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ABSTRACT: Until recently, it was an empirical fact that chiral liquid crystal phases were produced only from
enantiomerically enriched liquid crystal materials. Ferroelectric smectic liquid crystals have always been composed
of enantiomerically enriched molecules as well. Here we describe the first example of the formation of chiral
supermolecular liquid crystalline structures from achiral bent-core molecules (bow phases or banana phases). In one
case, a metastable antiferroelectric bow-phase structure is macroscopically chiral, with bulk samples composed of
chiral macroscopic domains of either handedness. This system represents the first known liquid conglomerate. In
addition, based upon a directed design approach exploiting control of interlayer clinicity, a ferroelectric liquid crystal
conglomerate has been created from a racemic mixture. In this case bulk ferroelectricity is obtained by spontaneous
polar symmetry breaking. Copyright 2000 John Wiley & Sons, Ltd.
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INTRODUCTION delight, providing very interesting and unusual examples
of spontaneous chiral symmetry breaking and sponta-

Ferroelectric liquid crystals (FLCs) combine the power- neous polar symmetry breaking in smectic LCs. These

ful macroscopic property of net polar symmetry and a phenomena, of interest from both fundamental and

resulting spontaneous (indefinitely stable) macroscopic applied viewpoints, are briefly described below.

electric polarization, with the processibility of a fluid.

This combination is unique, and has led to a huge

research and engineering effort to create useful phOtoniCBACKGROUND

devices and systems exploiting FLCs. At this point these

are not commercial. However, it appears likely that high-

volume products based upon FLCs, ranging from rear-

projection HDTV sets based upon FLC-on-silicon

The basic geometry of the well-known chiral smectic C*
phase (SmC* = a tilted, layered LC phase composed of
. . X i : enantiomerically enriched molecules) is given in Fig. 1.
microdisplays to flexible displays for smart credit cards The polar symmetry and macroscopic polarization of the
and photonic switches for the Interretill become SmC* phase was first proposed, then demonstrated by
important in the first decade of the new century. At the Meyer et al. based upon simple symmetry considera-
same time, the fundamental science of chiral smectictionsft The key spontaneous symmetry-breaking events
liquid crystals (the most heavily studied variety of FLCS) \\hich occur with formation of the SmC* phase are (1)
continues to evolve at a pace surprising even to Iong'termbreaking of isotropic symmetry with spontaneous

members of the FLC research community. formation of long-range orientational order characteristic
One of the most exciting of these new FLC research of calamitic (composed of rod-shaped molecules) LC

areas involves the LC phases formed by bem'coreqphases (the average long axis, or molecular director, of
smectic mesogens, often referred to as banana phases 9fe molecules in the phase are, on average, parallel); (2)

bow phases. This area has proven a stereochemicatormation of long-range positional order in one dimen-

sion, producing the well-known layered structure char-
*Correspondence tdD. M. Walba, Department of Chemistry, Campus ~ acterizing smectic LCs; and (3) a uniform tilt of the

Box 215, University of Colorado, Boulder, Colorado 80309, USA. molecular director within each layer, and from layer to
Contract/grant sponsor: Ferroelectric Liquid Crystal Materials ;

Research CenterContract/grant number:NSF MRSEC DMR- layer, producing the synclinic layer interfaces of the SmC
9809555. phase. These spontaneous symmetry breaking events by
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Figure 1. Basic structural features of the chiral smectic C*
phase

themselvesproduce a phase with the non-polar C
symmetry.Meyer's et al. key insightwasto realizethat
if the moleculeswere made enantiomericallyenriched
(not a spontaneoussymmetry breaking!), then the
symmetryof this SmC* phasebecomesC,, a subgroup
of C_., andthereforepolar.

Still to this day, all known switchablepolar smectics
(both ferro- and antiferroelectric)possesone twofold
symmetryaxis(the polaraxis)in theferroelectricstate In
orderto avoid the problemof unambiguouslhestablish-
ing the'director’ to definethegeometryof thesystemwe
definethe SmCtilt planeto be normalto this polar axis,
as shown. Furthermore,we define the polar plane to
containthe polar axisandthe layer normal.

Achiral polar smectics

Until 1996, all known ferro-/antiferroeletric smectics
were composedf enantiomericallyenrichedmolecules
after the Meyer paradigm. The polar nature of an
anticlinic bilayer smecticcomposedf achiralmolecules
(C,y symmetry), however, was pointed out in the
literatureat leastasearly as1993by Cladisand Brand?®
In bilayer smectics,well known prior to the 1990s,
adjacentlayer interfacesare, by definition, different.
Owing to this spontaneoussymmetry breaking, each
layerin a bilayer smecticis necessarilypolar, with polar
ordering along the layer normal. All known bilayer
smecticswere untilted, however, leading to a macro-
scopicnon-polarstructurewherepolar orderwithin each
layer is opposedn the next. Anticlinic layer interfaces
aretilted smecticlayer interfaceswhereinthe molecules
tilt in oppositedirectionsin adjacentayers.
Calamitic‘'monolayer’ smecticspossessingll anticli-
nic layer interfaces,in both chiral and achiral systems,
were well known aswell. In 1996, Soto Bustamanteet
al.® working in the Darmstadt group of Haase,
discovereda tilted smecticbilayerin acrylateside-chain
polymer—monomemixtures.Their systemwasprovento

Copyright0 2000JohnWiley & Sons,Ltd.

I AN
NN s T
A T SN
F1177177 FIIAAE

Figure 2. Structure of the achiral antiferroelectric SB/B phase
and the achiral ferroelectric state produced upon application
of an electric field

be a smectichilayer by x-ray scatteringwhich showeda
smectic layer spacing much larger than the largest
possiblemolecularlength (this is the only unequivocal
signatureof a smecticbilayer to our knowledge).The
pyroelectric behavior and dielectric responseof the
materialshowedt to be antiferroelectricwith switching
to degenerateferroelectric statesupon application of
electricfields of oppositesign®

Soto Bustamanteet al.® proposeda structurefor this
phase(hereafterreferredto asthe SB/B phase)where
layer interfacesalternatebetweenanticlinic and syncli-
nic, as indicatedin Fig. 2. The forces leading to the
synclinic layer interfacesare apparentlyweak enough
thatswitchingto theall-anticlinic ferroelectricoccurs,as
indicated.Furthermorethereshouldbe hysteresisn the
switching, meaningthat both the antiferroelectricphase
and ferroelectric state both exist as minima on the
hypersurfaceat somevaluesof appliedfield (including
possiblyat zeroappliedfield).

Sincewe definethe tilt planeasbeingnormalto the
polar axis in the ferroelectric state of a smectic
antiferroelectricthe averageong axis of the molecules
(director) in the SB/B bilayer phaseis not tilted in
projection on the tilt plane! We denote the polar
ferroelectricstateasan SmAR- structure(Smindicating
alayeredstructure SmAindicatingnotilt of thedirector
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Figure 3. Structure, phase sequence and transition tem-
peratures (°C) of two prototype bow-shaped mesogens. The
structures of mesogens 1 and 2 were first reported in Refs &
and ®, respectively. The G, structure proposed for the high-
temperature LC phase of 1 in Ref. 8 is shown at top right
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in the tilt plane, SmAP indicating a polar structurefor
layer pairs,andsubscriptF indicatingferroelectricorder
of the polarizationof adjacentayer pairs).Similarly, the
antiferroelectricground stateis denotedSmAPR, (sub-
script A for antiferroelectric)ln the SB/B case boththe
SmAP, and SmAR: structuresare achiral, the ferro-
electric state possessingC,, symmetry. The SmAP,
structureof the SB/B groundstatehasbeenverified in
thin freely suspendedilms.’

Application of an electricfield to a pair of molecular
isomers,one of which hasa netdipole momentandthe
otherof which doesnot, hasa very smalleffectuponthe
relativefreeenergieof thetwo isomersunlesshefieldis
extremelylarge. However,the collective free energyof
LC phasess affectedby appliedfieldsin anexquisitely
powerfulway—thisis the basisof mostLC applications,
andoneof the mostbeautifulaspectof LC structureIn
an antiferroelectricapplicationof afield causeghe free
energyof theferroelectricstateto becomdowerthanthat
of the antiferroelectricstructureat someaccessibldield
strengthowingto thefreeenergytermassociatedvith the
coupling of ferroelectricpolarizationwith appliedfield
(seeFig. 5). This is the natureof a true antiferroelectric.

BANANA MANIA

At the 16th InternationalLiquid Crystal Conferencen
June 1996, Takezoeand co-workersstarteda flurry of
activity in the FLC community with the report of an
achiralferroelectric’bananaphase’observedor banana-
shapedmesogensof type 1 (Fig. 3).2° A ferroelectric
structurewasproposedor the high-temperatte smectic
phasein these compounds(labeled B2 in the phase
sequenceshown),asindicated.This proposedstructure
is SmAR:. Furthermoretexturesobservedoy polarized
light microscopyin this phasepromptedTakezoeandco-
workersto suggesthe spontaneouformationof a helix
normalto the polar axis, unwoundby applicationof an
electric field. It was suggestedthat this spontaneous
chiral symmetrybreakingmight involve chiral confor-
mationsof the mesogens.

Since Takezoeand co-workers original report, the
groupsof Weissflod® and Heppké* have corroborated
the key observations,and Weissflog's group has
synthesizednew variations on the structural theme
showingsimilar phases? Studiesof the currentresponse
of parallel-alignedsamplesn responsdo appliedfields
by Weissflog led that group to proposean antiferro-
electricgroundstatefor the hightemperaturg@haseof the
octyloxy homologueof 2, and our work, as discussed
below, showsthis to be correctfor bothdiestersl and2.

Takezoe, Weissflog and Heppke all suggest that
packing of the banana-shapednolecules within the
layersis the key to the observedpolarorder* somewhat
analogoudo OsipovandPikin’s modelfor the polariza-
tion in the SmMC* phaseinvolving packing of steric
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Figure 4. lllustration of the proposal that the in-layer polar
order in the bow phase is driven by the layer interfaces (see
discussion in the text)

dipolesin banana-shapeaiolecules:® Furthermoreit is
atfirst attractiveto considetheantiferroelectrimatureof
the bow phasedo be a manifestationof an electrostatic
free energyterm favoring a non-polargroundstate.The
existenceof the SB/B phase, however, suggestsan
alternativeway of thinking aboutthe molecularoriginsof
both the polar orderwithin eachlayer andthe antiferro-
electric ordering of adjacentlayersin the bow phase
system.

Thus, considerthe SmAP, phaseshownin Fig. 4(A).
This graphiccaptureghe essentiaktructuralfeaturesof
the SB/B phaseEachlayeris polar,butthe‘stericdipole’
argumentloesnot seento holdin thesecalamiticlayers.
Thestericpackingargumenteresimply favorsthelong-
range orientational order within eachlayer (molecular
directors parallel). The origins of the critical relative
clinicity of adjacentayersin thebilayersmecticdoesnot
seem well suited to a conventional ‘steric packing’
argument.If the moleculesin alternateadjacentlayers
werecovalentlylinked to form dimers(e.g.at the arrow-
heads), the resulting structure [Fig. 4(B)] possesses
antiferroelectric order if the dimers maintain a bent
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Figure 5. Antiferroelectric electrooptics observed for diester
2 in 4 um transparent capacitor cells. The alignment has the
tilt plane parallel to the substrates, with the polar axis within
each layer perpendicular to the substrates. Here we have
shown the ferroelectric state as a minimum on the
configurational hypersurface at zero field. This is not
necessarily the case, although at some value of the applied
field both the ferroelectric and antiferroelectric structures
must be minima on the surface
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shape (a bow phase), although the ‘steric packing’
situationhasnot changed.

Thisdimerstructures thesameastheantiferroelectric
bow-phasestructure illustrated in Fig. 4(C). In this
model,moleculesof type 1 and2 areconsidereddimers,
with a benzenering linking two mesogensThe rigid
nature of the metadisubstitutedlinking group of the
dimer enforcesone ‘anticlinic layer interface.’ A priori,
the otherlayer interfacecould be anticlinic (Fig. 3), or
synclinicasshownin Fig. 4(C)—indeedthelatterwould
be expectedbaseduponthe typical behaviorof alkyl-or
alkoxybenzylidenanilinesin tilted smecticsThis model
requires no special steric dipolar packing within the
layers to maintain the in-layer polar order of the
antiferroelectricphase.Rather, the structureis driven
primarily by the layerinterfacesThatis, bentmesogens
(possessingffectively two ‘molecular directors’ linked
by arigid spaceenforcinga 12’ anglebetweerthem)in
a smecticwith all synclinic layer interfacesof necessity
possesseisi-layer polar orderandantiferroelectricorder
betweenayers,asshownin Fig. 4(C)

The first liquid conglomerate

As suggeste@dbove ourown experimentsvith diestersl
and 2 in thin freely suspendedilms provethatin such
films thehightemperaturéB2’ phases antiferroelectric,
in agreementvith the current/voltage-basedssignment
of Weissflogandco-workers.The powerfultechniqueof
depolarizedeflectedight microscopywith thepolarizer
and analyzerslightly uncrossedrevealedan additional
structural feature not previously suggested® Specifi-
cally, the datashowedthatin the freely suspendeéiims,
the averagdong axis of the bow-shapedlimersis tilted
in the planenormalto the polaraxisin eachlayer (thetilt
plane), indicating a structure wherein the layers are
chiral. This chirality results from a combination of
uniform tilt within thelayerandspontaneoupolarorder
normal to the plane of this tilt. We use the descriptor
SmCPto denotethesephaseqdSmC=tilt, P=polar, no
asterisk= molecules are achiral or racemic in the
isotropicphase).

Additional studies of the electrooptic behavior of
diester2 in transparentapacitorcells (4 um commercial
Displaytechcells, parallel-rubbedlow pre-tilt polyimide
on ITO/glasssubstratesyevealedthe existenceof four
diastereomerid_C structuresfor 2, a beautifully rich
supermoleculastereochemistryor this material. Upon
cooling from the isotropic melt, diester 2 forms an
unusuabmecticLC textureexhibitingtwo differenttypes
of domainsin the polarizedlight microscopebetween
crossedpolarizer and analyzer.The majority domains
(typically morethan90% of the sample)showa striped
textureat zerofield, asshownon the left in Fig. 5.

Application of an electric field abovea thresholdof
about5 V um ! causesa dramatic switching of the

Copyright0 2000JohnWiley & Sons,Ltd.
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Figure 6. Minority domains formed by diester 2. Domains
often appear as a cylindrical focal conics (the layers are more
or less perpendicular to the substrates, and are arranged as
nested cylinders), as can be seen in these photomicrographs.
The layer structure in the stripe texture of the majority
domains and the SmA-like structure of the minority domains
(zero field) is contiguous. The SmA-like nature of the
ferroelectric state of majority domains (right, periphery),
and the antiferroelectric phase of the minority domains (left,
center), is easily seen in these photomicrographs (the
polarizer is oriented vertically)

sampleto acleansmecticA-like focal conic(here'SmA-

like' refersto a texture where the optic axis in the
domains is oriented along the layer normal). Upon
removalof thefield the stripedtexturerapidly re-forms.
The alignmentis suchthat the layersare more or less
normalto the substratesyith the directorparallelto the
substratesandthe polaraxisin eachlayer normalto the
substratesThereis apparentlyno azimuthalanchoringof

thedirectorrelativeto therubbingdirection.As indicated
in Fig. 5, this behavioris consistentwith an antiferro-
electric phasewhich switchesto a diastereomeriderro-
electric state upon application of a field. The
antiferroelectricstructureexhibits the stripedtexturein

the cells, while the ferroelectric structure exhibits the
smoothSmA-like texture.

Interestingly,anothepair of supermoleculastructures
is observedn the B2 temperatureangefor diester2 in
4um cells. Upon cooling, these ‘minority domains’
appeamscleanSmA-like focal conicssurroundedy the
stripedtextureat zerofield, asshownontheleft in Fig. 6.
Most of the area of this picture consistsof a single
cylindrical focal conic layer structure. The minority
domainin the centerof theimageclearly showsthe optic
axisis orientedparallelto thelayernormal(the polarizer
is vertical in thesephotomicrographs)Application of a
field switchesthis structureto an SmC*-like texture
wherethe optic axisrotatesby +6 from thelayernormal
dependingon the signof the appliedfield. This behavior
is strikingly chiral, in the sensethat a clockwise or
counterclockwiserotation of the optic axis occursin
responseo applicationof an‘up’ or ‘down’ field normal
to planeof rotation.Half of suchdomainsin the sample
are‘right handed,respondingvith clockwiserotationto
a ‘down’ field, while half of the minority domainsare
‘left handed, rotating counterclockwisen responseto
the samesign of appliedfield. To our knowledge,this
chiral electroopticbehaviorrepresentshe first observa-
tion of a liquid conglomerate analogousto Pasteur’s
observationof the chiral natureof the famousracemic
sodiumammoniumtartratecrystals.

J. Phys.Org. Chem.2000;13: 830-836
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Figure 7. Structure of the SmCP diastereomers. The
subscripts on C and P refer, respectively, to clinicity (Syn
and Anti) and relative polar order (Ferro and Antiferro), of
adjacent layers. The chirality descriptors + and — are defined
as follows. If the ‘arrows’ fitted to the molecular bows are
oriented parallel to the cross product of the layer normal and
the director (z x n), the chirality is said to be positive (+). If
the arrows are opposed to z x n, the chirality is negative (-).
In all of these symbolic structures, the layer normal is in the
plane of the page. When the molecules are viewed with the
polar plane parallel to the page, the molecular directors are
tilted out of the page, as suggested by using light and dark
lines to build the structure

Cooling the sampleof diester2 producesa first-order
transitioninto a newtexture,labeledB4 in Fig. 3. Many
experiment®nthis phaseconfirmthatit isin factachiral
crystalline phasewith some sort of helical periodicity
normalto thesubstrategqiving riseto Braggreflectionof
left- or right-handed circularly polarized light from
macroscopicallghiraldomainsTheselectivelyreflected
light is blue, leadingto the name‘blue crystal’ for the
phaseproducingthis texture.Many bent-corematerials
with alkoxy (but not alkyl) tails show the blue crystal
phase-t1*

Melting of this crystalphaseproducesexclusivelythe
macroscopicallychiral ‘minority’ domains.The texture,
essentiallydevoid of striped domains,may persistfor
manyminutes,evenunderelectricfield driving. Thisis a
remarkable example of the kinetic stability of a
metastableliquid crystal structure. In addition, this
observationsuggestghat somehowthe structureof the
blue crystal favors a transition into the metastable
antiferroelectricphaseof the minority domainsrather
thanthe stripedantiferroelectrigphase Thisis analogous
to kinetic control in an isomerizationreaction—very
commonin chemicalreactionsbut unusualin LC phase
transitions.

Copyright0 2000JohnWiley & Sons,Ltd.

Theobservatiorof thefour distinctstructureshownin
Figs5 and6 provesthe existenceof atleasttwo different
(diastereomericininimaonthe hypersurfacef diester2.
The existenceof a pair of macroscopicallyenantiomeric
minima are also proven by the chiral responseof the
minority domains.The origins of the stripedtextureare
complex,asdescribedn detail in our previouspublica-
tion on this subject® Based upon the electrooptic
behaviordescribedibove coupledwith carefulmeasure-
mentsof the birefringenceof the differentdomaintypes
and detailed freely suspendedilm experiments,these
resultsshowthatthreeantiferroelectriasomericsmectic
structuresare presentas minima on the hypersurfacdor
diester2 at zerofield. Theremay alsobe minimafor the
ferroelectricstatesat zero field, but not necessarily A
descriptionof the interestingstructureof theseisomers,
and the beautiful analogy between molecular and
supermoleculastereochemistryn this system follows.

The SmCP diastereomers

The structureof the four supermoleculadiastereomeric
structuresobservedor diester2 areillustratedin Figure
7. Orthogonalviews of eachLC structureare given; a
projectionof thestructurein thetilt planeontheleft, and
the structureprojectedon the polar plane on the right.
The ‘arrow heads’and ‘arrow tails’ indicatedby © and
®, representhe orientationof imaginaryarrowsfitted to
the molecularbowsfor the projectionsin thetilt plane.
We considerthe moleculardirectorto be alongthe ‘bow
string’ of the molecularbows. The directoris parallelto
thetilt plane,andtilted out of the polar plane.The key
structuralfeaturein this systemis the geometricchirality
of eachlayer, which derivesfrom a combinationof the
tilt andspontaneoupolar orderingwithin the layer.

The four diastereomersnay be consideredto result
from the combinationof three independentsupermol-
ecular stereogenicelements:(1) the chirality of each
layer (4 or —); (2) therelative interlayerclinicity in the
tilt planefor adjacentayers(synclincor anticlinic); and
(3) Therelative orientationof the polar axesin adjacent
layers(ferroelectricor antiferroelectric) Each‘element’
hastwo possibleconfigurations)eadingto four diaster-
eomericstructures.This is similar to, but not identical
with, thepresencef threetetrahedraktereogenicenters
in a molecularstructure.

The majority domains of 2 at zero field (the
thermodynamically stable phase) possessa structure
wherethe tilt is synclinicin adjacentlayer pairs, while
thepolarizationof adjacentayer pairsis antiferroelectric
(SmGsPa). Adjacentlayersin this structureare necessa-
rily heterochiral affording a macroscopicsupermolecu-
lar structure with net achiral symmetry. By
supermoleculaanalogywith molecular stereochemical
languagethis diastereomenwhich existsasone achiral
structurecomposedf chiral parts,is termed‘'mesa’ In

J. Phys.Org. Chem.2000; 13: 830—-836
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solid-state organic stereochemistry,such a structure
would be termeda macroscopicracemate Application
of an electricfield to this antiferroelectricdiastereomer
produceghe correspondinderroelectricstatewith layer
chirality unchanged.Thus, the meso antiferroelectric
isomerSmGsP, switchego themesderroelectricisomer
SmGC,\P:. The anticlinic SmC\Pr appearsoptically like
an Sm, phase(optical axis alongthe layer normal)with
smallerbirefringencethanthe synclinic SmGs structures
whenthelayersarenormalto the substrateandtheinput
plane polarized light is propagating normal to the
substrates.

The minority domains exhibited by diester 2 are
macroscopicallehiral, with anSmGC,Pa structureThere
aretwo SmGC, P, enantiomerssuggestinghe descriptor
‘dl' for this diastereomeby analogyto conventionaldl
pairsof enantiomersn aracemateln this case however,
the enantiomericentitiesare macroscopidomains—the
sampleis a conglomerateThe antiferroelectricground
statehasthe optical axis along the layer normal (SmA-
like), with bothenantiomergxhibitingidenticaltextures
in the polarizedlight microscopeA singlechiraldomain
of SmG,\P, is similar to the groundstateof the classic
chiral antiferroelectricSmGy* phaseof MHPOBC® but
composedof moleculesachiral in the isotropic melt.
Again, electric field-induced switching maintains the
layer chirality, affording the dl ferroelectric structure
SmGsP=. The latter structureis analogousto a SmC*
FLC.

A FERROELECTRIC BANANA

Sincethe initial discoveryof polar electroopticsin the
bow phasesmanyhundredf bent-coremesogensave
been synthesizedand studied*® A variety of textures
have been observedby polarized light microscopy,
denotedB1 —B7. The B2 and B7 texturesare electro-
optically active, and the most heavily studied. As
describedabove, the two phasesmaking up samples
with the classicB2 textureare antiferroelectric.Indeed,
until recently all known electrooptically active bow
phasesvereantiferroelectricOwingto potentialapplica-
tions of ferroelectric bow phases(the largest second-
order non-linearoptical susceptibility observedto date
for aliquid crystalwasin a prototypebow-phasg’), and
as an interestingproblemin supermoleculastereocon-
trol, we embarkedon a projectaimedat the designand
synthesisof a thermodynamicallystable (at zero field)
ferroelectricbow phase'®

Thestructureof the newmaterial triester3, is givenin
Fig. 8. The designrationalebehindthis simpleanalogof
the classic bow-phasemesogen2 derives from con-
siderationof the SmCPstructuresshownin Fig. 7, and
reproducedn Fig. 8. Considerthe synclinic antiferro-
electric and ferroelectric structures SmGP, and
SmGsP, respectively. Both are synclinic in the tilt

Copyright0 2000JohnWiley & Sons,Ltd.
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Figure 8. The structure and ‘texture’ sequence of triester 3.
In the representation of the structures of the SmCsP isomers
in the bow plane, the layer normal is not in the plane of the
page (i.e. the layers are not perpendicular to the page)

plane.FortheseSmGs structuresasshownin Fig. 8, the

plane containingthe director andthe polar axisin each
layer (themolecularbow plane)is macroscopicsincethe

bow plane in all the layersis parallel. Figure 8 also

presents projectionof the structuresn this macroscopic
bow plane.In this orientation,it canbe easily seenthat

the antiferroelectricstructureis also ‘synclinic’ in the

bow planeusingthe ‘dimer mesogenmodelfor the bow

phasemesogenslescribecabove(whereeachhalf of the

moleculeis consideredan independenmoleculardirec-

tor). Theferroelectricstructureis ‘anticlinic’ in the bow

plane.

It is well known that synclinic layer interfacesare
preferredperhap®wingto increaseantropyfrom outof
layer fluctuations.However,a powerful stereochemical
control elementfavoring anticlinic layer interfacesin
conventionalcalamitic LCs is also well known. Speci-
fically, the 1-methylheptyloxycarboyl (MHOC) tail
found in MHPOBC}® either unichiral or racemic,
promotesthe formation of anticlinic layer interfacesin
the tilt planeof the chiral antiferroelectrics.This plane
becomeshepolarplanein the SmCPstructurejeadingto
the design of a bow-phasemesogenpossessingone
racemic MHOC tail as a candidatefor the desired
ferroelectricmaterial.

Synthesisof the targettriester3 provideda mesogen
exhibitingthebeautifulandunmistakablé37 texture® In
4um LC cells, this texture is characterizedby the
appearanceof gold twisted ribbons or tubes at the
isotropicto B7 phasedransition.Thesetwistedstructures,
clearly chiral, occur in either handednessin addition,
gold focal conic domains occur in the sample, and
eventuallythe twistedtubesannealinto the focal conics.

J. Phys.Org. Chem.2000; 13: 830—-836
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The x-ray behavior,electroopticsand behaviorin freely
suspendedsamples are novel and complex for this
material. The datatakenasa whole, however,showthat
triester3 possessea ferroelectricgroundstatewith the
target SmGsP= structure’® Of course with racemic
moleculesa conglomerateas produced.

Our work suggestghat both the B2 and B7 textures
occurfor SmCPphasesthetexturaldifferencesnvolving
theLC alignment.Antiferroelectricexamplesf both B2
(describedn detailabove)andB72° materialshavebeen
reported.Triester 3, however,is to our knowledgethe
only ferroelectrichow-phasemesogerpreparedo date.
In this case the net polar order derives from a
thermodynamigreferenceor anticlinic layerinterfaces
in the bow plane(or someothercollective preferencdor
the parallel orientationof the polar axesin all layers).
This representsa spontaneousbreaking of non-polar
symmetryin athermodynamicallystablefluid smectic.

CONCLUSION

The first example of spontaneouschiral symmetry
breakingin aliquid crystal,producinga liquid conglom-
erate,is describedor diester2. In thenewLC structures,
composeaf moleculesvhich areachiralin theisotropic
liquid, layersare polar, this polar orderbeingkey to the
observedchirality. It is suggestedhat the clinicity at
layer interfacesis an important driving force for the
formationof this polarstructure Proofof the existenceof
six distinct supermoleculawvells on the configurational
hypersurfaceat zero field has been obtained. All six
structuresare easily seenin 4 um transparentapacitor
LC cells by polarizedlight microscopy.The apparent
groundstateof the systemhasa ‘meso structure,here
meaningmacroscopicallyachiralbut composeaf chiral
elementsThis antiferroelectrigphaseswitchesto a meso
ferroelectricstate A secondoair of metastablestructures
arealsoeasilyseen.At zerofield, an antiferroelectricdl
pair of macroscopicallychiral domainsis observed.
Thesedomainsare indistinguishableby polarizedlight
microscopy.Electric field-inducedswitching, however,
revealsheterochiralSmC*-like domainswhich respond
in a dramatically chiral way to the applied field,
producingbeautiful visual evidenceof the existenceof
theliquid conglomerate.

The first example of spontaneouspolar symmetry
breakingin a smecticLC, producinga ferroelectricoow
phasecomposedf racemicmolecules,is describedfor

Copyright[d 2000JohnWiley & Sons,Ltd.

triester3. In this case,net macroscopigolar symmetry
wascreatedby design,by producingthermodynamically
stableanticlinic layer interfacesin the bow planeof the

SmCPsystem,providing a stable SmGsP: ferroelectric
conglomerate.
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