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Liquid crystalline molecules with hydrogen-bonding networks in the direction of molecular short

axes

Shigeo Kohmoto*, Yasunobu Someya and Keiki Kishikawa

Department of Applied Chemistry and Biotechnology, Graduate School of Engineering, Chiba University, 1-33 Yayoi-cho,

Inage-ku, Chiba 263-8522, Japan

( Received 29 September 2009, final version received 17 November 2009)

The salts of 4-alkoxy-3,5-bis(hydroxymethyl)benzoic acids and alkylamine give stable smectic liquid crystals in a
wide temperature range. These smectic phases were investigated by polarised optical microscopy, differential
scanning calorimetry and powder X-ray diffraction. An inter-digitated structure of the plough-shaped network
created by the inter-molecular hydrogen bonding between the hydroxymethyl groups in the direction of the

molecular short axis is proposed.

Keywords: carboxylic acid-amine salts; hydrogen bonding; supramolecular liquid crystals

1. Introduction

Self-organised materials are assembled with the aid of
non-covalent bonds, such as hydrogen bonds, ionic
bonds and coordination bonds [1-7]. These interac-
tions are essential to organise highly ordered super-
structures. In liquid crystals, these bonds contribute to
create rigid cores [§-16] and stable side chains [11-13,
17, 18] in both calamitic and disk-like molecules. In
rod-like molecules, hydrogen bonding networks are
usually constructed in the direction of molecular long
axes [19-22]. In contrast, examples of hydrogen bond-
ing networks in the direction of molecular short axes
were very limited [23-27]. Generally, efficient rota-
tional fluctuations of liquid crystalline molecules
along molecular long axes are highly demanded for
stable mesophase formation. Therefore, multiple
hydrogen bondings in the direction of molecular
short axes are unfavourable due to the prevention of
the required rotational fluctuations (Figure 1).

Moreover, the addition of the hydrogen bonding
sites disturbs the core—core interaction due to the
elongation of the distance between the adjacent
cores. As a result, the destabilisation of the mesophase
occurs to give the corresponding crystals. Our ques-
tion is: does this disturbance of rotational fluctuations
really destabilise the resulting mesophase? Rather, can
it stabilise the mesophase under certain conditions?
The advantage of the creation of a hydrogen-bonding
network is to segregate efficiently the hydrogen-
bonded rigid cores from the flexible alkyl chain
parts. Especially for the ionic cores, this segregation
contributes to the stabilisation of the mesophase.

For this purpose, we prepared 4-alkoxy-
3,5-bis(hydroxymethyl)benzoic acids 1 which have

three interactive sites, two hydroxyl groups and a
carboxyl group (Scheme 1). The benzoic acids 1 are
expected to assemble by hydrogen bonding between
the hydroxymethyl groups in the direction of molecu-
lar short axes. The remaining carboxylic acid moiety
can form salts in the direction of molecular long axis
by an acid-base interaction when amines are added.
The salt formation results in the supramolecular
assembly to segregate between hydrophilic and hydro-
phobic moieties [11, 28-30]. Ionic interactions could
also reinforce the liquid crystallinity of 1. Herein, we
present a novel example of rod-like molecules capable
of showing liquid crystallinity even though they pos-
sess hydrogen-bonding sites on both sides of the core
toward the direction of the molecular short axes.

2. Experimental
2.1 General methods and materials

"H NMR (nuclear magnetic resonance) and '>°C NMR
spectra were recorded on JNM-LA400s and LAS500
spectrometers. Chemical shifts are reported in parts
per million (ppm) with the signals of TMS for 'H
NMR spectra and solvents for '*C NMR spectra
used as internal standards. Infrared (IR) spectra were
recorded on a JASCO FT/IR410 spectrometer. High-
resolution mass spectra were recorded using a JEOL
JMS-HX100 instrument. Thermal transitions of the
ionic complexes were investigated by differential scan-
ning calorimetry (DSC) using a MAC Science
DSC3100S differential scanning calorimeter and heat-
ing and cooling rates of 5°C min~'. Using a Nikon
Eclipse E400POL equipped with an Instec HCS400
hot stage, polarising optical microscopy (POM) was
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Introduction of /
hydrogen-bonding sites

Figure 1. Prevention of the spinning of liquid crystal mole-
cules by the hydrogen-bonding network in the direction of
molecular short axes.

used to verify thermal transitions and characterise
anisotropic textures. X-ray diffraction (XRD) experi-
ments were performed with Cu K, radiation by using a
Rigaku RINT 2200 diffractometer. All commercially
available chemicals and solvents were of reagent grade
and used as received without further purification.

2.2 Synthesis

2.2.1 Ethyl 4-hexoxy-3,5-bis(hydroxymethyl)
benzoate, (3a)

Compound 2 (0.401 g, 1.77 mmol), potassium carbonate
(0.361 g, 2.61 mmol), and potassium iodide (0.273 g, 1.64
mmol) were dissolved in acetone (100 ml) and stirred for
30 min. Then, 1-bromohexane (0.506 g, 3.07 mmol) was
added to the solution and the resulting mixture was
stirred under reflux for 2 days. After filtering off the
precipitate formed, the solvent was evaporated. The resi-
due was purified with column chromatography on silica
gel (hexane/ethyl acetate = 2:1) to give 3a as a colourless
crystal (0.383 g, 70%). Mp 79-80°C: "H NMR (400 MHz,
CDCly) 6 092 (t, J/ = 7.1, 3H), 1.33-1.41 (m, 7H), 1.49
(quintet, J = 7.6, 2H), 1.83 (quintet, J = 7.2, 2H), 3.94
(t,J=06.8,2H),4.36 (q, /= 7.2, 2H), 4.75 (s, 4H), 8.04 (s,
2H): ®C NMR (100 MHz, CDCly) § 14.1, 14.4, 22.6,
25.7,30.4,31.7,60.8,61.1,75.4,126.6, 130.3, 134.3, 159.1,
166.1: MS (FAB) m/z 311 [MH]", 333 [M+Na]": IR

OH
HO OH RBr N HO
K2CO3 / Kl / acetone //\
CO,CyHsg
2

(KBr) v 1715 em™ (C=0): Anal. calc. for C;7H,Os: C,
65.78; H, 8.44. Found: C, 65.78; H, 8.31.

2.2.2 Ethyl4-dodecyloxy-3,5-bis(hydroxymethyl)
benzoate, (3b)

Compound 2 (0.997 g, 0.441 mmol), potassium tertiar-
ybutoxide (0.502 g, 4.47 mmol), and potassium iodide
(0.075 g, 0.453 mmol) were dissolved in N, N-dimethyl-
formamide (20 ml) and stirred for 30 min. After the
addition of 1-bromododecane (1.0 ml, 4.2 mmol), the
solution was stirred for ca. 2 days at 70°C. The result-
ing solution was neutralised with an aqueous solution
of HCI (1M) and extracted with ethyl acetate. The
organic layer was dried over anhydrous magnesium
sulphate, and the solution was evaporated. The resi-
due was purified with column chromatography on
silica gel (hexane/ethyl acetate = 2:1) to give 3b as a
colourless crystal (1.35 g, 77 %). Mp 69-70.5°C: 'H
NMR (CDCl;, 500 MHz) 6 0.88 (t, J = 6.9, 3H), 1.27-
1.48 (m, 21H), 1.81 (quintet, J = 7.1, 2H), 3.92 (t, J =
6.6, 2H), 4.35 (q, J = 7.2, 2H), 4.73 (s, 4H), 8.01 (s,
2H): '*C NMR (CDCls, 125.6 MHz) 6 14.1, 14.4,22.7,
26.0, 29.4, 29.5, 29.58, 29.62, 29.65, 29.67, 30.4, 31.9,
60.7, 61.1, 75.4, 126.5, 130.2, 134.4, 159.0, 166.2: MS
(FAB) m/z 395 [MH]*, 417 [M+Na]*: IR (KBr) v
1711 cm™ (C=0): Anal. calc. for Cy3H3305: C,
70.02; H, 9.71. Found: C, 70.29; H, 9.65.

2.2.3  Ethyl 4-octadecyloxy-3,5-bis( hydroxymethyl)
benzoate, (3c)

In a similar manner as for the synthesis of 3b, com-
pound 3c was prepared by O-alkylation of 2 with 1-
bromooctadecane in 39% yield as a white powder. Mp
86-89°C: '"H NMR (CDCls, 500 MHz) 6 0.88 (t, J =
7.0, 3H), 1.26-1.40 (m, 31H), 1.47 (quintet, J = 7.4,
2H) 1.81 (quintet, J = 7.2, 2H), 3.92 (t, J/ = 6.7, 2H),
4.35(q, J = 7.1, 2H), 4.73 (s, 4H), 8.01 (s, 2H): °C
NMR (CDCls, 125.6 MHz) 6 14.1, 14.4, 22.7, 26.0,
29.4, 29.5, 29.60, 29.64 29.68, 29.70, 29.73, 30.4, 31.9,
60.7, 61.1, 75.4, 126.5, 130.2, 134.3, 159.0, 166.2: MS

OR OR
HO OH
OH KOH ;
EtOH-H,0 /A
CO,CyH5 CO,H
3 1a: R= C6H13
1b: R = C12H25
1c:R= C18H37

Scheme 1. Synthesis of bishydroxymethyl benzoic acid derivatives.
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(FAB) m/z480 [M+2H]", 502 [MH+Na]*: IR (KBr) v
1711 em™ (C=0): Anal. calc. for C,oHs,0s: C, 72.76;
H, 10.53. Found: C, 72.70; H, 10.16.

2.2.4 4-Hexyloxy-3,5-bis( hydroxymethyl)benzoic
acid, (1a)

To an ethanol (20 ml) solution of 3a (0.275 g, 0.886
mmol), an aqueous solution of KOH (15%, 2 ml) was
added and stirred for 2 h at 70°C. After cooling to
room temperature, the reaction mixture was neutra-
lised with 1N HCI aqueous solution. The white pow-
der precipitated was washed with H,O. The crude
product was reprecipitated with THF/hexane to give
1a as a white powder (0.189 g, 76%). Mp 155-159°C:
"H NMR (400 MHz, DMSO-d;) 6 0.88 (t, J = 6.8, 3H),
1.31 (m, 4H), 1.42 (m, 2H), 1.69 (quintet, J = 6.9, 2H),
3.79 (t, J = 6.4, 2H), 4.54 (s, 4H), 7.95 (s, 2H): *C
NMR (100 MHz, DMSO-dy) 6 14.0, 22.1, 25.1, 29.8,
31.1, 57.6, 73.8, 125.9, 128.2, 135.3, 156.9, 167.3: MS
(FAB) m/z 283 [MH]*, 305 [M+Na]*: IR (KBr) v
1685 cm™ (C=0): Anal. calc. for C;sH»Os5: C,
63.81; H, 7.85. Found: C, 63.74; H, 7.72.

2.2.5 4-Dodecyloxy-3,5-bis(hydroxymethyl)benzoic

acid, (1b)

In a similar manner as for the synthesis of 1a, com-
pound 1b was prepared by hydrolysis of 3b in 89%
yield as a white powder. Mp 129-132°C: '"H NMR
(400 MHz, DMSO-dy) 6 0.84 (t, J = 6.8, 3H), 1.23-
1.33 (m, 16H), 1.42 (quintet, J = 7.0, 2H), 1.69 (quin-
tet,/ =6.9,2H), 3.79 (t, J = 6.4, 2H), 4.53 (s, 4H), 7.95
(s, 2H): '*C NMR (100 MHz, DMSO-dj) § 13.9, 22.1,
25.4, 28.7, 28.8, 29.00, 29.03, 29.8, 31.3, 57.6, 73.7,
126.0, 128.2, 135.2, 156.8, 167.3: MS (FAB) m/z 367
[MH] ", 389 [M+Na]*: IR (KBr) v 1710 cm™" (C=0):
HRMS (FAB) molecular weight calc. for C;H3405:
m/z 367.2484 (MH™). Found: 367.2453.

2.2.6 4-Octadecyloxy-3,5-bis(hydroxymethyl)
benzoic acid, (1c)

In a similar manner as for the synthesis of 1a, com-
pound 1c¢ was prepared by hydrolysis of 3¢ in 80% yield
as a white powder. "H NMR (500 MHz, DMSO-dy) §
0.85(t,J=6.6,3H), 1.23-1.26 (m, 28H), 1.43 (quintet, J
=7.2,2H), 1.70 (quintet, J = 6.9, 2H), 3.79 (t, / = 6.4,
2H), 4.54 (s, 4H), 7.96 (s, 2H): '>*C NMR (125.6 MHz,
DMSO-dg) 6 13.9,22.1,25.4,28.7,28.9,29.0, 29.8, 31.3,
57.6,73.8,125.9, 128.2, 135.2, 156.9, 167.3: MS (FAB)
mlz 451 [MH]", 473 [M+Na]": IR (KBr) v 1710 cm™'
(C=0): Anal. calc. for C,7H4Os: C, 71.96; H, 10.29.
Found: C, 71.70; H, 10.18.
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3. Results and discussion

3.1 Liquid crystallinity of 1

The phase transition behaviours of 1 are shown in
Table 1. Only the compound with the longest
alkyl chain 1c¢ showed a smectic A (SmA) liquid
crystal phase in a narrow and a relatively wide
temperature range on heating and on cooling,
respectively. This SmA phase was observed as a
dark region by POM because of the perpendicular
molecular arrangement. Figure 2 shows its XRD
pattern and DSC diagram. The layer distance
observed by XRD was 37.6 A at 134°C which
was longer than the molecular length (28.7 A).
The results indicated that the carboxylic acid
dimer was responsible for the layer distance.
Rather short layer distance for the dimer might
be originated in the interdigitation of the alkyl
chains. A broad halo centred around 24-25° of
26 indicates that this broad halo centre is of some-
thing involving another order of molecules other
than the molten alkyl chains, as the layer distance
deduced from it is rather short as a diameter for
molten alkyl chains. The halo is assumed to be the
overlap of those of stacking of phenyl rings and
molten alkyl chains. The DSC of 1¢ showed slight
decrease of phase transition temperatures in both
heating and cooling cycles gradually with increas-
ing number of heating—cooling cycles (see the sup-
plementary material Figure S1, which is available
via the multimedia link on the online article web-
page). This could be due to the slight decomposi-
tion of 1c. It is known that dimeric forms of
benzoic acid derivatives exhibit liquid crystallinity
[31]. In the present case, an introduction of two
hydroxymethyl groups resulted in destabilisation
of a mesophase formation due to the disturbance
of the rotational fluctuations.

Table 1. Phase transition behaviours of 1.

Acid Phase transitions”
la heating Cr 155(29.4) Iso
cooling Iso 103(-24.2) Cr
1b heating Crl 114(14.7) Cr2 131(21.2) Iso
cooling Iso 116(-22.4) Cr2 99(-12.2) Crl
1lc heating Crl 122(21.3) Cr2 132(22.8) SmA 135/(1.0) Iso

cooling Iso 134(-1.2) SmA 110(-23.4) cr2’ 96(-20.4) Crl

“Transition temperatures (°C) and the corresponding enthalpies (in
parentheses, kJmol™") were determined by differential scanning
calorimety on the second heating and the second cooling (rate: 5°C
min~"). Cr, Sm A, and Iso indicate crystal, smectic A and isotropic
liquid phases, respectively. Crl, Cr2, and Cr3 indicate crystal
phases. “Including some phase transitions between crystals.
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Figure 2. The X-ray diffraction pattern of 1c at 134°C (a)
and differential scanning calorimetry diagram of 1c on the
second heating (b) and the second cooling (c) with a heating
and a cooling rate of 5°Cmin', respectively.

3.2 Liquid crystallinity of 1 with one equivalent
amount of alkylamine

Since the benzoic acids 1 did not give stable liquid
crystals, we decided to introduce an ionic moiety to
the core part to reinforce the core—core interaction.
This will contribute to the formation of a well micro-
phase-separated structure. It is known that amine salts
of carboxylic acids [29, 32, 33] and sulphonic acids [34]
form supramolecular liquid crystalline materials.
However, in the former case, to the best of our knowl-
edge, there is no report on the formation of the supra-
molecular liquid crystalline phases of the salts derived
from monoamines and carboxylic acids. As a reference
experiment, we checked the phase behaviour of the salt
(1:1 mixture) of 4-dodecyloxybenzoic acid and

octadecylamine. The salt did not show liquid crystal-
linity. However, the addition of monoamines posses-
sing long alkyl chains to 1 promoted the formation of
liquid crystal phases, as shown in Table 2.

The salt was prepared by dissolving 1 and alkyla-
mine in THF in a ratio of 1:1 followed by evaporation
of the solvent. All salts derived from 1b and 1¢ showed
enantiotropic SmA phases. As an exception, the salt of
1a with dodecylamine did not show a liquid crystal
phase. The balance between the alkyl chain length of 1
and monoamine was the key factor in generating
liquid crystal phases. In the series of salts of 1b and
1c, the enthalpy of the transition from the SmA phase
to the isotropic phase became larger as the length of
alkylamine became shorter. The flexibility of the alkyl
chain caused a decrease in the transition enthalpy. It is
important to have enough segregation of hydrogen-
bonding parts from alkyl hydrophobic parts for the
generation of the stable mesophase. Since the salts
were oriented in the perpendicular direction on a
glass plate, the dark field was observed in POM.
Figure 3(a) shows the POM photograph of 1lc-
Ci;6H33NH, as an example. Similar patterns were
observed for the other salts. The XRD image of the
salts showed a typical diffraction pattern of a SmA
phase. The XRD pattern of 1b- C;sH33NH, is pre-
sented in Figure 3(b) as a representative example.
Three reflections in the small-angle region with d-spa-
cings of 32.0 (001), 16.1 (002), 10.7 A (003) indicated a
well-defined periodic layer structure.

In addition, a broad halo was observed in the wide-
angle region around 4.5 A. The observed layer dis-
tance of the SmA phase by XRD was shorter than
the calculated length of the salt. The interdigitation
of alkyl chains occurred. In some cases, phase transi-
tions among crystal phases were observed. Figure 4
shows DSC diagrams of the salts of 1b with one
equivalent amount of octadecylamine on the second
heating and the second cooling.

In the first heating and cooling, phase transitions
occurred at slightly higher temperature than those of
the second heating and cooling. After the second hea-
ting—cooling cycle, they appeared almost at the same
temperatures (see supplementary material Figure S2).
Firstly, it is required to melt the mixture of the acid
and the amine for the formation of homogenous salt.
Consequently, steady phase transitions were observed
after the second heating—cooling cycle. Three phase
transitions among crystal phases were observed before
the phase transition to a SmA phase on heating. There
was a tendency that the layer distances of the SmA
phase of the salts of 1 with alkylamines became shorter
as the temperature increased (Table 3). For example,
for the salt of 1b and octadecylamine the observed
layer distances were 34.2 and 31.7 A at 90 and
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Table 2. Phase transition behaviours of the salts of 1 with alkylamines.

Salt

Phase transitions”

la- C12H25NH2

heating Crl 44(-16.2) Cr2 89(35.3) Iso

cooling Iso 78(-0.7) Cr3 58(-3.9) Crl

la- C14H29NH2

heating G 41(-36.0) Cr 79(29.4) SmA 103(1.1) Iso

cooling Iso 101(~1.3) SmA 37(-2.8) G

la- C16H33NH2

heating G 64(-6.9) Cr 76(9.2) SmA 110(1.7) Iso

cooling Iso 108(~1.6) SmA ND’ G

la- C18H37NH2

heating Cr1 22(8.6) Cr2 78(13.6) SmA 122(1.0) Iso

cooling Iso 120(—-1.0) SmA 7(-5.6) Crl

lb C12H25NH2

heating Crl 10(0.7) Cr2 75(15.6) SmA 123(2.7) Iso

cooling Iso 121(-2.7) SmA 18(-5.3) Crl

1b- C14,HyoNH,

heating G 14(2.6) Cr 78(10.1) SmA 127(1.5) Iso

cooling Iso 126(-1.3) SmA 26(-10.0) G

lb C16H33NH2

heating G 12(6.9) Cr 79(22.1) SmA 126(1.5) Iso

cooling Iso 123(-1.3) SmA 15(-8.0) G

lb C18H37NH2

heating Cr1 22(5.6) Cr2 43(~28.4) Cr3 57(8.9) Cr4 82(22.6) SmA 127(1.3) Iso

cooling Iso 125(-1.3) SmA 20(-11.3) Crl

1lc- C12H25NH2

heating Cr 86(56.7) SmA 121(2.2) Iso

cooling Iso 119(-1.9) SmA 61(-38.2) Cr

1lc- C14H29NH2

heating Crl 55(5.4) Cr2 83(40.6) SmA 122(1.5) Iso

cooling Iso 122(-1.3) SmA 53(-58.3) Crl

1c- C16H33NH2

heating Cr1 75(13.6) Cr2 89(21.0) SmA 125(1.0) Iso

cooling Iso 123(-1.0) SmA 61(-38.1) Crl

1c- C18H37NH2

heating Crl 56(4.9) Cr2 87(64.3) SmA 120(0.8) Iso

cooling Iso 119(-0.8) SmA 63(-79.0) Crl

“Transition temperatures (°C) and the corresponding enthalpies (in parentheses, kJmol™") were determined by
differential scanning calorimetry on the second heating and the second cooling (rate: 5°Cmin™"). Crl, Cr2, Cr3, and
Cr4, SmA, and Iso indicate crystal, smectic A and isotropic liquid phases, respectively. G indicates a glassy state.
"Not detected.

(a)
(b) 5000
2 4ol | 32:0A (001
2
S 3000
£ s000F | 16.1A (002)
=]
2 1000 L /10.7A(003)
= LA
0 5 10 15 20 25 30

26 (deg)

Figure 3. Polarising optical microscopy micrograph of the
smectic A phase of 1¢ with one equivalent amount of hexade-
cylamine at 105°C (a) and the X-ray diffraction pattern of 1b
with one equivalent amount of hexadecylamine at 90°C (b).

Exothermic

Endothermic

0 50 100
Temperature (°C)

Figure 4. Differential scanning calorimetry diagram of 1b
with one equivalent amount of octadecylamine on the sec-
ond heating (a) and the second cooling (b) with a heating and
a cooling rate of 5°Cmin™", respectively.
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Table 3. Temperature dependent layer distances of SmA phases generated by a 1:1 mixture of 1 with

alkylamine.

Salt Temperature (°C) Layer distance (A) Calculated length of salt (A)
la- C14H29NH2 80 26.0 334
90 25.8
1a- C15H33NH2 80 28.1 35.9
90 27.9
100 27.6
a- C18H37NH2 80 29.9 38.4
90 29.8
100 29.4
110 29.2
120 28.9
lb' C12H25NH2 80 298 384
90 29.6
100 29.6
110 29.6
1b- C4H29NH, 90 31.1 40.9
100 30.7
110 30.6
120 30.4
1b- CcH33NH, 90 32.0 43.4
100 31.3
110 30.5
120 29.9
1b- C;3H5,NH,; 90 34.2 45.9
100 33.9
110 32.7
120 31.7
1c- C12H25NH2 90 329 459
100 33.4
110 335
120 33.5
1c C14H29NH2 90 34.2 48.4
100 339
110 334
120 33.2
1c- C16H33NH2 90 37.3 50.9
100 35.6
110 35.6
120 34.5
1c- C18H37NH2 90 38.7 53.4
100 38.0
110 36.7

120°C, respectively. They were shorter than the calcu-
lated length (45.9 A) of the salt. The layer periodicities
decreased as the temperature was increased. This is
explained by the loss of the orientational order due
to thermal fluctuations, leading to a stepwise destruc-
tion of the hydrogen bonds holding the molecules
together.

Figure 5 shows the proposed layer structure of the
1:1 mixture of 1b and dodecadecylamine. The hydro-
gen bonding along the molecular short axis aligns the
salts, which results in a creation of a plough-shaped
structure. Interdigitation of alkyl chains gives a layer
structure. The ionic salt parts are segregated from the

hydrophobic parts. This kind of alignment originating
in the hydrogen bonding along the molecular short
axes was reported by us in the crystal structure of the
similar benzoic acid derivative [35].

3.3 The effect of the ratio of alkylamine on the liquid
crystallinity

The phase transition behaviours of the mixture of 1b
and octadecylamine were investigated by varying their
ratios (Figure 6). When the ratio of 1b was low, 1b and
octadecylamine were not intermingled. When the ratio
of 1b was around 60-70%, a SmA phase was observed
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in a wide temperature range from an ambient tempera-
ture up to around 130°C.

In the case of the mixture with the ratio of 1:1, the
vce—o of the corresponding salts was observed at
around 1600 cm™' (Figure 7(a)). No observation of
ve_o around 1700 em™! indicated that the salts were
formed completely. The mixture of 1b and octadecy-
lamine in a ratio of 2:1 showed two bands of vc_g at
1693 and 1603 cm™" at 90°C (Figure 7(b)). The results
indicated that the mixture contained two types of
vc—o. The former corresponded to the vc_o of the
acid form and the latter agreed with that of the salt.
From these results, we concluded that the 2:1 mixture
of 1b and octadecylamine consisted of the mixture of
the salt of 1b with octadecylamine and the dimeric

form of 1b in a ratio 2:1. Association of the dimeric
form of 1c¢ with the salt merely lowered the phase
transition temperature from the SmA phase to the
crystal since the clearing points of the 1:1 and 2:1
mixtures of 1b and octadecylamine were nearly the
same (approximately 130°C).

4. Conclusion

In contrast to the general concept that disturbance of
the rotational fluctuations of the core part of liquid
crystal molecules destabilises their mesophases, the
rod-like molecules 1 showed liquid crystallinity by salt
formation with alkylamines. They possessed two
hydrogen-bonding sites at the core toward the direction
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Figure 7. Infrared spectra of the salts of 1b and octadecyla-
mine in acid-amine ratios of 1:1(a) and 2:1(b).

of the molecular short axes; nevertheless, they showed
stable mesophases. This hydrogen bonding will contri-
bute to the efficient segregation between hydrogen-
bonded ionic cores and alkyl chain parts. This is the
key factor in stabilising the liquid crystal phases, which
compensates for the instability caused by the obstruc-
tion of the rotational fluctuations. The difference of
mesomorphism between the pure and amine salt of
carboxylic acids originates in the ionic nature of the
core. In the latter case, an efficient segregation between
ionic cores and alkyl chain parts can be expected, which
results in the formation of the stable mesophase.
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