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The semi-phenomenological model of antiferroelectricity in chiral
smectic liquid crystals²

II. The phase transitions and phase diagrams

S. PIKIN*, M. GORKUNOV
Institute of Crystallography, Russian Academy of Sciences, Leninskii prosp. 59,

117333 Moscow, Russia

D. KILIAN and W. HAASE
Institut fuÈ r Physikalische Chemie, Technische Universitat Darmstadt,

Petersenstr. 20, 64287 Darmstadt, Germany

(Received 19 December 1998; accepted 22 February 1999 )

In the framework of the model of short pitch modes (SPM) developed for chiral smectics
with inclined molecules, the phase transitions and diagrams in antiferroelectric systems are
described. It is shown that the families of antiferro- and ferri-electric phases are controlled by
a few physical parameters such as the smectic correlation length and the chirality parameter.
The sequences of antiferro- and ferri-electric states are explained as being dependent on the
interactions between SPM and the conventional long pitch mode (LPM), the ferrielectric
states being described in terms of the obvious coexistence of LPM and several SPM.

1. Introduction in the smectic planes, which correspond to various
stars in n layers-unit cells. In the presence of a smallAlong with the models [1± 8] applied for the con-

sideration of very complicated problems related to anti- incommensurability dqn = qn Õ kn , the n-SPM describe
weak ferrielectric states. In the case when SPM andferroelectric structures and the properties of new liquid

crystalline substances, it is useful to consider a certain LPM coexist, the ferrielectric properties must be very
pronounced.semi-phenomenological description of these new phases.

In our previous paper [9], we proposed a thermo- In the present paper, we shall describe various phase
transitions and phase diagrams which are possible indynamical approach for the description of antiferro- and

ferri-electric chiral smectics with inclined molecules. This the framework of the proposed model. It will be shown
that, in fact, the families of phases are mainly managedapproach was related to the structures assumed for

such smectics possessing complicated spatial director by a few parameters. The nature of the so-called SmC*
a

phase and the reasons for its existence in a very narrowdistributions J (z) along the crystalline z-axis. Function
J (z) is, in fact, the sum of terms from so-called short temperature interval near the point of phase transition

to the SmA phase are discussed. The sequences of ferri-pitch modes [10] (SPM with amplitudes H n and large
wave numbers qn ) and the long pitch mode (LPM with electric and antiferroelectric states (including the so

called SmC*
A phase and some intermediate states) areamplitude H L and small wave number qL ). The n-SPM,

in the absence of any incommensurability, describe pure explained to be dependent on the interactions between
the SPM and LPM. The induction and suppression ofantiferroelectric structures with unit cells along the

z-axis, in which the projections of the two dimensional the long pitch mode by strong short pitch modes are
described.vector J (z) on the xy-plane have azimuthal distributions

(stars) J (zs ) at points zs corresponding to the coordinates
of the smectic layers in the unit cell. In such a case,

2. The thermodynamic conditions for the origin ofqn=kn=m/nl, where m=1, 2, ¼ , n=Ô m, Ô (m+1), ¼ , l
SPMis the thickness of a monomolecular layer, and the

In the simple approximation of non-interacting SPM,polarization vectors form closed manifold geometries
the free energy density F consists of spatially homogeneous
and spatially heterogeneous parts. In this approximation,*Author for correspondence.

² Part I see ref. [9] when only the terms quadratic in H j are taken into
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1116 S. Pikin et al.

account, we have in the temperature TCA due to the existence of the con-
ventional helix [11]. Figures 1± 5 schematically show

F = F*+F q = �
j

F j = �
j

Aj H
2
j the temperature change of the parameters Aj (t) below the

temperature TA for di� erent arrangements of the An(0)
and AL (0) points.= �

j C R

TA

(T Õ Tj )+r fjDH 2
j (1)

It should be noted that the magnitudes Tn(dqn),
according to equations (6) and (10) from [9], eitherwhere the positive constants R and r have the dimen-
increase with increasing number n when n3 p> m2 anÕ 1 j2

sions of coe� cients Aj (i.e. of energy density), functions
or decreasewith increasingnumber n when n3 p< m2 anÕ 1 j2 :fj = fj (t) are given by equations (14) and (16) and the

referred temperature t is given by (11) from [9]. It
dTn ; [Tn (dqn ) Õ T *]3 (dqn )2 3 C |n|n

mj2 Õ
ma

n2 pD2

. (5)should be remembered that equation (1) is written for
non-interacting j-modes, and therefore the magnitudes
H j are the only tilt angles at all points zs in the unit cell In the example considered with n < nm ax = 3 at m = 1
for each mode. When the interactions between di� erent (see ® gure 3 from [9]), for the 1(n = 1 )-, 2(n = Õ 2)- and
modes are taken into account, the tilt angles at di� erent 3(n = 3)-SPM, we see from equation (5) that
points zs in the unit cell become di� erent for a given

T1 (dq1 )< T2 (dq2 )< T3 (dq3 ) if p> anÕ 1 j2 (6a)
n-mode.

T3 (dq3 )< T2 (dq2 )< T1 (dq1 ) if 27p< anÕ 1 j2As mentioned in [9], temperatures Tj may be di� erent
if qj are not exactly equal to kj ( j = n and Tj = Tn for the (6b)
n-SPM), Tj = TL being also di� erent for the long pitch

the temperature inequalities being changed for di� erentmode with qj = qL (kL = 0), Tj = T * for qn = kn . For
intervals of the anÕ 1 j2 values.simplicity, it was assumed that the phenomenological

Temperature TL , which formally corresponds to largeparameter t is equal to zero at the temperature TA , at
values of n&nm ax , may be larger than all the temper-which the ® rst phase transition from the smectic A to
atures Tn(dqn), i.e. TA < TL , (TA Õ TL ) is of the order ofa chiral smectic with inclined molecules occurs, and,
(Õ bÄ a2 TA ). For the conditions (6a), TA is close to T3 ,besides, increasing positive values of t correspond to a
(TA Õ T3 ) is of the order (TA n2 /j4 ); (TA Õ T2 )$ 6TA n2 j Õ 4 ;decrease of T below TA . In general, Tn Þ TA Þ TL , but
(TA Õ T1 )$ 9TA n2 j Õ 4 . These assumptions (as a model)the di� erence between these temperatures is much less
correspond to the observed increase in the phase transitionthan their values, i.e.
temperatures when the period of the structures increases
and they are useful for further estimations. For othert3

TA Õ T

TA

. (2)
conditions, for instance (6b), the considerations are
quite similar.Here, we shall continue to consider the case from [9]

Equation (4) shows that the line AL (t) has a positivewhen the point t(TA ) = 0 may be slightly below point
slope under the conditiont(TA C ), i.e. temperature TA is slightly higher than temper-

ature of the phase transition to the chiral smectic C (bÄ a2 nÕ 1 l2 Õ 1) > 0 (7)
phase TA C .

but this slope is negative for the inverse inequality. TheThe appearance of the j-waves is determined by the
® rst case is probable for su� ciently large values of thecoe� cients Aj vanishing in the F j terms at some points
correlation length l, because of the small values ofTc, j . The magnitudes Aj are written as small positive
the parameter ab. For simplicity, we shall assume thatvalues of t in the form
bÄ a2 l2 > # n, i.e. the line AL (t) has a weak positive slope.
Function AL (t) has a zero value at t = t0

L ,An(t)= R CTA Õ Tn

TA

Õ A1+
p|n|3 bÄ a

m2 Bt+
bÄ

2
(n3 pt)2D

t0
L =

bÄ a2

2(bÄ a2 nÕ 1 l2 Õ 1)
(8)(3)

which can be relatively large.
AL (t)$ R CTA Õ TL

TA

Õ
1

2
bÄ a2 + (bÄ a2 nÕ 1 l2 Õ 1)tD (4) Now, by equation (2), we can describe the changes of

functions Aj (t) dependent on the material parameters bÄ ,
where bÄ = 2r/R. Because of the weakness of the incom- a and j. Near the TA point, the A3 (t) line has a narrow
mensurability e� ects, it is reasonable to assume that all the local minimum. A3 (t) is equal to zero at the points
magnitudes (TA Õ Tj ) are small. The incommensurability
e� ects, accordingly to equation (6) from[9], can e� ectively

t0 1
3 $

n2 j Õ 4

1+bÄ (27pa)
and t0 2

3 $
2a

27p
+

2

bÄ (27p)2 . (9)
shift the transition temperatures similarly to the increase
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1117Phase transitions in antiferroelectric L Cs

In such a case, function A3 (t) has a negative value at Similar calculations show that the intersections of
lines A1 (t) and A2 (t) and of lines A2 (t) and A3 (t) occur,the minimum
respectively, at t = t2 1 and t = t2 3 , where

A3 m in /R$ n2 j Õ 4 Õ
(1+bÄ ¯ 27pa)2

2bÄ (27p)2 (10)
t2 1 < $

a

4p
, A1 (t2 1 )= A2 (t2 1 )#

9n2

j4 Õ
a

4p
(18)

at the point

t2 3 #
2a

35p
, A3 (t2 3 )= A2 (t2 3 )#

n2

j4 Õ
2a

35p
. (19)t3 m in $

1+bÄ ¯ 27pa

bÄ (27p)2
. (11)

For relatively small a, we obtainThe t0 1
3 and t0 2

3 values may be of the same order of value
at su� ciently small j, and, in such a case, the negative
value at the minimum disappears. t3 1 #

4n

27pÓ bÄ j2
, t2 1 #

Ó 6n

8pÓ bÄ j2
, t2 3 #

Ó 2n

pÓ 133bÄ j2
.

The corresponding values for function A1 (t) and A2 (t)
are

(20)

t0 1
1 $

9n2 j Õ 4

1+bÄ ¯ pa
, t0 2

1 $
2a

p
+

2

bÄ p2 , t1 m in $
1+bÄ ¯ pa

bÄ p2 , In general, the intersections 31, 21 and 23 occur at
negative values of the amplitudes Aj (tij ) if the following
conditions are ful® lled:

A1 m in /R$ 9n2 j Õ 4 Õ
(1+bÄ ¯ pa)2

2bÄ p2 ; (12) intersection 31 occurs at t0 2
3 > t0 1

1 ,
intersection 21 occurs at t0 2

2 > t0 1
1 ,

intersection 23 occurs at t0 2
3 > t0 1

2 .t0 1
2 $

6n2 j Õ 4

1+8bÄ pa
, t0 2

2 $
a

4p
+

1

32bÄ p2 , t2 m in $
1+8bÄ pa

8bÄ p2 ,
Thus, at su� ciently small a and at not very large j,

the latter inequalities may be broken and such inter-
sections become impossible. These examples, (8)± (20),A2 m in /R$ 6n2 j Õ 4 Õ

(1+8bÄ pa)2

16bÄ p2 . (13)
show that the chirality parameter and correlation length
control and mutual arrangement of SPM and LPMThe value A1 m in is negative at larger values of the
branches which can di� er from the simple picture showncorrelation length (with respect to the cases of A2 m in and
in ® gure 3 from [9].A3 m in ), and besides, |A1 m in | is smaller than these at the

same j value. In the presence of both negative minima
values, for relatively large j, the lines A1 (t) and A3 (t) 3. The e� ects of intermode interactions on phase
intersect at t = t3 1 , diagrams

To study the characters, sequence and temperatures
t3 1 Q

2a

27p
(14) of the phase transitions under consideration, we should

take into account the more complicated expression for
F :

A1 (t3 1 )/R = A3 (t3 1 )/R $
9n2

j4 Õ
2bÄ a

27
(15)

F = �
j

F j = �
j

Aj H 2
j +

1

2
�
j

Bj H 4
j Õ

1

2
�

hÞ j2
nj1j2 H 2

j1 H 2
j 2and the latter value is negative for the condition

t0 2
3 > t0 1

1 . For su� ciently large j, we have the inequalities
(21)

|A1 (t3 1 )| = |A3 (t3 1 )|#
2bÄ a

27
R. (16) where positive Bj are assumed to be of the same order

of value (Bj # B), and nj1j2 are the constants of the
The value AL (t3 1 ), according to equation (3), is close intermode interactions. The interaction terms may be

to the AL (0) value. The AL (t3 1 ) and A1 (t3 1 ) = A3 (t3 1 ) negative (the nj1j 2 coe� cients may be positive), and this
values have the same order of value at a~1/10. Since means that such interactions induce the appearance of
the negative A1 m in value appears for the condition both the modes. To see the e� ects of these interactions

in detail, we should consider various possible sets ofa

2p
+

1

2bÄ p2 >
9n2 j Õ 4

1+bÄ pa
(17) lines Aj (t), the zero points, intersection points and the

points of minima of such functions and their dependence
on the basic parameters a and j.we see from the inequalities t0 2

3 > t0 1
1 and (17) that, for

decreasing correlation length j, the intersection of lines According to the results obtained above, we can
present now, in the framework of the model, the generalA1 (t) and A3 (t) ® rst disappears and then, for smaller

values of j the negative A1 m in value vanishes. picture of the phase transitions in chiral liquid crystalline
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1118 S. Pikin et al.

materials with various values of correlation length. First At a larger value of j, the slope of the line AL (t)
becomes positive, but, if the lines An(t) lie above theof all, in materials which do not have large j values,

function AL (t) has de® nitely a negative slope, and all t axis, we can only observe again the SmC* phase, see
® gure 1 (b). In ® gures 2 and 3, the An(t) lines shownthe functions An (t) (in fact, n = 1) have positive minima

values. This means that, in such materials we can only have, in fact, no physical sense if j$ 1. With increasing
j, the ® rst line A1 (t), describing the physically existingobserve the phase transition SmA± SmC*, see ® gure 1(a).

In fact, the smectic phase with inclined molecules cannot 1-SPM (nm ax = 1), appears, the ® rst negative minimum
value A1 m in also appears, and the line AL (t) intersect theexist at very low temperatures (at large values of t), i.e.

there is a phase transition either into a crystalline phase t axis at values t&t1 m in , see ® gure 2 (a).
If the L- and 1-SPM waves should not interactor into a low symmetry smectic phase at a certain value

t = tl im . In the problem under consideration, we have between themselves, ® gure 2 (a) could describe the second
order phase transitions SmA± SmC* at the point t(TA C )the limit value of the order of t1 m in 3 a/pabove which the

energies of all the n-SPM become large, and the existence and also the transition SmC* to a ferrielectric phase
(FI state as a coexistence of the long pitch mode andof the long pitch mode might also be unfavourable

above t = tl im . 1-SPM) at the point t(TC* /FI )= t0 1
1 < t1 m in $ a/p. If the

above mentioned value t = tl im is of the order of a/p, we
can observe the phase transition FI to a crystalline state

(a)

(b)

Figure 1. The SPMand LPMbranches of energyas functions

(a)

(b)

Figure 2. The AL (t) and A1 (t) branches for smectics with aof reduced temperature for smectics with a small correlation
length j. Only the SmA± SmC* phase transition occurs, larger j, when the ® rst negative minimum A1 m in appears:

(a) the SmC* and ferrielectric phases occur, (b) theand sets (a) and (b) show the change of slope of function
AL (t) at increasing j. antiferroelectric phase arises at increasing A3 (t).
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1119Phase transitions in antiferroelectric L Cs

at n close to B, the shift of t(TC* /FI ) becomes essential
since A1 (t)$ Õ AL (t) in such a case. The same conclusion
can be reached for the point t(TF I/Cr )= t0 2

1 > t1 m in $ a/p
which shifts to lower temperatures with increasing n,
see ® gure 2 (a).

If parameter j is slightly larger than in the previous
case (in the presence of only 1-SPM) when, at bÄ a2 j2 > 1,
magnitudes AL (0)/R$ Õ bÄ a2 /2 and A1 m in are comparable
in their values and line AL (t) has a larger slope, we
obtain the situation shown in ® gure 2 (b): line AL (t)
intersects the t-axis at the point t0

L which is in between
points t0 1

1 and t0 2
1 . In such a case, we can observe the

phase transitions SmC*± FI at the point t(TC* /FI )$ t0 1
1 ,

FI to an antiferroelectric phase (denoted SmC*
A for the

1-SPM) at the point t(TF I/C*A )$ t0
L , and SmC*

A ± Cr at a
lower temperature if the interaction constant n is small.

At n> B, the corresponding points for the ® rst order
phase transitions shift similarly to those of the previous
case: t(TC* /FI ) shifts to higher temperatures in accordance
with equation (22) and t(TF I/C*A ) shifts to lower temper-
atures accordingly to the equation BAL (t)= Õ nA1 (t). It
should be noted that the equation A1 (t)$ Õ AL (t) may
induce relatively large shifts of the transitions points
since the values AL (0) and A1 m in are comparable, i.e. the
slopes of lines A1 (t) and AL (t) are small. In the FI phase,
where the LPM coexists with the 1-SPM, the weight,
i.e. the amplitude, of LPM continuously decreases with
decreasing temperature. Due to hysteresis phenomena,
there are temperature ranges of coexistence of di� erent
modes in the vicinities of the ® rst order phase transition
points.

At a larger value of j, several SPM could appear, and
the observable SPM is only one of them, for example
the 2-SPM, if other parameters (bÄ and a) are not
appropriate for the existence of negative values of magni-
tude A1 (t). Now, the situation shown in the ® gures 2 is

(a)

(b)

Figure 3. Three SPM [branches A1 (t), A2 (t), and A3 (t)] repeated for the 2-SPM with the same sequence of phase
provide the appearance of several ferri- and antiferro- transitions, but over a more narrowtemperature interval.
electric phases in smectics with large j. A strong mixing In materials with larger values of j, i.e. with a largerof LPM and 3-SPM in a narrow temperature interval

number nm ax ~j/2, the 2-SPM, 3-SPM, etc. modesnear the t =0 point results in the appearance of a speci® c
appear. Let us imagine that the number of SPM is equalferrielectric phase. In an intermediate t interval, where the

weight of LPM is small with respect to the weight of to 3. In accordance with results shown above, the Aj (t)
2-SPM, a new almost antiferroelectric phase arises. Sets branches for all the modes are presented by the ® gures 3
(a) and (b) show the disappearance of the SmC* phase at as functions of increasing values of j. The larger j, theincreasing j.

deeper are the minima of the SPM, the intersections of
which begin to take place at negative values of Aj (t),
the minima of SPM with larger numbers being deeper.at such a temperature (at the point t(TF I/Cr ). The inter-

action (Õ n) between the L- and 1-SPM waves shifts the The slope of line AL (t) becomes larger at the same time.
It is seen that t3 m in is very close to the point t(TA )= 0real phase transition points. For instance, at small values

of n, the point t(TC* /FI ) is determined by the equation and thus to the point t(TA C ). The relatively strong inter-
action between the LPM and 3-SPM may strongly shift

BA1 (t)= Õ nAL (t) (22) the ® rst temperature towards the latter one, especially
at the ® rst order transition. Thus, for materials withand shifts to larger temperatures with increasing n. At

n> B, the C*± FI phase transition becomes ® rst order and, su� ciently large correlation lengths, there is an obvious
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1120 S. Pikin et al.

mixing (coexistence) of the two modes in close proximity for instance in the form
to the t(TA ) point. Therefore, the existence of a speci® c
ferrielectric phase in the vicinity of the TA $ TA C temper-

Õ
1

2
nH 2

L H 2
n +wH 2

L H 4
n (23)ature is very probable in such a case. We can consider

this FI state as the so called SmC*
a phase. It should be

where positive constant n is much less than positivenoted that, for the condition j2 &1, the ® rst zero point
constant w. Thus, if LPM (as a secondary mode) ist0 1

2 of function A2 (t) can also be close to the t(TA ) point
induced by the n-SPM mode, the e� ective interaction[see equation (13)], i.e. in general several modes can

coexist in the narrow temperature interval ascribed to for such an induction is (Õ n/2)+wH 2
n . The latter term

the SmC*
a temperature range. is negative if the leading H n amplitude is small, but the

Since lines A2 (t) and AL (t) intersect at negative e� ective interaction is positive if the H n amplitude is
values of these functions before (with j increasing) the larger than (n/2w)1 /2 . This means that if, at the point of
intersection of lines A2 (t) and A3 (t) at negative values intersection of the AL (t) and An(t) lines, the hn amplitude
of the latter functions, we obtain the situation shown is su� ciently larger, then in fact the induction of LPM
in ® gure 3 (a) when line AL (t) intersects all the SPM is impossible and, therefore, this mode is suppressed.
lines A1 (t), A2 (t) and A3 (t). In this case, we see that In the latter case, a real antiferroelectric state (as the
the existence of the SmC*

a , SmC*, several FI and the n-SPM) could arise.
SmC*

A phases is very probable in the respective temper- The values AL (0) and An (0) are of great importance
ature intervals. Strictly speaking, there is only one anti- for the existence of the f̀amilies’ of phase transitions. If
ferroelectric phase (SmC*

A ) in such a model because the the shifts dTj are very small at large values of j we can
other states includeLPM, but LPMhas di� erent weights expect the situation shown in the ® gures 4, where the
(amplitudes) in each of these states. For instance, in the t0 1

2 value is very close to zero and the slope of line AL (t)
SmC*

a phase the weights of di� erent modes are com- is relatively large. Dependent on these characteristics,
parable; but in the FI phases, the weights of LPM and we obtain the following cases of sequences of phase
various SPM essentially di� er for di� erent temperature transitions: (a) SmA± SmC*

a ± FI± AF, (b) SmA± SmC*
a ± AF,

intervals (see ® gures 3). (c) SmA± AF.
It is seen in ® gures 3 that in the vicinity of the t3 m in The values An(0) may change the sequence

point, dependent on the values of the material para- A3 (0)< A2 (0)< A1 (0) if the inequality n3 p< aj2 takes
meters, the magnitude |AL (t2 m in ) | may be rather smaller place, since the sequence of the temperatures Tn(dqn)
than the magnitudes |A2 (t2 m in ) | = |A2 m in |, whereas in the changes in such a case. For instance, for su� ciently
vicinity of the t2 1 point, the amplitudes |AL (t2 1 ) | and large chirality and correlation length, the inequalities
|A2 (t2 1 )| = |A1 (t2 1 )| may be comparable at su� ciently A3 (0)< A1 (0)< A2 (0) occur, and, correspondingly the
large values of j and for a strong chirality a, see inequalities A3 m in < A1 m in < A2 m in may take place. In this
equations (3) and (18). In such a situation, in a temper- case, the sequence of intersections of lines Aj (t) also
ature interval near the t2 m in point, the weight of LPM changes (see ® gure 5), and we should expect a change of
is rather smaller than the weight of 2-SPM, and this phase diagram.
state may be experimentally classi® ed as an antiferro- If magnitude j is su� ciently large, the A2 (t) and A3 (t)
electric state (the AF phase). In another temperature curves also intersect at negative values of these functions
interval, near the t2 1 point, the weights of LPM, 1-SPM [see ® gure 3 (b)], the moduli of these values being much
and 2-SPM are comparableÐ we denote this state as less than magnitude |AL (t3 2 ) | in the vicinity of the t3 2
the FI(12L) state. Similarly, near the t0 2

2 point, LPM point. Thus, in such a case the SmC* phase disappears,
and 1-SPM have larger weightsÐ the FI(1L) state; but, but appearance of the ferrielectric phase FI(23L) occurs
near the t0 1

1 point, LPM and 2-SPM have larger which has small weights of short pitch modes. We can
weightsÐ the FI(2L) state. Thus, in between the so write the relaxations between corresponding amplitudes
called AF and SmC*

A states, three FI states can exist. It
H L , H 2 and H 3 in the form

should be noted that near the intersection point of the
AL (t) and A2 (t) lines t2 L , if it is su� ciently far from

H L $ C|AL (t3 2 )|

B D1 /2

&H 2 $ H 3 $ C|A2 (t3 2 )|

B D1 /2

.the t = 0 point, the existence of the FI(2L) state (but
only one FI state) is probable.

It is useful to discuss the role of intermode interactions (24)
for such complicated phase diagrams. Let us consider,

To observe the SmC* phase, the weak SPM shouldfor example, the interaction of LPM and n-SPM, taking
be eliminated by the external electric ® eld E whichinto account not only the weak negative third term in

equation (21) but also positive terms of a higher order, eliminates the short pitch wave above a certain threshold

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1121Phase transitions in antiferroelectric L Cs

Figure 5. The phase diagram for a di� erent set of shifts dTj .

Eth , n , for example,

Eth , 3 3
rba2 H 3

m
, Eth , 2 3

rba2 H 2

m
, (25)

where m is the piezoelectric constant. These relations
remind one of conventional relations in which the magni-
tude of the order of K q2 is instead that of rba2 , where
K is the elastic constant. In the case under consideration,
we obtain estimates (25) from the condition which
corresponds to the equality (in the order of values)
Ajm in H 2

j 3 Õ mH j E, where |Ajm in |3 rba2 , mH j 3 Pj is
the polarization of the j-mode, and rba2 &Rn2 n2 j Õ 4 .
If |Ajm in | 3 Rn2 j Õ 4 for some materials, then
Eth , j 3 RmÕ 1 n2 j Õ 4 H j . Thus, small amplitudes of SPM
allow elimination of such weak short pitch waves and
restoration of the SmC* phase or a certain FI state and
simultaneously the elimination of other FI and AF
states. It is also possible to amplify a weak LPM by an
electric ® eld (to increase the H L amplitude) and thus to
induce a hidden FI state.

4. Conclusions
It is shown that the families of phases are mainly

controlled by three parameters: correlation length j,
chirality a and a heterogeneous term to homogeneous
termratio in free energy r/R. These parameters e� ectively
change the positions of SPM and LPM branches at the
phase plane energy/temperature, and thus they deter-
mine the appearance of various phase sequences. The
larger these parameters are, the more favourable is the
appearance of antiferro- and ferri-electric phases related
to SPM and the less favourable is the existence of the

(a)

(b)

(c)
SmC* phase at lower temperatures. The number of SPMFigure 4. The sets (a), (b) and (c) of SPM and LPM at large
increases with increasing j. The real maximum numberj and small shifts dTj provide the change in the phase diagrams.
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of various ferrielectric and antiferroelectric states is close are grateful to the Russian Foundation of Fundamental
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a phase is a mixture of several
for fruitful discussions of the experimental results andshort pitch waves with the largest pitches, and it occurs,
theoretical aspects.in general, in a very narrow temperature interval near
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