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Phase diagrams of lyotropic cholesteric fluids
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Experimental investigations of lyotropic cholesterics fluids are presented which show that changes in the
shape anisotropy and chirality of the micellar population determine the topology of the temperature-
concentration phase diagrams. For given amounts of the substances which induce the chirality and modify the
shape anisotropy of the micelles, two distinct biaxial cholesteric phases are disclosed in the phase diagrams.
This is interpreted in the framework of the catastrophe theory of phase transitions.

PACS numbegps): 64.70.Ja, 61.30.Gd

[. INTRODUCTION peraturd 9,10]. There exists, however, in cholesteric systems
another specific internal degree of freedom, the molecular
The phase diagrams of lyotropic nematic fluids presenchirality, that should also affect the topology of the phase
specific features which are related to the fact that their builddiagrams, and has not been taken into account in the theo-
ing blocks, the micelles, undergo changes in their shape aetical description of Ref§9] and[10]. It has been shown, in
functions of temperature and concentrat{d}. One of the this respect, that the pitch of the cholesteric structure is
most remarkable features is the doubling of the singularitiesstrongly dependent on the micellar anisomgtg].
within a given phase diagram, that was first observed by Yu The aim of the present article is twofold. At first we
and Saup€2] in the lyotropic mixture of potassium laurate, present the results of experimental investigations on lyotro-
decanol, and water (KL/DeOHAD). In this system three pic cholesteric systemSec. 1), which reveal that the inter-
distinct nematic phases are found, two uniaxéenotedNp play between the chirality and anisometry of the micellar
andNc) and one biaxial Klg), which merge at a four-phase population determines in a decisive way the topology of the
“Landau” point with the high-temperature isotropic phase corresponding phase diagrams. In particular we show that for
(iso 1). Another isotropic phaséso 2 takes place at lower given amounts of the substances which induce the chirality
temperature, and the second-order transition lines separatiggid modify the shape anisotropy of the micelles, the phase
the Np, Ng, and N¢ phases seem to converge toward adiagram of the mixtures presents two distinct biaxial phases.
second Landau poiri2,3]. Secondly, we analyze theoretically the topology of the ex-
An analogous but more complex situation has been reperimental phase diagrams by extending the theoretical ap-
ported for lyotropic cholesteric systems, which are obtainedProach proposed in Refg9] and[10] (Sec. Il). In Sec. IV
for example by adding a chiral dopant to the nematic mewe summarize our results and briefly discuss the conditions
sophases, such as brucine sulfate heptahy@®&e[4—7]. In  under which biaxial phases, which have been vainly searched
the corresponding phase diagrams tig, Ng, and N¢ in thermotropic liquid crystal$12], take place in lyotropic
phases are replaced by the chiral cholesteric variants, dé&holesteric fluids.
noted Chb, Ch-B, and Ch€, but the high-temperature Lan-
dau point can be either preservgs] or substituted by two Il TEMPERATURE CONCENTRATION PHASE

three-phase point,7]. In the low-temperature part of the pAGrRAMS OF LYOTROPIC CHOLESTERIC MIXTURES
phase diagram the second-order-transition lines separating

the Ch-D, Ch-B, and Ch-C phases seem also to merge at a In a first series of experiments we investigated by optical
four-phasd5,6], or at two three-phase poinfg]. techniqgues and x-ray diffraction, different mixtures of
The reentrance of the higher temperature isotropic phaséL/DeOH/H,O/BS. The study allowed us to work-out three
(iso 1) below the nematic or cholesteric regi@so 2), and types of phase diagrams having the characteristic topologies
the reappearance of the singularitiéfieur-or-three phase shown in Figs. (&-1(e). In one type of phase diagrams
pointy on the first-order transition line separating the pre-[Fig. 1(a)] the relative molar concentration of BS is varied at
ceding regions from the iso 2 phase has been interpreted, fixed contents of DeOH, KL, and . The concentration of
the framework of the catastrophe theory of restructuring oBS determines the chirdtwisting) field through the param-
phase diagram$8], as a symmetric folding of the high- eter M,=[BS]/([BS]+[DeOH]+[KL]) where[ ] stands
temperature region of the phase diagram induced by théor the molar(percent concentration. VaryindM, and the
change in micellar shape anisotropy with decreasing temtemperaturel gives indications on the influence of the cho-
lesteric pitch on the phase diagram topology for a given
shape anisotropy of the micelles, determined by the contents
*Permanent addresses: Groupe “Structure des fikabe sous of DeOH and KL. In another type of phase diagrfigs.
Conditions Extrenes” SNBL/ESRF, BP220, 38043 Grenoble Ce- 1(b), 1(c), and 1e)] the relative molar concentration between

dex, France, and University of Amiens, Amiens, France. BS and HO is fixed while the value of the parametf,
"Permanent address: Instituto de @iga, Universidade de™®a =[DeOH]/([BS]+[DeOH]+[KL]) is changed by varying
Paulo, Sa Paulo, Brazil. the content of DeOH. It gives information on the influence of
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FIG. 1. (8—(e) Phase diagrams obtained for different mixtures of KL/DeO}IHBS. The notation of the phases is defined in the text.
M, and M, are dimensionless. The transition lines separating the phases represent a guide for (@eMye.37.13< 10" 2. (b) and (c)
M,=2.06x10 3. (e) M,=5.72x 102,

the micellar shape anisotropy on thieM . phase diagram at is not so easy to be determined by observing the textures, the
fixed content of BS. In a third type of phase diagrfiiig.  corresponding transition temperatures are obtained by mea-
1(d)] the values oM, and M are simultaneously varied.  suring the light transmittandealong thez axis as a function
The optical and x-ray experimental setup, as well as thef temperature.
experimental procedures followed in our measurements, (2) The pitchP is determined by measuridgat constant
have been described in detail in R¢L1]. The following  T) as a function ok along the helicoidal direction.
information is obtained, which refer to the specific geometry  (3) The shape anisotropyl of the micelles is deduced
of the optical experiment represented in Fig. 2. from the x-ray diffraction patterngll]. A is defined as the
(1) The usual three cholesteric phas€h-C, Ch-B, and  ratio between two typical micellar dimensions: the am-
Ch-D) are identified by their characteristic textures in a PO-phiphilic bilayer and the mean diameter of the micelles.
larizing microsgpe. Since the CIiB—Ch-B phase transition Concerning the dependences band relative concentra-
tions M, and M., of the parameter® and.A, we could con-
firm the conclusions previously reached in Refs.
~P [6,11,13,14 namely(i) P increaseswith decreasing values
of M, (M. fixed) and increasing temperature. TRE1(M,)
S dependence is almost linear for the lower valueMgfand it
1\ deviates from linearity in the higher concentration limit. On
J X the other handP decrease$inearly whenM_ increases ¥,
fixed). (ii) A increasesalmost linearly with increasing values
. of M. (M, fixed). (iii) A displays a nonmonotonous behav-
) ior with temperature. Wheil decreases4 increases up to
about the middle of the cholesteric region, then after reach-
ing a maximum it decreases on approaching the low-
FIG. 2. Geometry of the optical experimdntl]. x, y, andzare  temperature isotropic phase.
the laboratory frame axeBl is the magnetic field used to orient the ~ Figures 1a)—-1(e) represent the most typical phase dia-
cholesteridCh-D and ChB) samplesP andA are the polarizer and grams obtained in this first series of experiments. They dis-
the analyzer. play a remarkable variety in the shapes of the different cho-
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FIG. 3. Phase diagrams obtained for the mixtures KL/DaglMS [(a) and (b)] and (KI/KCI/DeOH/H,0O/Sac)(c). (a) 0.34<[BS]
<0.67 and 0.045% [ DaCl]<0.0906.(b) [DaCI)/[KL]=0.15. In(c) [DeOH}/[KL] = 0.19. In(b) L denotes a lamellar phade] stands for
the molar(percen} concentration.

lesteric phases and in the type of singularities. The most In order to confirm the existence of two distinct biaxial
striking feature is the variety of behaviors found for the phases in the phase diagram of lyotropic cholesteric systems
shape of the biaxial CB-region in the phase diagrams and and to precise the role played by the chiral dopant, a second
for the related singularities. In the high-temperature part oferies of experiments was undertaken. Two different types of
the phase diagrams, on the first-order transition line separatholesteric mixtures were investigated using the same ex-
ing the iso 1 phase or polyphasic regigmol 1) from the  perimental setup [11]. In one series of mixtures
cholesteric phase, the @-phase merges with the other (KL/DaCl/H,O/BS) we replaced DeOH by DaGdecylam-
phases either at three-phase pojiiigis. Xa) and Xb)] or at  monium chloride in order to modify the type of micellar
four-phase point§Figs. 1c) and Id)]. Both types of points anisometry [14]. In another series of mixtures
are present in the phase diagram of Fige)lin which the (KL/KCl/DeOH/D,0/Sac), potassium chlorate (KCI) is
biaxial phase seems to split in two distinct regions of stabil-added and BS is replaced by Sacchar@sa inducing cor-
ity (a small one and a large one&enoted, respectively, related modifications in the types of micellar shape anisot-
Ch-B; and ChB,. However, the actual configuration of the ropy and chirality. Figures(d), 3(b), and 3c) show the three
Ch-B; phase is uncertain since this phase occupies a narrophase diagrams in which the existence of two biaxial phases
region of the phase diagram and is confirmed by only oneould be clearly confirmed. In the phase diagram of Fig) 3
data point. In contrast, the transition line separating thehe concentrations of DaCl and BS are both varied whereas
Ch-B, phase from the pol 1 region is clearly bounded by twoonly the concentrations of BS and Sac are changed in Figs.
three phases points. 3(b) and 3c), respectively. Since our aim was mainly to find

In the low-temperature part of the phase diagrams of Figsevidence of two separated biaxial phases in the same phase
1(a)—1(e), a very similar behavior is found for the biaxial diagram, only reduced intervals of concentrations were ex-
phase in the low-concentration limit: the @h-ChB and  plored. However, although these diagrams provide an incom-
Ch-D-ChB second-order transition lines converge, in theplete picture of the phase boundaries the following features
direction of the iso 2 phase, toward a four-phase point. Ircan be foreseen(i) As in Fig. 1(e) the high-temperature
some respects the preceding features realize a combination lfaxial (ChB1) phase occupies a more narrow region of
the topologies found respectively for the biaxial nematicstability than the low-temperature biaxial (&2) phase(ii)
[2,3] and biaxial cholesterip4,6] phases previously reported At variance with the phase diagrams of Fig. 1 the Eh-
for lyotropic systems. Only in the phase diagram of Figl)1 phase is only in contact with the h-phase, and the CG-
the shape of the CB- phase has the same topology previ- phase is here the most stable at low temperdteigs. 3a)
ously found for a biaxial iy phase[2,3]. and 3b)] or is absent from the phase diagr@fig. 3(c)].

In Figs. 1@ and Xb) the Ch€ and Chb phases occupy
respectively the left and ngh.t hand sides of the phase dia- Il PHENOMENOLOGICAL DESCRIPTION OF THE
gram, the CHD phase remaining as the only stable phase at PHASE DIAGRAMS
low temperature. In the three other phase diagrams the two
uniaxial cholesteric phases exhibit a different configuration. In this section we first recall the basic ideas and formal-
In Figs. 1c) and 1d) the stability of the CH> phase is ism which have been us¢#,10] to describe phase diagrams
reduced by the extension of the Pol region which creates twmvolving biaxial lyotropic phasesSec. lll A). We then ex-
distinct (small and larggregions of stability for the Cl>  tend this formalism in order to explain the possible stabili-
phase. Three distict CB-phases surrounded by the Pol re- zation of two biaxial phase in lyotropic cholesteric mixtures
gions(denoted Pol 1 and Pol) appear in the phase diagram (Sec. Il B) and the change in the type of singularitigisree
of Fig. 1(e). In contrast the CI& region of stability forms and four-phase point$ound from one phase diagram to an-
always a single phase across the different phase diagrams.dther (Sec. Il O. At last, in Sec. Il D, the variety of topo-
separates the two biaxial phases in Fi@g)1 logical features revealed by the experimental phase diagrams
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of Figs. 1 and 3, are shown to correspond to different situathe topology of the uniaxial and biaxial phases, as well as on

tions predicted by the theoretical approach. the corresponding singularities, which are not observed ex-
perimentally. A more consistent description of the phase dia-
A. Topological metamorphosis grams of Figs. 1 and 3 can be made by taking into account

In Refs.[91 andr10] a th ical model of the | . the chiral nature of the cholesteric mixtures, i.e., to assume
n Refs.[9] and[10] a theoretical model of the isotropic- that the chirality of the micellar population requires to intro-

nematic and isotropic-cholesteric phase transitions was proy ce in the theoretical approach an additional internal degree
posed in which the modification of the shape of the micellar

aggregateswhich had been previously reported experimen—Of freedom.

. . The theoretical description of chiral liquid crystal phases
tally [15-18) was taken into account. In this model the ther- is usually taken into account via a pseudoscalar order param-

mody.namic. pqtential describing the phase diagrams whiclyer \hich allows existence of inhomogeneous gradient
contain a biaxial phase can be written under the form terms[22]. However, when aiming to describe only the to-

Fi(l1 0o 02) =2yl 1+ 8ol 24+ Dyl o+ Dol 24 Gyl 4+ o1 2 pology of the phase diagram, anq not thg ﬁnhomogenepus
itz la)=al i+ &l bl boloteils+ ol character of some of the phases, it is sufficient to consider
+dylqlo+digl lg+dyglolg+---, (1)  the homogeneous order-parameter invariants. One can ex-

press here the influence of chirality via the pseudoscalar nor-
wherel;, I, andl are the order-parameter invariants de-malized quantity
fined by

li(r,7)=r2+72, lyr,0)=r3cos3, lsz(1)=7 (2 v P (4)

and the @;,b;,c;,d;;) are phenomenological coefficients whereP is the helical pitch deduced from light transmittance
which depend on temperature, but also on the number aheasurementésee Sec. )l and vy=1/P,, whereP, is the
micelles per unit volumer and 6 express, respectively, the maximal value of the pitch measured just below the iso 1
deviations of the micellar shape from a sphere=Q) and phase.r/v, is a normalized dimensionless variable, varying
from a revolution ellipsoid §=0). 7 is a scalainonsymme- from —1 to +1, where the negative values are arbitrarily
try breaking order parameter representing the continuousassumed to correspond to left handed helices @hg¢=0
change in shape of the micelles in function of temperatureoincides with righ-handed helices. In the framework of the
and concentration. In the framework of the theory of restructheory of restructuring of phase diagrams, the effect of the
turing of phase diagrams, developed by Arn¢&19, = nonsymmetry breaking order parametér, is to introduce
plays the role of an extravariable of the nonrigid internalan additional linear invariant

degrees of freedom of the system which preserves the exist-

ing singularities and may lead to their multiplication. With | _r ®)
respect to the current model of the isotropic-to-nematic AT

phase transition proposed by Freig@0] and Alben[21]

[who used the two basic invariantg(r)=r? andl,(r,6)] and to produce a nonlinear transformation of the quadratic
the variabler introduces a new linear invariahf(7)=r7in  invariant, which will be taken as
the order-parameter expansion and results in a nonlinear

. .. . 2
transformation of the quadratic invariant:

v
Li(r,7,v)=r2+ 7'2—1—(—
Vo

(6

Ly(r,7)=r?+P"(7), ©)
Accordingly the thermodynamic potential associated with
whereP"(7) is a polynomial of degree=2,3,4...,in7.It  the four-component (reduciblé order parameter
may lead to a multiplication by of the initial singularities, (r,8,7,v/v,) is
which is called[8,19] a topological metamorphosis.
In Ref. [9] the simplest quadratic form was considered  Fo(1],15,13,10)=F1(11,15,13) +eilsteld+dylil,

[P"(7)=7?] to account for the reentrance of the isotropic
phase and for the reappearance of the low-temperature four- +adl ol 4t dadl 5l 4. @)

phase poinf2]. However, the existence of two biaxial phases L . .
and the variety of behaviors for the singularities found in theStandard minimization of, with respect to the different

phase diagrams of Figs. 1 and 3 reveals a complex situatio%ariables yields phase diagrams, which contain the different
which requires a more elaborated theoretical scheme uniaxial and biaxial lyotropic cholesteric phases, as well as
' the two isotropidiso 1 and iso 2phases. Figure 4 shows the

location of the three cholesteric and two isotropic phases in

the three-dimensional space of the invariantsl(z,l,). One
The existence of two distinct biaxial regions in the phasecan see that the region of stability of the biaxial Bh-

diagrams of Figs. (&) and 3a), 3(b), 3(c) suggestsa priori phases, occupies the interior of a “flying saucer” type vol-

that a “double” topological metamorphosis occurs that mayume (—1<cos 3<1) limited by the Ch€ and ChDb sur-

be described phenomenologically by a third degredaces (cos8==1). The isotropic phases correspond to the

polynomal (i=3) in Eq. (3). However, one can show that bounding circle defined by=0, 72+ (v/vo)?=1, and —1

this would imply also a double reentrance of the high-<7<+1,—1<(»/vy)<+1. The same figure represents the

temperature isotropic phase, and a number of constraints orariation of the preceding volume along thieaxis. It shows

B. Influence of chirality
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FIG. 5. Evolution of the shape of the biaxial phase when the
phenomenological coefficieat, defined by Eq(8) is varied, under
the condition 44b,—d2,>0. The evolution is shown in the plane
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FIG. 4. Configuration of the regions of stability of the choles-

teric and isotropic phases in the 3D space of the invariants . .
. : points and converges towards the iso 2 phase at a four-phase
(15,13,14), and evolution of the corresponding volume along lthe

axis, and withT, M, andM_ . point. In _Flg. ](_d) the ChB_ phase is closed by_two four-_
phase points lying, respectively, on the boundaries of the iso

, . . . 1 and iso 2 phases. In Fig(€)l the ChB, phase merge with
that whenl ; increasegi.e., for increasing values of ther the pol 1 and CIE phases at a triple point, and seem to

or (v/vy) parametersone gets sucessive inflated self-similar converge towards the iso 2 and pol 2 phases at two four-

volymes. Comlng baclf o the gxperlmental phgse dlagram%hase points. This variety of situations is related to the prop-
which are two-dimensionahonlinear cross sectionsf the

four-dimensional spacel{,1,,15,1,), one can interpret the erty, shown in Refd.9] and[10], that the shape of the biaxial

regions of stability of two distinct biaxial phases as cross <9'0ns and the corresponding types of singularities depend

: o .on the sign of the phenomenological coefficientin Eq.
zgﬁSOiQng tero distinct hypervolumes represented symboh(l): Fora,>0 the biaxial phase has been shown in R&d]

In Sec. Il it has been concluded from the experiments thia:}0 display a “moon-section” type of shape ending at two

an increase oM. corresponds to an increase of the shap oug_?hzse(laandﬁ%_?oi?]ts, Whr?reas f932<0 the shape is

anisotropy.A and to a decrease of the helical pitthThere- moL Itle anh exthl Its h ree-p 'asti pm[ﬁ@l ] d o/

fore the three variables 7, and v/ v, increasewith increas- € gs S OWh at changes In j va ues:o»émtl v Vgl)

ing M. and, sincd ; increases, contribute to an enlargementmay Induce a change in sign a} and consequently produce
o o : a change in the shape of the biaxial phd&seand of the

of the hypervolume symbolizing the biaxial cholesteric re- . . L .

Coo o . ; corresponding n-phase points. Minimizing F, with
gion in Fig. 4. This is consistent with the larger surface oc- ! L 2
cupied by the CIB, phase with respect to the @y phase respect tor and (¥/vy) yields the equilibrium values
in Fig. 1(e), as it occurs for larger values ofi. and thus 2_(1/20r2])(cl+ddl?'l 1) and .f/yo:—(1/2re]'2)r(le.1+d14lé)2-
coincides with a cross-section of a larger hypervolume. Thé—|enceé t ezqua ratic_contri Ut'c_m E’Z which 1S CZ(.T.)
same conclusion holds for the @y and ChB, phases in +e,(v® vg)“ leads to a renormalization of the coefficient of

Figs. 3a) and 3b). 1% which is

As noted in Sec. IIP decrease&andv/ v, increaseswith 1(d2, d2
decreasing temperature and should contribute to an increase a)=a,+ — _13+i")_ ®)
of I at lower temperatures, i.e., of the surface of the phase 4\c, &

diagram occupied by the biaxial region. At variandegand
thereforer, 7, andl;) increases with decreasing temperature _ , _ )
only in the central part of the cholesteric region. This is inAccordinglya;, may have either the sign af or the reverse
qualitative agreement with the shape of the biaxial region, a§ign depending on the respective signs and values aid
observed in Figs. (b) and Xd), which enlarges at middle €2, and on the magnitude of the coupling coefficiemi{gand
distance from the iso 1 and iso 2 phases, but reduces close §4- In other words, varying the micellar shape anisotropy
those phases. It is also consistent with the enlargement of tHg) and the chirality ¢/v,) may give rise to different topolo-
Ch-B, phase with respect to the high-temperature BGh- gies for the biaxial cholesteric phase. This is illustrated in
phases, shown in Fig.(d and Figs. 8a), 3(b), 3(c). Fig. 5 which shows the evolution of the shape of the preced-
ing phase wher, varies from positive to negative values.
For a;,=0 the Landau point.; transforms into two triple
points T, and T, on the first-order transition line separating
Another remarkable feature of the experimental phase¢he iso 1 phase from the cholesteric region. Note that on the
diagrams of Figs. 1 and 3 is not accounted for in the precedfirst-order transition line separating the iso 2 phase from the
ing description, namely, the change in the nature of the sinpreceding region the change in the topology of the singular
gularities connecting the biaxial phase to the isotropic ompoints (from a four-phase to a three-phase ppimtay not
polyphasic(pol 1, pol 2, po] phases. Thus in the phase dia- occur simultaneously since at lower temperature the shape
grams of Figs. (a), 1(b), and Xc) the ChB phase connects anisotropy and chirality are different and the coefficients
with the iso 1 and pol 1 phases at two three-phases,, d.3, andd,, have different values. Note also that the

C. Transformation of the singularities
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FIG. 6. Theoretical phase diagram in thg (b;) plane reflect-
ing the double topological metamorphosis and topological transition

described in the text. FIG. 7. Theoretical phase diagram in theg (b, ,a,) space. The

biaxial phase shown in the central figura;&0) is stabilized at

lower temperature and larger concentratiokk, (M) than the bi-
transformation from four-phase-to three phase points magxial phases represented in the left- or righ-hand side figuags (
occur via an intermediate stage involving two four-phase>0). The surfaces denoted 1 and 2 are the limit of stability of the
points. isotropic phases.

phases separated by the Ohphase, with a low temperature

Ch-C phase as in the phase diagrams of Figa) and 3b).
Figure 6 represents the combined effect of the preceding

transformations in the plane of the phenomenological coeffi- IV. SUMMARY AND CONCLUSION

cients €4,b;). It shows two distinct regions of stability for

the biaxial phase, one being inflated with respect to the other X ) . X
P d P rams of lyotropic cholesteric fluids, which reveal a remark-

toward lower temperatures and larger concentrations. On t | ety of i i ith t 1o the oh di
other hand the shape of the two biaxial phases is topologe € variely of contigurations with respect to the phase dia-

cally transformed by a change in the sign of the coefficient 2M> previously obtained for such systes7]. The most

A . . . . striking result is the observation in some of the obtained
a, with decreasing temperature and increasing concentratloahase diagrams of two distinct biaxial phases, as well as two

M¢ . Assuming a linear dependenceagfandb, as functions o three distinct uniaxial CIB phases. The fact that the re-
of TandM., the theoretical phase diagram of Fig. 6 reflectsgpective influences of the shape anisotropy and chirality of
the essential features of the experimental phase diagram gie micellar population on the stabilization of the various
Fig. 1(e), which can therefore be understood as exhibiting acholesteric phases cannot be clearly separated, and the con-
double topological metamorphosef the high-temperature  trasted topologies found in the different phase diagrams, do
singularity (four-phase pointas well as aopological tran-  not allow a simple picture of the conditions under which
sition changing the shape of the biaxial phase. This interprebiaxial phases may form. However, analyzing the experi-
tation seems also to hold for the phase diagrams of Fi@. 3 mental phase diagrams of Figs. 1 and 3 suggests the follow-
and 3c), although the existing singularities are only partly ing remarks. From the phase diagrams of Figa) and 1b)
singled out. In contrast the phase diagrams of Figs),1 the biaxial phase appears as corresponding to an intermediate
1(b), 1(c), and 1d) correspond to a simple topological meta- regime between the uniaxial Gb-and ChD cholesteric
morphosis occurring witfFigs. Xa), 1(b), and 1c)] or with-  phases, which take place, respectively, for small and large
out [Fig. 1(d)] a change in the nature of the singularities.values of both the micellar shape anisotropy and chirality.
Note that in Fig. 6 there exists three separated regions ofhis is confirmed in the phase diagram of Fige)where the
stability for the Chb phase, and only one (OB-phase, two biaxial phases are again bounded by theGCand Chb
whereas in the experimental phase diagram of Hg. lvo  phases. A prerequisite for the existence of the second
distinct ChD regions are found. Note also that the symmetry(Ch-B1) biaxial phase being the stabilization of a second
of the theoretical phase diagram with respect tokthendc, uniaxial ChD phase, which appears in the upper part of the
axes, which had been pointed out in R€f8] and[10] as  phase diagrams of Figs(d, 1(d), and 1e). In those phase
typifying a single topological metamorphosis, is here lostdiagrams the variational parameter which seems to discrimi-
except for the iso 1 and iso 2 phases. nate the high- and low-temperature Ohand ChB;—Ch-B,
Figure 7 represents the simultaneous effects of a doublghases is the chiral-order parameter. However, the phase dia-
topological metamorphosis of the four-phase paiptwhich  grams shown in Fig. 3 confirm only partly the preceding
gives rise to theL,, Ty, T,, Lz, andL, pointg and of a  conclusions. Thus if the CB-, phase is again bounded by a
topological transformation of the biaxial phasa;(going Ch-D and Ch€ phase in Figs. @ and 3b), the ChB,
from positive to negative valugsin the 3D space phase is sandwiched by two @h-phasegFigs. 3a) and
(ay,bq,cq). Thus, one may have either two biaxial phases3(c)] or by a lamellar phase and a ThphaseFig. 3(b)].
separated by the C@-phase, with a low-temperature @h- A theoretical description has been proposed to relate the
phase, as in the phase diagram of Fige),lor two biaxial observed features of the phase diagrams to the conjuncted

D. Crossover from simple to double topological metamorphosis

In summary, we have presented experimental phase dia-
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influences of changes in the shape anisotropy and chirality adr four-phase poinjshas been related to a change in sign of
the micelles. With respect to a previous theoretical approachne of the phenomenological coefficients in the order-
of the phase diagrams of lyotropic nematic and cholesteriparameter expansion, which can be induced by a change in
phase diagram$9,10], it takes explicitly into account the the shape anisotropy and chirality of the micellar population.
chirality as an additional internal degree of freedom of the

system. Accordingly the difference in the size and location

of the two biaxial phases are interpreted as two different ACKNOWLEDGMENT

nonlinear two-dimensional cross sections of a hypervolume

of the order-parameter space. On the other hand the modifi- Fundg@o de Amparo &Pesquisa do Estado dedRaulo
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