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Electroconvection with and without the Carr-Helfrich effect in a series of nematic liquid crystals
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Experimental electroconvectigi&C) investigations on four homologs with negative dielectric anisotrgpy
and conductivity anisotropies, of various signs(the relativeo,=c,/o, ranges from -0.6 to +0)3are
reported. The homolog with positive conductivity anisotropy follows the predictions of the standard theoretical
model, while the homolog with negative, shows a phenomenon, i.e., nonstandard electroconvection, not
described by the Carr-Helfrich mechanism but manifesting in forms of stripes mainly parallel to the initial
director, thus having a morphological similarity to the rolls of the standard EC. The remaining two homologs
change the sign of their conductivity anisotropy with temperature that leads to a twofold character by crossing
over from standard to nonstandard electroconvection. The patterns of both the standard and nonstandard EC
have been characterized and compared.
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I. INTRODUCTION planar(-+) case, that on the one hand, keeping>0 EC
actually occurs for alk,<0 and up to a small positive value
of €, given by the condition where the EC threshold voltage
becomes equal to the splay Fréedericksz threshold, thus
the EC stability region labeled bf-+) penetrates into the
T+)' On the other hand, keeping <0 and decreasingr,,

C disappears before, reaches zer¢for details see later in
this papey. Keeping in mind the above corrections to the

In nematics, the mean orientation of the molecules is de lassical d i il the ab tation f
scribed by the directon. The anisotropic features are re- 5::;';:26 escription, we still use the above notation for con-

flected in the material parameters, such as the conductivit
! 'al p u Hetvity In the (-+) case (such as MBBA (p-methoxy-

gij and the dielectric permittivity tensog;. Using the ex- . , .
pressions,=o— o, for the conductivity anisotropy one has:; Penzilidenep’-n-butylanine  [5-§], = Phase5/Merck)

oj=0, 8j+o,nn;, where| (L) denotes the conductivity [9-12, 152 (4-ethy2-fluoro-4-[2-(trans4-pentylcyclo-
measured paralle{perpendicular to n, and similarly e; hexyl)-ethyll-bipheny) [13], or PhasegMerck) [14]), ECis
=€, & +enN; With e,;=¢—€,. Other material parameters, a well-investigated phenomenon, in which theory and experi-
e.g., the elasticity and viscosity, are also anisotropic, howmental results fit well. Some of the recent observations have
ever, their symmetry differs from that ef ando;; [3,4]. The ~ focused on materials with opposite sigris—) of the
value, the sign and that of their anisotropies of the materia®nisotropieg15], where the standard modd] gives a good
parameters, in particular the sign @fanda,, is decisive for qualitative and quantitative description, too. The recently
EC. studied(++) case for small, positive, is characterized by a

In order to categorize substances concerning their EC becompetition between a static distortighréedericksz state
havior, a system of notatioris +), (+-), (++), and(--) was and ECJ[16]. This then behaves identically in the EC state to
introduced, where the first sign labels the signepfind the ~ substances in the categafy+).
second one that ofr,. EC was theoretically predicted to  In this work we consider materials wit <0 and inves-
occur via the Carr-Helfrich mechanism for the first two andtigate how the change in the sign of, affects the pattern
prohibited for the last two casd8]. More detailed studies formation process with special emphasis on (the) case.
[the three—dimension&BD) standard model of EC5]] re-
vealed a finer picture, particularly in the vicinity ef=0

It is well known that systems far from equilibrium can
create a great variety of patterfis2]. Electrohydrodynamic
convection(EC) in liquid crystals has proved to be a useful
system for studies of pattern formation in nonequilibrium
systems, due to the inherent anisotropy and the easy contr
of the external parameters.

and/or o,=0. The linear EC threshold based on the Carr- Il. EXPERIMENTAL SETUP AND MATERIALS

Helfrich mechanism does not necessarily appear/dissapear _ )

exactly at the sign inversion of, or o,. Instead, the EC The experiments have been carried out on 4 homologs of
stability region either persists up to a small value of thethe seriest-n-alkyloxy-phenyl-4-n’-alkyloxy-benzoates
opposite sign of the parameter, or it term_inates before the o O— C.H

anisotropy reaches zero. This means, e.g., in the most studied ¢y,  —o _©_ O m

7

*On leave from Henryk Niewodniczanski Institute of Nuclear where n and m denote the number of the carbon atoms
Physics, Polish Academy of Sciences, PL 31-342 Krakow, Polandof the terminal chains. We use the notatiofm to refer to
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the specific homologs with phase sequences as follows: For providing the temperature control at the electrocon-
5/8: isotropic-85 ° C-nematic-48 °C-crystallined/7: iso-  vection measurements, an Instec hotstage has been used. The
tropic-88 °C-nematic-69.5 °C-smecticC-62 °C-crystalline, patterns have been observed with a Leica polarizing micro-
10/4: isotropic-88.5 °C-nematic-79.6 °C-smecti¢B0 °C-  scope by using either the conventional shadow giaptyle
smecticG-64.5 °C-crystalline, and0/6: isotropic-89.5 °C-  polarize) technique{22] or two crossed polarizers. The im-
nematic-82 °C-smecticA-77.5 °C-smecti¢€3.5 °C-smec-  ages have been recorded by a charge coupled deRiE®)
ticB-30 ° C-crystalline®63 °C-crystallinel, wherd) indi-  camera connected to a frame grabber card. The images have
cates monotropic transitions observed on cooling only. been stored with a resolution of 5%&768 pixels and a 24—

The materials have been synthesized in the Institut fligit color depth then converted to 8—bit grayscale images for
Physikalische Chemie Halle/Germany and were used WithoW, iiher processing.

additional doping. All four substances have a nematic phase
which is followed on cooling by crystalline fds/8, by S¢
for 8/7 and byS, phase forl0/4 and 10/6.
Ready-made 1Lm cells (E.H.C. Co., Ltd) have been . EXPERIMENTAL RESULTS
used in the conventional sandwich geometry. The alignment A. Anisotropy of the electric properties
was planar with the director parallel to tixedirection. The )
SnO, transparent coating has been used as an electrode to Figures 1a)-1(d) show the temperature dependencerof
apply the electric field across the sample alongzhtirec-  Measured at 1 kHz of the homologg8, 8/7, 10/4, and
tion. 10/ 6, respectively, as the function of the relative temperature
The sample was placed into a thermostatted oven and ah =(T=Ty)/(Ty=Ty), WhereTy, is the clearing point and
electromagnet witrH||z and connected to a four-terminal Ty is the lower temperature limit of the nematic range. In the
impedance bridge in order to measure the electrical propefematic range(0<T*<1), e, is negative for all four ho-
ties o and ¢; at a frequency of 1 kHz as a function of mologs and becomes zero &, (T*=1).
temperature. These measurements were carried out on the In Figs. Xa-1(d), we show the recent experimental re-
same samples used for the EC investigations in order to asults (open circley together with literature data. Triangles
sure a correcin situ parameter determination. represent another unpublished data set obtained in our labo-
The perpendicular components, and o) have been ratory some time ago by using thin cells with and without
measured in the absence of the magnetic fiel¢0). Then  magnetic field, but not correcting, for the incomplete re-
H was increased and the complex impedance has been dalignment[23]. As expected, the present measurements show
tected as a function df.. Since the cells are relatively thin, a a higher value ofe,| than the uncorrected ones and it agrees
finite magnetic field does not result in a complete realign-well with the literature dat@where availablgin which thick
ment of the director, therefore and o, have been extracted cells were used18-21. The satisfying agreement is illus-
by extrapolation of the magnetic-field dependence of the catrated in Figs. {b) and Xd) with the largest deviation around
pacity and the conductivity17], respectively. The results are 15% with the exception of the one point of R§24].

compared with those in Ref§18—21 obtained using a cell While the gualitative temperature behavioregfis similar
thickness of about 1 mm, which minimizes the effect of mis-for the four homologse,(T*) varies strongly for the differ-
alignment at the boundaries. ent materials as illustrated in Fig. 2, where the normalized
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FIG. 2. The normalized conductivity anisotropy=o,/0, of
5/8 (solid squares 8/7 (solid stars, 10/4 (triangles, and 10/6
(open circleg as a function ofT".

FIG. 3. The EC threshold voltagé. for 5/8 as a function of the
frequencyf at three different temperatures. CM, DM, NR, OR, tNR,
and tOR denote the conductive mode, the dielectric mode, normal
rolls, oblique rolls, traveling normal rolls, and traveling oblique
rolls, respectively. The vertical dotted lines denote the Lifshitz

The compoundb/8 has positive conductivity anisotropy POINts.
in its whole nematic rangésolid squares in Fig.)2Its con-
ductivity anisotropy slightly increases with temperature, therdepend on the type of the smectic ph&Sg for 10/4 and
goes to zero at thgy, phase-transition point, as expected. In 10/6 and & for 8/7) which follows the nematic on cooling
the vicinity of Ty, (T*>0.75), a larger scattering of the con- or on the type of the phase transitiGecond and first order,
ductivity is observed than in the range Bf<0.75. respectively.

For the8/7 the sign ofo, is manifestly negative in the From the combined behavior af(T*) and o,(T*), one
whole nematic range, it increases with increasing temperacan predict the occurrence of EC patterns under the influence
ture and becomes zero &y, (see solid stars in Fig.)20ur  of an electric field in the four materials. The mate5#B is
results reproduce the literature ddtt9], especially in the predicted to show EC in its whole nematic range since it
middle of the nematic rang.3<T*<0.7) where the dif- belongs to the(—+) category, hence we can compare the
ference is about 5%. For lower temperatuiiés<0.3, the experimental results with the standard theory. Moreover, the
difference increases up to 18%he anisotropy is larger in fit of the theory to the measured data.g., the frequency
our casg dependence of the EC threshold voltddgand that of the

The conductivity anisotropy ol0/6 and 10/4 is illus-  wave numbeltq,| at onsexis an important tool to estimate
trated by the open circles and triangles, respectively in Figthe range of material parameters, such as the viscosity coef-
2. For both compoundsr, has a sign inversion point below ficients(g;-s), difficult to measure directly.
which the sign of the conductivity anisotropy is negative, In contrast to5/8, the material8/7 belongs to theg--)
above that point the sign turns into positive. The crossover isategory, hence it is prohibited to have spatially extended EC
more pronounced fat0/6 (as already reported in RgR4]),  roll structures arising via a forward bifurcation as a primary
while 10/4 has a shorter temperature range with>0 and instability in its whole nematic range.
the overshot is smaller as well. Comparing the datalf¥i6 The compoundd.0/6 and 10/4 are appropriate to inves-
with Ref. [24], the qualitative behavior is similar. The sign tigate how the sign ofr, affects the pattern formation as it
inversion point is at the same temperature, however the magvill be demonstrated in the next section.
nitude of|o| is significantly higher in our cas@bout 40%
as a maximum

The difference in the qualitative behavior 6f(T*) be- ) _ )
tween the four homologs presumably can be connected with AN @c sinusoidal voltage) has been applied to the pla-

their phase sequench/8 does not have smectic phag@s ~ narly aligned(n||x), thermostatted cells filled with the sub-
crystallizes from the nematicand its &, is positive in the stances described above, and the formation and evolution of

whole nematic range as expecté@hough itso, decreases Patterns have been studied with a polarizing microscope. The
with decreasing temperature, which can be an indication of §ontrol parameters are the dimensionless driving voltage
“latent” smectic phasgln the three other homologs a smec- =(U?~UZ)/UZ, whereU is the EC threshold, the frequenty

tic phase follows the nematic on cooling and pretransitionaPf the applied electric field and the temperatite
effects(formation of locally layered structures, i.e., the onset (i) 5/8. 5/8 shows conventional EC, which agrees well
of quasismectic features wifh, < 0) might lead to the strong With the standard model worked out fof+) materialsfand
decrease ofr, with decreasing temperature, and eventuallyworking well also for(+-)]. Figure 3 shows the phase dia-
to a negatives, [3,19. Whether this occurs already in the gram, U(f), at three different temperatures. Both the con-
nematic rang€10/4 and 10/6) or directly atTy, (8/7) may  ductive (CM) and the dielectric mode®M) with a cross-

conductivity anisotropyr,=o,/ o, is plotted as a function of
T

B. The properties of the patterns
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FIG. 4. Comparison of the measured dagquaresand the linear stability fitsolid line) of the dependence of the threshold voltage
(a) and the critical wave numbeéq_| :\s“qf+q§ (b) on wTy for 5/8, wherew=2=f and ro=¢€y(€, /o) is the charge relaxation time. The
dotted line marks the Lifshitz point. The experiments were carried out°@ @0=0.86).

over at the frequenci (where the two modes meet and their ing state based on the Carr-Helfrich mechanism to a nonpat-
thresholds intersecivere observable in the whole tempera- terning one[3,5].
ture range. Henceforth we concentrate on the CM and carry This crossover is not expected to occur preciselyrat
out the theoretical fit for this range. As it is shown in Fig. 3, =0, instead at a finite, positivé;. It can be obtained from
at onset we observe stationary obliq@R) and normal rolls  the expression determining the linear EC threshdldn the
(NR) at 60 °C(T*=0.32 and 70 °C(T*=0.59 and traveling limit of large |q. (Eqg. 4.1 in[5]), which diverges wherr,
rolls (tOR and tNR at 80 °C(T*=0.86. The Lifshitz point  decreases and reach#s This occurs wher in Eq. (1) goes
(the frequency that separates the NR and OR rpslightly ~ to zero
shifts towards lower frequencies with increasing tempera-
ture. This shift is more pronounced on the relative frequency _ 2 O [|az|(0‘| %) Ul}
A=o’-——|—=|(—-"]-—|, (1)

scale(f/f). el mle e €

Figures 4a) and 4b) show the quantitative comparison of
the dependence of the experimental data obtained at 80 °@here 771:%(-0[2+a4+a5)_ Since &<, in general, cannot be
(T*=0.86 on frequency of the threshold voltagk and that  expressed analytically, it has been derived numerically by
of the critical wave numbe||qc|:\r’q§+q§ with the results of  solving Eq.(1) for o, with the conditionA=0.
the linear stability analysis of the standard nemato- In case ofwr,=0, one can get the analytical fora{
hydrodynamic description evaluated by a numerical Galerkin=¢, (1-7,/|a,|), wheree,=(¢,—€,)/ €, . Assuming that vis-
procedure[25]. The quantities used in the figures age  cosities do not change dramatically with temperature in the
=2mf and the charge relaxation timg=€q(e, /o). The pa-  middle of the nematic range, we take the material parameters
rameterse, =5.04, ¢=4.79, d=10.5um, and o,=0./0, obtained by the comparison between the result of the theo-
=0.33 have been measured and used for the calculations, thetical linear stability analysis and the experimental date
others were chosen in order to get a good fitlgfwr) and  laten at T*=0.8 and the measured ones for the dielectric
|a¢|(w7) including the Lifshitz point. In the choice of the permittivities for T*=0.4. We obtaing$=0.012, thus we ex-
parameters we were guided by Table | in R&B6], where the  pect the vanishing of the EC pattefdivergence ofU.) on
influence of the material parameters on the Lifshitz point,cooling atT*=0.41 instead off*=0.40.
threshold voltag&J., and critical wave numbei, is summa- The criticalo; depends on the frequency of the applied ac
rized. This yielded the ratitK;3/K;1=1.41, K»»/K1;=0.44,  voltage. For higher frequencies, a highe] is needed to
ay/]ay|==0.18, as/|ay|==0.01, ny/|ay|=1.15, andn,/|a,|  preserve the EC pattern, namely is a monotonically in-
=0.14, whereK;;s are elastic constants;s are viscosities, creasing function of frequency, or vice versa, at a giggn
m=(—artas+tas)/2 and p,=(aztaytag)/2. As demon- the EC state is stable only below a critical frequency
strated in Figs. @) and 4b), the compounds/8 is well ~ Standard EGQs-EQ is expected above the line. With decreas-
described, even quantitatively by the standard theory witing temperature, thus with decreasirig, in the range
typical material parameters just slightly differing from those T*< 0.7, the critical frequency reaches zero and the system is
of MBBA [5]. not expected to show any classical EC pattern. Consequently,

(i) 10/6. The change of sign o, with temperaturgat  the standard EC state is limited in temperature from below
T=85 °CT"=0.4) leads to a twofold character in the pattern and in frequency from above, thus one has a stability difge
formation of 10/6 as the substance shifts from categoryversuswry, shown in Fig. 5 and derived from E@L) using
(=+) to category(--). Thus with decreasing temperature, the material parameters &b/6.
one expects a switching from the patterning electroconvect- Although below the existence line the system is prohib-
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0.15 the measured parametees =4.27, ¢,=4.14, d=10.5um,

and o,=0,/0,=0.17. The rest were chosen in order to get
the best simultaneous fit fod (w) and |g(w), which
y|e|ded the ratio K33/K11:1.31, K22/K11:0.44, CY1/|CY2‘
i :_0.09, a3/|a2|=0.01, 7]1/|a2|=l.23, and 7]2/|a2|=O.24.

0.10-
The parameters basically are close to thos&/& with an
i exception ofas. The opposite sign ofi; may be due to the
<b influence of the smectic phase preceding the nematic phase
for 10/6 (and not for5/8). The influence of the smectic
0.051 1 phase on the viscosities is a known phenomenon, and dis-
cussed in Refd.27,28. With these parameters, the standard
model provides a satisfactory quantitative description of the
0.012 onset of s-EC patterns ih0/6 as demonstrated in Figs(e
0.00 : : : : . : and &b), with the exception of the high-frequency range
000 025 050 075 100 125 150 (w7p=1.6), where the measured data significantly deviate
T, from the theoretical curve. These deviations are the conse-

quence of the occurrence of ns-EC and will be discussed in

FIG. 5. Calculatedr§ vs wry above which the s-EC state exists more detail below.

for 10/6. At high frequencies and low temperatures where no
s-EC is expected, we observed a spatially extended

ited to show s-EC, we have found another convective patteras-EC structure not reported in R¢R4].
formation, which cannot be explained by the conventional The ns-EC structure shows some morphological similari-
Carr-Helfrich mechanism, thus we call it nonstandard ECijes to the rolls of the standard EC, i.e., they exhibit as stripes
(ns-EQ [31]. In the following, we first present the results of dark and light regions, as demonstrated in Fig),Avhich
related to the s-EC patterns then the observations of thehows a snapshot obtained at 85 (IC=0.4). The direction
ns-EC regime will be reviewed. of the rolls, however, is unusual: it is basically parallel to the

Within the existence region of s-EC far=88 °C (" director (yielding parallel rolls, PR) or makes a small angle
=0.8), a spatially extended pattern occurs as usual normal agith it (OR). In the following we review the properties of the
oblique rolls in almost the whole frequency rangiae ns-EC structure:
ns-EC range beyond the critical frequengywould require 1. Director configuration, visibility, and/or contrastin
such high voltages, which might destroy the reflt lower  addition to the unusual orientation of the rolRR), the pat-
temperaturd86 °C<T<88 °C(0.53<T <0.8)], whered, tern is weak, the overall contrast is low as compared to the
is still positive and is aboveér; domains of normal rolls, s-EC structure. Near the onset of PR, the pattern is not vis-
traveling oblique rolls and a grid patteerossed oblique ible in the conventional shadowgraph method, crossed polars
rolls) occur atw< w® under conditions similar to those in are needed to detect it. Thus the director field hag oom-
Ref. [24]. All these structures are observable with the con-ponent, i.e., the director is modulated in tkg plane. This
ventional shadowgraph technique. also explains the low contrast. The measurements were car-

In this region,10/6 is expected to follow the predictions ried out with a polarizer parallel to the director and an ana-
of the standard theory. Figuregapand &b) show the result lyzer perpendicular to that, which gave the best image qual-
of the theoretical linear stability analysis and the experimenity and highest contrast. The voltage range where the PR
tal data taken at 88 °CT" =0.8). For the calculation we used structure is stable is wide in comparison with s-EC, since it

60

FIG. 6. Comparison of the measured degquarepand the theoretical predictioigsolid line) for the dependence of the threshold voltage
U, (a) and the critical wave numbdzqc|:\s’qf+q§ (b) on w, for 10/6 at 88 °C(T"=0.9). The dotted line denotes the Lifshitz point.
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d ' U N dynamic, convecting and nonconvecting patches interchange.
. This structure fills the celfi.e., no definite fronts exist that
300 350 would separate the cell into distinct areas with and without
patterr). The length of the rolls is finite and the amplitude is
FIG. 7. Snapshot of the ns-EC structy@R, see the text for Spatially inhomogeneous. Figuregayand 1b) demonstrate
description taken with crossed polarizefs) and the corresponding  this inhomogeneity af=100 Hz (07,=0.42 and £=0.32.
intensity profile(b) along the white line forl0/6 at T=85 °C (T" Figure 1b) shows the intensity profile along the white line in
=0.4), f=100 Hz(w7y=0.42, ande=0.32. The director is vertical Fig. 7(a) perpendicular to the rolls.
as it is shown by the white arrow and it is parallel to one of the On the other hand, at a given location, the amplitude of
crossed polarizers. the structure continuously increases with the voltdgeally
no abrupt jump occujs The transition from the quiescent
may persist up ta~3. These features are characteristic ofstate to the convective one is not sharp, the contrast grows
PR in the whole frequency and temperature range. At higheglowly with the voltage performing a supercritical bifurca-
& (of the order of ] the pattern becomes visible with a single tion.

=
e

0 50 100 150 200 250
(b) displacement [um)]

polar, i.e., the director tilts out of they plane. With further 3. Threshold, critical wave number, and obliqueneBise
increase ofe, local structures similar to the butterflies re- further properties of the patterns differ fundamentally be-
ported in Ref[24] occur and coexist with the rolls. tween s-EC and ns-EC. Figure 8 illustrates the difference in

2. The manner of the onseThe onset of the pattern is the behavior ofU.: at 88 °C (T =0.8) (s-EQ over a large
somewhat different from that of the standard EC rolls. Thefrequency range, the threshold curvg(f) follows the stan-
PR (or OR) sets in locally continuously in the form of dard model up td =600 Hz(w7y~1.6). As can be seen, for
patches extending over several rolls, which are separated thigher frequencies, the appearance of s-EC is preceded by
nonconvecting regions. Above the onset, the total picture ishe onset of ns-EQsee also Fig. &]. This effect is more
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FIG. 9. The dependence of the critical wave numjogf= V"q)2(+q§ and the obliqueness=arctariq,/dy) on w7, for 10/6 at 85 °C
(T'=0.4), 87 °C(T"=0.66 and 88 °C(T"=0.9).
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significant at 87 °C(T'=0.66, where the system shows a ' ' ' ' '
grid pattern(crossed oblique rol)sat threshold and follows 504 °
the standard theory fof <300 Hz (w7y<1), above which 2
one has ns-EQOR). At 85 °C (T =0.4) one has ns-EC over : a
the whole frequency range and the threshold increases lin- 40- " s i
early with frequency. On further cooling but remaining in the = -
nematic phase, the P@®r OR) structure persists fow,<O. =, 30 .
In the region 82 °G<T<84 °C(0<T <0.4), however, the e “
contrast of the pattern becomes lower when approaching the  ,,1. .~ 4
smectic phase. For observation of ns-ECra 0, the ma- o a . C
terial 8/7 turned out to be more appropriate since it has o A o 7®C
0,<0 (and shows ns-EQn its whole temperature range. 1094 @ s 8C

The different character of the s-EC and ns-EC structures
and the presence of a critical point in frequency separating
the two patterns are also captured in the critical wave number
|dc(wmo)| and obliquenessa(wry) describing the angle FIG. 10. The threshold as a function of the frequehigyf) for
between the wave vectogq and the directorn [« 8/7 at T=72 °C (T'=0.14, T=78 °C (T°=0.46 and T=84 °C
=arctariq,/q,)] as demonstrated at three different tempera{1*=q.7g.
tures in Figs. @) and 9b).

At 88 °C (T"=0.9 |q.(w)| and a(wm,) follow the pre-
dictions of the standard theory up tery=1.6, as already

shown in Fig. b). The system has a Lifshitz point a&{ 70 othep, which happens at a finite voltage. This means that
=0.66, which is slightly above the one provided by the linearyjth decreasing temperature s-EC is replaced by ns-EC at a
theory (w 79=0.56. The transition from s-EC to ns-EC at 5.> 68

N . a*
w7p=1.6 is continuous, thus the pattern at threshold pre- jji) 10/4. The behavior of the substant6/4 is qualita-
serves.the NR character for hlgher frequenue_s though 'tﬁvely similar to that ofL0/6, thus it shows ns-EC when s-EC
regularity depreases by breaking up into slightly tilted| oo stability, which happens %t=85 °C (T* = 0.6) below
patches forming the OR structure, and the two patterns Q% hich only PR(OR) is seen. At a given temperature it has

exist. Hence we observe a decreasedig and a slight in- e . .
crease inx abovewr,=1.6 as expected for ns-EC. For 87°C also a critical frequency separating s-EC and ns-EC and it
shifts towards lower frequencies with decreasing tem-

T"=0.66 the onset wave numb has a maximum
( 9 (o) perature.

at ~1 that separates the s-H@rid pattern, lower fre- . L
@70 P E@rid p Due to the shorteb,>0 range and significantly lower

quency from ns-EC(OR, higher frequengy(see solid down - ) . .
triangles in Fig. 9. The behavior ofa also indicates the value of o, this substance is less appropriate for measure-

occurrence of a new structure by a sharp change in slope B1€NtS, therefore no quantitatiye res_ults of EC measurements
wry=1. This is clearly visible despite the larger scattering ofWill be presented here. Despite this, the qualitative agree-
data due to the lower regularity of the ns-EC structure. Thénent of the behavior indicates that the RiR OR) structure
critical frequency at whichq| has a maximum and has a is not unique and it is not solely characteristic]dif/&
break shifts to lower frequencies with decreasing tempera- (iv) 8/7. Since the materiaB/7 has negativer, in its
ture and below 86 °QT"=0.53 the system shows only Wwhole nematic range, it is not expected to show conventional
ns-EC patterns. At 85 °CT =0.4) (open circles in Fig. §  EC, instead ns-EC is observed.
the wave number ana are independent of frequency within ~ The threshold of the Pior OR) structure behaves simi-
the error bar. It is also seen that the direction of the rolldarly to that of thel0/6, namely it grows linearly with fre-
strongly turns with coolinge is zero at highT and reaches quency. Figure 10 shows the threshold of the ns-EC structure
90° around 84 °QT =0.4) so the rolls become practically at three different temperatures 72 °C (T'=0.14 solid
parallel to the initial director. squares, atT=78 °C (T'=0.46 open circles and afl

In summary, the critical frequency decreases with de=84 °C (T'=0.78 solid triangles. For the two lower tem-
creasing temperature. At=86 °C (T'=0.53, whered, is  peratures, the direction of rolls is basically parallel to the
still definitely positive solely PRand OR is seen. Above director whereas for the latter case the obliqueness of the
this temperature the material exhibits twofold behawi®r rolls increases from about 40° up to 80° with increasing
EC, ns-EQ, below this point only the nonstandard EC pat- frequency. The experimental wave number of the pattern of
tern occurs as a primary instability. The qualitative behaviotthe ns-EC is around 1.3, however, due to the lower regularity
agrees well with the prediction obtained by the analysis ofand low contrast it has a relatively large scattering.

0 100 200 300 400 500 600
f [Hz]

Eq. (1), i.e., at larger frequencies largéy, is neededhence, Without going into detail, we mention that besides the PR
larger temperatupeto preserve the stability of the NR and OR structures with increasiega great variety of other
regime. structures occur, namely starlike local structures existing

In the experiments, however, the ns-EC structure takealone or coexisting with the primary RRr OR) structure, or
over when its threshold becomes lower than the threshold dfiR takes place as a secondary instability. Studies of these
s-EC(namely when the two threshold curve cross over eaclstructures are in progress.
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IV. SUMMARY at low temperature and thus at law, when the threshold of
the s-EC structure becomes higher than that of ns-EC. This

We have studied four homologs with different phase se9ccurs at a finite positivé,, and PR(or OR) also persist for
quences. We measured the anisotropy of the dielectric pef€gative cond_uct|V|ty anisotropies. _
mittivity e, and the normalized conductivity,=co,/ o, as a The formation of the PRor OR) cannot be described by
function of temperature. The compousd8 has negative the Carr-Helfrich(anisotropi¢ mechanism, therefore an iso-
dielectric anisotropy and positive conductivity anisotropy intropic effect is probably responsible. The injection mode can
its whole nematic range, while f& 7 both of these proper- presumably bg excluded due to its strongly no.nlmear thresh-
ties are negative. The materidle/6 and10/4 have negative ©0ld Uc(f), while the electrolytic mode29,30 is a more
€, and a sign inversion temperature of their conductivigy probable candidate due to the similarity in the threshold be-

Using these four materials, we investigated the influence ofi@vior. . _ .
the sign ofé, on the EC pattern formation. More detailed studies of the ns-EC structure are in

Comparisons between the prediction of the linear stabilityProgress, such as the investigation of the nonlinear behavior
ana|ysis of the standard nemato_hydrodynamic description cﬂbove threshold included Secondary instabilities and the dy'
EC and the experimental data were carried out for the compamics of the patterns, with special emphases on the vicinity
pounds5/8 and 10/6 and good agreement was fouri@l-  ©Of the isotropic phase transition.
though10/4 has a similar qualitative behavior likg/6, it
was less appropriate for measuremegnis.the analysis of
t_he_ expression det_ermining_ _theA linear EC threshgld in the ACKNOWLEDGMENTS
limit of large |q|, a finite positivess, was found at which the
standard EC disappears. As it also turned out this criial

is a monotonically increasing function of the frequency of X . )
the driving ac voltage. threshold program available to us and for discussion. We also

Additionally to the well-known patterns of the s-EC, we thank Lorenz Kramer and Nandor Eber for discussion. Fi-
found structures which cannot be described by the standafi@ncial support by the EU Research Training Network

EC model(ns-EC,[31]). These patterns show morphological PHYNECS(EU-HPCF-CT-2002-003])2the Hungarian Re-
similarity to the normal and oblique rolls as they show up asS€&rch Grants OTKA-T031808 and OTKA-T037336 are

¢ gratefully acknowledged.

We wish to thank Werner Pesch for making the linear

stripes with a direction mostly parallel to the initial directo
(PR) or they can be obliquéOR). The structures take place
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