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Unlike a large number of calamitic nematic liquid crystals e ® .~ e
showing a room-temperature mesophase, only few disc-shaped '_L,@'S\ —a -
molecules have been known to exhibit a discotic nematic phase o;llsd { metal salts lengthening of
(Np) at room temperatureEven the number of compounds showing PEO tails PEO tals
a Np phase is rather limited. Several derivatives of triphenyfene, steric and electronic electronic
truxene3 thiotruxenet naphthalené&, phenylene ethynylene mac- repuision secten

rocycles? phenylethynylbenzeneand hydrazorfeare the typical

examples to show stableghbhases; however, most of them show

Np phases at high temperature and in a narrow range of temperature.

In view of the demands for optical compensation films for wide-

viewing-angle LCD%and lubricant usage in a minute spa¢eom- p F

temperature N liquid crystals are highly desired. In this commu- stable Ny phase stable Col, phase

nication, we report on our novel approach to triphenylene-based Figure 1. Schematic representation of the formation of & phase and

room-temperature § liquid crystals and their unique phase thd%p_hase transition from thepiphase to the Cplphase triggered by the

transition from a N phase to a hexagonal columnar (gihase addition of alkali metal salts.

triggered by alkali metal ions. This is the rare example of room- Poundslb andlc showed N phases at room temperature. Table

temperature N liquid crystals and, to the best of our knowledge, 1 shows their phase transition temperatures. Figurec2shows

the first example of the morphological transformation of discotic their optical textures observed by POM. As the number of ethylene

liquid crystal phases by complexation of ions. oxide units increased, their phase transit_ion temperatures from
Literature survey of triphenylene derivatives, the archetypal CTyStals to N phases were decreased. Triphenyldeebecame

discotic liquid crystals, revealed that its benzoyl ester derivative 91assy around 0C. _

with alkyl chain substitue#t showed the N phase at high A unique phase transformation from g [ihase to a Cqlphase

temperaturexX170°C). We considered that a replacement of alkyl was ot_)served vyhen alkali me_tal ions were ?d‘?'ed to t_riphenylene
chain parts to more flexible tails could result in a decrease of derivatives (entries 2, 3, and 6 in Table 1). lonic interactions among

mesophase temperature. For this purpose, poly(ethylene oxide)alka“ metal salts are the crucial attractive force for assemBling

(PEO) units have been introduced to the triphenylene ¥dtigure to form the columnar structu_re. Lithium salts of th_ese compOL_mds
. . were prepared by evaporation of the THF solution of the triph-
1 illustrates our concept for the formation of a stablg phase A ) R .
. : ) . enylenes with appropriate amounts of §SBsLi (LiIOTf). Figure
and its transformation to a Gphase triggered by the addition of 2d shows the optical texture @t with 2 molar equiv of LiOTf on
alkali metal ions. It is known that poly(ethylene glycol) (PEG) and P 4

) . ' . cooling at 200°C observed by POM. The XRD profile dfa
PEO adopt helical and coil conformatioFsThe average width of . . .
. . . . howed broad reflect k ding tadth
the single helix of PEO is reported to be 7.6 A from its STM showed one broad reflection peak corresponding pacing

i The width is fairly | h he thick ¢ of 19.7 A, which was attributed to the average diameter of the disc-
nrw]eas_urr(]eme?t T el widt 'ﬁ‘_ ﬁ'ry ?rger than : et '_C ne?s ho like moleculela (Figure 3a). The addition of LiOTf caused the
the triphenylener plane, which could prevent formation of the ¢ transformation from thephphase to the Cglphase when
columnar array of the triphenylene cores. In addition to this steric

) | i the amount of LIOTf exceeded 1 molar equivia The lithium
factor, electronic repulsion among PEO tails could also promote g of1a with 1 equiv of LIOTF showed three reflection peaks in

the formation of a ¥ phase. The PEO tails can complex alkali s xrpD corresponding to the spacings of 24.9, 14.4, and 12.6
metal ions by ior-dipole interactiond® This complexation straight- A \hich were indexed in sequence as (100), (110), and (200) of
ens the bent coiled PEO tails. As a result, triphenylene discs cangy col lattice (Figure 3b). The Cpphases were also observed with
self-assemble to form columnar arrays owing to the sequential ionic jncreasing amounts of LiOTf, which caused an elongation of the
interactions among the alkali metal ions complexed with their diameter of the discs. The spacings corresponding to the (100)
counterions in the direction of columnar axis. Thus, hitherto reflections of the lithium salts dfawith 2, 3, and 6 equiv of LIOTf
unknown phase transition from a¥bhase to a Calphase canbe  were increased to 25.3, 26.3, and 28.3 A, respectively. These
triggered by alkali metal ions. observations imply that the ethylene oxide units interwind under
Three triphenylene derivativelsa—1c possessing di-, tri-, and  jon-free conditions and can be extended by the recognition of the
tetraethylene oxide units as their side chains, respectively, wereadditive alkali metal ions to lengthen their disc diameter. The
examined. Their liquid crystalline behaviors were investigated by strongest reflection for the (100) was observed for the lithium salt
polarized light optical microscopy (POM), differential scanning with 2 equiv of LiOTf. The addition of an excess amount of LiOTf
calorimetry (DSC), and powder X-ray diffractions (XRD). Com- brought about the decrease of its intensity. With 6 equiv of LiOTf,
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Table 1. Phase Transition Temperatures and Enthalpies (in
Parentheses) for 1a—1c Determined by DSC or POM?

entry Compd. T (°C) and AH, (Jg™")
R):o R 129.9 (13.7) 2235(02)
g O—< 1 1a Cr Np Iso
o) 100.3 (-12.6) 222.2(-0.4)
o I 115 254
2 . Cr Col, Iso
R%o QOQ . +LiOTf (leq) . pow
o>_ )R i 153 273
o o0 3 Cr Col Iso
R O:< +NaOTf (leq) 152 n 259
1a 132 224
o> 4 +LiCl (leq) Cr = Np o Iso
Re —@—o< n 25 147.4(03)
5 1b Cr Np Iso
1 2 23 146.2 (-0.3)
ain=
1bin=3 p 1b 253
lezn=4 +LiOTf (4eq) G Col, Iso

76 247

Np <—— Iso
65

1c

aCr, crystal; G, glass; M nematic discotic; C@) hexagonal columnar;
Iso, isotropic. No indication of enthalpy means that it is too small to be
measured.

Figure 2. Optlcal textures of I phases ofla (a), 1b (b), andlc (c) on

Similar alkali-metal-ion-induced phase transformation of triph-
enylenes from a N phase to a Cglphase was also triggered by
addition of NaOTf (entry 3 in Table 1). The counterions play an
important role in these transformations since lithium chloride was
an ineffective additive for this purpose (entry 4 in Table 1). In this
case, only a minor portion of the salts might be transformed to a
columnar mesophase as indicated by its XRD pattern. However, a
majority of them remained as thg,fhase since only theg\phase
was observed by POM for the lithium salt @& with up to 12
molar equiv molar of LiCl. This is a remarkable counterion selective
transformation from a N phase to a Cglphase.

In summary, triphenylene derivatives possessing PEO as side
chains exhibited N phases at room temperature. Unique phase
transformation from a Nphase to a Cglphase was observed when
alkali metal ions were added. This transformation was dependent
on the type of counterions of the additive alkali metal salts. Details
of the effect of the counterion on the phase transition are in progress
in our laboratory.
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cooling at 217, 110, and 12C, respectively, observed by PON§00).
The Col, phase ofla triggered by the addition of 2 molar equiv of LiIOTf
on cooling at 200°C observed by POMxX600) (d).
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Figure 3. XRD of laat 200°C (a) and the lithium salt ofa with 1 (b)
and 6 molar equiv of LIOTf (c), respectively, at 200. Phase diagram of
lawith variable amounts of LIOTf. Cr, crystal;d\ nematic discotic; Cal
hexagonal columnar; Iso, isotropic (d).

its intensity decreased significantly (Figure 3c). Excess LIOTf

destabilizes the mesophase. This might be caused by the excess of

bulky counterions supposed to be located between the discs, which
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