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This work concerns the study of collective modes in a smectic liquid crystal in the hypersonic frequency
range. Special attention is paid to the determination of the significant anisotropy of the quasilongitudinal mode
and to its temperature dependence, namely, near the isotropic—sigitase transition. The interpretation is
provided in terms of the pseudocrystalline model by means of effective stiffness and viscosity tensors. A weak
quasitransverse mode has been detected: the angular variations of its frequency and of its intensity are in
good agreement with the predictions of our model. We confirm a universal behavior for nematic and smectic
phases at high frequencies: in the hypersonic regime the orientational order of the molecules seems to play a
more important role than the smectic ordering. A quantitative analysis of the angular and temperature depen-
dence of the inelastically scattered intensity is done: the observed intensity anomalies are well described by
our model. The smecti€* —smecticA phase transition is investigated by means of Brillouin scattering: only
very small anomalies are founf51063-651X%96)01512-7

PACS numbe(s): 64.70.Md, 78.35tc, 62.20.Dc, 77.84.Nh

[. INTRODUCTION experimentally observed once in smecfi¢sbut, in spite of
considerable effort, it has not been detected in nematics up to

Up to now the elastic properties of liquid crystals are notnow [5]. . ] ]
completely understood and the strong frequency dependen- The results found in the ultrasonic regime depend on the
cies are explained only qualitatively. Generally, two ap-Material used and on the frequency range studied. Fre-
proaches can be used: the first one is based on a hydrod uently, the nematic liquid crystals show, at low ultrasonic

. . . ; -frequencies, an anisotropy of the damping while the propa-
namic treatment generalizing the hydrodynamics of |sotrop|cga,[ing velocity remains isotropiffor example, this is the
fluids by introducing suitable additional variables respon ’

; ' ‘case of p-azoxyanisol (PAA) at 10 MHz [8] or of
sible for the anisotropy1-3]: such a model can be devel- _methoxybenzylidenep-(n-butylanilineg (MBBA) at 23
oped for smectic and nematic liquid crystals but does noMHz [9]]. In contrast, the nematic phase of
predict any changes in elastic properties of nematic phaseaerephthabis-p-p’-butylaniline (TBBA) at 2 MHz behaves
with regard to the isotropic pha$d]. The second approach practically like an isotropic liquid10]. For nematic MBBA

is a phenomenological pseudocrystalline model using aand CBOOA[11,12, the studies of the anisotropies in a
elastic stiffness tensor appropriate to the symmetry and takroad frequency range reveal the existence of at least one
ing into account the vanishing of some shear constants of thélaxation process that causes an increase of the elastic stiff-

studied liquid crystalline phase. It should be noted that fo’€SS anisotropy at high frequency. Concerning the smectic

smectics the use of a phenomenological elastic stiffness terrl)_hases, a significant anisotropy of the elastic properties is

sor is completely justified by a hydrodynamic calculation always observed by means of ultrasoufls, 1313,

hat all | he elastic stiff Most of the published Brillouin studief5,11] concern
that allows one to evaluate the elastic stiffness componenig, iq crystals showing a isotropienematic phase transition

[4]. (in some cases followed by a nematismectic ong We
However, the experimental results are less convincingound it interesting to compare this case to the situation
since, in the hypersonic regime, which is studied by meangvhere the studied compound directly undergoes a
of Brillouin scattering, smectic and nematic liquid crystalsisotropic—smectic transition. Only a very few Brillouin ex-
show nearly the same elastic proper{ibs]. This fact sup- periments have been performed concerning transitions be-
ports the hypothesis that the hydrodynamic approach is ndween distinct smectic or smectic-hexatic phases. Our com-
valid here and that a universal interpretation, which presentippound shows a smectis—smecticC* transition. In this
is still lacking, should exist for both types of liquid crystals. paper we discuss the Brillouin spectra of a smectic liquid
On the other hand, the problem of the existence of a sheafrystal and we derive conclusions about its elastic properties

ons.

. . . Il. EXPERIMENTAL DETAILS
*Corresponding author. Present address: Institute of Physics,

Academy of Sciences of the Czech Republic, Na Slovance 2, In our experiments we used the¥ectyloxy benzoic acid
18040 Prague 8, Czech Republic. 4'-[(2-methyl butyloxy carbonyl] phenyl ester:
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which exhibits the following phase transitiofik6]:

isotropic——— smectic A ——— smectic C* —— solid.
T A=56°C Tac=32°C <26°C

It should be noted that we observed the isotropic—smectic- louin lines(between 700 and 1100 MHz, depending upon the

phase transition at slightly lower temperatuf@-55°Q  temperature and the propagation directidrhis free spectral

than that previously reported. range was found to be the most convenient for the study of
The studied samples filled the space between two glaggoth quasilongitudinal (QL) and quasitransversg¢QT)

plates(separated by 2&am) with indium-tin oxide electrodes modes: we lose the finesse and the signal when lowering it

on the inner surface. The glass electrodes were previous§ignificantly.

coated with a polyimide layer conveniently rubbed with a

velvet cloth to favor the planar alignment. By applying an ac

electric field (1-10 Hz, 100 V near the IIl. RESULTS AND DISCUSSION

smecticC* —smecticA transition temperature during a pe-  A. Theoretical background—phenomenological treatment

riod of several hours the alignment was improved, resulting

: X . Our theoretical description is based on a formalism that is
in parallel smectic layers perpendicular to the glass plate

Scfonventionally employed in the discussion of elastic proper-
) . . ) Sies of crystals. We suppose that the coupling of the acoustic
ments '?y checl'<|ng.the dlffr'actlon pattetwhich form.s @ modes to other vibrational and relaxational modes is well
well-defined stripe in the aligned statef the transmitted  joscribed by a renormalization of the effective stiffness and
laser beam. _ _ _viscosity coefficients as is most frequently the cpk#. If

A home-made furnace allowing rotations around the axishjs condition is not valid it is necessary to write down ex-
normal to the films was used: the temperature of the scaby|icitly the coupled equations and calculate the spectral den-
tering volume was determined with a precision of 1 °C. Itgjyy that can differ significantly from the harmonic oscillator
was possible to apply a dc or an ac electric field during th%pectral functiorf19].
Brillouin measurements. The sound propagation in solids can be described by a

The chosen 90° geometrical arrangement with plates bigispiacement vectai that satisfies the equation of motion:
secting the angle between the incident and the scattered

beam(Fig. 1) provides complete anisotropy measurements. . a%uy 7?0y

The resulting phonon frequencies are practically independent Poli=Cijki o= Tijkl Z (2)
of the refractive indice$17,19 at least in the case of an 174 173

axial symmetry around the axis normal to the smectic lay-

ers(smecticA phasg. where the symmetry properties of the viscosity tensgy

The Brillouin experiments were performed using 82  and of the elastic stiffness tens6y;, are the same as fol-
passes tandem Fabry+Beinterferometer. The samples were |ows from the Onsager theorem, and whegeis the mass
illuminated by a single-mode argon ion laser at a wavelengthjensity. By analogy, we shall use the same equation of mo-
of 5145 A, using powers not exceeding 35 mW in order totion for the phenomenological description of the acoustic
avoid damage of the sample caused by laser-induced flows @fiodes in liquid crystals. We are aware that the three-
matter. We checked that the |Owering of the laser powebomponent disp|acement vectorns 0n|y a hypothet|ca| pa-
down to a few mW had no influence on the measured speGameter in liquid crystalline phases and that it does not have
tra. We encountered some difficulties when meaSUring thg clear physica] meaning' However, one can define it for-

spectra just below the _isotrqpic—smeo@ictransition (52— mally through the implicit relatiow; = du;/ dt, wherev; is a
55 °C) where the electrical field of the laser beam causes

flows of matter that become apparent through fast chaotic

changes in the diffraction pattern and that can destroy the incident beam e Sample orientation
molecular alignment or result in a damage of the sample. D ‘XCX z 4
Consequently, there is a large scattering of the experimental TRETEIY ||/|
points in this temperature range. The full width at half maxi- scattered beam y
mum (FWHM) of the instrumental function was of about 110 g T

y

MHz for the free spectral range uséfdr most experiments sample
the frequency distance between the central line and the first
maximum ghost was about 0.27 ch e.g., 8.2 GHzand it

was very small compared to the width of the observed Bril- FIG. 1. Schematic view of the scattering geometry.
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component of the flow velocity. It is then possible to solverank photoelastic tensqy; (in Voigt notatior) appropriate to

Eq. (1) for the formal variabldi or to rewrite this equation the axial symmetry, equivalent to the hexagonal one, with

for the flow velocityu. P44= Pss= Pes= 0. The intensity of the scattered light is then
In the smecticA phase there are five independent viscos-given by[20,21]

ity coefficients, 711(=7,2), 733, Mm3(= 723, 755(=744), and . )

76 (712= 11— 276¢), in comparison with the two indepen- C o | B i€ii € P mUiKm

dent coefficients of the isotropic liquid phaég,; and 7). P (R) = v ' @)

Assuming that the shear stiffness coefficients vanish, there

are three independent stiffness constants in the smect& &' are the unit polarization vectors of the incident and

phasesC,1(=Cy=C1y), C13(=C,3), andCgzs, to compare scattered light, respectively. The indicesand u’ refer to

to the single one in the isotropic liquid phase. In the case othe beam polarizatiofordinary or extraordinaly ¢; is the

small viscosities, the dispersion relations do not depend upohigh-frequency dielectric permittivity tensar, are the com-

7 up to second order and one finds two propagation modegonents of the displacement vector obtained from @&g.

!

(+ and —) with frequenciesw. =k+C. /pg where K is the phonon wave vector amdis its propagation velocity
1 . given through Eq(2).
C.=3[Cysinfe+Coxc08'e In our experiments, the scattered light was not polarized

and the polarization of the incident beam was held fixed in
the laboratory frame: it means that it turned in the sample
frame (cf. Fig. 1). Taking into account the geometry of the
experiment and ignoring nearly negligible birefringence ef-
fects, it follows from expressiof7) that the light intensity
scattered from the QL and QT mode is proportional to

+\J(Cys8iPe— Cac0S9)?+ C2sif2¢].  (2)

In expression2), ¢ is the angle between the wave veckor
and thez axis. Assuming thaCC,;, C;3, and C55 are not
extremely different the “+"” mode is quasilongitudinally po-

larized while the “=" mode is quasitransversally polarized.
We introduce a parameter which expresses the degree of 1
the longitudinality of the quasitransverse mode: I, (@) Clo SiINP@(Paguz Kg+ Pay Kq)?
- (¢
u, u, 1 @
uy - a’ +C0Sp(pyauy K1+ Praus kg)?— o2

whereu, is the projection of the displacement vectoon the x _ Kot (Doan— k.12
wave-vector directiork/k; G, =G—d,. One finds [(Psa~ Prgltig ks (Par™ Prgltiy Ka]
xsirfe coge, 8
_ Cyxc08¢—(C, —Cyssirfe) sing ¢ ¢ ®

47 CisirPe+(C, —CysirPe) cosp’

(4)

where n is the mean refractive index. We recall that the
o _ _ indexes 1 and 2 are strictly equivalent. If the coefficignfs
The Brillouin intensity of an observed mode is propor- are close to each other, the third term of express®nis
tional to the imaginary part of the elastic susceptibility andnegligible with regard to the sum of the first and second
can be fitted by the damped harmonic-oscillator spectrabnes. Notice that in the liquid isotropic phase all fheare

function: identical fori=<3 andj=<3. In this case expressid®) is ¢
independent as expected.
S(w+)* — 212 - (5) Formula(8) is rather complicated and the intensity anisot-
T (0 el) Tt eys ropy depends on three unknown variablgatios of p;;).

) . Analytical investigation of its behavior is thus very difficult.
where y..=k"7./p, represents the FWHM of the Brillouin | aqdgition, Brillouin scattering experiments using a piezo-
lines. As follows from the solution of Ed1): scanned interferometer do not allow very precise measure-

_ ‘4 . ments of the intensities of acoustic phonons, especiall
7+ = 73008 @+ my;inf o+ 2(2 s+ 7713)S'n2(PC052(P(’63) when, as in our case, the orientation of rt)he sample hgs to ge
modified between two consecutive measurements and when
= peet + Pane — i _ the scattered intensity is low. With careful experiments the
7= st (1t 735 2015~ 4 Si cos'p. - (6b) precision does not exceed 20%-30%. It follows that the
The k value is fixed by the experimental setdp=v2w;/c, = complete set of the photoelastic coefficients cannot be ex-
wherew;, is the radial frequency of the incident light; in our perimentally obtained with sufficient accuracy. In solid crys-
casek=1.73x10° cm %). Expressiong5) and (6a and 6p tals, the values of the implied photoelastic coefficients do not
are strictly valid only if w2>+2 : in general, they can be usually markedly differ from each other and a good qualita-
used even whemw. =3y, . tive picture is obtained supposings~p;1 and Pz~ pPss
Note thatw. and 7. do not vary in the same way versus Although we cannoa priori justify this approximation in the
¢. From the ¢ dependence ofv, or w_ it is possible to case of liquid crystals, we use it. We show below that it

derive C4, Cq3, and C43. From the variation ofy, or y_ gives a good account of the intensity anisotropy of the QL
versus ¢ it is then possible to determiney;, 733, and mode and predicts qualitatively the behavior of the QT
(1713+27s55). mode. The improvement of the model obtained when slightly

In order to evaluate the intensity one can use a phenonmodifying p;; and ps3 is considered. The problem is revis-
enological pseudocrystalline model by introducing a four-ited in the discussion.
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FIG. 2. Simulation of the intensity variation of the QL and QT
modes based on expressi@8). Inset: angular variation of the
parameterx defined by expression®) and(4). The values ofC;;
are given in the legend of Fig. 9. Parameterpz,/p,3=1.4 (typi-
cal value for our sampje(—) p11= P13 P33= P31 [in this case the
expression(8) can be simplified and replaced b§@)]; (xxx)
P11=1.1%13 P3s=P3; () P33=1.1psy;  (--+)
P11=1.15043 P33=1.1p3;.

P11= P13

Taking into account these simplifying equalities and using

the conditiona®<1 (see above and the inset in Fig, Bne
finds for the intensities of the QL and of the QT mode:

1
o ——

o

i ( piaCOSZCP‘F pglsinzgo

1 .
o2 (P31~ P13)%sinfe CO§<P) : (93
2
o= ( p3.co0S e+ p3;Sirfe
1 )
o2 (P31~ P1a)?sinfe cos'e |, (9b)
and, consequently
I_ ) wi
i—— = zsjr. (l(»
+ —

This means that only the longitudinal part of the mode vibra-

tions contributes to the scattered intensity.and w_ are
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Cas” C”) " (11)

tal = =
oL (cn— Cus

for this angle the intensity_ defined by formula9b) van-
ishes. Generally, in liquid crystals one experimentally finds
that C33>C,; and consequentlyy, >45°. This fact is the
starting point of our interpretation of the rather surprising
intensity variation of the QT mode intensity.

Figure 2 shows clearly the meaning of all the nonzero
photoelastic coefficients: the ratjm,/p,5 is set to a value
typical for our sample and we study the changes in the an-
gular intensity variation wheip,, and p;; are modified by
about 10%. The value of the QL intensity depends practi-
cally only uponp,; andps;: the changes introduced by the
simultaneous or separate modificationsmf and p;; are
very small and cannot be detected by means of Brillouin
scattering. The curves corresponding to the intensity varia-
tion of the QT mode show a minimum negr . The value of
the coefficientp,, influences only the left part of the curve
(¢<¢,) while the coefficienps; modifies only the right part
of the curve(¢>¢, ). It should be noticed that the predictions
of our model relative to the QT mode are not valid for angles
close to 0 orm/2: either the mode becomes overdamped
and the approach based on expresgircannot be applied
(w_<wy_) or there is some small but nonzero value@j,
that can originate from a small imaginary part of the viscos-
ity and that leads to a zero value lof for ¢=0 and /2.

B. Analysis of the experimental results
1. Quasilongitudinal mode

We first discuss the results relative to the quasilongitudi-
nal (QL) mode. The obtained spectra are well fitted with a
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FIG. 3. Angular variation of the propagating velocifeft col-

strongly ¢ dependent whilao, only weakly varies upore  ymp) and of the width of the Brillouin linegright column relative
[cf, Egs.(2) and(4)] and, due to the large experimental er- 4 the quasilongitudinal mode for three different temperatug@s.
rors in the intensity measurements, can be often considerefist above the isotropic—smecactransition(T=55 °Q); (b) near
as constant. Since remains small compared to 1 and evenpelow this transition T=50 °C); (c) deep in the smectic phas&
to w?/w?% , | _ is expected to be significantly smaller thian. =33 °C). The solid curves are fits with the expressi¢2sand (6a);

The QT mode becomes purely transvefse=0) for an  in the isotropic phase the horizontal straight line represents the
angle¢, defined by the equation mean value.
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1'725 30 35 40 45 50 55 60 65 I_:IG. 6. Angular v_ariatior_1 of the scattered intensity of the Iongi-
Temperature (°C) tudinal mode in the isotropic phase at 55 (M), and of the quasi-

longitudinal mode in the smecti&- phase at 50 °GO). Solid
FIG. 4. Variation of the stiffness constants versus line: it with expressior(9a).
temperature: X) Cg in the isotropic phase(/@®) Cq;, (H) Cgg, » )
and(O) Cy,. The plotted values were calculated using a mass denPhase very close to the transition temperature. The experi-
sity of 1000 kg/m, which certainly does not differ much from the Mental points in the smectic phase are fitted with the func-
actual value ofp, (nonmeasured tion given in Eq.(9a). As shown in this figure, in the smectic

phase the intensity exhibits a rather strong anisotropy leading

sum of a zerocentered Lorentzian function and a harmonicio a value ofp3,/p % significantly larger than 1, which is the
oscillator spectral functioib) (see Fig. 8a beloyy We have value in the isotropic phase. The rafi,/p 3, ranges be-
measured the temperature dependence of the angular varisveen 2 and 3 in both smectic phagese Fig. 7.
tion of the propagation velocity and of the damping. It is
interesting to compare the results obtained in the smectic 2. Quasitransverse mode
phase well below and near below the smectic-isotropic tran-
sition atT, , with the data relative to the isotropic phase just
above this transitioFig. 3). In the smectic phase the results peak fore ranging from about 20° to 50°, as shown in Fig.
are well f_|tted with the theoretical e>_<pre55|o(|§>$ and (6a); 8(a). We interpret this feature as a weak quasitransverse
they prowd_e th? values of the three independent componen@n mode. The spectral characteristics of this mode can be
.Of the elastic sjuffne.f,s tens(r_Ep, Ci3, andCgy) and of three ;0 by subtracting the background from the measured
independent viscosity coefficients,1, 733, and 7;3+27s5). spectra. We proceed as followsee Fig. & First, we per-
As shown in Fig. 4, the anisotropy of the stiffness constants, . = simultaneous fit of the QL and elastic Iinés for0°
vanishes afl |, and continuously develops when lowering

the t 1 | trast. the vi i sh K he same fit as described at the beginning of Sec. 1).B 1
1€ temperature. In contrast, the vISCosity Shows a markegy, s o|astic peak is much more intense than the QL line and
discontinuity inzg; at T; 5 (Fig. 5).

) L the points corresponding to intensities largely beyond the
Finally, we have measured the variation of the QL-mode b b 9 gely bey

. . . . shown vertical range are not availaljfgotection of the pho-
Intensity. Flgure_6 sho_vvs_the dn‘_ferenc_e between the an_gu'%multiplier); thus no quantitative information about the cen-
variation of the intensity in the isotropic and the smedtic- tral line can be obtained from the fit. However, it is notewor-

thy that the value of its FWHM resulting from our fit is very

Deep in the smectic phaséabout 20 °C or more below
T_a) a shoulder is observed on the wing of the quasielastic

05 close to the FWHM of the instrumental function. The ob-

. tained FWHM value of the elastic line is then fixed and used
= for fitting all the spectra measured at other angles. In Fig.
= ﬁ 8(a) we show the fits fory=20°, 30°, and 45°. In the regions

% 20| "% g

<

L

el s mEEE & ey

e T SRR

(Pa1/p1a)?

-

SmC* T SmA T Isotropic
10 ) | L | 2 | . { s | ! | s | s
25 30 35 40 45 50 55 60 65

i Isotropic
Temperature (°C) o . | ‘ Smclectlc. | . P
25 35 45 55 65
FIG. 5. Variation of the viscosity components versus tempera- Temperature (°C)

ture: (X) viscosity in the isotropic phasé®) 7,;, (l) 733, and

(O) mazt27s5. The plotted values were calculated using a mass FIG. 7. Temperature dependence of the ratio of the photoelastic
density of 1000 kg/rh coefficientsp3,/p 25.
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FIG. 9. Angular variation of the propagation velocity of the
quasitransverse mode for=33 °C. The solid line is obtained using
the results of the fit of the QL-mode anisotropy at the same tem-
perature [cf. Fig. 30)] Cy/pe=2.61x10F m’s™% Caqpg
=2.89x10° m%™% C4/py=2.16x10° m?s2,

Scattered intensity (counts/mJ)

louin data satisfactorily fit the experimental values. We recall
that there is no extra fitting parameter and that the QT-mode
propagation velocity is fully determined by the angular
variation of the QL-mode frequency. This agreement justifies
the theoretical treatment used in terms of elasticity tensors
[Eq. (2)]. The FWHM of the QT mode has the expected

-0.1 0.0 0.1 01 -0.05 0 0.05 0.1 . . o :
Brillouin shift (cm™") Brillouin shift (cm™) order of magnitude and it seems to grow when 45° is ap-

proached as predicted by E@b), but it is not possible to
_ derive quantitative conclusions about the behavior.
FIG. 8. (a) Examples of spectra at 33 °C for different angles  As expected, the scattered intensity is significantly
between the direction of propagation and the normal to the layerssmaller for the QT mode than for the QL mode. We recall
The shoulder on the wing of the quasielastic peak is assigned to the 5t the QT mode becomes purely transversegfor, : ¢,

guasitransverse mode. Closed symbols: experimental data tak fightly depends upon the temperature and ranges between
into account for the fit; open symbols: experimental data exclude 0° and 55°. The measured intensity of the QT mode

for the fit; solid line: simultaneous fit of the central line and QL AR -
' ; strongly depends ap: it diminishes wherp increases from
mode(see text (b) Spectra of the QT mode obtained by a subtrac-200 to 50° and the spectral line is not observed doFg,

tion of the fit from the experimental data. Vertical solid and dotted

lines correspond, respectively, to the values of the propagation ve[-F'gS' gb) and 1@b)]. This eyolutlon IS qual_|tat|vely d_e-
locity and to the error bars shown in Fig. . scribed by Eq(9b). However, in order to obtain a quantita-

tive agreement one has to take into account simultaneously

where the intensity of the QT line is clearly nonzero thethe intensity variation of both modes. Figure 10 shows the
experimental points are not taken into account during théntensity data obtained at 33 °C. The results relative to the
fitting procedurd open points in Fig. & ]. The QT lines are QL mode[Fig. 10@)] are fitted with the functiori9a). The fit
then obtained by subtracting the fitted lines from the meayields the values op;5 and p3;. Assuming that the simpli-
sured spectra. A very small asymmetry of the central line idied model is valid(p;;= P13 P33= P31), One can predict the
found in some spectré20°, 459 yielding the fit less precise ¢ dependence of the ratio, /I _ . However, this prediction
and resulting in a large difference between the intensities ofinderestimates the measured valles, Fig. 10b)]. The
the Stokes and anti-Stokes QT lines. The computed spectagreement can be significantly improved through an en-
of the QT mode are shown in Fig(l8 together with the hancement op,; by about 25%: thep dependence of,
values of the frequency used for the calculation of the propaehanges only very slightly whilé_/I . is significantly in-
gation velocity (Fig. 9. However, the results of the fits creased forp<g, .
should not be overestimated: the subtracted background However, our aim was not to quantitatively determine all
varies very rapidly, its intensity is comparable or even supethe photoelastic coefficients. The experimental data do not
rior to that of the QT line and, in addition, the instrumental allow it with a sufficient precision: the large error bars in
function is slightly asymmetric for some spectra. In our opin-Fig. 10b) are related to the fact that one cannot exclude a
ion the fit yields a relatively good value for the propagationsystematic error in the QT intensity determination in spite of
velocity, a rough estimate for the intensity variation and thea careful fitting procedure. Our aim was to explain the rather
order of magnitude for the FWHM. surprising¢ interval where the QT mode is observed: for

Due to the limited angular interval and to the rather largep=20° the QT-mode frequency is very low and the line is
uncertainty of the frequency determination, one cannot premerged in the quasielastic peak; assuming fhatdoes not
cisely evaluateC; 1, C43, andCs; from the measured spectra. much exceegbs,, the intensity of the QT mode predicted by
However, as shown in Fig. 9, the QT velocities calculatedour model becomes very low fai=50°. To our knowledge,
from the stiffness constants derived using the QL-mode Brilthis QT mode has been observed only ofickin a classical
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5 giving rise to steplike anomalies in the stiffness constants
C,1 and Cs5. Most probably this anomaly is smeared at the
hypersonic Brillouin regime: the frequency of the ampli-
tude mode related to the fluctuations of the tilt anglés
much lower(of the order of 18 Hz).

Finally some spectra were recorded using an applied dc
electric field in order to unwind the helical structure of the
C* ferroelectric phase. The observed changes arolnd
are extremely small and the experimental uncertainties do
I not allow one to make conclusions about the influence of the
135 180 dc field.

I, (counts/ud)

C. Discussion
(b)

Let us analyze briefly the hydrodynamic approach that
was used previously to discuss the results in smektic-
phaseq23,24. As mentioned in the Introduction, for the
smectic crystals the hydrodynamic approati¥] allows us
to justify the phenomenological analysis used in Sec. Il B.
The classical equations of motion found for an isotropic lig-

-8 o uid are modified by introducing an additional variabl¢hat
: describes the layer displacement and provides the following
contribution to the free energy:

60 90

¢ (deg)
1 u\? 1 Pu  d2u\? 1 au
FIG. 10. (a) Angular variation of the intensity of the QL mode. FU:E L E) 2 1((9_)(7 + (9_2) T op
y Po dz
(b) Angular variation of the intensity ratib_/I , of the QL and QT
modes. Temperature: 33 °C; symbols: experimental values; 1 Jdu
solid line:  simulation using Eq9) with p3;=1.33,5 dotted line: + T_o orT 97" (12
simulation based on EQq.8) and with p33=p3;=1.3313
P11=1.25913 wherep andT stand for density and temperature fluctuations

andp, and T, for their equilibrium values, respectively. The
smectic structure, also in a restrictedinterval: we think  dynamics are described by six linearized equations of mo-
that our interpretation of this narrow allowed interval of ob- tion:
servation is more convincing than the previously reported .
one[22] based on an anomalous anisotropy of damping of pP=—podiVi,
the QT mode due to a coupling with a soft tilt-angle mode. )
T0$: KijaijT‘f' ,LL(?ZJ'O'J'Z s
3. The smectic-C phase

and the smectic-€—smectic-A transition U=v,+ Tﬁ 0T+ E0,047,
The Brillouin spectra do not show significant differences 0
between the smectic* and the smectié phases: the po- :
P P poVi= —dip+ 6iz9i0 izt Mijk dji Vi » (13

larization selection rules are not modified and both QL and
QT modes are observed with intensities comparable withy,, is a mechanical stress associated with the derivatives of
those obtained in thé phase. A more careful investigation the displacement, s is the density of entropyy, are the
indicates a reproducible small anomaly @,; near the components of the velocityy;,, are the coefficients of the
smectic€* —smecticA transition atT ¢ (Fig. 4). A similar viscosity tensor with appropriate symmefisf. above, Kij

very weak anomaly foC,; seems to be present but, due to are the components of the thermal conductivity tensor, and
the experimental errors, it is doubtful. It should be noted tha;u, & are other phenomenological coefficients. Replaang
the evaluation ofC,3 is possible only from complete anisot- ¢, , and the hydrostatic pressypeby linear combinations of
ropy measurementdike those presented in Fig) &hile the T, p, and derivatives ofi [3], one finds, in addition to dif-
values ofCy; or Cg3 can be obtained by a direct measure-fuysive solutions, the propagating modes phenomenologically

ment for ¢=90° or ¢=0° and all their temperature depen- described in Sec. Il B 1 with the following stiffness con-
dence can be measured in a single pass without moving thgants:

sample. Thus the accuracy of the determination of the rela-
tive variation forC,; and Cg5 is much better than that for C11=Coq
Ci3. Therefore we cannot conclude whether the small in-

. - ap . ) o
crease observed fdZ;3 nearT ¢ is due to transition effects =Po(—)3 value obtained for the isotropic liquid,
or that it is only an artifact. ap

The tilt angled between the axis and the director is the (14)
order parameter for this second-order phase transition: one

expects a coupling betwee#? and the longitudinal strains, Ci13=Co—o0,,
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Ca3=Co—20,+ 3. of the hydrodynamic termiEq. (14)] gives account, at least
partially, for the ultrasonic anisotrogy.4]. However, in the
r]hypersonic range, the hydrodynamic contribution is probably
smaller than(or at most comparable Xdhat related to the
mental data as it was done in several pajp2&s24. In our above-mentioned relaxation mechanism. In order to evaluate

caseq, and d, would be found to have the same order of the hydrodynamic terms, it would be necessary to perform an

magnitude and would tend continuously to zero when théXPerimental study within a broad frequency range for the

isotropic phase is approached. However, this interpretation igar;e Smeth'C. I|qU|d_ crystal. : h
not satisfactory taking into account the Brillouin data in both . S to_'; € |ntenS|ty' Interpretation, one can suppose that
nematics and smectics. In the nematic phase there is no h nis additional relaxational process only weakly affects the

drodynamic contribution to the elastic anisotropy in contra- oupling betWe‘?f?P_ and u on one hand and the h'gh'.
diction with various experimental resufts,11]. Our experi- frequency permittivity fluctuations on the other hand. This

mental results are very close to the previously reported ongg€ans that it is possible to analyze the photoelastic coeffi-

concerning nematic liquid crystals. The anisotropy of theC/€NtS in terms of the hydrodynamic theory. When deriving

stiffness constants in our material only very slightly exceed§he expressmn_for the scgttered intensity, one has to realize
the values in nematic 4-cyanordalkylbiphenyles(nCB), that the _den5|ty quctuafuons correspond to the volume
MBBA, and PAA. For example, 15 °C below the isotropic- changes, i.e6,;+ €5, + €53 n terms of deformations and that
mesophase transition, the value(e{—u;)/v, is 5.5% of our the derivative of the Q|splaceme&u/az can be assigned to
sample, while most of the previously studied nematic comEss: Then, we can write the ghgr)ge of the frge energy related
pounds show an anisotropy between 3% and[&%In our to the hlgh—frequency permltt|V|ty modulation |n.terms of
sample the anisotropy of the viscosity coefficientsONlY tWo independent strain®{; + €x,+ €33 andess:

(133— 1)/ 71 (35%) is of the same order of magnitude as,
for instance, in MBBA or PAA(about 30%. Moreover, in
the temperature range n_eighboring the isotro.pic-smect?c +[(Ei+ Eg)Plﬁ E%p3u]e331

phase transition the behavior of the QL propagation mode is

analogous to that observed in the vicinity of the iSOtI’OpiC-WhereEi are the components of the electric field emg' Piu
nematic transition regarding both the continuous increase Qdre appropriate photoelastic coefficients which form the non-
the velocity anisotropy and the abrupt jump of the viscosity.zero part of the matrix;; :

In the isotropic-nematic phase transition the viscosity also

Assuming that the hydrodynamic model is valid, one cal
calculates, and®; [cf. Eq. (14)] from the Brillouin experi-

AF=[(EI+E})p1,+E3ps,l(€11+emtes)

seems to be the most affected quantity as in the isotropic- P, P1, Pt P
smectic transition. The common property of the smectic and pi=| P P1, Pt Py
nematic phases is the orientational order of the molecules. Ps, Ps, Pap+tPau

Thus, the viscosity looks to be very sensitive to the orienta-
tions of molecules and not to the layer structure. On the otheThus, our supposition that;;~p;; and ps;~pzs Means, in
hand, differences between nematics and smectics have begfe language of hydrodynamics, that the contribution ¢
detected in the ultrasonic regime where the reported elastie scattered intensity is much smaller than the contribution
stiffness anisotropy is very weak in nematics, while it isof p. This hypothesis is justified by the fact thais a mor-
generally clearly present in smectic structures. phic variable in the smecti&- phase. Experimentally, we
The hydrodynamic theory fails when an additional low- found thatp,; is slightly larger thanp,3 and smaller than
frequency quantity(for example, some slow relaxational p,;: p,, andp,, then show opposite signs Witb1u|<|p1p|-
mechanismcouples to the hydrodynamic variables. The cor-From the experimental values obtained at 33 °C one can es-
responding equation of motion has to be incorporated to th@mate
system of Egs(13) and the dynamics op and u can be

strongly modified. Consequently, the values®yf from Eq. P1,/P3,~0.95,
(14) are renormalized. Relaxation phenomena due to in-
tramolecular degrees of freedom were observed in many or- P1y/p1,~—0.2.

ganic liquids[25]. In nematic liquid crystal§26] a single
relaxation procesgwith a relaxation frequency in the MHz This means thatp,, and p;, which are identical in
range was attributed to th&rans-gaucheotation isomerism the isotropic phase, stay close to each other in the smectic
of the molecule end chains. A high-frequency relaxation bephases. The morphic coefficieq,, is smaller. If the
havior (in the GHz ranggwas also revealed in nematic lig- second morphic coefficientp;, behaves analogously,
uid crystals[11]. A relaxation in a similar frequency region which means p;,~ps,, one obtains the following
(called B relaxationn was observed in ferroelectric liquid inequality: p;3<p;3<ps3;.- Due to the decrease @k, the
crystals[27,28 by dielectric spectroscopy and was assignedight part (¢>¢,) of the QT-intensity curvdFigs. 2 and
to the libration(hindered rotationof the molecule around its  10(b)] is further reduced and the influence pf; on the
long axis. It has to be pointed out that the two latest relaxQL-intensity curve is compensated. Unfortunately, we can-
ation mechanisms show the same frequency range and venpt compare our results with other liquid crystals because
small temperature dependence. there are no experimental data in the literature concerning
It then seems that a general relaxation mechanism ithe Brillouin scattering intensities in such compounds.
present in both smectic and nematic liquid crystals giving a Considerable effort was made to detect the QT mode in
significant contribution to the elastic anisotropy. The effectclassical nematic§5], but the corresponding Brillouin line
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was not experimentally found. It has been suggested that thigerse mode was observed in a limited angular range well
mode should be overdamped in such structures. In our opirbelow the isotropic—smecti&-phase transition.
ion, it is possible to envisage also another explanation of the The results were interpreted in the frame of a phenomeno-
experimental results reported [iB]: the frequency and the logical model that is usually used for the description of elas-
intensity of the QT mode are probably very low. It follows tic properties in solid crystals. We extended the model by
from our study that the QT mode is not easily resolved forapplying it equally to the calculations of the scattered inten-
45° (angle used if5]): its intensity is already very low. It sity. The results experimentally obtained for the QL and the
is not clear whether one can introduce, even in nematicQT modes are coherent with the predictions of the model.
some coefficients analogous g, and p;, and, in such a Using the data relative to the QL mode the model success-
hypothesis, what are their magnitudes. However, the imporfully fits the characteristics of the QT mode. Thus we
tance ofp,, is clear: without its small contribution the in- showed that the model is fully applicable to liquid crystals.
tensity of the QT mode in our sample would be two or three The behavior of the real and imaginary part of the stiff-
times lower[cf. Fig. 1db)]. In addition, the velocity of the ness tensor in the smectic phases is similar to that found in
QT mode(~300 m/g in the studied nematic materigisCB) nematics and is probably related to a general relaxation
is lower than that in our sample-500 m/g. It then follows  mechanism in the GHz frequency range. The anomalies
that the QT mode can be undetectable by means of scatterifigund at the smectid—smectic€* phase transition are very
experiments in these materials. We believe that the results afeak: the frequency of the soft mode is too low to be de-
the pseudocrystalline model are applicable to both QL andected by our technique.
QT modes in the smectics as well as in the nematics.
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