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We use the discrete phenomenological model to study theoretically the phase diagrams in antiferroelectric
liquid crystals(AFLCs) as a function of optical purity and temperature. High sensitivity of the phase sequence
in the AFLCs to optical purity is attributed to the piezoelectric coupling which is reduced if optical purity is
reduced. We limit our study to three topologically equal sméig)phases: SnG", SmCL, and SmCZ and
show that the reduction of optical purity forces the system from the antiferroelectric to the ferroelectric phase
with a possible Sn&’, between them. The effect of the flexoelectric and the quadratic coupling is considered
as well. If the phase diagram includes only two phases,C3rand SmE}, the flexoelectric coupling is very
small. The materials which exhibit the S@j: in a certain range of optical purity and temperature, can be
expected to have a significant flexoelectric coupling that is comparable with the piezoelectric coupling. Upon
lowering the temperature the phase sequenceASaBm-C; — Sm-C*— Sm-Cj, is possible in systems where
guadratic coupling is very strong.
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[. INTRODUCTION the period of the helicoidal modulation extends over a few
layers only. The phase transition between the Gmand
Antiferroelectric liquid crystal§AFLCs) were discovered Sm-C” is of an isostructural type and can be recognized by
more than 15 years ago when macroscopic properties of mixdifferential calorimetry measurements only if the changes of
tures of left- and right-handed MHPOBC, nowadays knownthe properties like the length of the modulation period or the
as a prototype antiferroelectric liquid crystal, were studiedilt magnitude is abrupf9]. More exact measurements like
[1]. Scientists were surprised at the rich variety of phasesimultaneous measurements of optical rotatory power and
found in these systems and at the influence that the opticahe tilt [10] have shown that the sm; phase exists also at
purity has on the phase sequence. There is a number of phiewer optical purities but transforms continuously to the
nomena found in these complex systei®s6] and the mac-  structure of the SnG" phase with a very rapid change of
roscopic properties of some of the phases were explaineshodulation period within an extremely narrow temperature
only recently by the phenomenological theoretical modelingrange(a few mK) [11].
[7]. Optical purity has a strong influence on the phase se-
In chiral antiferroelectric liquid crystals there always ex- quence. The effect was first studied before a decade and a
ists at least one phase with antiferroelectric properties, thenost interesting result was observed. Until then it was gen-
smecticc; phase(SmC’,;). Due to the oppositelyanticlini-  erally believed that the number of phases increases with in-
cally) tilted elongated molecules in the neighboring layers,creasing optical purity and that the S@j-can exist only in
the piezoelectrically induced polarization is cancelled outoptically pure samples. The experiments showed, however,
and the system behaves antiferroelectrically in the externahat in some materials the S@: phase does not exist in
electric field. The structure is additionally helicoidally modu- optically pure samples, but it can be observed if optical pu-
lated by a double helix formed from anticlinically tilted lay- rity is reduced[12]. Since these measurements did not re-
ers. The length of the pitch depends on optical purity and it izeive an adequate explanation for a decade the scientists
infinite in racemic mixtures. The synclinically tilted ferro- from this field were challenged to search for the explanation
electric SmE™ phase is also often found in AFLCs. It is [13]. Recently this high sensitivity of AFLCs to optical pu-
stable at higher temperatures than the ngnphase. In the rity has been attributed to changes in smectic ofdét.
temperature range between the S)*;pand the Sne” phase In this paper we offer a different mechanism that may also
two other phases with a short modulation over 3 and 4 layersontribute to the observed behavior. We account for the de-
and long helicoidal modulation over at least few hundred ofscribed properties of the phase diagram of antiferroelectric
layers can exisi6]. They are called Snﬁs{:l’l and Sme:l’”, liquid crystals within the framework of the discrete phenom-
respectively. In optically very pure samples the 4-layer phasenological model. We limit our consideration to the phase
is sometimes stable within the same temperature range as tdeagrams of three topologically equal phases, also called the
Sm-C" phase[8]. Directly below the transition to the tilted clock phases, Sr&’, Sm-C,,, and SmE,, that all have heli-
phase, the phase called SB-can be stable. This phase is coidally modulated structures with modulation periods of a
topologically equal to the S~ phase(which means that few hundred layers, of a few layers, and of approximately
the translation for one layer plus the rotation for the phaséwo layers, respectively. All three phases may appear directly
angle around the layer normal is the symmetry operatioln ~ below the nontilted S phase. Experimentally three differ-
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ent phase diagrams have been obsef&15,18, which larization of the completely polarly ordered laye8]. Be-

are presented schematically in Fig. 1. The aim of our study isause of that the polar order parameter will be referred to as
to show that interactions due to the chiral molecular symmepolarization

try might be responsible for the observed macroscopic be- The free energy of the smectic system wiHayers is
havior. The plan of the paper is the following. First we

present the discrete phenomenological model and discuss the

theoretical predictions on how optical purity affects the N 1 1

phase sequence. Then we present theoretically obtained=a> -(T-To& + beﬁ Ealo(gj - &j+1)

phase diagrams in which stability regions of phases are i=1
shown as a function of temperature and optical purity. Fi- 1, 1 , 1
nally we discuss the results and draw the conclusions. + 531151(51' &) + qu(& &) 5f1(§j X &j11);
1, , 1 1
. MODEL + Eboﬂj + Ebl(nj i) + ébz(ﬂj “Me2) + Cola7; X &),

We use the discrete phenomenological model] and 1
write the free energy of the system in terms of the tilt vector . = (= _ £ . 1
£ and the polar order parametex (see Fig. 2 in the jth 2’“(§J_1 &) @

smectic layer. The tilt vector is the projection of the director
n to the smectic plane and its magnitude is equal to theilt )
The Spontaneous po|arization in th:h |ayer is proportiona| The terms written are the lowest order terms allowed by the

to the polar order paramete;=Py»;, wherePy is the po- ~ Symmetry of the chiral smectic phase. The first two terms in
Eq. (1) describe the phase transition from the nontilted to the

. tited phase, which in an isolated layer occursT&T,. In-
teractions with neighboring layers increase the phase transi-
— n tion temperature td@,; > T,. The four terms in the second line

of the Eq.(1) describe the coupling among the tilts in the
neighboring layers. This coupling can prefer either synclinic
or anticlinic ordering of the tilts so the parametgp can be
either negative or positive, respectively. Tag term, which
depends on the magnitude of the tilt, describes the effect that
with the increasing tilt the anticlinic ordering in the neigh-
boring layers becomes more favorable. The quadratic cou-
pling (bg) equally favors synclinic and anticlinic ordering in

” the neighboring layeril9,20, sobg is negative. The ternfy

9 is the discrete analog of the Lifshitz term and reflects the

g chiral symmetry of the phase.

The parameterb,, b;, andb, give the electrostatic inter-
action among the permanent dipoles inside the layer, be-
tween the nearest layers and the next nearest layers, respec-
tively. It was shown[21] that the electrostatic interaction
is described by two order parametegs:and #;. The tilt vector£, between the nex’g nearest layers does not significanyly affect
points in the direction of the projection of the directorto the  the Structure, so in the rest of the paper welsst0. Since
smectic plane(the xy pland. Its magnitude is®. The phase Polar order is induced by the tilt, it does not behave critically
angle between the tilt vector in thigh and the(j+1)th layer is ~ and therefordy, is always positive. The parameteyis also
bj+1- ¢=a and it is constant. In the S8 phasea~0 and in the positive, because for _elo_ngated _molecules with transverse di-
Sm-C}, phasea~ . The polar order paramete, lies in the smec- poles the electrostatic interaction between the neigboring
tic plane and it is perpendicular to the tilt vectés) Top view on  layers always favors antiferroelectric orderii@g]—the sys-
the layers. The ellipse now presents the projection of the moleculégem can, of course, still be in a ferroelectric phase if
on the smectic plane. a10<0.

! (a)
FIG. 2. The geometry of the problem and the definition of the

order parameterga) Smectic layers run along thedirection. Mol-
ecules lie on the tilt cone; the magnitude of the tillisThe system
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The last two terms in Eq.l) are the coupling terms be- N 1 1
tween the tilt and polarization. The piezoelectric coupling G= ay, —(T-Ty) 9+ -bd*+ Ealoﬂz COS«
(given byc,) decribes the effect that the rotation around the =1 4
directorn is hindered in tilted phases. In chiral systems this 1

1 1 . 1
leads to the macroscopic polarization of the smectic layer in ~ * 5"3\11194 cosa + 5%04 cos a+ Eflﬂz sina + Ebonz
the direction perpendicular to the tilt. If the tilts in the layers
next to the considered layer are different this affects the hin- 1, :

ST : + —byn° cosa—cydn— udysina. 2
drance of rotation in the considered layer and as a conse- 27 @bt U S @
quence the layer polarization changes. This effect is called S .
flexoelectric coupling and is given by the term with the pa-When the free energhEq. (2)] is minimized with respect to

rametery. the magnitude of the polar order parameigwe find
All the parameters are given in the units of K, except the ,
parametem, which has the unit J iK™, _ (Gt psina)d 3)

. . 7 :
Although the model is phenomenological and the vectors by + by cosa

£; and ij; define the average orientation of the tilt vector and h \arization insi | hus | ith
the average polarization, respectively, in the whole layer, the. et'FI)to _aruzatloln |_nS|?e onle a;(/jert u;’ mcretﬁses Vx't Imcre_:tas-
physical significance of the terms in the free endigg. (1)] ing t ;[h € po arllza; lon asol_ ep)e_n s ontine Otﬁ cal purity,
can be understood from the microscopic point of view. The Nc€ i € Iplez_c;e ectric coupling;) increases with increas-
magnitudes of the phenomenological parameters and thelp9_optical purtly.

. ! Elimination of the polar order parameter from E®)
sign essentially depend on the molecular structure and ther

fore on the interplay of the entropic effects and the intra anjeadS to the free energy expressed only in tilt vectors:

interlayer steric and electrostatic interactions among the con- N

stituent molecules. Steric interactions are attractive due to Gla=, E(T —To) 9%+ }bﬁ“ + laﬂy cosa
the induced dipole-dipole interaction or repelling due to the =12 4 2

excluded volume effects. The electrostatic interactions are 4

due to the permanent dipoles. Excluded volume steric inter- + %be co o+ %Eaﬂzcoiia)

actions between the nearest layers prefer synclinic while the

attractive steric interactions prefer anticlinic ordering of the 3

long molecular axes. When temperature reduces, the inter- +EE?»6zsin(ia)
layer molecular diffusion decreases, the excluded volume ef- 25 '
fect becomes less important and as a result the attractive

steric interactions prevail which leads to anticlinic ordering.The electrostatic interaction mediates the indirect coupling
In general the molecules are not cylindrical but are to som@among the layers which extends up to the fourth-nearest
extent flattened. In the scope of the generalized moleculgayer. The whole set of the effective achif@) and chiral

asymmetry mode[19,23,24 steric quadrupole can be as- (fy harameters is given ifil7]. The effective parameters

signed to this molecular a'lsymmetr'y.and it it 1S .Ia'rge eno.ugrbetween the nearest and the next nearest layers determine the
such molecules equally like synclinic or anticlinic ordering type of the clock phaséSm-C*, SmCx, or SmC*). The
a’ A .

in the neighoring layers. couplings up to the third and the fourth nearest layers are

~ We assume that the phenomenologlcal parameters ent anortant only when phases S8}, and SmCx, , need to
ing the model are temperature independent. Their magnitu e considered. Although in the numerical calculations we

IS, however., affected by the optical purity Qf the sa_lmple. Thenave included the whole set of the effective parameters, we
parametex is chosen as a measure for optical purity. In pure

samplesx=1 and in a racemic sampbe=0. The change in have checked thzﬁg, a4, andf; actually have no influence
optical purity has a pronounced effect on the magnitude ofn the phase diagrams when only clock structures are con-
the parameter§, andc, that reflect the chiral symmetry. We S|dere_d. Because of that we discuss in more detail only the
assume that they reduce linearly with reduced optical puritfﬁ?Ct'Ve _parameters between the nearest and the next-nearest
since in the racemized sample they are both essentially zer§€ighboring layers:

So we writec,=Xcyy and f,=xf,,. The rest of the terms can 5 5

have only an even power dependence on optical purity and B =t (Eg + M_)b_l (4)

have a nonzero value in the racemic mixture. The main de- 1o by 4by/ by’

pendence on the optical purity is in the chiral terms and
because of that the effect of optical purity on the rest of the

i=1

2 K2
parameters is neglected. B,=— G b + '“_2 (5)
In this paper we focus only on the clock structures where 2bg b% 2by
the polarizatior(s) is perpendicular to the tilt vector and the
angle between the tilt vectors in the neighboring layers is 5 2 b2
constant and equal t@. In this case the free energfq. (1)] fi=f+ —P—'“(l + —12) , (6)
can be expressed as bo 4byg

041701-3



N. VAUPOTIC AND M. CEPIC PHYSICAL REVIEW E 71, 041701(2009

Sm-A

~ C/.Lbl
fo=— ==, 7
2 by by @ T-T.[K]

The type of the structuré€Sm-C* or Sm-Cj,) depends mainly
on the sign and the magnitude of the paramaterlf it is
negative, synclinic ordering between the neighboring layer:
is favored, and anticlinic ordering is favored if it is positive.
The second term ia; [see Eq(4)] is always positive, since
by andb, are always positive, and its magnitude increases i
optical purity (and thusc,) increases. The parametay, can

be either positive or negative. But even if it is negative
(a10<0) the effective couplingdescribed bya;) might be
such that the anticlinic ordering between the nearest layers
preferred, providing that the effect of piezo- and flexoelectric

coupling(the second term ig; [see Eq(4)]) is large enough Sm-A
to overrun the direct coupling term between the tilts in the 0

neighboring layers. This means, that in materials in whicr 7-7, K]

Cpo Is large enough, the reduction of optical purity drives the 27

system from the antiferroelectric to the ferroelectric state.
In materials where the effective achiral coupling betweer

the next-nearest layefs,) is positive, this coupling favors o
anticlinic ordering between the next nearest layers. This or
dering is in contradiction with both the synclinic and the -8
anticlinic ordering in the nearest layers and it enforces the
stability of the SmE” phase if the condition [d;| <3, is -104

satisfied[17]. If upon reduction of the optical purity the ef- ] - p—
fective achiral coupling between the nearest layers change . . : . . : . . ——
sign, the stability condition for the SiI@% phase is bound to 00 010203 0403 . 06 07 08 09 10

be satisfied in a certain range of optical purity and the fol-

lowing phase sequence can be observed when optical purity FIG. 3. Phase diagrams if no flexoelectric coupling is present.
is reduced: sm;;_> Sm-CZ—>Sm-C*. (a) bg=0; without the dotted linef;=-0.01, with the dotted line:

We finally discuss the case af, being positive. In this f1=—0.05; the inset: temperature dependence of the phase angle
case the effective paramet@; is positive at all optical @ in the SmC, and the Sme* phase; from left to right:
purities, only its magnitude changes. In such system only=0:4.0.5,0.6(b) f;=-0.05 the insetia(T) in the Smc;, and the
Sm-C;, and SmE?, can exist. The phenomenological param-SM-C” phase ak=0.65; thin dotted and solid lindg=-1; thick
eters might be such that at high enough temperatures and &¢tted and solid linebg=-10. Solid and dotted lines on the phase
low enough optical purity the conditioré4<73, is satisfied |agrams denote the *dISCOHtIr]UOUS'and the contlnuo.us t.ranS|lt|ons,
and then the system is in the S&}-phase, otherwise it wil respecnve:}y. The Sng, phasefls de5|gnatedhto the_reglon_ln which
be in the SmE}, phase. The phase diagrams shown in Fig. @>02. The common set of parameteys=0, ¢,=4x, b=120,

be ob donlvi h 0 and in th 10=-0.4, a;,=4, bp=2, and b;=by/10. All the parameters are
can be observed only in systems wha{g< 0 and in the rest given in the units of kelvinT; is the transition temperature to the
of the paper we focus on such systems.

tilted phase.

est and the next nearest layer interacti@sis negativé so
Ill. THEORETICAL PHASE DIAGRAMS a very simple phase diagram, containing only the Sfn-

) ) _ _ phase and the S8~ phase, is expected. When the chiral
The aim of this work was to obtain theoretically the phasey,;qel parametefy, is very small the phase diagram is in-

diagrams that qualitatively agree with the experimental phasggaq simpldsee Fig. 8)]. This diagram qualitatively agrees

diagrams, shown in Fig. 1. Fqllowing that goal we use thevyith the phase diagram in Fig.(d. However, if f,y is in-

model presented above and discuss the effect that changesdp,aseq; the helicoidal modulation can become so large, that

optical purity have on the phase diagram. We also discuss th@a structure might be recognized as the S}k;pphase. The

effect of the quadratic and the flexoelectric coupling. Finally j, < angle increases continuously when temperature is low-

we show that by looking at the specific characteristics of the,req. |n Fig. 8) we show the region of optical purity and

experimental phase diagram one can predict which couplinggmperature in which the phase anglés greater than 0.2.

are most important in a given material. ) __This modulatior{see the inset to Fig.(8] is already so large
First we focus on the effect of the piezoelectric coupling 4t the phase might be recognized as the Gpphase.

(cp) and set the flexoelectriq) and the quadratic coupling  Next we include the quadratic couplirige), which tends

(bg) to zero. In this case only three effective interlayer pa-y, giapilize synclinic or anticlinic phases. The presence of

rameters(a; =ay o+ Ciby/bj, d,=—cbi/(2b7) and f,=f,) are  small quadratic coupling reduces the region of stability of the

different from zero. There is no frustration between the nearSm-C* phase significantly as seen in Figbg This phase
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diagram qualitatively agrees with the phase diagram show Sm-A
in Fig. 1(b). At even larger quadratic coupling the Smi- 0 '
phase “grows” into the region of the S@f: phase and the TT.[Kl
Sm-C;, phase is almost expelled from the phase diagram a
seen in Fig. ).

The diagrams shown in Fig. 3 can be used to predict hov
a phase diagram for the material which has stronger o
weaker piezoelectric coupling looks like. If, for example, the
piezoelectric coupling,, is reduced by a factor of 1.5, the
new phase diagram would be obtained by a simple rescalin
of the optical purityx, which should be multiplied by the
same factor, i.e., by 1.5. So, in this case the region of stabil
ity of the SmC* phase would extend to higher optical purity,
in the chosen example to> 1. In the case of the very strong
quadratic coupling the rescaled phase diagram of Hig. 3
gualitatively agrees with the phase diagram in Fig).1

Let us emphasize that when the flexoelectric coupling is
negligibly small the SnG; phase is obtained solely due to
the strong chiral twist. However, it is more likely that the
main origin of the S’ phase is the frustration between :
the nearest and the next nearest layer achiral couplin —_—
(a,>0). This frustration is possible only in materials in ’ :
which flexoelectric couplingw) is important. So in the rest
of the section we discuss the effect of the flexoelectric cou:
pling in more detalil.

T-T [K]

The flexoelectric coupling has several effects. As already 37k O
I i 1 i '12 T T T T T T T T ,I 1
mentioned it changes the effective cqupl_lng betvyeen the ne» A
nearest layerfsee Eq(5)] so that anticlinic ordering is pre- X

ferr >0). It is also important th he effectiv
erred(@>0). Itis also important that 4t 0 the effective FIG. 4. Phase diagrams at finite flexoelectric coupling: the effect

chiral couplings up to the seco_lﬁdee Eq.(?)] and the t.hm.j. o{ the sign of the effective chiral coupling and the magnitude of the
nearest layers are present. This couplings have a significan

effect on the magnitude of the phase anglelt is shown duadratic coupling(a) 1=-1,=0.08¢ the inset:a(T) at x=0.6.
below that when the effective chiral couplings between thelt) f1=f2=-0.08 the inseta(T) atx=0.5. Both graphs: thin solid

nearest and the next nearest layers are opposing each ot dotted lineby=-2; thick solid and dotted linéog=-10. Solid
the region of stability of the s phase is significantly and dotted lines on the phase diagrams denote the discontinuous
[24

~ ~ and the continuous transitions, respectively. The common set of
reduced compared to the case whirandf, have the same parametersy.=0.3, G,=4x, b=120, a;5=-0.4, a;;=4, by=2, and

sign. At fixed flexo(u), piezo(cyo) and electrostati¢hy,by) = /10.
interactions the sign of the effective parametedepends on

the magnitu_de of the chi_ral model p_aramefgdj _[see Eq. In Figs. 4a) and 4b) we also show the effect that the
(6)]. Only minor changes in the magnitude of this parametefncreased quadratic coupling has on the phase diagram. Since
(i.e., minor changes in the molecular struclucan cause a quadratic coupling enforces synclinic or anticlinic phases
change in the sign of,; which then essentially leads to a the region of stability of the Sn&), phase is reduced. The
significant reduction or enlargement of the stability region ofSm-C* phase is pushed towards higher optical purity and in
the SmC’ phase as shown in Fig. 4. a certain region of optical purity one obtains the following
In Figs. 4a) and 4b) phase diagrams are shown for ma- phase sequence: SA->Sm-C,— Sm-C*—Sm-C, upon
terials which differ in the magnitude of the chiral model lowering the temperature. In the phase diagrams shown in
parameterf,. In the phase diagram shown in Figapthe  Fig. 4 the phase transitions S8t— Sm-C, and SmE],
effective chiral couplings between the nearest and the next- Sm-C, are discontinuous and the phase transition
nearest layers prefer the opposite helicoidal modulation angm-C;,— Sm-C* is continuous. However, the type of transi-
are trlus opposing each other. In this case the stability of th#on depends strongly on the strength of the piezo and flexo-
Sm-C,, phase is limited to the region of optical purity where electric coupling and on the effective chiral coupling be-
the general condition for the stability of the SB)- phase tween the nearest layers. In Fig. 5 we show the phase
(4/3,| <3y is satisfied. If the parametdr, is slightly in-  diagrams which are obtained if the flexoelectric and the ef-
creased Fig. 4(b)] the effective chiral couplings favor the fective chiral coupling are increased and the piezoelectric
same sense of the helicoidal modulation. So even in theoupling is reduced. At low quadratic coupling one can ex-
region where the general condition for the stability of thepect the phase diagram shown in Figa)5 The phase tran-
Sm-C, phase is not satisfied, the helicoidal modulation is sasition SmC},— Sm-C, has become continuous and the phase
large that the structure might be recognized as theC3m- transition SmE* — Sm-Cj, remains discontinuous. Addition-
phase. ally we have a discontinuous transition SBh— Sm-C;, at
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FIG. 6. Temperature dependence of the phase anglat
x=0.7 for the phase diagram shown in Figbp At this optical
purity all three clock phases are observed when temperature is re-
duced below the transition temperatdiéo the tilted phase. All the
transitions are discontinuous. A schematic diagteop view on the
layers is shown for each phase. The numbers count the successive
layers.

of the SmEC* phase in Fig. t) would extend to«> 1, which
means, that in the optically pure samgle=1) one would
observe the following phase sequence upon lowering the
temperature: Smiv— Sm-C, —Sm-C*—Sm-C, and this
FIG. 5. Phase diagrams at=0.5, ¢,=—3x *];1:_0.175( and would agree with the schematic diagram shown in Fig).1

P ’ ' 46\3 already mentioned the rescaling of the diagram shown in
Fig. 3(b) also gives a phase diagram which qualitatively
agrees with the one on Fig(d, however the origin of the
Sm-C’, phase in Figs. 3 and 5 is different.

?2=O.O75<. The rest of the parameters are the same as in Fig.
(&) bg=-2; the inseta(T) at x=0.5 (thick line) and atx=0.6 (thin
line). (b) bg=-10; the inseta(T) atx=0.57: the transition from the
Sm-C}, phase to the Sn&* is continuous. Both phase diagrams:
solid and dotted lines denote the discontinuous and the continuous

phase transitions, respectively. The Shphase is designated to IV. CONCLUSIONS

the region in whicha<1.5. . i
The discrete phenomenological mo@Er] reproduces the

0.45<x<0.55. If the quadratic coupling is increased the sta-general phase diagrams that are consistent with the experi-
bility region of the SmE* phase increases at the expense ofmental result§15]. We have shown that the reduction of
the SmC;, phase[see Fig. ®)]. The diagram is similar to optical purity can change the effective coupling between the
the one shown in Fig.(®), but the phase transition from the neighboring layers thus forcing the system from the antifer-
Sm-C}, to the SmE* has become discontinuous. Only in a roelectric to the ferroelectric phase with a possible Sn-
small range of optical purity the transition is still continuous. phase between them.
The variation of the phase angle with temperature is shown From the experimental phase diagrams one can predict
in Fig. 6. At low temperatures tilts in the neighboring layerswhich phenomenological parameters are the most important
are anticlinic and slightly distorted from the antiparallel ori- for the studied material and also conclude about their sign. If
entation, which is typical for the Si83 phase. Upon heating the phase diagram includes only two phases, Gmand
the structure discontinuously transforms into the synclinicSm-Cj, the flexoelectric coupling is very small. The materi-
helicoidally modulated structure of the S@t-phase. Close als which exhibit the SnG} phase in a certain range of
to the transition temperature to the nontilted phase the phasgptical purity and temperature, can be expected to have a
difference again changes discontinuously and the helicoilarge chiral model parametéy, or/and the flexoelectric cou-
dally modulated structure with a short pitch, i.e., the Smpling that is comparable with the piezoelectric coupling.
-C’ phase, becomes stable. When temperature is lowered, the phase sequenceA Sm-
The phase diagrams shown in Figs. 4 and 5 are agair> Sm-C;,—Sm-C*—Sm-C, is possible in materials in
generic. They can be stretched or compressed in the horizomwhich quadratic coupling is very strong. The transitions can
tal direction by a simple rescaling of the piezoelectric parambe discontinuous only if flexoelectric coupling is significant
etercy and the chiral model parametéy, For example, if ~as well. However, one should keep in mind that in such
both parameters are increased by a factor of 1.5, the “elbowhaterials the intermediate phases &p; and SmEg,
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with a short modulation over three and four layers are usuevidence that the Sr@% phase in some materials does not
ally present as wel[7,15]. We have also shown that the exist in optically pure samples, however if optical purity is
phase transition from the S@ phase to the Sn&* can be reduced, this phase can be observed. According to the pre-
either continuous or discontinuous, depending on the opticaented model the reduction of optical purity affects the mag-
purity [see Fig. ®h)] as already experimentally observed nitude of the inlayer polarization, as a result the interlayer
[11]. electrostatic interactions change and this affects the effective

We conclude by pointing out that the proposed modelinterlayer interactions which depend on the electrostatic and
gives a possible explanation for the perplexing experimentaihe steric effects.
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