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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government 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.
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The need for the development of non-interfering, in—sitU‘measurchenf
techniques for the oxides of ﬁitrogeh is underlined by the continued
discrepancies in measurements reported in the literature. Thesc
disgrepancies exist . in measurements made using different proBcs(l) and
also between probe measurements and optical measurements(z).» Here
we describe a téchnique, first develdped in our laborétory for atomic
absorption spectroscopy, which is non-interfering, sensitive and cépablc
of distinguishing between NO and any othérvabsorbing species that might
be present. Essentially, resonance excitation of a single rotational .
level of NOIis achieved by Zeeman tuning éf an atomic line. We have
4méé§uf¢d tﬁe:absorption line—shépe and effective collision broadening
cross-section for excitation of a single line cﬁrrespondingvto the
AZX, K=13 transition of the 0-1 vibrational band of NO, using Zeeman
scanning of the 2144.38 A CdII line. Some un-calibrated measurements
under combustion conditions have also been made.

The cxperimental apparatus used is essentiélly the same as described

elscwhcrc(3’4)

in the context of atomic species measurements. It

consists of an electrodeless discharge lamp bldced between the pdles of a
variable field magnet, a quarter-wave plate, a polarizer and a‘monochromator;
photodcctector. Each atomic line is a splif into its o* and ¢~ Zeeman com-
ponents corresponding to AM=+1. Only these two compoﬁénts are dbtained_

when light is extracted along the magnetic field direction. Selective
transmission of either fhe 0.+ or 0'_component is achieved by mounting the
quurtcr—wavepiafe in a magnetically driven squeezer(4). The squeezer is
driven by a sinusoidal signal,.and the quarter-wave plate transmits either
the o or o~ compohent. One of the two components; moving. away from the

coincident resonance wavelength, is used as a reference for light

intensity and synchronons detection is employed to measure the absorption
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of the other component.} By use of synchronons detection and thus‘méasuriﬁg
only.the differential absorﬁtion.between o*.and o'.components, inter-
ference due to other species and effects is eliminéted. .To ob;ain'the

absorption lineshape of NO, the absorption is measured as a function of

the applied magnetic field.

-

The SZP:,,/2 —5281/2 transition qf Cd II splits into four Zeeman

“components with transitions
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for M. = -1 (left circularly polarized o~ lines).

The energy splitting of these lines is given by
: , R
h (v: - = g < - 2 ]
(vi - V) BH {g;. (Py))) my; " 833 S172) W)

wnere the gJ's are Lande's functions, the my's are the magnetic quéntum
numbers, B is the Bohr magneton and H is the applied magnetic field. The
zero field frequency is Vo. It is to be noted that two o' lines are

obtained with intensity ratio 3:1. The measured absorption profile is a



convolution of the Doppler-broadened linesvemitted.by the lamp with the
NO line. The absorption of the two ¢* lines from the lamp overlap the
NO line, leading to a measured absorption line Shaﬁe (versus magnetic
fie;d) whi;h is someﬁhat complex ana asymmefrié. Méasurements were made
‘with 0.5 Torr NO in the absorption cell, and with 1 atm N, added to 0.5
Torr NO, to produce a collision broadened absorption line. The absorption
| line shape Qés modelled by a convolution of Doppler and Lorentz line
shapes (the well-known Voigt Line shape). Numerical convolution of this
line shépe with an aésumed Doppler lamp profilg»was performed, and the-
parameters of these line shape functiong were determined by comparing the
numerical convolution with the experimental results. Adjustment of the
parameters was ﬁade until satisfactory égreement with the experimental
measuremént'was obtained (®). Since the 0.5 Torr NO line shape will be
only Doppler broadened at 300°K, a lamp temperature of 600°K

was determingd’from this measurement. In order to fit the measured line
shape for the 1 atm N, collision broadened measurement a Lorentzian
collision frequency(6) corresponding to a collisidn.cross-section of

1.0 x 10715 cn’ was required. This value is in rgasonably good agreement

with the results of Melton and Klemperer(7).

Work is currently under progress to determine the NO line-shape
under actual combustion conditions. We are convinced that the technique
holds great promise for both ébsorption measurements along the line of

sight, and point measurements through detection of NO fluorescence.
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