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Isotopomeric Polymorphism
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Isotopic substitution is generally regarded as nonperturbing.
Changing one isotope for another can certainly affect the molecular (a)
spectroscopy and to a lesser extent the structure (via the so-called
geometric isotope effedt it changes kinetigsand equilibrium t
constant$ and can alter the temperature of spontaneous phase
transitions} sometimes by as much as 25°KHdowever, when
isotopically labeled substances are being used, the usually well-
justified assumption is made that they do not alter the fundamental
nature of the material under study. We shall show that in at least
one instancethe complex of pentachlorophenol with 4-methylpy-
ridine (AMPPCPJ-this assumption is unjustified; substitution of a
single deuterium for a normal hydrogen leads to the thermodynamic
stability of an entirely different crystal polymorph.

Compounds of pentachlorophenol with nitrogen bases range from ()
hydrogen-bonded complexes, in which the phenolieHDremains
intact, to bona fide salts, where the phenolic proton is fully m
transferred to the nitrogeéhThe extent of the proton transfer
obviously depends on the relativi pof phenol and conjugate acid. IEE—————
The most interesting behavior is found in the critical region, where 20 15 10 5 0 -5
the proton is partially transferred. This is encountered in the Chemical shift (ppm)
compound of PCP with 4-methylpyridine (4MP); 4MPPCP has a Figure 1. H MAS NMR spectra of (a) 4AMPPCP, (b) 4MPP@Rs, (c)
very short G-H---N hydrogen bont (ryo = 255 pm at 300 K), 4MPPCPéy 55 Monoclinic and triclinic OH signals are indicated by “m”
which further shorterfsat low temperature; neutron diffraction ~ and “t’; a rotational sideband is marked with an asterisk.

shows the proton migrates to a near cer)tered position at low clearly belong to residual OH protons. The splitting of these peaks

te_mperaturé. Most remar_kable,_ however, is the report _tha_t a s presumably a result of the reported crystallographic disorder;

different crystal structure is obtained when the compound is singly yeir comparatively lower chemical shifts bespeak a much weaker

deuterated on the hydrogen bond proton (giving 4MPRIGP- 1\ 4y0en bond. These results immediately confirm that the proto-

4MPPCP has a triclinic structure, while the structure obtained for 104 and 90% deuterated materials have different structures and
4AMPPCP4d; is monoclinic and disordered.The hydrogen bond that neither sample contains the other polymorph.

in the monoclinic form is considerably weakekd = 263 pm); Both polymorphs of 4MPPCP melt at around 70 without
the relative orientation of the two rings is quite different, and there decomposition; repeated cycles of melting and freezing do not
is no obvious relationship between the two structures. induce any signal from the other polymorph. Seeding the molten

This phenomenon could, of course, have been ordinary poly- e terated form with a few crystals of the triclinic polymorph gives
morphism; the two isotopomers were originally prepared differently ., yetectable quantity of that form; seeding the protonated form
and crystallized from different solvents. Nonetheless, the intriguing | it the monoclinic polymorph results in only a very small

possibility that the relative thermodynamic stability of two poly-

(b)

. . - . o proportion of the latter form. Protonated crystals all correspond
morphs might hinge on a single isotope substitution led us to prepare .y siajographically to the reported triclinic unit cell; conversely,

the two isotopomers and investigate them by solid-state NMR. o ysta1s of the 90% deuterated form all give the monoclinic cell.
Flgure_ L compares the centerband region of the proton magic Finally, the spectrum of 55% deuterated material (Figure 1b) shows
angle spinning NMR' spectra of 4MPPCF’W'th 0, 55, and 900/_" resonances from both polymorphs; the relative intensities of these
deuterium on the hydrogen-bonded position. Only the rotational resonances do not change on repeated cycles of melting and
centerband is shown. The four lines in the 0% structure correspond,refreezing in a MAS sample rotor within the NMR spectrometer.
reading from left to right, to the OH, pyridine 3,5 and 2,6 protons, Further evidence is provided B NMR. At low levels of

and _the m(_ethyl groups. Their intensities (when centerbands anddeuteration we encounter (Figure 2a) a MAS spectrum with few
rotational sidebands are summed) are close to the expected 1:2:2:3j4ohands, indicating a small electric quadrupole coupling constant.
ratl_o. The_low shl_eldlng of the OH protomi(= 1_7'9 ppm _at_ 298 At 90% deuteration (Figure 2¢) a much more extensive series of
K) is consistent with the strong hydrogen bond in the triclinic form.  gjqehangs s obtained; with the 55% deuterated sample, interleaved
The more shielded region of the spectrum of the 90% deuteratedggg of chemical-shift resolved sidebands are observed. While the
sample is similar but not identical to that of the 0% sample; qoterium quadrupole coupling constant of both forms varies
however, _the OH resonance in the less shielded region of the somewhat with isotope composition, there are clearly two distinct
specirum is replaced by two weak peaks at 12 and 14 ppm. Thesecrystalline forms present at intermediate isotope composi-
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Figure 2. 2H MAS NMR spectra of (a) 4MPPCHyg.1, (b) 4MPPCPdp 55
(c) AMPPCPdpq. (Inset) Centerband and th¢l sideband at higher
resolution.

Table 1. NMR Parameters of the Two Polymorphs of 4AMPPCP;
Deuterium Data for the Triclinic Form Were Extracted from the
10% Deuterated Sample

e2qQ/h (kHz) 7o 0iso (PPm) Ao (ppm) 7s
triclinic 88 0.27 17.9 37 0.3
monaoclinic 137 0.10 13.0 8 -

Table 1 gives the limiting chemical shift and quadrupolar

accessible vibrational excited state with significantly different
properties from those of the ground state. A LBHB potential,
however, also entails a comparatively small vibrational zero-point
energy for this mode and a correspondingly small energy difference
between hydrogen and deuterium zero-point energies. In contrast,
a more normal hydrogen-bonded OH would be expected to have
zero-point energies which differ by 4600 cnt! from hydrogen
to deuterium. If, therefore, the hydrogen and deuterium zero-point
energies of the triclinic form are straddled by the zero-point energies
of the monoclinic form, then the deuterated monoclinic and
protonated triclinic forms will be thermodynamically stable.
Hydrogen bonding is known to drive other varieties of polymor-
phismi* we note parenthetically that 4AMPPGP-(deuterated
everywhere except the hydrogen bond) crystallizes 100% in the
triclinic structure, emphasizing that the polymorphism is mediated
only by the atom in the hydrogen bond. Thermotropic setdlid-
phase transitions have not been observed in these compounds.
We dub this phenomenon “isotopomeric polymorphism”. While
its occurrence is likely a serendipitous concurrence of strongly and
weakly hydrogen-bonded polymorphs with closely matched lattice
energies, it demonstrates that the nonperturbing nature of a given
isotope substitution is something that needs to be demonstrated,
not assumed.
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