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In the field of molecular crystals, the term polymorphism refers
to situations in which a given type of molecule is able to form
different crystal structuresAlthough the different polymorphs have
the same chemical composition, their solid-state properties (e.g.,
reactivity?) are generally different (often appreciably so) as a
consequence of their different crystal structures. Different poly-
morphic forms of a given molecule can be produced by a variety
of different strategies, including conventional crystallization from
solution using different solvents, different crystallization conditions,
or crystallization in the presence of additives that promote the
nucleation of a specific polymorphic form. Another means of
producing different polymorphs is by solid-state transformations,
for example, by dehydration of a hydrate crystal phase or desol-
vation of a solvate crystal phase. In some cases, solid-state
transformations yield polymorphic forms that cannot be prepared
by conventional solution-state crystallization. It may be surmised
that the specific polymorphic form produced by dehydration/
desolvation processes is the one that is formed most directly by
structural reorganization following loss of the water/solvent mol-
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Figure 1. Powder XRD patterns of (a) SA-beta (obtained by dehydration
of SA-3H,O under vacuum at 293 K), (b) SA-l (simulated from known
crystal structure), (c) product from dehydration of -SH,O with sample
rotation at 3 kHz and (d) 7 kHz, and (e) product from dehydration of

SA-3H,0 under vacuum at 313 K.

ecules from the hydrate/solvate crystal structure, and that topo- NMR probe (such experiments clearly cannot be carried out under
chemical factorsmay play a role in governing such transformations. vacuum as the sample rotation mechanism requires a flow of gas,
It may be envisaged that by carrying out the solid-state dehydration/ in the present case, nitrogen (the drive and bearing gas for the solid-
desolvation process under different experimental conditions, it may state NMR rotor)). For experiments of type (ii), crystals of-Si%0
be possible to open up a different mechanism for the escape of the(crystal size of several millimeters) were loaded without grinding
water/solvent molecules from the parent crystal structure, which into a PENCIL rotof (7.5 mm diameter). Sample masses were
may in turn yield a different polymorphic form of the dehydrated/ measured before and after dehydration to provide an independent
desolvated product. check that complete dehydration had occurred. For all experiments
In this paper, we demonstrate that the polymorphic form of (types (i) and (ii)), the samples obtained in the dehydration process
sodium acetate (SA) obtained by dehydration of sodium acetate were characterized by powder XRRnd solid-staté3C NMR 8
trinydrate (SA3H,0) is altered by carrying out the dehydration As shown in Figure 1a, dehydration of S3&,0 under vacuum
process under conditions of rapid (several kilohertz) sample rotation at 293 K leads to a monophasic sample of SA-beta, as also described
in a solid-state magic-angle-spinning (MAS) NMR probe. This in the literature®® Figure 1b is the simulated powder XRD pattern
observation suggests a new opportunity to influence the outcome of SA-I. Figure 1c shows the powder XRD pattern of the material
of solid-state dehydration/desolvation processes and, in particular,obtained by dehydration of SBH,O under sample rotation at 3
to alter the polymorphic form obtained. kHz in the solid-state NMR probe (nominally at 293 K; see below).
SA is knowr? to form a trihydrate crystalline phase, 4,0, In addition to the dominant SA-beta phase, a significant amount
and three anhydrous polymorphs of SA (called form I, form I, of SA-lis also present, suggesting that rapid sample rotation opens
and the beta form; here denoted SA-lI, SA-ll, and SA-beta, up an alternative pathway for dehydration, leading to SA-I. The
respectively) have so far been reporte8A-1 and SA-Il may be change in polymorphic product distribution is even more significant
obtained (often as concomitant polymorffhdy crystallization at higher rotation frequency (7 kHz), for which a higher proportion
from aqueous solution at sufficiently high temperature (above ca. of SA-lis obtained (Figure 1d). Furthermore, the rate of dehydration
333 K); SA-Il is also obtained by crystallization from methaffol.  is also found to depend on the rotation frequency. Below 2 kHz,
SA-beta is known to be obtained by dehydration of 34,0 under the rate of dehydration is very low (at 2 kHz, there is only ca. 17%
vacuum?® It has been suggested from DTA/TGA studigbat loss of water after 5 days), whereas at spinning frequencies of 3
dehydration of SABH,O occurs directly to give the anhydrous and 7 kHz, complete dehydration occurs in ca. 5 and 2 days,
product without passing through any lower hydrate phase (e.g., arespectively. These observations suggest that sample rotation plays

monohydrate or dihydrate).

In the present work, dehydration of S3H,0 was carried out
in two ways: (i) under normal laboratory conditions with the sample
under vacuum (1€ mbar) and not subjected to sample rotation,
and (ii) under conditions of sample rotation in a solid-state MAS
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a key role in the formation of the SA-I phase in the dehydration of
SA-3H,0 in experiments of type (ii).

Two immediate questions arise. Is the change in polymorph
selectivity caused directly by sample rotation or by other effects
(e.g., increase of temperature) that are induced by sample rotation?

10.1021/ja052668p CCC: $30.25 © 2005 American Chemical Society
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SA-1 j SA-beta of the crystal from the rotation axis, and the direction in which

j this force is applied within the crystal depends on the orientation

*jy of the crystal relative to the rotation axis. It is reasonable to propose

/@ that a different dehydration mechanism, leading to the formation
dj/} of the SA-I phase, might be induced if the magnitude of the

\ i centrifugal force is sufficiently high and if this force is applied in

i ¥V an appropriate direction within the S2H,0 crystal. The fact that

this effect depends on both the position of the crystal relative to
the rotation axis and on the orientation of the crystal relative to
Figure 2. Solid-state'3C NMR spectra recorded as a function of time during  this axis can explain why some crystals can undergo the “new”
dehydration of SA3H,0 (150 scans (5 h) per spectrum). The tuning and  dehydration mechanism to yield SA-I, whereas other crystals still
match of the NMR probe were re-established at regular intervals during yie|j SA-peta. In addition, rapid sample rotation can produce
the experiment. Note that the anomalously low signal intensity in the first . . . .
spectrum is observed reproducibly and is attributed to instrumental factors, COUStiC vibration, and we cannot, at this stage, exclude the
possibility that acoustic vibration might also influence the mech-
anism for dehydration of S8H,0O. Further experiments are in
progress to yield a more detailed fundamental understanding of the
change in polymorphic product distribution induced by rapid sample
rotation.

While the SA-I phase obtained by dehydration of-SA,0 under
conditions of rapid sample rotation is a known polymorph (although
not previously known to be accessible by dehydration of3580),
it is conceivable that, for other systems, carrying out solid-state
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Is SA-I produced directly by dehydration of S8H,0 or by a
sample rotation induced transformation from another phase (e.g.,
SA-beta) that is produced initially upon dehydration?

First, it is well-known that sample rotation in solid-state MAS
NMR experiments can increase the sample temper&t@ar
temperature calibration experiments using lead nRiatéicate that,
for a nominal sample temperature of 293 K (recorded using the
thermocouple in the solid-state NMR probe), the actual sample desolvati q id le rotati id
temperature for rotation at 3 kHz was 294 K and at 7 kHz was 317 esolvation processes under rapid sampie rotation may provide a
K. To assess independently whether such increases of temperaturé/Iable route for the formation of new, hitherto unknown, polymor-

could influence the polymorphic product distribution, experiments phic forms.
of type (i) (dehydration of S&BH,O with no sample rotation) were
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