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Abstract:

Transitions within the tunneling multiplet of CH4 in phase II are an almost classical example of rotational tunneling. Improved high
resolution neutron scattering (with larger dynamical ranges and better statistics) does provide much improved data. An experiment at the
backscattering instrument BASIS of the SNS on CH2D2 thus has allowed a new way of analysis of linewidths and lineshapes. However,
the T-state splitting close to the elastic line as predicted by model calculations could not be resolved on BASIS due to its energy
resolution of 3ueV. We propose to use the higher energy resolution of IN16B (0.75 ueV) to measure the T-state splitting on the simpler
pure CH4 and furthermore to extend the previous published data on CH2D2 from BASIS. These measurements present a critical test for|
the new model predictions and the simulation approach based on the pocket state formalism.
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Experiments were performed with solid methane condensed into an Al-cell, a hollow cylin-
der with a wall-thickness of 0.15mm. The measurements, mostly in phase II of CH,4 (4K to
30K), were done with a resolution of 1 peV in a range between -30 peV and + 30 peV.

The principal goal was the shape of the tunneling spectrum stemming from T-T transitions at
the sites of orientationally ordered molecules in CHy4 I1: While all 3 T-states have zero energy
at a perfectly cubic site they split up in presence of a finite potential. In case of the disorder
originating from the different nuclear spin species in solid CH,4 there is a distribution of these
energies. The two width parameters a =2.25 peV and b = 1.05 peV of the distribution (de-
scribing the parts of the h-distribution with A and T-symmetry, respectively) have been found
in a previous experiment [1]. Note, that these fits involved the tunnelling peaks.

Spectra of the T-T-transitions are displayed in Fig. 1(a), both for pure CH,4 (99.99% purity)
and CH, with 7.3% CH,D, admixed. In neither case the spectra display the “dip” in the spec-
trum at E=0, predicted by a model calculation. Obviously it is obscured by an intense
(strictly) elastic peak. Preliminary model fits of the low temperature T-T data of pure methane
show little sensitivity to the parameter a. For b a value of 0.74 peV is found, smaller than the
earlier result, resulting in a smaller T-T splitting. For CH, with 7.3% CH,D, admixed we ex-
pect a slightly higher value because of the additional disorder caused by the admixture.
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Fig. 1(a) T-T spectrum in CH, I (about 8 hours, each) Fig. 1(b) T-T spectrum CH, I, model fit; b=0.74ueV

The analysis aims at the exact shape of the distribution of the T-states, and also at differ-
ences between the distribution with and without admixtures of CH,D,.

In a first experiment a moderate percentage of CH,D, served to obtain tunneling spectra of
CH,D:, in phase II (which is not accessible at low T otherwise). The above spectrum measured
with much better resolution than before seems to show 3 weak peaks at energies of about 9,
18 and 27 peV. Such a triplet with equidistant energies is typical for 2-fold symmetry (either
CHj; at a site with 2-fold symmetry or CH,D, at a site with effectively tetrahedral symmetry).
A preliminary assignment are T-E transitions.

The presence of a 2™ such triplet at higher energies [1] and eventual effects of orientational
energies [2] remain an object of further investigation.
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Fig. 2 Data at selected temperatures. Note: the
phase transition to the orientationally disordered
phase I occurs at T.=20.4K.
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Finally the temperature dependence of the T-T transitions was measured (Fig. 2). In prin-
ciple there is an almost continuous transition to rotational diffusion prevailing above the phase
transition at T;=20.4K. Fig. 2 shows the broadening of the spectrum with rising temperature
which can be regarded as the effect of rotational jumps (described by Lorentzians) on an ini-
tially static distribution of transitions between T-state tunneling energies.

Arrhenius graph of FWHM [I(T)

“o{ ® T
Arrhenius graph

120
Fig.3 Temperature dependence of the T-T peak
100 + 9 broadening, described by Lorentzians convoluted
with the model peak. The figure shows its full
width at half maximum (FWHM) as function of
temperature. Points are obtained from fits to the

80

60

FWHM I/ eV

i
1
!
I
E,= 11.2 meV . ' spectra; the orange line shows the log-linear fit-
0 4 ? E ted Arrhenius graph. The dashed line indicates
. ! the phase transition at T. = 20.4K.

20 4 Y i
o i
ol 1
0 & ssses T 7 I
0 5 10 15 20

temperature / °K

Above the phase transition temperature T. rotational diffusion of the molecules causes
quasielastic scattering with widths well above 1 meV. A measurement at T=30K has been used
to determine the instrumental resolution; in this way the same sample geometry as for the
lower temperature measurements is ensured. Below T. the quasielastic scattering is much nar-
rower. Its width increases with temperature as demonstrated by the fit results in Fig.3. The
width shows a similar (almost exponential) behaviour as that obtained in a very early experi-
ment studying the width of the (inelastic) tunneling peaks [3].

An activation energy of about 10 meV is in agreement with known librational energies. So
far, effects of the decrease of the potential - when approaching the phase transition - have
been ignored. A more detailed analysis is still ongoing.
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