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The silver-ion-based supramolecular adducts bearing long alkyl chains were
prepared by reaction of pyridazine and silver alkylsulfonates. The-liquid crystalline
behavior of the adducts was studied by differential scanning calorimetry, polarizing
microscopy, temperature-dependent IR, and temperature-dependent X-ray diffrac-
tion. Each of the adducts exhibits two rectangular columnar mesophases having
P2/a symmetry and has a strong tendency of parallel alignment of the alkyl chains
orientating toward the surface of the glass substrate.

Keywords: liquid crystal; self-assembly; supramolecule

1. INTRODUCTION

Metal-containing liquid crystals have received attention because of
anticipated unique properties resulting from their combination of
metals and intrinsic liquid-crystalline properties of organic com-
pounds [1-3]. On the other hand, supramolecular self-assembly is an
efficient way to construct novel molecular architectures with poten-
tially useful properties and functions that are absent in the individual
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components [4,5]. In particular, the metal-containing supramolecular
systems obtained by a careful and appropriate choice of the metal cation,
counter ion, and organic ligand are attractive materials, because they
display an extensive range of properties [6-9]. However, few systems
have been used as organic ion with alkyl chain as the counter anion
[10,11]. Because the surfactants containing silver and lanthanide metals
exhibit mesophases [12—14], the introduction of flexible alkyl chains into
the metal-based supramolecular systems would be expected to modify
their melting points, leading to novel liquid-crystalline materials.
Carlucci et al. reported that the self-assembly of pyridazine and silver
salts gave rise to polymeric helical motifs [15]. We have prepared here
new silver-containing supramolecules with long alkyl chains by reaction
of pyridazine and silver alkylsulfonates. The introduction of long alkyl
chains on the supramolecules has provided them with thermotropic
mesomorphism. For example, the supramolecules exhibited a rectangu-
lar columnar mesophase (P2/a). Herein we report on the liquid-crystalline
properties of the supramolecular adducts bearing long alkyl chains
(Cn-Pyda) obtained by reaction of pyridazine and silver alkylsulfonates.

2. EXPERIMENTAL
2.1. Materials

Pyridazine (Pyda) was purchased from Tokyo Kasei (Tokyo) and used
without further purification. Silver alkylsulfonates (silver decylsulfo-
nate, silver dodecylsulfonate, silver tetradecylsulfonate, and silver
hexadecylsulfonate) were prepared from the corresponding sodium
alkylsulfonates and AgNO; [16].

The synthetic route for Cn-Pyda (n = 10-18) is shown in Scheme 1.
Preparation of the representative C16-Pyda derivative was as follows.
A DMSO solution (1 mL) of Pyda (0.050g, 6.2 x 10”4 mol) was added to a

N
I
N~

CpHzn:1SO3Na aq. sol. + AgNOzaq. sol. = CHj1SO3Ag ——— 3

N
CuHpy1SO3Ag @ 11} ~

C,-Pyda

SCHEME 1 Synthetic route for Cn-Pyda.
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DMSO solution (3mL) of silver hexadecylsulfonate (0.26g, 6.2 x
10"*mol), and then the mixture was allowed to stand for 3h at room
temperature. The resulting white crystals (C16-Pyda) were separated
by filtration to give 0.19g in 62% yield. The other Cn-Pyda crystals
were prepared in the same manner.

Elemental analysis (%) found (calc.): C10-Pyda=C;sH25N2Ag03S:
C, 40.98 (41.08); H, 6.11 (6.16); N, 6.70 (6.84). C12-Pyda=C;6H39Ny
Ag0O3S: C, 43.78 (43.94); H, 6.58 (6.68); N, 6.25 (6.40). Cl4-
Pyda=C;gH33N,Ag0sS: C, 46.28 (46.45); H, 7.10 (7.15); N, 5.71
N, 5.42 (5.68). C18-Pyda=CqyoH41N2Ag03S: C, 51.01 (51.06); H, 7.95
(7.98); N, 5.32 (5.41).

2.2. Measurements

The samples (Cn-Pyda) were identified by elemental analysis (Perkin-
Elmer elemental analyzer 2400). The phase-transition behavior of the
samples was observed with a polarizing microscope, Olympus BH-2,
equipped with a heating plate controlled by a thermoregulator
(Mettler FP82HT hot stage, Mettler FP90 central processor), and
measured with a differential scanning calorimeter, Shimazu DSC-50.
Temperature-dependent X-ray diffraction measurements were per-
formed with Cu-Ko radiation by using a Rigaku RAD X-ray diffract-
ometer equipped with a handmade heating plate [17] controlled by a
thermoregulator. Temperature-dependent IR spectra were measured
by a Nicolet Nexsus 670 spectrophotometer equipped with a heating
plate controlled by a thermoregulator (Mettler FP82HT hot stage,
Mettler FP90 central processor).

3. RESULTS AND DISSCUSSION
3.1. Preparation of Cn-Pyda

The reaction of pyridazine (Pyda) and silver alkylsulfonate in
Dimethylsulfoxide (DMSO) gave white crystalline solids (Cn-Pyda).
The coordination bonding of pyridazine and Agt was confirmed by
FT-IR spectra. From elemental analysis, the stoichiometry of Cn-Pyda
was shown to be Pyda-silver alkylsulfonate = 1:1, confirming that
pyridazine and silver alkylsulfonate form a 1:1 adduct.

3.2. Phase-Transition Behavior of Cn-Pyda

The phase-transition sequences of Cn-Pyda established by differential
scanning calorimetry (DSC) measurements, and polarizing microscopic
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(b)
FIGURE 1 Photomicrographs of C18-Pyda at 130°C (top) and 150°C (bottom).

observations are summarized in Table 1. The temperature-dependent
IR spectra were also measured to gain the information on the
conformation of alkyl chains. Because each of them shows the same
transition sequence, a representative C18-Pyda is described here.
When the virgin crystals of Cr were heated from room temperature,
a phase transition from Cr to a mesophase M; could be observed at
125.5°C. Figure 1a shows a photomicrograph of the M; mesophase at
130°C. It was waxy and soft with birefringence. On further heating,
it could be observed only by DSC that the M; phase transformed into
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another mesophase, My, at 135.9°C. No discernible changes of the
texture were observed by the polarizing optical microscope, which is
attributed to a very small enthalpy change for the M;—M, phase tran-
sition. Figure 1b shows a photomicrograph of the M, mesophase at
150°C. This My mesophase showed more fluidity with birefringence
than the M; mesophase. On further heating, the M, phase decomposed
at ca. 203°C. Thus, both M; and My phases were very soft and waxy
and exhibited birefringence under the polarizing microscope. Because
the sample decomposed before clearing into an isotropic liquid, it was
impossible to observe the natural textures and characterize the meso-
phases from the natural textures.

Figure 2 shows the IR spectra of C18-Pyda measured in the region
from 700 cm ! to 1400 cm ! at room temperature, 130, and 150°C. At

at 150°C
Col,(P2/a)

at 130°C
Col,;(P2/a)

Transmittance (a.u.)

atr .t.
Cr

| | | | | | |
1400 1300 1200 1100 1000 900 800 700

Wavelength (cm™)

FIGURE 2 Temperature-dependent IR spectra of C18-Pyda at room tempera-
ture, 130°C and 150°C.
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room temperature, many fine structures could be observed in this
region. They are assigned to band progressions of the alkyl chains
indicating the trans-zigzag conformation of the alkyl chain [18]. On
the other hand, at 130 and 150°C, the band progressions smeared
out to show the structureless spectra. This suggests that the trans-zigzag
conformation of the alkyl chains in the crystal phase (Cr) is completely
destroyed by melting in the M; and My phases [18]. It is compatible
with the waxy nature and softness of these M; and M, phases. Hence,
they can be regarded as mesophases.

3.3. Mesophase Structure of Cn-Pyda

The M; and My mesophases were identified by temperature-dependent
X-ray analyses. The X-ray diffraction data of all the mesophases are
summarized in Table 2.

As can be seen from Table 2, the M; and M, mesophases of
C18-Pyda gave many sharp reflections. Although a halo at 26=20° cor-
responding to the melting of long alkyl chains was not distinctly
observed, the melting of alkyl chains in these phases was obvious from
the waxy nature and smearing out the band progressions, as men-
tioned previously. This is described in detail later.

The peaks in the M; mesophase could be assigned as reflections
from a rectangular columnar (Col,;) phase. Moreover, it was clarified
from the extinction rules for rectangular lattices that this Col, meso-
phase has P2/a symmetry. Similarly, the M, mesophase could be
identified as the same Col,, (P2/a) phase.

Each of the M; and M, phases of the other adducts (Cn-Pyda;
n =10, 12, 14, and 16) could be also identified as a Col, (P2/a) meso-
phase (Table 2). As can be seen from Table 2, the lattice constants a
and b for these rectangular lattices for the Col,; and Col,s mesophases
increase with increasing the alkyl chain lengths from n = 10 ton = 18.
The lattice constants a and b of the Col,5 phase are slightly bigger than
those of the Col,; phase. This means that the packing of columns is
somewhat looser in the higher-temperature mesophase Col,, com-
pared with the lower-temperature mesophase Col,;. The very small
difference between these two rectangular columnar mesophases of
Col,; and Col,; with the same symmetry corresponds to the small
enthalpy change of the phase transition from Col,; to Col,, (Table 1).

3.4. Model of the Col, Mesophases

Figure 3 illustrates a structure model of the Col,; and Col,, meso-
phases of the Cn-Pyda adducts on a glass substrate. As mentioned
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TABLE 2 X-ray Diffraction Data of the Cn-Pyda Adducts

Mesophase lattice

Spacing A

Miller indices

Compound constants (A) Observed Calculated (thkl
C10-Pyda Col,; (P2/a) at 125°C 30.9 29.9 (110
a=45.0 22.5 22.5 200
b =377 18.9 18.9 020
17.2 174 (120
154 15.0 300
11.2 11.3 400
8.58 8.70 (240
7.94 7.99 (340)
7.47 7.44 150)
6.11 6.09 (720)
5.72 5.73 (730)
4.42 4.42 940
Col,» (P2/a) at 150°C 30.9 30.9 110
a=>54.8 27.4 27.4 200
b=237.3 22.8 22.1 210
15.3 154 (220
13.7 13.7 400
11.3 11.3 (230)
10.2 10.3 330)
9.17 9.20 (140
C12-Pyda Col,; (P2/a) at 130°C 24.8 24.8 (200
a=49.6 18.6 18.6 020
b =373 12.6 124 400)
9.40 9.31 040
8.42 8.27 (600)
8.02 8.07 (610
6.37 6.39 (450)
5.04 5.04 930
4.40 4.39 (860)
4.03 4.03 (12 20)
3.60 3.61 (1250)
3.43 3.44 1170
3.20 3.19 (810 0)
Col,e (P2/a) at 150°C 29.8 29.8 110
a=50.2 25.1 25.1 (200
b=37.1 17.7 174 (120
15.8 15.2 310
15.1 15.2 310
12.7 12.5 400
11.8 11.9 410
10.5 104 420)
10.1 10.0 (500
8.50 8.36 (600
6.39 6.38 450

(Continued)
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Mesophase lattice

Spacing A)

Miller indices

Compound constants (A) Observed Calculated (hkD
C14-Pyda Col,; (P2/a) at 130°C 28.8 28.8 (200
a=>57.7 23.6 23.6 020)
b =472 20.6 21.8 (120)
14.3 14.4 400)
11.0 10.9 (240)
10.4 10.4 (520)
9.52 9.62 (600)
8.65 8.48 350)
8.17 8.21 (630)
7.13 7.13 (810)
6.93 6.91 (460)
6.65 6.70 (170)
5.36 5.32 (860)
4.43 4.43 (790)
4.39 4.38 (107 0)
Col,e (P2/a) at 150°C 34.0 34.0 (110
a=>57.0 28.5 28.5 (200
b =423 21.1 21.1 020)
20.1 19.8 (120
17.2 17.3 310
14.3 14.2 (400)
14.0 14.1 320
13.3 13.5 410
11.6 114 (500)
10.5 10.6 040
9.58 9.49 (600)
8.70 8.66 (620)
8.40 8.37 (150)
C16-Pyda Col,; (P2/a) at 130°C 32.0 32.0 (200)
a=64.0 23.9 23.9 020)
b =477 22.5 22.4 (120)
15.8 15.9 320
11.9 11.9 040
11.6 11.7 (140)
11.3 11.3 430)
10.5 10.4 (340)
8.28 8.20 450)
7.88 7.89 (810)
7.56 7.58 (820)
6.87 6.81 920)
6.32 6.34 (101 0)
5.67 5.65 (1120)
4.65 4.65 (12 50)

(Continued)
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Mesophase lattice

Spacing A)

Miller indices

Compound constants (A) Observed Calculated thkl
4.44 4.43 (126 0)
3.95 3.95 (2120)
C16-Pyda Col,e (P2/a) at 150°C 38.0 38.0 (110
a=064.9 32.5 32.5 (200)
b =47.0 23.7 23.5 020)
19.4 19.7 310
15.8 15.9 320)
13.0 13.0 (500)
11.7 11.7 040)
10.6 10.5 (610)
9.77 9.83 (620)
9.40 9.30 (150)
7.96 7.96 (640)
C18-Pyda Col,; (P2/a) at 130°C 34.5 33.8 (200)
a==67"7 26.3 26.0 020)
b=519 23.9 24.2 (120)
22.4 22.6 (300)
17.4 17.0 320)
15.0 15.4 (230)
13.1 13.1 (510)
12.1 12.1 (240)
11.5 11.3 (600)
10.5 10.3 (620)
9.09 9.06 (720)
8.63 8.66 060
8.31 8.35 (810)
8.13 8.08 360)
7.01 7.05 B3170)
6.09 6.09 950)
5.83 5.85 (580)
4.44 4.44 (810 0)
4.44 4.44 (152 0)
4.31 4.32 (1120)
3.85 3.85 (812 0)
3.07 3.08 (14 13 0)
2.71 2.75 (1515 0)
C18-Pyda Col,e (P2/a) at 150°C 34.2 34.2 (200)
a=1684 25.8 25.8 020)
b=51.6 20.9 20.9 310
17.2 17.1 400)
14.1 14.3 420)
12.9 12.9 040)
10.3 10.3 (440)

(Continued)
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TABLE 2 Continued

Spacing A)

Mesophase lattice Miller indices
Compound constants (A) Observed Calculated (hkl
8.61 8.60 (060)
7.38 7.33 (170)
6.57 6.59 (850)
5.97 6.04 (480)
4.33 4.34 (611 0)
3.44 3.44 (1150)
3.23 3.23 (1412 0)
3.04 3.03 (1170)
2.72 2.72 (818 0)
2.58 2.58 (0 20 0)
2.35 2.35 (20 16 0)

in the introduction, Carlucci et al. reported that the self-assembly of
pyridazine and silver salts gave rise to polymeric helical motifs, in
which pyridazine and Ag™ formed a rigid skeletone [15]. The Cn-Pyda
adducts also seem to have a rigid skeleton like a column, although
details of the exact coordination structure of pyridazine and Ag" ion
remain unclear. Alkylsulfonate anions bound to Ag" ions on the rigid
skeleton modify its melting point to reveal liquid-crystalline meso-
phases. We tentatively think that the oval columnar adducts sur-
rounded by the alkyl chains assemble parallel to the surface of glass
substrate, as illustrated in Figure 3. It is noteworthy that a diffuse
halo at 20=20° corresponding to the melting of alkyl chains could
not be observed distinctly in the present X-ray diffraction patterns
of the Col,; and Col,, mesophases for Cn-Pyda, as mentioned pre-
viously. Similar disappearance of halo of the poly(3-alkylthiophene)
n-conjugated polymers have been reported. It originated from the
alignment of the polymers on substrate, with the alkyl side chains

A—/
N O
CA—C/

FIGURE 3 Tentative structure on a glass substrate of the rectangular colum-
nar mesophase having P2/a symmetry of Cn-Pyda.
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oriented toward the surface of the substrate [19]. Therefore, the
Cn-Pyda adducts may also have a strong tendency of the alkyl chains
orientating toward the surface of the glass substrate. As pointed out
by Ujiie, ionic liquid crystals themselves work as a surface treatment
reagent like a silane coupling reagent [20]. The present ionic liquid
crystal containing silver ions (Cn-Pyda) may also work as a surface
treatment reagent to show this spontaneous alignment as illustrated
in Figure 3.

4. CONCLUSION

In this study, we have prepared novel adducts of Cn-Pyda (n = 10-18)
between pyridazine (Pyda) and silver alkylsulfonate. The stoichio-
metry of Cn-Pyda was confirmed from the elemental analysis; pyrid-
azine and silver alkylsulfonate form a 1:1 adduct. Very interestingly,
each of the adducts exhibits two rectangular columnar mesophases
having P2/a symmetry. In the mesophases, Cn-Pyda has a strong
tendency of spontaneous alinment of the alkyl chains orientating
toward the surface of the glass substrate. Introduction of the alkyl
chains into metal-containing supramolecular systems can provide
them with thermotropic mesomorphism and will open new possibilities
for the constructions of metallomesogens.
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