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Glasslike character of molecular ordering in discotic lyomesophases
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We studied dynamic light scattering from isotropic solutions of triphenylene derivative in dodecane at
concentrations close to the isotropic-cholesteric phase transition that takes place atc525 wt. % at room
temperature. The correlation decayg(2)(t) reveals the presence of three dynamic modes, from which two
appear in polarized~VV ! and one in depolarized~VH! scattering. The VH mode, which is independent of the
scattering wave vectorq, exhibits an Arrhenius type temperature dependence and shows a strong deviation
from the exponential relaxation associated with the stretching-exponent parameterbVH;0.5 for all the inves-
tigated concentrations. The VV modes both exhibit a quadratic dispersion of the inverse relaxation time 1/t on
the scattering wave vectorq. For concentrations 5 wt. %,c,25 wt. % the temperature dependence of the fast
VV mode obeys the Vogel-Fulcher-Tamman relation that is correlated with the nonexponential character of the
relaxation. The corresponding stretching-exponent parameterb f ast decreases by increasing concentration and
decreasing temperature. The slow VV mode, on the contrary, is always close to exponential behavior and
shows an Arrhenius type temperature dependence, but it exhibits strong variations in relation with sample
annealing and preparation procedures. The relaxation rates of all the modes strongly decrease with increasing
triphenylene concentration. The observed dynamical properties suggests on the glasslike structure of large
columnar aggregates formed in the pretransitional phase.

DOI: 10.1103/PhysRevE.65.011705 PACS number~s!: 61.30.St, 81.16.Dn, 61.30.Eb
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I. INTRODUCTION

Columnar liquid crystalline phases of disc-shaped m
ecules exhibit strongly anisotropic electronic transport pr
erties that are related to unidirectional intermolecular c
pling along the column axis. This feature makes colum
liquid crystals interesting candidates for applications in va
ous kinds of optoelectronic devices such as, for exam
photoconductive switches and organic light emitting diod
@1,2#. If the molecules forming columnar stacks are chi
and tilted with respect to column axis, ferroelectricity c
also occur, which provides a possibility for bistable switc
ing of the material parameters by a relatively low-magnitu
external electric field@3#. One of the drawbacks in this re
spect is, however, that most of the pure discotic liquid cr
tals are highly viscous in their mesomorphic state and c
sequently a reasonably fast ferroelectric response can
achieved only at high temperatures just below the clea
point @4#. A possible solution of this problem is a solvation
the material in an appropriate solvent, which might be eit
polar or apolar@5–12#. This procedure usually brings tw
advantages: it reduces the viscosity and lowers the trans
temperatures, so that room temperature ferroelectric col
nar lyomesophases are achieved that might be in some c
competitive to the conventional ferroelectric SmC* phase

If properly designed, the disk-shaped molecules in so
tion have a tendency to linearly self-assemble into colum
aggregates that grow in size by increasing concentra
and/or decreasing temperature@13# ~Fig. 1!. The transition
from isotropic to columnar nematic or cholesteric pha
takes place when the average length of the columns beco
large enough to attain the Onsager’s limit for phase transi
1063-651X/2001/65~1!/011705~9!/$20.00 65 0117
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in the system of rodlike particles@14#. The average length
and distribution of sizes of the columns play an importa
role also in determining the structural and viscoelastic pr
erties of the mesophases and are hence crucial for the
namic response of the material to external fields. At pres
there are, nevertheless, relatively few experimental d
available on the process of formation of columnar aggrega
in discotic lyomesomorphic systems and consequently r
tion between the self-assembling features and the prope
of the mesophases is still far from being resolved.

We have recently reported on the phase diagram
switching characteristics of the lyomesophases observe
the mixture of chiral triphenylene derivative DLT 2~Fig. 2!
with dodecane@15,16#. At room temperature this mixture
undergoes the isotropic to cholesteric (I -Ch) phase transition
at concentrationc525 weight percent~wt. %! of DLT 2 in
dodecane. The cholesteric phase is observed in the interv
25 wt. %,c,55 wt. %. At even higher concentration
prior to the crystallization, two soft columnar mesophas
also appear.

For concentrations between 10 wt. % and 25 wt. %
peculiar viscous isotropic state is observed that exhibit
strong flow induced birefringence and a large optical K
effect. These properties are, in our opinion, a manifesta
of the pretransitional phenomena related to the cholest
phase. In this paper, we report on the experimental inve
gation of the pretransitional phase by dynamic light scat
ing ~DLS! technique. This method probes a dynamic
sponse of the system in the interval of time scales from 1028

s to 103 s. We found that the dynamic properties of the is
tropic DLT 2/dodecane solution resemble a glasslike str
ture that is presumably related to an extensive intercolum
©2001 The American Physical Society05-1
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I. DREVENSEK OLENIK et al. PHYSICAL REVIEW E 65 011705
steric coupling. Similar features are supposed to determ
also the dynamic properties of the lyomesogenic phases

II. MATERIALS AND METHODS

The sample mixtures were prepared in the following w
a desired quantity of the DLT 2 and dodecane was mixed

FIG. 1. Schematic representation of the presumed supramo
lar assemblies formed at various concentrations:~a! nonaggregated
isotropic phase,~b! columnar isotropic phase,~c! columnar nematic
phase. The concentration increases from~a! to ~c!.

FIG. 2. Chemical structure and transition temperatures of
pure triphenylene derivative DLT 2~M51898 g/mol!.
01170
e

:
in

a closed glass capillary tube heated to 200 °C. After cool
the mixture to room temperature it was weighed again a
the exact composition was calculated. The investigated m
tures had concentrations in the interval from 0.01 wt. %
33 wt. % of DLT 2 in dodecane. The mesomorphic state
the samples was determined by polarization optical micr
copy. Thec533 wt. % sample was in the cholesteric pha
at room temperature and had a clearing point at about 37
All the other samples were isotropic in the range of the
vestigated temperatures. The capillary was put into the t
perature controlled container filled with glycerine an
mounted in the center of the goniometric stage. For som
the temperature dependence measurements the mixture
also introduced into a flat cell made from two glass su
strates and mounted into the microscopic hot stage~Instec
HS1-i!. The glass plates were separated with 80mm thick
spacers and were sealed together with a two-componen
oxy resin. The measurements were performed in the t
perature range from 294 K to 394 K.

DLS measurements were performed using an ALV 50
digital correlator and a He-Ne laser (l5632.8 nm) as a
light source. The normalized homodyne intensity autocor
lation function g(2)(t)5^I (0)I (t)&/^I (t)&2 was measured
Polarization of the incident laser beam was always perp
dicular to the scattering plane (V polarization!, while the
polarization of the scattered light was selected to be eit
perpendicular (V polarization! or parallel (H polarization! to
the scattering plane.

In the Gaussian approximation the normalized fie
correlation function of the scattered lightg(1)(t)
5^E(0)E(t)&/^E(t)&2 is related tog(2)(t) by the Siegert
relation @17#

g(2)~ t !511aug(1)~ t !u2, ~1!

wherea is the spatial coherence factor that had a value o
in our detection setup using a single mode optical fiber. T
field correlation function is associated with the dynam
structure factor of the material@18#

S~qY ,t !5
1

v2Ev
E

v
@^« i j ~rY,0!« i j ~rY8,t !&

2^« i j &
2#eiqY •(rY2rY8)d3rd3r 8, ~2!

which is in homodyne experiment related tog(1)(t) as

g(1)~qY ,t !5S~qY ,t !/S~qY ,0!, ~3!

where ^ & denotes time averaging,v the scattering volume
and « i j with i , j 5V,H a projection of the optical dielectric
tensor onto the polarizations of the incoming and the sc
tered beam, respectively. The magnitude of the scatte
wave vector is given byq5(4pn/l)sin(u/2) wheren is the
refractive index of the solution andu the scattering angle
selected by the position of the goniometric stage.

For dynamic response of a relaxational typeS(qY ,t) can be
expressed as@17,19#

u-

e
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GLASSLIKE CHARACTER OF MOLECULAR ORDERING . . . PHYSICAL REVIEW E65 011705
S~qY ,t !5(
l

Ale
~2t/t l !b l, ~4!

whereAl is the amplitude andt l the relaxation time of the
l th dynamic mode. The Kohlrausch-Williams-Watts~KWW!
parameterb l , which is in the range of 0,b l,1, character-
izes a deviation of the mode from an exponential decay.
value decreases by increasing polydispersity of the intrin
response times of the system. Very broad distributions
dynamic response times are typical for glass forming liqu
and for gel-forming solutions near the sol-gel transition te
perature@19–23#.

If the relaxation timet l of the specific mode depends o
the scattering wave vectorq then its apparent diffusion coef
ficient Dl51/(t lq

2) is commonly calculated. It is related to
characteristic spatial correlation lengthj l of the system by
@17#

Dl5kT/~6phj l !, ~5!

whereh is the viscosity andT the temperature of the solu
tion.

FIG. 3. ~a! Autocorrelation functions of the VV scattered ligh
measured inc515 wt. % solution atT5336 K for two different
scattering angles. Solid lines represent fits in accordance to
~1!–~4!. ~b! Typical angular dependence of the relative amplitude
the slow mode.
01170
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The average intensity of the scattered light^I (qY ,t)& in a
selected direction is determined by the static structure fa
S(qY ,0) @Eq. ~2!#. For dilute solutions of scattering centres
a size much smaller than optical wavelengthl the corre-
sponding differential cross section is given by the Rayle
formula @24#

s~qY !5p2V2^D« i j
2 & f ~qY !/l4, ~6!

whereV is the apparent hydrodynamic volume of a sing
scattering object,D« i j a difference between the dielectr
tensor of the scattering substance and the solution, andf (qY )
a factor depending on selected scattering direction and po
izations. Modifications of̂ I (qY ,t)& at known concentration
therefore, give evidence on the structural transformations
the dissolved material.

III. RESULTS

A. Angular dependence

Theg(2)(t) autocorrelation functions measured in the V
scattering regime show two clearly separated dyna
modes, which we denote as the fast and the slow mode@Fig.
3~a!#. The corresponding values of the relaxation timestslow
and t f ast differ by about three orders of magnitude. At lo
temperatures the stretching exponent~KWW! parameter
b f ast for concentrated samples is significantly below
while bslow;1. These parameters are practically indepe
dent of the scattering angleu. The relative amplitude of the
slow modeAslow /(Aslow1Af ast) strongly decreases with in
creasing the scattering angleu @Fig. 3~b!#. Both VV modes
exhibit a nearly quadratic dispersion of the inverse relaxat
time 1/t on the scattering wave vectorq. The associated
diffusion coefficients as a function of the scattering wa
vector are given in Fig. 4. Only some slight deviations fro
a constant value can be noted.

The DLS response in the VH scattering regime sho
solely one dynamic mode with an apparent relaxation ti
tVH in the intermediate region betweent f ast andtslow of the

s.
f

FIG. 4. Angular dependence of the diffusion coefficient of t
fast mode~open symbols! and the slow mode~solid symbols! mea-
sured atT5336 K in c515 wt. % sample.
5-3
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I. DREVENSEK OLENIK et al. PHYSICAL REVIEW E 65 011705
VV modes@Fig. 5~a!#. The mode is strongly nonexponenti
with the stretching exponent parameterbVH;0.5. The inten-
sity of the VH scattered light and also the value ofbVH
slightly increase with decreasing scattering angleu, while
tVH does not exhibit any significant angular depende
@Fig. 5~b!#.

B. Temperature dependence

The average intensity of the VV scattered light is te
perature independent~Fig. 6!. The dynamic properties of th
VV modes, on the contrary, exhibit pronounced temperat
and concentration induced variations. For large concen
tions and low temperatures the VV fast mode strongly de
ates from a single exponential relaxation, while at high
temperatures or lower concentrations it shows an appr
mately exponential decay. Figure 7 shows the results foc
517.5 wt. % ~a! and c51 wt. % ~b!. For 17.5 wt. %
sample the value of stretching exponent parameterb f ast is
nearly constant in the temperature region correspondin
an approximately exponential relaxation, while the nonex
nential relaxation is related to the values ofb f ast signifi-
cantly below 0.9. It can also be noted that for region w

FIG. 5. ~a! Autocorrelation function of the VH scattered ligh
measured inc515 wt. % solution atu535° andT5296 K. Solid
line represents fit in accordance to Eqs.~1!–~4!. ~b! Angular depen-
dence of the relaxation rate of the slow mode.
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b f ast(T);const the inverse relaxation time 1/t f ast exhibits
an Arrhenius type temperature dependence

1/t f ast5~1/t0!e2Wa /kT, ~7!

whereWa is the activation energy, which is of the order
0.5 eV. In the region with strongly varyingb f ast(T) the
behavior of 1/t f ast(T) is no longer in accordance with th
Arrhenius law@Fig. 7~a!#. A fit can be obtained by using th
Vogel-Fulcher-Tamman~VFT! relation @22,25#

1/t f ast5~1/tVFT!e2B/(T2T0), ~8!

whereT0 is an apparent freezing temperature of the mode
accordance with this feature a characteristic ‘‘transitio
temperatureTA is defined as the temperature at which t
Arrhenius behavior converts to the VFT behavior@26#. In c
51 wt. % sample@Fig. 7~b!#, on the contrary, the value o
b f ast is always nearly the same and the Arrhenius type te
perature dependence of 1/t f ast is detected for all the investi
gated temperatures.

The inverse relaxation time of the VV slow mode 1/tslow
strongly increases with increasing temperature. It exhib
the Arrhenius type temperature behavior for all the inve
gated concentrations~Fig. 8!. The corresponding activation
energyWa,slow is of a range of 1 eV and decreases w
increasing concentration~Fig. 11!. For this mode it is specific
that its relative amplitudeAslow /(Aslow1Af ast) at selected
scattering angleu strongly depends on the sample prepa
tion procedure and usually also decreases by sample ag

The average intensity of the depolarized~VH! scattered
light in the isotropic phase is in general at least one orde
magnitude lower than the intensity of the VV scattered lig
It decreases continuously by increasing temperature~Fig. 9!.
The value of the stretching-exponent parameterbVH;0.5 for
the VH mode is practically independent of temperature a
concentration for all the concentrations at which the mo
was still detectable (c.1 wt. %) ~Fig. 10!. The apparent
relaxation timetVH always shows the Arrhenius type tem
perature dependence with activation energyWa,VH in the
range of 1 eV~Fig. 10, Fig. 11!.

FIG. 6. Temperature dependence of the average intensity o
VV scattered light measured atu550° in c517.5 wt. % sample.
5-4
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GLASSLIKE CHARACTER OF MOLECULAR ORDERING . . . PHYSICAL REVIEW E65 011705
C. Concentration dependence

Figure 11 shows the concentration dependence of the
tivation energyWa calculated in accordance with Eq.~7! for
all the three modes. The values for the VV fast mode

FIG. 7. Temperature dependence of the inverse relaxation
and the stretching-exponent parameter of the fast VV mode m
sured atu550° in ~a! c517.5 wt. % sample and~b! c51 wt. %
sample. Dashed lines are fits to Eq.~7! ~performed in the interval
T.TA), while solid line is a fit to Eq.~8!. In ~a! the transition from
Arrhenius to VFT dependence takes place atT5TA .
01170
c-

n

concentrated samples were deduced from a fit of the exp
mental data within the limited temperature regionT.TA that
corresponds to the Arrhenius behavior. Activation energie
both VV modes decrease by increasing concentration w
the values for the fast mode being about three times lo
than the values for the slow mode. The results for the V
mode, conversely, do not show any systematic changes.

The concentration dependence of the temperatureTA re-
lated to transformation from the Arrhenius to the VFT la
for the VV fast mode is given in Fig. 12. For concentratio
c,2.5 wt. % the transition presumably takes place below
temperatures attainable by our experimental setup. The v
of TA monotonously increases with increasing concentrati
The corresponding ‘‘freezing’’ temperatureT0 @Eq. ~8!# is
about 70 K belowTA .

At fixed temperature the inverse relaxation time 1/t of all
the modes decreases by increasing concentration~Fig. 13!.
This variation is most pronounced for the HV mode, whi
slows down for more than two orders of magnitude in t
interval of 1 wt. %,c,21 wt. %. The relatively large ex
perimental errors of the data for the VV slow mode are

e
a-

FIG. 8. Temperature dependence of the inverse relaxation
of the VV slow mode measured atu550° for various concentra-
tions. Solid lines are fits to Eq.~7!.

FIG. 9. Temperature dependence of the average intensity o
VH scattered light measured atu550° in c517.5 wt. % sample.
5-5
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I. DREVENSEK OLENIK et al. PHYSICAL REVIEW E 65 011705
consequence of the low amplitude and long relaxation t
of this mode at room temperature, while the nonmonoton
behavior is probably due to different history of vario
samples.

IV. DISCUSSION

A. Fast VV mode

The polarized VV dynamic light scattering probes prim
rily the translational diffusion of the aggregates@17#. Theo-
retical models of the linear self-assembling process pre
an about exponential distribution of aggregate sizes, with
average length of the columns that monotonously increa

FIG. 10. Temperature dependence of the inverse relaxation
and the stretching-exponent parameter of the VH mode measur
u550° in c517.5 wt. % sample.

FIG. 11. The activation energy of various modes as a function
concentration. The dotted lines are guides to the eye.
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by decreasing temperature and increasing concentra
@13,26#. Such a polydisperse distribution of sizes was
cently reported in relation with the proton NMR performe
in isotropic phase of aqueous solution of a triphenylene
rivative @27,28#. A polydisperse distribution of columna
lengths could also explain a large distribution of DLS r
sponse times of the VV fast mode observed in our exp
ments. If considering the columns as noninteracting ri
rods, the translational diffusion coefficient of a stack ofm
disks is given by Eq.~5! @29#

Dm5@kT ln~Lm /b!#/3phLm , ~9!

whereb is an apparent diameter of a single disk,Lm5md is
the column length, andd the interstacking distance. In cas

e
at

f

FIG. 12. Concentration dependence of the temperature at w
the VV fast mode transforms from the Arrhenius to the VF
behavior.

FIG. 13. Concentration dependence of the inverse relaxa
time of various modes measured atu550° andT5295 K.
5-6
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GLASSLIKE CHARACTER OF MOLECULAR ORDERING . . . PHYSICAL REVIEW E65 011705
of strong association the average number of the disks
single stack̂ m& is much larger than 1 and consequently
broad distribution of corresponding relaxation times is e
pected.

In our experimental results there are, however, many
pects that do not agree with the above given simple expla
tion for the nonexponential relaxation. At first, a change
the average column length should be accompanied also
the modification of the average intensity of the scattered li

^I VV(qY ,t)&. For an exponential distribution of column size
with M0@^m&@1 it follows from Eq.~6! that

^I VV~qY ,t !&} (
m51

M0

NmVm
2 '^m&M0V0

2 , ~10!

where M0 is a total number of the disks,Nm the volume
density of the columns formed fromm disks andVm5mV0
andV0 are apparent hydrodynamic volumes of a single c
umn and a single disk, respectively. Bearing in mind Eq.~10!
and, for example, the temperature dependence of the inv
relaxation time 1/t f ast as shown in Fig. 7~a!, the intensity of
the scattered light should decrease by increasing temper
in accordance with decreasing^m& until a complete dissocia
tion of the columns presumably take place atT5TA . Con-
trary to this, we have observed no variation of the^I VV& in
the whole investigated temperature range~Fig. 6!. This sug-
gests that the observed changes of the dynamical prope
of the VV modes are related to the modifications of the
fective viscosity of the medium and not to the modificatio
of its aggregation structure.

The room temperature (297 K) viscosity of the DL
2/dodecane mixture in pre-transitional phase strongly
creases with increasing concentration. Measurements
the shear viscosimeter~Brookfield DV-II1) have shown that
in the c50.04 wt. % sample its value (h51.4 cP) is still
similar to the viscosity of the pure dodecane (hs
51.35 cP), but already in thec50.2 wt. % solution it in-
creases to 1.7 cP which suggests on substantial interco
nar interactions. The above formula for free particle diffusi
@Eq. ~9!# is hence expected to be adequate only for the m
diluted measured solution ofc50.04 wt. %. At this concen-
tration the mode exhibits an approximately exponential
laxation with D f ast5(1.560.4)31027 cm2/s corresponding
to j f ast51162 nm @Eq. ~5!#.

As a next step we calculate the size of the aggreg
associated with above value forj f ast . According to the mo-
lecular modeling the diameter of a completely relaxed DLT
molecule isbmax;4 nm, while the rigid triphenylene cor
has a diameterbcore;1.2 nm@14,30#. The apparent hydro
dynamic diameter of the molecule is expected to be so
where in between these two limiting values. Furthermore,
interstacking distance in a pure discotic compound of a
phenylene derivative similar to DLT 2 was found to b
0.36 nm @30#. By inserting an average diameterb
52.6 nm andd50.36 nm into Eq.~9! the valueL574
613 nm is achieved for the column length corresponding
^m&5205650. The columns formed in the DLT 2/dodeca
system atc50.04 wt. % are hence already very long. B
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sides this, due to nearly exponential relaxation of the f
mode, their size distribution is quite monodisperse. The f
volume of a single column at this concentration isv f
5(^m&M )/(crNA)52.1310221 m3 which corresponds to
5L3. This result indicates that we are close to the limit of t
dilute solution regime and hence intercolumnar interactio
are expected to become important at higher concentrati
The transformation from dilute to semidilute regime shou
appear atv f;L3, i.e., atc;0.2 wt. %. Accordingly to this,
by increasing concentration, the translational diffusion r
1/tVV is at first reduced for about a factor of two~Fig. 13!, in
agreement with the properties of semidilute solutions of ri
rods @29#.

If we assume that the average column length remains
same (L574 nm) also at higher concentrations, then in t
c;5 wt. % sample the free volumev f will reduce tobL2,
i.e, to the excluded volume of a single column@29#. At this
concentration hence the solution converts from semidilute
concentrated. We propose that a pronounced steric link
and entanglement of the congested columns via th
branched side chains starts to take place at about this
centration and forc.5 wt. % further slows down the fas
mode~Fig. 13!. It also induces strong coupling between t
translational and rotational degrees of freedom that result
a glasslike dynamic response of the system, i.e., in a p
nounced nonexponential relaxation and the non-Arrhen
temperature dependence of the apparent relaxation time

B. Slow VV mode

The origin of the VV slow mode is, on the other han
much more unclear. One of the puzzling features is that
properties are sensitive to the sample preparation and his
and hence the reproducibility of the results is not very go
A mode with similar properties was detected in some po
meric gel forming systems and was attributed to the comp
network relaxation@31,32#. An ultraslow mode is often
found also in solutions of star polymers and in many gla
forming liquids and is generally related to the strong exc
scattering at low scattering angles@21,33#, which is the fea-
ture that was observed also in our experiments@Fig. 3~b!#.

C. VH mode

The depolarized VH scattering is related to rotational d
fusion of the aggregates. Contrary to the VV fast mode,
VH mode exhibits a remarkably broad distribution of rela
ation times at all the temperatures and concentrations
which we were able to detect it. For the lowest analyz
concentrationc51 wt. % the observed value of the invers
relaxation time (1/tVH)515 kHz is already about ten time
below the value 1/t5@18kT ln(L/b)#/phL3 expected for a
free rotational diffusion of the rigid rods ofL574 nm @29#.
This is because in the semidilute regime the rotation of e
column is severely restricted by the presence of other
umns and consequently it becomes slower. These restrict
cause local short-range orientational ordering of the colum
that represents a formation of transient nematiclike clus
in the isotropic phase. From this point of view the VH mo
of the DLT 2/dodecane system is analogous to the pretra
5-7
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I. DREVENSEK OLENIK et al. PHYSICAL REVIEW E 65 011705
tional orientational fluctuations detected in the vicinity of t
nematic-isotropic phase transition in thermotropic liqu
crystals@34,35#.

The observed decrease of the VH scattering intensity w
increasing temperature~Fig. 9! is attributed to the decreas
of the local orientational order parameter of the cluste
while the prominent nonexponential nature of the VH mo
suggests on strongly heterogeneous enviroments relate
different clusters. This heterogeneity should remain also
the corresponding ordered state. In agreement with this
sumption we have indeed observed an orientational dyna
mode with a similarly broad distribution of relaxation time
(b;0.5) in thec533 wt. % sample that was in the chole
teric phase. The cholesteric phase, therefore, correspon
a pretransitional state of an orientationally ordered glass

V. CONCLUSIONS

In semidilute concentration region the DLT 2/dodeca
system resembles dynamic properties of solutions of s
chain polymers. This similarity originates from a relative
monodisperse size distribution of the self-assembled col
nar stacks which are formed already in dilute isotropic ph
and appear to be quite stable. The source of strong ass
tive forces between amphiphilic triphenylene-based m
ecules in alkanes is not yet fully clarified. The association
very probably governed by thep-p interactions between th
triphenylene cores@36#, but the role of aromatic sidechain
immersed in the alcane surrounding might also be quite
portant and still have to be resolved.
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In concentrated solution intercolumnar steric ‘‘conne
tions’’ are formed by overlapping of the molecular sidecha
and lead to the fragile glasslike dynamic response of
system. The interconnected glassy structure seems to b
inherent property of the branched-type discotic mesog
and is very probably also a reason for the extraordinary s
response charactersistic for the liquid crystalline state of p
compounds. This is also in agreement with the fact that g
transition can be detected in some discotic materials@37,38#.

The presence of long columnar aggregates together
their extensive orientational coupling explains also a stro
flow induced birefringence observed in the pretransitio
phase of the DLT 2/dodecane solution. The flow is connec
with the shear stress that acts as an aligning field for
columns, leading to their reorientation along the direction
the flow. This effect is expected to take place on the sa
time scale as the relaxation of the VH mode observed in
DLS measurements, i.e., in the range of several millisecon
The corresponding birefringence may be additionally e
hanced also by unidirectionalp-p interction between the
adjacent DLT 2 molecules within the stacks. This mech
nism, which can lead to a considerable increase of the op
susceptibility of a single column, is not yet verified an
consequently represents an attractive subject for fur
investigations.
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