluded. In addition there is also some
Doppler shaped broad feature present, which is
probably due to heating by the absorbed laser
power. For ozone this seems to be an unusually ef-
ficient process when compared with other molecules.

Only two components at high fields are observed
indicating that the molecular g-values in both the
vibrational excited state and the ground state are
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nearly the same. In [3] and [11] an assignment of this
absorption is given with (001) 16g9— (000) 16gg.
Using the molecular constants of Barbe et al. [4] and
the components ¢g,,, gs» and g. of the g-factor
given by Mack et al. [S] we calculate the g, factors
of both levels to be g, = — 0.8209 yielding a splitting
between o, and o_ transitions of 25.7 MHz at
20530 G. This is in good agreement with our ob-
served splitting. In addition no other nearby absorp-
tion in the table of Barbe et al. leads to a similar
agreement, thus the assignment is unequivocally con-
firmed. The calculation did not include the higher
order terms of the interaction with the magnetic
field. A possible change of the magnetic moment
in the vibrationally excited state is believed to be
very small [10].

On P(40) the Zeeman pattern is less revealing.
According to Young et al. [2] this ozone absorption
is probably due to the transition (001) 11g;—

O3: v, 168,9‘_168,8
06 CO, 9,4u P(30)
i 6000 G
™ =
@ L
= J
3
o)
—
5]
—
L R S S | TS .
_ -0 0 40 [MHz) 0 0 0 [MHz]
5]
=
2 18306 205306
0w L
| P - | L 1 11 1 1 1
-40 0 L0 [MHz] -40 0 L0 [MHz )

Fig. 2. Saturated absorption signals of the v; 1659 — 1655
transition of ozone with the 9.4 um P (30) CO, laser line at
zero field and at different field settings. For the scan the
field was kept constant and the laser frequency was tuned.
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(000) 1243, which is supported by the newer data of
Barbe et al. For the upper level we calculate g, =
—1.8936 and for lower g, = — 1.6259. Due to the dif-
ferent g, factors the Zeeman structure consists of 46
closely spaced transitions, which we have not been
able to resolve. Accordingly at high fields we
observe only one broad feature with an approximate
halfwidth of 40 MHz, which is consistent with the
calculated structure.

Further absorptions of O; and other CO; laser
lines have not been observed, but it should be
pointed out, that the assignments of several other
lines found with a CO, waveguide laser [1, 3] could

[1] R. T. Menzies, Appl. Optics 15,2597 (1976).

[2] C. Young and R. H. L. Bunner, Appl. Optics 13, 1438
(1974).

[3] F. Herlemont, M. Lyszik, and J. Lemaire, J. Mol.
Spectr. 77,69 (1979).

[4] A. Barbe, C. Secroun, and P. Jouve, J. Mol. Spectr. 64,
343 (1977).

[5] K. M. Mack and J. S. Muenter, J. Chem. Phys. 66,
5278 (1977).

[6] W. Hiittner and W. H. Flygare, J. Chem. Phys. 47,
4137 (1967).

Observation of the Zeemann Effect

also be verified, if necessary, by observation of the
Zeeman effect. This work will be extended to the
investigation of free radicals and molecular ions.
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