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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 plaee2%@ivt. % at room
temperature. The correlation decg{?(t) reveals the presence of three dynamic modes, from which two
appear in polarize@vV) and one in depolarized/H) scattering. The VH mode, which is independent of the
scattering wave vectog, exhibits an Arrhenius type temperature dependence and shows a strong deviation
from the exponential relaxation associated with the stretching-exponent parg@ygten.5 for all the inves-
tigated concentrations. The VV modes both exhibit a quadratic dispersion of the inverse relaxationtime 1/
the scattering wave vector 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 paranggigr 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 nunier61.30.St, 81.16.Dn, 61.30.Eb

[. INTRODUCTION in the system of rodlike particlelsl4]. The average length
and distribution of sizes of the columns play an important

Columnar liquid crystalline phases of disc-shaped mol+ole also in determining the structural and viscoelastic prop-
ecules exhibit strongly anisotropic electronic transport properties of the mesophases and are hence crucial for the dy-
erties that are related to unidirectional intermolecular counamic response of the material to external fields. At present
pling along the column axis. This feature makes columnathere are, nevertheless, relatively few experimental data
liquid crystals interesting candidates for applications in vari-available on the process of formation of columnar aggregates
ous kinds of optoelectronic devices such as, for exampldn discotic lyomesomorphic systems and consequently rela-
photoconductive switches and organic light emitting diodedion between the self-assembling features and the properties
[1,2]. If the molecules forming columnar stacks are chiralof the mesophases is still far from being resolved.
and tilted with respect to column axis, ferroelectricity can We have recently reported on the phase diagram and
also occur, which provides a possibility for bistable switch-switching characteristics of the lyomesophases observed in
ing of the material parameters by a relatively low-magnitudethe mixture of chiral triphenylene derivative DLT(Eig. 2)
external electric field3]. One of the drawbacks in this re- with dodecane[15,16. At room temperature this mixture
spect is, however, that most of the pure discotic liquid crys-undergoes the isotropic to cholesterieGh) phase transition
tals are highly viscous in their mesomorphic state and conat concentratiorc=25 weight percentwt. %) of DLT 2 in
sequently a reasonably fast ferroelectric response can lodecane. The cholesteric phase is observed in the interval of
achieved only at high temperatures just below the clearin@5 wt. %<c<55 wt.%. At even higher concentrations,
point[4]. A possible solution of this problem is a solvation of prior to the crystallization, two soft columnar mesophases
the material in an appropriate solvent, which might be eithealso appear.
polar or apolarf5-12]. This procedure usually brings two For concentrations between 10 wt.% and 25 wt. %, a
advantages: it reduces the viscosity and lowers the transitigpeculiar viscous isotropic state is observed that exhibits a
temperatures, so that room temperature ferroelectric colunstrong flow induced birefringence and a large optical Kerr
nar lyomesophases are achieved that might be in some caseffect. These properties are, in our opinion, a manifestation
competitive to the conventional ferroelectric SmC* phase. of the pretransitional phenomena related to the cholesteric

If properly designed, the disk-shaped molecules in soluphase. In this paper, we report on the experimental investi-
tion have a tendency to linearly self-assemble into columnagation of the pretransitional phase by dynamic light scatter-
aggregates that grow in size by increasing concentratiomg (DLS) technique. This method probes a dynamic re-
and/or decreasing temperatUre3] (Fig. 1). The transition — sponse of the system in the interval of time scales fromf10
from isotropic to columnar nematic or cholesteric phases to 1¢ s. We found that the dynamic properties of the iso-
takes place when the average length of the columns becoméwpic DLT 2/dodecane solution resemble a glasslike struc-
large enough to attain the Onsager’s limit for phase transitiotiure that is presumably related to an extensive intercolumnar
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a closed glass capillary tube heated to 200 °C. After cooling
the mixture to room temperature it was weighed again and
the exact composition was calculated. The investigated mix-
tures had concentrations in the interval from 0.01 wt. % to
33 wt. % of DLT 2 in dodecane. The mesomorphic state of
the samples was determined by polarization optical micros-
copy. Thec=33 wt.% sample was in the cholesteric phase
at room temperature and had a clearing point at about 373 K.
All the other samples were isotropic in the range of the in-
vestigated temperatures. The capillary was put into the tem-
perature controlled container filled with glycerine and
mounted in the center of the goniometric stage. For some of
the temperature dependence measurements the mixture was
also introduced into a flat cell made from two glass sub-
strates and mounted into the microscopic hot stdgstec
HS1-). The glass plates were separated with 8t thick
spacers and were sealed together with a two-component ep-
oxy resin. The measurements were performed in the tem-
perature range from 294 K to 394 K.

DLS measurements were performed using an ALV 5000
digital correlator and a He-Ne laseh €632.8 nm) as a
light source. The normalized homodyne intensity autocorre-
lation function g®(t)=(1(0)I(t))/(1(t))?> was measured.
Polarization of the incident laser beam was always perpen-
dicular to the scattering planeV(polarization, while the
polarization of the scattered light was selected to be either
perpendicular polarization) or parallel H polarization to
the scattering plane.

In the Gaussian approximation the normalized field
correlation function of the scattered lighig®(t)
=(E(0)E(t))/(E(t))? is related tog'®(t) by the Siegert
relation[17]

(C) g@(t)=1+a|gM(1)]?, (1)

where« is the spatial coherence factor that had a value of 1
FIG. 1. Schematic representation of the presumed supramoleciid our detection setup using a single mode optical fiber. The
lar assemblies formed at various concentratigasnonaggregated field correlation function is associated with the dynamic
isotropic phase(b) columnar isotropic phaség) columnar nematic ~ structure factor of the materil 8]
phase. The concentration increases fr@nto (c).

steric coupling. Similar features are supposed to determine S(d,t)= if J[<8i'(FaO)8i'(F’vt)>
also the dynamic properties of the lyomesogenic phases. v2J)o )y )

Il. MATERIALS AND METHODS —(&i;)?1€'9 " dBrd 3, 2)

The sample mixtures were prepared in the following way:hich is in homodvne experiment relatedd®)(t) as
a desired quantity of the DLT 2 and dodecane was mixed in y P go’()

oR Y 9M(q,H)=S(q,1)/S(q,0), ()
Ro O R- O\\_GO where () denotes time averaging, the scattering volume
OR >—»CeH1 ande;; with i,j=V,H a projection of the optical dielectric
‘O HG tensor onto the polarizations of the incoming and the scat-
OR tered beam, respectively. The magnitude of the scattering
O wave vector is given by = (4mn/\)sin(0/2) wheren is the
RO Cr 120°C D; 237°C Iso

refractive index of the solution and the scattering angle
selected by the position of the goniometric stage.

FIG. 2. Chemical structure and transition temperatures of the For dynamic response of a relaxational ty§{g|,t) can be
pure triphenylene derivative DLT @M =1898 g/mo). expressed agl7,19

OR
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FIG. 4. Angular dependence of the diffusion coefficient of the
0.6- o fast mode(open symbolsand the slow modésolid symbolg mea-
s o sured afT=336 K inc=15wt. % sample.
- 0 5' O -
R The average intensity of the scattered lighfqg,t)) in a
f 0.4+ O selected direction is determined by the static structure factor
é 0 3_‘ (] S(q,0) [Eqg. (2)]. For dilute solutions of scattering centres of
< Q § a size much smaller than optical wavelengththe corre-
\g 0.0 § sponding differential cross section is given by the Rayleigh
© formula[24]
< 0.1
- a(q)=m?V¥(Aef) ()%, (6)
00 T T T T T T T T T T T T
0 15 30 a5 80 75 90 whereV is the apparent hydrodynamic volume of a single
(b) 0 (deg) scattering objectAe;; a difference between the dielectric

. . ) tensor of the scattering substance and the solutionf G
FIG. 3. (a) Autocorrelation functions of the VV scattered light a factor depending on selected scattering direction and polar-

measured irt=15 wt. % solution aff=336 K for two different . i Modificati (a1 t K trati
scattering angles. Solid lines represent fits in accordance to Eq¥a10ns. Modifications of1(q,t)) at known concentration,

(1)=(4). (b) Typical angular dependence of the relative amplitude oftherefore, give evidence on the structural transformations of
the slow mode. the dissolved material.

R IIl. RESULTS
S<q,t>=2 A "UmA (4)

A. Angular dependence

whereA, is the amplitude and; the relaxation time of the Theg() autocorrelation functions measured in the VV

Ith dynamic mode. The Kohlrausch-Williams-Watl&A\W) scattering regime show two clearly separated dynamlc
parameteiB;, which is in the range of € 8,<1, character- modes, which we den_ote as the fast and the §Iow_rﬁ5uys
izes a deviation of the mode from an exponential decay. Itso’(a)]' The porrespondmg values of the reIaxaupn Urgg.,
value decreases by increasing polydispersity of the intrinsiélnd Trast differ by about th_ree orders of magnitude. At low
response times of the system. Very broad distributions ofémperatures the stretching expone(ﬁ\/\(W) parameter
dynamic response times are typical for glass forming quuids;Bfast for concentrated samples is significantly below 1,

and for gel-forming solutions near the sol-gel transition tem-WhiIe Bsiow~1. Th_ese parameters are practiqally indepen-
peraturef 19—23. dent of the scattering ang® The relative amplitude of the

slow modeAg ow/ (Asiow™ Afasy) Strongly decreases with in-

If the relaxation timer, of the specific mode depends on
! P p creasing the scattering angfe[Fig. 3(b)]. Both VV modes

the scattering wave vectorthen its apparent diffusion coef- e S , . .
ficientD, = 1/(7,g?) is commonly calculated. It is related to a exhibit a nearly quadratic dispersion of the inverse relaxation

characteristic spatial correlation leng¢h of the system by g .1/T on th_e_ scattering wave vectar The assguated
[17] diffusion coefficients as a function of the scattering wave

vector are given in Fig. 4. Only some slight deviations from
D,=kT/(67n&), (5) a constant value can be noted.
The DLS response in the VH scattering regime shows
where » is the viscosity and the temperature of the solu- solely one dynamic mode with an apparent relaxation time
tion. Ty IN the intermediate region betweefy; and 74, Of the
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0.16 VV scattered light measured @t=50° inc=17.5wt. % sample.
Biasi(T)~const the inverse relaxation timeri{s; exhibits
0.154 an Arrhenius type temperature dependence
§ 1 Urias= (Urg)e™ WalkT, 7
- whereW, is the activation energy, which is of the order of
£ ] %% % % % 0.5 eV. In the region with strongly varying,s(T) the
~ 013 behavior of 1#:,5(T) is no longer in accordance with the
Arrhenius law[Fig. 7(a)]. A fit can be obtained by using the
Vogel-Fulcher-TammarVFT) relation[22,25
012 T T M T T T M T v 1 v 1

0 15 30 45 60 75 90 Utias=(Urypp)e BT To), (8)
(b) 6 (deg)
whereT, is an apparent freezing temperature of the mode. In
FIG. 5. () Autocorrelation function of the VH scattered light accordance with this feature a characteristic “transition”
measured irc=15wt. % solution a®=35° andT=296 K. Solid  temperatureT, is defined as the temperature at which the
line represents fit in gccordance to Ee—(4). (b) Angular depen- Arrhenius behavior converts to the VFT behavias]. In ¢
dence of the relaxation rate of the slow mode. =1wt. % sampleFig. 7(b)], on the contrary, the value of
Biast 1S @lways nearly the same and the Arrhenius type tem-
perature dependence ofrl{s; is detected for all the investi-
gated temperatures.

VV modes[Fig. 5a)]. The mode is strongly nonexponential
with the stretching exponent parameggy,~0.5. The inten-
sity of the VH scattered light and also the value @§

sy increase wih decreasing scaterng angesnls . 118 1VTSe eaten te o he Y o mocedl
vy does not exhibit any significant angular dependenc gy 9 P :

[Fig. 5(b)] She Arrhenius type temperature behavior for_ all the investi-

' ' gated concentration@=ig. 8. The corresponding activation
energyW, g0 is Of a range of 1 eV and decreases with
increasing concentratigifrig. 11). For this mode it is specific

The average intensity of the VV scattered light is tem-that its relative amplitudé\g o,/ (Asiowt Afas) at selected
perature independe(fEig. 6). The dynamic properties of the scattering angle strongly depends on the sample prepara-
VV modes, on the contrary, exhibit pronounced temperaturdion procedure and usually also decreases by sample aging.
and concentration induced variations. For large concentra- The average intensity of the depolarizedH) scattered
tions and low temperatures the VV fast mode strongly devidight in the isotropic phase is in general at least one order of
ates from a single exponential relaxation, while at highermagnitude lower than the intensity of the VV scattered light.
temperatures or lower concentrations it shows an approxikt decreases continuously by increasing temperafig 9).
mately exponential decay. Figure 7 shows the resultscfor The value of the stretching-exponent paramgig~ 0.5 for
=175 wt.% (@) and c=1 wt.% (b). For 17.5 wt.% the VH mode is practically independent of temperature and
sample the value of stretching exponent paramgigr, is  concentration for all the concentrations at which the mode
nearly constant in the temperature region corresponding teas still detectableq>1 wt. %) (Fig. 10. The apparent
an approximately exponential relaxation, while the nonexpo+elaxation timeryy always shows the Arrhenius type tem-
nential relaxation is related to the values Bf,s; signifi-  perature dependence with activation enekllyyy in the
cantly below 0.9. It can also be noted that for region withrange of 1 eV(Fig. 10, Fig. 11.

B. Temperature dependence
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FIG. 8. Temperature dependence of the inverse relaxation time

0 6- =) of the VV slow mode measured &=50° for various concentra-
o % tions. Solid lines are fits to Eq7).
05 08 29 30 34 32 33 34 concentrated samples were deduced from a fit of the experi-
4 mental data within the limited temperature region T 5 that
(@) 1000/T (K') corresponds to the Arrhenius behavior. Activation energies of
both VV modes decrease by increasing concentration with
RN the values for the fast mode being about three times lower
104 G‘Q\ than the values for the slow mode. The results for the VH
N O\‘G mode, conversely,. do not show any systematic changes.
I \O The concentration dependence of the temperatyree-
< Q lated to transformation from the Arrhenius to the VFT law
B - N&\G for the VV fast mode is given in Fig. 12. For concentrations
g‘ ] e c<2.5wt. % the transition presumably takes place below the
— ™ temperatures attainable by our experimental setup. The value
of T, monotonously increases with increasing concentration.
0 ' ' ' ' ' ' The corresponding “freezing” temperaturg, [Eq. (8)] is
S ' ' ' ' ' ' about 70 K belowT 4.
1.0- At fixed temperature the inverse relaxation time af all
% the modes decreases by increasing concentrdian 13.
509+ % % S < § § & This variation is most pronounced for the HV mode, which
@{E | slows down for more than two orders of magnitude in the
0.8- interval of 1 wt.%<c<21wt.%. The relatively large ex-
| perimental errors of the data for the VV slow mode are the
0.7 1
] 6
0.6 +—T————1——T——1——T—— 5_'
28 29 30 31 32 33 34
() 1000/T (K™) B 4
FIG. 7. Temperature dependence of the inverse relaxation time :C‘i 3
and the stretching-exponent parameter of the fast VV mode mea- _e |
sured at§=50° in () c=17.5 wt. % sample anth) c=1 wt. % 8 o
sample. Dashed lines are fits to Ed@) (performed in the interval z
T>T,), while solid line is a fit to Eq(8). In (a) the transition from = 14
Arrhenius to VFT dependence takes placd &tT, .
0

T T T T T T T T T T T T T
290 300 310 320 330 340 350 360

C. Concentration dependence
Temperature (K)

Figure 11 shows the concentration dependence of the ac-

tivation energyW, calculated in accordance with E(,) for FIG. 9. Temperature dependence of the average intensity of the
all the three modes. The values for the VV fast mode inVH scattered light measured 8t=50° inc=17.5 wt. % sample.
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T06- FIG. 12. Concentration dependence of the temperature at which
e the VV fast mode transforms from the Arrhenius to the VFT
behavior.
0.4+ . ) ) ]
by decreasing temperature and increasing concentration
02 [13,26. Such a polydisperse distribution of sizes was re-

08 29 30 841 32 33 34 _cently reported in relation with the proton NMR performed
in isotropic phase of aqueous solution of a triphenylene de-
1000/T (K'1) rivative [27,28. A polydisperse distribution of columnar
lengths could also explain a large distribution of DLS re-
FIG. 10. Temperature dependence of the inverse relaxation timsponse times of the VV fast mode observed in our experi-
and the stretching-exponent parameter of the VH mode measured mients. If considering the columns as noninteracting rigid
6=50° inc=17.5wt. % sample. rods, the translational diffusion coefficient of a stacknof
disks is given by Eq(5) [29]
consequence of the low amplitude and long relaxation time
of this mode at room temperature, while the nonmonotonous
behavior is probably due to different history of various

D, =[KTIn(L,,/b)]/3m 7L 1, (9)

whereb is an apparent diameter of a single dikk,=md s

samples.

IV. DISCUSSION

the column length, and the interstacking distance. In case

VV fast mode

A. Fast VV mode 1 __OQ
The polarized VV dynamic light scattering probes prima- ] N &
rily the translational diffusion of the aggregafds’]. Theo- (SN
retical models of the linear self-assembling process predict
an about exponential distribution of aggregate sizes, with the 0.1+ e
average length of the columns that monotonously increases ' " VYV slow mode
—_04
20 N ? o
-~ VV fast mode E ? §
- -@- - VV slow mode ~
154 O VH mode s
§ T 10-5_- T T T T T T T T T
< el 1A VH mode
?g 104 ﬁ ________ E 5 =] 102
] A
§N T ® 13
05{8F : A A
............... §$$ 0.14 A A
004 ' : : ' : : T T T T T T T T
0 5 10 15 20 0 5 10 15 20

Concentration (wt%)

Concentration (wt%)

FIG. 11. The activation energy of various modes as a function of
concentration. The dotted lines are guides to the eye.

FIG. 13. Concentration dependence of the inverse relaxation
time of various modes measuredét 50° andT=295 K.
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of strong association the average number of the disks in aides this, due to nearly exponential relaxation of the fast
single stack{m) is much larger than 1 and consequently amode, their size distribution is quite monodisperse. The free
broad distribution of corresponding relaxation times is ex-volume of a single column at this concentration us
pected. =((myM)/(cpN,)=2.1x10"2* m® which corresponds to

In our experimental results there are, however, many assL 3. This result indicates that we are close to the limit of the
pects that do not agree with the above given simple explanatilute solution regime and hence intercolumnar interactions
tion for the nonexponential relaxation. At first, a change ofare expected to become important at higher concentrations.
the average column length should be accompanied also withhe transformation from dilute to semidilute regime should
the modification of the average intensity of the scattered lightppear av;~L3, i.e., atc~0.2 wt. %. Accordingly to this,

('vv(a,t»- For an exponential distribution of column sizes by increasing concentration, the translational diffusion rate

with My>(m)>1 it follows from Eq.(6) that 1/7yy is at first reduced for about a factor of twiéig. 13, in
agreement with the properties of semidilute solutions of rigid
Mg rods[29].
(Iy(a,0)oc >, NpVZ~(m)MoV2, (10 If we assume that the average column length remains the
m=1

same (=74 nm) also at higher concentrations, then in the
c~5 wt.% sample the free volume will reduce tobL?,
where M is a total number of the diskd\,, the volume e, to the excluded volume of a single colurf2]. At this
density of the columns formed from disks andvV,,=mV,  concentration hence the solution converts from semidilute to
andV, are apparent hydrodynamic volumes of a single colconcentrated. We propose that a pronounced steric linking
umn and a single disk, respectively. Bearing in mind @€  and entanglement of the congested columns via their
and, for example, the temperature dependence of the invergganched side chains starts to take place at about this con-
relaxation time 1#;,5; @s shown in Fig. @), the intensity of  centration and foc>5 wt. % further slows down the fast
the scattered light should decrease by increasing temperatunode (Fig. 13. It also induces strong coupling between the
in accordance with decreasim) until a complete dissocia- translational and rotational degrees of freedom that results in
tion of the columns presumably take placeTat To. Con-  a glasslike dynamic response of the system, i.e., in a pro-
trary to this, we have observed no variation of the) in nounced nonexponential relaxation and the non-Arrhenius
the whole investigated temperature rarig@. 6). This sug- temperature dependence of the apparent relaxation time.
gests that the observed changes of the dynamical properties
of the VV modes are related to the modifications of the ef- B. Slow VV mode
fective viscosity of the medium and not to the modifications
of its aggregation structure.

The room temperature (297 K) viscosity of the D
2/dodecane mixture in pre-transitional phase strongly in
creases with increasing concentration. Measurements wi
the shear viscosimetéBrookfield DV-11+) have shown that
in the c=0.04 wt. % sample its valuer(=1.4cP) is still
similar to the viscosity of the pure dodecaneng(
=1.35 cP), but already in the=0.2 wt. % solution it in-

The origin of the VV slow mode is, on the other hand,

LT much more unclear. One of the puzzling features is that its
properties are sensitive to the sample preparation and history

nd hence the reproducibility of the results is not very good.
A mode with similar properties was detected in some poly-
meric gel forming systems and was attributed to the complex
network relaxation[31,3Z. An ultraslow mode is often
found also in solutions of star polymers and in many glass-
rLqrming liquids and is generally related to the strong excess

nar interactions. The above formula for free particle dif'fusionsc""tterlng at low scattering qngl[%l,:%S_l, Wh'Ch is the fea-
fure that was observed also in our experiméghig. 3(b)].

[Eq. (9)] is hence expected to be adequate only for the mos
diluted measured solution af=0.04 wt. %. At this concen-

tration the mode exhibits an approximately exponential re- C. VH mode
laxation with D¢,s=(1.5=0.4)x 10"’ cn?/s corresponding The depolarized VH scattering is related to rotational dif-
to &ias= 1122 Nm[Eq. (5)]. fusion of the aggregates. Contrary to the VV fast mode, the

As a next step we calculate the size of the aggregategH mode exhibits a remarkably broad distribution of relax-
associated with above value féf,s;. According to the mo- ation times at all the temperatures and concentrations at
lecular modeling the diameter of a completely relaxed DLT 2which we were able to detect it. For the lowest analyzed
molecule isb,~4 nm, while the rigid triphenylene core concentrationrc=1 wt. % the observed value of the inverse
has a diameteb.,,~1.2 nm[14,30. The apparent hydro- relaxation time (1#,,)=15 kHz is already about ten times
dynamic diameter of the molecule is expected to be somebelow the value H=[18kT In(L/b)]/77L® expected for a
where in between these two limiting values. Furthermore, théree rotational diffusion of the rigid rods df=74 nm[29].
interstacking distance in a pure discotic compound of a tri-This is because in the semidilute regime the rotation of each
phenylene derivative similar to DLT 2 was found to be column is severely restricted by the presence of other col-
0.36 nm [30]. By inserting an average diametéd  umns and consequently it becomes slower. These restrictions
=2.6 nm andd=0.36 nm into Eq.(9) the valueL=74  cause local short-range orientational ordering of the columns
+13nm is achieved for the column length corresponding tahat represents a formation of transient nematiclike clusters
(m)=205+50. The columns formed in the DLT 2/dodecanein the isotropic phase. From this point of view the VH mode
system atc=0.04 wt. % are hence already very long. Be- of the DLT 2/dodecane system is analogous to the pretransi-
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tional orientational fluctuations detected in the vicinity of the In concentrated solution intercolumnar steric “connec-
nematic-isotropic phase transition in thermotropic liquidtions” are formed by overlapping of the molecular sidechains
crystals[34,35. and lead to the fragile glasslike dynamic response of the
The observed decrease of the VH scattering intensity wittsystem. The interconnected glassy structure seems to be an
increasing temperatur@ig. 9 is attributed to the decrease inherent property of the branched-type discotic mesogens
of the local orientational order parameter of the clustersand is very probably also a reason for the extraordinary slow
while the prominent nonexponential nature of the VH moderesponse charactersistic for the liquid crystalline state of pure
suggests on strongly heterogeneous enviroments related ¢éompounds. This is also in agreement with the fact that glass
different clusters. This heterogeneity should remain also iriransition can be detected in some discotic matef&s38|.
the corresponding ordered state. In agreement with this as- The presence of long columnar aggregates together with
sumption we have indeed observed an orientational dynamitheir extensive orientational coupling explains also a strong
mode with a similarly broad distribution of relaxation times flow induced birefringence observed in the pretransitional
(8~0.5) in thec=33 wt. % sample that was in the choles- phase of the DLT 2/dodecane solution. The flow is connected
teric phase. The cholesteric phase, therefore, correspondswéth the shear stress that acts as an aligning field for the
a pretransitional state of an orientationally ordered glass. columns, leading to their reorientation along the direction of
the flow. This effect is expected to take place on the same
V. CONCLUSIONS time scale as the relaxation of the VH mode observed in our
. ) ) DLS measurements, i.e., in the range of several milliseconds.
In semidilute concentration region the DLT 2/dodecanerpe corresponding birefringence may be additionally en-
system resembles dynamic properties of solutions of stiff,anced also by unidirectionat- interction between the
chain polymers. This similarity originates from a relatively ggjacent DLT 2 molecules within the stacks. This mecha-
monodisperse size distribution of the self-assembled columnism, which can lead to a considerable increase of the optical
nar stacks which are_formed already in dilute isotropic phas_%usceptibility of a single column, is not yet verified and
and appear to be quite stable. The source of strong assoCiggnsequently represents an attractive subject for further
tive forces between amphiphilic triphenylene-based mo"investigations.
ecules in alkanes is not yet fully clarified. The association is
very probably governed by the- interactions between the ACKNOWLEDGMENT
triphenylene core§36], but the role of aromatic sidechains
immersed in the alcane surrounding might also be quite im- This work was supported by the EU network SIl(Con-
portant and still have to be resolved. tract No. ERB FMRXCT 980209

[1] For a recent review see for instance: S. Chandrasekhar, and 8L4] M.P. Taylor, and J. Herzfeld, J. Phys.: Condens. M&t&651
Krishna Prasad, Contemp. Phyk), 237 (1999. (1993.

[2] N. Boden, and B. Movaghar, iHandbook of Liquid Crystals  [15] D. Kriierke, P. Rudquist, S.T. Lagerwall, H. Sawade, and G.
edited by D. Demus, J. Goodby, G.W. Gray, H.-W. Spiess, and  Heppke, Ferroelectric243 207 (2000.
V. Vil (Wiley-VCH, New York, 1998, Vol. 2B, pp. 781-796. [16] G. Heppke, D. Krerke, C. Ldwning, D. Lazsch, D. Moro, M.

[3] H. Bock and W. Helfrich, Lig. Cryst12, 697 (1992. Miiller, and H. Sawade, J. Mater. Chefg, 2657(2000.
[4] G Heppke, D. Krerke, M. Mler, and H. Bock, Ferroelec- [17] K.S. Schmitz, An Introduction to Dynamic Light Scattering by
[5] Euczlzanzo;(jgga. hb nd C. Hardy, J. PhiRaris 46 MacromoleculegAcademic Press, San Diego, 1990
L.Szg(lzés - BUshby, a - nardy, J. a ' [18] B.J. Berne and R. Pecor®ynamic Light ScatteringWiley,
) ' . New York, 1976.
(6] 'C'éttB ig;né;‘z'lgitg’hby’ C. Hardy, and F. Sixl, Chem. PhyS., o' < "\wiliams, J. Non-Cryst. Solidé31, 1 (1991),
) : [20] G. Meier, B. Gerharz, D. Boese, and E.W. Fischer, J. Chem.

[7] B. Kohne, K. Praefcke, T. Derz, H. Hoffmann, and B. Schwan-
der, Chimia40, 171(1986.

[8] N. Usol'tseva, K. Praefcke, D. Singer, and B r@iogan, Lig.
Cryst. 16, 601 (1994).

Phys.94, 3050(1997).
[21] R. Bohmer, K.L. Ngai, C.A. Angell, and D.J. Plazek, J. Chem.
Phys.99, 4201(1993.

[9] N. Usol'tseva, K. Praefcke, D. Singer, and B.i@ogan, Lig.  [22] E.W. Fischer, Physica 201, 183(1993.
Cryst. 16, 617 (1994. [23] S. Maity, and H.B. Bohidar, Phys. Rev.38, 729(1998.

[10] N. Usol'tseva, G. Hauck, H.D. Koswig, K. Praefcke, and B. [24] A. Ishimaru,Wave Propagation and Scattering in Random Me-

Heinrich, Lig. Cryst.20, 731(1996. dia (Academic Press, New York, 19y8ol. 1.

[11] A.R.A. Palmans, J.A.J.M. Vekemans, E.E. Havinga, and E.W[25] M. Ediger, C.A. Angell, and R. Nagel, J. Phys. Cheifi0, 13
Meijer, Angew. Chem. Int. Ed. EngB6, 2648(1997). 200 (1996.

[12] A.R.A. Palmans, J.A.J.M. Vekemans, R.A. Hikmet, H. Fischer,[26] M. Placidi, and S. Cannistraro, Chem. Phys. L&0, 130
and E.W. Meijer, Adv. Materl0, 873(1998. (1999.

[13] N. Boden, R.J. Bushby, L. Ferris, C. Hardy, and F. Sixl, Lig. [27] M.E. Cates, and S.J. Candau, J. Phys.: Condens. M2tter
Cryst. 1, 109(1986. 6869(1990.

011705-8



GLASSLIKE CHARACTER OF MOLECULAR ORDERING . .. PHYSICAL REVIEW B5 011705

[28] R. Hughes, A. Smith, R. Bushby, B. Movaghar, and N. Boden,[33] J. Stellbrink, J. Allgaier, and D. Richter, Phys. Rev.5E,

Mol. Cryst. Lig. Cryst.332 547 (1999. R3772(1997).
[29] M. Doi and S.F. EdwardsThe Theory of Polymer Dynamics [34] T.W. Stinson, and J.D. Litster, Phys. Rev. L&, 503(1970.
(Clarendon Press, Oxford, 1988 [35] T.W. Stinson, and J.D. Litster, Phys. Rev. L&®, 688(1973.
[30] We have calculated the diameter using the Dreiding model. [36] C.A. Hunter and J.K.M. Sanders, J. Am. Chem. Sld@ 5525
[31] M.T. Allen, S. Diele, K.D.M. Harris, T. Hegmann, B.M. Kari- (1990.
uki, D. Lose, J.A. Preece, and C. Tschierske, J. Mater. Chen{.37] H. Groothues, F. Kremer, D.M. Collard, and C.P. Lillya, Liqg.
11, 302 (2009). Cryst. 18, 117(1995.
[32] M.C. Blanco, D. Leisner, C. Vazquez, and M.A. Lopez- [38] B. Glusen, A. Kettner, J. Kopitzke, and J.H. Wendorff, J. Non-
Quintela, Langmuirl6, 8585(2000. Cryst. Solids24, 113(1998.

011705-9



