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The effect on the physicochemical and electro-optical properties of introducing
cyclic esters into the molecular structure of liquid crystals is discussed and
rationalized in terms of existent theories.
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1. INTRODUCTION

This review focuses on the effect of introducing the fragments contain-
ing ester groups into the molecular structure of liquid crystals on their
physicochemical and electro-optical properties. It is believed that the
charasteristic effects of cyclic esters can be correlated with the
geometric and electronic structures of the ester groups [1].

2. MESOMORPHIC PROPERTIES

The phase-transition temperatures of some cyclic esters and reference
compounds are presented in Tables 1-4, where Cr, Sm, SmB, SmC*,
SmA, N, Ngg, Ch, BP, and I denote the crystalline, smectic, smectic
B, chiral smectic C*, smectic A, nematic, reentrant nematic, choles-
teric, blue phase, and isotropic phases, respectively. Values given in
parentheses refer to monotropic phase transitions.

As is evident from Table 1, the introduction of a chiral 2-oxetanone
unit [2,3], in which the competition between classical ring strain forces
and torsional forces caused by interaction of atoms out of the ring
tends to bend the ring, forms some monotropic phases with high melt-
ing points (crystal-smectic or crystal-nematic phase-transition
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TABLE 4 Mesomorphic Properties of Some Liquid Crystals

No. Compound Phase transitions (°C) Ref.

4@:}7 Cr 129 SmA 15791 33

42 CsHi70 _O_ 00 CN Cr 92.8 N 156.1 1 34
—O— —O— Cr 75.6 N 88 35

CgH;70
41

43 CgH,;,0

temperatures) in four-ring derivatives (compound 1-1), whereas three-
ring 2-oxetanone derivatives usually do not show the mesomorphic
properties [4].

It has been demonstrated that 2-oxazolidinone is overall planar
with C3-O2 bond length (1. 219A) slightly longer than a C=0O bond
(1.201 A) in lactones [9], although the C3-O1 bond (1.347 A) is shorter
than the corresponding C—O bond in y-lactones (1. 464 A), revealing
electronic delocalization from N to O1 via the C3-O2 group [9]. In this
ring, the hydrogen bonds create a chained structure in the y direction,
whereas molecules in parallel planes are connected by dipole—dipole
and van der Waals interactions [9]. The coplanar approach of the
NH group has been rationalized in terms of the ab initio calculated
molecular electrostatic potential generated by the C=0 group [9].
The data collated in Table 1 reveal that 5-methyl-2-oxazolidinone sub-
stitution in the four-ring derivative does not favor the formation of the
mesophases (compound 1-2), whereas the corresponding 4-methyl-2-
oxazolidinone substitution results in the formation of high melting
and narrow smectic C* phase (compound 1-3). This shows the impor-
tance of the molecular structure of liquid crystals containing 2-oxazo-
lidinone. One more example of these liquid crystals is presented by
compound 1-4, where removing the bent methylene linkage, elongat-
ing the alkyl group, and even decreasing the number of the rings
favors the smectic phase. The corresponding 2(3H)-dihydrofuranone
derivatives are not mesomorphic (compounds 1-5, 1-6; see also com-
pounds 1-9, 1-10, Table 1). These can be correlated with the geometric
and electronic structure of 2(3H)-dihydrofuranone. It has been
reported that this ring adopts mainly a twisted-ring conforma-
tion, which readily bends and twists in either direction from the
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lowest-energy structure and undergoes rapid ring inversion via a pla-
nar (C,) structure with a barrier of 4.7kJ-mol ! [10]. Envelope-like
conformations with an out-of-plane angle of 29.7° for the flap may be
present but perhaps do not represent a true equilibrium structure
[10]. The envelope and twisted-ring (with a twist angle of 18.7°) confor-
mations differ mainly in a vertical translation of C3 and C4 by ca.
0.14 A with respect to the C2-C1-O2 plane [10]. This ring is substan-
tially strained. Note that the corresponding tetrahydrofuran [11,12]
derivatives show the smectic B and A phases with moderate thermo-
stabilities (compounds 1-5-1-8, Table 1). In this case, the carbonyl
group in 2(3H)-dihydrofuranone derivatives works as lateral substitu-
ent broadening the molecule [13].

It has been reported that the tetrahydropyran ring is slightly flatter
than cyclohexane [14]. Its molecule resembles cyclohexane in
geometry excepting the short C-O bond (1.41A) compared to the C-C
bond (1.54 A). These two rings do have very similar chair-to-chair
ring-reversal processes [14]. The corresponding tetrahydro-2H-
pyran-2-one molecule has been found in the form of a flattened chair
and in a boat form (more nearly a classical boat than a twisted boat)
[15]. The chair form is rather unstable, caused by a strong tendency
for the four-atom part of the carboalkoxy group to be planar. This
leads to a dihedral angle of 36.9° about the C-O bond [15]. In the boat
form of this molecule, the four atoms on the near side of the ring are
nearly coplanar. The bow and stern hydrogens inside the ring are clo-
ser that they would like to be, and the molecule is twisted slightly to
relieve this repulsion. These structural features and an eclipsed
butane unit on the back side of the molecule reveal that both confor-
mations are quite strained, with the boat more stable than the chair
[15]. The strain is worse in the chair than in the boat, but it is less
in 2(3H)-dihydrofuranone [15]. As expected, the observed structural
features of tetrahydropyran and terahydro-2H-pyran-2-one should
affect the mesomorphic properties of compounds incorporating them.
As in the case of five-membered rings discussed previously, the exocyc-
lic carbonyl group works again as lateral substituent, reducing the
number of the mesophases and the clearing point (smectic—isotropic
or nematic—isotropic or cholesteric—isoptropic phase-transition
temperature) (compounds 2-1, 2-2, Table 2). As in the case of 2(3H)-
dihydrofuranone derivatives, the cis-isomers of terahydro-2H-pyran-
2-one derivatives are not mesomorphic, whereas their ¢rans-isomers
exhibit the chiral smectic C* phase with moderate thermostabilities
(compounds 2-1, 2-3, 2-4, Table 2).

It has been shown that 1,3-dioxolan-2-one exists in the crystal form
in a half-chair conformation with the torsional angle O-C4-C5-O
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being 31° and a barrier to ring inversion of 2.7 kJmol ! [21,22]. The
introduction of this ring into the molecular core of four-ring deriva-
tives results in the formation of high-melting smectic A phase in
the trans-isomer 2-5 and gives no mesophase for the cis-isomer
2-6 presented in Table 2. Similar trends can be observed for the
1,3-dioxolan-4-one derivatives (compounds 2-7, 2-8, Table 2), which
exhibit significantly lower melting and clearing temperatures in
comparison with those of the corresponding 2-oxetanone derivative
1-1 (for the trans-isomers).

As is evident from Table 3, the introduction of 1,3-dioxan-2-one into
the molecular core of two-ring derivatives creates the monotropic
smectic A phase with significantly lower melting and clearing points
in comparison with those of the corresponding reference ketones (com-
pounds 3-1, 3-3-3-5, except the clearing point for compound
3-3), whereas changing the substituents and their positions at 1,3-
dioxan-2-one could lead to the disappearance of the mesomorphic
properties (compound 3-2 where the dipole of the carbonyl group
directs nearly perpendicular to the long molecular axis).

It can be seen from Table 3 that two-ring 2H-pyran-2-one cyano
derivative shows no mesophase compared with the nematic cyano
biphenyl (compounds 3-6, 3-7), whereas the introduction of 2H-
pyran-2-one into the molecular core of three-ring cyano derivatives
increases the melting temperature, introduces the smectic phase,
and lowers the nematic thermostability in comparison with those of
the corresponding 1,4-phenylene derivative (compounds 3-8, 3-9).

According to Takenaka et al. [31], the carbonyl group of 2H-1-ben-
zopyran-2-one [32] forming an angle of 60° with respect to the long
molecular axis enhances the lateral interactions due to the dipole—
dipole interactions and can be responsible for the formation of only
smectic A phase in two-fragment 2H-1-benzopyran-2-one cyano
derivative 4-1 compared with the 1,4-phenylene- and 1,4-phenylene =
based compounds 4-2, 4-3 (Table 4). In the case of three-ring cyano
derivatives presented in system (I), we say that the replacement of
1,4-phenylene by 2H-1-benzopyran-2-one creates the re-entrant
nematic phase for only one, shorter homologue (Scheme 1).

Similar trends have been reported for other cyclic ester derivatives
[36-74].

It can be proposed that the electronic and geometric structures of
ester-containing rings [2,3,9,10,15,21,22,32] play a very important role
in the intra- and intermolecular interactions [75-77] that affect the
packing of the molecules and that predominantly influence mesophase
stability [29,75-78]. Anisotropic dispersion interactions, and conse-
quently the anisotropy of polarizability, depending on the electron
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C,Hyr O —@— CO0 —@— COO0 — A — CN(I)[31, 36]

A=
Q_\\2 n= phase N
0 n=7

NRE’ SmA, N
n=8-9 SmA, N

A= @ n=28 N

n=9-11 Ngp, SmA, N
n=12 NRE> SmA

SCHEME 1 Mesomorphic properties of some liquid crystals.

density distribution in the molecular fragments under consideration,
also influence the packing and hence the stability of the mesophases
but play a secondary role compared to the steric factors [78].
Other molecular aspects such as the association [29] or dipole—
dipole attraction in polar liquid-crystalline derivatives, which can
influence the packing of the molecules, also affect the stability of the
mesophases [78].

3. STATIC DIELECTRIC PROPERTIES

The relationship between the dielectric anisotropy As= ¢ —e,,
where ¢ and ¢; are dielectric constants that are parallel and per-
pendicular, respectively, to the nematic director n, and molecular
structure of liquid crystals is described by the theory of Maier and
Meier [79]:

 NhF[ Ax—Fp?
Ae=— [kT(l — 3 cos? ﬁ)] ’ 1)

where h = 3¢"/(2¢* + 1), ¢" = (g +2¢1)/3, Aw = (o) — o1 ) is the polar-
izability anisotropy, F is the cavity reaction field, p is the dipole
moment, f is the angle between the molecular long axis and the dipole
moment, N is the number of molecules per unit volume, and S is the
order parameter.

As is evident from Table 3, the replacement of 1,4-phenylene (1 = 0
[80]) by 2H-pyran-2-one increases the dielectric anisotropy because
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the total dipole moment is increased (compounds 3-6, 3-7). It is rough
comparison because the dipole moment is only available for the corre-
sponding 4H-pyran-4-one, u = 3.72 D [81].

4. PHYSICAL PROPERTIES OF THE SMECTIC C* PHASE

The spontaneous polarization P of the smectic C* liquid crystals is an
important parameter because of its linear coupling with an applied
electrical field, which is the basis of the application of these materials
[82]. The polarization is caused by the cramped rotation of the dipoles
of the molecules and varies with the position of these dipoles with
respect to the chiral group [82]. The spontaneous polarization Pg is a
quantity that is directly related to the response time t as a switching
device [83]:

.2
74 SIN” O

where 7y, is the rotational viscosity, which refers to the rotation about
an axis perpendicular to the director n and Py, © is the tilt angle, and
E is an applied electric field.

It has been demonstrated that the spontaneous polarization of the
ferroelectric liquid crystals are related to the sum of the vectors of
the dipoles in the tilted smectic phases [84,85], and the magnitude
of the Py of chiral liquid crystals depends on the magnitude of the
dipole near the chiral center and on the restriction of the rotational
freedom around the chiral center [85].

Asis evident from Tables 1 and 2, the introduction of the chiral, ester-
containing rings into the molecular structure of liquid crystals in many
cases gives the high values of spontaneous polarization, whereas larger
values of P, and ©® and lower values of the response times recorded for
the cis-isomers in comparison with those of the corresponding ¢rans-iso-
mers (compounds 1-5-1-10, 2-3—2-8) have been explained in terms of
molecular packing, which is more ordered and provides a nearly perpen-
dicular direction of the dipole moment of these rings to the longitudinal
molecular axis [6,8,16,18,44,46,48,66]. As expected, trans-2-oxetanone
derivative 1-1 (which has a smaller chiral ring) exhibits a lower response
time than the corresponding trans-1,3-dioxolan-4-one derivative 2-7,
although the latter compound shows a significantly higher spontaneous
polarization, which is due to its increased dipole moment (compare
roughly u =4.17 D [86] of 2-oxetanone and ¢ = 5.35 D [22] of 1,3-
dioxolan-2-one). In the case of the 2-oxazolidinone derivatives 1-2—1-4,
their unknown enantiomeric purity makes it difficult to compare them
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with the 3H-dihydrofuran-2-one derivatives in terms of the ferroelectric
parameters. The data presented in Table 1 and Ref. [47] reveal that the
replacement of the 3H-dihydrofuran-2-one (u = 4.0 D [15]) by less vis-
cous tetrahydrofuran (with a smaller dipole moment = 1.8 D [87])
consequently lowers the spontaneous polarization and response times
(compare g and f measurements) (compounds 1-6, 1-8).

5. CONCLUSION

Systematic studies of the introduction of cyclic esters into the molecu-
lar structure of liquid crystals on the creation of the mesophases and
their physicochemical and electro-optical properties have been per-
formed, with attempts to correlate the molecular-level parameters
with the observed properties. The information here presented may
lead to a better understanding of the nature of liquid crystals.

REFERENCES

[1] Deslongchamps, P. (1984). Stereoelectronic Effects in Organic Chemistry, Pergamon
Press: New York, 54.
[2] Jalkanen, K. J. & Stephens, P. J. (1991). J. Phys. Chem., 95, 5446.
[3] Stephens, P. J. Devlin, F. J., Chabalowski, C. F., & Firisch, M. J. (1994). J. Phys.
Chem., 98, 11623.
[4] Scherowsky, G. & Sefkow, M. (1992). Liq. Cryst., 12, 355.
[6] Scherowsky, G., Sefkow, M., Illian, G., & Wingen, R. (1994). US Patent 5310499.
[6] Hiyama, T., Kusumoto, T., & Takehara, S. (1991). Ferroelectrics, 121, 159.
[7] Takehara, S., Osawa, M., Nakamura, K., Kusumoto, T., Sato, K.-1., Nakayama, A.,
& Hiyama, T. (1993). Ferroelectrics, 148, 195.
[8] Ikemoto, T., Sakashita, K., Kageyama, Y., Onuma, F., Shibuya, Y., Ichimura, K., &
Mori, K. (1994). Mol. Cryst. Liq. Cryst., 250, 247.
[9] Wouters, J., Ooms, F., & Durant, F. (1997). Acta Cryst. C, 53, 895.
[10] Riggs, N. V. (1985). Aust. J. Chem., 38, 1575.
[11] Cremer, D. & Pople, J. A. (1977). J. Am. Chem. Soc., 97, 1358.
[12] Seip, H. M. (1969). Acta Chem. Scand., 23, 2741.
[13] Bezborodov, V. S. & Petrov, V. F. (1997). Liq. Cryst., 23, 771.
[14] Bushweller, C. H. & Gianni, M. H. (1980). In: The Chemistry of Ethers, Crown
Ethers, Hydroxyl Groups and Their Sulphur Analogues, Patai, S. (Ed.), John Wiley
& Sons: New York, 215.
[15] Allinger, N. L. & Chang, S. H. M. (1977). Tetrahedron, 33, 15617.
[16] Sakashita, K., Shindo, M., Nakauchi, J., Uematsu, M., Kageyama, Y., Hayashi, S.,
Tkemoto, T., & Mori, K. (1991). Mol. Cryst. Liq. Cryst., 199, 119.
[17] Delavier, P., Siemensmeyer, K., Vill, V., Hartwig, A., Gesekus, G., & Tunger, H.-W.
(1994). Eur. Pat. Appl. EP 630892.
[18] Sakashita, K., Ikemoto, T., Nakaoka, Y., Kamimura, S., Kageyama, Y., Terada, F.,
Sako, Y., & Mori, K. (1992). Liq. Cryst., 12, 769.
[19] Scherowsky, G., Gay, J., & Gunaratne, M. (1992). Liq. Cryst., 11, 745.
[20] Scherowsky, G., & Sefkow, M. (1991). Mol. Cryst. Liq. Cryst., 202, 207.



Downloaded by [University of Haifa Library] at 10:00 22 August 2012

118 V. F. Petrov

[21] Katzhendler, J., Ringel, 1., Goldblum, A., Gibson, D., & Tashma, Z. (1989). J. Chem.
Soc. Perkin Trans., 2, 1729.

[22] Alonso, J., Cervellati, R., Espositi, A. D., Lister, D. G., & Palmieri, P. (1986).
J. Chem. Soc. Faraday Trans., 2(82), 357.

[23] Okamoto, H., Okamoto, T., Petrov, V. F., & Takenaka, S. (2001). Mol. Cryst. Liq.
Cryst., 364, 719.

[24] Kusumoto, T., Sato, K. -I., Ogino, K., Hiyama, T., Takehara, S., Osawa, M., &
Nakamura, K. (1993). Liq. Cryst., 14, 727.

[25] Zaschke, H., Hyna, C., & Schubert, H. (1977). Z. Chem., 17, 333.

[26] Zaschke, H., Isenberg, A., & Schubert, H. (1979). J. Prakt. Chem., 321, 619.

[27] Karamysheva, L. A., Geivandova, T. A., Roitman, K. V., Ljukmanov, N. F., &
Kovshev, E. 1. (1983). Mol. Cryst. Liq. Cryst., 99, 169.

[28] Gray, G. W., Harrison, K. J., & Nash, J. A. (1973). Electron. Lett., 9, 130.

[29] Schad, H. & Osman, M. A. (1981). JJ. Chem. Phys., 75, 880.

[30] Dubois, J. C. & Zann, A. (1976). J. Physique Collog., 37, C3-35.

[31] Takenaka, S., Nakai, H., & Kusabayashi, S. (1983). Mol. Cryst. Liq. Cryst., 100, 299.

[32] Baiwir, M., Liabres, G., Christiaens, L., Luxen, A., & Piette, J. -L. (1983). Spectro-
chimica Acta, 39(A), 693.

[33] Nakai, H., Takenaka, S., & Kusabayashi, S. (1983). Bull. Chem. Soc. Jpn., 56, 3571.

[34] Coates, D. & Gray, G. W. (1976). Mol. Cryst. Liq. Cryst., 37, 249.

[35] Titov, V. V., Kovshev, E. 1., Pavluchenko, A. 1., Lazareva, V. T., & Grebenkin, M. F.
(1975). J. Physique Collog., 36, C1-387.

[36] Sigaud, G., Nguyen, H. T., Hardouin, F., & Gasparoux, H. (1981). Mol. Cryst. Liq.
Cryst., 69, 81.

[37] Thaker, N. N. & Trivedi, K. N. (1981). Indian J. Chem., 20(A), 291.

[38] Trivedi, K. N. & Thaker, N. N. (1981). Mol. Cryst. Liq. Cryst., 78, 263.

[39] Chudgar, N. K., Shah, S. N., & Vora, R. A. (1989). Mol. Cryst. Liq. Cryst., 172, 51.

[40] Chudgar, N. K. & Shah, S. N. (1991). Mol. Cryst. Liq. Cryst., 204, 65.

[41] Hirose, T., Tsuya, K., Nishigaki, T., Idaka, E., & Yano, S. (1989). Liq. Cryst., 4, 653.

[42] Sakaguchi, K. & Kitamura, T. (1991). Eur. Pat. Appl. EP 410447.

[43] Sakaguchi, K., Kasai, N., Takehira, Y., Kitamura, T., & Shiomi, Y. (1989). Eur. Pat.
Appl. EP 306919.

[44] Sakaguchi, K., Kitamura, T., Shiomi, Y., Koden, M., & Kuratate, T. (1991). Chem.
Lett., 1383.

[45] Sakaguchi, K., Shiomi, Y., Kitamura, T., Takehara, Y., Koden, M., Kuratate, T., &
Nakagawa, K. (1991). Chem. Lett., 1109.

[46] Tkemoto, T., Sakashita, K., Kageyama, Y., Terada, F., Nakaoka, Y., Ichimura, K., &
Mori, K. (1992). Chem. Lett., 567.

[47] Takeda, M., Kitazume, T., Yamazaki, T., & Koden, M. (1995). J. Mater. Science, 30,
5199.

[48] Sakaguchi, K., Shiomi, Y., Koden, M., & Kuratate, T. (1991). Ferroelectrics, 121,
205.

[49] Koden, M., Kuratate, T., Funada, F., Sakaguchi, K., Takehira, Y., Shiomi, Y., &
Kitamura, T. (1990). Eur. Pat. Appl. EP 388141.

[50] Takehara, S. Jpn. (1993). Pat. Appl. JP 5059036.

[51] Janulis, E. P., Johnson, G. C., Radcliffe, M. D., Savu, P. M., Snustad, D. C., &
Spawn, T. D. (1995). US Patent 5474705.

[52] Johnson, G. C., Radcliffe, M. D., Savu, P. M., Snustad, D. C., & Spawn, T. D. (1999).
US Patent 5972241.

[53] Wand, M. & Chen, X. H. (2005). US Patent 6838128 B1.



Downloaded by [University of Haifa Library] at 10:00 22 August 2012

Cyclic Esters as Structural Fragments in Liquid Crystals 119

[54] Kitamura, T., Sakaguchi, K., Shiomi, Y., & Takehira, Y. (1993). Eur. Pat. Appl. EP
384432 B1.

[65] Takehara, S., Kuriyama, T., Nakamura, K., Shoji, T., Fujisawa, T., Osawa, M.,
Hiyama, T., Kusumoto, T., & Nakayama, A. Eur. Pat. Appl. (1994). EP 395078 B1.

[56] Sakaguchi, K., Kasai, M., Takehira, Y., Kitamura, T., & Shiomi, Y. (1994). Eur. Pat.
Appl. EP 355830 B1.

[567] Koyama, S., Saito, S., Inoue, H., & Fukushima, M. (1993). US Patent 5256330.

[68] Sakaguchi, K. & Kitamura, T. (1991). Ferroelectrics, 114, 265.

[59] Kusumoto, T., Nakayama, A., Sato, K., Hiyama, T., Takehara, S., Osawa, M., &
Nakamura, K. (1992). Chem. Lett., 2047.

[60] Sakashita, K., Kageyama, Y., & Ikemoto, T. (1992). Eur. Pat. Appl. EP 467721.

[61] Hayashi, S., Sakashita, K., Ikemoto, T., & Sako, Y. (1991). Eur. Pat. Appl. EP
405983.

[62] Nakauchi, J., Uematsu, M., Sakashita, K., Kageyama, Y., Hayashi, S., Ikemoto, T.,
& Mori, K. (1989). Jap. J. Appl. Phys., 28(L), 1258.

[63] Nakauchi, J., Uematsu, M., Sakashita, K., Kageyama, Y., & Mori, K. (1989). Eur.
Pat. Appl. EP 313379.

[64] Tkemoto, T., Kageyama, Y., Onuma, F., Shibuya, Y., Ichimura, K., Sakashita, K., &
Mori, K. (1995). Mol. Cryst. Liq. Cryst., 258, 291.

[65] Sakashita, K., Nakaoka, Y., Ikemoto, T., Terada, F., Kageyama, Y., Shindo, M., &
Mori, K. (1991). Chem. Lett., 1727.

[66] Sakashita, K., Ikemoto, T., Nakaoka, Y., Terada, F., Sako, Y., Kageyama, Y., &
Mori, K. (1993). Liq. Cryst., 13, 71.

[67] Nakauchi, J., Sakashita, K., Hayashi, S., Kageyama, Y., Sako, Y., & Ikemoto, T.
(1990). Eur. Pat. Appl. EP 388225.

[68] Bolotin, B. M., Zverkova, L. S., & Safina, R. U. (1980). In: Advances in Liquid Crystal
Research and Applications, Bata, L. (Ed.), Pergamon Press: Oxford, Akademiai
Kiado: Budapest, 1018.

[69] Anisimova, T. N., Bolotin, B. M., Kizel, V. A., Madiy, V. A., & Sklyaruk, V. A.
(1985). Zh. Prikl. Spectr., 43, 198.

[70] Zverkova, T. 1., Lyukmanov, N. F., & Kovshev, E. 1. (1980). Zh. Org. Khim., 16, 645.

[71] Bolotin, B. M., Zeryukina, L. S., Safina, R. U., Egorkin, V. V., & Kuliev, R. I. (1981).
Khim. Geterotsikl. Soedin., 1335.

[72] Dave, J. S., Menon, M. R., & Patel, P. R. (2002). Liq. Cryst., 29, 543.

[73] Harufuji, T., Inagaki, J., Inoue, H., Okabe, E., & Saito, H. (2001). Jpn. Pat. Appl. JP
2001026587.

[74] Takehara, S. (1995). Jpn. Pat. Appl. JP 7082261.

[75] Osman, M. A. (1983). Z. Naturforsch., 38(a), 693.

[76] de Jeu, W. H. (1983). Phil. Trans. R. Soc. A, 309, 217.

[77] Ostrovskii, B. 1. (1999). In: Structure and Bonding, Mingos, D. M. P. (Ed.), Springer
Verlag: New York, Vol. 94, 200.

[78] Osman, M. A. & Revesz, L. (1982). Mol. Cryst. Liq. Cryst. Lett., 82, 41.

[79] Maier, W. & Meier, G. (1961). Z. Naturforsch., 16(a), 262.

[80] Matsuzawa, N. & Dixon, D. A. (1992). J. Phys. Chem., 96, 6232.

[81] Osipov, V. A., Minkin, V. 1., & Garnovsky, A. D. (1971). Reference book on dipole
moments, High School: Moscow.

[82] Martinot-Lagarde, P. (1988). Ferroelectrics, 84, 53.

[83] Escher, C., Geelhaar, T., & Boehm, E. (1986). Liq. Cryst., 3, 469.

[84] Walba, D. W, Slater, S. C., Thurmes, W. N., Clark, N. A., Handshy, M. A., & Supon, F.
(1986). J. Am. Chem. Soc., 108, 5210.



Downloaded by [University of Haifa Library] at 10:00 22 August 2012

120 V. F. Petrov

[85] Koden, M., Kuratate, T., Funada, F., Awane, K., Sakaguchi, K., Shiomi, Y., &
Kitamura, T. (1990). Jpn. J. Appl. Phys., 29(L), 981.

[86] Boone, D. W., Britt, C. O., & Boggs, J. E. (1965). J. Chem. Phys., 43, 1190.

[87] Le Fevre, C. G. & Le Fevre, R. J. W. (1956). J. Chem. Soc., 3549.



