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The gas-kinetic magnetic resonance (GMR) has been investigated experimentally for polyatomic 
gases with different molecular configurations, namely, CO,, CH,, SF,, and NF,. The results are 
in qualitative agreement with theoretical predictions. They suggest that GMR could be used to 
investigate the properties of many gases. The molecularg-factors determined in these 
experiments agree with existing data to within experimental error. 

It is well-known that the gas thermal conductivity 
R ( H )  undergoes a resonance reduction in mutually perpen- 
dicular ("crossed") constant and alternating magnetic 
fields H a n d  H- . This is the so-called gas-kinetic magnetic 
resonance (GMR).'-6 Theory that the maximum 
reduction in thermal conductivity, R = R,, occurs when the 
frequency f of the field H -  is equal to the precession frequen- 
cy of the magnetic moments of the nonspherical molecules: 
f = y*H,,, , where y* is the gyromagnetic ratio of the mole- 
cules under investigation and H,,, is the resonance value of 
the field H. Consequently, if we know f and H,,,, we can 
determine y*, which is related to the molecular Land6 g- 
factor. For nonparamagnetic molecules, g = y*h /p,  , where 
h is Planck's constant and p, the nuclear magneton. It fol- 
lows that GMR can be used to determine g. However, since 
GMR is an even effect, the sign of g cannot be determined. " 
Theory shows2 that the function R ( H )  depends significantly 
on the chosen model of molecular scattering. Under certain 
special conditions, R ( H )  can have fine ~ t ruc ture~ . ' .~  and 
nonmonotonic singularities in the form of GMR harmon- 
ics.", Studies of these singularities can be used to judge the 
anisotropy of the nonequilibrium distribution of the mole- 
cules over their vibrational states and, hence, the orienta- 
tional dependence of nonspherical scattering by the mole- 
cules. Previous experimental studies of GMR in 
nonparamagnetic gases were confined to diatomic mole- 
~ules.',~-"t was shown that the function R ( H )  was, on the 
whole, in good agreement with theory, but there were also 
some significant discrepancies, especially in the fine struc- 
ture of GMR.' In this paper, we report an experimental 
study of GMR in polyatomic gases with different molecular 
configurations, namely, CO,, CH,, SF,, and NF,. These 
molecules are either slightly nonspherical or have a small 
value of g. This complicates studies of GMR fine structure, 
which was not, therefore, investigated in these experiments. 

The experimental method is described in detail in Ref. 
1. It is based on a dc bridge in which adjacent arms contain 
thermistors heated to about 100 "C in two communicating 
and identical measuring chambers, filled with the gas being 
investigated. The two chambers are placed in the gap of an 
electromagnet whose magnetic field H i s  parallel to the tem- 
perature gradient. One of the chambers (the "active 
chamber") is, in addition, located inside a solenoid that pro- 
duces the alternating field H -  . The bridge off-balance signal 
is proportional to the difference SQ between the heat fluxes 
AQ and AQ, in the active and comparison chambers due to 

the changes A& and A&, in the thermal conductivities pro- 
duced by the magnetic field H + H- in the first and H in the 
second chamber. It follows from Refs. 1-3 that, when 
H> H -  and H /p is large enough (p is the pressure), AE is 
approximately equal to the sum of the change in thermal 
conductivity produced in the active chamber by the field H, 
i.e., the even Senftleben-Beenaker effect (SBE) A&, , and by 
GMR itself, namely, A E , = R ( H ) .  Hence, 
AQ = AQ, + AQ, . In the comparison chamber (in which 
the heat flux is entirely due to SBE, we have AE, = A&,,, so 
that AQ, = AQ,, . The signal due to AQs produces an un- 
wanted background, which can be biassed off by adjusting 
the sensitivity of the comparison chamber relative to the ac- 
tive chamber. When the two chambers are completely identi- 
cal, AQs = AQ,,, so that ISQ / - lAQR 1 .  As a rule, the ex- 
perimental setup could be adjusted with a precision 
sufficient to ensure that the off-balance signal was practical- 
ly proportional to R ( H ) .  The method used to extract the 
signal from R ( H )  is illustrated in Fig. 1. 

Measurements were performed in the following ranges 
of values off, p, and H: 83-21 1 kHz, 10-30 mtorr, and 0-8 
kOe. In all cases, the amplitude of the field H- was about 
360 Oe (the amplitude of the rotating field was about 180 
Oe). Figures 2-4 show typical E ( H )  curves, obtained for 
GMR in CO, (line molecule), CH,, and SF, (spherical spin- 
ning tops). I t  was found that, for all these gases, the reso- 
nance value of the field H,,, was proportional to the frequen- 
cy (see, for example, the GMR curves for SF,, shown in Fig. 

FIG. 1. Schematic illustration of the functions A Q ( H )  and 6 Q ( H ) :  1- 
SBE in the comparison chamber; 2,3-SBE and SBE + GMR in the ac- 
tive chamber; &difference SBE effect; 5-difference SBE + GMR ef- 
fect. In contrast to the subsequent figures, these graphs do not show the 
nonmonotonic singularities that are unrelated to GMR at low H, but are 
due to the influence of the resultant field H + H _  
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-A&, arb. units 
-A&, arb. units 

FIG. 2. The function A E ( H )  for COz at p = 30 mtorr and f = 208 kHz. FIG. 4. The function A & ( H )  for SF, atp = 20mtorr,f: 1-83.5 kHz, 2- 
97 kHz. 

4). The gyromagnetic ratios (y* = f/Hre,) were found to 
be: y&, = (37.5 _+ 3) Hz/Oe, yEH4 = (220 f 10) Hz/Oe, 
and yzF6 = ( 27 + 1.5 Hz/Oe. The corresponding values of 
g are listed in the table. It is clear from these data that the 
absolute values of g, obtained for CO,, CH,, and SF, by the 
GMR technique, agree to within experimental error with 
molecular beam data.'-"' 

The GMR experiments with NF, turned out to be more 
difficult than the others. The SBE signal could not be accu- 
rately compensated, which was probably due to SBE and 
GMR properties determined by the structure of this mole- 
cule. These properties require further experimental and 
theoretical investigation. The resonance effect was isolated 
as follows. We first analyzed the SQ(H) curves, recorded for 
different degrees of compensation of SBE (different sensiti- 
vities of comparison chamber). If GMR occurs, then for 
f = const it should appear on all the curves with the same 
value of H,,, as a singular increase in the absolute value of 
the change AQ in the heat flux in the active chamber. The 
experimental identification of this singularity is preceded by 
the determination of the connection between the sign of the 
change in the heat flux in this chamber and the direction of 
the off-balance produced by it. When GMR occurs, the 
change in the frequency should produce a proportional 
change in H,,, . The required effect can be detected by ana- 
lyzing the SQ(H) curves obtained in this way. Figure 5 
shows the experimental results. It is clear that, despite the 
considerable difference between the curves, they do have 
common resonance features at H = 1.8 kOe for f = 97 kHz 
and H = 4 kOe for f = 2 1 1 kHz, which correspond to mini- 
ma of the modulus of the derivative d8Q /dH on portions of 
these curves that lie between the broken vertical lines at f / 
H z  50 Hz/Oe. Hence, we find that y* = (47 +_ 3) Hz/Oe, 
which corresponds to g = 0.068 f 0.007. It is important to 

note, in this connection, that the molecule NF, (symmetric 
top) has a magnetic moment that is not parallel to the angu- 
lar momentum, and the g-factor of this molecule, deter- 
mined from the Zeeman effect, is a tensor with components 
g, = - (0.060 f 0.001) (Refs. 11 and 12) and 
gl, = - 0.08 1 (Ref. 12). The magnetic moment, averaged 
over the fast rotation, is determined by the mean absolute 
value (El ~ 0 . 0 7 ,  which agrees, to within experimental error, 
with the results obtained from our experiments. However, 
the precision of the experiments was not sufficient to enable 
us to determine the anisotropy of the g-factor. 

The ratio of the resonance amplitude to the SBE value 
at saturation, R,/S , lies in the range 0.02-0.1 for the above 
gases, depending on the molecular species. These values, and 
the overall shape of the experimental function R (H) ,  are in 
qualitative agreement with the theory. For CH, (Fig. 3),  the 
second GMR harmonic was observed at H=0.5 kOe, i.e., 
there was a resonance increase in thermal conductivity at 
HeO.5Hre,. The position and form of this harmonic are in 
qualitative agreement with the theoretical model of P, scat- 
t e r i t ~ ~ . " ~  More detailed investigations are necessary to refine 
.our information on the scattering process. 

Thus, all the data obtained as a result of our experi- 
ments are in agreement, at least qualitatively, both with the 
theory and with existing experimental data obtained by oth- 
er methods. 

We note that the above value ofgll for NF, was obtained 
in Ref. 12 by an indirect estimate: the molecule was assigned 
the same value of gll as that found for the molecule PF,, 
which has a very similar configuration. It is noted in Ref. 13, 
which reports similar indirect estimates ofgll for the H,CCN 
and H,CNC molecules, that the relative uncertainty in these 
estimates may be as much as f 10%. The authors of Refs. 
11-13 were unable to determine gli  directly for these mole- 
cules because the nuclear quadrupole moment of the NI4 
atom introduced considerable complexity into the resonance 
spectrum. For the same reason, and in contrast to the GMR 
method, the resonance could not be observed for the Ny 
molecules in the molecular beam method.h314 

-A&, arb. u n ~ t s  
70 - 

TABLE I. Absolute values of g for different gases. 

Gas 1 GMR 1 Molecular beam method 
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0 0 1.2 1.6 
COz (5.110.5) .lo-' 

H, kOe (3.t0.15) .10-' 
SF6 (3.6k0.2) .lo-2 

(5.508*0.005) . (Ref. 8 )  
(3.133*0,002) .lo-' (Ref. 9 )  
3.733.10-2 (Ref. 10) 

FIG. 3. The function A E ( H )  for CH, at p = 30 mtorr and f = 208 kHz. 



FIG. 5. The function AQ(H) for NF, at p = 10 mtorr. The arrow shows 
the direction of the resonance change CQ. The frequency f was: 1-4--2 1 1 
kHz, 5-6-97 kHz. 

It is clear from the above data that the relative uncer- 
tainty in the g-factor, determined by the GMR method 
( f l o%) ,  is higher by two orders of magnitude than the 
uncertainty in the molecular beam method, and up to an 
order of magnitude higher than that in the case of data based 
on the Zeeman effect. However, the GMR method has the 
following advantages (at least, in comparison with the above 
two methods, judging by the characteristics reported in 
Refs. 8-14): (1 )  relative simplicity (both in experimental 
respects and in the sense that the molecular g-factor can be 
measured directly without resorting to an analysis of the 
spectrum); (2) a small amount of gas is necessary for mea- 
surement (in our experiments, the threshold sensitivity was 

about 1013-10'4 molecules); (3 )  nonspherical scattering by 
the molecules can be investigated, and (4 )  in principle, the 
technique can be used to investigate very different molecules 
(for example, in our experiments, we were able to obviate the 
difficulties encountered in Refs. 11-13 because of the influ- 
ence of the nuclear quadrupole moment on the resonance 
effect). The precision of the G M R  method could be in- 
creased, for example, by producing and varying the field H 
as described in Ref. 5. 

In conclusion, the authors wish to thank A. A. Sazykin 
and L. A. Maksimov for useful discussions. 

"The sign can, in fact, be found relatively simply by using the odd Senftle- 
ben-Beenaker effect.' 
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