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Supramolecular chemistry, the noncovalent interactions between A N R
the molecules and their consequent self-assembly lead to the forma- "\, Ny |
tion of a variety of superstructuré<olumnar (Col) liquid crystal O &b h?c:) H \‘;’
(LC) phases formed by disc-shaped (discotic) compounds discov- = R = Ayl o o
ered by Chandrasektfeet al. are well-known examples of supra- R = AlkyliAkosy, M~y
R 1 2 R Br, T, Cl, NO,, ctc.

molecular assemblies based on self-organization. These are fluid
anisotropic phases in which disc-shaped molecules self-assemble NT o i
such that they stack one on top of the other to form Col structures Sy R

Ry sy R

N
and are promising for potential applicatiérsich as one-dimen- o oj
sional conductor$ photoconductor8 molecular wires and fibers, My A e
light emitting diodes, and photovoltaic cell® A large number of yorT
polynuclear aromatic cores have been employed to tailor the charges . R=Ph oy 4-BHOMe 4 : R=Phor4-PhOMe 5 : R=Phor 4-PhOMe
mobility (transport) that occurs through overlapping intermolecular 7R 2505, R eb0CH, R~y
sr-orbitals in a fluid media initiated eithf_sr by making a gharge- ;cd:R:A‘-ZI(")-%g;]IZI)JS)ZlaHz :;:R:4-xgcoggls}7[>fgfa“3 g;z‘;z‘;&ﬁg&ﬁ%ﬁlb
transfer complex or by photolysidn crystalline organic materials in 7e:R=345-(10C;HoCoty  8e:R=345-(rOCiHo)CHy 9 :R=34,5-(n-OC4HykColly

. . . 7 ,4,5-(n-OCgH | 7):C¢H; 8f: R =3,4,5-(n-OCgH;7);C6H. 9f: R =3,4,5-(n-OCgH;;);CsH.
which molecules are stacked so that charge migrates with & SMOOth1g: R = 345-6r0C ity 82+ R = 3.4.5-0-0C HsCeHs 95+ R— 34,5 OC Sl ety

periodic potential is well-knowA.If such a crystalline system is  Fjgure 1. Structures of the compounds pertaining to the present study.
associated with proton transfer and a simultaneous rearrangemen%
of the sr-orbitals occurs then a coupling between motions of the
proton and the conduction electron might be produced, which is a
key phenomenon for many proposed molecular electronic de¥fices.
However, molecular systems with such a property are difficult to

realize and also expensive to process because for an effective charg -+ (8a—C) andC, (9a—c) tautomeric forms in the ratios mentioned

transport single crystals are requw.ed. on the_ other he_md, Col !‘C in Table 1. Optical microscopic studies revealed that these deriv-
phases have been regarded as suitable and inexpensive substltut%ﬁiveS are not mesomorphic (Table 1). However, it is well-known
for single crystalline molecular systems. To our knowledge, there that Col phases can be stabilized by space-fillir,]g properties. We
have been no attempts to form Col LC phases in conjunction with ,icinated that the TSANS derived from ditrialkoxyanilines would
the unique property of proton-transfer accompanied by a configu- o hans fulfill the space-filling conditions and promote the forma-
rational change ofr-electrons. . _ tion of Col phases. Therefore, we synthesized a dialkeokand
N-Salicylideneanilinesl (Figure 1) are an interesting class of 66 trialkoxy7e—g derivatives, which were again found to exist
compounds possessing intramolecular H-bonding. Although the two g ¢jysiely in their keto-enamine tautomeric forms. Interestingly,
geometric forms of these systems, viz. enol-iri{®H) and keto- they were found to be LCs as discussed below.
enamine (NH), are expected to be in equilibrium with each other, On cooling from the isotropic phase, the tautomeric fo8ds
it is the enol-imine {) form that is commonly encountered and  5nq9d show a mesophase with a mosaic texture (Figure 2, inset),
well-characterized. The interest in these materials has been triggereqynich is characteristic of a Col phase. The pattern remains unaltered
because reversible proton transfer (tautomerism) between the twoyntil room temperature (RT), although a strong peak is observed
forms occurs, leading to properties such as thetinand photo- at~57°C in the DSC run. The “1-D cut” (intensity vef2profile)
chromism’?Recently, Chong et al. have reported the first structural extracted from the X-ray diffraction (XRD) pattern obtained while
characterization of exclusive keto-enamine forms v@th (4) and cooling the sample from the isotropic (I) phase is shown in Figure
Cs (5) symmetries of trid{-salicylideneanilines) (TSANs)3] by 2. Several sharp peaks (labeled7Lin Figure 2) are seen in the
X-ray and NMR studie$? For TSANs the multiple proton transfer  |ow-angle region, features which are typical for a Col phase. While
process leads to four tautomeric forms. From the point of view of peak number 9 arises because of the stacking of the cores within a
applications, especially for electronic devices, such an inherent column, peak number 8 arises from the packing of floppy chains.
property of these molecules is highly promising. Here we demon- The diffuse nature of these two reflections indicates that the ordering
strate that the TSAN core with appropriate molecular design self- within the columns is not long-range. The spacings of the first three
assembles to form Col LC phases in which the proton and electron low-angle reflections are in the ratio of 1:0.76:0.5. These and other
interact with each other through the H-bondihgnvironment to sharp reflections could be indexed to a rectangular lattice. All these
furnish unique materials which, in our opinion, will exhibit high  features are characteristic of Col phase with a 2D rectangular lattice
charge carrier mobility® (Col). On cooling the sample to RT, although the peak intensities
To obtain TSANS, various amines were condensed with 1,3,5-tri- changed, the pattern remained the same (see Sl for XRD pattern).

ormylphloroglucinol 6).13 With a view to realize a LC Col struc-
ture in these systems, we first softened the core by condensing de-
cylamine or 4n-decylaniline or 4r-octyloxyaniline to obtain TS-
ANs 7a—c. As evidenced byH NMR (see Supporting Information
Sl)) studies, these compounds actually exist in their keto-enamine
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Table 1. Tautomers (8a—g and 9a—g) and Optical and Thermal that for the benzene hexanoates, the ea@e peak is not observed
Properties of 7a—g? at all as the core size is smalférwhereas for the triphenylene
compds (ratio)” heating cooling (having a larger core) systems it is commonly observed. For the
8a+9a(1:2.3) Cr74(107.1)1 compounds studied here the central region is just a phenyl ring,
ggigg((ll_ilz)s) g%%dmy nass and thus the observation of the cemore peak should have been
8d+9d(1:1.8) Cr75.6 (33.1) Coll36.4 (4.4) | 1135 (4.3) Cob7 (0.9) X surprising. However, the formation of strong intramolecular hy-
8e+9e(1:0.3) Crl76.1(6.1) Col19.1 1245 (7.2) Co} 218 drogen bonding results in an effective larger molecular core.
8f + 9f (1.0.9) (8;7%7(_33‘8522? ((:75?6'4_ 4 l(ol‘gégo(ks)léhelgl) cr Consequently, the average stacking distance of the disks within
(0.1) Coh186.2 (8.1) | (0.2) Co}¢ the same column (corecore separation) is quite small, especially
8g+9g(1:1.1) g&fi}%g'&?ou&s’ 'C{)7|r3ég.g£?l():%‘rl57'7j for 8d and 9d, showing a value of 3.29 A in the HT mesophase.

= Transition temperature&q) and enthalpies (k) md) were determined This value is near one of the lowest values observeq in the. Col
by DSC (at a rate of 8C/min).? Based otH NMR spectra (see Supporting phase of any nonmetallqmesogén!-.\ further dec_rease IS seen in
Information for spectra 08d and9d). ¢ This phase supercools unti60 the glassy phase and with a value of 3.26 A is the same as that
°C. ¢ Transition observed only under microscope. reported for the case of a complex with two phthalocyanine cores
linked by a lutetium ator®® The significance of these numbers
should be seen in light of the fact that the materials exhibiting a
Col phase but show a small cereore separation which ensures
the enhancedr—x* orbital overlapping are good candidates for
rapid intracolumnar charge migration.

In conclusion, we have discovered a unique class of discotic LCs
derived from TSANSs existingxclusiely in their C3, andCs keto-
enamine tautomeric forms. These compounds display Col LC phases

56 in which the proton and electron interact with each other through
26 (degres) the H-bonding environment. Remarkably, the cecere separation
Figure 2. XRD pattern and optical texture (inset) obtained for the,Col IS quite small, making them promising materials for many proposed
phase of the geometric forn@&l and 9d at 70 and 127C, respectively. electronic devices.

=
o

log {Int#) (arb. units)

As mentioned above, the texture seen under the microscope also Acknowledgment. We are grateful to Prof. S. Chandrasekhar
does not undergo any change, whereas a phase transition is observe@CLCR) and Prof. A. Srikrishna (1ISc) for their valuable discussions
in the DSC scans. Noting that while the sample can easily be and suggestions.

sheared at temperatures above this transition, but not below, we
feel that the low-temperature structure (X) is glassy in nature with
the structure of the high-temperature Cphase frozen in. In
contrast, the trialkoxy derived geometric for@sand 9f show a
different behavior. As the sample is cooled from the | phase, it
displayed an optical texture that was a mixture of the low- S
birefringence dendritic pattern and linear high-birefringent defects, @ ggg 'ﬁfk'gl‘;a'\.’;'fgﬁg&‘ﬂg?g&‘ggﬂﬁg&%g‘\z’ﬁ)@i g?"}’;%‘é’rslffc

a feature also observed for the Col phases. A clear phase transition Annu. Rep. Prog. Chem. Sect. C: Phys. Ch2a@l, 97, 191.

was observed at 16%C, in agreement with the DSC scan, when a (2) Chandrasekhar, S.; Sadashiva, B. K.; Suresh, rAmanal977, 9, 471.
needlelike texture developed (see Sl). The XRD profile taken in () ggghby, R.J.; Lozman, O. Ruurr. Opin. Colloid Interface Sc2002 7,

the high temperature (HT) pha..SG ShOW.Ed five sharp rEfle.Ctions (see (4) Cha.ndrasekhar, S.; Balagurusamy, V. SPKoc. R. Soc. London, Ser. A
SI), the lowest-angle peak being very intense. The spacings of the 2002 458 3.

first three reflections are in the ratio of 1:0.576:0.5, and together (5) Adam, D.; Schuhamcher, P.; Simmerer, J.; Hayssling, L.; Siemensmeyer,

with the diffuse reflections in the wide-angle region confirm that K.; Etzbach, K. H.; Ringsdor, H.; Haarer, Dlature 1994 371, 141.
(6) Osburn, E. J.; Schmidt, A.; Chau, L. K.; Chen, S. Y.; Smolenyak, P.;

Supporting Information Available: Synthetic procedure and
characterization data foBa—g and 9a—g (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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