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A concept for highly ordered solid-state structures with bright fluorescence is proposed: liquid crystals based
on tetraethynylpyrene chromophores, where the rigid core is functionalized with flexible, promesogenic alkoxy
chains. The synthesis of this novel material is presented. The thermotropic properties are studied by means
of differential scanning calorimetry (DSC), cross-polarized optical microscopy (POM), and X-ray diffraction.
The mesogen possesses an enantiotropig Qlthse over a large temperature range before clearing. The
material is highly fluorescent in solution and, most remarkably, in the condensed state, with a broad, strongly
red shifted emission. Fluorescence quantum yiedely have been determined to be 70% in dichloromethane
solution and 62% in the solid state. Concentration- and temperature-dependent absorption and emission studies
as well as quantum-chemical calculations on isolated molecules and dimers are used to clarify the type of
intermolecular interactions present as well as their influence on the fluorescence quantum yield and spectral
properties of the material. The high luminescence efficiency in the solid state is ascribed to rotated

chromophores, leading to an optically allowed lowest optical transition.

Introduction preparation. However, up to now, energy transfer has been
. N . mostly studied in weakly fluorescent discotic E@Ve postulate
Discotic liquid crystals (LC) possess the ability to self- 5 the combination of columnar stacking of discotic aromatic

organizel into highly anisotropic and ordered structures such asyqjecyles and high fluorescence should be beneficial for energy
columns: If this is combined with suitable optical and electronic - «fer since the Fster mechanism should become more

properties, this results in ideal building blocks for smart

materials in optoelectronic devices. However, the intermolecular
interactions responsible for self-organization can also have a . . . .
dramatic influence on the electrical and photophysical properties Therg Are offen strqng interchromophoric interactions associ-
of molecules such as spectral characteristics, energy transferateoI W'.th the formation of LC stacks. In many cases, such
charge generation and transfer, excitation decay pathways, ananteractlons (such as aggregate ar)q excimer formation) are
luminescence efficiency. A thorough understanding of the types detrimental to the fluorescence efficiency. Consequently, to

of intermolecular interactions occurring and of their physical promote strong emission from LCs,.or.1e WOUI.d need qther o
effects is therefore needed for the rational design of novel form stacks without interchromophoric interactions (which may

materials for optoelectronic applications be extremely difficult to achieve) or find systems where these

One potential application is the transport of excitation ener interactions do not quench the fluorescence. Pyrene is known
P . PP . > p i NeTYY {0 have a high fluorescence quantum yield in solutiout also
over large distances. Discotic LCs would be ideal candidates S - e
: . > TS ; ! .~ to show efficient excimer emissidt?.Furthermore, pyrene offers
since in addition to self-organization into highly anisotropic

L . the advantage of being easily functionalized at the 1, 3, 6, and
structures, they tend to eliminate structural and electronic defects8 ositions. Initial studies for incorporating a pvrene core into
by self-healin§ and have a fluidity that allows for easy film P ' P gapy

LCs have been present&tHowever, the nature of the specific
interchromophoric interactions in the solid state and the quantum
yields were not studied in detail. Recently, we reported the

effective. Only a few highly fluorescent discotic LC forming
columnar phases have been synthesized sd*fr.
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SCHEME 1: Synthesis of TDPEPYy (3) by the TABLE 1: Thermal Behavior of TDPEPy Investigated by
Sonigashira-Hagihara Reaction DsC

Bk Br
OOQ Pd(PPhj),, Cul, NEt3, toluene
Ro
Br Br
R =
1

RO 2 R

T [°CJ/AH [kJ mol™] rate 10°C/min

R 2nd heating Cr51.5/28.3 G#5.5/3.8 |
1st cooling 190.0+3.2 Col, 50.0+5.0 Co} 38.5~16.0 Cr

a Cr crystalline phase, Gotolumnar hexagonal phase, Cablumnar
rectangular phase,= isotropic liquid phase.

digitated stars can be observed (Figure 1), which are typically
of hexagonal columnar mesophases.

The transition between the isotropic and LC phase shows a
small temperature hysteresis and a transition enthalpy value

R =CizHzs RO OR RO OR typical for columnar liquid crystalline phases (see Table 1). The

transitions at 51.8C (upon heating) and 38°& (upon cooling)

obtain the combination of intense fluorescence and columnar display a large hysteresis and enthalpies consistent with Cr-LC
mesophase, we have substituted the flat tetraethynylpyrene unitransitions. A third transition with a small enthalpy of 5.0 kJ/
with promesogenic side groupsThese side groups should have  mol at 50°C is found only in the cooling trace and is assigned
a high tendency to induce a liquid crystalline behavior. to a LC-LC transition. Thus, the low-temperature mesophase

In the present work, we describe the design of a new discotic is monotropic, i.e., a metastable phase that appears only upon
mesogen based on the tetraethynylpyrene core (Scheme 1)cooling, contrary to the high-temperature mesophase which is
1,3,6,8-tetrakis(3,4,5-trisdodecyloxyphenylethynyl)pyrene (TD- enantiotropic, i.e., a stable phase that appears during both the
PEPYy). It forms columnar liquid crystal phases over a substantial heating and cooling cycles. To obtain more insight into the
temperature range. Moreover, this molecule exhibits a strong nature of the various phases, powder X-ray diffractograms have
luminescence in solution, in the crystal and liquid crystalline been taken. The diffraction photographs taken at room temper-
states. The type of intermolecular interactions present as wellature unambiguously indicate the 3D-crystalline nature of the
as their influence on the fluorescence quantum yield and spectralvirgin powder as well as that of the solid crystallized from the
properties are probed by a combined experimental and theoreti-high-temperature phase. This is demonstrated by the presence
cal study including concentration- and temperature-dependentof sharp reflections in all angular regions. On the other hand,
absorption and emission spectra in solutions and films and at high temperatures, the patterns are characteristic of meso-
qguantum-chemical calculations on individual molecules and morphic phases, as shown by the absence of reflections in the

dimers. middle and wide-angle regions and the presence of reflections
only at small angles and of a diffuse halo at wide angles. The

Results and Discussion X-ray patterns taken with a sample cooled to°@display a
strong reflection corresponding to a spacing of 33.5 A and a
Synthesis and Characterization. To allow for further set of weak reflections (Table 2). These reflections can be

experimental characterizations, functional liquid crystals should assigned to a rectangular lattice. The two-dimensional character
be available in large amounts of pure analytical products. is confirmed by the absence of reflections with the third Miller
Synthetic schemes must involve a few reaction steps with high index | different from zero. For all reflections,+ k = 2n (with
yields and easy purification procedures. The target molecule n an integer number), which indicates that the lattice is centered
TDPEPYy @) has been prepared by a convergent synthesis, usingon the AB plane and is thus a C-centered orthorhombic lattice.
the pyrene derivativé as the connecting core. Following this  All these features are consistent with a rectangular columnar
strategy, TDPEPy3) has been obtained in 35% yield, by mesophase (CQlwith ac2mmsymmetryl® In this mesophase,

coupling 3,4,5-tridodecyloxyphenylacetylen®)? to 1,3,6,8- each disklike molecule stacks on top of another and the columns
tetrabromopyrenelf,® using SonigashiraHagihara’'s method generated adopt a rectangular packing with the columnar axes
(Scheme 1). The structure and purity of TDPERY {ere located at the corners and at the center of the rectangle. The

verified by*H and'*C NMR spectroscopy, field desorption (FD)  disks are tilted versus the columnar axis by an angi8cheme
mass spectrometry, and elemental analysis. The symmetric2) that could not be determined from the present diffraction
substitution on the central chromophore is evidenced by two data. The disk projection in the plane perpendicular to the
singlets in the’H NMR spectra atd 8.73 and 8.42 ppm  columnar axis thus appears ellipsoid shaped (Scheme 2). A
associated to four and two protons, respectively. These protonsdistance ofc ~ 4.4 A separates the aromatic planes
can be easily distinguished from the signal of the eight aromatic At 60 °C, the diffraction photographs display a single
protons atd 6.90 ppm attributed to the substituted peripheral reflection at 32.6 A, in addition to the broad halo at 4.6 A (Table
phenyl rings. No asymmetrically substituted products have been?2). Although the presence of a single maximum at low angles
detected either by NMR or by FD mass spectroscopy. does not allow for an unambiguous determination of the
Thermotropic Behavior. The thermotropic behavior of = mesophase structure, the microscope textures are consistent with
TDPEPYy has been investigated by means of differential scanninga uniaxial, hexagonal columnar structure (olThe absence
calorimetry (DSC) and cross-polarized optical microscopy of other reflections apart from the (100) reflection is frequent
(POM). Additional characterizations of the mesophases and thein diffraction patterns of hexagonal columnar mesophasits;
determination of the structural parameters have been performeds due to a minimum in the form factor, which precludes the
by powder X-ray diffraction. The DSC trace of TDPEPy shows observation of peaks in this angular region. To exclude the
two first-order phase transitions upon heating and three transi-formation of the rarely observed uniaxial square columnar
tions upon cooling from the isotropic phase (Table 1). POM mesophase, the diameter of a model for the columnar packing
reveals fluid and birefringent mesophases between 52 and 95based on microsegregated core and aliphatic chains can be
°C upon heating and from 90 to 38C upon cooling. estimated for the square and hexagonal phases and compared
Furthermore, upon slow cooling from the isotropic liquid phase, to the experimental value. The creation of a model starts with
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Figure 1. Optical micrographs of TDPEPYy: digitate stars observed in the mesophase€@tg®n cooling from the isotropic phase (left) and
hexagonal growing nonbirefringent germ between parallel polarizers (f&§ht).

TABLE 2: X-ray Diffraction Data for TDPEPy
temp,°C  phase  hkl dops(A) deac(B) lattice constants (A)

40 Col 200 335 335 a=67.0
mesophase 310 18.3 185 b=33.0
400 16.8 16.75
510 124 12.4
130 10.6 10.85
330 10.0 9.9
530 8.7 8.5
240 79 8.0
440 74 7.4

4. c~4.4
60 Coh 100 32.6 32.6 a=37.6
mesophase 46 c~4.6

a Diffuse maximum.

SCHEME 2: Schematic Drawing of (1) the Col
Mesophase with ac2mm Symmetry and (2) the Co},
Mesophase

1) Col,

(74
-~ 4.4 A
a=67.0 A
b=33.0A
2) Col,
@ é:( )
a=37.6 A

the estimation of the number of molecules filling a columnar
slice of heigthh = 4.6 A, which is the building block of the
columnst® The number of molecules can be obtaine@as 6

x Na x Vunitee!M, assuming a density = 1 g/cn?® for the
organic material, wittM = 2818.6 g/mol the molecular mass,
Na Avogadro’s constant, and,nicel the volume of the unit cell.
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A), while for the square phaséiielisquare= 8 x h = 4889

A3 (unit cell parameter of the square phasgg= 32.6 A with

h = 4.6 A). The corresponding number of molecules per unit
cell amounts t&Zsq = 1.04 andZnex = 1.20 for the square and
hexagonal columnar phases, respectively. The building block
for the columns, which fills the space of a columnar slice, is
thus represented by approximately one molecule in both cases.
A molecule consists of the core and 12 peripheral aliphatic
chains. The volume filled by the aliphatic chains at a given
temperaturel can be calculated by using volume fractions of
CH, and CH groups obtained from dilatometry studi€sThe
volume of the 12 dodecyloxy chains &t= 60 °C in the LC
phase is estimated to Bénan = 4022.4 B. The difference
between the volume of the unit cell and the volume of the chains
yields the volume occupied by the aromatic core uvit & =

Vunit cell — Vehain)- Since the cross section for the aromatic cores
should be circular in a unixial phase, the radius of the core in
this phase geometry can be estimated by Veored(r x h).

With the assumption of one molecule in the unit cell, ragli

= 7.7 A andrpex = 12.4 A are obtained for the square and
hexagonal columnar phases, respectively. The core radius of
10.88 A estimated from the geometry optimized at the semiem-
pirical Hartree-Fock AM1 (Austin Model 1) level as the
distance between the center of the core to the oxygen of an
alkoxy chain in the para position compares well with the results
obtained for the hexagonal phase. These considerations support
the model of a hexagonal phase formed by microsegregation
of the aliphatic and aromatic subunits of TDPEPy. Thus,
TDPEPy self-organizes into an enantiotropic (Celind a
monotropic Calphase. The mesomorphic behavior is generated
by the anisotropic molecular shape as well as by the microseg-
regation of the 12 long aliphatic side chains pointing away from
the rigid 1,3,6,8-tetraphenylethynylpyrene core.

Photophysical Properties Dilute SolutionsAbsorption and
emission spectra of TDPEPyY have been taken in dilute dichlo-
romethane solutions (Figure 2). The main absorption band peaks
at 2.58 eV (481 nm¢ = 66 000 L mot? cm™1) and shows a
vibronic replica at 2.73 eV (454 nma;= 51 000 L moftcm™1).

The emission spectrum with its-® transition at 2.47 eV (502
nm) and its 6-1 transition at 2.31 eV (537 nm) is a good
approximation of the mirror image of the absorption. The strong
bathochromic shift compared to pyrene exhibiting &00
transition of fluorescence at around 420 Fn2.95 e\? suggests

a significantly increased effective chromophore size in TDPEPy.
This implies that the ethynyl side chains and the lateral

Vunitcell CaN be calculated from the measured parameters (Tablealkoxy-substituted phenyl groups contribute substantially to
2), taking into account the phase geometry. For the hexagonalthe conjugated system. The conformational disorder induced

phaseVunicellhex = aned X Sin 60 x h = 5632 A3 (unit cell
parameter of the hexagonal phasgsx = 37.6 Awithh=4.6

by the phenyl groups contributes to the line broadening in
TDPEPy.
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Figure 2. Absorption and emission spectra of TDPEPy at 1.0~
mol/L of solution in CHCI, and in thin film taken at room temperature. B Wavelength (nm)
400 500 600

Quantum-chemical calculations performed at the ZINDO/S | L N VAR RARE
level show that the lowest vertical transitiom ) 8f the model Lo 1
compound tetra(phenylethynyl)pyrene (without the alkoxy side [
chains) is strongly optically allowed, with an oscillator strength
f of 1.61. It is located atEqax = 2.80 eV, in quite good
agreement with the experimental value. A second state is found
0.28 eV above Swith f = 0.03. This is probably the main
reason for the somewhat enhanced broadening of the absorption
spectrum. Including 12 methoxy substituents to account for the
effect of alkoxy substitution further decreases the calculated L Comenmaion | RocRgaie
transition energies to 2.78 € 1.65) and 3.08 eVf(= 0.04). 32 30 28 26 24 22

The fact that the lowest optical transition is strongly allowed Energy (eV)
in TDPEPYy constitutes a major difference compared to unsub- Figure 3. Concentration-dependent emission (panel A) and absorption
stituted pyrene where the lowest transition is only weakly (panel B) spectra of TDPEPy in GHI,.
allowed according to both experimerfaland theoreticaf
studies. The large oscillator strength of the lowest transition is trations above 1@ mol/L.8 The excimer observed in the present
consistent with the remarkably high fluorescence quantum yield study is also formed by stacking pyrene cores; the fact that the
observed in solution. At I® mol/L in dichloromethane, a  emission is significantly red-shifted with respect to the excimer
fluorescence quantum yieldb¢) of 70 + 5% is measured for ~ emission for pyrene itself (around 480 rm2.58 eV) suggests
TDPEPy under 457 nm excitation, using Rhodamine 6G as thethat the ethynyl side chains and the lateral alkoxy-substituted
standard. phenyl groups are also in interaction.

Concentrated Solutiongigure 3a shows the concentration Thin Films. Room-temperature absorption and emission
dependence of the emission spectra of TDPEPYy. At concentra-spectra of thin crystalline films of TDPEPy drop-cast from
tions larger than 1 mol/L, self-absorption starts to reduce solution are shown in Figure 2 (dotted lines). In the film, both
the intensity of the highest energy peak but the spectral shapethe absorption and emission spectra are broader and much less
is otherwise unaffected up to T®mol/L, indicating that only resolved than in solution. The absorption spectrum displays two
intrinsic intramolecular emission is detected. At20nol/L, peaks at 2.76 (449 nm) and 2.36 eV (522 nm), in contrast to
an additional broad and unstructured shoulder appears in thethe single feature observed at 2.58 eV (481 nm) in solution.
spectrum. It becomes the dominant spectral feature above 1.5The fluorescence spectrum is strongly red-shifted and struc-
x 1072 mol/L and peaks at around 2 eV. This emission is tureless with a maximum at 2.04 eV (607 nm). It closely
attributed to excimer formation, thus implying that the interac- resembles the excimer fluorescence of TDPEPy in concentrated
tion occurs only in the excited state, for the following reasons. solutions (Figure 3a). A strong fluorescence is observed in the
No attractive interactions take place in solution between different solid-state phases at different temperatures following
molecules in the ground state, as evidenced by concentration-irradiation at 354 nm. A quantum yield of 62 6% has been
independentH chemical shift of aromatic protons from 10 determined in the film at room temperature under UV excitation
mol/L to 1072 mol/L in deuterated chloroform solution. Thisis by using the integrating sphere technig&dhis efficiency in
further corroborated by the evolution of the absorption spectra the solid state is comparable to that of polymers such as
as a function of the concentration (Figure 3b). Even at polyfluorene (55%% and polyparaphenylenevinylene (PPV)
concentrations above 1® mol/L at which the broad and derivatives (33%%3 To the best of our knowledge, these values
unstructured intermolecular features dominate the emissionare among the highest fluorescence quantum yields reported so
spectrum, no additional absorption bands are observed, thougtfar for discotics. We attribute this unusually high efficiency to
the inhomogeneous broadening of the absorption bands is foundhe excimer-like solid-state emission resulting from the particular
to increase. molecular arrangement of TDPEPYy in the solid state that we

Pyrene is well-known for its tendency to form highly deduce hereafter.
luminescent excimers. In fact, excimer fluorescence from  Figure 4 shows the absorption spectra af@3n the liquid
aromatic hydrocarbons was first identified byr&ier and Kasper  crystalline phase (top) and at 2C in the crystalline phase
when studying solutions of pyrene of increasing concentration (bottom). In the liquid crystalline phase, the spectrum displays
by the observation of a broad, red-shifted emission for concen-two peaks at 2.39 (519 nm) and 2.60 eV (477 nm) and a

Energy (eV)

—0—1*10" moll
—8—1.5"0" moll
. —A—3.35107 mol/l 7
,‘ ‘».,_4' ,,,,,,,,,,, film 1

absorbance (norm.)

3

B

increasing
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Figure 4. Absorption spectra in thin films at 73C (top) and room

temperature (bottom) fitted as a superposition of shifted solution spectra. Elev

The dashed arrows mark the peak positions of the individual fit . . .
components, solid arrows mark the center of this splitting. Figure 5. Calculated spectral positions and relative intensities of the
S — S and $ — S; dimer absorption bands of a cofacial TPEPy pair

shoulder around 2.78 eV (446 nm). (The low energy tail of the (separation 4.6 A) as a function of the rotation angle. The absorption
spectrum extends linearly into the red spectral range even belowbands are depicted as Gaussians.

the emission and is therefore attributed to scattering.) In the

crystalline phase, the lower energy peak is slightly red-shifted from a cross-like dipolar stacking has also been reported recently
to 2.38 eV (521 nm) while the higher energy peak is blue-shifted for the crystalline distyrylbenzene derivatite.

to 2.76 eV (449 nm). The fact that the absorption spectra in  In agreement with a two-state model, the absorption spectrum
both solid phases are very different from that in solution (Figure taken in the liquid-crystalline phase at 7@ can be roughly

2) points toward significant ground-state interactions in the solid fitted as a superposition of two solution spectra which are
state, in agreement with the formation of a crystalline phase at broadened by 10% (Figure 4, top). (The scattering mentioned
room temperature. To uncover the nature of the species observedbove leads to an apparent intensity mismatch of the lowest
in the solid state, quantum-chemical calculations have beenabsorption peak between the experimental and fitted spectra.)
carried out on cofacial dimers made of tetra(phenylethynyl)- The observed splitting in the LC phase of ca. 240 meV is larger
pyrene (TPEPy) as a simplified model for stacks containing than the value of 3870 meV calculated for a dimer since the
more than two molecular units. The absorption at room optical splitting grows with the number of molecules in the stack.
temperature cannot be modeled directly because the exacfThe absorption spectrum of the crystalline thin film at room
interchromophoric distance is unknown. We have thus focused temperature can also be qualitatively understood by applying
on the hexagonal liquid crystalline phase in which the inter- the two-state model. The bottom part of Figure 4 shows a
chromophoric distance is estimated to de- 4.6 A and the comparison between the experimental spectrum in the crystalline
stacking direction is perpendicular to the molecular plane. For phase and a superposition of two shifted solution spectra. The
such an intermolecular distance, the interaction betweengthe S splitting of ca. 310 meV is larger than that in the liquid-
S, transition dipole moments is in the medium coupling regime crystalline phase, as expected due to the shorter distances
and leads to a symmetric splitting into two states S)', with between the molecules and thus stronger intermolecular interac-
the lower §' state forbidden for a parallel orientation of the tions in the crystal.

two molecules, see Figure 5. The mutual rotation of the two  The increase in the ground-state interaction going from the
monomers determines not only the extent of the splitting but concentrated solution to the crystal is due both to the enthalpy
also the relative intensity of the two subbar@irogressive gained by the close packing in the solid state and to the fact
deviation from the co-parallel orientation leads to a growing that electrostatic forces such as van der Waals interactions can
increase in the intensity of the/'Sstate. Although the overall ~ modify the ground state potential so that it becomes fairly flat
optical splitting is expected to be smaller in a dimer than in or even weakly attractive. As a result, the molecules are coerced
larger stacks, this simple approach already yields a correctinto close contact configurations which allow for the creation
qualitative picture. These results show that the experimental of collective excitations (i.e., delocalized over several mol-
absorption spectrum of the liquid crystalline phase can be ecules). This behavior is similar to that observed for pyrene
rationalized by an arrangement in the stacks with the moleculesitself: although the absorption spectrum of a pyrene crystal is
rotated by about 7880°. Such a rotation reduces the steric relatively well-structured® and similar to the absorption
interactions between the substituents compared to an arrangespectrum in solution, the absorption edge in the crystal is red-
ment at O or 9C¢°. The large oscillator strength of the lower shifted against the solution, indicating some interchromophore
energy component explains why emission is strongly allowed interactions’’~30 In the excited state of the pyrefteand

in the stacks and why a high fluorescence quantum yield is TDPEPYy crystals, the intermolecular interactions are expected
obtained. A high solid-state luminescence efficiency resulting to become more attractivé3leading to emission features very
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the stacks in the solid state show considerable ground-state

interactions, resulting in a significantly modified absorption
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Energy (eV) spectrum compared to those in concentrated solutions. The
Figure 6. Temperature-dependent emission spectra of TDPEPy in thin emitting species in the solid state is classified as a “solid-state
films upon heating. excimer” following the definition of Birk$* namely a dimer

with adissociatie, but not necessarily dissociated, ground state.
similar to the excimer emission in concentrated solutions.

According to Birks}* these systems should also be called Experimental Section
excimers, redefined as “a molecular dimer or stoichiometric
complex which is associated in an excited electronic state and The thermal behavior of all the materials synthesized was
which isdissociatie (i.e., dissociates in the absence of external investigated by polarizing optical microscopy (JENA microscope
restraints) in its electronic ground state”. The origin of the equipped with a Mettler FP 52 hot stage and a Zeiss Axioskop
unstructured, strongly red-shifted emission can therefore be seerff0 A with a Linkam temperature controller (TP 94)) and
in the substantial decrease in the intermolecular separation uporflifferential scanning calorimetry (Mettler Toledo DSC 821,38
excitation, which enables a very efficient coupling of low- Mg samples in closed Al pans) with heating and cooling scans
frequency intermolecular breathing modes to the electronic Performed at 10C min~* unless stated otherwise (peak values
transition responsible for the loss of spectral resolutfot. are given). X-ray diffraction patterns were obtained with a
When the temperature is increased, the thin film emission Pinhole camera (Anton-Paar) operating with a point-focused,
spectrum is blue-shifted, owing to the decrease in the amplitude Ni-filtéred Cu Ko beam. The samples were held in Lindemann
of the stabilizing intermolecular interactions when the inter- 912ss capillaries (1 mm diameter) and heated with a variable-
chromophore distances get larger (Figure 6). However, this shift l€Mperature attachment. The X-ray patterns were collected on
does not evolve monotically: below 9C, i.e. the transition flat photographl_c film, located at dlffer_ent distances from the
to the isotropic phase, there is a small continuous blue-shift S8mple depending on the angular region to expléeNMR
resulting from the decrease in density of the material as the SPectra were recorded in CRLIC,D-Cls, and DMSOds as
molecules are slowly pulled apart. The phase transition from SOIVents on a Bruker Avance 300, Bruker AC 250, and Varian
the crystalline to the hexagonal liquid-crystalline phase does UNity 600 (600 MHz) with solvent signal as the internal
not have a strong influence on the emission spectrum since thisStandard. Mass spectra were recorded on a VG Micromass
affects primarily the interstack ordering rather than the inter- /070F instrument (electron impact, 70 eV) and a VG analytical
chromophoric distances within the stacks. At there isa ~ £AB 2-SE-FPD: FD (8 kV). Elemental analyses were carried
strong sudden change in emission at the phase transition fromPUt With a Perkin-Elmer 240. _ . _
the liquid-crystalline to the isotropic phase. At this transition, _ Thin solid films have been obtained by either drop casting
large stacks may break up, thus reducing the interchromophoricfrom dichloromethane solutions of the corresponding compounds
interactions to lead to a considerable blue-shift of the emission. Onto Cafz pellets or spin-coating onto quartz substrates. Solvents
However, small stacks made of a few chromophores should still @d reagents were purchased from Aldrich and used as received.
persist due to the favorable packing effects. Such local stackings!he solvents for the photophysical study were of spectroscopic
of discotic cores well above the clearing point has been reportedgrade and were used as received. Column chromatographies
previously353 This rationalizes why the emission of the Were performed on silica gel (Merck silica gel 60, mesh size
isotropic phase is still at much lower energy than that observed 0.2-0.5 mm).
in solution (2.1 eV vs 2.47 eV) and does not exhibit resolved ~ UV/vis absorption measurements at room temperature were

vibronic features. performed with a HP 8453 spectrophotometer. At high tem-
perature, samples were placed in a vacuum chamber and a probe
Conclusions beam generated by a 150 W tungsten halogen lamp and

monochromated with two Chromex 250SM scanning mono-

We have reported the synthesis of a new tetrakis(trisalkoxy- chromators (before and after the sample) was detected by a Si
phenylethynyl)pyrene discotic mesogen that forms hexagonal photodiode coupled to a SR830 dual phase lock-in amplifier.
and rectangular columnar mesophases. In addition to a highTemperature-dependent emission measurements were carried out
fluorescence quantum yield in solution, this molecule exhibits with a SLM-Aminco 3000 diode array spectrophotometer.
a quantum yield in the crystalline phase as high ast68%. Concentration-dependent emission spectra were obtained with
To the best of our knowledge, this value is one of the highest a spectrograph and cooled charge coupled device (CCD) array
fluorescence quantum yields reported so far for discotics. This (Oriel instaspec) under excitation with the 351 and 364 nm lines
high efficiency coupled to the columnar arrangement generatedof an Ar ion laser. The same detection setup was coupled to an
upon self-assembly might prove beneficial in optoelectronic integrating sphere via an optical fiber to obtain quantum yields
applications, for example, for excitation energy transfer over of fluorescencé? The sphere was continuously purged with
large distances. nitrogen.



Highly Ordered Solid-State Structures

Semiempirical quantum-chemical calculations have been
performed on the isolated molecules and dimers for the
unsubstituted (TPEPyY) and methoxy-substituted tetra(phenyl-

J. Phys. Chem. B, Vol. 110, No. 15, 2008659

(6) (a) Benning, S.; Kitzerow, H.-S.; Bock, H.; Achard, M.-Eqg.
Cryst. 200Q 27, 7, 901-906. (b) Benning, S.; Hassheider, T.; Keuker-
Baumann, S.; Bock, H.; Della Sala, F.; Frauenheim, T.; Kitzerow, H.-S.
Lig. Cryst.2001, 28, 7, 1105-1113. (c) Seguy, |.; Jolinat, P.; Destruel, P.;

ethynyl)pyrenemolecules. The geometries of the molecules wereMamy, R.; Allouchi, H.; Courseille, C.; Cotrait, M.; Bock, KEhemPhy-

optimized at the HartreeFock Austin Model 1 (AM1Y level;

vertical electronic transition energies were calculated with the

ZINDO/S method (Intermediate Neglect of Differential Overlap

method, as parametrized by Zerner and co-workers, coupled to

a Single Configuration Interaction schenig)yith an active
space encompassing all the occupied/unoccupiedbitals.
1,3,6,8-Tetrakis(3,4,5-trisdodecyloxyphenylethynyl)-
pyrene (3).Dry triethylamine (75 mL) was added to a solution
of tetrabromopyrend (79 mg, 0.15 mmol) in 75 mL of dry

toluene in a Schlenk flask. The flask was evacuated and flushed, 4

with nitrogen several times. An excess of alkyh€500 mg,
0.76 mmol, 5 equiv), Pd(PR) (8 mol %, 14 mg, 0.012 mmol),
and Cul (10 mol %, 3 mg, 0.015 mmol) were added. The flask

sChem2001, 2 (7), 448-452. (d) Seguy, |.; Destruel, P.; Bock, Bynth.
Met. 2000 111-112 15-18. (e) Hassheider, T.; Benning, S.; Kitzerow,
H.-S.; Achard, M.-F.; Bock, HAngew. ChemInt. Ed.2001, 40, 11, 20606~
2063.
(7) Berlman, I. B.Handbook of Fluorescence Spectra of Aromatic
Molecules Academic Press: New York, 1971.
(8) Farster, T.; Kasper, KZ. Electrochem1955 59, 976-981.
(9) Seyfang, R.; Port, H.; Fischer, P.; Wolf, H. £.Lumin.1992 51,
197—-208.
(10) de Halleux, V.; Calbert, J. P.; Brocorens, P.; Cornil, J.; Declerq, J.
P.; Braas, J. L.; Geerts, YAdv. Funct. Mater.2004 14, 649-659.
(11) Vde Halleux, V. Fluorescent Discotic Liquid Crystalline Materials
sed on Pyrene, Ph.D. Thesis, Univérsitere de Bruxelles, Brussels,
2002.
(12) Schenning, A. P. H. J.; Fransen, M.; Meijer, E.Macromol. Rapid
Commun2002 23, 4, 266-270.
(13) Vollmann, H.; Becker M.; Corell, H.; Streeckystus Liebigs Ann.

was evacuated and flushed with nitrogen three times. After cnem. 1937 531, 1—159.

stirring, under nitrogen atmosphere for 24 h at |D, the
reaction mixture was poured into a 3-fold volume of ice/HCI

37 wt % in water (3:1) and the aqueous phase extracted with

CH.Cl,. The organic layer was dried with Mg3@nd the

solvent was evaporated. The crude product was purified twice

by column chromatography on silica, first with hexane:dichlo-

romethane (8:2) as solvent and second with hexane, to give 14

mg (35%) of the title compound as an orange solid, mgG2
clearing point 96°C. *H NMR (300 MHz, CDCl3) 6 8.73 (s,
4H, ArH), 8.42 (s, 2H, ArH), 6.90 (s, 8H, ArH), 4.03 (m, 24H,
a-CHy), 1.82 (m, 24H, CH)), 1.54-1.31 (m, 216H, CH), 0.86
(m, 36H, CH); 13C NMR (75 MHz, CDCl3) § 153.9, 140.3,

(14) Sonogashira, K.; Tohda, Y.; Haghiara, T¢trahedron Lett1975
50, 4467.

(15) (a) Kroon, J. M.; Koehorst, R. B. M.; van Dijk, M.; Sanders, G.
M.; Sudhdter, E. J. RJ. Mater. Chem1997, 7, 615-624. (b) Boulignand,
Y. J. Phys.(Paris) 198Q 41, 1307.

(16) Tschierske, CJ. Mater. Chem2001, 11, 2647-2671.

(17) Barbefald.; Gimeez, R.; Serrano, J. lChem. Mater200Q 12,

81-489 and references therein.

(18) Donnio, B.; Heinrich, B.; Allouchi, H.; Kain, J.; Diele, S.; Guillon,
D.; Bruce, D. W.J. Am. Chem. So2004 126, 15258-15268.

(19) Salvi, P. R.; Foggi, P.; Castellucci, Enem. Phys. Letll983 98,
206-211.

(20) Wang, B.-C.; Chang, J.-C.; Tso, H.-C.; Hsu, H.-F.; Cheng, C.-Y.
J. Mol. Struct.(THEOCHEM) 2003 629, 11.

(21) de Mello, J. C.; Wittmann, H. F.; Friend, R. BMdv. Mater. 1997,

134.4,132.3,127.5,124.9, 119.7, 118.2, 111.0, 97.2, 87.1, 74.3 9, 230-232.

70.0, 32.6, 31.1, 30.3, 30.1, 26.8, 23.4, 14.8; MS (MALDI-
TOF) m/z (%) 2814 (M, 100%). Elemental Anal. calcd for
C192He,14012: C 81.93, H 11.24. Found: C 82.00, H 11.38.
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