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Anomalous Magnetic Depolarization of Fluorescence from
the NO, ?B, State

H. Ficoer,! D. L. MoNTs,2 AND R. N. ZARE?

Department of Chemistry, Columbia University, New York, New York 10027

Hanle-effect studies were made of 13 identified lines helonging to the 5933-, 6117-, 6125-,
and 6126-A bands of the NO- 2B, state. The fluorescence was excited using a tunable cw dye
laser operated single mode, using NO; pressures as low as 0.2 mTorr. From the variation of
the fluorescence intensity with magnetic field the product gz¢ is deduced, where g and r¢ are
the excited state g value and coherence lifetime, respectively. Using previously determined
radiative lifetimes, g is obtained and compared to the values of g expected from Hund's case
(b) coupling. The observed g values do not display the expected N’ dependence and are about
an order of magnitude smaller than predicted. An alternative explanation is that the g values
are behaved, but the coherence lifetime is shorter than the radiative lifetime, caused by
radiationless dephasing processes which may he collisional or intrinsic.

I. INTRODUCTION

The depolarization of resonance fluorescence by the application of an external
magnetic field was first observed by Hanle (/) more than 50 years ago. Since then,
Hanle-effect studies and other investigations depending on interference effects in
coherently prepared excited states have been extensively exploited in atomic spectros-
copy (2), but these possibilities are only beginning to be realized in molecular structure
studies (3). Because the Hanle effect permits resolution limited by the natural width

er than the Donnler width of a line, its annlication to the comnplex spectra of
Ner inan tne vopp:er wiatn of a ime, 1ts appuacation to tne compieX spectra of

molecules is appealing. Although a number of diatomic systems have been investigated,
observations of the Hanle effect in triatomics have been restricted to CS; (4), SO; (5),
NH; (6), and NO, (7), for which studies have been made of resolved fluorescence on
only the latter two.

We report here Hanle-effect measurements of some selected lines of the NO, visible
spectrum. The NO, molecule was chosen because its spectrum is notorious for appearing
extensively perturbed by what is believed to be interaction of the upper state levels
with h 111511 vibrational levels of the gi‘OhI’id state ( \0/ Since the classical Zeeman studies
of Fortrat (9), it has been recognized that perturbed lines in a molecular spectrum show
a more sensitive dependence on magnetic field than neighboring normal lines in the same
band. The reason for this is that the magnetic field “disturbs” the levels that perturb one
another. If the Zeeman splitting of the perturbated state is different from that of the
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NO; 2B, HANLE EFFECT 389

perturbing state, then the interaction causing the perturbation between individual
magnetic sublevels (M components) will vary strongly with applied magnetic field.
It is hoped that measurements of this variation will provide insight into the nature of
the perturbation Perhaps it is not surprising then that we find that the magnetic
Oep()ldrud[lou OI iVUQ resonarnce uuorebcence DCI1a,VeS dIlUIﬂleublV, lIl a manner not
previously observed in other molecular excited states. These first measurements of this
type encourage us that the Hanle effect provides an interesting ‘“window” on the
perturbed NO, visible spectrum.

II. EXPERIMENTAL METHOD

Figure 1 shows the experimental setup. A 22-cm-diameter spherical bulb contains
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This fluorescence cell is illuminated by a cw dye laser beam, defined to travel along the
x axis. The light beam is linearly polarized with its electric vector defined to point along
the y axis. A variable magnetic field is applied along the z axis. The NO, fluorescence is
detected by a photomultiplier positioned along the y axis. Between the NO, sample and
the photomultiplier is a linear polarizer which only transmits light polarized along the
x axis. The magnetic field is modulated and the variation of the fluorescence intensity
with magnetic field is measured using a lock-in amplifier. This procedure yields a deriva-
tive signal, characterized by a half-width, AH. By extrapolating to zero modulation
field, to zero NOs pressure, and to zero laser power, the quantity H;, corresponding to
the HWHM of a Lorentzian, is obtained.

Simple theory (3) shows that for a quantum mechanical system in a sharp angular
momentum state J, the zero-field level crossing signal (Hanle effect) relates the coherence

lifetime 7¢ and the separation AE(M 7|/f\ hetween the coherently excited magnetic
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y-components of the Earth's magnetic field are omitted here. The cw dye laser on the left-hand side has
1o be thought of as rotated by 90° around its long axis to give the polarization discussed in the text.
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sublevels M and M’ at the field strength H,° to one another by

AE(};’[, 1‘;1”)1'@ = I;i, (1)
where % is Planck’s constant divided by 2w. Using linearly polarized light and the
right-angle excitation—detection geometry of Fig. 1, only M’ = M = 2 sublevels can
be coherently excited. Thus

AL(M, M) = 2guddly, (2)

where p¢ is the electronic Bohr magneton and g is the Landé factor. Hence for such a
system, a measurement of H,’ permits the determination of the product gr¢ from
the relation

gre = b/ Quoll ). @)

111 LIlC lllIllL UI no (_Ulllbl()[lb UlC LOIICTCIILC lllCLl”lC TC lb dbbUIIICU to UC cqud to t ne Tadla,‘
tive lifetime rg. If rx is known from prior lifetime measurements, then the Hanle effect
provides a determination of the magnetic moment of the excited state. We describe
here the procedure for determining I7,%.

4 ,[ggm’ c

Freld

The magnetic field is generated by a pair of 1-m-diameter Helmholtz coils. At 100-mG
field strength the inhomogeneity is typically 1 mG/cm in the center of the fluorescence
cell. The x and y components of the earth’s field are canceled by two additional pairs
of Helmholtz coils; the z component of the earth’s field (approximately 0.2 G) adds to
[Ile Vdrlle(, Hldgﬂe[l(, 1161d 11 I'\l[ IIlngl( UL IICJU llltdburt‘[llﬁnts are PCI'IU[H_IEU ublllg a
Hall-probe gaussmeter (Bell Model 640), which has been calibrated against a rubidium
magnetometer. A search proved negative for the presence of low frequency (<1 kHz)

ac magnetic fields in the region of the fluorescence cell.

B. Detection System

The photomultiplier (Bailey 4283 SA-25 photocathode) views the NO, fluorescence
cell through a red filter (Corning CS2-58) and a linear polarizer (Vivitar). The filter
transmits wavelengths only beyond 6200 A, and suppresses light at the laser wavelength
by a factor of 10%. No scattered laser light is detected above the noise level. The linear
puthéi‘ is orienited to transmit fluorescence with its electric vector p&rm}m to the x axis.

Because of the long radiative lifetime of the excited NO, molecule, a correction must
be made for those excited molecules that drift from the field of view before emitting
fluorescence. To estimate the magnitude of the effect, the following experiment was
performed. The output of the photomultiplier was recorded as a small light source was
moved in the xz plane. The signal is flat for small deviations from the y axis, falling by
only 109, of its value at the center for the location of the light source 4 cm from the y
axis. However, beyond this excursion the falloff is rapid, the 509, value being at 6 cm.
If we assume that all molecules are viewed with the same TEsponise up to 6-cm excursions
frem the y axis, and no molecules can be observed beyond this circle, then there is a
small reduction in the apparent lifetime, amounting to only 3%, for a 75-psec lifetime
(10). This error, although systematic, is smaller than other errors, and thercfore no
correction is made.
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The photomultiplier is magnetically shielded but it is not cooled. The signal is
;l‘m_},\[iﬁggl and then fed into a lock-in detector (Princeton Annlml Research Model

HRS8 with tvpe A preamplifier) operated with a 3-sec time constant. Phase sensitive
detection is used because the magnitude of the signal is comparable to the intensity
fluctuations (2-59%) of the cw dyve laser. A sine-wave generator {Kronhite Model 4200)
causes the magnetic field I/ to be modulated at 70-200 Hz. This is accomplished by a
pair of Helmholtz coils, 32 cm in diameter, nested inside the larger Helmholtz sweep
coils. Higher frequencies would have been desirable to eliminate more completely the
laser intensity fluctuations, but could not be used because of the inductance of the
modulation coils. The lock-in uuLpuL drives an XV recorder when the 1 magn retic field
is swept by an operational amplifier (Kepco Model CK 18-3M). The voltage output
of the latter is controlled by a precision motor. The scan rate is typically 5 mG, sec
and the Hanle effect is recorded in 2 to 3 min. The X'V recorder is linear to better than
419, for a given scan.

C. NO, Cell

T2 R B

The fluorescence cell is the same as that used previously ({7, 12). Tt is a 22-cm Pyrex
bulb with entrance and exit arms terminating in Brewster’s angle windows, evacuated
by an oil diffusion pump, backed by a rotary mechanical pump separated from the
diffusion pump by a liquid nitrogen trap. A capacitance manometer measures the
pressure in the cell. Purified NO: is stored in a cold finger. First the NO, sample is

cooled to hn uid ni frno‘pn temperatures and volatile 1mnnrlhpq are nnrrmpd away. Then,

the cold ﬁnger is warmed, admitting NO» into the main fluorescence cell. Gas samplcs
are changed every few hours. This is necessary because it was noted that the laser light
caused some photochemical reaction to occur upon continued exposure.

he NO, fluorescence is excited by a tunable cw dye jet laser (Spectra-Physics Model
11\ with Model 581A etalon). The active medium is rhodamine 6G dissolved in pfh\ lene

128 AP, SO0 LAl INCUINE 5 TRoGalil VA QIsSLIVOQR ML U

glycol. It is pumped by a 4-W argon ion laser operating on all lines (Spectra-Ph_\sms
Model 163). The dye laser employs the folded three-mirror cavity design which com-
pensates for astigmatism (£3).

The frequency-selective elements inside the dye laser cavity are a wedged interference
filter, a 0.1-mm-thick etalon, and a 2-mm air-spaced temperature-stabilized etalon,
which selects a single longitudinal cavity mode.

The spacing of the two reflectors of the 2-mm etalon is varied piezoelectrically,

malring tha laser watal
maxking tne iaser wavel

500 MHz apart. Since the NO, Doppler width is about 1.5 GHz at room temperature,
it is possible to tune to a single NO; absorption line by hopping from one mode to the
next. The exact tuning to the center of the line is achieved by moving piezoelectrically
the flat end mirror. The mode structure of the dye laser output is monitored with a
scanning Fabry-Perot interferometer (Spectra-Physics Model 470-4). The width of a
single mode is measured to be about 50 MHz when the bench upon which the pump
laser and dye laser rests has no special vibration damping.

noth 1imn hetu-eon - nt lonoitudinal modes snaced about
T {10 maodaes

Higiluliiiar y SpaLlu avvuy
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4 I{arbitrary units}

01 0.3
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F1G. 2. Hanle curve for the N’ = 13, K’ = 1 line at 6127.59-A. Here the modulation amplitude was
Hod = 0.3 I1;. The pressure in the cell was 0.6 mTorr. This trace was recorded in 2 to 3 min.

When the laser operates on a single longitudinal mode, the intensity fluctuation is
found to be 2 to 5%, as observed on an oscilloscope which monitors the output of the
scanning Fabry—Perot interferometer. Under these conditions, the maximum power,
as measured by an Eppley power meter, is about 100 mW at 5933 A and about 50 mW
at 6125 A when the argon ion pump laser has an output power of 4.5 W,

Usually the laser remains in the same mode for about 10 min. Then the air-spaced
etalon must be readjusted to compensate for hopping into an adjacent moede. However,
this stability is sufficient to permit a scan of the Hanle effect.

By using a lens, the divergent laser beam is made almost parallel before it enters the
NOs cell. The beam diameter is about 1 cm and the polarization vector is rotated by two
90° prisms so that it is in the horizontal plane. This prism setup also facilitated the
adjustment of the beam height in the cell.

L. Measurement Procedure

The Hanle effect is observed for selected NO, absorption lines. The lines were chosen
to satisfy two criteria: (1) the lifetime of the upper state of the transition should have
been measured or estimated previously;* (2) the quantum numbers of the transition
should have been assigned previously (11, 12).

Based on these criteria, the Hanle effect of 13 NO, lines belonging to four different
bands situated around 5933, 6117, 6125, and 6126 A, were recorded.

4 The lifetimes were determined using one of two procedures. In each case, the NOz is contained in a
33-cm-diameter bulb at a pressure <1 mTorr, and the fluorescence is excited by a flashlamp-pumped
tunable dye laser sufficiently narrow (0.03 A) to excite individual transitions. In the first procedure, the
lifetime is determined as the average of the lifetime obtained from photographs of oscilloscope decay
traces following a single laser pulse. In the second procedure, the lifetime is determined as the average
of the lifetimes obtained from the output of a scanning boxcar integrator. Within experimental error,
the lifetimes obtained from photographs and from boxcar averaging were identical.
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Before each run, a Spex 1-m monochromator (see Fig. 1) is set to the wavelength of
the desired NO, line with the help of nearby calibration lines of Ne, Hg, Cd, or Th.
In this manner, the laser could be tuned to within 0.02 A of the absorption line. Fine
tuning is achieved by maximizing the fluorescence. In each case, the dispersed NO
fluorescence is checked in order to confirm the identity of the transition. This procedure
typically takes about an hour, after which the NO, sample is pumped away and then
refilled.

The Hanle effect is first recorded with relatively high strengths of the modulation
field, i.e., the modulation amplitude is comparable to the width of the Hanle curve.
The modulation field is then reduced until the Hanle width becomes essentially constant.
Figure 2 shows a typical trace of the Hanle effect. The theory of a modulation-broadened
Lorentzian curve shows that the extrema, H., appear as a function of the modulation
field at

Hy = £3 {4 + 3(Huoo/Hy) I — 1}, 4

where H a4 is the modulation field and Hy the HWHM of the Lorentzian curve (I4).
The values of H, are determined graphically from the recorded Hanle curves with an
estimated error of 4-109,. Equation (4) is found to be satisfied experimentally to within
our uncertainty. Using Eq. (4), the value of H; in the limit of zero modulation field is

determined from the relation
o, =3134Hd, — H_). 5

Then a short extrapolation of H; values as a function of H,,.q is made.

In addition to extrapolating to zero modulation broadening, the power density of the
laser beam is varied to learn its effect. It is possible that optical pumping of the ground
state causes distortion. To test for this, the lens was removed from the beam path (see
Fig. 1). This enlarged the beam cross section by a factor of 6 and correspondingly
reduced the power density. Then the laser power was varied between 5 and 50 mW.
The shapes and widths of the Hanle curves are not altered outside of experimental error.
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F16. 3. Plot of H; versus pressure for the N’ = 6, K’, = 1 line of 6128.44-A. The straight line is a
weighted least-squares fit to the measured values which we indicate as circles with error hars.
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The width of the Hanle curve depends on the density of the scatlering gas. The
coherence lifetime, r¢, can be lengthened by radiation trapping, causing the Hanle
curve to narrow. On the other hand, collisions may shorten the coherence lifetime,
causing the Hanle curve to broaden. For molecular systems, radiation imprisonment is
usually not severe even at high pressures, since only a small fraction of the total flu-
orescence can be reabsorbed. However, the collisional destruction of coherence can be
significant. The process may be described by

1/7¢ = (1/rz) + nlzvec), (6)

where 7r is the radiative lifetime, # is the density of the molecular scatterers, o¢ is the
coherence (alignment) destruction cross section, and v is the relative velocity of the
collision partners. For all lines investigated, the Hanle effect is recorded as a function
of NO, pressure in the fluorescence cell (see Fig. 3). The pressure is reduced from abcut
100 to 0.5 mTorr in five to eight steps. As expected, the Hanle signal is found to be
broadened linearly with pressure, at pressures typically 30 mTorr and less. At pressures
lower than about 0.2 mTorr, the signal becomes lost in the noise. The extrapolation of
I to zero pressure yields H,".

In order to ensure that the effect we observe is not spurious, such as the effect of the
magnetic field on the photomultiplier gain, experiments were performed with the
polarization vector of the light directed aleng the z axis. Under these conditions, the
magnetic sublevels cannot be coherently excited, and the Hanle signal is observed to
disappear into the noise.

III. RESULTS AND DISCUSSION

Table I presents the results of our Hanle-effect studies. The first four columns identify
the 13 excited state levels investigated. Column § lists the values of H;°, the half-width
at half-maximum of the Lorentzian curve obtained by extrapolating both the modula-

TABLE I
Hanle-Effect Data for Selected NO. Transitions

Band(R) xR N Ki HOm6) g7li07sec) StmG/mTom)
5933 533441 3 O 27¢(5 21412 55120
5933 593447 3 O 42415 (345 21:09
5933 593453 3 | 4543 1341  092¢022
5933 50397 15 O 75¢12 76¢12 72427
6117 6110.88 17 (o) 52¢5 It 18+
6117 61095 17 | 6514 8849 1B+2
6117 61105 17 1 62412 91217 2242
6125 612162 7 1 78%5 7.3:04 18+
6125 612759 13 1 5222 11+] 24
6125 6l141l 22 | 60t6 95:09 1912
6126 6i2748 3 |  88+¢5 65t04 22¢08
6126 612844 6 | 5513 [0+3 96409
6126 612916 8 | 6446 90409 7.0412

Uncertainty of Hj and 8 is based on 70 confidence
limits. :
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TABLE 11
Analysis of the Hanle-Effect Data Assuming r¢ — 7y
Bond (&) A(R) N K, rplpsed)” g derived® LI

5933 5934 41 3 0 879 0.025+00l6 0.2860
(1942) (0.l1+0.08}

5933 593447 3 O |00ti5° 0.0i3+0007 02860
(25t5)" (0.054+0029)

5933 593453 3 | 10045 00I3+0003 02860
(25¢5)° (0.050¢0.013)

5933 593917 15 O OO‘IS 0.0076¢00024 0 0646
(25¢5 (0.03120.011)

eN7 611088 17 O 60¢6° 0.018+0.004 00572

6117 611095 17 1 575¢| 0.015:0.004 00572
6117 81105 171 574} 0016+0003 00572
6125 612! 62 7 | 65546 00I11£0002 01335
6125 612759 i3 | 7547" 0.015£0.002 0074}
6125 6114 11 22 | 75+7 0.013¢+0002 00445
6126 612748 3 | 75+7¢ 0008600013 0 2860
6126 612844 6 | 7547° 001440005 01540
6126 6129.16 8 | 75¢7"  0.012:t0002 01178

9In the case of the 5933k band, there is some ambiguity because
the radiative decay appears to be bi-exponential (15). We have
taken the longer lifetime as the ccherence lifetime, since this
makes the behavior of this band similar to the others. We
present in parentheses the alternative choice of lifetime and
resulting g value.

bogtimated lifetime based on lifetimes of nearby transitions
of the same vibronic band.

tion broadening and the pressure to zero. With these #,", we obtain grc (column 6)
using Eq. (3). The last column lists the values for the collisional destruction of coherence,
reported as mG/mTorr. These values are found from the slopes, S, of the H, versus
pressure plots.

Our first attempt to analyze the data presented n Table I was to assume that r¢ =
L £ : T
1

~a A wraliang —

nd hence to derive g Vaiues 1rom 414 %0. The results of this ana :\SiS are shown in Table T1.
The 2B, electronic state of NOs is bent. Therefore, the electronic angular momentum is
quenched, i.e., is not a constant of the motion. The electron spin, 8’ = 1, is coupled to
the rotational angular momentum N’ to form the total angular momentum J’ (disregard-
ing nuclear spin I'). For such a coupling scheme, called Hund’s case (b), the g values
are calculated to be (16)

g(J') = £1.001/ (X' + 3), (1)

where J' = N’ & 3. For J' >> I, these g values are only slightly altered by the presence
of hyperfine structure. We have listed in column 7 of Table II the g values expected from
this simple theory [Eq. (7)].

that th cre
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from our measurements (column 6). The latter are smaller, typically by more than a
factor of 5, and appear to be internally consistent. Moreover, in the 6125- and 6126-A
bands, g does not decrease with .V" as Eq. (7) predicts. Instead, the grc values versus
V" appear to be almost independent of N, as seen in Fig. 4. Although our gre values show
scatter, we feel confident that we have eliminated all effects that could distort our
Hanle curves to such an extent so as to cause the disagreement between g(J’) and the
experimentally derived g value.
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Fic. 4. Plot of the experimentally derived gr¢ values versus N'. The grc of the 5934.41-3 transition
is not included in this plot.

There is additional evidence that the gr¢ values obtained from Hanle effect studies
of NO, are anomalous. Prior to this work, Wallace (7) used a pulse dye laser and gated
detection electronics to study in this laboratory some selected levels of the

NO, 5933-A band. His results are in fair agreement with those reported here. For
hig 1yq]nn nf ll 0 Fr\r ﬂf\a :014 A1 K frth|hnh lc AR -+ 6 mr‘ 5 pnmharnr‘ to our

nle
example, his sition is 6 mG,® compared to our
value of 27 & 15 mG. Our values for the other two N =3 transmons of the 5933-A
band investigated are about 45 mG.

Recently, Bonilla and Demtréder (17) have measured Hanle widths using various
lines of the argon ion laser as the excitation source. Again, values of H;® were found that
were anomalous in that they were much wider than expected from the product of the
theoretical g value and the radiative lifetime.

An alternative lnterpretatxon suggested to us by Miller (1&) is to abandon the assump-
LlUll LlldL TC = TR a,uu assuine lllbLCd’u Lhdl, g lb W Cll Ucua'v'eu, l (8 .y 51VC11 U.y 1_4(_{ \l} .llllb
treatment yields the coherence lifetime, 7c, and the coherence destruction cross section,
oc, listed in Table III. We find that r¢ is much less than g, while oc is approximately
90 A? in most cases. We find that this treatment leads to a rather consistent interpreta-
tion. This way of analyzing the data is also favored by Demtréder (19). Indeed, if we
fix gc = 90 AZ, then the g values calculated from the experimental measurements of
H,® and 7 are in good agreement (see column 7 of Table IIT) with the g(J’) values
given by Eq. (7).

Finally, we must confront the question of what causes 7¢: to be less than rg. One
possible explanation is that the origin of this effect is collisional, even though H; has
been extrapolated to zero pressure. For the 90-A2 coherence destruction cross section, the
mean time between collisions is about 30 psec at 0.5 mTorr. For one collision every
microsecond at this pressure, the cross section must be almost 3000 AZ Thus this
interpretation leads us to a contradiction in that oc = 90 A2 gives a consistent set of g
values while the coherence destruction cross section must be at least an order of mag-
nitude larger to account for r¢ < 7g.

5In his thesis, Wallace gives I} as 95 & 12 mG; however, I/}* is defined as FWHM rather than
HWHM.
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TABRLE I
Analysis of the Hanle-Effect Data Assuming the g Value is Well Behaved

Bond (A1 XA N K] 7, fwsed) o (10 glo=o08)  g(u)

5933 s93¢4l 3 0 74442 20085 015733, o280

+32 +0.50
(13135) (023!3%R)
+142 +0.62

5933 59447 3 0 47Tsie 79trZ  032'0§2 02860

(sa285) (03528%)

5933 593453 3 1 44:03 34716 073723 o2ec0
5 +0.50
(0118) (o771330)

5933 593917 15 0 12:2 5535  010'3B ocoeas
+0.15

(3733) (02338)

617 6088 17 0 19:2 95’33 00551392 oos72
6ii7 81095 7 1 15+3 99’83 o00s3'383 ocos7e
67 enos 17 1 16:3 12X 004773322 oos72
6125  BI2162 7 | 55:03 30:6  0048:00i3 0.1335
6125 62759 13 | 15¢1 981l 0069:006 0074
6125  en4n 22 1 21:2 8332 004773913 00445
6126 oiz7ag 3 1 23:01 81738 032732% oa2eeo
626 e8aa & 1 e67:6 (8%7  0083*3%B o540
6i26 €236 8 1 76:07 0:4  0.I1G9E onure

‘See Footnote a in Table II.

Another possible explanation is that the origin of this effect is intrinsic, i.e., it arises
from intramolecular radiationless dephasing. In this picture the molecule “hops” to
nearby levels of the same total angular momentum, F, but with different g(F") values.
It is tempting then to associate r¢ with the lifetime calculated from integrated absorp-
tion measurements. Neuberger and Duncan (20) reported an integrated absorption
coefficient lifetime of 0.26 usec. Donnelly and Kaufman (2/) have reexamined Neuberger
and Duncan’s work and have calculated a lifetime of ~ 1.5 usec at 5930 A. More recently,
Donnelly and Kaufman (22) have discovered that when the fluorescence spectrum is
corrected for detector response and is plotted in constant wavenumber units, the
fluorescent intensity increases to the red as far as they were able to follow it (7300
cm™! below the excitation frequency). This further lengthens the estimated integrated
absorption coefficient lifetime by about a factor of 5. Thus, r¢ and the integrated
absorption lifetime are of the same order of magnitude. However, the calculated density
of appropriate levels may be too low to support this interpretation.

It appears then that objections can be made to both explanations. To further our
understanding of this phenomenon, it is suggested that additional experiments be
performed. In particular, it would be valuable to have independent measurements of
the g values, e.g., by double resonance, as well as 7¢ values, e.g., by the measurement of
the homogeneous linewidth by double resonance spectroscopy (23) or by other means
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(2:)). In closing, it may be that the origin of the anomalous magnetic depolarization of
NO; fluorescence (0-0.5 G) reported here is related to the anomalous magnetic quenching
of NO; fluorescence (0-17.7 kG) reported by Butler and Levy (25). In their experiments
the magnetic quenching cross section is an erratic function of the excitation wavelength,
appears to grow with increasing magnetic field, and could be explained once again by
radiationless processes which are collisional and/or intrinsic.
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