PHYSICAL REVIEW E, VOLUME 65, 011701
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The dielectric properties of the twist grain boundaries 3@Bd TGR- of liquid crystal phases differ from
the smecticA and smectic=* phase ones: a theoretical model confirmed by experimental results shows that
the Goldstone mode of the T@Bphase and the soft mode of the TGBhase are strongly reduced. This
behavior is due to elastic strain, which is connected to two parameters: the anchoring at the grain boundaries
and the distance between the grain boundaries. It is shown quantitatively that a relatively flexible anchoring in
the TGB, phase becomes rigid in the TgB®ne. The relaxation frequencies of these modes allow analysis of
the rotational viscosity variations.
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. INTRODUCTION dielectric properties of the TGBand TGB-: phase$13] con-

) firm the existence of the soft mode in the T&Bhase and
In 1988, Renn and Lubensky proposed a theoretical strucsphow the existence of a Golstone mode in the TGBase.

ture of the twist grain boundarf GB) phaseg1]. Since the  \ye highlighted the dielectric behavior difference between
synthesis of the TGB phase by Goodbgt al. in 1989[2]  1Gg, and TGB. phases and put into evidence the influence
and the TGR phase by Nguyeret al. [3] in 1992, several  of the block structure: the TGB phase relaxation processes
studies have been devoted to these phges]. The TGB,  have lower amplitudes and higher frequencies in comparison
and TGE; structures have been established from optical angitn those of classical S!-and SmC phases.
x-ray studie5,6]: the TGB, and TGR; phases are twisted | this paper, we report a detailed study of the dielectric
structures, made up by blocks of smedidSm-A) and Sm-  properties of the TGR and TGR, phases when the electric
C. Optical studies of the helical pitcp4,7] show that the field is parallel to the helical axis. A theoretical model is
helical pitch varies from approximately a micrometer to agjyen in the first part. It leads to the expressions of the di-
fraction of a micrometer and bears variations that are typicag|ectric amplitudes\ e and relaxation frequenciefs. of the
of phases and phase sequences. X-ray stU8i€sg show o modes. New elastic parameters are introduced and justi-
that the helical axis is parallel to the smectic layers in TGB fieq, depending on the size of the TGB blocks and on the
and is ftilted in the TGB phase with an angle close to strength of the anchoring at the grain boundaries. The second
smectic€ tilt angle; these studies also led to the determinapart concerns experimental studies of the first chemical series
tion of the number of TGB blocks per pitch. . with the TGR. phase synthesized by Nguyenal. [3] and

The first studies of dielectric properties show that in thecharacterized by a rich polymorphism. Experimental results
TGB, [9-13 and TGE; [13] phases, like in the StA-and  gptained in several compounds bearing S SmA,
Sm-C* phases, the electric field induces amplitude ﬂUCtua'TGBC, TGB,, and Nf phases are reported and analyzed;
tions of the tilt angle(soft mode[14,15) and phase fluctua- the block structure and the block size clearly influences the
tions of the filt angle(Goldstone mode14,15)). Wrobel  dielectric properties of the TGB phases. The anchoring
et al. [11] show that in the TGR phase, the soft mode re- strength at the grain boundaries, and its variations according
laxation process behavior differs from that anticipated by theg temperature are deduced from experimental results. The
extended mean-field theory. Xat al.[12] show also the ex- otational viscosities close to the SB%-TGB, and

istence of the soft mode in the TGhase and highlight the  sm.c* _TGB. phases transitions are analyzed.
existence of a low frequency mode assigned to the relaxation

process in the grain boundaries. Our preliminary studies of Il. THEORY

A. TGB structure

* Author to whom correspondence should be addressed. Electronic In the following, we will only consider one block of the
address: Mimoun.Ismaili@univ-lillel.fr TGB structure; other blocks have the same features. Figure 1
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Z, grain boundaries

. . Xj
screw dislocations
FIG. 2. Molecular rotation around the cone induced by the elec-
Y; tric field in the TGR. phase.
‘1’ |_—
i N, =sin 64N, +coségn, . 2
Vs L o x i i i
N I ’ }2,1 At zero field,#=0 andg is indefinite in TGB,, 6= 65 and
¥ = ry Ly ¢=0 in TGB:. Nonzero field induces director tilt and azi-
11

muthal angle changes, but is not supposed to induce any tilt

]
< > \ or rotation of the layers.
fl, 1 i\
Ao z—nfh B. Free-energy density
p Let us introduce the free-energy density of the TGB

phases, when an electric field is applied,

FIG. 1. Block structure of the TGBphase. o
9=0o+Eejasr P-E.

shows the structure of thgh block, which is turned by an
angleW¥;=j(2m/p)l, around the helical axis with respect to
a reference blockjE0); p represents the helical pitch and

I, the block width. Two reference system©XY,;Z;) and

Oo is a simple Landau expansion describing the smectic-
A—smecticE transition,

1 1
go=5ab*+ 7 b04+—(P§(+ P{+P2)

(Ox;Y;z;), are used to describe the TGB structure. The first 2e0x
one is connected with the grain boundakZ;) planes and ,
the helical axisOX. The second one is connected with the —C(Py,0cose— P, fsing), ©)

smectic layer X;Y;) planes and the layer normaDg;). Ac-
cording to Navailleset al. [5,6], the TGR. structure is he-
lielectric; the spontaneous polarizatiéty lies alongOY;,
and the first reference systen®XY;Z;) is rotated by an

anglefs around theDY; axis with respect to the second one - . .
(0XYz), s being the spontaneous tilt angle. For the iZation. In particular, Eq(3) leads to the expressions of the

TGB, phasefs=0 and the two systems coincide. spontaneous polarization and tilt of the STnphase Ps

The director components in the layers system is given b%’hfe()):)(élzsr;z;uonvg)(n:gonz)nlﬂb cvlenr:hbercev;g;eEg);(; /a

wherea is supposed to be temperature dependenta(T
—Tg), Torepresenting the StA—Sm-C transition tempera-
ture in the case of a nonchiral compoubds positive, andC
expresses the linear coupling between the tilt and the polar-

n, =sin# cose,

: Py, = Px 065+ Pz sinbs.
n, singsine, @) Eciast IS the elastic distortion energy of the nematic director
in the smectic layers; we will indeed see that the director’s

nzj:COSé’- components in a given block submitted to an electric field
are not constant: a twist deformation is expected when the
6 and ¢ are, respectively, the well known director tilting and field is perpendicular to the helical axis, but other orienta-

azimuthal angles. tions can also give rise to splay distortigis3].

The director components alor@X and OZ; directions,
ny and nzj, are linear combinations oh,; and n,; in C. Director rotations induced by an electric field parallel to
OXYJ- ZJ- , the helical axis in the TGB phases

Figures 2 and 3 schematically describe the azimuthal

Nx=C0SO3Ny, —SiN b3y, angle and tilt angled induced in TGB. and TGB, phases
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/ sz: _EoXcessin assinQD, (5)
PYj: €OXC 05 COS(,D, (6)

L

, __ei X Py=eoxEx— eoxC0scosfssing, (7)
\ B E 2
| d

1 — C[PYj sing+ (Py cosfs+ Pz, sinfs)cose] — Ky, d_Xi)
y 0.

= ®

ReplacingPy, PYJ,, and sz in Eq. (8) leads to
FIG. 3. Tilt angle induced by electric field in the TGBhase;

distortion due of the anchorage at the grain boundaries. d2 foXC Ex cosfg ©
—_— 9
i K '
submitted to an electric field parallel to the helical axis. In “dX 22
the TGR: phase, the field component along the smectic layihen
ers Exj: Ey cosfsis perpendicular to the spontaneous polar-
ization Ps= eoxC s JYJ_, whereJYj is a unit vector parallel de _€oxCEx cososx (10

to OY;. Figure 2 schematically shows that, in the smectic SdXx K2z

layers, induced molecular rotations around the cone are e
pected because of the torque exerted by the field on the po-
larization. They correspond to the so-called Goldstone mode.

In a given block, the rotation is not uniform: if the grain Osp=
boundary exerts some anchorage on the director, we can rea-
sonably assume that it is larger in the center of the block and
weaker near the grain boundary. There appears then, a sort of
twist deformation of the director, this deformation induces an
elastic torque.

)fhe solution is a parabolic deformation,

2 (Lo )® 11

28) | (13)
In this expression, the coefficient03<1 describes the
lecular anchoring at the grain boundaries: if the anchoring
s rigid, B=1 and¢=0 for X==1,/2; if the anchoring is

Figure 3 schematically shows that we can expect a so ?]ticrrl]gils Igrggtrl #]aﬁb:/g for a fictive distanceXo=14/24,

mode in the TGR phase connected to a field induced polar- The mean rotation can then be calculated fd,/2<X
ization P;. The wholeEy field is efficient to create it as, in <I,/2 and the mean polarizatidy) along the applied field
the TGB, phase,#s=0 and soE =Ey. If the induced tilt- ({Px) is j independent ancﬂ’Yj and sz disappear after av-
ing is not uniform, there appears again a twist deformation okraging on a pitch period

1 1

3

€oxXCEyx cosfg
2K,

the director.

We finally remark that in such a description, the induced 1
rotation #(X) in the TGB, and f.¢(X) in the TGR. are in (Osp)=€oxCEx 00595|b8K
fact mean values of two variable functioX,Y;) and 2

0s¢(X,Y;) which areY; averaged over the distance between (€eoxC COS0s)?
two screw dislocations. We also note that these effect§ are (P,)=e yEy #EX: eoxEx+ €oA egEx .
independent: all blocks are subject to the same phenomena. 83° Kazz
—B%3 I}
D. The Goldstone mode of the TGB phase (12)

For the TGR phase, the free energy can locally be writ The dielectric strength of the Goldstone mode is ttse

ten as
(Px))
g=1a(T—TO)02+ 1be“+ L(PZ+PZ+ P2) €ox’C? €ox°C?
2 ST4TS 2¢O Y Aeezwg—coseéz OH cosb: (13
2
C[PYj Oscose— (Py cosfs+ sz sinég) fssine] - 53 Koo/l
de\?
2K2202(dx> —PyEx. (4) in which we callH, the elastic parameter that forms the
denominator,
The term%Kzzerg‘(d(,o/dx)2 is the energy density associ- 882 K
ated to the twist deformation. Minimization of E() with H,= 5 ;2, (14
respect tP;, Py, Px, ande gives 1-p73 1
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We can note that cd9, is the result of two projections: €ny2C2 22
. : . - oX €oX
projection of the applied fiel&y on the smectic planes and Aeg~ 5 = —
projection on theX direction of the dipoles induced in the 8B 2 a(T=Tc)+Hs
. . . . . a(T_Tc)+—K22/|b
smectic planes. This geometric factor is almost equal to unity 1- 23
since the tilt value is rarely higher than 15° in the T&B (19
phasd 22]. We conclude that the Goldstone mode amplitude
is attenuated by the elastic paramekés. This parameter With again,
plays for the TGR phase a similar role a3 g2 in a 5
classical SnE* chiral phase with a pitch wave vectoy oo 88° Kz (20)
=27/p. 2 1-py3 12
The elastic ternH, that limits the Goldstone mode in the
TGB¢ phase is so interpreted as a consequence of anchoring the TGB, phase, the soft mode is limited by thermic and
effects at the grain boundaries inducing twist deformations oélastic effects; the elastic strain is due to anchoring effects at
the director. the grain boundaries inducing twist deformations of the di-
rector. We conclude that the soft mode of the T,Giase is
E. The soft mode in the TGB, phase not only limited by thea(T—T¢) thermic parameter like in
classicalA phases, but also by thé, elastic one.

The problem can be solved in a similar way for the TGB

hase. The local free energy density is written as
P 9y y F. Dynamic properties

P

2€0x B

A sinusoidal time dependent field with frequerfdg now
applied to the system,

1 ) 1 (de)?
gzza(T—To)H + CPX0+ §K22 6( _PxEx.

(15 . S
Ex(t) = EXelzwft.
Minimization of Eq.(15) gives
The equations have then to include the rotational viscosi-
Px= €oXxEx+ €0xC0, ties yg for the Goldstone mode of the TGBphase,ys for
the soft mode of the TGBphase. For the TGBphase, the
d?6 torque equatiori8) [including Egs.(5)—(7)] becomes
a(T—Tc)ﬁ— Kzzﬁ_foxcExzo (16)
d?¢
€0XCEx cosO,—Kopls——=—j 27 f y50 21
The solution, more complicated than for the T&ghase, X=X R 'E j2mtyelse (2D
is
and for the TGR phase, the torque equati¢h6) becomes
€oxCE eXatr e Xa
o (R /2 1,28 ] (17) d?¢ -
a(T—=Tc) g'b/28a4 g lbf282 —eoXCEX—i-a(T—TC)ﬁ—KZQR:—12771‘ ¥s0.
In this formula, a is a characteristic length,a (22

= VK2/a(T—T¢); B has the same significance as above; The resolution of these equations leads to the mean values

|0/:20'fft(r)1r a fic;ive; di.StanCt@?O.zlbff V\:PiCh Is larger tEand of the induced polarizations connected to the Goldstone and
p/2 if the anchoring is not rigidg<1). If we assume a har soft modes. In the TGBphase

anchoring, the theoretical director profile is quite similar to

the one obtained by Beldon and Els{d®] who studied hard €22C2 cosh? 2a elb2a_glp/2a
anchoring surface effects in SAphases. (Py )=——| 1—-— 1755 | Ex>
The average values can then be calculated-fbg/2< X € j2mfyg lp gl2a g lo/262

<1y/2, (23

H 2
“ €oxCEx 2a eblza_ oIy 1_/:;1 22-??3’ /tkI;e square root of the complex numbea<1/
=—|1-——— = Gl "h22-
a(T—=Tc) lp elb/2hay g Iv/252 In the TGB, phase

egxzcz 2a elv2a_g-lp/2a egxzcz
(Px)=€oxBxt oy X <PX5>: a(T—Tg)+ ]2t
a(T—T¢) I, glb2Ba g=lp/2Ba c)Tl Vs

(18 24 elbf2a_g-ly2a
x| 1

This last formula does not give a convenient expression of Iy elv/2Ba g—Ip2Ba
the dielectric strength connected to the soft mdsecond

term of (Pyx)), so we prefer the following approximate ex- 1/a being the square root of the complex numbea?1/
pression: =[a(T—Tg)+j27fys]/K,,. Once again, these kinds of

Ex, (24)
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F F F
* FIG. 4. Chemical formula of the chiral tolane
= O—CH —
H(CHzO0 @ coo @ c=c <:§ | Cefis seriesnF,BTFO,M.
CH3

formulas containing hyperbolic functions of complex num-chemical formula. The exhibited phases sequences of the

bers are not convenient, so we prefer the next approximatstudied termsi{=9 to 12 are summarized in Table I.

expressions of the dielectric strengths. The dielectric measurement technique is described else-
For the Goldstone mode of the TGBhase where[17]. The planar orientation of the samples is achieved

with a polyvinyl alcohol coating and rubbing. In order to
~ Go(XC)Z C0§ 05 p yV y g g

ea(f)= (25) compare experimental results obtained on different com-
G H, o f pounds, all studied samples have roughly the same thickness
1+] E (=25 um), which is larger than the helical pitch. To
achieve a good alignment, the cells are filled by capillarity in
wheref is the relaxation frequency the isotropic phase and cooled slowly to tHé phase. The
orientation is controlled by using a polarizing microscope
H, during the experiments. The applied electric field is perpen-
fGZZW 7 dicular to the SnmE* helical axis and parallel to the
e TGB:, TGB,, and N* axis. The measurements are ana-
and for the soft mode of the TGBphase lyzed using the Cole-Cole formula correspondingmalis-
tributed relaxation process and a static conductivity
2 ()= €o(xC)? 1 26)
<D= T TotH, T’ i A€ o
1+j— e*=ew+2 - — + - ,
fs S 1+(j It i27fe
where the relaxation frequency is wheree,, is the high-frequency limit of the dielectric permit-
(T—To)+H, tivity, «; is the distribution parametefr,; is the critical or the
5= ) relaxation frequency, ande; is the dielectric strength. The
27mys temperature dependencies of different dielectric processes

We point out that the approximations leading, respec-are reported and discussed.

tively, from Egs.(18), (23), and(24) to (19), (25), and(26)
are not immediate. We have verified their validity with the V. DIELECTRIC MEASUREMENTS RESULTS AND
help of numerical calculations in the TGBphase for 0.5 DISCUSSION
<B<1 whatevel,, is, and in the TGR phase for 0.25.8
<1 andl, such that &<H,/a(T—Tc)<e (we anticipate N i
here the experimental results In addition to the_ Sr_rG* andN* phases, this compound
The main advantages of Eq®5) and (26) are first, the ~Presents two smectid-like phases, namely Sm-and TGB,
definition of a single relaxation frequency instead of a weaksee Table)L At high temperature and far from the smectic-
distribution, second, the clear separation of the thermiéA—SmecticC phase transition, the dielectric amplitudes are
a(T—Te) and elastic H,) contributions, and third, the sim- Small and the relaxation frequenC|e§ high, particularly in the
plicity of the elastic termH, expressed with the anchoring N* phase. Furthermore, the ITO artifact masks the relaxation
parameter3 and the block widtH,, . modes at high frequenci¢$5] and therefore it is difficult to
extract the accurate values of the dielectric strength and criti-
cal frequencies from the dielectric spec{r#8]. For these
reasons, we do not give any experimental result inNffe
Four compounds of the chemical series,BTFO;M -, phase of this compound. Figures 5 and 7 show, respectively,
synthesized by Nguyel8], are studied. Figure 4 depicts its the dielectric amplitude\ e and the relaxation frequendy,

A. Compound n=9

I1l. EXPERIMENT

TABLE |. Phase sequences of compoumds9—12 of thenF,BTFO;M. ¢, phase exists; -, phase does

not exist.

n K SmC* SmA TGB¢ TGB,p N* BP |
g L] L] L] - L] L] L] L]
10 L] L] - - L] L] L] L]
11 L] L] - L] L] L] L] L]
12 . . - . - . . .
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140 3 250 -
120 1 ]
E 200 ] [»]
100 3 5 TGBa $ml
E ~~ 150
80 1 Sm-C* g :
W 60 1 100 D
< ] < Sm-A 3,6:‘0
40 § 50 -
20 ] Sm-A TGBA ] Sm-C*
0 ' 86 91 %6 101
86 91 96 101 T (°C)

T (°C)
FIG. 7. Points and lines: critical frequency versus temperature

FIG. 5. Dielectric amplitude A €) versus temperature for the for the 9FBTFO,;M, compound. Line: extrapolation of the relax-

9F,BTFO,M; compound. ation frequency of the Sm-phase to the TGB phase existence
domain.

variations versus temperature obtained in TGBmM-A, and
Sm-C* phases in cooling. In the TGBphaseAe increases Sm-A phase directly highlight the existence of tHg elastic
from 0.95 at 100.4°C to 2.7 at 97.4°C aiid decreases parameter(see Figs. 6 and)7 The contribution of this pa-
from 225 kHz to=77.4 kHz. In the SnA phase,Ae in-  rameter to the inverse of the dielectric strength is added in
creases from 2.7 to about 56 at the 8mSm-C* transition  the TGB, to thea(T—T) one. TheH, contribution starts at
temperature, which occurs at 90.3 °C, andfthdecreasesto the SmA —-TGB, phase transition with a zero value and
reach 3 kHz. In the Sn&* phase, the Goldstone mode am- increases with the temperature in the TG@hase; this be-
plitude increases to approximately 130 and the critical fre-havior is easily understandable via the variation of the TGB
quency decreases to reach a value lower than 1 kHz far froblock widthl, ; likewise the helical pitchl,, diverges at the
the SmA-Sm<C* transition temperature. TGB,—SmA transition and decreases at higher temperatures

In the SmA phase, the inverse of the dielectric strength[7,8]; a quantitative analysis will be done in Sec. V B.
A e }(T) and the relaxation frequendy(T) (see Figs. 6 and The variations oH, also follow a linear law according to
7) are linearly dependent on the temperatufeT() in ac- the temperature. Table Il summarizes the calculated slopes of
cordance with the following formulas: the inverse of the dielectric strength and the critical fre-
guency on both sides of the TgGBSmM-A phase transition.

We can note from Table Il thate 1(T) andf.(T) varia-

Ae ()= € 2C2(T_TC) tions versus temperature are more than three times larger in
ox the TGB, than in the SmA phase. In addition, since in the
and Sm-A phase
(1)~ 5 (T To). (d“ B
dT sma  €ox°C?

The TGB,—Sm-A phase transition occurs at 97.4°C. This

transition is well identified by the slope changes\af 1(T) df,
and f(T). In the TGB, phase, the difference between the (d T
experimental values and the values extrapolated from the

o

(27)

SmA 2 s

1.2 - and in the TGR phase
11 X
] ) dAe a 1 dH
Nt R & ( a7 ) Gt T
g o061 TeB, €0X“C” €x°C
= 0.4 ] a*?
T Sm-A - TABLE Il. Ae }(T) and f4(T) slopes on both sides of the
0.2 3 gm-C* TGB,—SmA transition of the 9FBTFO, M, compound.
O:vvvvvv—| T T -1 o~—1 or~—1
36 01 06 101 dAe H/dT(°C™*) df./dT(kHz°C )
T (°C) TGB, 0.23 50.5

SmA 0.07 14.3
FIG. 6. Points and linesAe ! versus temperature for the

9F,BTFO, M-, compound. Line: extrapolation dfe ! of the SmA Ratio TGB,/SmA 3.3 3.5
phase to the TGBphase existence domain.
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250 1 2
200 ] A A,A-A-A'*A ARARCA
~ ] 1.5 4
% 150 ] Sm-A TGBA .
<= ] 2 1 mz
«2 100 ] =
" ]
] b 0.5 1
50 -
= ~a(1-19
I-——r——— 0 -~ T T
90 92 94 96 98 100 102 96 98 100 102 104 106 108
T (°C) T (°C)
FIG. 8. Aexf, versus temperature on both sides of the FIG. 10. Points and linesAe™! versus temperature for the
TGBA—SmM-A transition of the 9FBTFO,M,; compound. 10FR,BTFO;M; compound. LineAe™ ! for the SmA phase of the
9F,BTFO;M,; compound.
df. o 1 dH,
- = = + , (28 _ _ _
L TGB, 2mys 2mys dT Sm-C*, TBG,, N*.IntheN* phase, the dielectric ampli-

tudes are very small and the relaxation frequencies are high;

it appears thatlH,/dT=2«. This result supposes that the so for the same reasons as announced in Sec. IV A, mea-
coefficienteox”C? and the viscosityys are constant in each gyrements of the dielectric spectra become accurate only for
phase and do not vary from one phase to the other one. Thigmperatures lower than 105.7°C. Experimental results
assumption is conﬂrmg? by the foIIowmq }wo facts. obtained on cooling, in the temperature range of

(@ The ratios dAe™"/d T)ree, /(dAe™/d T)sma and  g7°c_105.7°C, are drawn in Figs. 9—11. At 105.7 °C, the
(d fe/d T)ree,/(d fc/d T)sma have approximately the same dielectric amplitudes e=0.6 and overtakes 10.5 at 100.3°C
value. while the relaxation frequencfy. decreases from 290 kHz to

(b) The product of the experimental dielectric strengthabout 15 kHz. The TGB-Sm-C* phase transition happens
and the relaxation frequencyAgX f.=(eox?C%2mys) in  betweenT=100.2 °C and 100 °C whetke is roughly equal
theory remains roughly equal and practically constantto 40.
(=200 kHz, see Fig. Bon both sides of the TGB-SmA We can notice that in the TGBphaseA € is small andf
phase transition. high compared to the obtained values in the Arphase of

In conclusion, our study highlights the existence of anthe compounch=29: experimental values dfe ! andf, are
elastic parameted , in the TGB, phase whose contribution about four times higher in the TGBphase of the compound
to the dielectric behavior is added to the thermal coefficienh= 10 compared to the SA-phase oih=9. Figures 10 and
a(T—Tc) characteristic of the SmA-phase. The elastic pa- 11 clearly show thatH, starts from zero at the
rameterH, is equal to zero at the TGB-SmA transition =~ Sm-C* —TGB, transition and increases in the TEBhase.
and has the same magnitude @6T—T) a few degrees We can again understand this behavior Mjavariations:I,
higher. Therefore, in comparison with the S\nphase, the diverges at the TGB-Sm-C* transition and decreases at
soft mode amplitudes are weaker and the relaxation frequerrigher temperaturef4,8]; the quantitative analysis will be

cies higher in the TGB phase. given in Sec. V A.
As for then=9 compound, the inverse of the dielectric
B. Compoundn=10 strengthAe™(T) and the relaxation frequenc(T) are

Contrary to the previous compound, this one does notinearly dependent on the temperature in the JGihase.
exhibit the SmA phase. Its phases sequence is

350 7
140 7 E
3 300 1
120 - ]
] 250
100 4 ~ 3 a
. . é 200 o
E Sm-C ] t
9 o] 2 150
< 3 £ 100 ]
40 1 ]
] 50 (119
20 ] TGBA 0 ] ~
0 o T 96 98 100 102 104 106 108
96 98 100 102 104 106 108

T (O
T (°C)
FIG. 11. Points and lines: critical frequency versus temperature
FIG. 9. Dielectric amplitude versus temperature for thefor the 105BTFO,M, compound. Line: critical frequency for the
10R,BTFO;M; compound. Sm-A phase of the 9/ BTFO;M, compound.
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TABLE lll. Ae }(T) andf(T) slopes in the TGB phase of
the 10EBTFO;M, compound.

dAe YdT(°C™Y) d f./d T(kHz°C™Y)

TGB, 0.29 54.3

Calculated slopes of these curves are gathered in Table IlI.

Tables Il and 11l show thah e~ 1(T) andf(T) slopes are,
on one hand, of the same order of magnitude in the {GB
phases of the compounds=9 andn=10 and, on the other
hand, four times higher than in the Stnphase of the com-
poundn=9. The difference between the TGRnNnd the Sm-
A phases can again be explained by the elastic parafdgter
contribution: H, is approximately three times larger than
a(T—Tc) andd H,/d T=3a.

In the SmEC* phase, the Goldstone mode is well re-

solved: the dielectric strength increases swiftly from 40 a Hz.
100°C to reach 118 at 99.3 °C and remains practically con-

stant for lower temperatures; the relaxation frequeficys

PHYSICAL REVIEW E65 011701
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= 100 ]
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FIG. 12. Aexf, versus temperature on both sides of the
TGB,—Sm<C* transition of the 10BTFO;M; compound.

reach a value close to 125 kHz at the transition temperature.
In the TGB, phase, it is nearly constant and close to 190

This last value is similar to values found in T@ENd
Sm-A phases oh=9. The two compounds have then similar

then approximately equal to 1.5 kHz. This increase of the>0ft mode viscositieys through these phases (T¢Eor n

dielectric amplitude is probably due to the helical pitch :10’*3”1’6‘ and TGB, for n=9). On the other hand, in the
(psmes) variations according to temperature. Indeed, the>M<C* phase o=9 at temperatures lower than 98.5°C,
Sm<C* phase Goldstone mode strength is given by the folthe Goldstone mode viscosity; appears to be quasicon-

lowing formula[19]:

22
€0X C
(A€g)sme+= 5 ) (29

2
2 Kaggmes

where Ks; is the bend elastic constant angsnycx
=(27/psmer) (Aeg)smex IS therefore closely related to
the helical pitch of the Sn@&* phase. Close to the
Sm-C* -TGB, transition, the helical pitch swiftly varies
from about 1 um (below 99°C) to 0.6um (at 100°C)
[4] (this anomaly ofpgy,c+ is very common, so the swift
decrease  of Ae, Ae(100)/Ae(99.3)=1/2.95 can
be completely understood by the decreases
Psmcx, P2(100)/p?(99.3)=1/2.8. Moreover, this analysis
seems to indicate that once agaipy?C? is quasi-
temperature-independent.

To study the behavior of the viscosities in the &h-and
TGB, phases, we consider the produkeXf., which is
given by the following formula:

1 egx’C?

2 2’7T’}/G '

(AexXfo)smes=

€ox>C?
27y

(Aexfc)ree, = (30)

Figure 12 shows the experimental valuesAofX f. varia-

tions according to temperature. One can see three distinct

areas on this curve. In the S8 phase, far from the tran-

of

stant, with a value close to the half valueaf[we point out

the presence in Eq:30) of a coefficient; in the SmC*
phase and recall that,x>C? can be supposed consthrt
higher temperature, between 98.5°C ang=100°C, vg
increases by a factor of about TG\ eX f.) decreasgsThe
behavior of Aexf.) in the SmEC* temperature domain
[Tc—1.5°C, Tc] seems to reveal an anomaly of the rota-
tional viscosity yg near the transition temperature, this
anomaly could be connected to the amplitudes of the mo-
lecular motions that are large at low temperature and become
weaker close to the transition temperattice.

C. Compoundn=11
The phases sequence of this compound is
SmC*, TGB:, TGB,, N*, it presents successively two
TGB phases. Experimental results are drawn in Figs. 13-15.

Similarly to the previous compound, experimental spectra

120

100 1

Ag

106

sition temperature, this product is practically constant and

equal to 180 kHz. It starts to decrease in the Gfphase at

FIG. 13. Dielectric amplitude versus temperature for the

approximately 1.5°C from the transition temperature to11F,BTFO,;M, compound.
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become exploitable in the lower limit of the existence do- 200
main of theN* phase at 105°C. At this temperature, the
dielectric strengthAey+ is =0.6 and the relaxation fre-
quency (.)n+ is =150 kHz. TheN*-TGB, phase transi-
tion happens at 104.5°C. In the TPhase, the dielectric
strength increases gently when decreasing temperature, to
reach @e)TGBA:1.8 at the lower limit of the existence do-

main of this phase, the frequency of reIaxaticﬁg)(—GBA is

=60.5 kHz. The TGB-TGB, phase transition occurs at
102.9°C. One can note that in spite of the change of the
dielectric mode(soft mode in the TGB phase and a Gold-
stone mode in the TGBphase, the dielectric amplitudes
remain low and the experlmental Curve_s are pontlnuous a_t the FIG. 15. Points and lines: Critical frequency versus temperature
TGBA-TGBc phase transition. The dielectric strength in-¢or the 115BTFO,M, compound. Line: relaxation frequency for
creases from 2 at 102.8°C to 6.1 at 102°C and the relaxhe SmA phase of the 9B TFO,M, compound.
ation frequency decreases from 58.4 kHz to 22.6 kHz.

~ The TGR.—Sm<C* transition starts at 101.9°C and per- TGB.-TGB, phase transition. Indeed, for this compougd
Sists 05 OC be|0W thIS temperature In thIS b|phaS|C doma'ndlverges only for a Iower temperature’ Close to the
modes of the TGB and SmE™ phases, are detected; the creases), decreases and, increases linearly. The slope
dielectric strength(Fig. 13 increases rapidly with the ¢, /d T=6q is large compared to the values obtained for
Sm-C* proportion to reach a value close to 105 right in theihe “previous compoundé@pproximately 2 for n=9 and
Sm-C* phase at 101.4°C, the critical frequency is theng, for n=10). In summary, in the TGB, the soft mode
equal to 1.3 kHz.. _ o o strength is very small and the relaxation frequencies very

Except in the immediate vicinity of the transition tem- high compared to those of the classical Snphase.

peratures, the inverse of the dielectric strength and the relax- |, the TGB. phase, the Goldstone mode dielectric
ation frequencies are linearly dependent on the temperatugqrength is small compared to the SB¥- phase, this means

. * g 1

in the N*, TGB,, and TGR. phases. The transition from that (HZ)TGBC>K33qng* [Egs. (25) and (29)]: the Gold-

one phase to another appears by changes of the siepes . .
Fios. 14 and 15 The TGB.-TGB- phase transition is more Stone mode strength drops by a factor higher than 16 in the
g b B cP TGB¢ phase compared to that of the SEA-one.H, will be

clearly visible on the relaxation frequency curve in which T N
appears a very visible anomaly. The calculated slopes in th@uantitatively studied in Sec. V for the TGBand TGE

TGB, and TGB. phases are gathered in Table IV. We canPhases. _ .

see that these slopes differ approximately from 10% to 15%_ | n€ transformation of the TGBsoft mode into the TGB
in the TGB, and TGB: phases. This difference can be as- Goldstone one seems to pe continuous. This behavior is in
signed to the nature of the relaxation mageft mode in the ~2dreement with our theoretical predictidsee Eqs(13) and

TGB, phase and Goldstone mode in the TGghase. (19)]. In the TGB, phase, the thermal terre,(T—T¢), con-
Unlike the H, of compoundsn=9 and 10, which start tribution to the dielectric relaxation becomes weak close to

from zero,H, of compoundn=11 is large from the begin- trﬁnsition ter_n_perature, this te.rr_n Vﬁnishes at theé’G{?Blc
ning of the TGB, phase(Figs. 14 and 15 this behavior is PNase transition temperature; in the T&phase, the dielec-

related to the finite value of the block width, at the trjc stre'ngth is then only gqverned by the pqramet@rThe
dielectric strength continuity at the transition between the

TGB, and the TGB phases seems then to show that the
€ox>C? term is continuous at this transition. On the other
hand, the behavior of the experimental relaxation frequency
according to temperature seems to point out an anomaly
[20,21] of the rotational viscosity.

In order to estimate the viscosity, we study now the prod-
uct AeXf.. The theoretical expressions are

106

1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

1/A¢e

TABLE IV. Ae }T) and f(T) slopes on both sides of the
TGBc-TGB, transition of the 11BTFO;M; compound.

— ~.°7(T.'T.°)
100 102 104 106 dAe YdT(°C™Y) df./d T(kHz°C™?Y)

T (°C) TGB,4 0.48 41.3
TGB 0.43 498

FIG. 14. Points and linesAe ! versus temperature for the
11F,BTFO;M; compound. LineAe ! for the SmA phase of the  Ratio TGB,/TGB. 1.1 0.8
9F,BTFO;M, compound.
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160 11
. 0.8 ]
120 ]
% Reerrreces™ 0.6 1
] w ] *
] * < ] N
E 80 TGBa N = 041 TGBc
~ ]
] 0.2 1 Sm-C*
2 40 1 ]
01 yesals :
ol - . 102 103 104 105
100 102 104 106 T (°C)
T (°C)

FIG. 18. Ae ! versus temperature for the 1LBTFO;M, com-

FIG. 16. Aexf, versus temperature on both sides of the Pound.
TGB:-Sm<C* and TGR.-TGB, transitions of the 11/ BTFO,M

compound. rotations on the smectic cones. These modes differ, however,
by their dielectric amplitudes, which are much larger in the
1 eox*C? Sm-C* phase than in the TGB the molecular movements
Aexf =
(Aexfc)smes T2 2myg ! are thus much larger in the S@i than in the TGB phase;
the decrease of the viscosity at the TGEBmMC* phase
€ox°C? transition can therefore be interpreted as a consequence of
(AexTe)res,= 5 —— (31)  the magnitude of these molecular movements.
¥s In brief, the viscosity appears to be closely related to the
magnitude of the molecular movements: the amplitudes are
o tude of th lecul ts: th litud
_€xC 2 as high as the viscosity is small. The magnitude of the mo-
(Aexfi)rgp.= cos 0, . .
2wy lecular movements seems to be more predominant in the

TGB phases than the dielectric mode type.

whereyg is the TGB, phase soft mode viscosityg and yg

are, respectively, the Goldstone mode viscosities of the

Sm-C* and the TGB phases. Note that the term édsis

close to unity[22]. The phases sequence of this compound is
The experimental values dfeX f are plotted in Fig. 16. Sm-C*, TGB., N*. Compared to the previous compound,

Except near the transition temperatures this product is prathis one does not present the TGBhase(see Table)l Ex-

tically constant: about 130 kHz in the TGBand SmE* perimental results obtained on cooling are given in the three

phases and slightly lower in the T@GEBhase &100 kHz). phases.

This mean that the viscosities; in the TGB, phase andyg The dielectric strength, its inverse and the critical fre-

in the TGR. phase are quasiconstant. The soft mode viscosquency are given in Figs. 17-19. In tiN phase, the di-

ity yg is slightly higher than the TGB Goldstone mode electric strength of the soft mode\€) s is small but ap-

viscosity ys, ys=1.3y;. Moreover, the equality ofAe proximately two times greater than for the=11 compound.

X f. in the SmC* and TGB. phases means that the TgB It ranges between 1 and 1.5 when the temperature varies

Goldstone mode viscosityy;, is twice higher than the from 104.8°C to 104.2°C. The relaxation frequendy)(
SmC* viscosityys:  2y6= 4 [see Eq(31)]. This result decreases from roughly 100 kHz to 60.7 kHz for the same

seems to be abnormal since both modes concern moleculifmperature interval. The*-TGBc phase transition occurs

D. Compoundn=12

160 100 1
120 801
: D 60 7 "
w 809 Sm-C* ] TGBc N
< 1 @, 40 1
] [$] ]
40 1 u ]
] TGBc N* 201 Sm-C*
0] 0 FO0R000QO0
102 103 104 105 102 103 104 105
T (°C) T (°C)
FIG. 17. Dielectric amplitude versus temperature for the FIG. 19. Critical frequency versus temperature for the
12F,BTFO;M - compound. 12F,BTFO,M; compound.
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200 - 2 1 0.003
] 1 < I
160 ] s ]
~ 1 . T -
N ] ] - 0.002
T1200 Smer TaBe o S
e ] = 11
& 801 N [ —
" ] o - 0.001
g 40 = 0.5 1 OM [
04 0 bt - 0.000
102 102.5 103 103.5 104 98' i '1'(')0' i '1(')2' ' '1(')4' ' '106‘
T (°0)

T (°C)

FIG. 20. Aexf, versus temperature on both sides of the

TGB:—Sm<C* transition of the 12fBTFO,M; compound. FIG. 21. (¢), 1/p and ©), 1/nf, in the TGB, phase of
10FR,BTFO;M; compound.

at 104.1°C and spreads over 0.5°C. TH& phase disap-
pears completely at 103.6 °C. The existence temperature dehe grain boundariegsee Eqs(14) and (20)]. Next we will
main of the TGR, phase is 0.5 °C. In the biphasic domain of calculate, in the TGB phases, the anchoring strength and its
the N* and TGR. phases (103.6 °€T=<104.1°C), mea- variations according to temperature for all studied com-
sured spectra correspond to the contribution of two modegounds.
namely, the soft mode of thé* phase, which is dominant in
the temperature range of 103.8°C to 104.1 °C, and the Gold- A n=10
stone mode of the TGBphase. The distribution of the ex-
perimental spectra does not allow to separate the two contri- In the TGB, phase, the anchoring strengshcan be cal-
butions. The TGB—Sm-C* phase transition starts to happen culated by inversion of equatiofl9) using the dielectric
at 103.1°C, the TGB phase vanishes at 102.6 °C. At the Strength resullts,
vicinity of the TGB.—Sm-<C* phase transition, two relax- 5 B
ation modes are detected. They are the two well-resolved B _foX c |2
Goldstone modes of the TGBand SmE* phases. As for the 1-p%3 8Ky b
previous compound and when the temperature decreases, the

dielectric strengthAe increases abruptly after passing Three coefficients must be predetermined. The first one
through the TGR phase to reach 140 in the S8t phase.  can pe deduced from the expression of the dielectric strength

Once again, we can note that the Goldstone mode dielectrig ihe Goldstone mode in the S@* phase[see Eq.(29)];
amplitudes are much smaller in the TgBan in the Sne* the quantity

phase. The critical frequency is approximately equal to 1.2
kHz in the whole Snz* phase.

a

Ae - 202 . (32

(T=To)

€oX

. * P €ox>C? Kas[ Ae Ae
On both sides of th&N*-TGBc transition, the slopes of F= oX =772—33 2° :Trz(_
the inverse of the dielectric strength are respectively, close to 8K 22 Kaz| p2 . p? .
0.60°C ! in the N* phase and to 0.32°C in the TGR: sme sme
phase(Fig. 18.

Like for the previous compounds, we study now the prod-CaICUIated from the pitch values and dielectric results in the

" .
uctAeX f. in order to give an account of the viscosity varia- Sm-C” phase, is found to be equal to 1285.

: . . j A second coefficienta/eyy?C?, is the slope ofAe™ !
tions according to temperature. Figure 20 shows that in th%ccording to T—Tc) in the SmA phase. This quantity is

gpt available fom=10 because this compound does not pos-
Sess the Snix phase. For this reason, we use the values 0.07
obtained for then=9 (see Table Il and also for mixtures of
n=9 and 10 compound&ot reported hene
To calculate the last paramet% we use pitch values
easured by ourselvgd] and the values of the number of
locks per pitchn, measured by x-ray diffraction by Na-
vailles et al. [8]. The results, given in the Fig. 21, clearly
show that both 1 and 1hZ have linear variations with tem-
perature, sd, appears to vary like the square root of the
We have seen above that the dielectric collective modes ihelical pitch,l,=Ap. Note that such a relation is quite
the TGB, and TGR: phases are reduced in comparison withequivalent to the law,=1, (distance between screw dislo-
those of the classical smectic phases Smnad SmE*. This  cation first predicted by Renn and Lubensky] and experi-
behavior is due to the elastic parametby, which is related mentally confirmed by Navaillest al. [8]. We find an ex-
to the blocks size and the anchoring strength coeffigieat  perimental valué\=2.25x 10" 2 very close to the theoretical

siconstant in these phases. Considering E8(, it appears
that the rotational viscosityg in the SmEC* phase is twice
as small as the viscosityg of the TGR. phase though both
concern rotations on the cone. Once again, it seems that
greater the molecular movements are, smaller the rotation
viscosity is.

V. ANCHORING STRENGTH AND DISCUSSION
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11 17
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FIG. 22. Anchoring strength versus temperature for the FIG. 23. Anchoring strength versus temperature for the
10R,BTFO;M; compound. 9FRBTFO,M; compound.
one, A= \/d/27=2.46x10 2 in which d is the layer thick- . eox’C? 2K33( Ae) L[ Ae
ness 1=38x10"* um) [22]. - T 2 =Tl
d prm) [22] 8K, Ka2\ p2)_ . 2/ o

The anchoring coefficieng can then be deduced from

e is readjusted to take into account slightly different values of

A2 @ _ Ae and the helical pitchp in the SmEC* phase Pgmc*
1-B%3 FATp| A€ 60X202(T To)|. (39 =0.9 um, (A€)gmc+=100 at 101.3°C, give herd~

=1218);A and a/ egx>C? are supposed unchanged. We use

our pitch measurement reported[i], taking care to adjust
two temperatures: the TGBIGB. transition temperature
detected here (102.9°C) and the transition temperature de-
tected in the pitch measuremeilftise last temperature corre-
sponds to a rapid increase of the helical pitch, which may be
confused with a discontinuity3,4]). Figure 24 shows that
the anchoring coefficien is again quasiconstant in the
TGB, phase =0.45) and similar to those obtained for
=10 andn=9 compounds.

In the TGR. phase, the anchoring strengshcan be cal-
B.n=9 culated by using the dielectric strength expresgisee Eq.
(13)] rewritten as

As both 1p (Fig. 21) andAe™* (Fig. 10 vary linearly with
temperatureB is found to be quasiconstant: Fig. 22 shows
that the calculated anchoring strengshremains roughly
equal to 0.56 in the whole temperature range of the [GB
phase. We point out that, in order to avoid any artifact, it is
essential to make a match willx =99.8 °C, the temperature
for which the three quantities rjﬁ 1/p, and 1Ae reach
Zero.

The anchoring strengtl® at the grain boundary in the
TGB, phase of this compound is also determined from the
relation (33). We use the same numerical coefficients as for 2 22
the compounch=10; in particular, because of the unavail- B _ foX ¢
ability of the number of blocks per pitch,, we adopt the 1-B%13 8Ky
same lawl,=A\/p with the same value of the coefficient
A(=2.25x10 ?); the pitch values had been measured byor
ourselves[23]. A difference lies in matching the tempera-
tures: the helical pitch diverges in the present sequence at the 12

-152 2
A€ "l cosfg

TGB,—SmA transition temperatur¢23], so we have to

make the temperature for which pl/ireduces to zerop 194

—o0) match the temperature of the T@EBmM-A phase tran- 08 1

sition determined by dielectric measurements and for which ]

Ae 1= (alegx®C?)(T—Te) reaches zero(that is, T 061 TGBc TGBa
=97.4°C). As both Ig and this last quantity vary linearly B 0.4 ] 0-0-00-0-0-0-0-0-0-0-0-00-0
with the temperatureB is again quasiconstant in the whole T

TGB, phase. We find a value @8 close to 0.5(Fig. 23, 0.2

which is very similar to the anchoring strength found for the 0 ]

previous compounad=10. ' ' ' '
102 1025 103 1035 104 1045

C.n=11 T (°C)
In the TGB, phase of this compoungs is again deter- FIG. 24. Anchoring strength versus temperature for the
mined from Eq.(33). Only the factor 11F,BTFO;M; compound.
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1

0.8% D\D\D\D\D——H
0.6 ] TGBc
B 0.4%
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103 1032 1034 1036 1038
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FIG. 25. Anchoring strength versus temperature for the
12F,BTFO;M; compound.
FIG. 26. Top view of the TGB jth block. (a) At zero field, the
director is oriented according to the intersection of the two cones
,82 p2 related to the two successive blockis) Under an electric field, an

_ -1 2
_ a2 FAe 2 cosfs. (34) induced tilt angle ensures the director continuity.
1-p67/3 N,

E. Discussion

In the TGB, phase, the dielectric amplitudes are lower

We point out an important difference between TG#hd  than in the SmA phase. The anchoring coefficieftis not
TGB, phases: in the TGBphasen,, shows large variations arge at the grain boundaries3€0.5) and it is quasi-
according to temperaturéetween 60 and 40 for the com- temperature-independent. The three compounds studied here
poundn=10[8], for examplg; these variations are related to are.5|gn|f|cantly different. Figures 6, 10, and 14 aIIovy com-
those of the helical pitch by|§=p/A2, leading to the law parison ZOf the temperaturga(T—Tc)] and block W'd.th
I§=A2p; on the contrary, in the TGB phase,n,, remains (H,~1/3}) effects: forn=9, H, cancels out becaudg di-

quasiconstant(5,22,24, so |Z=(1in2)p® varies like the Yo' 0°° at the TGB-SmA phase transition, which occurs at

square value of the helical pitch. This difference clearly ap-TCJr?'4 C; forn=10, H, cancels out becaudg diverges

i : at the SmE* —TGB, transition, i.e., atT¢ exactly; forn
pears in formula(34) compgred to Eq(33). Flgure 24 re- =11, H, is great atT: becausd,, is finite (its divergence
ports the anchoring coefficien® calculated with Eq.(34) takes place at the TGB-SmC* transition, that is, aff
using pitch values taken frofd], number of blocks per pitch b ' P9 C

. : . i —0.9°C); at a given T—T¢) value,l, values are so very
Np=24, and.values obs given by Navgllles and co-workers different for the three phases sequences. In other words, the
[22,5]. B increases from approximately 0.5 at the

TGBA-TGB¢ phase transition temperature (102.9°C) to 1 atthree studied compounds allow to obtdi/a(T—Tc) ra-

lower temperature (102°C). A hardening of the anchorin fios varying from O to= (0 to ~1 for compoundh=9,=3

. . Yor n=10, and from=10 too for n=11). Nevertheless we
oceurs then in the TGBphase at temperaiures going dOWn’observe a common anchoring property in the three cases
away from the TGB-TGB, transition. g property :

In the TGR: phase, what seems remarkable is the hard-
ening of the anchoring when moving away from the TGB
phase of the compound=11 and the firmness of the an-
choring observed in the TGBphase of the compound
=12 even at the approach of th& phase.

Like for the last compound, the anchoring coefficignin We can now ask the question of the physical origin of the
the TGR; phase of then=12 compound is determined by anchoring coefficienf3. Let us begin by the TGB phase.
using Eq.(34). The numbemn;, of the TGB blocks per pitch \We tempt to explain its behavior with the help of the TGB
is equal to 18 and the tilt angle,=18° [22,5]. The coeffi-  phase description first given by Doz§25] and backed up
cientF is readjusted by taking into account the valued\ef by optical reflectivity experimental studi€®6]. In this
and the helical pitch in the Si@* phase [psmcx  model, the TGR phase is not constituted by homogeneous
=0.85 um and (A€)smc+=140 at 103°C. The helical Sm-C* blocks with director rotations localized in the grain
pitch values of the TGB phase are taken frof]. Figure  boundaries; the rotation of the director is on the contrary
25, represents the anchoring strengghvariations versus uniformly distributed in all the block thanks to weak rota-
temperature;3=1 at low temperature (103.1°C) and de- tions easily realized on the smectic cone; Fig(@2&chema-
creases slightly down to approximately 0.8 near thetizes such a twisted structure in the absence of applied field:
TGBc-N* transition temperature (103.7 °C). The anchoringfge(X)=2aX/p for —1,/2<X<I./2; at the grain bound-
strength8 observed here is rather hard, like in the T&B  ary, the director is continuous and oriented along the inter-
phase of the previous compound=11 at low temperature section of the two smectic cones related to the two succes-
and far from the TGR phase. sive blocks. The electric field exerts a couple that tends to

D.n=12
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turn the director on the first cone to the left side of the grainorder around the dislocations lines. In the TGBhase, the
boundary and on the second cone to the right side of thifoss of smectic order reduces the coupling between the in-
grain boundary. If the spontaneous tilt angle of the cone igjyced polarization and tilf17,27. In the TGB. phase, it
large(far from T for the compounch=11, and in the whole  requces the spontaneous polarization, diminishing the field

existence domain of the TGBphase fom=12), these tWo  nqyced azimuthal rotatiofthe basis of the Goldstone made
movements would break the continuity of the director andyeay the dislocations. The result is the anchoring of the di-

would provoke a splay deformation of very large energy dengg . by the melted regions in which the electric field is less

sity. To ensure the continuity of the director, an additional t'ltefficient. We finally note that the last effect is also probably

'f then necessar{fig. Z.G(b)]; its amplltud_e IS ab_outﬁi larger in the TGB phase for which the number of disloca-
= @o(1,/2)0s®i - The associated energy density, localized neat.

tions au mentsthe ratiol, /|4 increases up to [4,22)).
the grain boundary, is(T.—T) ¢4, 02¢; - An additional J b P to 4,22

torque, which is equal to@(T.—T) (péa b,z)escpi , exists then
near the grain boundary. The anchoring at the grain boundary VI. CONCLUSION

can so be understood as a consequence of this torque induced

by a tilt that must be added to the azimuthal rotation in order Our 'theoretic_al and. experimental studies of the dielectric
to ensure the director continuity. properties of twist grain boundary phases TGé#hd TGE.

On the contrary, for the TGBphase, the rotation of the s_how that _in the planar orientation, these phases are, respec-
director is probably not uniformly distributed in the whole {iVely, subject to the soft and Goldstone modes. Neverthe-
block [because a large tilt liké,(X) = (27/p)X would cost  less, these modes obey in these phases laws that noticeably
an energy density much larger than the energy cost of théliffer from the SmA and Sme* phase.
azimuthal rotationdseo(X) in the TGR; phasé. Schemati- In the SmA phase, the main parameter that governs the
cally 6,(X) is probably close to zero in the whole block and soft mode is the distance to the Sw-SmC transition
rapidly jumps over a short distance through the grain boundfthrough the quantityy(T—T¢)]. In the SmE* phase, the
ary. In this area, the field induced ti#i starts froméy(X) parameter that governs the Goldstone mode is related to the
instead of zero; agy(X) has rather large values, the electro- field induced distortion of the helical structur¢hough
clinic effect can become weak; the overcost energy densitK;,g2). In the TGB, phase, appears a new elastic parameter
can be estimated usind/4)6*, to about(2b#3(X))#?. An  Ho, its effect is added the thermic one(T—Tc). In the
additional torque appears then in the grain boundary, itd GBc phase, the dielectric response is totally governed by
mean value being lower thamg, 2)0i - this new parameter. This elastic coefficient is due to the elas-

Briefly, the common origin of the anchoring in the two tic distortion of the director, its amplitude depgnds strongly
phases is the necessity to ensure the continuity of the direct@" the anchoring forces at the grain boundaries and on the
through the grain boundary: in the T@Bthe induced tilt  distance between these grain boundaries. .
angle 8; starts fromé,(X) instead of zero creating a sort of ~ Our experimental studies show that the amplitudes of
saturation of the electroclinic effect in the vicinity of the measured modes, in TGB phases, are small in comparison
grain boundary; while in the TGBphase, in addition to the With those observed in Si-and SmE* phases; the action
induced rotationg; , an induced tilt angled,, which starts  of the new elastic coefficient appears to be very efficient; it
from 6, is necessary to avoid an important splay; this tiltvaries very much with temperature and its variations quali-
has a large energy cost, in particular, far from thetatively express the block size variations. We have performed
Sm-A-Sm<C temperature transition and this may explain aa quantitative analysis of our experimental results and have
larger anchoring. calculated an anchoring parameter; it appears that the an-

Note that these considerations have to be taken only ashoring strength is moderate in the TgBhase and be-
qualitative: they do not allow us to precisely express thecomes hard in the TGBone; this hardening seems to con-
anchoring coefficienB according to various parameters; our firm that, contrary to the torsion of layers located at the grain
analysis only allows to give a possible justification to theboundaries, the director torsion is uniformly distributed in
existence of the anchoring at the grain boundaries of théhe blocks.

TGB phases, which appears in an obvious way in our experi- The relaxation frequencies studies reveal an anomaly of
mental results. the rotational viscosity in the Si8* phase close to the

Other justifications of the anchoring in the grain bound-TGB, phase and above all an anomaly between theC3m-
aries can be invoked: for example, the melting of the smecti@and TGRE. phases.
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