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Axially twisted chiral nematic structures in cylindrical cavities
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Here we report a theoretical study of chiral nematic liquid crystals, confined to cylindrical cavities with
planar anchoring conditions. Three different model structures are considered: radially twisted, eccentric radi-
ally twisted, and axially twisted structure. The Frank-Oseen free energy with additional surface energy terms
is used to find nematic director fields and free energies of the structures in different ranges of material
parameters. We are particularly interested in the influence of chirality, anchoring strength, and the saddle-splay
elastic constant on the stability regions of the described structures. For low chiralities the radially twisted
structure is stable, while for high chiralities the axially twisted structure is stable. The stability region of the
eccentric radially twisted structure is confined to a limited intervals of anchoring strengths and chiralities. Most
of our attention is devoted to details of the axially twisted structure. In the high chirality limit the axially
twisted structure resembles a simpler model structure which in our previous work we called an asymmetric
conical structure. The tilt of the nematic director of the axially twisted structure out of the plane perpendicular
to the cylinder axis is small except in the layer at the cylinder boundary. Polarization microscopy simulations
of the three structures are also shoW®1063-651X99)08504-9

PACS numbdps): 61.30.Cz

[. INTRODUCTION surements revealed planarlike structures in the high-chirality
limit. Therefore, axially twisted planar bipoléATPB) struc-
Chiral nematic liquid crystals in confined geometry haveture was suggested. The nematic director field in this struc-
recently attracted a lot of attention. In addition to a largeture lies in planes perpendicular to the cylinder axis. Con-
number of studies devoted to electro-optical properties ofrary to a simple helical structure, the director field in helical
such systems, several experimental and theoretical investigplanes is curved. The bipole symmmetry axis in helical
tions have been performed on chiral liquid crystals confineglanes rotates around the cylinder axis. On the other hand, in
to cylindrical and spherical geometri¢$—8]. Membranes submicrometer cylindrical pores Schmiedet al. [5] ob-
(Anopore[9], Nuclepore[10]) with submicrometer cylindri- served a significant tilt of the nematic director with respect to
cal pores of nearly the same radius are available for detailedelical planes, and they suggested a simple model of conical
studies of highly curved confinement. In cylindrical cavities structure where the tilt angle depends only on the distance
with planar surface anchoring different model structuresrom cylinder axis. In this structure there is a rotation of the
have been suggested, among which the double twisseli-  nematic director field around the cylinder axis, as in the case
ally twisted [11] and helical structuregfd 2], characteristic of  of helical structure.
unconfined chiral nematics, are the best known. Generally it Stimulated by these experiments, we performed a theoret-
was believed that, for low chiralitjor small cylinder radis  ical analysis of various chiral nematic model structures in
the radially twisted structure was stable while for highersubmicrometer cylinders with planar anchoring]. We
chiralities(or large cylinder radiys the helical structure was showed that the simple conical structyifg is never stable.
stable[1]. In the radially twisted structureommonly known  Therefore, we suggested an asymetric coni&&l) structure
as the double twisted structyrthe nematic director rotates as a generalization of the simple coni¢alC) structure. The
around any axis perpendicular to the cylinder dkig). 1(a)]. out-of-plane tilt increases on approaching the surface, but
In the helical structure the nematic director field is aligned inthere is no azimuthalin-plane bend of nematic director.
planes perpendicular to the cylinder axiselical planes  Contrary to the SC structure, the tilt angle also depends on
which are rotated with respect to each other around the cylthe azimuthal angle in the helical plane. We found the radi-
inder axis. The qualitative features of the structures dependlly twisted (RT) structure to be stable for low chiralities,
on the ratio of the cylinder radius to the helical pitch, ratherwhile for high chiralities the AC structure is stable. The dif-
than on the radius and the chirality separafély8]. A high  ference between the AC structure and the simple helical
radius-to-pitch ratio is achieved for chiral nematics in su-structure was shown to be small.
pramicrometer capillary tubg$,6], while this ratio is lower Here we show how the AC structure in a long cylindrical
in cavities of Anopore membrangg]. According to recent cavity can be adapted to decrease the free energy further.
experimental results, different modifications of simple radi-This more general defectless structure also has an azimuthal
ally twisted and helical structures have been suggestedomponent of the nematic director, thus allowing better
[5-8]. matching to planar anchoring at the cylinder boundéiig.
Particularly for higher chiralities, qualitatively different 1(c)]. This structure has features partly of ATPB and partly
structures were suggested. Ondris-Crawferdil. [7] inves-  of AC structures. To avoid further complications with termi-
tigated chiral nematics in Anopore membranes. NMR meanology, we decided to simply call this structure an axially
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FIG. 1. Schematic representation of three different structéag®Radially twisted structurgb) Eccentric radially twisted structure, with
r,=0.5R. (c) Axially twisted structure. The nematic director fields in the cylindejz] plane (left figureg and (,y) plane[and planes
parallel to §,y) planes; right figurelsare shown. The heads of the “sticks” indicate the inclination of the nematic director below the plane.
The directions of the laboratory coordinate systeny, andz axes and of the rotating’ andy’ axes are indicated.

twisted (AT) structure. Further, we show that our completely structure[1,6].

optimized AT structure can, in its stability region, be satis- One of the most important features of chiral nematic

factorily approximated with the simpler AC strucure. This structures is their twist character. RT and ERT structures
means that the tilt of the nematic director out of the helicalhave essentially a double-twist character, with two local

planes is much more important than the bend in the planeswist axes with equal or comparable chiralities. On the other
Finally we briefly examine changes of the stability limits at hand AT and also AC structures are twisted around the cyl-
low chiralities where the RT structure becomes stable. Thénder axis, with an additional rather small local twist compo-

importance of th& ,, free energy term is revealed even for a nent about the axis in the plane perpendicular to the cylinder
large cylinder radiugor high chirality limit). In addition, we  axis.

include a brief description of a so called eccentric radially In Sec. Il, theoretical grounds for our phenomenological

twisted (ERT) structure[Fig. 1(b)], which at certain range of description of common chiral nematic structures are laid
chiralities is more stable than the simple radially twisteddown. In Sec. Ill, we examine relevant solutions of the
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Euler-Lagrange equations for two angles, describing the To describe periodic chiral nematic structuresxially
nematic director fields. In Sec. IV, we discuss results andwisted structure, etk.the nematic director field is written
give a conclusion. as:

Il EREE ENERGY n=sind(r,¢')cosy(r,¢' )& +sind(r,¢")siny(r,¢')e,

Our chiral nematic is described by a nematic director field + cosa(r,¢>')éz, 4

ﬁ(F) with n to —n equivalence. We neglect the biaxiallity

and space variation of the scalar nematic-order p::lramete\fvhere the. he_hcgl twist of the_nematlc <_j|rector_about the cyl-
idder z axis is incorporated in the shifted azimuthal angle

which is a reasonable approximation for defectless structureg, ~ =~ "> This is the most aeneral form of the nematic
even in cylinders with submicrometer radit3]. di _? fq ld‘ ith if N 'gt d theaxis. 4 is th
Cylindrical coordinates, ¢, andz are used in our calcu- rector Tield with a uniiorm twist aroun axis. ¢1s the
angle between the nematic director and the cylinder axis, and

lations, where the direction is along the cylinder axis. Unit < th le betw th i f tic director i
vectors of the cylindrical coordinate system are denoted b% IS the angle between the prOjec lon of nematic !rec orin
the (x,y) plane and the unit vectoe,. At the cylinder

&, €4, ande,. The free energy of a chiral nematic liquid _
crystal in a cavity is divided into bulk and surface terms: boundary the angles andy agree with the anglegs andyss
[Eq. (3)], respectively.

We denote byx’ andy’ the Cartesian coordinates and
sz fvdv+f f<dS. 1) axes of the coordinate system, which rotates around cylinder
axis according to the chirality’. This is consistent with the

The bulk Frank-Oseen elastic free energy denging] is helical director field (cog'zsing’z0) in Cartesian coordi-

written as nates. The actual chirality’ is generally different from the
natural chiralityg. This is expected since the chirality of the
Fom LK (VP24 Koo PV XA+ a) 2+ Kas XV X 1) 2 nematic liquid crystal can impose a local twist in another
v=2lKal ) 2 gl 3l ) direction, not only around the cylinder axis.
— K24ﬁ.(ﬁxﬁxﬁ+ nv-n)], 2) We introduce dimensionles&reduced”) quantities for

the radius vector, chiralitie,, elastic constant, anchoring

whereK;, K,,, andK g3 are the splay, twist, and bend elas- strengths, and free energy:
tic constants, respectively, ad, is the saddle-splay elastic

constant. We use an approximation of equal bulk elastic con- p= r (5)

stants Kq;=K,,=K33=K), while K,, is allowed to vary. R’

We omit theK ;3 (splay-bendl energy term. We use the term

“natural chirality” for the chirality parameteq to stress the 9=4qR, (6)

difference from the “actual chirality”q’ in the confined L,

geometry. Q' =a'R, ™
In the case of homogeneous planar anchoring with a pre K pa=K pal K, )

ferred z direction, the surface free energy density in the
Rapini-Papoular approximatidri5] is a sum of polarout- —RW. /K 9
of-plang and azimuthalin-plane surface elastic couplings: Weo ¢ ©

Wy=RW,/K, 10
fs=1(W, sirgrg+ W, cog is)sin b, ©) o v (10
F
where W, and W, are the azimuthal and polar anchoring F= Kol (11

strengths, respectivelyg is the angle between the nematic

director at the cylinder boundary and thexis, andysis the  \hereR and|>R are the cylinder radius and length, respec-
angle between then(e,) and (e, ,e,) planes. In the case of tively.
degenerate planar anchoring, the strengthis zero. The corresponding volume free energy density is equal to

2

K [(a6\2 ap\? [ 1 90 1 oy \? [sin26
fv=—- (—) +sin20(—¢/) + —+Q’2)(— +|l=+Q'? sze(_z//) +(Sm +2Q' sirfgsiny

2R?[\ dp ap p? ag’ p? ag’ p
90 ay 30 &z//)+(sin20+29 )28 + sin2s a¢+2(g 20— 0) 6
_—— Sin - Sin COSYy—+ — Sl - COSyy——
p ap’  ap' Ip dFr Voo T o ¢a¢r
2 d info

+| —sifo+ gsin2¢9sin¢p+ZQQ’sinze)—lpJrSI—Jrgsinzasim//JrQ2 , (12
p P g’ p* P

and the surface free energy density is equal to



4156

K
stﬁ{ (W sinfy+ Wecoszw)sinza—;cm[ o' COS¢%+

M. AMBROZIC AND S. ZUMER

PRE 59

. 1., . .
Sirfg— 5Q' sin2gsiny
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Minimization of the free energy with respect to variablesind ¢ yields a coupled system of a pair of partial differential

equations:
P20 100 |1 20 1 (op\? 1 oy \? oy \?
—+——+|=+Q"? —= —l’b) +— 1+—¢) +9Q'? a4
0”p2 p ﬁp p2 (?d)rz 2 é}p p2 (7¢, 07¢/
d d sin d
+2QQ'—¢’ sin26+2Q cos¢—+—'/’ 1+ —d’) sife=0, (14)
¢’ ap p ¢’
92 1 36\ d 1 92 1 d 90 6
—f+(—+200t0—)—¢+ —+Q'? —¢+2 —+Q'? ow——w—ZQ— p—— ——siny
ap p ap)ap |\ p? d¢'? p? ¢’ I’ ap &'
1 00
+2 —2+QQ'>COt0—,=0, (15
p d¢
with the boundary conditions:
00 ) ) ap 1 . . .
%+(1—IC24)(cot0+Q’Slnzp)smzaaTS,nL5(1—IC24+W¢S|n2¢+Wecos"¢)sm26’+Qsmw =0, (16)
p=1
A ) 0 1 .
{%—(1—K24)(cot0+ Q' sin lﬂ)aTS’-’_ E(W¢_W9)S|n 2+ Q cot 6 cosys =0. a7

p=1

Equations are solved numerically, and then the free energy ilightly smaller thanQ, but the difference between the

minimized with respect to the twist paramet@f.

In the case y=—¢’', the AT model simplifies to

the asymmetric conical director field with n

chiralities and corresponding free energies is negligible ex-
cept for low chiralities @<<1). Therefore, in further calcu-
lations we used the approximatio@’ = Q to reduce the

=(sin@cosq’z sinfsing’'zcosp) in Cartesian coordinates computation time.

(see Ref[8]). The difference between the two models is in

the projection of the nematic director to the’(y’) plane
which is aligned in the direction of’ axis in the AC struc-
ture and curved in the AT structure.

IIl. NUMERICAL SOLUTIONS

We limited our calculations of the axially twisted struc-
tures and the corresponding free energies to chiralifles
higher than 1 for two reasons. First, the nematic director
tends to become highly aligned in the direction of the cylin-
der axis for lower chiralities. Equatiqi5) for the angley is
singular in the case of zero polar angle This causes an
ambiguity in the determination of the angleat the points,

We focused our attention on the nematic director fieldSNhere 6=0, and also h|gh numerical errors around such
and corresponding free energies for different sets of materigloints. Therefore numerical solutions of the system of equa-

constantsC,4, Q, Wy, andW,,. The influence ofC;, andQ

on the nematic structure is stronf,, was varied from 0 to
2, while Q was varied from 0 to 30. We compared nematic
director fields and free energies of AC and AT structures. |

n

tions (14)—(17) are not reliable in the low chirality regime.
Second, for low chirality, we expected the stability of a ra-

dially twisted structure with the nematic directon

calculations of the stability regions of different structures, we= C0Sa(p)€,+sina(p)e,. Here « describes a twist of nem-
also considered the free energies of RT and ERT structurestic director around the radial axés .

Finally we calculated and compared simulated polarization

microscopy patterns of the structures.

A. Nematic director fields and free energies

It should be noted that our form of the AT nematic direc-
tor field described by Eq4) includes also the RT structure,

if we sety=7/2 and allowd to depend only omp. In this
cased is equivalent to the twist angle of the RT structure.
We did not perform a complete calculation because of nu-

First we calculated differences between natural chiralitymerical problems mentioned above. Instead for low chirali-
Q and actual chiralityQ'. The corresponding equilibrium ties we took a simple RT structufevith the only parameter
free energies for AC and AT structure were evaluated fore depending o) and obtained a discontionous transition to

different sets of parameters. For both structu@s is

the AT structure withQ’ = Q at intermediate chiralities.
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FIG. 2. Averaged nematic director components of @ashed lingsand AT (solid lineg structures. The componerts, ., Ny, v+, and
n,, , are defined with respect to the rotating coordinate systelyy(,z). The material parameters are the followirig;,=0.8, 1, or 1.2;
Q=2-30,W,=1; andW,=0. The nematic director componemy, .. for the AC structure is not shown because it is identically equal to
zero.

AC and AT structures becomes significant only at a boundary layer. This has al-

ready been shown for the AC structure in R&]. Further-

We found that for higher chiralitie®>1 the AC and AT more the projection of the nematic director to thée,{’)
structures are very similar. In both structures there is a rathaslane of the AT structure is nearly aligned, as in the case of
small tilt of the nematic director out ofx(,y’) plane. It AC structure. Both structures are thus similar to a simple
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L BN B R B S B B B m e RT and ERT structures

| The ERT structure was suggested in Réfis6], on the
= basis of optical polarizing microscopy. Kitzeroet al. [6]
T called this structure the “eccentric double twist structure.”
. The structure is similar to an ordinary radially twisted struc-
"\.\ 0.8- ture. In the RT structure the nematic director on the cylinder
S z axis is parallel to the axis, and it twists around any radial
™ axis on going away from theaxis. In the ERT structure the
1 RT symmetry axis is deformed into a helix with radiyg
O and pitchp,, winding around the axis. At each point on the
T helix the nematic director is parallel to tlzeaxis. We can
1' - consider the RT structure as a limiting case of the ERT struc-
NN ture withr,,=0. In Figs. 1a) and Xb) the nematic director
N fields of RT and ERT structures, with the helix radius equal
N1 to half the cylinder radius, are compared. The nematic direc-
N tor field of the RT structure is independent of the coordinate
. 1_2‘\'. z, while for the ERT structure the whole helical planes twist
N ] around thez axis. In Ref.[6] the suggested model for the

ERT structure (here written in our notation was n

=cosa(p’)e,+sin a(p’)é¢. It is of the same form as the di-
L, rector field for the RT structure, except that the reduced ra-
0 2 4 6 8 10 12 14 16 18 20 dius p’ is now measured with respect to the new origin,
Q which lies on the helix. In the simplest model the twist angle
«a is proportional to radiug’. However, this model does not
FIG. 3. Comparison of the chirality dependence of the RT andfit boundary conditions well in the case of strong anchoring.
AT free energies. Numbers 0.8, 1, and 1.2 indidégfor AT lines.  Therefore, we slightly modified the model to decrease the
There are two lines for eacki,,, corresponding to two different surface anchoring energy: we added a quadratic tegm to
values of polar anchoring strengthv,=1 for the lower(dashedl  the functiona(p’), and further adapted the nematic director
line, andW,=5 for the upperdot-dashejlline. The AT lines are near the cylinder boundary to achieve a better fit with the

continued_into dottkt)eld Iine_s in_the low chifalifty region,_}/vhere the AT preferred é¢1éz) planar alignment. More details about the
structure is unstablely =0 is zero. Kz for the RT structure efinaments of the model will be given elsewhere. We calcu-

e ol e 0 L o -2, Jted th free energy of the ERT stucture and compared i
0 . . . .
figure the free energies of RT and ERT around chiraf}y 4 are with the energies of RT and AT struciures. Varying the

compared. The ERT structure depends, contrary to the RT structurg,addle's’pl""y elastic constant in the range<0i5,< 1.5, for

on anchoring strength; the cases with=5, 10, and 30 are shown. intermediate values ofV, (roughly between 3 and '?’o@ve
9 9 ity found a stability region of the ERT structure for a chiral@y

near 4. There the RT structure has a maximpeak of the
] ) . free energy(Fig. 3. This prediction agrees with the experi-
planar helical structure, except in a boundary layer. In Fig. Zyental results of Kitzerowet al.[6] that the ERT structure is

the square roots of averaged squares of the three nematigaple in the region where the helical pitch is of the order of
director components for both structures are shown. We useghe cylinder diameter. The transition from RT to ERT struc-
the following symbolsn,, ;= \/<n2i Y, where(- - -) represents ture and back is discontinuous. For instance, in the case of
the average value of the quantity in brackets through théC,,=1,W,=5, andQ~4, the radius of the helik, is about
cylinder, and the subscriptstands forx’, y’ or z. We see half the cylinder radius. With decreasingy, the radiusr,
thatn,, . has a value near 1 in both structures. In the helicaincreases, and, for instance, with,=1, 9=4, and W,
structure,n,, . is exactly 1. A small value oh,,y, in the  =W,=0 one findsr,=0.9R andp,=8.6R. In Fig. 3 it is

AT structure means that it is similar to the AC structure,seen that for smalW, (of the order of 1 or legsthere is no
wheren,, - is identically equal to zero. The averaged direc-ERT stability region, because the stability region of AT
tor components are shown for chiralities between 2 and 30structures begins at a chirality less than 4. Ay=5 the AT

for three different values of the saddle-splay elastic constanstability region shifts toward higher chiralities, and so the
and for the polar anchoring strengtti,= 1. The diagrams of ERT structures are stable for the values of chira@yaround
averaged director components for higher anchoring strengthd. On the other hand, if anchoring is too strong (> 50),

are similar to the ones in Fig. 2. In cases represented in Fighe interval of chiralities around the energy peak of the RT
2 the azimuthal anchoring strength is taken to be zero. Fostructure, where the ERT structure becomes favorable,
nonzeroW,, the difference between the two structures isshrinks and disappeatsiset of Fig. 3. There is a disagree-
even smaller. A small value af,, , indicates a small average ment between our predictions and the experimental results in
tilt of the nematic director out of the helical plane. The dif- [6] for the optimal eccentric helix radius. Kitzerost al.[6]
ference between the free energies of both structures is onlyr@ported that optical textures indicate that the helix radius is
few percent. The free energies of the AT structure are showequal to the cylinder radius. Our calculations give about half
in Fig. 3. as large a helix radius for anchoring strengths of order 5 and

F/Knl




higher. For very small anchoring strengti(~0) we also
find rp,~1, but the problem is that for this set of parameters
the AT structures have lower free energy than the ERT struc-
tures.

g:: a":K«

B. Twist character of the structures

»x:;::@jz
J

\

The twist character of chiral nematic structures can be
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quantitatively studied by using the twist pseudotensor intro-
duced by Kilian and Sonndtl6]: T;;= € nyn ;. Hereny

RT
are the components of the nematic director in the Cartesian

coordinate system, aqu- are their derivatives with respect FIG. 4. Simulated optical polarizing_microscope textures for
to the coordinatess;, is the Levi-Civita antisymetric tensor RT,. ERT, and AT structures. The material paran.]eters are the fol-
of third rank. The convention of the summation over re-'oWing: Kz4=1, Wy=5, ,=0, andQ=4. The incident light po-
peated indices is used. larization is parallel to the axis.

The real nonzero eigenvalues of this tensor are the chirali- . . . .

. : . . .~ . cylinder axig; therefore the textures are obtained in e
ties, and the corresponding eigenvectors give the direction o . S o

. plane. The incident light polarization is in thedirection,

of local twist axes. There can be zero, one, or two perpen: : o

. ! ; and the analyzer is set at an angle of 90° with respect to the

dicular local twist axes. For a single nondegenerate nonzerg o )

: . . o Incident polarization. The optical patterns of all three struc-

eigenvalue there is a twist of the nematic director around th%\

single axis, as is the case for a simple chiral structure jfures can be clearly distinguished from each other. In Fig. 5,

unconfined chiral nematics. For a doubly degenerate eigenal comparnison of AT textures |s_sh9wn for two different
value we have a perfect double twist with eigenvectors form~ h'ral't'es. ?”d two different pola_rlzatlons._ The textures are
ing a plane. In most cases we have two different eigenvalue%k':'arly dIStII"IQUIS.hed frqm the simple hehca[ structure tex-
(chiralities with two perpendicular twist axes t_ures(not shown_m _the f|g_ure, because: thgre is no Fra_nsmlted
) N = light at all). The incident light polarization in Fig. 5 is in the
In RT structures the local twist axes @eande, . Onthe  y girection, and at an angle of 45° with respect to xrexis
cylinder axis the corresponding eigenvalues are €qQURBr- iy the xz plane. In both cases, the analyzer is set at an angle

fect double twist On approaching the cylinder boundary the o go° with respect to the incident polarization. The material
twist around thee; axis becomes more pronounced, indicat-parameters are taken to be the same as in Fig. 4, except the
ing the transition from double- to single-twist character.  chirality is now 5 and 10. The qualitative features of all AT
In ERT structures the two local twist axes also have comtextures are similar, except for smaller pitches in thaxis
ponents in thez-axis direction due to additional winding of direction in the case of higher chiralities. Other differences in
the eccentric helix. Furthermore, points with a perfect doubleyatterns are too small to be noticed in Fig. 5.
twist lie on the eccentric helix, but not on the cylinder axis.
In AC qnd AT structures we study tvyist character on the IV. CONCLUSION
localy’ axis, where the tilt of nematic director out of helical _ _ _ _
planes is the largegFig. 1(c)]. In both structures, at each We studied axially twisted model structures of chiral
point on they’ axis we have two twist axes: theaxis and nematic liquid crystals confined to cylindrical cavities with
they’ axis. The chirality around theaxis is nearly equal to ~ Planar anchoring. The structure was shown to be similar to
the natural chirality. For a very high natural chiraliy the  the previously studied asymetric conical structure. These two
chirality around they’-twist axis is negligible, except in a structures differ from a planar helical structure with a helical
boundary layer. At points on thg’ axis there is only a
z-twist axis. Therefore, AC and AT structures are mainly Q=5 Q=10
single twisted.

C. Polarizing optical microscopy textures

Using calculated nematic director fields, we simulated po- O°
larizing optical microscope textures for radially twisted, ec-
centric radially twisted, and axially twisted structures. Opti-
cal microscopy is a useful tool for a study of director fields
in cylinders with supramicrometer radii,17,18. The tex-
tures were simulated with the aim to compare our results
with experimental data. In Fig. 4, the textures are shown for
the following parametersKy,=1, Wy=5, W,=0, and Q 45°
=4. The cylinder radius was taken to be &om, while the
incoming light wavelength was 435 nm, corresponding to the
mercury light source. We took values of the ordinary and
extraordinary refraction indexes for nematic liquid crystal F|G. 5. Simulated optical polarizing microscope patterns for the
E7: n,=1.544 anch,=1.8208[17,18. The direction of in- AT structure for two different chiralities and two directions of the
cident light is parallel to they axis (perpendicular to the polarizer.
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axis parallel to the cylinder axis in a tilt of the nematic di- is needed to check this. Our simple ERT model has also
rector out of helical planes in a surface layer. Instead ofevealed no existence of this structure for higher chiralities.
taking the AT model, the structures can be described wellfhe ERT structure might be expected to be stable at the
enough by a single variable AC model, which allows simplerchitalities Q~7, 10 etc., where the second, third, and higher
numerical calculations. The free energy of an AT structure isenergy maxima of the RT structure appear. However, the
a few percent lower than the corresponding AC free energyeaiculations so far show that AT structures have the lowest
For |OW Chiralities, the radia“y tW|Sted structure iS Stable,energies near h|gher RT energy peaks_ There iS a disagree_
except in the small interval of chiralities around the valuement between our estimation of the radius of the helix of
Q=4, where the eccentric radially twisted structure is stableeRT structure and the results of Kitzerat al. [6]. A pos-

for intermediate values of the polar anchoring strength. Fogijple explanation of the experiments of Kitzereival. would

hlgh chiralities the axiaIIy twisted structure is stable. m require a very weak anchoring at the Cy|inder surface and
free energy term is deeply negative for high chiralities; thereq|so a rather stable metastable ERT nematic structure, so that

fore, the free energy of an AT structure is much lower thanthe stable reentrant AT structure would not develop with
the free energy of a helical structure. This may significantlyjncreasing chirality.

affect calculated stability phase diagrams of helical struc-
tures and blue phasg$9], if helical structure is replaced by
AT structure.

There remains a question of a possible stability of the
ERT structure for higher anchoring strengths and for higher This research was funded in part by the Ministry of Sci-
chiralities. A simple model of this structure does not allow ence and Technology of Slovenia under Project No. J1-0595-
its stability for very strong anchoring. A more advanced1554-98, and by the European Commission under Project
model which better optimizes bulk and surface free energieblo. INCO ERBCIPDCT940602.
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