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Structure of manganese diacetate tetrahydrate and
low-temperature methyl-group dynamics

We have determined the crystal structure of manganese(II)
diacetate tetrahydrate at 300 and 14 K by single-crystal
neutron diffraction. Proton density distributions for each of
the three crystallographically distinct methyl groups have
been calculated by Fourier difference. At room temperature
the observed densities are those of quasi-free rotors. At low
temperature rather well localized protons are observed.
Inelastic neutron scattering measurements performed with
single crystals allow us to assign each of the three tunnelling
lines to a particular crystal site. Classical molecular dynamics
simulations give density distributions in qualitative agreement
with the observations. With quantum mechanics proton
distributions can be represented with rotational wavefunctions
convoluted with static distributions of librational coordinates.
The effective rotational potentials are temperature depen-
dent.

1. Introduction

Light particles experiencing potential functions with topolo-
gical degeneracy manifest their quantum nature via tunnelling.
Owing to the spatial extension of the particle wavefunction
through the classically forbidden regions, the degenerate
ground state in the classical regime splits into sublevels. The
magnitude of the tunnel splitting depends on the particle mass
and potential shape (distances between identical sites, barrier
height etc.).

Rotational dynamics of methyl groups give rise to obser-
vable tunnelling transitions in many molecular crystals (Press,
1981; Prager & Heidemann, 1997). In principle, the threefold
symmetry of the indistinguishable protons ensures strict
topological degeneracy in any crystal environment and tunnel
effects are intrinsic to methyl groups. However, the splitting,
which depends only on the potential barrier between indis-
tinguishable configurations obtained by rotation of +27/3,
may occur at any energy below the upper limit imposed by the
rotational constant (B =~ 655 peV). Tunnelling transitions
above ~1 peV are best observed with the inelastic neutron
scattering (INS) techniques. This is a very sensitive probe of
the local potential.

In the crystalline state intra- and intermolecular contribu-
tions to the on-site potential can be distinguished. The former
is determined by the structure of the chemical entity bearing
the methyl group. The intermolecular potential depends on
the molecular environment. In principle, these contributions
can be related to the crystal structure via ab initio and mole-
cular mechanics methods (Johnson et al, 1997; Neumann &
Kearley, 1997; Neumann & Johnson, 1997; Schiebel et al., 1998;
Nicolai, Kaiser et al, 1998; Nicolai, Kearley et al, 1998).
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Table 1

Experimental details .

14K

300 K

Crystal data

Chemical formula

Chemical formula weight

Cell setting, space group

a, b, c (A)

o B,y ()

V (A%)

V4

D, (Mg m~3)

Radiation type

Wavelength (A)

No. of reflections for
cell parameters

6 range (°)

Temperature (K)

Crystal form, colour

Crystal size (mm)

Data collection
Diffractometer

Data collection method

No. of measured, independent
and observed parameters

Criterion for observed
reflections

Rint

Ormax (7)

Range of i, k, [

No. and frequency of
standard reflections

Refinement

Refinement on

R[F?>20(F?)], wR(F?), S

No. of reflections and
parameters used in refinement

Weighting scheme

(A/0)max )
APrmaxs DPpin (Im A7)
Extinction method
Extinction coefficient

Computer programs used: PRON (modified version of REDU4; Stoe & Cie, 2000), M. Meven, CRYSTALS (Watkin, Prout,

Mn(C,H;0,),-4D,0
2529

Monoclinic, P2, /c
10.88 (3), 17.39 (3), 9.04 (2)
90, 118.8 (2), 90
1498.8

6

1.58

Neutron

0.83080

14

15.7-42.5

14

Prism, pink

3.0 x 3.0 x3.0

5C2, Orphée reactor (Saclay,
France)

DIFAN (Stoe & Cie, 2000)

7656, 6227, 4686

I > 3.000()

0.05

40
-17—>h—3
0— k— 26
13114
2 every 450 min

F
0.0407, 0.0383, 1.0678
4686, 380

Chebychev polynomial with four
parameters (Carruthers &
Watkin, 1979); 1.23, —1.20,
0.899, —0.290

0.004947

1.37, =221

Larson (1970), eq. (22)

5.1 (4)

Carruthers & Betteridge, 1996), Cameron (Watkin, Prout & Pearce, 1996).

Figure 1

Crystalline structure of manganese diacetate tetrahydrate at 14 K.
Representation in the (ab) plane.
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Chebychev polynomial with five
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0.068724

1.32, -15
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51 (4)

However, there are large devia-
tions between observed and
calculated tunnelling frequen-
cies, even with the most
advanced methods. Therefore,
tunnelling spectroscopy
provides a crucial reference for
an evaluation of the accuracy of
the quantum chemistry methods.

Tunnelling transitions are best
observed only at very low
temperature (liquid helium) and
usually disappear far below
100 K. Therefore, methyl
dynamics and potential func-
tions at high (room) tempera-
ture are largely unknown. The
single-crystal neutron diffrac-
tion technique is unique to
obtain proton density distribu-
tions at any temperature. In
principle, modelling is necessary
to unravel dynamical and statis-
tical contributions. However, for
methyl groups with intrinsic
threefold degeneracy dynamical
effects largely dominate the
proton density distributions.
This can be confirmed by
comparison of the density
distributions determined in the
low-temperature  regime to
dynamics accurately known
from tunnelling measurements.

We have thus undertaken
extensive neutron diffraction
and INS studies of the manga-
nese(Il) diacetate tetrahydrate,
[Mn(CH;COO),]-4H,O crystal.
The three tunnelling transitions
observed at 1.2, 50 and 137 peV
(at 15K, Heidemann et al,

1985) were tentatively attributed to three crystallographic
distinct methyl groups. The occurrence ratio of 1:1:1 is in
accordance with the crystal structure at room temperature
(P2/c with Z = 6) determined by X-ray (van Niekerk &
Schoening, 1953; Brown & Chidambaram, 1973; Bertaut et al.,
1974) and neutron diffraction (Tranqui et al., 1977). However,
the methyl dynamics are not yet fully understood. The rota-
tional librations anticipated at 15, 8 and 6 meV are not visible
and there is no satisfactory explanation for the unusual
temperature dependence of the peak at 137 peV (Heidemann
et al., 1985). Unfortunately, only the magnetic structure is
known at low temperature (Burlet et al., 1974; Schelleng et al.,
1968; Schmidt & Friedberg, 1969).

In this paper we present the crystal structure of manga-
nese(II) diacetate tetrahydrate at 300 and 14 K determined by
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Table 2 single-crystal neutron diffrac-
Refined parameters for the proton density of the methyl groups at room temperature. tion. The proton density
The H distributions are represented with the model ring for free rotors: the position of the centre, the radius and the distributions are presented for
anisotropic thermal factor were refined. C—RC represents the distance between the carbon of the methyl group and each methyl group INS

the centre of the ring, C—H represents the distance between the carbon and the ring representing the H distributions.
The corresponding tunnelling frequencies and potential barriers at low temperature are given for the sake of

comparison.

measurements performed on
single crystals allow us to

Ring centre (A)

X =0.001
C2 Y =0.074
Z =0.391
X =0371
C4 Y = 0.057
Z=-0122
X =-0.351
C6 Y =0.076
Z = —0.554

Radius (A) B (A?) C—RC (A)

1.021 0.058 0.363
1.010 0.069 0.387
1.021 0.069 0.376

C—H (A)

1.084

1.082

1.083

Vs (meV) propose an assignment scheme
for the tunnelling lines. The
methyl dynamics are tenta-
tively represented with mole-
cular dynamics simulations.
Finally, we propose a quantum
model to account for both
137 11.5 rotational ~ dynamics  and
density distributions.

Tunnelling (peV)

50 18.0

1.2 49.0

Figure 2

(»)
(a) Asymmetric unit and thermal ellipsoids at 14 K; (b) coordination polyhedron of Mnl at 14 K; (¢) coordination polyhedron of Mn2 at 14 K.

2. Experiments and calculations

Single crystals were pink transparent plates obtained by slow
evaporation of saturated aqueous solutions. They are very
fragile owing to easy cleavage along the (100) plane. Conse-
quently, they were used as obtained. These crystals deteriorate
rapidly outside an aqueous solution. The water molecules
were deuterated in order to reduce incoherent diffusion.

We performed neutron diffraction experiments on the four-
circle neutron diffractometer 5C2 at the LLB (Saclay, France).
A lozenge-shaped crystal was glued on a goniometer head and
oriented. At 14 K more than 7500 reflections were measured
with the w scan mode. The incident wavelength of 0.83 A
selected with the Cu (220) monochromator is shorter than that
used in the previous work by Tranqui et al. (1977). The
structure analysis was performed with the program CRYS-

H42

(©
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TALS (Watkin, Prout, Carruthers & Betteridge, 1996). The
experimental details are listed in Table 1.

INS experiments were carried out at 1.7 K on the time-of-
flight spectrometer IN5 at the ILL (Grenoble, France) with an
incident wavelength of 9.8 A. Two single crystals (7 x 5 x
3mm’®and 9 x 6 x 2 mm’, respectively) were measured. They
were previously oriented on 5C2 in order to perform the INS
measurements for momentum transfer parallel to the (101)
and (100) crystallographic planes, respectively. They were
glued on a goniometer head and loaded in a standard cryostat
at the liquid helium temperature.

Molecular dynamics simulations were performed with the
empirical pair-potential Universal Force Field (UFF; Rappe et
al., 1992) available in the commercial package CERIUS?2
(Molecular Simulations Inc., 1996). Periodic boundary
conditions and the Verlet algorithm were used to solve the
classical equations of motion of all atoms. Atom trajectories
were obtained by numerical integration of the Newton’s
equations. We performed molecular dynamics calculations at
150 K on a unit cell of manganese acetate. By analysing the
atomic trajectories, we can construct the time-averaged atomic
density and compare it to the experimental nuclear densities
of the Fourier maps (Neumann & Kearley, 1997; Schiebel et
al., 1998).

Energy levels and wavefunctions for methyl quantum
=200 - : rotation were calculated with the variational method using
—200 —1.50 —1.00 —0.50 000 050 100 150 2 . . .

(@) basis sets of 40 free rotor wavefunctions, either odd or even.

0.00
—050!
~1.00/|

—1.501

200/

1.50

1.00 |

—2.00 ) —2.00 \ @ |

200 =150 100 —050 000 050 100 150 200 ~2.00 ~150 ~1.00-0.50 000 050 100 150 2.0

Figure 3 ®) (c)

Experimental nuclear densities of the H atoms of the methyl groups at room temperature. Representation in the plane of rotation of the methyl groups.
The nuclear densities, in fm A, correspond to the observed structure factors: (a) methyl group C2; (b) methyl group C4; (c) methyl group C6.
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3. Crystal structure

At room temperature: the space group is monoclinic P2,/c
with Z = 6. There are three types of acetate groups, two
inequivalent metal atoms and six crystallographically distinct
water molecules (Figs. 1 and 2). There is no evidence for any
phase transition between 300 and 14 K. Anisotropic displa-
cements and geometric parameters at room temperature and
14 K have been deposited."

Mn atoms are close to the bc plane. They are connected by
Mn—O—Mn bonds and acetate bridges. Water molecules are
between these planes. There are three different acetate
bridges: Mn(1) and Mn(2) are linked via two distinct acetates
and two Mn(2) are linked via the third type of acetate. The
acetate entities are planar and bidentates. Each O atom is
involved in a bond with a metallic atom and several hydrogen
bonds with the surrounding water molecules.

The structure of the acetates are similar to those reported
by Tranqui et al. (1977) at room temperature: in the acetate
Cl1—C2, the C—O distances are quite different [we have
measured at room temperature: C1—0O1 1.278 (4) and C1—
02 1.245(5) A]. For the two other acetates the C—O
distances are similar (~1.26 A). The angles O3—C3—04 and
0O5—C5—06 are 124.2 (3) and 123.6 (3)°, whereas O1—C1—
02 is 120.2 (3)°. These values compare to those at low
temperature, 124.62 (6), 123.91 (7) and 120.64 (6)°, respec-
tively. Each Mn atom is surrounded by a distorted octahedron
of O atoms connected in the bc plane via their common
acetate bridges and deuterium bonds with water molecules.
The O—D distances in the water molecules vary between
0.9624 (18) and 0.9850 (15) A at 14 K, and between 0.956 9)
and 0.984 (9) A at room temperature.

4. Methyl groups

At room temperature, the Fourier maps for the proton
distributions of the methyl groups are rather diffuse (see Fig.
3). The H distributions were represented with the ring model
for free rotors. The position of the centre, the radius and an
isotropic thermal factor were refined (Table 2). Compared to
full refinement of H-atom positions, the number of parameters
to be refined is reduced (314 instead of 379) and the wR factor
is significantly better (4.56 rather than 7.00).

Significant departures from the free rotor model are
observed. For the C4 methyl group the threefold symmetry
suggests residual localization of the protons (Fig. 3b). The
potential barrier should be much greater than the thermal
energy. The C2 and C6 methyl groups give a ring of density,
suggesting almost free rotation. However, two weak extrema
of density for C2 and four of them with a square-like shape for
C6 cannot be accounted for with either simple free rotors or
threefold potentials. A similar distribution previously
observed for the lithium acetate was interpreted in terms of

! Supplementary data for this paper are available from the IUCr electronic
archives (Reference: LC0023). Services for accessing these data are described
at the back of the journal.

coupling between rotation of the methyl group and translation
of the centre of mass (Schiebel et al., 1998).

At low temperature, the protons are rather well localized
(see Fig. 4). The ring model is not adequate and full refine-
ment of proton positions was performed. The C—H distances
are between 1.042 (3) and 1.089 (2) A. Proton densities for the
C4 and C6 methyl groups correspond quite well to those
anticipated for hindered rotors with rather high potential
barriers and threefold symmetry. The more pronounced
proton localization for C4, compared with C6, suggests a
greater potential barrier.

The proton density of the C2 methyl group (Fig. 4a) is also
compatible with localized protons, but significant deviation
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Figure 4

Comparison of the experimental proton densities, in fm A~ at low
temperature with the nuclear densities calculated from time-averaged
simulations performed at 150 K. Representation in the plane of rotation
of the methyl groups: (a) methyl group C2; (b) methyl group C4; (c)
methyl group C6.
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from the ideal threefold symmetry appears. One proton, H21,
is more localized than the others. We are not aware that any
similar distribution had ever been reported.

5. Rotational dynamics
5.1. Assignment of the tunnelling lines

The most localized protons for the C4 methyl groups
correspond to the largest potential barrier and, therefore, to
the lowest tunnelling frequency at 1.2 peV. However, it is not
possible to assign the other two tunnelling frequencies by
simple examination of the density distributions for C2 and C6.
Therefore, further INS measurements were performed.

In the crystal, acetate entities are parallel to the (100) (P2),
(001) (P4) and (101) (P6) planes, respectively. The axes of
rotation for the methyl groups are aligned along different
crystallographic directions. The INS intensity for a particular
methyl group is a maximum for momentum transfer direction
perpendicular to the rotational axis (Meinnel et al., 1996;
Nicolai, Kaiser et al., 1998). Therefore, the variation of the
tunnelling peak intensities with the crystal orientation
provides straightforward identification for each crystal site
(see Table 2).

5.2. Classical molecular dynamics

Classical molecular dynamics simulations were performed
to represent the methyl group dynamics. The universal force
field is certainly not satisfactory and more accurate potential
surfaces could be obtained with ab initio or DFT methods.
However, regarding the rather complex structure of the Mn
acetate and the rather large crystal unit cell, these methods
require large computing capacity (Schiebel et al, 1998).
Furthermore, the main limitation of molecular dynamics is
that simulations must be performed at high temperature
(150 K in this work) in order to relax the system from the
minimum of potential energy. Quantum effects are ignored
and a uniform temperature of 150 K is a poor approximation
to the zero-point energy of the crystal. Therefore, comparison
with experiments performed at very low temperature is only
suggestive. Further improvement of the calculated potential
surface is of secondary importance compared to unavoidable
crude approximations. Nevertheless, simulations may provide
useful qualitative information on the probability distribution
of heavy atoms (namely C and O) for which quantum effects
can be largely ignored.

The atomic densities of the H and C atoms (Figs. 4a—c) are
in qualitative agreement with the observation. The protons of
the C4 methyl group are more localized than those of the C6
methyl. However, the estimated tunnelling frequencies are
rather unrealistic.

Significant departure from the ideal threefold symmetry is
clearly obtained for the protons of the C2 methyl group. The
simulation reveals that this particular distribution could be
related to the anisotropy of the displacements of the C2 atom:
the calculated amplitude perpendicular to the bc plane is

rather large. However, the distribution is quite different from
that anticipated for a coupling between rotation and transla-
tion (Schiebel et al., 1998).

5.3. Quantum dynamics

The Hamiltonian representing the rotational dynamics of a
rigid methyl group can be written as

H = —(1n*/2L)(#/3*0) + V().

where I, is the reduced moment of inertia of the rotor, ¢ the
angular coordinate and V(g) the on-site potential. In the
system under consideration only one tunnelling transition is
known for each rotor and the Fourier series expansion is
truncated to V;(1 — cos3¢). For a finite barrier height, each
state splits into totally symmetric W,, and degenerate W,g
states.

For those periodic potentials given in Table 2 eigenstates
and wavefunctions are calculated numerically with basis sets
of the free rotor wavefunctions. The density distribution is
represented as a circular distribution with radius ry >~ 1 A. The
amplitude depends on the sample temperature as

P, T) =) W, (@) exp(—E,,/kT)/ Y exp(—=E,,/KT).

P(e,T) is convoluted with a radial static distribution

p(r) = (1/7u2)"? expl—(r — ro)’ /ull,
2

where u; is comprised of the mean square amplitude for
proton displacements (internal vibrations) and isotropic
librations of the molecular entities.

The proton density distribution calculated for the C4 and
C6 methyl groups at low temperature (Figs. 5b and c) are very
similar to the observation. The proton localization is directly
related to the potential barrier. The isotropic mean square
displacement of 0.05 A? s representative of the proton
vibrations (~0.01 Az) and molecular librations involving the
methyl C atoms C4 or C6 (~0.02 Az). The latter correspond
roughly to oscillations around the centre of mass of the acetate
entities, located at ~1 A from the methyl carbon. On the
observed maps of proton density, librations are amplified by a
factor of ~1.52 determined by the distance of the proton plane
to the C atom (~0.5 A). Our estimate of u,” is thus compatible
with the temperature factors derived from neutron diffraction.

The proton density distribution for the C4 methyl group
(Fig. 5a) is well represented with a convolution of the density
similar to those presented above with a distribution of the
angular coordinate 6, representing the rotation of the rigid
methyl group with respect to H21. This angular distribution is
due to large amplitude displacements perpendicular to the
(001) mean plane suggested by molecular dynamics simula-
tions. It is represented as

p(6,) = ((67)/27)"* exp(—6 / (62).

The physical picture emerging from this map is quite unfore-
seen. It reveals that the potential minimum is much deeper for
H21 that is well localized than for the other two protons. This
is straightforward evidence that the three protons do not

Acta Cryst. (2001). B57, 36—44
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experience the same local potential. (Indeed, this is not in
conflict with the threefold symmetry of the rotational poten-
tial.) The distortion of the density confirms that the potential
barrier for internal rotation is negligible compared with the

1.0

0.5

T 00 -
N
—0.5 =
-1.04 -
-1.5 ——
-5 -10 —05 00 0.5 1.0 1.5
X(A)
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1.5 1 1 1 1 1
1.0 -
0.5 -
T oA -
N
—0.5 L
—1.07 -
—15 T T T T T T T T T T T
-15 —10 —05 00 0.5 1.0 1.5
X(A)
(b)
15 1 1 1 1 1
1.0 o
0.5 -
TN L
B
0.5 -
-1.5 —11—
-15 -10 =05 00 0.5 10 15
X(A)
Figure 5 ©

Calculated isocontour maps of proton densities at 14 K. (a) Methyl group
C2: V5 = 17.6 meV, u? = 0.05 A%, (62) = 0.06 rad’; (b) methyl group C4:
Vi = 499 meV, u} = 0.05 A2 () methyl group C6: V5 = 11.5 meV, u? =
0.05 A%

depth of the local potential for H21. Our estimate of (6%) =
0.06 rad® is compatible with a mean square amplitude of
~0.03 A% for C2 and an amplification factor of ~2.

The proton density distributions calculated at 300 K with
the same potentials are very similar to those obtained at 14 K,
apart from a broadening of the rotational wavefunctions. The
distributions are quite different from the observed maps.
There is a significant weakening of the potential barrier at
room temperature.

For the C2 and C6 methyl groups the localization of the
protons is no longer visible and these methyl groups can be
regarded as free rotors. The density distributions are convo-
luted with anisotropic linear displacements whose mean-
square amplitudes are 1> and uﬁ The two weak extrema for C2
(Fig. 6a) are due to anisotropic displacements along one
direction, whilst the four extrema for C6 (Fig. 6c) are
accounted for with the superposition of anisotropic displace-
ments along two orthogonal directions.

5.4. Discussion

From previous calculations with various quantum mechan-
ical methods it has been suggested that models based on
methyl group rotation about a fixed axis are incorrect. Density
distributions similar to those presented above have been
regarded as suggesting coupling with molecular librational
motions (Neumann & Kearley, 1997; Schiebel et al., 1998). The
angular coordinate of the methyl group and the translation of
the centre of mass were supposed to be strictly correlated and
proton motions were represented with cycloidal trajectories.
Complex effective potentials and energy level schemes were
proposed (Neumann & Kearley, 1997; Schiebel et al., 1998).

This conclusion is quite questionable because dynamics
cannot be extracted easily from the time-averaged atomic
densities calculated at a rather high temperature within clas-
sical mechanics. These calculations may suggest some
coupling, but they do not prove that it exists and effectively
applies to tunnelling states. The classical view supposes that
dynamics can be represented with atom trajectories. However,
tunnelling is quantum mechanical in nature and atom trajec-
tories are irrelevant. Only stationary states are observable. In
the zero-order approximation we can distinguish eigenstates
for methyl rotation on the one hand and for phonons on the
other. Coupling terms may certainly exist and mix the zero-
order states. However, the mixing decreases rapidly as the
energy difference between levels increases. Since tunnelling
appears in a frequency range at least one order of magnitude
smaller than any optical phonon in molecular crystals, state
mixing is negligible. In other words, on the tunnelling time-
scale the lattice can be represented with a static distribution of
heavy atom positions. Simple convolution of the density
distributions for quantum rotors and librations accounts for
the observed proton density distributions.

It can be concluded that methyl dynamics and molecular
librations largely dominate the observed density distributions
and there is no need to suppose any correlation between these
dynamics.

42 Nicolai et al. - Manganese diacetate tetrahydrate
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6. Conclusions

The crystal structure at low temperature of the manganese
diacetate tetrahydrate confirms that the three tunnelling
transitions correspond to three crystallographically inequi-
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~10- y .
—L5 — T T _ T T T 1 T
-5 —10 —05 00 0.5 1.0 1.5
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(a)
15 1 1 1 1 1
1.0 u
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N
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—1.0 =
—L5 — 1 1 T 1 T T T 1
-5 —10 —05 00 0.5 1.0 1.5
X(A)
(b)
15 1 1 1 1 1 1
1.0+ = r
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L 004 L
B
—0.5 4 L
-1.0 S— > L
=15 T T T T T T L T
-15 -10 =05 00 0.5 10 15
X(A)
. ()
Figure 6

Calculated isocontour maps of proton densities at 300 K. (a) Methyl
group C2: V5 = 0meV, u? = 12 = 0.05 A % (b) methyl group C4: V5 =
49 meV, u? = 0.05 A% (c) methyl group C6: V3 =0 meV, u? = 0.05 A%, 12 =
u?=020A7%

valent methyl groups. Each frequency is assigned to a parti-
cular crystal site by following the tunnelling intensities as a
function of the crystal orientation. The proton probability
densities for the C4 and C6 methyl groups derived from
diffraction data at low temperature reveal the anticipated
threefold symmetry. On the other hand, the proton distribu-
tion of the C2 methyl group shows large deviations from the
ideal threefold symmetry. At room temperature the neutron
diffraction technique provides a view of the proton distribu-
tion in a temperature range where tunnelling transitions are
not observable. It appears that the effective potentials for the
methyl groups are temperature dependent and almost vanish
at room temperature. A weak threefold potential survives only
for the most hindered group (C4).

The quantum mechanical approach offers a realistic
representation of the observed densities with a rather limited
number of parameters. Both dynamical and statistical effects
determine the proton distribution. The potential barriers at
low temperature are accurately determined by the tunnelling
frequencies, even though the detailed potential shapes are
unknown owing to the lack of observable librational transi-
tions. The spatial extension of the squared rotational wave-
functions is comparable to the observed angular distributions.
Convolution with static distributions representing librational
dynamics occurring on much shorter timescales accounts for
the various maps. Neutron diffraction offers clear evidence
that effective rotational potentials are essentially inter-
molecular in nature. In this context, the lattice determines the
rotational dynamics. However, the observed densities can be
represented without any classical correlation between methyl
rotation and lattice translation. The rotational potential is
determined by the time-averaged crystal field.

The proton densities obtained with classical molecular
dynamics simulations performed at 150 K emphasize the
importance of molecular librations. Anisotropic librations
with rather large amplitudes of the acetate entities bearing the
C2 atom are compatible with the observed departure from
threefold symmetry for the corresponding proton distribution.
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