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Novel hybrid triphenylene-carbosiloxane liquid crystalline monomers and star-shaped oligomers have
been synthesized and their thermal behavior and liquid-crystalline properties analyzed and characterized.
All compounds exhibit a columnar hexagonal phase and show, particularly the oligomers, a small tendency
to crystallize. The substitution pattern on the central triphenylene moiety has very different effects on
the crystal to columnar phase and columnar to isotropic liquid-phase transitions. A novel sterically induced
superlattice has been found, and a model for the microscopic structure is proposed. One compound could
be mechanically aligned, leading to well-oriented columnar liquid crystals.

Introduction many alternative advantages to organic monocrystals in that
they can be more easily macroscopically aligned (mon-
odomains) and processed, and structural defects can be self-
healed because of the molecular fluctuations. However, the
limited efficiency of the charge-carrier mobility (18-0.1

cn? V-1 s71 compared to that found in graphite of 3 tm
V~1s71),19an essential parameter to estimate for an optimal

tronic interactions as well as electrons and excitons migra- 46S19N. is in part due to the lack of long-range order of the
tions are indeed strongly favored within the columns since ntracolumnar stacking in the liquid-crystalline mesophase
the stacking periodicity along the column is much shorter (topological defects, thermal fluctuations, and molecular
than the intercolumnar distance. As such, discotic liquid diffusion). The improvement of these properties requires
crystals are seen as promising organic semiconductors forPerfectly stable monodomains of the materials, ideally
applications in the domain of molecular electronics, opto- operational at ambient temperature. Various methods for
electronics, photoconductivity, photovoltaic, and electrolu- increasing the extent of ordering, facilitating the processing,
minescent devices? Moreover, liquid crystals also offer — and improving the performances of the charge mobility have
been employed. Among these, the freeze-in of the columnar
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Flat, m-conjugated discotic moleculésalready used in
phase compensation filnispffer a unique possibility as
potential one-dimensional charge carrier sysfans to their
ability to self-assemble into long-range 1D intermolecular
columnar stackings and then into columnar organizations,
preferentially the hexagonal columnar phase {Cdtlec-
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Figure 1. Previously reported low molar mass hybrid triphenylene-siloxane compounds.

system¥ have been reported to address these points. Partiallymesomorphism results, on the one hand, from the conflict
fluorinated® or amphiphilié*?? triphenylenes were also between the preferential anisotropic order tendency of the
reported as structural means to enhance microsegregationmesogenic units and the flexibility and bulkiness of the
Hybrid molecular systems that combine a siloxane part Siloxane moieties (by reducing the packing efficiency of the
with an organic disklike group are now being considered. molecules within the mesophases) and, on the other hand,
In general, the attachment of a flexible siloxane part to a from the chemical incompatibility between the siloxane tails
mesogenic structure, via an alkyl spacer, maintains the liquid-and the hydrocarbon mesogenic cores which will show a
crystalline property but considerably reduces the transition propensity to microsegregate in the volume, and thus enhance
temperatures with respect to the aliphatic analogues. More-the mesophase stability. With respect to such an approach,
over, the bulkiness of these groups disfavors crystallization a relatively small number of low-molar-mass hybrid siloxane-
and such hybrid materials show a strong tendency to freeze-riphenylene discotic liquid crystals (Figure 1) have been
in the mesophase on cooling due to a strong supercoolingreported and show stable columnar mesophases over a wide
effect. Consequently, the mesophase temperature rangéange of temperature, starting from room temperattire.
becomes more accessible than their siloxane-free analoguedybrid siloxane-containing liquid crystals thus form a class
The triblock molecular architecture of these low-molar-mass of potentially interesting mesogenic materials since they
hybrid discotic compounds consists of three chemically combine properties of mesomorphic materials with those of
incompatible molecular species covalently linked together, their poly(dimethyl)siloxane polymer analogués}namely,
namely, a polarizable rodlike mesogenic core, an aliphatic the low melt viscosity of the former with the glass-forming
fragment, and the siloxane moieties. In all cases, thetendency and the mechanical stability of the latter. More
recently, two other promising approaches aiming at stabiliz-
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Chart 1. Schematic Representation of the Cross-Coupling Reactions Plan Starting from HAT for the Preparation of the
Hybrid Triphenylene Materials
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different natures, and moreover the ordering is not con- be controlled by the experimental conditions. Thus, the
strained by the presence of a long polymeric backbone. Wehydroxyl 1 is obtained in about 70% yields when +.1.2
report herein the synthesis and the liquid-crystalline proper- equiv of catecholborane p&tAT n is used, whereas if 3.6
ties of hexa(alkoxy)-substituted triphenylenes containing equiv of the borane is used, an approximate 3:2 mixture of
either terminal double bonds (the precursors) or terminal both trishydroxyl isomersl(:10) is obtained, which can be
disiloxane groups, as model compounds, including mono-, separated by chromatography technicifé8.As for the
tri-, and hexafunctionalized derivatives. To obtain stabilized heptameB, its synthesis also relied upon the total demethy-
columnar mesophases where lateral slippage of moleculedation of hexakis(methoxy)triphenylengHAT1) in HBr/
from one column to the adjacent one is strongly prevented, HOAc to yield the corresponding hexahydroxtriphenylene.
larger oligomeric molecules including a disiloxane-bridged These various hydroxy derivatives were further modified by
dimer (), two starlike tetramers isomersgand17), and a alkylation to form the intermediate olefinic compoungls

starlike heptamer9) were prepared and studied. 12, 13, and7.
Synthesis. Hexakis(hexyloxy)triphenyleneHAT6) was
Results synthesized using Fegbxidative coupling of dihexyloxy-

benzene in dichloromethane (Schemé®lly.was partially
Methodology. To synthesize these various triphenylene- dealkylated using B-bromocathecholborént yield the
based oligomers, it was necessary to optimize the synthesis,,ofunctional hydroxy derivativé (Scheme 1). Reaction
of the intermediates and to limit the number of precursors. ¢ hig hydroxy derivative with 5-bromo-pent-1-ene under

Thus, instead of long and tedious multistage Synthesis  ica| williamson's etherification conditions yielded the
procedures involving successive elementary protection Stepscorrespondmg mixed alkene-pentaalkyl triphenylanely-

selective coupling procedurésand low-yields deprotection  qqjjviation of 2 with an excess of pentamethyldisiloxane
reactions, the statistical mono- and tris-dealkylation of (PMDS) or tetramethyldisiloxane (TMDS) yielded the si-
hexakis(hexyloxy)triphenyleneHAT6) with bromocate- 5,416 derivatives and the key silane hybrid precursbr-
cholborape was prefgrréﬂAs such, the monohydroxy, the crucial intermediate for the preparation of the oligomers
'the Cs trihydroxy derivative 1} and its nonsymmetrical 9, 16, and 17—respectively. The dime was produced by
isomer10, precursors of the dmeﬁs and heptame@, ar_1d reacting 1 equiv o2 with 0.5 equiv of TMDS; the moderate
both tetramerd7and16, respectively, were easily obtained. yield of the reaction was likely due to the volatility of TMDS.

This approach only necessitates the preparation of a sym- The hexahydroxytriphenyler@was obtained from hex-

metrical triphenylene precursoHAT n), by oxidative tri- . .
merization of the appropriate dialkoxybenzene, as the main amethoxytriphenyleneHATL) by complete demethylation

building brick for all these hybrid triphenylenes (Chart 1). (2%) Manickam, M.: Bellor, M K VA —
. . . . anickam, .} Belloni, M.; Kumar, S.; varsnney, o. K.; ankar rRao,
The propornon and natu.re of t.he. hydroxyl derivatives in the D. S.. Ashton, P. R.. Preece, J. A. SpencerJ Nviater. Chem2001
mixture resulting from this statistical cleavage procedure can 11, 2790-2800.
(30) (a) Boden, N.; Borner, R. C.; Bushby, R. J.; Cammidge, A. N;
Jesudason, M. VLig. Cryst. 1993 15, 851-858. (b) Boden, N.;

(27) Peez, D.; Guitiam, E. Chem. Soc. Re 2004 33, 274-283. Bushby, R. J.; Cammidge, A. N. Chem. Soc., Chem. Comm894
(28) Kumar, S.; Manickam, MSynthesis1998 1119-1122. 465-466.
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Scheme 1. Synthesis of the Hybrids 3, 4, and 5 and of Their Precursory Monomeric Intermediates
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using either HB¥ or BBr;*2 (Scheme 2). Reaction with Characterization. The structure and analytical purity of
5-bromo-pent-1-ene yielded the hexafunctional alkene corethe synthesized compounds were confirmed by TR,

7. Hydrosilylation of this alkene with either pentamethyld- NMR, 3C NMR, and elemental analysis. DEPT, GPC, and
isiloxane or with the triphenylene-silane hybritdl gave mass spectra (El, FAB, or MALDI) experiments were also
compound8 and the heptamed, respectively. carried out for some specific cases.

To achieve the synthesis of the other mixed alkyl-alkene  The essential features of NMR spectra are typical of
triphenylenesl2 and 13, the same strategy was followed substituted triphenylenes and consistent with the proposed
implicating the partial dealkylation dIAT6 and then the  structures. Integrations protons ratiel (NMR) is the feature
trialkylation with bromopentene. The statistical cleavage of that permits one to distinguish each compound, especially
the hexyl chains ofHAT6 with bromocathecholboraffe the relationships between the terminal methyl groupss;, CH
yielded the two desired trifunctional hydroxy isomers, at0.93 ppm, the methylene groups linked to the silicon atom,
namely,10 (unsymmetricgland11 (symmetricd), that could CH.Si, at 0.59 ppm, and the aromatic protons {a7.80
be separated by chromatography on silica (Scheme 3).ppm). The main data are given in the Experimental Section
Reaction of these hydroxy derivatives with 5-bromo-pent- for each compound, as well as the elemental analysis.
1-ene yielded the two corresponding trifunctional isomeric  Mass spectrometry also appeared a very useful technique
alkenes12 (unsymmetricgl and 13 (symmetricgl. Then, to confirm the structure of the synthesized compounds and
hydrosilylation of these alkenes with pentamethyldisiloxane was essential in the characterization of heptagaéndeed,
afforded the corresponding disiloxane terminated derivatives molecular mass and isotopic distributions ofMgreed with
(14 and 15). The synthesis of the tetrameric starlike the expected ones f@& (m'z = 1620.6),9 (m'z = 6418.2),
compoundsl6 and 17 was achieved by hydrosilylation of 14 and15 (m/z = 1224.7), andl6 and 17 (m/'z = 3620.5),
the same alkenes with the reactive triphenylene-silane hybridas did molecular mass and fragmentations in the cage of
4 (Scheme 3). (m'z = 946.6). In addition to the expected [M]signal,
MALDI-TOF in the case of compound$, 16, and17 and

(31) SS?S'JS' 5C_l 2Sgcohiodt, N. C.; Batsberg, W.; BechgaardSyathesis also El in the case of revealed the presence of molecules
(32) McOmie, F. W.; Watts, M. L. West, D. Eletrahedron1968 24, of slightly highernvz than the expected molecular iom/¢

2289-2292. = 1020.6 for4, m/z = 6493.2 for9, andm/z = 3694.6 for
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Scheme 2. Synthesis of the Hybrids 8 and 9 and of Their Precursory Monomeric Intermediates

oMe ) FeCI3, CH,Cl,
crh
—»

OMe

CeH13Q,  OCeH13

C6H1304A70C6H13

CeH130
CeH130,
CGHHOYOCGHH
CegH130 OCgH;3

0]
SALEC IS
[
DL e

OMe

OH
OMe ‘ OH
MeO. OO HBr, AcoH HO OO
——
MeO O reflux HO O
OMe OH
HAT1  OMe 8 OH
\S{\ CsHgBr/ | MEK, reflux
\ o K,CO,
—Si” =z
i
oS (CHy)3
(CHy) si{ I i U
(CH2)3 < O.
0 (CHy)s S(CHy)3

Pt, toluene !
O ” n(CH2)3 O O/(Ct]*z)a,
~(CHa)s 0 |
) © HS_/O (HLh 4
H0f3 g Pl Vi Z
/ 4, Pt, toluene
e
Si_
> CeH120 OCgHi3
~
e A
CeHizO O
CeH130,  OCeHy3
< @,
/
g W,
Netas
\ J_/::Hiso OCgH13
\
/ Si-0 \
Si— 0 / \
/ /SI
o

(0]
s- o
) /
/s
/ \—\E\Hﬂo OCHss
Dottt
3 Y

CgH130 OCgH13

[0} OCsH13

asso{ 44 y-ocn

CgH130 OCgH13

16and17). Thism/z difference corresponds well to an extra synthesis o#l, due to the presence of hexamethyltrisiloxane

dimethylsiloxane unit, [M+ Si(CHs).O]**. This extra

instead of tetramethyldisiloxane as terminal substituents

dimethylsiloxane group was likely introduced during the Indeed, GC analysis of commercial tetramethyldisiloxane
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Scheme 3. Synthesis of the Hybrids 14, 15, 16, and 17 and of Their Precursory Monomeric Intermediates
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confirmed the presence of traces of hexamethyldisiloxane due to addition reaction or polymerization between double
(ca. 3%); thus, a binomial distribution of products with an bonds, so loss of mass is not expected. Nevertheless,
extra Si(Me)O group is expected, as is approximately found reproducibility between DSC cycles proved that no decom-
in the MALDI-TOF spectrum oB. position occurred in the isotropic liquid near the clearing
Thermal and Mesomorphic Behavior. The thermal and  temperatures.
mesomorphic behavior of all new compounds was studied POM. When observed under POM, all the studied com-
by polarized optical microscopy (POM), thermogravimetric pounds exhibited fluid and homogeneous textures charac-
analysis (TGA), differential scanning calorimetry (DSC), and teristic of columnar mesophases, as shown for example in
variable temperature X-ray diffraction (XRD). The transition Figure 2 for a representative selection of materials. The
temperatures, phase sequence, and thermodynamic data ateansition temperatures measured by DSC and POM experi-
collected in Table 1. ments agreed within experimental errors. On cooling from
All the compounds have a good thermal stability as TGA the isotropic liquid, homeotropic uniaxial and large cylindri-
showed decomposition only above 280, well above the  cal domains were observed for most optical texture samples,
isotropization temperature. Even so, for the alkene-substitutedand occasionally dendritic growth of the columnar phase
triphenylenes, the initial decomposition pathway could be from the isotropic phase was seen. None of the siloxane-
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Table 1. Thermal Behavior and X-ray Characterization
X-ray diffractiorP

mesomorphism and phase sequénce

transition temperature$g) mesophase
compds transition enthalpies (kJmol) T(°C) exp. (A) hk | dealc (A) parameters
2 Cr56.9(37.9) Cql99.2(5.7) | 60 18.11 10 VS - a=209A
4.47 Br (CH) S=379 A&
3.57 Sh fr—x) V=1350 &
h=356 N=1)
3 Cr43.0(41.2) Cal76.4(2.7) | 60 19.88 10 VS 19.88 a=229A
11.47 11 M 11.48 S=456 A2
4.6 Br (CHy) V=1600 A&
3.6 Sh -—x) h=35N=1)
4 Cr41.6(41.2) Cal74.5(2.8) | 60 19.75 10 S 19.75 a=228A
11.40 11 M 11.40 S=450 &2
4.6 Br (CH) V=1570 B
3.6 Sh g—x) h=35N=1)
5 Cr 45.6(81) Cal 88(9.6) | 70 19.04 10 VS 19.01 a=219A
10.96 11 M 10.98 S=417 R
45 Br (CH) V =2925 A3
3.6 Sh -—x) h=3.51 N=1/2)
7 Cr 78.3(33.3) Cql97.1(4.3) | 85 16.67 10 VS - a=19.2A
45 Br (CH) S=321 R
3.7 Sh @—n) V=1215 8
h=38N=1)
8 Cr—19 Col 52.6(5.3) | 20 23.44 10 VS 23.48 a=271A
[G —76.1] 13.58 11 M 13.56 S=637 A
11.76 20 M 11.74 V=2695 &
8.85 21 M 8.87 h=423N=1)
6.3 Br (SiMeO)
4.2 Br (CH)
9 PCr 38 Co} 111.0(35.5) | 80 38.9 1/2 W 38.5 a=222A
19.26 10 VS 19.24 S=428 R
11.10 11 M 11.11 V= 10655 A
9.62 20 M 9.62 h=3.56 N=1/7)
4.6 Br (CH)
3.6 Sh -—x)
12 Cr47.7(37.3) Cql96.4(4.8) | 55 17.63 10 VS - a=20.4A
43 Br (CH) S=359 &
3.6 Sh g—) V=1300 &
h=362N=1)
13 Cr 64.8(39.6) Cal95.8(4.8) | 75 17.6 10 Vs - a=20.3A
45 Br (CH) S=357 AR
3.6 Sh t—n) V=1300 A&
h=3.64N=1)
14 Cr 2.5(32.3) Cal83.3(5.5) | 30 22.64 10 VS 22.63 a=26.13 A
13.07 11 M 13.07 S=592 &2
11.30 20 M 11.32 V=2040 B
6.2 Br (SiMe0) h=3.46 N=1)
4.6 Br (CH)
3.6 Br, w (r—)
15 PCr31.2 Cal86.0(5.8) | 40 22.72 10 VS 22.76 a=263A
[G —64.3] 13.18 11 M 13.14 S=598 A2
11.37 20 M 11.38 V=2040 B
6.3 Br (SiMe0) h=342N=1)
4.6 Br (CHy)
3.6 Sh -—x)
16 PCr 30.5 Cq{ 108.05(23.3) | 60 19.29 10 VS 19.30 a=223A
[G —44.9] 11.15 11 M 11.14 S=430A
45 Br (CH) V = 6020 A&
35 Sh -—x) h=35N="1)
17 Am 54.1 Co} 106.1(20.5) | 80 19.32 10 VS 1931 a=223A
[G —43.2] 11.14 11 M 11.15 S=431A
4.6 Br (CH) V= 6020 &
3.6 Sh -—x) h=35N="1,)

aG = glass, Cr= crystal, Col = columnar hexagonal phaseslisotropic liquid, Am= amorphous, PCs+ partially crystalline solid. Glass transitions
correspond to the second heatifid. is the temperature of the XRD experiment, alagh anddcac. are the experimentally measured and calculated diffraction
spacings afl. The distances are given in Ak s the indexation of the reflections. Intensity of the reflections: VS, very strong; S, strong; M, medium; W,
weak; VW, very weak; Br and Sh stand for broad and sharp (diffuse) reflections, respediyelis deduced from the following mathematical expressions:
[Bho0= 1/NndShidhi.(h?2 + k2 + hK)2] where Ny is the number ohk reflections observed.The lattice parametes, is defined asa = 2[@d¢v/3 and the
lattice areaS, is S= a?v/3/2. V is the molecular volume and was calculated considering a density of 1 accordihg: thi\W/0.6022, where MW is the
molecular weighth is the intracolumnar repeating distance, deduced directly from the calculated molecular volume and the measured columnar cross section
according toh = NV/S, whereN is the number or a fraction of molecules.
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Figure 3. DSC traces of compoun® (a), compoundL5 (b), compoundL6 (c), and compoun® (d) at 5°C/min. C and H stand for cooling and heating
cycles, respectively.

containing samples showed evidence of crystallization when at 2 °C/min). The other siloxane-containing compounés (
observed under microscope. 15, 16, and17) showed a transition on cooling, presumably
DSC.To study the thermodynamic parameters of the phasecorresponding to the transformation of the supercooled
transitions, DSC experiments were performed at scanningcolumnar phase into a glassy phase, or a to a partial
rates of 5 and 2C/min. Very narrow phase transitions were crystallization concomitant to a glass transition. Subsequent
observed for all the compounds, with perfect coincidence heating results in a glass transition and the transformation
of clearing transition temperatures on heating and cooling. to the liquid-crystalline phase, without crystallization (see
Results of these inveStigationS are summarized in Table 1.Figures 3b and 30) This transformation occurs in one Sing|e
DSC of all olefinic compounds showed two transitions step in the case df5and16 or in a series of transitions in
during both heating and cooling cycles, corresponding to the case of9 and 17. During the first run most of the
crystal to columnar and columnar to isotropic phase sjloxane-containing compounds were only partially crystal-
transitions. On cooling, while the isotropic to columnar |ine consecutive to slow crystallization kinetics, so that the
phases transition temperature was perfectly coincident with |5tent heat corresponding to the crystal to columnar phase
that of the heating run, the columnar to crystalline phase ansition could not be determined accurately. In fact,
transition showed an important supercooling effect (see siloxane-bridged oligomers (dimeB, heptamer9, and

Figure 3a). . ) o _ tetramers16 and 17) crystallize very slowly at room
The behavior of the siloxane-containing compounds is temperature. DSC experiments showed fhaas found to

qu||te dlffer(ra]nt: ?” bu_:_8 sZovyed tﬁ'g?,s IOL at_crystal tg , crystalize in the time scale of months a@das only~50%
columnar phase transition during the first heating run, bu crystalline after 1 year at room temperature.

only 3, 4, 5, and 14 crystallized during the cooling cycle.
On cooling, 8 showed only a glass transition at73 °C, Small-Angle X-ray DiffractionThe nature and structural
also visible on the subsequent heating (see Figure 3d). Incharacteristics of the mesophases were determined by small-
contrast, an exothermic transition corresponding to a cold angle X-ray diffraction (XRD) as a function of temperature
crystallization took place while heating the sampt&g °C and the results are summarized in Table 1.
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Figure 4. X-ray diffraction pattern of compound5 recorded at 50C.

The deconvolution curve shows the characteristic distances ofrthe
stacking (yellow), molten aliphatic chains (green), and siloxane groups
(blue).
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XRD patterns obtained for all siloxane-containing mol-
ecules exhibited at least two main signals in the reciprocal 1
spacing ratio /3, confirming the arrangement of the 0 10 20
columns into a hexagonal lattice (see Figure 4 and Table 1). 20
The columnar structure of olefinic compourﬁis?, 12, and Figure 5. Image plate and intensity profile of the Gphase of compound
13 do not seem as well-developed, as the XRD patterns 9 registered at 86C.
exhibited only one single sharp and intense signal in the small
angles, corresponding to the fundamental reflection. Based 90 .10
on the POM experiments, and on the general behavior of g
triphenylene liquid-crystal materiald?the mesophases were
nevertheless assigned as hexagonal columnar phases and
analyzed accordingly.

In addition, the XRD patterns also exhibited a broad signal
at ca. 4.5 A for all studied compounds, indicative of the
liquid-like ordering of the molten aliphatic chains portions.
Another rather sharp signal at ca. 3.6 A, assigned to the
intracolumnarsz stacking of the triphenylene cores, was
observed for all compounds b8tit is broad forl4. Another
broad peak at 6.3 A, assigned to the molten siloxane moieties,
was observed for only three monomeric siloxane-containing
compounds, namely, 14, and15 (for 14 and15, interdigi-
tation of siloxane segments from neighboring molecules is

inevitable), but it was absent B1and4 and in the oligomeric Figure 6. Normalized angular diffraction intensity of alignéé at the 10
’ andsz— stacking distances. The cylinder orientation shows the disposition

series, i.e.5, 9, 16, and17 (see Table 1). of the sample relative to the detector. The small circles represent the columns
In the case 0B, four peaks in the reciprocal ratio3: sections inside of the sample.

*/4:‘/7_ were detected, indexed as the 10, 11, 20, and 21 gigterent, As we used a 1D curved gas counter as a detector,
reflections of the hexagonpbmm2D lattice group. Thisis  yhis gyggested that the sample was aligned when the first
the only compound for which no signal at 3.6 A was found, gt of giffraction patterns was registered. To prove if the
likely due to the steric hindrance of the bulky siloxane ¢4 nijary filling process aligned the sample, we performed
terminal groups which do not permit a regular close stacking ypp experiments using a punctual beam and a 2D detector.

of the mesogens along the columnar axis. Finally, an the sample was rolled between two glass slides, adopting a
additional weak but sharp peak was observed in the SmaII'cylindrical shape. The diffraction pattern thus obtained was

angle part (around 40%) of the XRD patterns of heptamer highly anisotropic, showing two halos at 3.6 Ar-{x

9 (Figure 5). This reflection was assigned to a superlattice stacking) rotated 90from two spots at 19.3 A (the 10
induced by steric repulsion between siloxanes moieties (see

) ) reflection, see Figure 6).
Discussion).
Mechanical Alignmentintensities of XRD reflections Discussion
corresponding to the hexagonal lattice of compour&d )
before and after heating through the clearing point were very AS deduced from POM and XRD experiments, all the
studied compounds showed a discotic columnar hexagonal

(33) This signal was observed in three different diffractometers, at cathode phase_W|th transition temperatures close to t_hose already
potentials low enough to preclude an artifact duétemsstrahlung found in related systenis:3 The presence of a signal at ca.
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3.6 A for all compounds bu8 proves that there is quasi- As already seeff®” the slow crystallization kinetics of
long-range intracolumnar stacking order along the columns. oligomeric compounds “freezes” the mesophase into a glassy
The synthetic route chosen proved to be versatile and allowedstate, with a low-temperature glass transition. In fact, both
us to prepare new hybrids and oligomers, including a tetramersl6 and 17, heptamer9, and even monomeric
constitutional isomeric pair, thus taking advantage of the compounds8 and 15 do not crystallize when cooled at 2
richness of substitution possibilities on triphenylene. °C/min. This behavior is not surprising in oligomeric
Thermal Behavior. Although substitution with terminal materials, where molecular motions are restricted due to the

alkene chains usually depresses the melting temperaidfés, Mechanical attachment of the mesogens to another one,
7 has a higher melting temperature than its saturated hexakisP0SSiPly in a different column, thus forming columnar
(pentyloxy)triphenylene homologue (Cr 69 Col 12%)1 networks. This constraint increases the viscosity of the
Additional interactions brought by the double bonds and the SYStem up to the glass transition, where no further molecular
efficiency of the solid-state molecular packing, dependent m‘?“o"‘ takeg plgce. In contrast., monomeric compounds_, n
on the molecular shape, are likely to be responsible for the spite of Iack|_ng mterpolumnar links, can still tm and flip
enhanced crystal phase stability. The depression of the!® @rrange in a suitable manriérThat compound14

clearing that points up to 25C with respect to the fully grySt{:tllllfﬁSI while 'tT colnstltunonatl 'S?;Eél? does not, ‘
saturated homologue strictly follows the trend already espite the lower molecular symmetry ot the former, Suggests

observed in compounds bearing olefinic side chains; thetr;art] |ts.m|ct;(3$(‘:‘opéc V,',SCA?S”YtLS Iotwberl.kThlgl could be a result
mesophases stability is then affected according to the ©' NAVING tWO_ SIdesS {4) without bulky siloxane groups,

sequence — 12 — 7.1%53following the increase in the resulting in a lower barrier for rearrangement by slipping
from one column to the other. It is very likely that the way
number of double bond.

i . the molecules are packed in the crystalline state plays a
Upon the grafting of siloxane groups, both the crystal gjgnificant role in the different thermal behaviors observed.
phase and the mesophase of the hybrid systems are desta- Mesophase Structure.The hexagonal lattice parameter
bilized, with an important depression of the melting transition ain the liquid-crystalline states varies from 19.2 A @y
temperatures, whereas the reduction of the clearing temper-having six peripheral pentenyloxy chains, to 27.1 A 8r

atures is lesser. This observation remains valid for all the containing the largest number of carbosiloxane fragments
pairs of olefinic-siloxane derlva_tnr:eﬁﬁ» 3,78, 12; The intercolumnar distance is clearly correlated with the
14,13 15)_' In most cases (with the exception 8 t e proportion of siloxane units to methylene units, being greater
mesomorph_|c temperature ranges were substantially in-¢o- e sijoxane-rich compounds. This growth seems to
creased, with room-temperature mesophases OCCUITeNCesqy rate after the proportion gets higher than that in trisub-

Moreover, very little variations of the mesomorphic proper- ¢t 1tad compounds4 and 15, where the distance (26.3 A)
ties within the oligomers were detected (both tetramers and g very close to that of the hexasubstituted compo@nd
the heptamer exhibit almost identical thermal behavior), but

the mesophases stabilities were greatly enhanced Wheq3
compared to those of the monomeric siloxane homologues ) ’ e .
pletely “crowned” by disiloxane units. Its mesophase can

(358914161517 thus be described as a hexagonal arrangement of parallel

Comparison of the latent heat and temperature of transition Co|umnS, each column Consisting of two concentric segre-
of pairs of isomeric compoundd2—-13, 14-15, 16-17) gated cylindrical portions, an internal cylinder made of the
suggests that the substitution pattern on the triphenylene coreyromatic core surrounded by the aliphatic crown, and with
seems to be of little importance for the columnar to isotropic the interstitial region being filled by a silicon continuum (in
phase transition: rotational and translational degrees of agreement with the broad band of the molten siloxane part
freedom of the molecules are already active and the entropicat 6.3 A). To a lesser extent, the observation of the siloxane
gain is similar for the isotropization of all isomers. On the proad band in the CpX-ray patterns ofl4 and15 suggests
other hand, thermodynamics and kinetics of transitions to a similar model of concentric rings of various natures,
and from the low-temperature solid phase are very dependentealized by interdigitation of the siloxane moieties between
on the geometry of the molecule, possibly because theadjacent columns (in agreement with a slight decrease of
packing of each compound in the crystalline phase is very the lattice parameters of the Gahase from 27.1 A foB
different. The most evident effect of this difference can be to 26.13-26.3 A for 14 and15, concomitant with a thinner
seen in the over 2€C difference in the melting temperature  siloxane continuum).

The 2D hexagonal lattice is best developed for compound
(four small-angle Bragg reflections), the only one com-

of the pairs of compoundk2 and13, 16 and17, and14 and Such kind of enhanced structural organization, promoted
15. In this last pair the difference is even more obvious as by diblock or triblock architecture, is common in liquid-
isomer14 crystallizes on cooling whild5 does not. crystalline polymers, but has also been observed in molecular
systems, the most striking case being probably that of
(34) (a) Collard, D. M.; Lillya, C. PJ. Am. Chem. S0d.991, 113 8577 semifluorinated alkané% exhibiting smectic phases. The

8583. (b) Maldivi, P.; Bonnet, L.; Giroud-Godquin, A. M.; Ibn-elhaj,
M.; Guillon, D.; Skoulios, A.Adv. Mater. 1993 5, 909-912.

(35) Destrade, C.; Gasparoux, H.; Foucher, P.; Tinh, N. H.; Magthk; (37) Imrie, C. T.; Henderson, P. Zurr. Opin. Colloid Interface ScR002
Jacques, 1. Chim. Phys.-Chim. Bioll983 80, 137—148. 7, 298-311.

(36) Paraschiv, |.; Delforterie, P.; Giesbers, M.; Posthumus, M. A.; Marcelis, (38) Viney, C.; Russell, T. P.; Depero, L. E.; Twieg, RMbl. Cryst. Liq.
A. T. M.; Zuilhof, H.; Sudhdter, E. J. R.Lig. Cryst.2005 32, 977— Cryst.1989 168, 63. Viney, C.; Twieg, R. J.; Russell, T. P.; Depero,

983. L. E. Lig. Cryst.1989 5, 1783.
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Figure 7. Mechanical alignment of tetramés.

grafting of semifluorinated chains was also found to enhance
the structural organization of mesogenic triphenylefies.
Even if the chemical incompatibility of alkyl chains with
disiloxane is smaller than that with fluorinated chains,
examples are known where terminal siloxane groups influ-
enced, via microsegregation, the structural organization of
both calamitié® and discotic mesogeiR¥

For none of the other siloxane-containing triphenylenes
experimental evidence of such a microsegregation has been
found. Microsegregation is extremely efficient in multiblock
copolymers, where the entropy of mixing per unit volume
is rather small, allowing weak incompatibilities between
blocks to provide the energy necessary for segregation.
However, for molecular systems, the chemical incompat-
ibility between different portions of the molecule should be
strong (polar/nonpolar; hydrophilic/aromatic; lipophilic/fluo-
rophilic) to promote microsegregation; otherwise, the dif-
ferent molecular parts can mix in the mes