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Spin-lattice dispersion in nematic and smecticA mesophases in the presence of ultrasonic waves:
A theoretical approach
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We present a theoretical study of the Larmor frequency dependence of the nuclear spin-lattice relaxation
caused by order director fluctuations for both nematic and smAatiesophases. The analysis is focused on
the case where the molecular system is subjected to sonication during the relaxation process. The departure
from the nonsonicated case is discussed for various values of the involved parameters. Two different ap-
proaches are discussed for the smectic case.
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[. INTRODUCTION ence length of the fluctuations with the wave vector. In prin-
ciple, this model was extended, with success, to lamellar

Fluctuations of the molecular orientational order is shownsystemg25]. In a later, and more refined, treatment, Vilfan,
to be an efficient mechanism for the nuclear magnetic relax0goj, and Blinc[20] calculated the, frequency dispersion
ation process in liquid crystal materials. This particularly ap-for SMecCticA phases. Although the resulting frequency de-

plies to the nematic phase, where director order 1‘Iuctuation§endence was very different from a simple linear behavior,

(DOFs dominate the spin-lattice relaxation dispersion at IowrnOSt of the later experimental results were interpreted in

' i erms of that simplified mode11,12,15,1& Though fre-
fields[1]. To our knowledge, this result cannot be extended;uenﬂy regarded gs an acceg{ed and we% knowr? result, re-

to smectic phases, mainly due to the presence of false digent studies strongly suggest that most of the field cycling
perS|0nS a.SSOC|a.ted W|th eXperImental |ImltatI0nS Of the f|e|d(e|axometry experiments in the Sme(ﬂcphage are ques_
cycling technique. Elucidation of the smectic DOF contribu-tionable in the low frequency rand@6]. In this limit, strong
tion at low fields is therefore a complex task, because itfalse dispersions related to experimental pitfalls were usually
frequency dependence may be also masked by self—diffusiorinterprete_d in_ terms_of a linear-type smeptic DOF.

It was recently shown that the relaxation dispersion due to The orienting action of an ultrasonic field in liquid crys-
nematic DOFs can be enhanced by the application of an ufals was rarely treated in the literature. Dion was the first
trasonic field2,3]. It is hoped that this experiment may be a Person who studied the problem within the picture of mini-

; o ; ; um entro roduction theoref27]. A new free ener
useful tool for the investigation of the smectic case, prowdec{Erm assocﬁ)gtepd with molecularﬁfeg)rientation was reggntly

that the ultrasonic field can be also coupled to smectic orde roposed on experimental groundg]. Almost simulta-
quctganns. . . . neously, the same term was used by Selirgeal. in a dif-
Since the pioneering work of Pincyg], many papers terent context, but derived with more rigorous arguments
have been dedicated to the study of the laboratory framp,g) | the present work, we use this free energy orienting
spin-lattice relaxation timeT,) Larmor frequency ¢,) dis-  torm to examine tha,(»,) dispersion in the nematic and
persion due to the DOF relaxation mechanism in liquid crys-,

: . smecticA phases subjected to ultrasonic irradiation. For the
tals. Although most of them are mainly experimental reportSsa e of simplicity, two special cases are treated: ultrasonic
[1,5-17, some were devoted to the theoretical insight

Swaves parallel and perpendicular to the director. The main

[4,6,18—-23. Summarizing these results, it was widely dem- ¢, aqtion we have dealt with concerns how relaxation disper-
onstrated, both theoretically and experimentally, that nematigj, s que to DOFs can change under the influence of soni-

ODF relaxation gives rise to & (») behavior proportional  4iion. It is still controversial whether this experiment can be
to the square root of the Larmor frequeney (without con- ;54 to disentangle the laboratory frame spin-lattice relax-

sidering low and high frequency cutoffs , ation features in smectic phases.
Relaxation features in the smec#icphase are still un-
clear, but show an extraordinary richness in the involved Il. THEORY AND DISCUSSION

physical background. First studies of the profbpn relax-
ation using the field cycling technique were performed in the
smectic phases of terephthalibis-butylalin[8e24]. A linear Order director fluctuations cause dipolar spin-lattice re-
Larmor frequency dependence was proposed for the casexation, essentially by modulating the orientation of the in-
where the nuclear magnetic relaxation is driven by smecticernuclear vector with respect to the external magnetic field.
undulation waves, assuming the independence of the cohelx the limiting situation, where the molecules are, on an av-
erage, oriented parallel to the magnetic field, the spectral
densityJ,(w,) determines almost completely the relaxation
*Electronic address: bonetto@famaf.unc.edu.ar time [4]. For a fixed separation distancé&etween two spin-
"Electronic address: anoardo@famaf.unc.edu.ar 1/2 nuclei, the spin-lattice relaxation time is given[2@,30

A. General case: Anisotropic elastic constants
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S -1
Re( J g‘fF(T)exr(—in)dT)

1
T w)=8 : Afaz—zaz(n§+n§).

with . .
But, if the ultrasound wave consists of two waves of the

same intensity, one with=X and the other witls=y, fluc-

3 - - - - tuations of the local director increa$g by
99 ()= E(nx(r,t)nx(r,tJr 7))+ {ny(r,H)ny(r,t+7)),

where the magnetic field is assumed to be inzlkrection. 1 .
. . > > — 2
n, and n, stand for the fluctuating part of directar (n Afa=5a’(n+ny).

=nX+n,y+nez). Constant3 depends on the gyromag-

netic ratiovy, the Planck constarit, the interspin distance ) ) )
and the molecular order paramegr From the last equation, and after a Fourier expansion of

By expandingn,(r) andny(r) in Fourier components, components,(r) andny(r), the following expression for
the free energy in presence of a paralleérpendicular ul-

trasonic wave is obtained:

1
O (r)= 35z 2 (m@oni(@’t+)

4.9 5
1
+(n2(G,0n3 (4", t+ 7)), F=2v 2, 2 K@In(@

with

2
0 (N=5 7 2, > <|ni<d,0>|2>exp[— 1 (1)

N W

1
V2 7,(G)

whereq is the wave vector of the mode ang(q) andn,(q)

are two uncoupled modesi;(G) lies on the q,ﬁo) plane
andn,(q) is perpendicular to it. These modes relax with the qf:q§+ qf,.
time constantr,(q) («=1,2).

The free energy for static distortions in liquid crystals is . . - ) )
given by[31,37 Using that7,(§) = 7,(6)/K(§) [with the typical assump-
tion on viscositiesy,(q) = 7,], applying the equipartition
theorem to obtaif|n,(G)|%)=KgTV/K,(G), and extending
the sum in Eq(1) to an integral, we get

Ko@) =K oo + K02~ (+)a?,

1 N o N > -
fa=5{Kaa(V-0)*+ KN VX)?+ Kad (n-V)n ]},

2
2 -
whereK 1, K,,, andK 35 are the splay, twist, and bend elas- g9F(r)= § KeT E J d3q L ex;{— Kol@)7
. . 1 2 3 “~ N .
tic constants, respectively. (2m)° a=1 Ka(G) Na
The interaction energy between an acoustic wave and di-
rectorn is given by[2,28] Then
1 ...
fa=5a%(s-n), 3

2

jOFTS=R e(f gOF*S(r exp(—uor)dr)
wherea? depends on the acoustic intensity, the ultrasound
velocity, the average of the sample density, the magnitude of ~ 3 KgT f 7,03
th-e ultrasound wave Yegtor, and the director-density cou- 2 8,3 &4 q[Ka(G)]va ﬂiwz
pling. In the last equatiors represents the ultrasound wave

versor andn the director. In the last equation, an average

over the rapid oscillations of the ultrasound waves was taken Using thatd®q=q, d¢da, dq,, integrating over an ellip-
[28]. soidal volume in theaj space[21], with high frequency cut-

If an ultrasound wave propagates across the liquid crysoffs given by q,. and q, defining q;.=q,[1
talline media parallel to the magnetic field, the fluctuations— (qz/qzc)2]1/2 and changing the integration varialge by
of the local director decreadg by s= K,mql+ K33qZ (+)a?, we get
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2
OF+S qZC aaqii+K3ﬁ§7(+)a2 dsna
(w)= 3— .

7T a=1 339, 7(+)a Kaa(sz+ 77(21'(1)2)

_ 3KgT G, 1 1] r{ wadl] et Kaglz = (+)a’ r(K33q§—(+)a2
= Z —|arcta —arctan ———
87T a=1 Kozaw_ wna wna
_ »
Kopol?el 1— —= | + K02~ (+)a?

3KBT G 11 “( Q) Ks2— (+)a?
2 dg,— —| arcta —arcta) ————
a= 0 Kaaw- W7y L/

Defining A2=K aaqlclnaw, B2=K392J 7,0, C2=a’%/ 7,0, andx=q,/q,., we obtain
T (@) =11+15,

with

2
1
2 Gec dxarctafix’(B2—A?)+A2—(+)C?],

817 o a=1 K 0
KgT 2 q

l,=—3—2 ch dxarctafiB2x?—(+)C?].
877 w a= 1Kaaz

Solving the corresponding integrals, we arrive at

n
\/_ = K33 2mV2A v, \E,FV2A,y,+A,

2B, [ eatV2B(e,+ (D)CD+BE) V2B, arctar(\/ZAa_\/y—a)
— -+ = - =
2m\2B2(e,+(—)C2) | e,~2B2(e,+(—)C%)+B2] m\2A,7. Ve

TN /2B, V2B%— e, +(-)C},
+arcta) ——=—— > > a 2

N m\2B%(e,— (+)C?) Ve, —(+)Ch

r( 2B2+ e, +(—)C?
+arcta —_— , @)
€,— ( + )Ca

whereA ,=|B2—A2|, E —\/1+(A2—(+)C2)2 e,=\1+C%, y,=E,¥(A%2—(+)C2), andy,=E,*[A2—(+)C?], and
the upper(lowen sign applies ifB2>(<)AZ2.

Limiting Cases

Nonsonicated casén this casea=0=C,=0=¢,=1. BesidesE = \/1+A§; then,

2 — A2
195 +S( )= KgT o ma | ) 2B, E,* V2A(E,FA%)+A,
(w)=3 > KL U(B2)+ —In .
87\ 2w a=1 Kas 2m\2A (E,FA2) | E,FV2A,(E, A% +A,
V2B, V2A,—\E,FAZ V2A ,+E,FA?
+ > arctal > +arcta > ,
m2A (E,FA%) JVE, +A2 JVE, +A2

with U(B2)=(1/27)In[(B>—\2B,+1)/(B2+ \2B,+ 1)]+ (1/7)[arctan{/2B,+ 1)+ arctan(/2B,— 1)], according to the
expression obtained in Rei21].
Nematic caseln this case K ;=K,=Kgz3=K. Then, A ,—0. Using that In(*x)=x and arctar{—a)+arctank+a)

=2x/(1+a?), for small values of variable,
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KeT 72 { V2B 2B%(e+(—)C?) +B?

j?FJrS(w)_r_)

=3 - n
47K¥2\20 | 2mw\2B%(e+(—)C?) \|e—2BZ(e+(—)C?)+B?
) V2B t ’(\/282—\/e+(—)C2 + arct V2BZ+ \Je+(—)C?
arcta arcta .
m\2B%(e—(+)C?) Je—(+)C? Je—(+)C2
|
If B—o [equivalent to consideringp<w,, with w, In a logyo(TSF*5) versus logyw) plot, the slope of the
=(K/7%)g?] and using thaC2=1/wr,, with 7o=n/a?, curve will be between 0 and 1/@erpendicular and be-
tween 1/2 and 1(paralle). This assertion will be shown in
the following:
orss 3KgT7? 1
i Nw)= dloa(TOF*S)  d In(TOF+S dIn(TOF+S
47TK3/2\/£ m 910( 1 ): ( 1 ):(u ( 1 )
dlog;o(w) dIn(w) do

2 2
1 w T

1/2
1+ \/1+(a)70)2 \/1+(a)7'0)2

1
4N27K¥2\ 0 1 L "2
1+ —(+)—
(wTg)? WTo for perpendicular sound waves, and

3KgT Y2 Vol
dlog,o(T9F5) 1

a2k VI (- (41 dlogd@) 2

1
= —
20

(0)7'0)2
1+(a)7'0)2— \/ZI.-l-ﬁsz0

3KBT7]1/2 \/’T—O 1 X2
4\/§7TK3/2 \/\/1+(w7'0)2—(+)1 AT 1+X2>'

] o . ) with x=w T, for sound waves parallel to the director. It can
This expression is the same as derived in R2J. The cor-  pe easily shown that

responding expression fdr, will be

2

X
) _ Is——— <2,
T2 () =Bl )] 1+x2— 1+ %2
B4\/§7rK3’2 \/\/1+(w7'o Z—(+)1 Figure 1 contains log(TY™ ") versus logy(v) plots for
= : different values ofa (equivalent to considering different au-
3K T2 Vro (eq ?

dio intensitie$. Typical values ofr,=2%x10 ° s andry=1
X 107° s[2] and »=0.1 Ns/nt were used in both of them

It is important to note that in the absence of soung ( (eqU|vaIen2t to con5|der|nga2=1_0“ N/m? and ‘_32_:2_
—.), the typicalw*? behavior is obtained. Another impor- x 10" N/m?, respectively. Concerning these plots, it is im-
tant limit arises when in the presence of perpendicular audi§ortant to observe that parallel waves makes the DOF relax-
waves (the sign between parentheses appli@®nstanta  ation mechanism more effective, and an opposite effect is
(proportional to the sound intensity and the coupling pelroduced by perpendicular waves. An arbitrary value of con-
tween the ultrasound wave and the direktends to infinity.  Stant B[ (427K¥9)/(3KgT7"%)] was used in all of these
In this case, €¢,—0) and T " S(w)—e, ie., there is no 9raphs. o o+ s
relaxation induced by the DOF mechanism. This situation Figure 2 shows the slope behavior in ajg¢d; " °) ver-
corresponds to a complete sound induced quenching of th&s 10go(») plot for both perpendicular and parallel sound
DOFs. waves.

The angular amplitudes of director fluctuations increase Smectic caseln this case K33<K;=Kjy,, then limits
with the ultrasonic power when the sonic waves are paralleB.<1, A,>1 should be taken and the lower sign in E4).
to the director. In this case, the assumption on small angléwst be used. ThusA,=A2(1-y), E,~A2[1+(x/2)],
director fluctuations may not be satisfiffq. (4)]. In this  with y=B2/A2, x=(1-2C2A2+C?*)/A? considered as
limit, application of the previous equation lacks sense. small parameters.
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500 e Expandingj ™" 3(w) in power series of parameteysand
X, the following result is found:
o | | 3KeT ( 7 )1’2 1 V2 B,
] ] Y4m20\Ks) Ky2m 13¢C*
el G of %)
g X|+(—)2arctan ——— | +7|+0| |,
z Ji+ct A,
_g 10 4 4
- 1" 1,=0(B).
4 {100 Then,
ors KT [ 7\ 1 V2 B,
@) ——=| | o —
i {w 2m\20 \Kess)  Ku2m \J14¢4
3 o
b 1 X| +(—)2arcta) ——— | +7
bk} Ty T T T 1 \/1+Ci
10 10° 10° 10’
Frequency [Hz] 3KBT Osc 1
FIG. 1. Frequency dependenceTafin nematics in the presence N 47%0 K_11 1
of different intensities of(a) perpendicular andb) parallel ultra- 14
sonic waves. Dotted and dashed lines correspond to the higher and ( )2
lower sound intensities, respectively. The nonsonicated case is also @70
included(solid line).
wTy
X| +(—)2arcta) ——F——=|+7
1
1+
T T T T T ((‘)TO)2

0.5+
04+
03+
02
011

0.0 4

Slope in log, (T, ) vs. log, (@) plots

It is important to note that in the complete absence of
ultrasound wavesry—, and the linear expression

27 (@)= (3KgT/4Am)(Ae/ Ko
=(3KgT/2K1)(1/é)w ™t

is reobtained. Besides, in the presence of perpendicular

sound waves, in limitp—0, a null value forj ™" 3(w) is

: : : : : l obtained, as expected, because of the complete quenching of
104 4 order fluctuations produced by the ultrasound waves. As was
previously established, the analog case for sound waves par-
0.9+ . allel to the director lacks sense.
. 1 In a logyo(TSF*5) versus logy(w) plot, the slope of the
’ curve is given by
0.7 -
. d logig(T?" ")
. d 10gso( )
0.5 b X2
T T T T T = +(—
0 5 10 15 20 1+ %2 (=)
O)To 2X2
FIG. 2. Dependence of the slope in a{g@ 5" ") vs logo(w) X 1
plot with magnitudew 7, for nematic liquid crystals in the presence /l+xz(2+x2) 2 arcta +a
of (a) perpendicular andb) parallel ultrasonic waves. J1+x2
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o

6x10 T T T T r ' T v T T T T T
k 1.0 4 -

0.6 4
0.4 -

0.2 .

-
1

0.0+

T, [arb. units]
=

1.2 .

1.0 1 -

2
Slope in log, (T, ) vs. log, (e) plots

0.8 -
0.6 - .

0.4 -

R 0.2 - .
10* 10° 10° 10 00‘ b
Frequency [Hz] ]

o -
—_
(=]
—
W
[
=]

FIG. 3. Frequency dependence ®f in smectics(simplified T,
mode) in the presence of different intensities @ perpendicular
and(b) parallel ultrasonic waves. Again, the dotted line corresponds
to the higher intensity and the nonsonicated case to the solid line

FIG. 4. Dependence of the slope in a{g@ 2" %) vs logo( )

plot with magnitudewry for smectic liquid crystals(simplified

mode) in the presence ofa) perpendicular andb) parallel ultra-
Figure 3 shows log(T?" ) versus logo(w) plot for  sonic waves.

different values ofa®. They are compared with the typical

linear behavior obtained for smectics. Again, an arbitraryy ., ean smectic layers an@l the smectic order parameter
value of constanB[ (47%/3KgT)(K11/d,¢] was used in all [=|ylexpld)]

2
of these graphs, and the valuesmg{ 7, anda® parameters Using thatf =f,+ fs+ f, + f,, with a similar analysis like

are Fhe same as in the previous case. OF+5 the one previously presented, it is possible to arrive at
Figure 4 shows the slope behavior in agd@; °) ver- [33,34

sus logg(w) plot for both parallel and perpendicular sound
waves in smectics.

(Iny(@)[?)

A more refined model for the smectik-phase can be KgTV
obtained by considering the coupling between smectic order = 5 1 ,
with director fluctuations. In this picture, smecfigand the 2 2 2 4z

- L . ’ K +K —(+)a“+B|—
nematic-smectic interactiofy free energy terms are added 10+ Kagz = (+) a, B(q,\?
[32], while also keeping the acoustic and nematic elastic free D I

energy densityEgs. (3) (2)]:

B. SmecticA phase: Coupling of smectic order with DOFs

fs=e(T[Y2+ND|g]*+ -,
KgTV

K202 + Kga0Z+D —(+)a?’

(Iny(a)[?) = (5)

- A 1 - @ o
f|:(V+|q55n)¢*W(V—lqsén)w,

whereB= y3q2/M; and D = yq3/M, . Here,B andD are

the restoring forces related with fluctuations in the layer
where e and A are coefficients in the expansion 6f in thickness and fluctuations of the director orientation away
powers ofy, M is a mass tensor with componeds and  from the normal to the layers, respectively, apg is the
M, , along the normal to the layers and perpendicular tcequilibrium value of the smectic order parameter.
them, respectively, andj;=2=/d, d being the distance The corresponding decay times are given by
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In this way,
n(d)= =
l - L
Kol + K (412208 ) 1 OF*%)—— s “da, | (2@
1141 334z qa, B(qz)z 272\ a=1J0 0
1+ —|—
Dia. 7o(0)
————q.dq,
’T (a)_ 72 1+[Ta(q w]Z
,(q) =
Kuqf +Ksel+D—(+)a =i w0 +i05 w),

In the last two equations, an independence of V|sc05|t|eWhereJOF+S(w) and]OF*S(w) correspond to the terms for
7, and 7, with g was assumed, and they stand for parallela=1 anda=2, respectlvely.

(perpendicularsound waves. The term fora:2 is easily solved to give
(
3KBT772
aN27K K Y2\ |D — a2 \/ / ) if D<a? for parallel waves,
i75 S(w)=1
3KBT772
227K, KD - (+)a?| \/ 2 otherwise,
\
W|th wSZZ[D_(+)a2]/ 2.
The term fora=1 is
o|:+5 _3KBT7]l * ” qqu_L
11 (@)=———7— >
qZ 1 2 2
K110 +Kgg0Z +a+B| — T TB g2 + 7w
1+ = —Z)
D <QL

Changing variables, and after lengthy but straightforward algebra, the following expression is obtained:

OF+S((O) —

i11 4\/— \/—K3’2D

SKBTﬂl le dx

3/2\/ a2 \/ a2\ 2 w 2,
2 - 2_ _ _
X (+)D+ X (+)D + )

Ws1

Kss
(1 x2)+—x
D K1

with wg;=D/7,. Therefore, the expression obtained for the spin-lattice relaxation due to ODF in presence of parallel
(perpendicularsound waves will be

3KgT

4\/577 D

TP S (w)=BlI25  Nw) +j25 )]‘1=B[

with

B J' dx
Kas 3/2\/ a2 \/ a2\ 2 w 2'
2y, o0 2_ - 2_ _ _
(D(l x)+K x) X (+)D+ X (+)D + )

11
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200 T T 1 1 1

100

g _
£ a =
E‘ 10 T T T T T 200 :
- 5
; 1 a v=10"Hz. 1*
. —48
- <46
] —10 7 14
b ] 1  v=10'Hz 4
bbbl BRI L B L B L | T 4 1
10° 10* 10° 10° 10’ i R o e L e 1
" 10" 100 10° 100 16° 10° 10° 107 10° 10° 10° 10"
Frequency [Hz] 10" 100 100 1
& [N/m’]
FIG. 5. Frequency dependenceTafin smectics in the presence
of different intensities of(@) perpendicular andb) parallel ultra- FIG. 6. Dependence dF,; with the parameter log(a?) on dif-
sonic waves. Dotted, dashed, and solid lines correspond to thierent Larmor frequencies corresponding(& perpendicular and
higher, lower, and zero sound intensities, respectively. (b) parallel ultrasonic waves. The nonsonicated case could be ob-

tained taking limita— 0 in any of the plots.

It can be observed that in the absence of ultrasound waves
(a=0), the calculated expression in RE20] is reobtained IIl. COMMENTS AND CONCLUSIONS
(even though the expression obtained here in the absence of \ye 4re primarily concerned with the spin-lattice relax-

ultrasound seems to be different from the one obtained byion of spin systems linked to ordered calamitic settlements
Vilfan Kogof, and Blinc[20], it can be verified that they are g pjected to an ultrasonic irradiation. We show for the first
the samg It is also important to notice that only on@{)  time to the best of our knowledge, how ultrasound wave
of the important frequencies in the determinationTefde-  affects the relaxation dispersion in nematic and smektic-
pends on the presence of ultrasound waves. phases. For the sake of simplicity, two kinds of ultrasonic
Another important limit is obtained wheBandD tend to  waves were treated: parallel and perpendicular, with respect
zero(but ratioB/D is constant In this limit, only the audio  to the order director. In the latter case, a particular wave was
and nematic elastic free energy are involved, and the resuitssumed to preserve the symmetry in xhg plane.
[Eq. (4)] is reobtained, as can be demonstrated. It is worth noting that the magnetic free energy was never
Finally, it is possible to show that in case of perpendicularconsidered in the previous analysis. However, it is assumed

waves, in limita— o, bothj‘ff*s(w) andj‘fg*s(w) tendto that the magnetic field induces a preferential macroscopic

zero, producing in this way, a complete quenching of DOFsorientational order(nonzero spatial average directog)
Figure 5 shows log(T?"™ %) versus logo(w) plot for  along the magnetic field. Therefore, the magnetic field am-

different values of? (a?=10* N/m? in dashed line ana?  Plitude should be strong enough to induce a pafbaltota)

~2x10* N/m? in dotted line. They are compared with the orientational order in the sample, while being sufficiently

nonsonicated caseE0). Here, typical values of the con- weak in order to keep the magnetic free energy term negli-
stants were usedi20]: B=10f N/m?, D=10° N/m?, K gible compared to the acoustic and elastic free energies.
—10° N K22=O7>.< 10- 11 N K3;= 1012 N ar,1d 17]1 These conditions determine the magnetic intensity range

B . orF+s (different for nematic and smecti- phases where the
_O'oleS/g?F;s!t ng be numerically shown thall; model can be applied. Anyway, the validity of the model is
=Ty (Ty" °=Ty") for parallel (perpendicular waves.  gyrictly valid within a local spatial domain, where a well
This fact is related with the enhancemeuiiminution) of  gefined director exits. However, in experiments, usually a
DOF relaxation mechanism produced by the sound waves.complete uniformity of director alignment is not achieved,
Figure 6 shows tha® dependence of, for two different  put the model is still valid via averaging the director over the
Larmor frequencies. AF, is a growing function with fre- sample. This statement is a consequence of the fact that the
quency, all the curves that correspond to frequencies in themeasured timd, is the result of the “averaged,” over the
range 16—10'Hz will be in between the plots presented in sample.
the figure. Another important observation concerns the ultrasonic
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frequency. In the whole calculus presented, the informatioration becomes less efficient, in a clear contradiction with the
about the ultrasonic frequency is not on the scene due to thexpected behavior. This feature could be attributed to the
assumption of rapid oscillations of the dendityne averag- simplifications of the model and/or a departure from the
ing in Eq.(3)]. This approximation is clearly valid when the small angle approximation discussed herein. In the other
ultrasonic frequency is in the megahertz region, becausmodel for smectidA, this point does not appear to be rel-
ODF are dominant at frequencies lower than 1 MHz. How-evant, while logical and intuitive results are obtained. It is
ever, in our previous experiments, using an ultrasound freimportant to observe that within this picture, more appre-
quency of 30 kHZ2,3], we observed that the acoustic energyciable effects are observed for parallel incidence. This result
was distributed in the whole observed frequency intervalmay be useful to disentangle the relative contribution of the
This experimental fact implies that even in this case, it isSDOF mechanism to the relaxation dispersion in the smectic-
correct to average over fast density oscillations. Perhap# phase.
since both order fluctuations and DOF-ultrasound coupling A final word concerns the particular case of parallel inci-
are due to different physical phenomeftaermal fluctua- dence, wherea?=D. In this situation, the second normal
tions and density oscillations, respectivelit is not correct mode[Eq. (5), n,] becomes the same as the corresponding
to compare both the time scales. This topic deserves a deepeme for a nematic liquid crystal without acoustic excitation.
analysis, which will be avoided in the present work. This feature can be interpreted as a kind of sound induced

Results obtained here for the nematic phase have bedsreak down of the smectic order. In turn, this result suggests
already successfully contrasted with experimental data in difthat molecular order may be switched by the application of
ferent compound§2,3]. It is prominent how the remarkable an adequate ultrasonic field.
changes in the dispersion curves tend to manifest at low fre- The findings presented here for the smectic case will be
quenciegat fixed ultrasound intensityThis feature certainly tested in forthcoming experiments. Hopefully, it might be an
makes the field cycling technique highly convenient to ob-interesting point for future work to investigate the kinky pro-
serve them. Herein we did not pursue technical limitations otesses underlying the mentioned ultrasonic induced smectic
the technique, instead, we examined at qualitative level theymmetry breaking. A still open question concerns the rela-
expected behavior of the relaxation dispersion at differentive contribution of the DOF mechanism to the low field
limiting situations. For instance, we showed here that paralregime smectic relaxation dispersion.
lel sound waves enhance the relaxation by DOFs while the
opposite behavior is observed for normal incidence. ACKNOWLEDGMENTS
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