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Solid-State ZH NMR Study of Discotic Benzenehexayl Hexaheptanoate.
Conformational Transition of Alkyl Side Chains
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A 2H NMR study of discotic benzenehexayl hexaheptanoate carrying perdeuterated alkyl side chains (BH7-

des) is reported.

Solid-state 2H NMR measurements reveal that the conformational transition of the

heptanoate chains takes place at 230 K from nearly static to mobile state. The chains above 230 K undergo
flip-flop type reorientational motion, with the degree increasing upon heating. This temperature coincides
with the solid-to-solid phase transition temperature, indicating that the phase transition takes place
accompanied by the conformational melting of the flexible alkyl side chains. A spectrum measured in the

discotic mesophase is also reported.

Extensive efforts have been devoted to characterize
the conformational properties of alkyl chains append-
ed to liquid crystalline molecules. In particular, their
effects on the structure and stability of liquid crystals
have been of both theoretical and practical interest. It
is now generally recognized that the chain flexibility
has a major contribution to the entropy of melting,
hence it exerts significant influence on the phase
transition behavior of liquid crystals. The deuterium
NMR (2H NMR) has emerged during the course of
these studies as a powerful technique for investigating
the conformational and dynamic properties of
molecules in the mesomorphic state.:? Yet, so far,
only little is known about the alkyl chain conforma-
tion in the solid state and therefore its effect on the
solid to liquid crystal phase transition is still open to
debate.

For a homologous series of disc-like liquid crystals,
benzenehexayl hexaalkanoates (BHn), C¢(OCOCn-1-
H2x-1)s, Sorai et al.3-® have carried out heat capacity
measurements and shown that these compounds
undergo a series of solid-state phase transitions before
forming the discotic mesophase. These transitions are
ascribed to the conformational melting of pendent
alkyl chains, and the formation of the discotic
mesophase of BHn is suggested to be a phenomenon
appearing as one stage of successive phase transition
driven by the side-chain conformational changes. In
this communication, we report a solid-state 2H NMR
study of benzenehexayl hexaheptanoate (BH7) and
show how the conformational melting of flexible
alkyl chains proceeds in the solid phases.

Experimental

The sample of BH7-d1s, carrying perdeuterated heptano-
ate chains, was synthesized from tetrahydroxy-p-benzo-
quinone and heptanoic-dis acid (MSD isotopes) according
to the published method.¢:? The reaction product was
purified by repeated recrystallization from absolute ethanol
and dried under vacuum to give white needle crystals of

BH?7-d7s. Solid-state 2H NMR spectra were recorded on a
Bruker CXP-300 spectrometer at 46.07 MHz using the
quadrupole echo pulse sequence (902,-7-909-7-echo) with a
90° pulse duration of 4.0 us and a delay time =50 ps.
Typically 100—200 spectra were accumulated with a
repetition time of 0.2—0.5s. The 2H NMR spectrum of
BH7-ds in the mesomorphic state was measured by a JEOL
GSX-270 spectrometer at 41.27 MHz using the single pulse
sequence with a 90° pulse length of 5.0ps. In both
experiments, the temperature of the sample was controlled
within *1 °C with nitrogen gas flow.

Results and Discussion

Figure 1 shows the temperature dependence of the
2H NMR spectrum of BH7-d7s in the solid state. The
spectra at low temperatures consist of superposition of
two axially symmetric quadrupolar powder patterns.
The outer component is assigned to the methylene
deuterons of pendent heptanoate chains and the inner
component is assigned to the methyl deuterons.
Although the parallel shoulders of the outer powder
component (arising from methylene deuterons with
C-D bond vectors oriented parallel to the field
direction; 6=0° orientation) are lost outside of the
spectrum, the perpendicular peaks (corresponding to
6=90° orientation) are clearly resolved with a peak
separation of 123 kHz. Since a rigid-limit axially-
symmetric powder spectrum of polycrystalline sample
appears as superposition of properly weighted
quadrupolar doublets, each of which has a spacing®
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(e2qQ/h is the quadrupolar coupling constant), the
separation between perpendicular peaks (6=90°)
measures a value (3/4)(e2qQ/h). The observed peak
separation Av=123 kHz yields e2qQ/h=164 kHz, which
is in good agreement with the literature value of the
quadrupolar coupling constant of methylene deuter-
ons.® The separation between parallel edges of the
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230K Fig. 2. 2H NMR spectrum of BH7-d7s in the discotic
mesophase at 354 K.
220K continuously with increasing temperature, and event-
ually results in the line shape such as that observed at
280 K. This pattern, i.e., the biaxial powder pattern
which would arise when the C-D bond axis jumps
200K rapidly between discrete sites, suggests the flip-flop
= 250 kHz type motion of the heptanoate chain. In this
connection, it is noteworthy that the 280 K spectrum
Fig. 1. Temperature dependence of solid-state still preserves a broad component with a separation

2H NMR spectrum of BH?7-d7s carrying perdeuter-
ated heptanoate side chains.

methyl powder pattern (Av=71.8 kHz) is just twice as
large as its perpendicular peak separation (Av=
35.8 kHz) in accord with the prediction of Eq 1. If
the terminal methyl group, having the tetrahedral
geometry (with the C-C~D bond angle 8=109.47°),
undergoes rapid rotation about its Cs symmetry axis,
separation of peaks is scaled down by a factor
[(172)(3 cos?2B—1)|=1/3. The observed peak separation
(35.8 kHz) is however slightly smaller than the
expected value (41.0 kHz). This additional reduction
in Av is indicative of either a departure of the methyl
group structure from the ideal tetrahedral geometry or
the presence of librational motions of the methyl
symmetry axis.>1® Nevertheless, for the heptanoate
chain as a whole, the degree of reorientational motion
should be quite low (or the rate is slow on the
2H NMR frequency scale), since the quadrupolar
coupling constant observed for the inner methylene
deuterons is large and reproduces its rigid-limit value.

Above 230 K the spectral shape changes substantial-
ly. A sizable build-up of intensity occurs in the central
part of the spectrum, while the intensity of the
outermost peaks is decreased and the linewidth is
broadened. The 230 K spectrum shows several pairs of
powder-pattern peaks in the central pattern indicating
that the inner methylene segments aquire the
reorientational freedom at this temperature. The
narrowing of the central spectral component proceeds

between extreme edges of ca. 110kHz.  The
coexistence of spectral components with widely
varying quadrupolar coupling constants is consistent
with the flip-flop motion of the chain suggested
above; namely, the methylene segment undergoes an
increasing degree of motion as it approaches to the
chain terminal.

The onset of the aforementioned changes in the
2H NMR line shape was observed at 230K. This
temperature coincides with the first-order solid-to-
solid phase transition temperature (230.81 K) deter-
mined calorimetrically by Sorai and Suga.¥ They
have also reported the results of infrared measure-
ments and pointed out that the molecular and crystal
structures are different between these two solid phases.
Our present 2H NMR studies clearly demonstrate that
the melting of the alkyl chain conformation takes
place at this temperature from nearly static state (the
chain being in the lowest energy all-trans conforma-
tion) to mobile state (undergoing the flip—flop
motion). The spectral shape remains essentially
unchanged above room temperature (except for the
occurrence of continuous narrowing) until the
transition to the discotic mesophase at 353.79 K.

Shown in Fig. 2 is the 2H NMR spectrum of BH7-
drs recorded in the discotic mesophase. For the
measurement the sample was first heated to the
isotropic liquid phase (T.=359.28 K), then cooled
down slowly to turn into the mesophase. The
spectrum shows five discrete quadrupolar doublets
(a—e) with Ap values ranging from 42 to 12kHz,
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which are attributable to the five methylene groups.
The innermost doublet (g) with Ay=0.96 kHz is then
assigned to the terminal methyl group by taking
account of the signal intensity. These discrete
quadrupolar doublets arise from BH7-d7s molecules
oriented uniaxially in the field. Elucidation of the
average alkyl chain conformation from the Av pattern
is possible in terms of the theories described
previously.11.12 However, these doublet patterns are
dominated by an intense powder-like component (f).
Its peak separation Ay=>5.6 kHz is comparable to a
value Ay=6.6 kHz observed for peaks in the solid-state
spectrum at 280 K in Fig. 1. Obviously, there should
coexist unoriented molecules. Corresponding 2H
NMR spectra reported for triphenylene-type discotic
liquid crystals exhibit only discrete quadrupolar
doublets.13:19  The coexistence of “‘oriented” and
“unoriented” components in our spectrum suggests
that the diamagnetic anisotropy of the central benzene
core of BH7-dws is not larger than that of the
triphenylene core and thereby cannot suffice to cause
homogeneous orientation.

In summary, we have demonstrated that the solid-
state deuterium NMR is successful in analyzing the
conformational properties of flexible alkyl chains
appended to liquid crystalline molecules. The
observed 2H NMR line shape shows marked dif-
ferences between phases, reflecting the changes in the
mode and degree of reorientational motions of alkyl
side chains. Lifshitz, et al.1» have recently carried out
2H NMR measurements of BH6 (a hexanoate homolo-
gue of BH7) and shown that the hexanoate side chains
undergo very similar solid-state conformational
transitions. Thus, the sequential melting of side-
chain conformation at the phase transition appears to
be a general characteristic of this class of disc-like
liquid-crystalline molecules.

Solid-State 2ZH NMR of Discotic BH7 Liquid Crystal
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