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Communication

Smectic Bimetallomesogens: Synthesis and Mesomorphic Properties in
Oxygen..Bridged Dicopper and Dlvanadyl Complexes

Yi-Fun Leu ( j1Jfijj= ) and Chung K. Lai* ( fJl.mJ'G )
Department ofChemistry, National Cen1ral University, Chung-Li, Taiwan, R.O. C.

The synthesis and mesomorphic properties of a homologous series of N-(3-hydroxypropyl)-4-alkoxyl­

salicylaldimine, N-(3-hydroxypropyl)-4-(4'-alkoxybenzoxy)salicylaldimine, and their dicopper(II) and di­
oxovanadium(VI) complexes are reported. Copper complexes exhibited monotropic smectic A phases;
however, vanadyl complexes showed no mesomorphism. A systematic comparison revealed that the meso­
genic behaviors of these bimetallic complexes are induced by the weak intermolecular force and determined
mainly by the central metal. The effects on the structural variations near the metal central cores and side
chain density are also discussed.
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The incorporauon of metal centers into ligand crystal­

line core groups, known as metallomesogens, impart the
physical properties which mainly arise from the large po­

larizable electron density of the metal atoms. Metallomeso­

genic materials are fundamentally and technologically in­

teresting since the incorporation ofvarious metal centers of­

fers many opportunities, not only to create novel materials,
but also to study and investigate their potential physical

properties. The induction of liquid crystallinuy by intermo­

lecular coordination" via direct metal-metal or ligand-medi­

ated interaction has been widely applied to generate meso­
genic superstructures with novel properties. The develop­

ment of bimetallic mesogens' opens new possibilities for

the formation of materials which exhibit interesting proper­

ties, such as ferromagnetism and conductivity. A detailed

understanding of [he interactions in these homo- or hctero­

bimetallic systems is of fundamental importance in the de­

sign of such materials, and it remains a challenging goal to

materials researchers. We report herein our results on the

development of smectic bimetallic liquid crystalline com­
plexes.

We have prepared a number of dicopper and divanadyl

complexes, 1-5, which are shown in Scheme I. The typical

synthetic procedures are summarized in Scheme II. Reac­
tions of 4-(4'-alkoxybenzoxy)-2-hydroxybenzaldehyde4

with 3-amino-l-propallol in rcfluxing absolute ethanol gave

the resulting Schiff bases: N-(3-hydroxypropyl)-4-(4'-alk­

oxybcnzoxylsalicylaldimine' with a high yield of 92-95%.

The metal complexes; bis[N-(3-hydroxypropyl)-4-(4'-alk­
oxybenzoxy)saIicylaldiminato}Cu(II) and VO(II) were ob­

tained by the reaction" of the Schiff bases with CU(OAC)2

and VO(OAch in CHCh/CH30H. Satisfactory elemental
analyses for metal complexes were obtained by several re-
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crystallizations.

The liquid crystallinity of copper and vanadyl com-

plexes of I, 2 and 3 was investigated by polarized optical

microscope and DSC analysis. The phase behavior of cop-

per and vanadyl complexes I and 3 is given in Table 1. Di-

copper complexes 1 exhibited monotropic smectic A meso-

phases, which are often observed for long rod-like mole-

cules; however, vanadyl complexes showed only crystalline

phases. Smectic phases have been observed in complexes'?

of various salicylaldimines containing mono transition met-

als, Upon heating, the copper complexes melt directly into

isotropic liquid at ca. 124 •C-145 ·C and the smectic phase

was obtained by cooling from the isotropic phase. The tern-

Table I. PhaseBehaviors" of MetalComplexes 1 and 3

Metal n Heating(top)
Coolingfbouom)

I, M::;Cu 8 K 191.4(6.16) I
K 132.4(6.63) SA 137.2(0.24) I

]0 K lBO.8(11.3) I
K 129.5(7.56) SA 145.2(1.18) I

12 K 171.2(11.0) I
K 127.1(7.90) SA 144.4(1.23) I

14 K 164.7(13.0) I
K 117.9(8.89) SA 140.4(1.43) I

16 K 149.7(7.67) I
K 121.3(9.66) SA 133.9(1.71 ) 1

18 K 150.3(1.62) I
K 124.4b SA 123.9b I

1, M::o VO 12 K 219.1(9.01) I
K 198.6(8.58) I

14 K 217.7(9.95) I
K 200.1(9.53) I

16 K 214.3(9.63) I
K 204.3(9.58) I

18 K 209.3(8.04) I
K 195.9(7.42) r

3, M:::Cu 8 K 213.6(l2.~) I
K 188.9(9.56) SA 199.1(1.66) I

10 K 206.9(8.32) I
K 187.9(6.04) SA 203.2(2.25) I

12 K 187.2(5.08) SA 193.3(0.52) I
K 161.1(3.30) SA 187.1(1.39) I

14 K 197.9(3.67) SA 201.7{1.53) I
K 179.2(4.89) SA 199.8(2.64) J

16 K 198.3(5.72) [

K 178.0(5.46) SA 193.6(1.68) I
18 K 196.3(6.63) I

K 174.5(5.41) SA 191.2(2.04) I

a The phase transition temperature CC) and the enthalpies of
transition (Kcal/mol, in parenthesis) are given between the phases.
n represents the numberof carbonsin the alkoxylchains;K is the
crystal phase;SA is the smecticA phase; and I stands for isotropic,
bunsolvcdpeaks.
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perature range of mesophases was fairly narrow and varied

slightly with the sidechain length. The smectic A phase was

identified by polarized optical microscope. Typical fan­

shaped textures were observed by slow cooling the isotropic

liquids. Vanadyl complexes 1 exhibited only crystal-to-iso­

tropic transition at 210 ·C~220 ·C. The frequency ofV=O

stretching bands of these vanadyl complexes at around 988

em" (in Mujol) indicated a monomeric' structure. Forma­

tion of polymeric structures in liquid crystalline phases of

vanadyl compounds has been applied to produce polar or­

dering of linear chain structures. This type of macroscopic

polar ordering could generate ferroelectric and NLO materi­

als. s

The formation and stability of these mesophases are

very sensitive to steric hindrance. and the position of alk­

oxyl side chains. For example, liquid crystallinity is totally

suppressed in dicopper complex 2, presumably the in­

creased bulk of a methyl group destroys the weak intermo­

lecular force necessary to stabilize the liquid crystallinity,

Crystal-to-isotropic transition (I =191 'C; n =14) was ob­

served fo,- these dicopper complexes. The copper com­

plexes 3 showed similar phase behavior. Complexes; n =12

and 14 exhibited enanotropic SA phases; however, com­

plexes n = 8, 10, 16, and 18 exhibited monotropic SA phases.

Clearing temperatures at 191 ·C-203 ·C of crystal-to-iso­

tropic transitions were higher than those of dicopper com­

plexes 1. The temperature ranges of copper complexes 3

were wider than for complexes 1. indicating that the meso­

phase of complexes 3 was more stable. Powder XRD meas­

urements are in progress to confirm the structures of the

mesophases in these bimetallic systems.

The effect of sidechain density on the mesomorphism

was also studied. Copper complexes 4 and 5 all exhibited

only crystalline phases. Induction of liquid crystallinity of

these dicopper complexes was not accomplished by increas­
ing the number of sidechains and substitution positions of

sidechains. The results suggest that the formation of liquid

crystalline phases is a combination of rigid core and

sidechain density, e.g., the aspect ratio. Extra sidechain

density in compounds 4 and 5, compared with compound 3,

destroyed the weak. mesophase.

In summary, we have developed bicopper complexes

with rod-like shapes that exhibit smecuc mesophases. The

mesomorphic behavior is governed by the geometrical

structures of these rod-like molecules, which in turn de­

pends on the geometry of the metal centers. Copper com­

plexes with planar or nearly planar arrangements around the

central core produce flat elongated molecules, thus facilitate
the formation of layered smectic phases. However, the lack
of liquid crystalline phases in divanadyl systems was as-
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cribed to the stronger intermolecular forces between

vanadyl centers. Geometry of both V :; 0 bonding; either

trans or cis, still remains unknown. Determination of the
geometric structure of single crystals is important, since this

affects the molecular shapes and hence the mesogenicity,

Further research is continuing on similar bimetallic com­

.plexes as well as other multinuclear structures.

We thank the National Science Council of Taiwan,

ROC tor funds (NSC-85-2113-M008-001) in generous sup­

port.of this work. We are also thankful for funds provided

by the National Central University and the National Science

Council (NSC-84-2745-M008-002) used to create a variable

temperature XRD facility.

SUPPLEMENTARY MATERIALS AVAll.ABLE

Tables of phase diagrams and elemental analysis data

(7 pages) for all metal complexes reported. Ordering infor­

mation is given on any current masthead page.

Received December 23, 1996.

Key Words

Liquid crystals; Metallomesogens; Smectic A;

Bimetallic complexes; Schiff bases; Monotropic,

REFERENCES

1. (a) Hudson, S. A.; Maitlis, P. M. Chern. Rev. 1993, 93,

861. (b) Maitlis, P.; Giroud-Godquin, A. M. Angew.
Chem., Int. Ed. Engl. 1991, 3D, 375. (c) Espinet, P.;

Esteruelas, M. A; Oro, L. A.; Serrano, J. L.; Sola, E. Co­

ord. Chern. Rev. 1992, 117,215.
2. (a) Serrette, A G.; Swager, T. M. J. Am. cu«. Soc.

J. Chin. Chem. Soc., Vol. 44, No.2, 1997 91

1993,115,8879. (b) Constable, E.; Hannon, M. J.; To­

cher, D. A. Angew. Chem., Int. Ed. Engl. 1992, 31, 230.

(c) Constable, E. Angew. Chern., Int. Ed. Engl. 1992, 30,

1450.

3. (a) Bonnet, L.; Cukiernik, F. D.; Maldivi, P.; Giroud­
Godquin, A-M.; Marchon, i.-c., Ibn-Elhaj, M.; Guillon,

D.; Skoulios, A Chern. Mater. 1994,6, 31. (b) Serrette,

A. G.; Lai, C. K.; Swager. 1'. M. Chern. Mater. 1994, 6,

2252. (c) Lai, C. K.; Serreue, A. G.; Swager, 1'. M. J.
Am. Chern. Soc. 1992, 114, 7948. (d) Cayton, R. H.;
Chisholm, M. H.; Darrington, F. D. Angew. Chem., Int.
Ed. Engl. 1990,29, 1481.

4. Temperature at 50 'C is controlled tor the monoalkyla­

lion reactions to give better yields of 4-substituted alde­

hyde; 4-(4-dodecyoxybem.oxy)-2-hydroxybenzalde­

hyde. M.p. 85-86 'C; IH-NMR (200 MHz, ppm,

CDCI,); 0.86 (t, -CH" 3H), 1.06-1.80 (rn, -(CH 2) IO,

20H), 3.98 (1, -OCH2, 2H), 5.00 (s, -C6H4-OCH2- , 2H),

6.48 (d, -CJI3, 1H), 6.59 (dd, -C6HJ , IH), 6.90 (d, -C6H4,

2H), 7.24 (d. -CJ{., 2H), 7.48 (d, -CJ-I" IlD, 9.69 (s,

-CHO, IH), 11.46 (8, -C 6H30H, IH). 13C-NMR (ppm,

CDCh): 14.78,23.37,26.70,29.91,29.95,30.01, 30.21,

30.56,32.56,68.76, 70.79, 102.2, 109.6, 115.3, 115.9,

128.0,130.0,135.9,160.0, 165.1,166.7,195.0.

5. Crude product of N-(3-hydroxypropyl)-4'-(4-dodccy­

loxybenzoxyj-salicylaldirnine was recrystallized from

THF/CH30H to pale yellowish solids. M.p. 126-127 . C,

lH-NMR (200 MHz, CDCI] TMS): 0.86 «, -CH" 3H),

1.27-1.88 (m, -(CH2) 10, 20H), 1.94 (m, -NCH2Cfu, 21-1),

3.65 (1, -CH2N:;C, 2H), 3.74 (1, -CH"OH, 2H), 3.95 (t,

-OCH2, 2H), 4.95 (s, -OCH2C6H4, 2H), 6.43 (d, -C6H3,

2H), 6.87 (d, -C6H4, 2H), 7.01 (d, -CJ'I], IH), 8.10 (d,

-N=CH, IH). 13C-NMR (ppm, CDCl3) ; 14.80,23.40,

26.72,29.91,30.02,30.58,31.63,32.58,53.38,59.78,

68.03,69.77, 102.4, 107.0, 120.0, 114.6, 128.2, 129.3,

132.7,159.1,163.0,163.9, 168.2.

6. Cascllato, D.; Vigato, P. A. Coord. Chern. 1977, 23, 31.

7. Riley, P. E.; Pecoraro, V. L.; Carrano, C. J.; Bonadics, J.

A; Raymond, K. N. Inorg. Cnem. 1986,25, 154.

8. Serrette, A. G.; Swager, 1'. M. J. Am. Chern. Soc. 1993,

1J5,8879.


