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Liquid-crystalline benzoic acid derivatives, 4-pentylbenzoic acid and 4-hexylbenzoic acid, have been ex-

amined by infrared spectroscopy. These benzoic acids show nematic phases.

In the crystalline state, only

the dimeric form is observed. However, the monomeric non-hydrogen-bonded benzoic acid appears once the
temperature reaches the crystal-nematic transition (melting) point. The fraction of the monomeric moiety
increases upon heating and an abrupt increase is observed at the isotropization temperature. These results
suggest that the stability of the hydrogen bonds is not simply a function of the temperature, but greatly

depends on the molecular orientation.

Hydrogen bonding plays an important role regarding
the assembly of molecules in nature. For thermotropic
liquid crystals, hydrogen bonds between identical
molecules have been used to induce mesomorphism.
For example, benzoic acid derivatives have long been
known to form mesogenic dimers, due to the hydrogen
bonds between two carboxylic acid groups.?—%

A new type of liquid-crystalline material built
through molecular self-assembly via hydrogen bonds has
been reported by Kato and Fréchet.>—!? They found
that mesogenic structures of molecular complexes could
be obtained through intermolecular hydrogen bonds be-
tween carboxylic acid groups and pyridyl moieties. For
this hydrogen bonding, carboxylic acids function as H-
bond donors and pyridyl moieties operate as H-bond ac-
ceptors. It was shown that the hydrogen bonds between
these donor and acceptor moieties could be greatly sta-
bilized by molecular aggregation of liquid-crystalline
states.”!112) On the other hand, the hydrogen bonds
between two carboxylic acid groups have been used to
build new types of functional materials, such as poly-
meric liquid crystals®® and crystalline materials for
nonlinear optics.'® For the design of H-bonded func-
tional materials that have great potential for advanced
technologies, it is important to understand the relation-
ship between the molecular orientation and the stability
of the hydrogen bonds. However, to our knowledge, no
systematic work has been carried out regarding the ef-
fect of molecular aggregation on the stability of the H-
bonded mesogenic benzoic acid dimers.

In the present study, liquid-crystalline benzoic acid
dimers, 4-pentylbenzoic acid (1) and 4-hexylbenzoic
acid (2) (Chart 1) were examined by infrared spec-
troscopy to obtain information about the stability of
the hydrogen bonds at various phases. These com-
pounds exhibit enantiotropic nematic phases.? The in-
frared spectra as a function of the temperature have
been obtained for 1 and 2 from the crystalline state to
the isotropic phase. Infrared measurements have also
been performed for nonmesogenic 4-propylbenzoic acid

(3).
Experimental

Infrared measurements at elevated temperature were
conducted on a JASCO Micro FT/IR-200 spectrometer
equipped with a Mettler FP84 hot stage. The sample was
heated at a rate of 10 °Cmin~" from 70 to 168 °C. The
resolution was 4 cm™!. The sample between two KBr crys-
tal plates was pressed to form a disk for the measurement.
The thickness of the KBr disk was less than 1 mm. Samples
that were heated to 20 °C higher than the melting point and
then cooled to room temperature were used for the measure-
ments.

Results and Discussion

Liquid-crystalline benzoic acids, 4-pentylbenzoic acid
(1) and 4-hexylbenzoic acid (2), were examined using
a micro-sampling FT/IR spectrometer equipped with a
programmable hot stage. Benzoic acid 1 shows a ne-
matic phase between 88 and 127 °C upon heating, due
to the formation of a hydrogen-bonded dimer. Com-
pound 1 exhibits the widest temperature range of the
mesophase in the series of 4-alkylbenzoic acids.? A ne-
matic phase is also observed for 2 from 97 to 114 °C.
A nonmesogenic benzoic acid, 4-propylbenzoic acid (3)
was also studied by infrared spectroscopy. Compound
3 shows a melting transition at 142 °C.

The infrared spectrum of 1 in the crystalline state at
70 °C in the range of 900—3400 cm~! is shown in Fig. 1.
In the crystalline state, benzoic acid derivatives form
exclusively the hydrogen-bonded dimer.}*'* The broad

//o..u H-o\

1: n=5
2: n=6
3: n=3

Chart 1.



3582
73
2
<

{ Y T TR W N TR Y U A | 1 1 ) 1 | 1

4000 3000 2000 1000
Wavenumber/cm-1
Fig. 1. Infrared spectrum of 4-pentylbenzoic acid (1)

in the crystalline state at 70 °C.

band centered at 3000 cm ™! is assigned to the stretching
band of the hydroxyl group (¢(OH)) involving the hy-
drogen-bonded dimer. The Fermi resonances'® appear
at 2540 and 2665 cm~!, and the stretching carbonyl
band at 1695 cm~!. The band of the hydroxyl out-of-
plane deformation vibration (y(OH))!%!7 is observed
at 941 cm™1!.

Figure 2 shows the infrared spectra for 1 in the range
of 1500—1800 cm~! as a function of the temperature
from 70 to 168 °C. The band at 1736 cm™! appears
once the temperature reaches the melting (crystalline-
nematic: K-N) transition temperature at 88 °C, while
in the crystalline state the only carbonyl band of the
dimer is observed at 1695 cm~!. The 1736 cm™! band
is attributable to the C=0 band of the non-H-bonded
“monomeric” molecule.!®'” Tt is noteworthy that the
monomeric benzoic acid exists in the nematic state. On
the contrary, for pyridine-benzoic acid complexes that
form stronger hydrogen bonds than benzoic acid dimers,
no monomeric benzoic acid was observed in the liquid-
crystalline state, even over 150 °C.71!? For compound
1, the intensity of the “free” carbonyl peak increases,
while the aromatic ring peak at 1510 cm~! shows no
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Fig. 2. Infrared spectra of liquid-crystalline 4-pentyl-

benzoic acid (1) in the 1500—1800 cm ™' range from
70 to 168 °C.
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change in intensity. This observation suggests that the
intensity change of the C=0 peak is not caused by a
change in the sample thickness. The proportion of the
area of the 1736 cm~! band (A;736) to the total area
of the carbonyl bands at 1736 and 1695 cm ™! (Aj736+
Ajg9s) is represented by fi73s,

A1736

fime = ————.
A173e + A169s

The area fraction (fi736) against the temperature is
plotted in Fig. 3. The value of f;73¢ increases from 0.014
to 0.062 in the nematic state.'® An abrupt increase can
be seen at the nematic-isotropic (N-I) transition at 127
°C. In the isotropic phase, a steady increase of fi73¢ is
observed.

Figure 4 shows the infrared spectra of the C=0
band region of 4-hexylbenzoic acid (2) at elevated
temperatures. The increase in the “free” C=0 peak is
greatly dependent on the phase behavior, as is observed
for 1.

The infrared spectra for 3 as a function of the tem-
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Fig. 3. Proportion of the “free” C=0 peak to the total

area of C=0 peak of 1 as a function of the tempera-
ture.
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Fig. 4. Infrared spectra of liquid-crystalline 4-hexyl-

benzoic acid (2) in the 1500—1800 cm™*! range from
70 to 168 °C.
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Fig. 5. Infrared spectra of nonmesogenic 4-propyl-
benzoic acid (3) in the 1500—1800 cm™" range from
70 to 168 °C.

perature are shown in Fig. 5. In the crystalline state
below 142 °C, no “free” carbonyl peak is observed in
the spectra, while for 1 the “free” carbonyl peak of the
monomeric molecule develops at above 88 °C.

These results suggest that the stability of the hydro-
gen bonds of the liquid-crystalline benzoic acid dimer
is not simply a function of the temperature, but the
molecular ordering greatly affects the stability of the
hydrogen bonds.

Figure 6 shows the infrared spectra of 1 in the 700—
1050 cm ™! region as a function of the temperature. The
wavenumbers of the y(OH) band as a function of the
temperature are plotted in Fig. 7. The v(OH) band
observed at 941 cm™! in the crystalline state at 74 °C
shifts to lower frequencies in the nematic and isotropic
states. In the nematic state, the band is observed at
934 cm~!. After the nematic-isotropic transition, the
band shifts to 922 cm~!. Fischmeister showed!” that
there is a linear relation between the hydrogen bond
(O-H---O) length and the v(OH) frequency for car-
boxylic acid dimers, and that the v(OH) frequency de-
creases as the hydrogen bond length of the carboxylic
acid dimer increases. The present observation shows

1000 900 800 700
Wavenumber/cm-1

Infrared spectra of 1 in the 700—1050 cm™!

Fig. 6.
range as a function of the temperature: (A) 74 °C;
(B) 110 °C; (C) 140 °C.
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Fig. 7. Plots of the wavenumber of the v(OH) band

of 1 as a function of the temperature.

that the length of the hydrogen bond of the mesogenic
benzoic acid dimer is dependent on the phase behavior.

Partial financial support by the Ogasawara Founda-
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