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We have observed a very striking density de-
pendence of the proton spin-lattice relaxation
time T, in gaseous fluoroform (CHFs) and meth-
yl fluoride (CH, F). Although a complete inter-
pretation is not possible at this time, measure-
ments of the type which we report here should
be very useful in the determination of anisotrop-
ic intermolecular potentials for symmetric-top
mole cules.

Background. —Nuclei of spin 2 are coupled to
the molecular rotation by the intramolecular
spin-rotation and dipolar interactions. For a di-
lute gas, the interactions between nuclei on dif-
ferent molecules may be neglected. Molecular
collisions cause transitions between the rotation-
al states of the individual molecules which re-
sult in a modulation of the intramolecular inter-
actions. This enables the nuclear Zeeman sys-
tern to exchange energy with the system of rota-
tional and translational degrees of freedom of
the molecules. For dilute gases, a relationship
has been derived' between T„ the coupling con-
stants of the spin-rotation and dipolar interac-
tions, and their correlation times 7, and &„re-
spectively. Since 7, and 7, are normally inverse-
ly proportional to the density p for dilute gases,
and since it is difficult to observe the NMR sig-
nal at sufficiently low densities to violate the con-
dition ep7y (op+2 (+1, one usually observes a lin-
ear dependence of T, on density' ':

T, =Ap,

where A is a function of temperature only.
Observations. —We have measured T, as a func-

tion of density and temperature for the fluorine
and proton spins in CHFS and CH~F. The results
for CHF, are presented in Fig. 1 in the form of
a plot of T,/p as a function of p at several tem-
peratures. Similar results were obtained for
CHSF. If Eg. (1) holds, this plot gives a horizon-
tal line. The new effect we report here is that,

whereas Eq. (1) correctly describes the relaxa-
tion of the fluorine spins, the dependence of T,
on p for the protons is quite different. For the
protons, the curves of T,/p vs p appear to have
"steps" as indicated by the solid lines drawn
through the data. These solid lines have no theo-
retical significance, however, and we have indi-
cated, by the dashed line drawn through the
room-temperature points in Fig. 1, an alterna-
tive curve which fits the-data as well as the solid
lines. Our room-temperature results are in
agreement with those previously reported for
CHF~ provided that the proton T, measurements
of Johnson, Waugh, and Pinkerton were carried
out at densities less than 20 amagat where our
first break occurs. As these authors point out,
the fluorine spin relaxation is dominated by spin-
rotation interactions while dipolar interactions
may contribute appreciably to the proton relaxa-
tion rate. To complete the description of our ex-
perimental observations, we are able to fit the
temperature dependence of the coefficient A in
Eq. (1) for the fluorine T,/p very well by A ~T
where n = 2.5 + 0.1 for CHF, and n = 1.63 + 0.05 for
CH3F. A similar behavior is found for CF4
where n=1.65+0.1. The fluorine T,/p for CF~
and CH, F at room temperature were found to be
2.1 + 0.05 msec/amagat and 44 + 1 msec/amagat,
respectively.

Sample purity. -The samples of CHF, and
CH, F gases were obtained from Matheson of Can-
ada, Ltd. , who specified the minimum purity to
be 98 and 99%, respectively. By means of a
mass-spectrometer analysis, we have shown
that the 0, concentrations in CHF, and CH, F are.
less than 0.01 and 0.1%, respectively. We have
also measured the proton T,- in a sample of CHF,
containing 0.35% of oxygen and have obtained re-
sults very similar to those previously reported'
for C,H4 with oxygen added. This indicates that
the novel features of the data presented in Fig. 1
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FIG. 1. Plot of T&/p vs p for protons and fluorine nuclei in CHF3 gas. The densities are expressed in ideal ama, —

gats, one such unit corresponding to 2,69&&10"molecules/cm3. The dependence of p on temperature and pressure
was supplied to us by General Chemical Division, Allied Chemical Co. These values were confirmed to within a
few percent error by measurements of the proton magnetic resonance signal strength. The value of T&/p for the
fluorine spine is 3.5 msec/amagat.

are not due to paramagnetic impurities.
Interpretation. -We suggest that the peculiar

dependence of the proton T,/p on p is due to the
fact that the intramolecular dipolar interactions
make an appreciable contribution to the proton
relaxation rate. It has been pointed out previous-
ly' that in a very dilute gas only a small fraction
of the dipolar interaction is effective in produc-
ing spin relaxation. This is so because the dipo-
lar interaction transforms under rotations as
the spherical harmonic Y2~(Q) and has matrix
elements connecting states having differences in
the rotational quantum numbers &J=O, +1,+2;
4K=0, +1,+2. At low densities where the rota-
tional levels are sharp, the high-frequency dipo-
lar terms arising from rotational states of dif-
ferent energy must be dropped insofar as nucle-
ar spin relaxation is concerned. This reduces
the contribution of the dipolar interactions to the
spin relaxation rate in spherical-top rnolecules
by a factor of exactly 5. This reduction factor
in symmetric top molecules can be much great-
er. ' ' We believe that the breaks in the depen-
dence of T,/p on p arise when groups of rotation-
al levels are collision broadened by an amount of
order of the characteristic frequencies of the os-

cillating terms in the dipolar interactions. Such
effects have already been discussed with respect
to nonresonant absorption measurements. ' ' In
order to analyze our results, more accurate
measurements of the spin-rotation coupling con-
stants for CHFs and CH, F are required. ' The
spin-rotation interaction has negligible high-f re-
quency matrix elements, thus accounting in our
picture for the constancy of 7,/p of the fluorine
spins. With the availability of the spin-rotation
coupling constants, the proton dipolar contribu-
tion could be obtained from the experimental val-
ues of T, for proton and fluorine spins. Even
then more experimental information is required
to test the influence of nuclear spin symmetry,
molecular symmetry, and intermolecular inter-
actions on the observed effects. To clarify
these points we are carrying out further experi-
ments on mixtures of CHF, and CH, F with other
gases and on the deuterated molecules. We are
also planning to perform double resonance exper-
iments such as those previously performed on
lxquzd CHFs
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The "small-&" method of neutron molecular spectroscopy has been used to observe
for the first time the two librational modes, A2 and F2, of the methyl groups in neopen-
tane. Two inelastic-scattering peaks corresponding to librational modes were mea-
sured at 26 and 33 meV, the separation resulting primarily from a difference in the six-
fold energy barriers governing the two rotations. Both librational motions were re-
stricted by a dominant threefold energy barrier of +870 +30 MeV.

Of the 19 vibrational frequencies expected in
neopentane, C(CH, )„ five are associated with
symmetries which are infrared and Raman inac-
tive, '~' and therefore cannot be studied directly
by these means. Rush recently exhibited that
the methyl librational motions which are num-
bered among the optically inactive frequencies
could be observed in a single broad band with
cold neutrons inelastically scattered from the
methyl protons in neopentane. %e wish to report
for the first time the resolution of this broad
band into two separate peaks corresponding to
the two anticipated librations of symmetry A~
and I,. The peak intensities were found to re-
flect the onefold and threefold degeneracies as-
sociated with the symmetries of these two libra-
tional modes provided that the Boltzmann cor-

rection is made in the populations of the differ-
ent levels and that differences in the proton dis-
placements in the two modes are considered.
Since the potential wells governing the libration-
al motions of the CH, groups appear to be suffi-
ciently deep, considerations which are needed to
deal with tunneling between different CH, confor-
mations4~' were omitted.

The relatively high resolution achieved in this
scattering experiment results from utilizing the
smallest possible scattering angles and incident
neutrons with higher than customary energy.
This experimental arrangement, which is called
the "small-1(."" method, minimizes the momentum
exchanges between the sample and thermal neu-
trons. As the widths of both elastic and inelastic
peaks in the neutron spectra of a gas sample are


