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The Influence of Polytypic Structures on the Solid-state '*C NMR Spectra of n-Alkanes
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Two polytypes for the monoclinic (Mp;;) modification of
n-hexatriacontane (n-CscH74), single-layered structure Mon
and double-layered structure Orth II, were studied by means of
the solid-state CP/MAS 3CNMR spectroscopy. The terminal
methyl carbon showed clear differences in the chemical shift
as well as spin-lattice relaxation time (7)) between Mon and
Orth II, in contrast to no marked difference for the other carbons.

The crystalline state of aliphatic long-chain compounds
such as n-alkanes and n-fatty acids usually forms a layered struc-
ture.!~> Depending on the crystallization conditions, those com-
pounds often show a variety of crystal structures, which can be
categorized by the two concepts, polymorphism and polytyp-
ism.*> Polymorphism refers to the structural variation within a
molecular layer such as molecular inclination, conformation,
and the lateral packing of hydrocarbon chains, so-called sub-
cell.% Polytypism refers to the higher-order structural variation
caused solely by the stacking mode of the molecular layer.”
So far, two polytypic structures have been found for long-chain
compounds, single-layered structure Mon and double-layered
structure Orth IT (Figure 1). It has been clarified that polytypism
has a significant influence on thermodynamic stability,”! me-
chanical properties,'"!> solid-state phase-transition mecha-
nism,'3 and so on.

High-resolution solid-state '*C NMR spectroscopy has been
used for the study on the polymorphism of n-alkanes. It has been
clarified that the difference in subcell structure, chain inclination
and dynamical properties are reflected sensitively in the chemi-
cal shifts and 7} values of carbon atoms.!®2! However, there is
no report concerning the influence of polytypic structure on the
BCNMR spectrum. Since polytypism gives rise to a large
difference in lamellar interfacial structure, the methyl carbon
might show some sort of difference between polytypic struc-
tures. In the previous study on n-C3¢H74, we clarified the occur-
rence conditions of the Mon and Orth II polytypes of the mono-
clinic (Mp;;) modification, which made a detailed comparison
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Figure 1. Two polytypes of My;; modification of n-C3sHy4:
the single-layered structure Mon and double-layered structure
Orth II.

The high-purity sample of n-C3sH74 (>99% purity, pur-
chased from GL Science Inc.) was used for the crystallization
of the Mon and Orth II polytypes. According to the results of

the previous study,” fine single crystals of Mon were grown in
a solution whose supersaturation ¢ was larger than 0.30, and
those of Orth II were grown under the supersaturation less than
0.16. The polytype of each powdery sample was confirmed with
the IR band due to the methyl symmetric deformation around
1380cm~".2?

The solid-state '*CNMR measurements were performed
with a Chemagnetecs CMX-300 spectrometer at 75.5 MHz with
a CP/MAS and a variable temperature accessory. The sample
was sealed into a 5-mm bullet-type zirconium rotor and the spin-
ning rate of rotor was set to 4kHz. For the one-dimensional
BCNMR measurements, spectrum width of 15kHz and the
number of data points of 8192 were applied. For the T} measure-
ments of the terminal methyl carbon and other segments, the in-
verse recovery sequence (Tlxcpir pulse sequence) and the
Torchia sequence (T1xcp pulse sequence) were applied, respec-
tively. The number of accumulation cycles and data points for
measuring each spectrum were 32 and 4096, respectively. The
77/2 pulse width was 3.50 pus. The cross-polarization (CP) con-
tact time and the repeating time were 4.0 ms and 20 s, respective-
ly. The signal of methyl carbons of hexamethylbenzene at 17.35
ppm was used as an external reference for chemical shifts.

The solid-state '*C NMR spectra of Mon and Orth II meas-
ured at room temperature are depicted in Figure 2. Except the
peak due to the methyl carbon, the two polytypes show almost
identical spectra as summarized in Table 1. Reflecting the O
subcell structure, the peak assigned to the inner-CH, carbon is
observed at 33.6 ppm.'®?° The peaks due to @-CH, and 8-CH,
appear at 25.5 and 34.7 ppm, respectively.
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Figure 2. Solid-state '*CNMR spectra of the two polytypic
structures at room temperature: Solid line, Orth II; broken line,
Mon.

The difference in the lamellar interface between the poly-
types is clearly reflected in the chemical shift of methyl carbon.
The methyl carbon gives a signal at 15.5ppm in Mon and
15.2ppm in Orth II, respectively. The difference in chemical
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Table 1. Influence of the intra- and interlayer structural differ-
ence on the chemical shift of the inner-CH,, a-CH,, and termi-
nal-CH; carbon peaks (abbreviated as Sinner-ch,» Oo-cH,, and

dcuy)

Polymorph

(P o}llyty;r::) Subcell  Simner-ct,  Sa-c, dcr,
Pseudohexagonal Hex 33.66% 23.99*  14.81*
Triclinic T) 34.92° 26.55*  16.02*
Orthorhombic O, 33.62% 25.59*  15.06%
Monoclinic (X1 33.66* 25.53*  15.25%
Monoclinic (Mon) (o 33.6° 255 15.5°
Monoclinic (Orth II) 0, 33.6° 255 15.2°
4VanderHart.
bthis work.

shift is comparable to the difference observed between poly-
morphs, as shown in Table 1. In the previous study of Vander-
Hart,' the methyl carbon of the monoclinic form showed a sig-
nal at 15.25 ppm. The specimen of the monoclinic form might
have been of Orth II polytype. As can be seen in Table 1, it is
now possible to distinguish the typical polymorphs of n-alkanes,
including polytype, from the chemical shifts of n-alkanes.

Polytypic structures are also reflected on the spin-lattice re-
laxation time (7)) of methyl carbon. As shown in Figure 3, Orth
II shows longer 7} values than Mon from the room temperature
up to 70°C. On the contrary, the internal-CH, carbon do not
show such a clear difference. Since the methyl carbon is in the
extreme narrowing limit, the longer 7 means the larger mobility
of the terminal methyl group. This agrees qualitatively with the
result of our recent inelastic neutron scattering experiment that
the potential barrier of the CHj torsion is lower by 0.4 kJ/mol
in Orth II than in Mon.?

We consider that the local environment around the methyl
group is the cause for the differences in chemical shift and T}
of methyl carbon. The chemical shift of the methyl group has
a tendency to shift to downfields as the packing of methyl groups
becomes tight.!>2 At the lamellar interface of Orth II, a methyl
group is located just at the center of a dimple formed by four sur-
rounding methyl groups of the flanked layer according to the re-
quirement of crystal symmetry.?* In Mon, the position of methyl
group is deviated from the center along the by axis. As a result,
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Figure 3. Temperature dependence of the spin-lattice
relaxation time (7)) of Mon (filled square) and Orth II (open
circle) with respect to (a) the terminal-CH3, and (b) inner-CH,
component.
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the distance to the nearest methyl group of the flanked layer
shortens by 0.1 A compared with that in Orth II, which may
restrict the motion of methyl group. We infer that the increase
in intermolecular interaction caused by the shortening results
in the downfield shift and shorter 7} values of methyl carbon
in Mon.

H. K. and C. A. express their thanks for the support by
the 21th center of excellence (21COE) program “Creation of
Integrated Ecochemistry of Osaka University.”

References

1 M. G. Broadhurst, J. Res. Natl. Bur. Stand., 66A, 241 (1962).

2 W. R. Turner, Ind. Eng. Chem. Prod. Res. Dev., 10, 238
(1971).

3 A. L Kitaigorodsky, “Molecular Crystals and Molecules,”
Academic Press, New York, London (1973), Chap. 1.

4 D. Aquilano and G. Sgualdino, in “Crystallization Processes
in Fats and Lipid Systems,” ed. by N. Garti and K. Sato,
Marcel Dekker, New York (2001), Chap. 1.

5 F. Kaneko, in “Crystallization Processes in Fats and Lipid
Systems,” ed. by N. Garti and K. Sato, Marcel Dekker,
New York (2001), Chap. 2.

6 K. Sato, in “Crystallization and Polymorphism of Fats and

Fatty Acids,” ed. by N. Garti and K. Sato, Marcel Dekker,

New York (1988), Chap. 6.

S. Amelinckx, Acta Crystallogr., 8, 530 (1955).

8 R. Boistelle, R. Simon, and G. Pepe, Acta Crystallogr., B32,
1240 (1976).

9 H. Kubota, F. Kaneko, T. Kawaguchi, and M. Kawasaki,
Cryst. Growth Des., 4, 369 (2004).

10 M. Kobayashi, T. Kobayashi, Y. Cho, and F. Kaneko,
Makromol. Chem., Macromol. Symp., 5, 1 (1986).

11 M. Kobayashi, K. Sakaguchi, and H. Tadokoro, J. Chem.
Phys., 78, 6391 (1983).

12 Y. Itoh and M. Kobayashi, J. Phys. Chem., 95, 1794 (1991).

13 F. Kaneko, O. Shirai, H. Miyamoto, M. Kobayashi, and
M. Suzuki, J. Phys. Chem., 98, 2185 (1994).

14 F. Kaneko, M. Kobayashi, K. Sato, and M. Suzuki, J. Phys.
Chem. B, 101, 285 (1997).

15 H. Kubota, F. Kaneko, T. Kawaguchi, and M. Kawasaki,
J. Chem. Phys., 121, 1121 (2004).

16 P.D. Ellis, G. E. Maciel, and J. W. Mclver, Jr., J. Am. Chem.
Soc., 94, 4069 (1972).

17 A. R. Garber, P. D. Ellis, K. Seidman, and K. Schade,
J. Magn. Reson., 34, 1 (1979).

18 W. L. Earl and D. L. VanderHart, Macromolecules, 12, 762
(1979).

19 D. L. VanderHart, J. Magn. Reson., 44, 117 (1981).

20 S.Ishikawa, H. Kurosu, and I. Ando, J. Mol. Struct., 248, 361
(1991).

21 H. Saito, Magn. Reson. Chem., 24, 835 (1986).

22 M. Kobayashi, T. Kobayashi, Y. Ito, Y. Chatani, and H.
Tadokoro, J. Chem. Phys., 72, 2024 (1980).

23 H. Kubota, F. Kaneko, and T. Kawaguchi, J. Chem. Phys.,
submitted.

24 F. Kaneko, H. Sakashita, and M. Kobayashi, Acta Crystal-
logr., C50, 247 (1994).

3

Published on the web (Advance View) September 18, 2004; DOI 10.1246/c1.2004.1358



