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Electroconvection in nematic liquid crystals in Hele-Shaw cells
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We report electrohydrodynamic instability in nematic liquid crystals found in Hele-Shaw cells. Due to the
present cell geometry, the convective structures could be directly visualized as surface or bulk flows. An
unexpected structure is observed, which is completely different from the well-known patterns in the standard
cells. By using the voltage-frequency jump method, the stability of a convective structure in Hele-Shaw cells
is discussed in terms of the Busse diagram.
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One of many attractive examples of pattern-forming phys—=(0,0,=E;)], which was generated by a function synthe-
ics describing dissipative structures out of equilibrifiy2]  sizer (NF-1915 and an amplifiefF20A, Toyo Tech The
is ac-driven electroconvectidiieC) in liquid crystals. It pro-  function synthesizer was controlled via the standard general
vides us with a rich variety of patterns that are fundamentallyourpose interface bu&GPIB) by a computer. At room tem-
related with the anisotropy of liquid crystals. The primary perature, the electroconvection patterns were observed in the
EC pattern, the Williams domaifWD), at a threshold field Xz plane (side-view parallel to the electrodes by use of a
appears due to the so-called Carr-Helfrich mecharfisin ~ charge-coupled deviccSONY XC-73 mounted on a polar-
Increasing the electric field and changing its frequency, oné&er microscopgML-9300, Meijitech). The applied voltage

also observes various secondary instabilities such as the zi?—nd the wavelength of patterns were measured with an elec-
zag instability, the Eckhaus instability, the abnormal roll in- ngkmultlmeter(I_(ellthlelzy-ZOdOO and an optﬁ:al rr:ucromefter
stability, and so ofi4—7]. For the last three decades EC hasi ! on),_tLespelc;[_lve y. In order totcaptureht ec ar:jge of pat-
been intensively studied experimentally and theoretically,ernS with real ime on a computer, we have used an image
: 50oft (Scion Image and an image boardPCI-VES5, Scion
and could be understood more systematically. HoweverCorporation Company
there still remain many questions related to various pattern We have found typical patterns between crossed polariz-
formations in electrohydrodynamic instability. In this report ers, as shown in Fig. 2. The side-view WD was observed in
we address EC in nematic liquid crystals in Hele-Shaw cellsi:igj 2a), which corre.sp.sonds to the well-known WD in the
[8] in which we can directly observe full convective struc- standard top viewin the xy plane cells. Due to the small
tures; the standard patterns such as the WD, the dynamifiicknessr, the wavelength of the present WD is much
scattering modgDSM) below a critical frequencyc, and  smaller than that of the standard cells (- d). Above a
the chevron pattern abovig [9,10]. In addition to these, a threshold voltag& microparticles flew along theaxis, i.e.,
sawteethlike pattern that was not expected before has beghe orientation of the arrows depicted in the picture. Increas-
observed. We have investigated the stability problem of theng Vv further fromV,, the WD was evolving into an unex-
dissipative structure in terms of the Busse diagfdml.  pected pattern in Fig.(B). Hereafter we call it the sawteeth
We have prepared Hele-Shaw cells, as shown in Fig. lpattern (STP. The STP showed a peculiar flow along the
The thickness of nematic films between two slide glasses o
was safely maintained with electrodes. We have used a com y liquid crystal

mercial aluminum foil (=12 xm) or a micropolished stain- -
less cutter (=180 um) as the electrodes. The gajpbe- . -
tween two electrodes was set dr+ 200 wm, 500 m, and
X &
- Y
(—f——= -
/

slide-glass

1000 um. The dimension of nematic films in thedirection electrode

was sufficiently large 26 mm). In order to achieve
the planar alignment, we carried out the rubbing treatment |
along thex direction parallel to the glasses. A well-known d ”

nematic liquid crystal, MBBA -p-methoxybenzilidene- FIG. 1. A Hele-Shaw(side-view cell. Electroconvection pat-

, - .
p’-n-butylaniling was used in the present study. Moreover,tems are observed in thez plane. In the case of the standard

in order to observe the flow of electroconvection, small Patop-view) cells, one observes the patterns in the plane forr

ticles [micropegrl(Seki_sui _Chemicalof diameter 3.86um] >d. The director of a liquid crystaMBBA) with a negative di-
were mixed with the liquid crystdl12]. Across these cells  glectric anisotropy £=<0) has a preferred orientation along the
was applied an alternating electric fidld= Eycos(2rft) [E axis. An electric field is applied parallel to theaxis.
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FIG. 3. A pattern evolution with increasing voltage for a fixed
frequencyf =100 Hz ¢ =12 um, d=1000m). () 0V, (b) 42V,

(c) 54V, (d) 63V, (e) 73V, and(f) 135 V. They show a successive
AT YT transition from a rest stat@) to a fully developed turbulencé).
bl A An unexpected sawteeth pattei®TP is found in(e). (c) and (f)

g - g 3. . correspond to WD and the dynamic scattering m@d&M) ob-

j ' served in the standardop-view) cells, respectively. The scale of
the white bar in(c) is 200 um.

with changingf, as shown in Fig. 4. As in the case of the
standard cells, we have reproduced the characteristic fre-
quency dependence of¥/. [15] below and abovef,.
[1,2,16,17.

We have investigated the stability of the standard convec-
tive structure[i.e., the WD in Fig. 2a)] by the voltage-
FIG. 2. Typical patterns in a Hele-Shaw cell=12 um, d

=500 um). (a) The side-view WD(Williams domain atv=35 V 150 : :
and f=2000 Hz), (b) the sawteeth patter(STP atV=42 V and |
f=2000 Hz),(c) the surface vortices corresponding to the chevron | o®
pattern in the standardtop-view) cells (at V=130V and f 120 - | o™ s
=6000 Hz). The arrows indicate the direction of the flows corre- /
sponding to electroconvection. The scale of the white bars is 5 g0 | el 1
100 gem. = !

o /6 |
edges of the sawteeth, as depicted in Figh).2Figures 3 E 60 |- .,,o’ : .
show an evolution process with increasiigThe sawteeth = |
start to grow near both the electrodsge the lower part of 35 ".,,.-" |
Fig. 3(d)], and then they form a remarkable STiR Fig. = i £ ]
3(e)]. Eventually, at a high voltage it becomes a fully devel- I/
oped turbulence state called the dynamic scattering mode 0 ' ‘ ' ' — '
[8,9]. 0 1000 2000 3000 4000 5000 6000 7000 8000

On the other hand, above a critical frequerigya clearly Bfequenicy (1]

different pattern was found in Fig.(@, which may corre- FIG. 4. The frequency-dependence of the threshold voltage

spond to the so-called chevron pattern found in the standarg ejectroconvection in a Hele-Shaw cellr£12 um, d
cells[8,10,13,14. There exist small-scale vortices near both—1000.m). The f, represents the cutoff frequencyf(

the electrodes, as can be seen in Fi@).2A surface insta- 5700 Hz). The STPs are found in the shadowed parts alfpye
bility must be dominating in this(dielectrio regime where the threshold has not been precisely determined because of
>f.). By observing a starting flow, we have determinéd inherent experimental difficulties.
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FIG. 5. The critical wave numbey, of the side-view WD at
applied frequenciesf (r=12 um, d=1000um). q. (f=fg
=100 Hz)=0.013um™ ! was chosen for the voltage-frequency
jump method(see the detail in the text

FIG. 6. The Busse diagram in a Hele-Shaw cek=@(2 um, d
=1000um). E andNSindicate Eckhaus and neutral stability lines,
respectively. They are theoretically well known és~3Q? for E
andeys~Q? for NS, as depicted. Fofa)—(c), see the correspond-

. . ing pattern selections after the voltage-frequency jump in Figs. 7
frequency jump method4,11,18. In order to determine I(V\?itt?same Iabelir:)_:; vollage-requency jump i Fg

stable structures, we have measured the critical wave number

gc(f) at the onset of convectidii9], as shown in Fig. 5. We _ _ _ _
have chosen a final stable structufe=0.013um 1 atV,  ©f pattern dynamics. Figure 6 shows typical pattern-selection
=22.5 V andf,=100 Hz, to which a jump was made from Processes in th@—« plane, whereQ=(q—dc)/d. ande

any initial states with the wave numbay. When jumping = (V2—V2)/V2 are the normalized wave number and volt-
from the initial statex);(V;,f;) to the final stateg.(V.,fo) age, respectively. In regicia) aboveE-line (eg~3Q?: Eck-

by changingV andf simultaneously under the GPIB control haus ling the pattern withg; had no remarkable change,
of the field generator, we have observed the transient procesghile it experienced the well-known Eckhaus instability in

FIG. 7. Pattern selections after
the voltage-frequency jump(a)
no remarkable change(b) the
Eckhaus instability(c) simple de-
caying and rearranging. These pat-
tern selections arise in regions
(—(c) in Fig. 6 (with same label-
ing).

042702-3



BRIEF REPORTS PHYSICAL REVIEW B8, 042702 (2003

region(b) betweerE lines andNS (eys~ Q?: neutral stabil-  bulk instabilities in the dielectric regionff:) have been

ity line) lines. In region(b) we have observed creation and discussed for a long time in the standdtdp-view cells
annihilation of the convective structure pairs, as seen in thél4,16,17, our experimental results in Hele-Shaw cells ob-
upper parts of Fig. (b). In region (c) the pattern withg; viously support the surface instability. Moreover, compared
decays monotonically and appears again wjth Their cor- 10 the standard cell case a strong anchoring due to the small-
responding processes are shown in Fig. 7. Although an{€SS ofr causes a large shift of the threshold voltage and
other instabilities such as zigzag and skewed varicose inst§Mall wavelengths. We have also found an unexpected con-
bility were not found due to the present geometry, we hav ective structur_e(STF) with a peculiar flow that has never
experimentally observed the neutral and Eckhaus instabilitp€€" reported in the standard cells, namely, due to the geo-

boundaries and checked a consistency of the two instabilit)'€tri¢ dimension of cells as well as the director alignment,
lines in the stability diagram in Hele-Shaw cells he successive pattern-forming scenario to turbulence is dra-

[4.13,20.2]1 matically changed22,23. Finally, the universal relationship
’In ’su;”nmary we have directly observed the convectiv between Eckhaus and neutral curves in the Busse diagram

&or quasi-one-dimensional systems has been successfull
structures below and above a critical frequerigyin Hele- d y y

_ : . . : confirmed in the present Hele-Shaw cells.
Shaw (side-view cells. By observing the motion of micro-
particles, the convective structures below and akigweould We would like to thank S. Suenaga for technical support.
be discriminated. The small vortices near both the electrodeshis work was partly supported by a Grant-in-Aid for Scien-
were dominating abové,, while the large convective struc- tific Research from the Japan Society for the Promotion of
ture was manifested belofy . Although these surface and/or Sciences.
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