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Measurement of the anisotropy of the energy of an isotropic-smectic interface
in a smectic cylinder: Application to the L5-L , interface
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In order to measure the relative anisotropy of a smectic-isotropic interfacial energy, we propose an alterna-
tive to the classic Wulff construction. We derive the Gibbs-Thomson equation that describes the equilibrium of
a droplet of isotropic phase in a smectic sample confined within a cylindrical capillary. We then discuss the
influence of the curvature energy term and show that the profile of the droplet gives the variation of the surface
energy, either analytically or by means of a modified Wulff construction. From this approach, we measure the
relative anisotropy of the sponge-lamellar interfacial energy in the dilute Cetylpyridinium Chloride/hexanol/
brine surfactant system. We quantitatively confirm and complete previous observations of this interface, which
displays strong crystalline features, such as cusps and forbidden orientations.
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I. INTRODUCTION anisotropic[4,6]. Although different author§7-10] have

tried to generalize the Wulff construction of curved crystals

One of the main parameters that controls the shape arlay taking the elastic effects into account, only particular ge-
the growth patterns of crystalline materials on a macroscopi@metries have been considered. Incidentally, it should be
scale is the dependence of the interfacial tensiof, o) on  noted that the experimental study of the shape of isolated and

the orientations of the crystal defined by the spherical angle§urved nuclei cannot generally provide the variation of the
0 ande. The equilibrium shape of rigid crystals in their melt interfacial tension over a large range of orientations, because
is indeed determined by their surface energy function ad® appearance of curvature and defects precisely tends to

Wulff [1] showed in a famous paper. The anisotropy of thelavor the presence of a narrow range of orientations of low-
est interfacial energy.

interfacial tension also controls several important mecha- Therefore. in bractice. the measurement of the anisotro
nisms concerning the nonequilibrium dynamics of interfaces NP ’ Py

such as the formation of stationary needle crysémdrites in the interfacial tension of a soft crystal requires the orien-

: A . tation of this crystal by external means. The most common
[2.3], even |f'other parameters such'as the kinetic anlsotmp}/echnique is the study of confined nuclei in thin samples,
or the diffusion(matter and heatanisotropy are also rel- oriented by means of a strong anchoring on a transparent

evant. Therefore, the anisot_ropy of the interfacial tension ha§ubstrate. This technique has been successfully employed to
to be measured when studying the shape and patterns creéaiggtain the angular dependence of several interfacial tensions
by a growing crystal. The classical method for rigid crystals,g|ated to the discotic hexagonal-isotropitl], the SmA-
consists of studying the equilibrium shape of an isolatedsmp [12], the hexagonal columnar-isotropi¢3], and the
germ by means of the Wulff construction, which relates thenematic-SmB[14] interfaces. However, two main experi-
equilibrium shape to the polar plet(¢,¢) [2] of the inter-  mental difficulties limit the use of thin samples. First, a con-
facial energy(see Fig. 1 fined liquid crystal between two plane surfaces cannot be
This method cannot be straightforwardly applied to softconsidered to be a 2D crystal because of the wetting condi-
matter crystals such as smectic, hexagonal phases in theions on the two limiting surfaces. This point has been stud-
melt[and also to two-dimension&D) phases of Langmuir jed in detail in Ref.[15], which shows that errors on the
monolayer$ because these soft crystals are easily distortednisotropy could be as large as 25% when one does not take

in the bulk by surface effects. For example, the nuclei of ahe presence of the meniscus into account. The second ex-
lamellar phase within its isotropic phase display bulk defects

such as focal conic domaif4] or curvature wall$5], which s P
spontaneously appear and decrease the total energy of the ’Q\
crystals, interfacial energy included. The curvature energy of y/? 5(0) \\M
a given texture varies &R (whereK is a curvature modu- f <0 3
lus andR is the size of the droplgtwhereas the interfacial {\ FO/ 1‘ ,}
energy varies as’R 2. The surface terms of a crystal domi- X Lrysta +

2 ‘> ’/"

nate the bulk elasticity in the limit of large sizdarger than
R.~K/o) with the result that its equilibrium shape tends to
become spherical even if the interfacial energy is strongly

FIG. 1. A 2D Wulff construction applied to a lamellar rigid
crystal (plain lineg. The lengthOP gives the polar plot of the
*Electronic address: blanc@Imcp.jussieu.fr interfacial tensionr(6) (dotted lines.
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perimental difficulty concerns the achievement of a suitable

anchoring—for example, a planar one is required for the "
study of a smectic-isotropic interface in thin samples. If such N\
anchorings are usually well documented for thermotropic ‘
systems, it is not the case for lyotropic systems.

We have encountered this experimental difficulty when
studying the two-phase region of surfactant systems, in
which an isotropid_; sponge phase andLa, lamellar phase
coexist. TheL; andL, phases of membranes are found in
the dilute part of the phase diagram of surfactant systems.
Thel , phase is made of parallel bilayers of spacihgwith
a smectic order, whereas the isotropicphase consists in a
disordered medium in which a single bilayer separates the
solvent into two equivalent parts, with many connections,
passages, and handiglse typical interbilayer distance is de-
notedd,) [16].

In some surfactant systerfis7,18 (see below, the nuclei
of lamellar phases appear in the sponge phase as classic
spherulites(oniong with L, layers tangent to the interface.

In other syStemilg]’ th,e Situation is very dlffer'er.lt.. For dinium chloride(CPCl/hexanol/bring(NaCl 1% wt. in water; wt.
example, previous studle[_§0—22 of the cetylpyridinium 245 hexanol over CPG 1.13; volume fraction of brine= 0.92.
chloride (CPC)/hexanol/brine surfactant system have re-yigth of the picture 100um. Below: sketch of the geometrical
ported the observations of very uncommon shapes and pajtrangement of the layers in the capillary.

terns obtained during the growth of the, phase in the iso-
tropic Ly phase. This result has suggested that stron
crystalline interfacial effectssuch as forbidden orientations
and cusp$22]) were present even in the most dilute sample
[23]. We therefore proposed that a preferred tilt angjeof
the layers at the interface arises fromh L , epitaxy due to
the continuity of the membranes through the interface an
the matching of the typical distancels and d, [21]. We
were, however, not able to obtain 2D equilibrium single
crystals and to measure the anisotropy in the interfacial e
ergy by means of one of the classic methods describe
above, because no method of planar alignment for the dilute
lamellar phases is known. On the other hand, the studied
lamellar phase is stronglyomeotropicallyoriented by glass _

and we have reported the spontaneous formation of crystal- OFy= j 2mp(Af+fe)shds (1)
line equilibrium droplets of ; phasg22] (see Fig. 2 within

a smectic cylinder inside a cylindrical capillary. This geom-The normal displacementh yields an increase in the el-

Ftry i% known for orienting smectic layers in a leeklike way ementary area from 2pds to 27 (p+ 5h cosé)(1+sh/R)ds
24,25.

The present paper is dedicated to the study of the shape of
a droplet of isotropic phase within a smectic cylind8ec.
II) and of the angular dependence of its interfacial energy.
We have thus obtained a quantitative measure of the anisot-
ropy of the Ls-L, interfacial energy in the CPCl system
(Sec. ll) and have explained several striking features of the
textures and shapes in the two-phase region.

FIG. 2. Top: Droplet of isotropit.; phase within a stacking of
cylindrical layers ofL, phase for the lyotropic system cetylpyri-

%Iong a meridian ang the distance from the axia. The
Gibbs-Thomson(GT) equation of the interfacéwhich re-
Sates the shape of the droplet to the interface and bulk free
energie$ can be obtained as follows. Consider a change in
he shape due to a displacemei(s) along the normal of
he interface(see Fig. 3.

Calling Af the excess of free energy of the smectic phase
compared to the isotropic phase ahgd=K/2p? the density
of curvature energy of the lamellar layers, the change of
hape corresponds to a bulk energy increase

Il. THE SHAPE OF AN INVERSE SMECTIC CRYSTAL IN
A SMECTIC CYLINDER

Consider a droplet of isotropic phase within a smectic
cylinder, in a meridian plane, as shown in Fig. 3. Because of
the liquid character of the layers, the interface energy de- smectic layers
pends only org, the angle between the normal of the layers
(the directoy, and the normal of the interface. The shape of FIG. 3. The total free energy of an equilibrium droplet is sta-
the droplet can be described pys) wheresis the arc length  tionary with regard to a small normal displaceméhtof its shape.
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whereR is the local curvature radius of the meridian curve, L5
but also a changé6=désh/ds in the orientation. Therefore
the surface energy increase is

p/p=3"
a) R /p =5000 ]
DR /p =1000

sh 0.5
5]—"5=f a(0+60)27w(p+ shcosh)| 1+ —|ds /
R 0f == /7_____ = ]
-0.5 //_ ]
— | 27wo(0)pds U/ ©) R /p =200
1 o g AR /p =100 J
oéh do déh R /p =50
%27Tf p| ==+ == ——| + o(#) 8h cos|ds. 15 ¢dcb - _OR/PS
R~ dé ds 2 1 0 1 2
2 FIG. 4. Effects of the lamellar elasticity on the shapes of an
Performing integrations by parts and taking into account tha;tzc;tsrgfr’:)c :gclusuon within a smectic cylindéthe interfacial energy
d-/ds=—R !d-/d# anddp/ds=sin#, Eq. (2) leads to the pio.
first order inséh to q q q
_ P _ 2 P Ll
N sh  a"(0) shl—sinde’ (6 sh ]:_fzmrosina f P Aftam9 f lenpc tang’
Fs=2m | dsjp 0'(0)34- R —sinfo’(6) (6)
wherep.~d is a cutoff length along the axis for the curva-
+o(6)shcosd. () ture energy. MinimizingF with respect tod(p) vields
The total free energyFs+ Fy, of an equilibrium crystal is cosf= £+ &Inﬁ )
stationary with regard to any normal displacement, which "Ry p pc
leads to the GT equation of the smectic-isotropic interface in
a smectic-cylinder geometry: whereRy=20y/Af andp,~K/20y~d. CallingR; the larg-
) est radius of the droplet and scaling all lengthy Eq. (7)
0'( 0)+O'H( 0) 0'( 0)C030_U,(0)S|n0 becomes
+ =—(Af+fg).
R p
4 - PL P e -
cosf=p+ g|n~£+p1p|n [ (8)
This equation differs from the classic 2D GT equation for a P Pc
crystal(which can be solved by the graphical construction of
Fig. 1 [2] Figure 4 shows the evolution of the shape obtained from Eq.
(8) for different ratiosR;/p. andp;/p.=3. When the size
o(0)+o"(0) of the droplet becomes much larger than the elastic ef-
R =—Af, ®)  fects along the core do not modify the overall shape. In pass-

ing, it should also be noted that by takipg larger than a
by the presence of two terms of different origins. The addi-few timesp., one finds a stable core of isotropic phase along
tional term on the left-hand side of E¢4) is due to the the axis of the smectic cylinder, far from the droplet. Such a
three-dimensional3D) geometry; its scaling with length is mechanism could be an efficient way to relax the curvature
the same as the first term. The curvature tdyn= K/2p2 of the core of a smectic cylinder close to an isotropic phase
scales differently, consequently, the equilibrium shapes arand could be an alternative to the appearance of the mechani-
not size invariant. The left-hand side is of ordep/R,  cal instability of smectic cylinders discussed in Ref5].
where R is the typical size and typical curvature radius of  In conclusion, the curvature energy present in the smectic
the droplet andr, the magnitude of the interfacial energy. cylinder modifies the shape of the smallest crystals but not of
To compare this term witti, , let us takesy~kT/d? and  large ones. When the order of the raRe/p. is much larger
K~kT/d whered is a microscopic distance.g., the typical than 1000(a typical valug, the curvature energy of the
thickness of the smectic layelfa6]). The curvature energy in  Smectic layers does not contribute significantly to the shape
Eq. (4) is negligible wherp> p,=\Rd. For a typical drop- ©f the inverse smectic crystals. _
let of size 100 um andd~1-10 nm,p,<1 wm, which When the curvature energy can _be neglected in (Ep.
means that, on a macroscopic scale, the curvature eneréSﬁat is for not too small dropleksit is straightforward to
does not distort the shape of the isotropic droplet, except fofheck thato(6)cos@)— o’ (6)sin(6)=Ap with A=Af/2 ful-
a very thin region surrounding the axis. To study more prefills Eq. (4), which then reduces to
cisely the effect of the elastic energy on the shape, consider
now the case of an isotropic tensipar(6) = o]. The total o(0)+a"(0) _Aff2

. ; _—= . (9)

free energy of a droplet is then given by R
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FIG. 5. The equilibrium shapéa)-top] of an arbitrary isotropic ' > & -
droplet in a cylindrical arrangement of smectic layers has the same ——— e

2D profile than the equilibrium shape of its rigid crysiéb)-top]
but a different 3D shapéome smectic layers have been sketched
inside both droplets This phenomenon is observigd),(b)-bottom|
in dilute samples of the CPCIl system where the corresponding
shapes are given in Fig. 2 and in the micrograph of the right picture,
which shows alL, nuclei made of planar layer@Brine volume
fraction 0.92; bar 20um. Crossed polarizers at 45° of vertical

Equation(9) has the form of a classic 2D GT equatifdaq.
(5)]. It means that the contour of a droplet is similar to the
shape of a true 2D rigid crystal and that the anisotropy of
interfacial energy can be obtained from a classic Wulff con-
struction.

Note, however, that the 3D shape of a smectic cylinder FIG. 6. Top: Contour of d 3 droplet within theL, smectic
droplet is different from the usual 3D Wulff construction cylinder at a brine volume fractionp,,=0.82 (picture width:
shape(which can be also built from the 2D Wulff construc- 200 xm). Bottom: corresponding Wulff plot of the upper-right part
tion by rotating the 2D crystal shape around the director°f the shape.
axis). In a smectic cylinder, the axis of revolution of the
shape is indeed the cylinder axis and not the smectic director. Clean cylindrical glass capillariggiameter 300m) are
We have sketched the two shapes of an arbitrary dropléilled, flame sealed, and observed under polarizing micro-
corresponding to a cylinder smectic and to planar layers irscope(Leitz DMRXP) equipped with a hot stagéMettler
Fig. 5. This difference can be observed in dilute samples 082HT) and a movie camera. Heating the sample yi¢RE
CPCI system for which the anisotropy in the interface energyan increase of the amount of lamellar phase at the expense of
is not too large(see Sec. I)l and where small direct, the sponge phase. Since the two-phase region is quite large
crystals can be observed. A droplet, shown in Fig. 5, display# temperaturdabout 20 °C for a brine volume fractiog,,

a profile similar to the contour of the smectic cylinder drop-=0.75), very stable droplets of isotropic; phase can be
let of Fig. 2, but the 3D shapes do not have the same axis d$olated within the lamellar phase. This latter is spontane-

revolution. ously oriented by the glass capillary in a leeklike way, in a

few hours. The quality of the alignment of the lamellar phase

Ill. APPLICATION TO THE L 4L, INTERFACIAL is then checked under the polarizing microscope. During the
ENERGY same time, the droplets &f phase along the cylindrical axis

are stabilized with shapes independent of their sigpical
Applying the results of Sec. Il, we have systematicallydiameter 106-200 um) and of their history. When the
measured the anisotropy of interfacial tension of thel.,  samples are prepared in the two-phase region close to the
interface of the cetylpyridinium chloride/hexanol/brine sur-lamellar phase at room temperatiteat is with a very few
factant system. amount of sponge phase ahft~1.05) such droplets can be
kept for several days without any change of shape. We apply
A. Experiment then the Wulff constructiorfFig. 6) in order to obtain the

The chemical componentgetylpyridinium chloride and angular dependenag( ().

hexanol from Aldrich have been mixed with brine (1% wt.
of NaCl in watej and held at rest several days before use.
The samples have been either prepared inlihd 5 two- The shapes of the droplets do not depend on the tempera-
phase region at room temperat(fer a weight ratio hexanol ture (for a given dilution but change with dilution as shown
over CPClh/c between 1.05 and 1.1br within the closd_;  in Fig. 7. The droplets display conical facets, corresponding
phase at different volume fractions of solveby}, comprised to one particular orientatiofl, (with the notation of Figs. 3
between 0.73 and 0.92. and 6, and two singularity points. Orientations comprised

B. Results and discussion
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FIG. 8. Relative interfacial tensiord& 6,) and its lower limit
15 . (6> 6,) for two brine volume fractionsgp,,=0.82 ande,,=0.92 of
-L5 —0.5 0.5 1.5 the CPCI system. The orientatiafy is a cusp for the interfacial
energy.
[T~ - =027 . -
130 o — =022 | The Wulff plot completed in that way in Fig. 8 shows the
| N $=0.17 presence of a cusp at the anglg This last result strongly
~~~~~~ $=0.13 reinforces the notion of epitaxy at thks;-L, interface

[21,23. The existence of a cusp 8} was indeed predicted
by Lavrentovichet al. (Ref. [23]) who developed a model
based on the appearance of Frankel-Kontorowa dislocations

o(0)/0(6y)

1.10 . 1 . s . :
. & when the orientation slightly departs froflg. However this
,“/j model also predicted the existence ofsgmmetriccusp.

1.00 = Therefore, our results suggest that mechanisms other than

dislocations are involved when the orientation is not exactly

0p. A more complete model explaining all the features de-
FIG. 7. Top: Evolution of the shape of the droplets with the SCribed previously, especially the forbidden orientations and

membrane volume fractioh=1— ¢,,. Bottom: Relative anisot- the asymmetric cusp, remains to be developed.

ropy of the interfacial tensionr(0)/o(6,) obtained from their

Wulff construction. C. Bulk faceting vs. Herring instability

. _ During theL , phase free growtf0,21], the tilt angled,
bﬁtween\?\(l) ar)d 77(]2 arle not prefseqtl|n thg ec;umbnum is observed over the main part of the interface. Depending on
shapes. We give the relative inter aC|_a tensig®)/o(0o)  the global orientation of the interface, two different mecha-
pf the corres_pondmg shapes in Fig. 7; note WSmoothly nisms participate in that phenomenon.

mcoreases with the mgmbran_e volume fraction from 45° 10 [irst, forbidden orientations are thermodynamically un-
70° for $~0.3. The interfacial energy decreases with in-giap16130] on a local scale and therefore should never be
creasing tilt angle up to the largest observed orientationypseryed. It is consistent with our observatioasy such
which coincides with, (defined with an accuracy of1°). jnterfaces irL,, nuclei or domains indeed consist in hill-and-

The anisotropy in the interfacial energy, that we will explic- 5|6y interfaces, as shown in Fig. 9. The Herring’s instabil-
ity define as the ratier(0)/o(6,), decreases with the brine

volume fraction but remains quite lardaround 10% for
=08 TTTITTTITTT
Is the orientatiord, a facet, or simply a strong minimum
for the interfacial energy? The Wulff plot does not give the ‘ 8 .-
interface tension for orientations larger théybecause these ~ N\
orientations do not appear in the equilibrium shafmsch 'ﬂTTﬂ" Tﬂ"rﬁ\ﬁ
orientations are called forbidd¢&0]). However, we can eas-
ily obtain a lower limit for the interfacial energy in that re-
gion. Consider indeed the sketch in Fig. 6. The fact that the
orientations > 6, are forbidden indicates that the corre-
sponding interfacial energy27] is located above the dotted
curve (if it were lower, such orientations would indeed ap-
pear in the equilibrium shapesMore precisely, the geomet-
ric construction defines the lower limit for the interfacial k|G, 9. Top: A global orientation of interface perpendicular to
energy a¢(6) = o(6p)sinb/sin b, [this latter result satisfies the layers is forbidden and is unstable with respect to the formation
the usuallocal stability criterion[2] of an interfacec(6)  of an hill-and-valley instabilityas in the nucleus shown in bottom
+0"(6)>0]. picture.

I 20um
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FIG. 11. ThelL, nuclei of the SDS system appear in the
sponge phase as spheruliteft). However, the textures get rapidly
reorganized in a few minutes by means of focal conic domains

NN
]
N
Ni
]

Glass (right). Crossed polarizers; width of the pictures.80.
FIG. 10. Perfect droplets of isotropic phase within the smectic 3a\
cylinder have not been obtained in the concentrate part of the CPCI he=———. (12
surfactant system. Networks of defe¢tketched in right pictupe \/§<I>3/2

appear at locations where the orientation at the interface is much
different from 6,. View between crossed polarizers at 45° from |n a lamellar phase stabilized by Helfrich’s steric interaction
vertical. Brine volume fraction 68%. [31], we expect thah =8« 8/37kT¢, whered is the mem-
brane thickness and~Kd~KkT is the bending modulus of

ity is responsible for the appearance of the “crystalline” the membrane. The terd can therefore be written as
shapes ofL, nuclei, which are observed even in the most
dilute samples. Ao o(6p)\

On the other hand, the softness of the phase also con- = o(6) K - (13
tributes to the faceting of the droplets in a much different
way. For example, the study of inverse droplets has not bee\we expect that thar(6,) varies aso(dy)~siroyd?d &
extended belowe,,=75% because droplets df; phase {23]_ The threshold therefore varies as
within a perfect cylinder lamellar phase were not obtained a
such concentrations. An interface of orientatiga 6, is in-
deed unstable towards bulk facetifipe formation of bulk ~ Sah
defects due to interfacial effects at a smectic-to-isotropic in- ¢ 2032
terface. This effect is observed in concentrated solutions as
shown in Fig. 10. Because of the large anisotropy of the

interfacial tension, Fhe tangentlal orientation is no more ~ R (14)
stable and focal conic domains appear in order to ensure the ) g
orientationf, almost everywhere on the surface of the drop- o(6p)

let. This phenomenon has been studied in detail for thin slabs
in Ref. [5,29], where we have shown that the energy of aBoth ¢ andAo/a(6,) increase with the membrane volume

single defect was givefin units of a®>7K\) by fraction, which means that the largest possible thickness of
perfect lamellar slab in contact with the droplet decreases.
E(X,0)=—®x2w?+Xw+ Exzw{ (10) Around ¢,,~70%, the measured threshold mc.
3 ~30-40 um [5]. Droplets with aL, slab larger than this

valueh. for the tangential orientation are therefore unstable
where®=A oMK, x=h/aX is the dimensionless thickness towards bulk faceting. ,
of the lamellar slabe is a numerical factor~30, A¢ Eventually, we have also observed another' lyotropic sys-
=a(0)— 0(6y), K the bulk curvature modulus, and the tem, for which the lamellar phase appears in the sponge
smectic penetration length. The typical thickness for ~ Phase as spherulites. As observed by Buchaa. [18] in

which the defects appear is given the sodium dodecylsulfaté&sDS/octanol/brine system, such
PP ¢ k39 spherulites do not consist of perfect spherical layers but dis-

play focal conic domains. We have observed samples—

E(X,0)=0 weight ratio octanol/SD$-1.36, brine(20 g NaCl/) volume
fraction ¢,,=70%—cooled from the sponge phasd (
JE =40°) into the two-phase regiom & 25°). Lamellar nuclei

11 appear as perfect onions but when their size incre@ekor
with time), numerous defects destroy the bulk lamellar ar-
rangement or even reorganize the whole texture as shown in
which yields Fig. 11.

o
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We propose the following scenario to explain the appearsame orientatio, all over the interface. Note however that
ance of such droplets. The anisotropy in the interfacial enthe Herring's instability has a local origin and is therefore
ergy of this system is quite weak but favors the arijjéwe  present at each scale, whereas bulk faceting implies a com-
have measured(0)/o(6y)~1.05-1.1 andd,~60° at ¢,  petition between bulk deformation and surface effects and
=0.7). Spherulites can nevertheless be spontaneously crétus occurs only at large scalihat is in largel , domains.
ated during the growtlibecause, for instance, of the nucle-  Note finally that the shapes of droplets of lamellar phase
ation of the first layers around nearly spherical impurjties do not depend only on the equilibrium properties of the in-
Contrary to the CPCI system, the anisotropy of interfacialterface but also on the specific properties of the growth
tension is too weak to destabilize easily the interface and thenechanisms. The two types of faceting play different roles
growth is isotropic, which keeps the shape spherical. Howduring theL , phase growth. The Herring’s instability is ex-
ever, when the size of the droplets reaches a critical sizegected to be present at any rate of grovdhleast when the
close to the critical thickness of thin planar samples, the bullinterface is in local equilibrium, which is almost always as-
faceting yields an assembly of focal conic domains arouncgumed in free growth experimeptsvhereas bulk faceting
the sphere. Note also that it means that the presence of orequires deformations of matter and involves hydrodynamic
ions in a biphasic solution does not necessarily indicate thanodes. The importance of each instability is therefore ex-
the interface is of minimal energy when the layers are paralpected to be very different according to the growth rate of
lel to it. the lamellar phasg32].

In this paper, we have also shown that a modified Wulff
IV. CONCLUDING REMARKS plot can be used to measure the anisotropy of an interfacial
energy from the shape of a droplet of isotropic phase within
~ We have measured the angular dependence ofjHe, 3 smectic cylinder. If the method we have developed can be
interface in the CPCl/brine/hexanol surfactant system. Wegnsidered as an alternative of the classic Wulff construction
have unambiguously shown that a cusp in the interfacial enyhen studying a smectic-to-isotropic interface, it is however
ergy was present for an orientatigly corresponding to the  |imited for two reasons. First, when the elastic effects cannot
lowest interfacial energy. The presence of forbidden Orientabe neg|ected, the graphical construction should be rep|aced
tions (0> 6y) is the source of an hill-and-valley instability py the numerical integration of E@4). Moreover when the
(as reported in Ref20] about free-growth shapesThere-  anisotropy of interfacial tension is important, bulk faceting is

fore the two types of faceting occurring in the,-Ls two-  expected, even in the presence of a strong anchoring at the
phase region have two different origins. The first difee  gypstrate.

Herring’s instability is local and arises when the global ori-
entation of the interface is a forbidden orientation. The sec-

ond.one(bulk faceting ar_ises When_the global orientation of ACKNOWLEDGMENTS
the interface is not forbidden but is of large energy. These
instabilities are both present in the nuclei lof phase in The author would like to thank Dr. M. Kleman for critical

sponge phase and play the same role, that is, they impose theading of the manuscript.
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