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New Cu(II), Ni(II), Co(II), and Pd(II) complexes of higher alkanoyl derivatives of 6,6'-diamino-2,2'-bipyri-
dine were synthesized and their mesogenic properties were investigated. The Cu(II) complexes appear to exhibit

a smectic C structure in their mesophase state.

Recently, thermotropic liquid crystals of transition
metal complexes have been studied for their character-
istic electrical, magnetic, and optical properties. Most
of these complexes have two to eight alkyl chains and
a tetradentate square planer core with a tetradentate
ligand, porphyrin? or phthalocyanine®* or such a di-
dentate ligand as (-diketone.®

We have reported 6,6'-diamino-2,2’-bipyridine deriva-
tives as new ligands of the NoOy type square planar
complexes, and described their thermal and chemical
stabilities.®” In this paper, we report divalent transi-
tion metal complexes of 6,6'-bis(alkanoylamino)-2,2’-
bipyridine and 2-(alkanoylamino)pyridine, and the ef-
fects of the central metal and the length of alkyl chains
on their thermal properties.

Experimental

Measurements. 'H and *CNMR spectra were
recorded on JEOL FX-100 or GX-270 spectrometer in
CDCI3 using TMS as an internal standard. IR spectra were
measured with a JASCO IR-700 spectrophotometer. Mag-
netic properties were determined with a Shimadzu MB-11
magnetic balance. Differential scanning calorimetry (DSC)
was performed on Perkin—Elmer DSC-2 under a nitrogen at-
mosphere. Powder X-ray diffraction patterns were measured
with Cu-K « radiation, using a Rigaku RU-200 with a home-
made heating stage and a thermoregulator.

Materials. 6,6'-Bis(lauroylamino)-2,2’-bipyridine
(H2LC12):  To a pyridine solution (10 cm?®) of 6,6'-di-
amino-2,2'-bipyridine (0.19 g, 1 mmol) on an ice bath, lau-
royl chloride (2.4 ml, 10 mmol) in pyridine (10 cm®) was
added, and the mixture was allowed to react for 30 min.
The reaction mixture was then poured into methanol (100
cm?), and the precipitate was collected, and washed succes-
sively with a dilute HCI solution, a dilute ammonia solution,
water, and methanol. Recrystallization from benzene gave
colorless plates (0.36 g, 65%): Mp 440 K. Found: C, 73.93;
H, 10.31; 10.27%. Calcd fOI‘ 034H54N402: C, 74.14; H,
9.88; N, 10.17%. IR (KBr) 3258 (NH), 2916, 2850 (CH2),
1668 (amide I), 1537 (amide II), and 1258 (amide IIT) cm™?;
'HNMR (CDCI3) §=0.89 (6H, t, CH3), 1.29—1.52 (32H, m,
CHa), 1.77 (4H, m, CHy), 2.44 (4H, t, CHy), 7.19 (2H, s,
NH), 7.72—8.01 (4H, m), 8.25 (2H, d).

6,6'-Bis(mirystoylamino)-2,2'-bipyridine (H2LC14):
Yield 64%: Mp 433 K. Found: C, 75.20; H, 10.36; N, 8.82%.
Calcd for 038H62N402: C, 75.20; H, 10.30; N, 9.23%. IR
(KBr) 3266 (NH), 2916, 2850 (CH2), 1670 (amide I), 1538

(amide II), and 1259 (amide III) cm™}; "HNMR (CDCl;3)
6=0.90 (6H, t, CH3), 1.28—1.52 (40H, m, CHz), 1.76 (4H,
m, CHy), 2.44 (4H, t, CHy), 7.19 (2H, s, NH), 7.73—8.01
(4H, m), 8.24 (2H, d).
6,6'-Bis(palmitoylamino)-2,2’-bipyridine (H2LCis):
Yield 82%: Mp 428 K. Found: C, 76.33; H, 10.92; N, 8.12%.

" Caled for C42H7oN4O2: C, 76.08; H, 10.64; N, 8.45%. IR

(KBr) 3264 (NH), 2914, 2848 (CHz), 1669 (amide I), 1531
(amide II), and 1259 (amide III) cm™!; 'YHNMR (CDCl;3)
6§=0.90 (6H, t, CHs), 1.28—1.52 (48H, m, CH2), 1.77 (4H,
m, CHs), 2.44 (4H, t, CHy), 7.19 (2H, s, NH), 7.72—8.01 -
(4H, m), 8.24 (2H, d).
6,6'-Bis(stearoylamino)-2,2’-bipyridine (H2LCjis):
Yield 61%: Mp 421 K. Found: C, 77.03; H, 10.96; N, 7.77%.
Calcd for C46H7sN4O2: C, 76.83; H, 10.93; N, 7.79%. IR
(KBr) 3266 (NH), 2914, 2848 (CH;), 1670 (amide I), 1538
(amide II), and 1259 (amide III) cm™*; *HNMR (CDCl;)
§=0.90 (6H, t, CHs), 1.28—1.52 (56H, m, CH2), 1.77 (4H,
m, CH;), 2.44 (4H, t, CH2), 7.19 (2H, s, NH), 7.72—8.01
(4H, m), 8.24 (2H, d).
6,6'-Bis(arachidoylamino)-2,2’-bipyridine (HzLCz0):
Yield 29%: Mp 421 K. Found: C, 77.58; H, 11.75; N, 6.88%.
Caled for CsoHgeN4O2: C, 77.46; H, 11.18; N, 7.23%. IR
(KBr) 3316 (NH), 2918, 2850 (CH3), 1674 (amide I), 1531
(amide II), and 1258 (amide III) cm™}; 'HNMR (CDCl;)
§=0.90 (6H, t, CH3), 1.29—1.49 (64H, m, CH,), 1.78 (4H,
m, CHz), 2.45 (4H, t, CHz), 7.20 (2H, s, NH), 7.72—8.01
(4H, m), 8.24 (2H, d).
2-(Palmitoylamino)pyridine (HL'C1¢): To a meth-
ylene chloride solution (15 cm?®) of 2-aminopyridine (0.96
g, 10 mmol) and triethylamine (1.21 g, 12 mmol) on an
ice bath, palmitoyl chloride (2.76 g, 10 mmol) in methylene
chloride (15 cm®) was added, and the mixture was allowed to
react for 30 min. The reaction mixture was then filtered and
evaporated to collect the crude product. Recrystallizations
from a methanol solution of KOH and then from methanol
gave colorless plates (2.70 g, 81%): Mp 342 K. Found: C,
75.03; H, 11.47; N, 8.24%. Calcd for C21H3gN20: C, 74.59;
H, 11.59; N, 8.04%. IR (KBr) 3352 (NH), 2916, 2850 (CHz),
1687 (amide I), 1533 (amide II), and 1242 (amide III) cm™;
!HNMR (CDCl3) 6=0.88 (3H, t, CH3), 1.25—1.31 (24H, m,
CH,), 1.70 (2H, m, CH,), 2.38 (2H, t, CH2), 7.02 (1H, dd),
7.70 (1H, dd), 8.23 (1H, d) 8.26 (1H, d), 8.41 (1H, s, NH).
Cu(LCs2): HoLCy2 (0.28 g, 0.50 mmol) and [Cu-
(NOs3)2](H20)3 (0.12 g, 0.5 mmol) were dissolved in meth-
anol (200 cm®) and were allowed to react for 2 h. A 1/2
M KOH ethanol solution (4 cm®, 1 M=1 moldm™?) was
added and the mixture was stirred for another 1 h. The
precipitate was collected and then washed with methanol.
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Recrystallization from benzene gave brown needles. Yield
72%. Found: C, 66.34; H, 8.49; N, 8.96%. Calcd for
C34H50N402Cu: C, 66.69; H, 8.56; N, 9.15%. IR (KBr)
2918, 2848 (CHz), 1556 (amide I), 1388 (amide IT) cm™".

Cu(LCi14):  Yield 76%. Brown needles. Found: C,
67.31; H, 8.53; N, 9.57%. Calcd for C3sHgoN4O2Cu: C,
68.28; H, 9.05; N, 8.38%. IR (KBr) 2918, 2848 (CHz), 1557
(amide T), and 1387 (amide IT) cm™".

Cu(LCi6):  Yield 90%. Brown needles. Found: C,
69.60; H, 10.14; N, 7.59%. Calcd for C42HgsN4O2Cu: C,
69.62; H, 9.46; N, 7.73%. IR (KBr) 2916, 2848 (CHz), 1556
(amide I), and 1389 (amide II) cm™!.

Cu(LC1s): Ethanol was used for solvent: Yield 73%;
Brown powder. Found: C, 70.85; H, 10.07; N, 7.34%. Calcd
for C46H76N4020112 C, 70.77; H, 9.81; N, 7.18%. IR (KBI‘)
2916, 2848 (CHyz), 1557 (amide I), 1387 (amide II) cm™?.

Cu(LCz20): Ethanol was used for solvent: Yield 75%;
Brown powder. Found: C, 72.21; H, 10.43; N, 7.49%. Calcd
for Csng4N40zCu: C, 71.77; H, 10.12; N, 6.70%. IR (KBI‘)
2916, 2848 (CH3), 1557 (amide I), and 1391 (amide IT) cm™?.

Ni(LCye): H2LCi6 (0.28 g, 0.50 mmol) and [Ni(NO3)2]-
(H20)6 (0.15 g, 0.50 mmol) were dissolved in methanol (200
cm®) and the mixture was allowed to react for 2 h. A 1/2
M KOH ethanol solution (4 cm®) was added and the mix-
ture was stirred for another 1 h. The precipitate was col-
lected and then washed with methanol. Recrystallization
from benzene gave yellow needles. 0.26 g, Yield 73%. Found:
C, 69.63; H7 9.83; N, 7.93%. Calcd fOI‘ C42H63N402Ni: C,
70.09; H, 9.52; N, 7.78%. IR (KBr) 2916, 2850 (CHz), 1558
(amide I), and 1399 (amide II) cm™'; "HNMR (CDCls)
§=0.87 (6H, t, CH3), 1.25 (48H, m, CH), 1.63 (4H, m,
CH,), 2.44 (4H, t, CH,), 7.05 (2H, d), 7.33 (2H, d), 7.73
(2H, dd); "*CNMR, (CDCls) §=14.1, 22.7, 27.1, 29.4, 29.5,
29.7, 31.9, 39.1, 112.9, 123.5, 138.4, 151.7, 155.6, 176.7.

Co(LCise): H2LCi6 (0.28 g, 0.50 mmol) and [Co-
(OAc)2](H20)4 (0.31 g, 0.50 mmol) were dissolved in ethanol
(200 cm?®) under a nitrogen atmosphere on a water bath ther-
mostated at 40 °C, and the mixture was allowed to react for
1h. A 1/2 M KOH ethanol solution (4 cm®) was added and
the mixture was stirred for another 1 h. The precipitate was
collected and then washed with methanol. Recrystallization
from benzene gave red powder. 0.27 g, Yield 75%; Found:
C, 70.19; H, 10.33; N, 7.98%. Calcd for C42HgsN40O2Co: C,
70.07; H, 9.52; N, 7.78%. IR (KBr) 2918, 2850 (CHz), 1554
(amide I), and 1389 (amide IT) cm™!.

Pd(LCie): To a suspension of PdCly (0.12 g, 0.65
mmol) in ethanol (100 cm?®), LiCl was added until PdCly
was dissolved. HoLCi6 (0.28 g, 0.50 mmol) was then added
and the mixture was stirred until dissolved and allowed to
react for another 1 h. A 1/2 M KOH ethanol solution (4
cm?®) was added and the mixture was stirred for another 1 h.
The precipitate was collected and then washed with meth-
anol. Recrystallization from benzene gave yellow powder.
Yield 10%. Found: C, 65.57; H, 9.49; N, 7.24%. Calcd
for C42H68N402Pd2 C, 65.73; H, 8.93; N, 7.30%. IR (KBI’)
2916, 2848 (CHz), 1562 (amide I), and 1382 (amide IT) cm™*;
'HNMR (CDCls) §=0.87 (6H, t, CH3), 1.25 (48H, s, CH>),
1.80 (4H, m, CH,), 2.58 (4H, t, CH.), 7.18 (2H, d), 7.44 (2H,
d), and 7.79 (2H, dd); **C NMR (CDCl3) §=14.8, 23.4, 28.5,
30.1, 30.4, 32.7, 40.5, 114.6, 125.4, 139.0, 153.1, 154.0, and
175.6.

Pd(L'Cie)2: In a manner similar to that for Pd(LCis),
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[PA(L’C16)2](H20)2 was collected (Found C, 62.38; H, 9.09;
N, 6.96%. Calcd for [Pd(L'Ci6)2](H20)2: C, 62.63; H, 9.26;
N, 6.96%). The color of the product turned black at the
melting point without weight loss. After heating at a tem-
perature above the melting point, the sample showed vn—n
at 3350 cm ™! and vc=o at 1687 cm™? in the IR spectrum,
to suggest that the complex turned into HL'Ci¢ and Pd-
(OH)2 (Scheme 1). The coordinated H2O molecules were
removed by treatment with pyridine. [Pd(L'Cis)2](H20)2
was dissolved in a 5% pyridine solution in methylene chlo-
ride and the mixture was stirred for 1 h. The solution was
evaporated, heated in vacuum, then recrystallized from ben-
zene. Yield 10%; Yellow powder. Found: C, 65.58; H, 9.43;
N, 7.37%. Calcd for C42H7oN4O2Pd: C, 65.56; H, 9.17; N,
7.28%. IR (KBr) 2912, 2848 (CHs), 1568 (amide I), and
1383 (amide II) cm™'; 'HNMR (CDCl;) §=0.87 (6H, t,
CHs), 1.24 (48H, s, CH2), 1.71 (4H, m, CHy), 2.47 (4H, t,
CH,), 6.91 (2H, dd), 7.13 (2H, d), 7.66 (2H, dd), and 8.51
(2H, d); *CNMR (CDCl3) §=14.8, 23.4, 27.9, 30.1, 30.4,
32.7, 39.8, 117.4, 123.7, 139.7, 144.5, 154.3, and 173.6.

Results and Discussion

Synthesis. Ligands H,LC, (n=12—20) and
HL/C6 were synthesized from 6,6’-diamino-2,2’-bipyr-
idine and 2-aminopyridine, and the corresponding acid
chloride. Cu(II), Ni(II), Co(1I), and Pd(II) complexes
of HLC,, M(LC,,), were synthesized using Cu(NO3)2,
Ni(NO3)2, Co(OAc)s, and Liz[PdCly] in methanol or
ethanol, respectively. HL'C;¢ formed a deprotonated
complex with Pd(II), and an M(OH), was collected by
addition of KOH to the solution of the protonated com-
plexes of Cu(II), Ni(II), and Co(II).

Thermal Properties of Complexes. The ther-
mal properties of the complexes were studied with DSC.
Pd(II) complexes, Pd(LC;6) and Pd(L'Cyg)2, showed
an endothermic peak at Ty, 391 and 396 K, respec-
tively, during heating, and did not show any mesophase
transition. As-prepared Ni(LCjg) and Co(LCy6) also
showed only an endothermic peak at T, 376 and 386 K,
respectively, in the first heating process. Heat-treated
Ni(LC;6) showed two unresolved endothermic peaks at
336 and 366 K in addition to Ty, at 352 K and T, at
379 K in the heating stage. Similarly, heat-treated Co-
(LCy6) showed two endothermic peaks at 336 and 352
K in addition to T,, at 366 K and T, at 379 K in the
heating stage. The additionally appearing endothermic
peaks observed in heat-treated Ni(LCy6) and Co(LCys)
may be due to a mesophase transition, but further stud-
ies were not carried out because of their narrow tem-
perature range.

While as-prepared Cu(II) complexes, Cu(LC,),
showed a broad endothermic peak at T, besides a clear-
ing point in the first heating process (Table 1), heat-
treated Cu(LC,,) showed sharp endothermic peaks at
Tw, and Cu(LC1g) and Cu(LCz) showed two endother-
mic peaks and one exothermic peak besides Ty, (Fig. 1).
The broad endothermic peaks of as-prepared complexes
suggest the existence of a disorder in the crystal struc-
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Scheme 1.
ture of as-prepared samples. The complexes are soft-
Table 1. T and Tc/K of As-Prepared Cu(II) Com- ened at a temperature between Ty, and T,. The AH,

plexes in the First Heating Process

values are almost constant, and A H,, increases with the

carbon number for n<16. It is hence suggested that Tp,

Complexes T T

Cu(LCi2) 353 405
Cu(LCi4) 361 403
Cu(LCjs6) 367 401
Cu(LCqs) 370 397
Cu(LCy) 375 395

and T¢ are the melting point of alkyl groups and that
of the plane core groups, respectively. The complicated
thermograms of Cu(LCys) and Cu(LCq) at a heating
rate of 5 K min~! became simplified by a slower heating
rate, 1.25 Kmin~?! (Fig. 2). The endo- and exothermic

Heating rate: 5 Kmin~1.

(@

peaks at T}y, Tio, and Ty3 almost disappeared and A Hy,
increased whereas the AH, values remained constant
(Table 2, Fig. 2), to show that AHy, of all the Cu(II)
complexes, Cu(LC,,), increases with the carbon num-
ber. This observation suggests that the characteristic
endo- and exothermic peaks of Cu(LC;g) and Cu(LCy)
observed at a faster heating rate, 5 K min~!, are due to
rearrangement or restacking of the alkyl groups.

(a) —_
Q
= )
wui
o o
(b)
| |
Tm Te Q
w
(b) -
y
-—
1 ! 1 ! | ! l L 1 L
330 340 350 360 370 380 390 400 410 420 R
1 1 1 1 1 1 L ]
Temperature/K 320 340 360 380 400
Fig. 1. DSC curves for Cu(LCy). Heating rate: 5 Temperature/K
K min~?. : n=12; (b): n=14; (c): n=16; (d):
min (a): n (b): m (c): m (d) Fig. 2. DSC curves for Cu(LCz0). Heating rate; (a):

n=18; (e): n=20.

5 Kmin~?; (b) 1.25 Kmin~!.
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Table 2. T, Tm, and Tc/K and AH/kJmol™! of Heat-Treated Cu(II) Complexes in Heating Process
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Complexes Ti1 AH Tio AHgo T3 AH3 Tm AHp, T AH,
Cu(LCi2)®»  — — — — — — 351 58.6 405  32.6
Cu(LCis)®  — - — — — — 361 64.0 403  31.8
Cu(LCi)®  — — — — — — 365 70.3 401  32.2
Cu(LCi)® 349 3.8 358 84 359 21.89 370 644 396  31.8
Cu(LCis)®»  — — - — - — 371 849 397  29.3
Cu(LCg)» 357 7.1 366 130 367 31.89° 374 53.1 394 335
Cu(LC2)®  — — — — — — 375 101 395  33.1

a) Heating rate: 5 Kmin™".

1

b)

Heating rate: 1.25 Kmin™".

c) Exothermic peak.

Fig. 3. Optical texture of Cu(LCi¢) observed with crossed polarizers at 380 K.

Optical Texture of Complexes.
(LCy6) and Co(LCy6) showed a complicated optical tex-

Below T¢, Ni-

951

ture under crossed polarizers, and Pd(LC;6) and Pd-
(L'Cy6)2 did not show such a texture below Ty,. It is
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therefore suggested that the Pd(II) complexes are dis-
ordered in the solid state. Cu(LC,,) also showed a com-
plicated texture for n214. During cooling, the growth
of layers parallel to the glases was observed, and the
textures are not affected with endothermic peaks down
to room temperature. This suggests that the structures
of the solid phase are similar to those at the mesophase.
The texture of Cu(LCj6) at 380 K, obtained by cooling
the isotropic liquid phase, is shown in Fig. 3.

Magnetic Properties of Cu(II) Complex. The
magnetic properties of heat-treated Cu(LC;g) in the
solid state were measured at 77—400 K. The p.g values
were 1.794+0.03 B.M. (B.M.=9.27x1072¢ JT-1), and a
slight discontinuity of xm) is observed at a temperature
near Ty, (Fig. 4). This is suggestive of a slight change in
the magnetic interaction, probably due to a difference
in the distance of center metals between the solid phase
and the mesophase.

X-Ray Diffraction of Cu(II) Complexes. The
powder X-ray diffraction patterns of heat-treated Cu-
(II) complexes were measured at RT and 380 K. The
patterns of Cu(LCj4) are shown in Fig. 5, and the prin-
cipal lattice spacings of the Cu(II) complexes are given
in Tables 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12.

Cu(LCy6) at 380 K showed peaks at 16.1, 10.9, 8.19,
6.55, 4.68, and 4.09 A, and the spacings are hence ex-
actly in a ratio 1/2:1/3:1/4:1/5:1/7:1/8. There are
no spacings in a ratio 1:1/v/2:1/4/3 in the narrow an-
gle. This suggests that the complex forms a smectic
phase, and the spacings are assigned to (002), (003),
(004), (005), (007), and (008) planes, respectively (c=
32.8 A). The CPK model of Cu(LCj¢) indicates that
the length of complexes is about 27.4 A, to suggest that
the complex forms a dimer in the layer. Cu(salen) is re-
ported to form dimers in the crystalline state,® and the
distance of two copper atoms is 3.22 A. It is hence sug-
gested that the spacing at 3.38 A. corresponds to the
intra dimer spacing in the smectic phase (a=3.38 A).

1.5

1.4}

1.3}

1.2}

Xmo! X1079 m3 mol™1

1.1t
o

o
0 L i L N L " "
280 300 320 340 360 380 400
Temperature/K

1

Fig. 4. Effect of temperature on Xmo1 of Cu(LCis).
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Fig. 5. X-Ray diffraction patterns of Cu(LCj¢). Tem-
perature; (a): RT; (b): 380 K.

Table 3. X-Ray Diffraction Data for Cu(LC;2) at RT

Measured lattice Calculated lattice (hkl)

spacing /A spacing /A

22.2 22.2 (001)

11.1 11.1 (002)
9.02 9.02 (010)
7.42 7.42 (003)
5.56 5.56 (004)
4.66 — —
4.44 4.45 (005)
4.01 — —
3.70 3.71 (006)
3.44 3.45 (100)
3.25 3.22 (110)

a=3.45 A, b=9.02 A, c=22.2 A.

Table 4. X-Ray Diffraction Data for Cu(LCi2) at 380 K

Measured lattice Calculated lattice (hkl)

spacing /A spacing /A
25.5 26.0 (001)
13.0 13.0 (002)
8.68 8.68 (003)
6.51 6.51 (004)
5.21 5.20 (005)
4.34 4.34 (006)
3.72 3.72 (007)
3.41 3.41 (100)

a=3.41 A, c=26.0 A.



April, 1994]

Table 5. X-Ray Diffraction Data for Cu(LC14) at RT
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Table 8. X-Ray Diffraction Data for Cu(LCi6) at 380 K

Measured lattice Calculated lattice (hkl) Measured lattice Calculated lattice (hkl)
spacing /A spacing /A spacing /A spacing /A
248 249 (001) 16.1 16.4 (002)
12.5 12.4 (002) 10.9 10.9 (003)
9.69 9.69 (010) 8.18 8.18 (004)
8.30 8.30 (003) 6.58 6.55 (005)
6.22 6.22 (004) 471 4.68 (007)
4.99 4.98 (005) 4.12 4.09 (008)
4.49 — — 3.38 3.38 (100)
3:;8 ‘1:5 (OT) a=3.38 A, c=32.8 A.
3.56 3.56 (007)
3.45 3.45 (100)

a=3.45 A, b=9.69 A, c=24.9 A.

Table 6. X-Ray Diffraction Data for Cu(LCi4) at 380 K

Measured lattice Calculated lattice (hkl)
spacing /A spacing /A

15.0 15.0 (002)

9.95 10.0 (003)

7.49 7.49 (004)

6.04 5.99 (005)

5.01 5.00 (006)

4.30 4.28 (007)

3.76 3.75 (008)

3.41 3.41 (100)

a=3.41 A, ¢=30.0 A.

Table 7. X-Ray Diffraction Data for Cu(LCie6) at RT

Table 9. X-Ray Diffraction Data for Cu(LC1s) at RT

Measured lattice Calculated lattice (hkl)
spacing /A spacing /A
27.4 27.4 (001)
13.7 13.7 (002)
10.1 10.1 (010)
9.15 9.15 (003)
6.84 6.86 (004)
5.46 5.49 (005)
4.53 4.57 (006)
4.48 — —
3.91 3.92 (007)
3.78 - —
3.45 3.45 (100)
3.37 3.36 (300)
3.25 3.26 (110)

a=3.45 A, b=10.1 A, c=27.4 A.

Pd(LCi6) and Pd(LC/g)2 do not show a mesophase
transition by DSC. Cu(LCy6) clearly shows a
mesophase transition, which is obscure for Ni(LCjg)
and Co(LCj6). Such a difference in the thermal prop-
erties may reflect the character of the central metals.
These are probably due to the stacking structure of the
core groups.

Other Cu(LC,) at 380 K also showed spacings
assignable to the (00l) spacings, and an intra dimer
spacing at 3.39+0.02 A, indicating that the intra dimer

Measured lattice Calculated lattice (hkl)
spacing /A spacing /A
14.9 14.9 (002)
10.7 10.7 (010)
9.97 9.91 (003)
7.47 7.43 (004)
6.05 5.95 (005)
4.97 4.95 (006)
4.53 — —
4.51 — —
4.25 4.25 (007)
3.79 — —
3.73 3.72 (008)
3.44 3.45 (100)
3.27 3.28 (110)

a=3.45 A, b=10.7 A, ¢=29.7 A.

distances are constant regardless of the methylene num-
ber. The c value vs. acyl number (n) plots show a good
linearity (Fig. 6), indicating that the alkyl chains are
nearly straightened and that the c value increases 3.28
A with an increase of two methylenes. The sp® carbons
with a bond length 1.54 A and a bond angle 109.5° re-
quire the interatomic distance to be 2.52 A, and the
dimer conformation requires that to be 5.03 A for a
lengthening of the alkyl chain by two methylene groups.
From the observed increase in the c value, 3.28 A, it is
suggested that one of the alkyl chains forms an angle of
about 41° to the layer, so as to assign the mesophase of
Cu(LC,,) as the smectic C.

At room temperature, the spacings of Cu(LCig) at
27.4,13.7,9.14, and 6.84 A are assigned to (001), (002),
(003), and (004), planes respectively (¢=27.4 A), to in-
dicate a 5.3 A decrease in the ¢ value compared to that
observed at 380 K. The spacing at 3.45 A is assigned
to the intra dimer distance, indicating that the distance
of the two copper atoms increases by 0.07 A compared
to that at 380 K. Cu(LCy¢) also shows a new spac-
ing at 10.1 A, probably reflecting the orientation of the
molecules in the layer (b=10.1 A).

The ¢ values of Cu(LC,) at RT showed good linear-
ity for n<18 (Fig. 6) to indicate that the inter-layer dis-
tance increases by 2.54 A for an addition of two methyl-
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Table 10. X-Ray Diffraction Data for Cu(LCis) at 380 K

Measured lattice Calculated lattice (hkl)
spacing /A spacing /A

18.0 18.1 (002)
12.1 12.1 (003)
9.08 9.06 (004)
7.26 7.27 (005)
6.06 6.05 (006)
5.20 5.19 (007)
4.55 4.54 (008)
4.06 4.04 (009)
3.40 3.40 (100)

a=3.40 A, ¢=36.2 A.

Table 11. X-Ray Diffraction Data for Cu(LCz) at RT

Measured lattice Calculated lattice (hkl)
spacing /A spacing /A

18.4 18.5 (002)
12.3 12.3 (003)
9.24 9.24 (004)
7.38 7.39 (005)
6.15 6.16 (006)
4.80 — —
4.60 4.62 (008)
4.51 — —
4.10 4.11 (009)
4.02 — —
3.40 — a)
3.30 — a)

c=37.0 A. a) Probably reflecting the inter dimer

distance.

Table 12. X-Ray Diffraction Data for Cu(LCq0) at 380 K

Measured lattice Calculated lattice (hkl)
spacing /A spacing /A
19.6 19.7 (002)
13.1 13.1 (003)
9.86 9.86 (004)
7.91 7.89 (005)
3.47 —
3.39 ' 3.39 (100)

a=3.39 A, c=39.4 A.

ene groups in Cu(LC,,). It is also suggested that one of
the alkyl chains forms an angle 30° to the layer. These
complexes also showed spacings at 3.44 or 3.45 A for
the intra dimer distance, which are larger than those
in the smectic C phase (Fig. 7). One of the spacings
observed at 3.78—4.66 A probably corresponds to the
inter dimer distance. The spacing at 10.1 A observed
in Cu(LCs¢) also increases linearly to the acyl number
to indicate the presence of a columnar structure in the
layer of which the distance is increased by 0.53 A for an
addition of two methylene groups.

On the other hand, Cu(L.Cyg) showed an inter-layer
distance at 37.0 A. The results of DSC suggest that
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Fig. 6. Observed c values of Cu(LCr) as a function of
n. @: at 380 K; O: at RT.

Smectic C
Tm

(n=16)

Solid Phase 1

Solid Phase 2 (n=18)

Fig. 7. Proposed stacking model for Cu(LCn).

the alkyl chains of Cu(LCy) which exist folded at RT
restacked to form an extended straight conformation
during the heating process, showing characteristic endo-
and exothermic peaks at Ti;, Tio, and Ti3 in DSC.
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