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Centre de Recherche Paul Pascal, Domaine Universitaire
33405 TALENCE Cedex FRANCE

(Received July 25, 1980; in final form September 18, 1980)

An homologous series of hexa alkoxybenzoates of triphenylene has been prepared withn = 4 to
n = 12. Interphase transitions between solid, mesomorphic and isotropic phases were studied by
hot stage microscopyand differential scanning calorimetry. Binary phase diagram studies, optical
textures observations and X-ray measurements showed the existence of three different mesomor-
phic phases: a nematic disc-like phase Np, a tilted columnar phase D, and a rectangular disordered
columnar phase D,s. Only two different phases were observed in each compound and the follow-
ing mesophase sequences were found.

K—Np—1(n=4,5and 7)
K—Di—Np—1 (n=26)
K—Dy—Np—I(n=8-—11)"
This remarkable even-odd effect is discussed and is compared to that observed forclassic liquid
crystals.

Several hexa alkybenzoates of triphenylene (n = C; — C,0) were also prepared and their meso-
morphic properties studied. Only short range Np were observed.

INTRODUCTION

The existence of one or several columnar phases D has been recently described
in some disc-like liquid crystalline series: hexa alkanoates of benzene' (HAB),
symmetric and dissymetric hexa alkoxytriphenylenes’ ™ (HET), hexa alkano-
ates of triphenylene®’ (HAT), hexa octanoate of rufigallol® (HAR), hexa al-
kanoates of truxene’ (HATX) and tetra arylpyranylidene pyranes® (TAP). We
present here the first homologous series of disc-like mesogens where one can

tPresented at the Eighth International Liquid Crystal Conference, Kyoto, July 1980.

101 [1049]



Downloaded by [Tomsk State University of Control Systems and Radio] at 03:11 23 February 2013

102 [1050) N. H. TINH, H. GASPAROUX and C. DESTRADE

find a Np nematic phase® and several D columnar phases.'* We have prepared
nine members (butoxy to dodecyloxy of the series of hexa n-alkoxy and four
members of the n-alkylbenzoates (heptyl to decyl) of triphenylene (C,OHBT
and C,HBT respectively) in order to establish both the variation in liquid crys-
talline properties with increasing terminal alkyl chain length and to provide a
comparison of the results obtained with those reported for the hexa alkano-
ates of triphenylene.

RESULTS AND DISCUSSION

a Synthesls
Compounds of this series are prepared according to the scheme below:
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Purification of these compounds was achieved by repeated chromatog-
raphies on silica gel with acetone-benzene (5:95) mixtures as the eluting sol-
vent followed by recrystallization from an ethanol-benzene mixture. Purities
of the samples were checked by thin layer chromatography and elemental
analysis.

b Optical and Thermodynamic Studies

The mesophases of these compounds were observed by means of a polarizing
microscope equipped with a heating and cooling stage (Mettler FP 5). Transi-
tion temperatures and enthalpies of transition were determined by means of a
differential scanning calorimeter (DuPont 990). The results are listed in Table 1.
When R = C,H;n+10—, the two first compounds (n = 4and 5) haveonlya
Np nematic phase. This phase is very fluid at high temperature and presented
optical textures very similar to those for nematic phases for example, disclina-
tion lines withs = £ 1/2and s = + 1 were observed'® (Figure 1). On cooling
the isotropic phase of the hexyloxy compound, a nematic-like texture charac-
terized by a typical schlieren texture and shimmering motion was observed.
However, on further coolinga D; columnar mesophase (D for columnar phase
and f for tilted) with mosaic areas characteristically oblong in shape (Figure 2)
was observed.'® This is the first such phase observed for disc-like mesogens.
The heptyloxy derivative showed only a nematic phase. For the n = 8 to
n = 11 two phases were observed; first at low temperature, a D,s columnar
phase (r for rectangular) with a focal conic fan texture (Figure 3) and then at
higher temperature a Np nematic phase. This last, less ordered phase disap-
peared when n = 12 which showed only a more ordered D,sphase. This evolu-
tion of the Np nematic phase range with the alkyl chain length is similar to that
observed with rod-like liquid crystals. Elsewhere, the odd-even effect in the

TABLE |
Transition temperatures and enthalpies of fusion of compounds with formula 1
AH Kcal/

R K Dr DR Np I mole
C4H,O . 257 — — . >300 .
CsHi,0 . 24— — . 298 . 455
Cs¢H,:0 . 186 . 193 — . 274 . 2.24
C;H,sO0 . 168 — — . 253 . 2.25
CsH17O . 152 — . 168 . 244 . 14.58
CoH1s0 . 154 — . 183 . 227 . 3.24
CioH2/0 . 142 — . 191 . 212 . 8.30
C\H2;0 . 145 — . 179 . 185 . 6.0
Ci:H»50 . 146 — . 174 — . 1.46
C:His . 210 — — — .
CsHyy . 208 — — . 210
CsHys . 175 — . 183 . 192

CioHa, . 185 — . 189 —
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FIGURE la, 1b Schlieren texture of nematic phase Np.
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FIGURE 3 Focal conic fan texture of D, columnar phase.
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clearing temperatures for disc-like liquid crystals has also been observed (Fig-
ure 4). In contrast, in the series of hexa alkanoates of triphenylene™’ the less
ordered Dy (h for hexagonal and d for disordered) appears at the expense of
the more ordered D,scolumnar phase with increasing alkyl chain length. Also,
no odd-even effect is observed in this case.

When R = C,Ha+1, The Np nematic phase was observed only whenn = 8
and 9, and the nematic range was short.

¢ Binary phase diagram studies

The Np nematic phase is not miscible with a nematic phase, not even with that
of a“monomer”, biphenyl bis-heptyloxybenzoate'' (BHB) K150 Sc 201 N 316 /

OC:H,s

@ < ; jO>C7HI5

C,;OHBT

0
C;H,5s0 C//
O 50
\
C OC:H s
V4
O
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FIGURE 4 Plotof transition temperatures against n, the number of carbon atom in the alkoxy
chain of C,OHBT.

Indeed, with a 75/25 mixture by weight of C;OHBT and BHB the meso-
phases disappeared and we obtained directly the transition K 155 1. Howevera
50/50 mixture by weight of C;OHBT and chiral (+) or (—) hexa-3-methyl
nonanoate of triphenylene'? showed an interesting “cholesteric” twist of the
Np nematic phase. A structure is proposed for this “new cholesteric phase.”"

The two phases Np and D,; of CsOHBT were miscible with those of
C10OHBT (Figure 5).

d X-ray studies

The X-ray diffraction pattern of a powder sample of the Np nematic phase is
very similar to that for the isotropic liquid phase of C,;;OHBT or other disc-
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FIGURE 5 Diagram of isobaric state for the mixture of CsOHBT (on left) with C;,cOHBT (on
right).

like mesogenic compounds. These patterns are very similar to those for a non-
oriented nematic phase. Nevertheless, a striking difference lies in the relative
intensity of the two rings: the inner one is of a higher intensity in the Np ne-
matic phase while the outer ring is more intense for nematic phases'’ contain-
ing rod-like molecules (Figure 6).

The powder pattern of a non-orientated sample of the D,s columnar phase
of C;;OHBT is similar to those for the D,; phase of HAT derivatives.'* This
phase likely consists of columns of molecules in a rectangular two dimensional
lattice (space group Pgg); the lattice parametersare:a = 51.8 A, b = 32.6 A"
(Figure 7).

In the tilted columnar phase D, of the CsOHBT, the lattice parameters are:
a=130.7 A. b =284 A, it is a quasi square lattice'* (Figure 8).

FIGURE 6 Structure of a Np nematic phase.
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FIGURE 7 Structure of a D,; columnar phase.

CONCLUSION

We have observed the first Np nematic phase in these hexa alkoxy or alkyl-
benzoates of triphenylene. They are probably the first example of a pure sim-
ple component model of the carbonaceous mesophase. The tilted columnar
phase D is the fifth identified mesophase found in disc-like mesogens: Dso",
Dua**, D.s**, D,and Np (o for ordered). Considering all our results with triphe-
nylene derivatives,”>*'*"*""* we propose the following sequence for these
phases with respect to temperature:

K Dy D1y Do Dpa Np I

Previously, we have shown a phenomenon very similar to a re-entrant ne-
matic phase in some truxene derivatives’ and the existence of a twisted ne-
matic phase N3.'> These results show clearly the analogy between these new
condensed states of matter and classical liquid crystals.

EXPERIMENTAL

Infrared spectra were recorded using a Perkin Elmer 225 spectrophotometer
and NMR spectra with a Bruker 270 MHz.

VAN

FIGURE 8 Structure of a D, columnar phase.
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MATERIALS

p-alkoxybenzoic acids were prepared by alkylating p-hydroxybenzoic acid
with an alkyl bromide following the method of Gray et al. '®and p-alkoxybenzoyl
chlorides by refluxing the corresponding acid with an excess of SOCl,. The
latter was then removed by means of a vacuum evaporator and the crude acid
chloride used without purification. p-alkylbenzoyl chlorides were prepared by
the Friedel-Crafts acylation of an alkylbenzene with oxalyl chloride following
the method of Reynolds et al.;'" 2,3,6,7,10,11-hexamethoxytriphenylene by
treating veratrole' with p-chloranil in sulfuric acid following the method of
Musgrave et al.;'® and 2,3,6,7,10, 1 1-hexahydroxytriphenylene by heating the
corresponding hexamethoxy derivative with pyridinium chlorhydrate.

All the 2,3,6,7,10,11 hexa alkoxy or alkylbenzoates of triphenylene were
prepared following the same general procedure. The preparation of the unde-
cyloxy derivative is given as a typical procedure.

2,3,6,7,10,11-hexa(p-undecyloxyl)benzoate of triphenylene Undecyloxyben-
zoyl chloride (620 mg, 2 mmoles) was added to a solution of 2,3,6,7,10,11-
hexahydroxytriphenylene (100 mg, ~0.3 mmoles) in anhydrous pyridine (4
ml). This mixture was stirred magnetically at room temperature for 3 days and
then poured onto a stirred mixture of crushed ice and concentrated hydro-
chloric acid. The organic product was extracted into benzene and the benzene
solution washed with water, dried (anhydrous sodium sulfate), filtered and
then filtrate evaporated to dryness. The residue was chromatographed on sil-
ica gel and the product eluted with a benzene-acetone (95:5) mixture. This
material was recrystallized from an ethanol-benzene mixture. Yield 250 mgIr
(Nujol) v: 1730 cm™ (COO stretching) 850 cm™ (parasubstitution) and Pmr
(CDCl;) 6:0.89 (¢t = 3 X 6,6CH3 0of C;1H33), 1.284-1.767(m = 18 X 6, 6 nine
CH3),3.892(+ = 2 X 6,6CH;0)6.65-7.89(6two d = 4 aromatic),8.305 (s = 6,
6H triphenylene).

Anal. calcd. for C126H16:015: C 76.83; H 8.54; O 14.63
found : C 76.73; H 8.76; O 14.51
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