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Liquid crystalline compounds having a tribranched structure:
substituted malonic esters consisting of two SchiŒ’s base units and

a cholesteryloxyalkyl substituent

KYUNG-HOON LEE, JUN-WOO LEE, and JUNG-IL JIN*

Department of Chemistry and Center for Electro- and Photo-Responsive
Molecules, Korea University, Seoul 136-701, Korea

(Received 20 November 2000; in � nal form 16 April 2001; accepted 14 May 2001 )

New tribranched thermotropic liquid crystal compounds were synthesized and their liquid
crystalline properties studied by diŒerential scanning calorimetry, X-ray diŒraction and polarizing
optical microscopy. The compounds are the bis-{10-[4-(4-alkylphenyliminomethynyl )-
phenoxy]decyl} 2-[6-(cholesteryloxy)hexyl]malonates and the corresponding alkoxy derivatives.
These compounds contain three mesogenic units, two identical SchiŒ’s base type mesogens
and one cholesteryl either moiety, interconnected in a tribranched structure via spacers. The
cholesterly moiety is attached to the malonic acid core through an oxyhexamethylene spacer
while the two SchiŒ’s-base moieties are attached through oxydecamethylene spacers. The
terminal alkyl group of the SchiŒ’s base unit is either a butyl or decyl group, and the alkoxy
terminal group is either a butoxy or decyloxy chain. All the compounds form only an enantio-
tropic smectic phase, most probably of the smectic C type. The larger spacings determined
by small angle X-ray diŒraction range from 3.3 to 4.1 nm, which are much shorter than the
end-to-end distance (5.9–7.4 nm) of the molecules estimated using molecular models assuming
an all trans extended conformation for all the alkyl spacers.

1. Introduction iminomethynyl )phenoxy]decyl} 2-[6- (cholesteryloxy)-
hexyl]malonates.Recently, the liquid crystalline (LC) properties of

non-symmetric dimers have been reported by ourselves
[1–8] and others [9–18]. These compounds consist of
two diŒerent mesogenic units connected linearly through
linking spacers such as polymethylene groups. The LC
behaviour of this type of compound is rather intriguing
because there is no simple relationship between the

TM-C4 : R 5 n-C4H9
TM-C10 : R 5 n-C10H21
TM-OC4 : R 5 O-n-C4 H9
TM-OC10 : R 5 O-n-C10 H21

mesophases formed by the dimers and those formed
independently by the constituent mesogens. In other

TM in the acronyms refers to tribranched malonatewords, the correlation between the structure of non-
derivatives. The central branching point is located onsymmetric dimers and their LC behaviour is yet to be
the central methylene group of the malonic acid moiety.established. Moreover, some of the non-symmetri c dimers
The LC properties and phase transitions of the com-reported by ourselves exhibit incommensurate phases and
pounds have been studied using diŒerential scanninga series of very complicated, multiple phase transitions
calorimetry (DSC), polarizing optical microscopy, andprior to isotropization [2–4, 6–8]. The LC properties
small angle and wide angle X-ray diŒraction (SAXDof some hydrogen-bonded non-symmetric dimers have
and WAXD, respectively) .also been reported by ourselves [19].

In this article, we report the synthesis and LC properties
of four tribranched compounds consisting of two identical 2. Experimental
SchiŒ’s base mesogenic groups and a cholesterol moiety

2.1. Characterization and instrumentation
connected via a central malonic acid unit and poly-

The IR and NMR spectra of intermediates and
methylene spacers: the bis-{10-[4-(4-alkyl or alkoxypheny l-

� nal products were recorded on a Bomem MB FTIR
instrument and a Varian Gemini 300 spectrometer,
respectively. Elemental analysis was performed using an*Author for correspondence; e-mail: jijin@mail.korea.ac.kr
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1520 K-H. Lee et al.

Eager 200 elemental analyser. Thermal properties were yield 4.80 g (76.8%), m.p. 37 ß C. IR (KBr, cm Õ 1 ): 2932
and 2854 (aliphatic C H stretch), 1749 (ester C Oexamined by diŒerential scanning calorimetry (Mettler

DSC 821, heating rate 5 ß C minÕ 1 ) under a nitrogen stretch), 1691 (aldehyde C O stretch), 1599 and 1510
(aromatic C C stretch), 1259 and 1011 (C O stretch).atmosphere and also on a polarizing microscope (Olympus

BH-2) equipped with a hot-stage (Mettler FP-82HT) 1H NMR (CDCl3 , d ppm): 3.37 (s, 2H, CH2 (COO )2 ),
4.04 (t, 4H, Ar OCH2 ), 4.14 (t, 4H, COOCH2 ),controlled by a Mettler FP-90 controller. X-ray diŒraction

patterns of the mesophases were obtained using synchro- 6.97–7.84 (d, 8H, Ar), 9.88 (s, 1H, ArCHO). Elemental
analysis: calc. for C37H52 O8 C 71.13, H 8.39; foundton radiation (1.542AÃ ) at the Pohang Synchrotron

Laboratory, Pohang, Korea. C 71.18, H 8.53%.

2.2.2. Cholesteryl-(6-iodohexyl) ether, 32.2. Synthesis
The scheme summarizes the synthetic route to the Compound 3 was prepared in two steps following the

literature method [22]; thus cholesteryl-(6-p-tosyloxy-title compounds; preparative details are given below.
hexyl) ether was � rst prepared and then reacted with
sodium iodide to give 3.2.2.1. Di-[10-(4-formylphenoxy)decyl]malonate, 2

Malonic acid (1.30 g, 1.25 Ö 10 Õ 2 mol) and 4-(10-bromo-
decyloxy)benzaldehyde, 1 [20] (13.0 g, 3.81 Ö 10 Õ 2 mol ) 2.2.3. Di-[10-(4-formylphenoxy)decyl]

2-[6-(cholesterylox y)hexyl]malonate , 4were dissolved in hexamethylphosphori c triamide
(HMPA) (100 ml ) containing K2CO3 (4.4 g) [21]. After Compound 2 (4.40 g, 7.04 Ö 10 Õ 2 mol) was dissolved

in dry tetrahydrofuran (150 ml ), and dry tetrahydrofuranstirring the mixture for 32 h at room temperature, it was
poured into excess water, and the product extracted (7.7 ml ) containing 1 mol % of potassium t-butoxide was

added dropwise. A solution of 3 (4.20 g, 7.04 Ö 10 Õ 3 mol)with diethyl ether. The solvent was removed under
reduced pressure, and the crude product puri� ed by dissolved in dry tetrahydrofuran (100 ml) was added over

a period of 30 min to the reaction mixture. The mixturechromatography on a silica gel column using a mixture
of ethyl acetate and hexane (1 : 3 by volume) as eluent; was heated at re� ux overnight under a dry nitrogen

Scheme. Synthetic route to the
tribranched LC compounds.
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1521T ribranched liquid crystals

atmosphere. The solvent was removed by distillation and 1018 (C O stretch). 1H NMR (CDCl3 , d ppm): 2.61
(t, 4H, Ar CH2 ), 3.11 (m, 1H, CH O), 3.32 (t, 1H,under reduced pressure. The residue was mixed with

distilled water (400 ml) and poured into excess 0.1M CH (COO )2 ), 3.43 (t, 2H, cholesteryl OCH2 ), 4.00
(t, 4H, Ar OCH2 ), 4.12 (t, 4H, COOCH2 ), 5.34HCl. The product was isolated by extraction using

diethyl ether. Removal of the diethyl ether by distillation (m, 1H, H-6), 6.93–7.82 (m, 16H, Ar), 8.38 (s, 2H,
CH N ). Elemental analysis: calc. for C102 H158 N2O7gave the crude product which was puri� ed by column

chromatography on silica gel using a mixture of ethyl C 80.37, H 10.45, N 1.84; found C 80.36, H 10.47,
N 1.85%.acetate and hexane (1 : 4 by volume) as eluent; yield

5.1 g (67%), m.p. 48 ß C. IR (KBr, cm Õ 1 ): 2933 and 2852
(aliphatic C H stretch), 1740 (ester C O stretch), 1691 2.2.6. Bis-{10-[4-(4-butoxyphenyliminomethyny l)-
(aldehyde C O stretch), 1601 and 1512 (aromatic C C phenoxy]decyl } 2-[6-(cholesteryloxy)hexyl]-
stretch), 1265 and 1014 (C O stretch). 1H NMR (CDCl3 , malonate, TM-OC4

d ppm): 3.11 (m, 1H, CH O), 3.31 (t, 1H, CH (COO )2 ), Yield 91%, m.p. 126ß C. IR (KBr, cm Õ 1 ): 2936 and
3.43 (t, 2H, cholesteryl OCH2 ), 4.03 (t, 4H, Ar OCH2 ), 2851 (aliphatic C H stretch), 1732 (ester C O stretch),
4.12 (t, 4H, COOCH2 ), 5.34 (m, 1H, H-6), 6.97–7.84 1609 and 1512 (aromatic C C stretch, and C N stretch),
(m, 8H, Ar), 9.87 (s, 2H, ArCHO). Elemental analysis: 1251 and 1020 (C O stretch). 1H NMR (CDCl3 , d ppm):
calc. for C70H108 O9 C 76.88, H 9.95; found C 76.83, 2.60 (t, 4H, Ar CH2 ), 3.11 (m, 1H, CH O), 3.32
H 10.03%. (t, 1H, CH (COO )2 ), 3.43 (t, 2H, cholesteryl OCH2 ),

3.95–4.03 (m, 8H, Ar OCH2 ), 4.12 (t, 4H, COOCH2 ),
2.2.4. Bis-{10-[4-(4-butylphenyliminomethyny l)- 5.34 (m, 1H, H-6), 6.89–7.82 (m, 16H, Ar), 8.39 (s, 2H,

phenoxy]decyl } 2-[6-(cholesterylox y)hexyl]- CH N ). Elemental analysis: calc. for C90H134N2O9
malonate, TM-C4 C 77.88, H 9.73, N 2.02; found C 77.84, H 9.78, N 2.09%.

Compound 4 (1.1 g, 1.01 Ö 10 Õ 2 mol) and 4-butyl-
aniline 90.45 g, 3.02 Ö 10 Õ 3 mol ) were dissolved in 2.2.7. Bis-{10-[4-(4-decyloxyphenyliminomethyny l)-
benzene (80 ml ) containing benzene sulphonic acid phenoxy]decyl } 2-[6-(cholesteryloxy)hexyl]-
(0.02 g). The mixture was heated at re� ux for 24 h under malonate, TM-OC10

a dry nitrogen atmosphere whilst the water formed was Yield 90% m.p. 110ß C. IR (KBr, cm Õ 1 ): 2920 and
removed using a Dean–Stark trap [23]. The volume of 2850 (aliphatic C H stretch), 1735 (ester C O stretch),
the reaction mixture was reduced to about 20 ml by 1608 and 1512 (aromatic C C stretch, and C N stretch),
distillation of the benzene. The residue was poured into 1253 and 1023 (C O stretch). 1H NMR (CDCl3 , d ppm):
ethanol (150 ml ) causing the product to precipitate. 2.61 (t, 4H, Ar CH2 ), 3.11 (m, 1H, CH O), 3.32
The crude product obtained by � ltration was puri� ed (t, 1H, CH (COO )2 ), 3.43 (t, 2H, cholesteryl OCH2 ),
by recrystallization from acetone; yield 1.2 g (89%), 3.94–4.02 (m, 8H, Ar OCH2 ), 4.12 (t, 4H, COOCH2 ),
m.p. 84 ß C. IR (KBr, cm Õ 1 ): 2932 and 2851 (aliphatic 5.34 (m, 1H, H-6), 6.87–7.81 (m, 16H, Ar), 8.39 (s, 2H,
C H stretch), 1732 (ester C O stretch), 1610 and 1512 CH N ). Elemental analysis: calc. for C102 H158 N2O9(aromatic C C stretch and C N stretch), 1257 and C 78.72, H 10.23, N 1.80; found C 78.63, H 10.72,
1018 (C O stretch). 1H NMR (CDCl3 , d ppm): 2.61 N 1.86%.
(t, 4H, Ar CH2 ), 3.11 (m, 1H, CH O), 3.32 (t, 1H,

CH (COO )2 ), 3.43 (t, 2H, cholesteryl OCH2 ), 4.00
3. Results and discussion

(t, 4H, Ar OCH2 ), 4.12 (t, 4H, COOCH2 ), 5.34
3.1. Synthesis

(m, 1H, H-6), 6.96–7.84 (m, 16H, Ar), 8.39 (s, 2H,
The four TM compounds were prepared successfully

CH N ). Elemental analysis: calc. for C90H134 N2O7 via the multistep synthetic route shown in the scheme.
C 79.72, H 9.96, N 2.07; found C 79.73, H 9.92, N 2.10%.

The structures of all the intermediates and � nal com-
pounds were con� rmed by elemental analyses and IRAll the other TM compounds were prepared in exactly
and NMR spectroscopy. The only structural diŒerencesthe same manner and therefore only their spectroscopic
in the TM compounds are the lengths of the terminaland elemental analysis data are given.
chains and the absence or presence of the ether oxygen
in the amine ring. A common feature is that they are all2.2.5. Bis-{10-[4-(4-decylphenyliminomethyny l)-
esters of a substituted malonic acid.phenoxy]decyl } 2-[6-(cholesterylox y)hexyl]-

malonate, TM-C10

Yield 93%, m.p. 83 ß C. IR (KBr, cm Õ 1 ): 2923 and 2851 3.2. T hermal transitions
The DSC traces of TM-C4 , TM-C10 , TM-OC4 and(aliphatic C H stretch), 1731 (ester C O stretch), 1610

and 1512 (aromatic C C stretch, and C N stretch), 1257 TM-OC10 are shown in � gure 1. All the traces show

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1522 K-H. Lee et al.

Figure 1. DSC traces of the tribranched TM compounds.

two endothermic transitions on heating and two exo-
thermic transitions on cooling. In other words, each
contains two reversible transitions. The low temperature
transition corresponds to melting and the higher temper-
ature transition to isotropization. These assignments
were con� rmed by viewing the samples on a hot-stage

Figure 2. Optical photomicrographs of the fan textures
attached to a polarizing microscope. As has always been exhibited by the mesophases of (a) TM-C4 (1st cooling,
observed for other compounds, crystallization from a 80 ß C), (b) TM-OC4 (1st cooling, 120ß C); magni� cation

200 Ö .LC melt exhibits a signi� cant degree of supercooling.
It is also noted that the isotropization endotherm of
TM-C4 was broader than that of the other compounds. larger than those shown by the TM-Cn compounds. The

Tm and Ti values of the TM-OCn compounds are signi-The table summarizes the transition temperatures of
the TM compounds and the associated thermodynamic � cantly higher than those of the TM-Cn compounds,

indicating stronger intermolecular interactions for thedata. The transition temperatures decrease on increasing
the length of the terminal chains, and the reductions former. Such a trend is very common in many other

homologous series [24–28]. In addition, it is noted thatshown by the TM-OCn compounds are signi� cantly

Table. Thermodynamic data for the phase transitions of the tribranched TM compounds: heating and cooling rate 5 ß C minÕ 1 ;
atmosphere N2 � ow rate 15 ml min Õ 1.

Tm Ti DHm DHi DSm DSi
DSi /R

Compound ß C ß C J g Õ 1 kJ molÕ 1 J g Õ 1 kJ molÕ 1 J molÕ 1 K Õ 1 J molÕ 1 K Õ 1 (mesogenic unit)

TM-C4 84.2 118.6 48.8 66.2 7.7 10.4 185 26.7 1.77
TM-C10 82.5 110.5 52.8 80.4 12.5 19.0 226 49.5 2.02
TM-OC4 126.2 142.8 74.5 103.4 13.1 18.1 259 43.6 1.74
TM-OC10 109.3 128.4 57.7 89.8 11.9 18.5 235 46.1 1.85

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1523T ribranched liquid crystals

the mesophase temperature ranges of the TM-Cn com- The layer spacings estimated from the small angle peaks
are 27.6, 28.1, 31.0 and 32.1 AÃ , respectively, for TM-C4 ,pounds are much wider than those of the TM-OCn

compounds. The magnitude of the enthalpy (DHi ) and TM-C10 , TM-OC4 and TM-OC10 . These values are
signi� cantly smaller than the end-to-end distance of thethe entropy changes (DSi ) associated with isotropization

range from about 15 to 24% of the corresponding values molecules estimated assuming anti-trans conformations
for all the CH2 groups in the skeleton, i.e. for TM-C4(DHm and DSm ) for melting. These values are rather high

when compared with monomeric and dimeric LC com- 58.8 AÃ , TM-C10 71.7 AÃ , TM-OC4 60.8 AÃ , and TM-OC10

73.6 AÃ ; they are also less than the half skeletal lengths ofpounds [1, 5, 24, 27]. This suggests that the mesophases
exhibited by the tribranched compounds may possess a 30.5, 37.8, 31.6, and 38.9 AÃ for TM-C4, TM-C10 , TM-OC4

and TM-OC10 respectively. It is believed therefore, thathigher degree of order than shown by monomeric and
dimeric LC compounds. When the values are scaled by these slightly bent compounds are tilted (c. 25–28 ß ) in

the smectic layer. It is suggested that the cholesterolthe number of the mesogenic units, i.e. DSi /R/3, they
range from 1.7 to 2.0 (see the table). Similar observations branch is bent back so as to lie parallel with the other

two arms containing the SchiŒ’s-base mesogenic unitshave also been made for linear liquid crystal trimers and
tetramers [29]. [30]. In other words, the LC phases are of the smectic C

type. As expected, the diŒraction patterns of the isotropic
phases exhibit only a very broad diŒraction peak in3.3. Nature of the mesophases

Figure 2 shows the optical textures of the mesophases the wide angle region. A weak diŒraction peak at about
2h 5 1.5 ß observed in the pattern for TM-C10 at 100 ß Cexhibited by TM-C4 and TM-OC4. Similar fan textures

were observed for TM-C10 and TM-OC10 and appear to appears to have arisen from incompletely melted crystals.
If this phase assignment is valid, one may imagine thatbe characteristic of smectic phases. Figures 3 and 4 show

X-ray diŒraction patterns for each compound obtained the present compounds should form a chiral smectic C
mesophase due to the presence of the cholesterol moietyin the solid, mesophase, and isotropic states. A close

examination of the X-ray diŒraction patterns of the LC linked to the middle methylene position of the central
malonic acid structure. We could not however observephases reveals that the compounds form the same LC

phase. All the patterns show a sharp peak in the small an electro-optic response from any of the compounds;
they revealed no ferroelectric switching properties. Althoughangle region and a very broad one in the wide angle

region (c. 2h 5 15–22 ß ; 5.9–4.4 AÃ ), which suggests that we do not yet know exactly why these compounds are
not electro-optically responsive, it can be surmised thatthey form a � uid smectic phase. In addition, a very

small, and probably second order, diŒraction peak is the presence of the extremely large cholesterol moiety in
the middle branch hampers the � eld-induced moleculardetected in all the diŒraction patterns of the LC phases.

Figure 3. X-ray diŒraction patterns
of (a) TM-C4 , (b) TM-C10 .
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1524 K-H. Lee et al.

Figure 4. X-ray diŒraction patterns
of (a) TM-OC4 , (b) TM-OC10 .

[3] Hardouin, F., Achard, M. F., Jin, J.-I., andreorientation. Moreover, even the initial molecular align-
Yun, Y.-K., 1995, J. Phys. II Fr., 5, 927.ment for electro-optic measurements may not be easily

[4] Hardouin, F., Achard, M. F., Jin, J.-I., Yun, Y.-K.,
achieved. Further investigation is necessary before a

and Chung, S. J., 1998, Eur. Phys. J., B1, 47.
de� nitive answer to this question can be given. [5] Jin, J.-I., Kwon, Y.-W., Yun, Y.-K., Zin, W.-C.,

and Kang, Y.-S., 1998, Mol. Cryst. liq. Cryst., 309,
117.4. Conclusion

[6] Hardouin, F., Achard, M. F., Laguerre, M., Jin, J.-I.,A series of new tribranched compounds has been
and Ko, D.-H., 1999, L iq. Cryst., 26, 589.investigated in this study. These compounds are com-

[7] Cha, S. W., Jin, J.-I., Laguerre, M., Achard, M. F.,
posed of two identical SchiŒ’s-base type mesogens and and Hardouin, F., 1999, L iq. Cryst., 26, 1325.
a cholesterol moiety connected through polymethylene [8] Lee, D. W., Jin, J.-I., Laguerre, M., Achard, M. F.,
spacers emanating from a central malonic acid core. All and Hardouin, F., 2000, L iq. Cryst., 27, 145.

[9] Hogan, J. L., Imrie, C. T., and Luckhurst, G. R.,the compounds studied in this work form only a � uid
1988, L iq. Cryst., 3, 645.smectic phase, most probably of smectic C type. They

[10] Imrie, C. T., 1989, L iq. Cryst., 6, 391.did not however, exhibit ferroelectric switching, probably
[11] Attard, G. S., Date, R. W., Imrie, C. T.,

due to the presence of the bulky cholesterol branch Luckhurst, G. R., Roskilly, S. J., Seddon, J. M., and
which can interlock the molecules in the LC phase Taylor, L., 1994, L iq. Cryst., 16, 529.

[12] Marcellis, A. T. M., Koudijs, A., andhindering molecular alignment and also molecular
Sudholter, E. J. R., 1995, L iq. Cryst., 18, 843.reorientation in the presence of the electric � eld.

[13] Yoshizawa, A., Matsuzawa, K., and Nishiyama, I.,
1995, J. mater. Chem., 5, 2131.

This work was supported by the Korea Science and
[14] Faye, V., Babeau, A., Placin, F., Nguyen, H. T.,

Engineering Foundation through the Center for Electro- Barois, P., Laux, V., and Isaert, L., 1996, L iq. Cryst.,
and Photo-Responsive Molecules, Korea University. 21, 485.

[15] Blatch, A. E., Fletcher, I. D., and Luckhurst, G. R.,X-ray experiments at PLS were supported by the
1997, J. mater. Chem., 7, 9.Ministry of Science and Technology and Pohang Steel

[16] Le Masurier, P. J., and Luckhurst, G. R., 1998, L iq.Company. K.-H. Lee was a recipient of a Brain Korea
Cryst., 25, 63.

21 Scholarship.
[17] Yelamaggad, C. V., Srikrishna, A., Shankar

Rao, D. S., and Prasad, S. K., 1999, L iq. Cryst., 26,
References 1547.

[18] Prasad, J. S., Sridhar, M. A., and Surendranath, V.,[1] Jin, J.-I., Kim, H.-S., Shin, J.-W., Chung, B.-Y., and
1999, L iq. Cryst., 26, 1707.Jo, B.-W., 1990, Bull, Korean chem. Soc., 11, 209.

[19] Lee, J.-W., Jin, J.-I., Hardouin, F., and Achard, F.,[2] Hardouin, F., Achard, M. F., Jin, J.-I., Shin, J.-W.,
and Yun, Y.-K., 1994, J. Phys. II Fr., 4, 627. L iq. Cryst., 28, 663.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1525T ribranched liquid crystals

[20] Akoi, K., Seki, T., Sakuragi, M., and Ichimura, K., [26] Bulgione, J. A., Roviello, A., and Sirigu, A., 1984,
1992, Makromol. Chem., 193, 2163. Mol. Cryst. liq. Cryst., 106, 169.

[21] Shaward, J. E., and Kunerth, D. C., 1974, J. org. [27] Date, R. W., Imrie, C. T., Luckhurst, G. R., and
Chem., 39, 1968. Seddon, J. M., 1992, L iq. Cryst., 12, 203.

[22] Chabala, J. C., and Shen, T. Y., 1978, Carbohydr. Res., [28] Matsunaga, Y., and Hosoda, T., 1999, Mol. Cryst. liq.
67, 55. Cryst., 326, 369.

[23] Castellano, J. A., Goldmacher, J. E., Barton, L. A., [29] Imrie, C. T., Stewart, D., Remy, C., Christie, D. W.,
and Kane, J. S., 1968, J. org. Chem., 33, 3501. Hamley, I. W., and Harding, R., 1999, J. mater. Chem.,

[24] Jin, J.-I., and Park, J.-H., 1984, Mol. Cryst. liq. Cryst., 9, 2321.
110, 293. [30] Attard, G. S., Douglass, A. G., Imrie, C. T., and

[25] Emsley, J. W., Luckhurst, G. R., and Shilstone, G. N., Taylor, L., 1992, L iq. Cryst., 11, 779.
1984, Mol. Phys., 53, 1023.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


