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We study the influence of the dispersed aerosil particle concentration on the soft and Goldstone mode
dynamics across the smec#ie-smecticE* phase transition using dielectric spectroscopy. We use CES8 liquid
crystal filled with aerosils of concentrations=mg/(ms+m;c)=0.025, 0.05, 0.1, and 0.15, whene;, and
m, ¢ stand for masses of aerosil and liquid crystal, respectively. In dispersionswithl5 the characteristic
Goldstone frequency temperature dependdnrgd) is almost bulklike in contrast to the corresponding soft
mode dependencig(T). For x>0 the degeneracy of the modes at theASBmC* transition temperature is
lifted. With increasingx the modes’ intensities gradually decrease and the critical effective coeffigient
tentatively approaches the value characterizing the three-dimens{dhahiversality class. Fok=0.15, a
drastic change in behavior is observed. The Goldstone mode is completely suppressedfafid) thepen-
dence begins to deviate from the Arrhenius behavior. A simple phenomenological approach is used in the
explanation of results.
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I. INTRODUCTION There the geometrically induced disorder is almost fully
quenched.

Phase behavior influenced by irregular confinement has In studying the influence ops on LC phase behavior
been an interesting topic for years. Convenient experimentanost studies so far focused on the isotropic-nemaltibl)
systems to study this phenomenon are numerous liquid cry@nd nematic-smectié (N-SmA) phase transitiong2,5-10.
tal (LC) phases either confined to various porous matfitgs In general the observed phase transition temperature shifts
or filled with inclusiong 2]. The choice of various LC phases towards lower temperaturdg] are relatively large and ex-
is justified by a rich variety of different phase transitions thathibit nonmonotonougps dependence, reflecting qualitative

they exhibit in translational or orientational long range order-Cr:‘anges in thehaerosil ar:jar;gberﬁen}. In th? regzbggepa ind
ing [3]. In addition LCs are typical representatives of soft!N€ nématic phase bimodal behavior is often obsef&

sysems characterized by a song response o relatvely wede TSLEenToLen eseris e bl bebauer on e
perturbations. Among the confining matrices acting as disor; y g » ong 9

dering agents, controlled-pore glas¢€PG, Weor glasses from LC molecules in strong contact with the aerosil net-
92ag ’ pore g ’ 9 ' work. Thermal anisotropy studi¢8] indicate that the aerosil

mlllulaoreh membranes, ohr a(;arogels ?re Cg”"e”.“"”a"y use?inclusions break the system into strongly polydomain orien-
[1]. In these matrices the degree of randomniess, geo- tational ordering. With increasing the character of the

metrically enforced disordgrgradually increase_s from the N_smA transition as a rule approaches three-dimensixial
former (CPG to the latter(aerogel system. As inclusions, niversality clas§2]. This indicates that the increased disor-
aerosil particles(spherular Si@ objects of diameter 2 R ger weakens the coupling between the nematic and smectic
~7 nm, whose surface is covered by hydroxyl groups, ar®yder parameters. Fai,>p, a strong change in the qualita-
typically used[2]. tive behavior is observed resembling the behavior of LCs
By varying the aerosil particles concentratipg (weight  confined to aerogels matrices. In this regime thd and
of silica per cni of LC), the degree of disordering enforced N-SmA specific heat peaks become anomalously broadened
to a hosting LC phase can be relatively well controlled. On[2]. For even larger concentrationss&0.4 g/cni) the dis-
increasingps the organization of aerosil particles undergoesorder is expected to completely smear out the discontinuous
three qualitatively different regimd®,4,5. Below the gela- |-N phase transitiofi2,11].
tion thresholdps=py~0.01 g/cm, almost isolated aggre- In this contribution we study the influence of aerosil con-
gates of aerosil float in LCs. Above, the gel-like aerosil centration on the Sm-SmC* phase transition. This phase
structure is formed that is enabled by hydrogen bonding betransition has been intensively studied in bulk. In addition to
tween hydroxyl groups on aerosil surfaces. For densjiies studies of critical phenomenia3,12, which are driven by an
less thanp,~0.1 g/cn? this structure is relatively respon- interest in basic physics, electro-optic applications have also
sive. If the elastic strain imposed by surrounding LC phase i®een explored14]. In most cases the bulk SxSmC*
large enough the bonds among aerosil particles relativelyphase transition is expected to be of second order what is
break easily and rearrange allowing partial relaxation of theredicted by molecular theorig¢45] (Note that the interac-
strain. The regim@s<<p,, in which the induced disorder can tion between different order parameter fluctuation may
be partially annealed, is referred to as #aft or also the change the second-order character of the transftiéh) Its
annealed strainregime. For larger concentrations tk&ff ~ main characteristics can be described with the two compo-
regime is entered resembling the rigid aerogel structurenent order paramet¢t7,18, often defined with angleg and
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¢. Here@ describes deviations of molecular orientation fromnormal in they direction. The amplitude of the excitation
the smectic layer normal and thg defines the molecular voltage was 1 V.
projection in the layer plane. The dynamics of the second- In scanning runs, the dielectric constant was measured at
order smecticA—smectic€* phase transition taking place at few frequencies between 40 Hz and 4 kHz on cooling the
T=Tac is dominated by the doubly degenerated soft modéa@mple with the typical cooling rate of 200 mK/h. In the
at T=T,c. Below the transition this degeneracy is lifted, temperature stepping run the dielectric spectra were _taken at
bifurcating into the Goldstone mode and soft amplitude®0 frequencies between 20 Hz and 1 MHz on cooling the
mode[17]. The first, the symmetry recovering mode, is be-Sample with typical temperature steps-650 mK.
low T dominant and describes fluctuationsdn The am-
plitude mode describes fluctuations én Ill. THEORETICAL BACKGROUND

In this contribution we focus on the influence of aerosil
concentration on the dynamics of the soft and Goldston%
mode of the SPA-SMC* phase transition in the CE8 (80| 0
liquid crystal by means of the dielectric spectroscopy. Th
plan of the paper is as follows. In Sec. Il we present the -
experimental setup. In Sec. Ill the model used to explain the n=(sind cose¢,sind sin¢,coso). 1)
measurements presented in Sec. 1V is briefly given. The re-

sults are discussed in Sec. V and summarized in the last In the SnA phased=0. In the equilibrium Sr&* phase
section. the molecules are tilted from smectic layers for the cone

angle 6= 6, and the molecules precess around the cone as
b= po=0oz. Herep=2m/qg represents the pitch of the he-

Let us first consider the bulk system with layers in the
okshelf geometry. The orientational ordering of a molecule
ejs given by the nematic director field

Il. EXPERIMENTAL SET UP lix. The values offly andqq result from the minimization of
the relevant free enerdyl8,21].
We studied a mixtur&-(+)- [4-(2"-methylbuty) phenyl Note that as a primary orientational order parameter of the

4'-n-octylbiphenyl-4-carboxylajgdenoted as CE8 or 8SI* SmA-SmC* phase transition one conventionally introduces a
ferroelectric LC and Degussa hydrophilic aerosil A 30040 component parametgt 7,18 52(51 &)
[19,2]. The aerosil consists of nearly spherical Sitrticles

of diameter 2 R-7 nm with fairly narrow size distribution E1=N,N,~0COSp, &E=nyN,~0sing. )
(full width at half maximum of distributior~7.5 nm). They Y
are covered with -OHhydroxy)) groups that can bond hy- |5 this approach one assumes that layers adopt the equi-

drogen in a network at a high enough concentration. Th§pyiym spacing. In the S@* phase the ftilt locally breaks
hydrophilic coating producept] a strong homeotropic an- he axial symmetry and introduces a transverse in-plane

choring(i.e., tends to orient molecules along the surface nor- e .
mal) of polar LC molecules at the surface. The quoted spe-Spontaneous polarizatidh= (P, Py,0) perpendicular to the

cific surface area is 300%y. The CE8-aerosil mixtures direction of . Therefore_ I holdsPX:conslnynZ and_ PY.
were prepared with the solvent methg® by using chemi- = —consmxnz..ln the equilibrium thflaverage polarization
cally pure acetone. After slow evaporation of the acetone th€f the sample is thus zero. Note tHfatis only a secondary
mixture was placed in vacuum for one hour to remove the2rder parameter which relaxes much faster than liquid crys-
remaining acetone. During this procedure the sample wallline degrees of freedom so that one can use adiabatic ap-
kept in the SM phase, i.e., it was not allowed to enter the proximation and renormalize material constdr&8]. This is

crystal phase. justified for calculations of the equilibrium LC structures and
Four different mixtures were prepared wittx ~ dominant director dynamics. _ .
—0.025, 0.05, 0.10, and 0.15. Here=m./(ms+m_c), With this in mind the most essential properties of the sys-

wherem, andm, ¢ are masses of aerosils and liquid crystaltem _of our interest can be obtained from the free energy
in the mixture, respectively. Note that we use relative mas§ensity[13,18
concentrationx instead of densityps=(ms/m c)p ¢ of

silica in liquid crystal quoted in other studies becaxsenot _ ag(T—Tac) (§2+ 52)+ E(§2+ 52)2_1\( ¢ ‘7_52
temperature dependent. Hgrge~ 1 g/cn? is the density of 2 1o ghe et Loz
the liquid crystal material. ,

The complex dielectric constast (T,w)=¢'—ie" was — ‘9_51) + &( 9&1 2+(‘9_§2)2)2+ K_(&_&Jr a_‘f'2>2
measured using HP4282A LCR meter. The method is de- ? oz 2 \\ oz Jz 2\ dx ady
scribed in Ref[20]. The LC is confined within a plane par- K"
allel cell of thicknessd~50 um. For latter convenience we + _(a_gl _ 9% _ (3)
introduce the Cartesian coordinate system, where cell plates 2\ a9y ox

are set aty=0 andy=d. In bulk, the layers are stacked

along thez direction in the so-called bookshelf arrangement.Herea,, b, A are the phenomenological constants #&nd

This was achieved by orienting the sample in the magneti&K’,K” orientational elastic constants analogous to the bend,
field of strength 9 T on cooling the sample through thd splay, and twist, nematic Frank elastic constants, respec-
transition. The electric field is applied along the cell platestively. The equilibrium wave vector of the helical pitch is
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given by go=A/Kj3. To obtain the dynamics of the order P\2 &,
parameter fluctuations one introduces the dissipation func- Aeg (5) 5 7
tion density ag13] 2K30g
_v[[9&)? [9&)* IV. EXPERIMENTAL RESULTS
fo=a 1) o) ) @

We have measured the complex dielectric constant

The characteristic viscous coefficients expected to exhibit &(@)* =&(w) ~iz(w)" across the Sm-SMC* phase tran-
noncritical behavior and is therma“y activatm]_ sition in the aerosil filled CE8 phase. We studied mixtures
E : fth BT )~ E (P4 SE with x=0.025,0.05,0.10,0.15 and also a refgrence pure p_ulk
xpansion Q.t _e order paﬁramﬁetg(rr,t) geq_(r) . o8(1) CE8 sample. The data were analyzed using the modified
about the equilibrium profileé.,(r) and considering Egs.

Cole-Davison ansatz,
(3),(4) one obtains in the SA phase, double degenerated

soft mode. In the S@* phase the degeneracy is lifted and As oo o
one obtains the soft amplitude modfuctuations ing) and e(w,T=Tro)* =— 5 L&+ Ry —1 (83
the Goldstone mod€luctuations ing). The dispersion re- (1+iwry)" w
lations[13] for the characteristic mode relaxation times as a
function of the mode wave vectoy=(qy,dy.q,) read as Ae Ae o
or=(0x, 0y, 92) B TTpgF = os _y 826 O
1 1 (1+iwr)" (1+tiwTtg)
—=—[ao(T—Tac) TKa(do= 0)°+K,qf];  T=Thc, i
Ts 14 i
1 ) 24 whereAeg, Aeg, &, ,fs=1(271s), fo=1(277g), h, k,
P ~[280(Tac= T +Ka(Go* )"+ K. al]; T<Tac, and the complex conductivity* = or+ic; are the fitting

(5b) parameters. Departures of powdrsand k from 1 indicate
distribution of the soft mode and Goldstone mode relaxation
1 1 times about characteristic valueg and 7¢, respectively.
—=—[K3(qo*q,)>+ K+qf]; T<Tjc (5¢) The conductivity terms take into account finite conductivity
e ¥ of the system.
Vo 2 2. 2 : In Fig. 1 we show the temperature evolution of the dielec-
HereK., =(K'+K")/2, qi =q;+0dy and subscrips andG ¢ gispersion in Cole-Cole plots for pure CE8 and different
refer to the soft and Goldstone mode, respectively. aerosil mixtures. Aboveél .., only soft mode is observed
In our experiment we probe Goldstone and soft mode, 4 pejow it also the Goldstone mode appears. The corre-
fluctuations - with  dielectric spectroscopy. This m‘ithodsponding temperature and concentration dependent strengths
[22,2(]/measur?s the complex dielectric constarfw) of modes are plotted in Fig. 2. Both modes are increasingly
=&(w) —ie(w) response of the polarization of the systemsuppressed with growing Forx=0.15 the Goldstone mode
at zero wave vector to an external homogeneous field disappears within the experimental accuracy and the soft
=(0,E,0)e'“". In our case the dielectric response within themode distribution broadens. Note that temperature shifts
frequency regime studied can be approximately expresseAiTAC=TSSC—TAC(X)<O.2 K from the pure bulk
[22] as SMA-SMC* phase transition temperaturg{%=357.90 K
are relatively small in the whole examined rarigee Table |

_ . €s for Tac(X)]. The characteristic frequencies as functiond of
e(0,T=Tac)" = 1+iw75+8°°’ (63 andx are plotted in Fig. 3. The two frequencies are degen-
erate aff () in pure CE8. Fox>0 this degeneracy is lifted.
Aeg Aeg Note thatfs is, relatively, weakly affected by in compari-

e(w,T<Tpo)* = +e,. (6b)  sontofg[24]. In Fig. 4 we plot the temperature dependent
static dielectric constant for different concentrationsThe
critical exponenty revealing the character of the AC transi-

tion can be inferred. Fox=0.15 thee'(T) dependence ex-

- + -
ltiwrs l1t+iwTg

Here Aeg; and Aeg describe the strength of the soft mode

2&%e(iOﬁSthoinﬁeTOgneoggnégggrtim?{,risﬁﬂ}fg’ aﬁ)?(ri]rha- hibits a dramatic change in the behavior. For temperatures
. gheiw . " PProxims T>Tac(x) we fittede’ to the scaling ansaf25]
tion each mode is characterized by a single relaxation time.

One commonly defines the corresponding relaxation fre- A
quencies of both the modes ak=1/27w7s and fg e'=—(1+Djr1)+Br+C, (9)
=1/277g. rY

Below T, the dielectric response is dominated by the
Goldstone mode. For the geometry described, its amplitudehere r =(T—Tac)/Tac is the reduced temperaturd,*,
atq=0 is to a good approximation expressed &3] D, , A;, B, andC are the fitting parameters. The correction
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FIG. 1. Measured values of’ plotted versus’ for different X
concentrations and three different temperaturAT =T—Txc. (a)
pure bulk sample(b) x=0.025, (c) x=0.05, (d) x=0.15.

€

FIG. 2. Temperature dependence of the dielectric intensity
Aemoge Of the (8) Goldstone andb) soft mode in various LC and
aerosil mixtures. The intensities of both modes are strongly sup-
to scaling factOIDf was found negligibly small and set to pressed with increasing For x=0.15 the Goldstone mode disap-
zero andA;=0.5. Below Tpc(X) we were not able to fit Pears an_d the soft mode _exhibi_ts strong wid_eni_ng and_roun(i'nhg.
¢'(T) dependence of the soft mode because in this temperg_ecreasmg of the peak dlelectrlc_confstant with increasifay both
ture regime the dielectric response is dominated by the GoldE°ft and Goldstone mode and widening of the soft mode peak.
stone mode. The results reve@ig. 5 that the extracted
value ofy strongly depends on the temperature range used imode dielectric intensity just beloW,c(x) (see the narrow
the fitting procedure. small peak in the first panel of Fig).AData at 4 kHz are thus

Note that the data in Fig. 4 were taken at 4 kHz because aerving purely as an illustration. Actually it should be noted
this particular frequency the anomaly related to the softhat the 4 kHz data due to the critical slowing down do not
mode is best visible on the slope of the increasing Goldstoneepresent any more below some temperature igafx),
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TABLE I. Concentration of the aerosil particles and consequent T-T,. [K]
phase transition temperature shifts, typical length satnforced 4 6 8 10
to LC and relative fractiomp of frozen LC molecules for a homo-

geneous distribution of aerosils. 04 bulk CE8
0.2
X Tac(x) (K) ps (glent) lo (um) P
0.025 357.85 0.026 0.26 0.02 8;2)
0.05 357.78 0.053 0.13 0.03 . 0.28
0.10 357.75 0.111 0.06 0.07 ® 026
0.15 357.70 0.176 0.04 0.11 0.24

0.252
0.248 |-
0.244

the static dielectric response, which should be solely fitted to
the power ansatz. This breakdown of the static response itself g
would introduce the additional rounding effect. So the 4 kHz 0.240 £ L

data neafl 5(x) were actually replaced progressively by the 129 6 3 0 3 6 9
low frequency data in order to ensure the static response T-T,c [K]

validity. To illustrate this problem the 1 kHz data are added
to the second panel in Fig. 4 showirg of the x=0.05
mixture. Here, the small kink in the slope of 1 kHz data
corresponds to th&,(x) soft mode anomaly.

FIG. 4. The temperature variation of the dielectric constant at 4
kHz (open circley and forx=0.05 also at 1 kHzdiamonds. Solid
lines represent fits of the static dielectric constant to the scaling
ansatz.

V. DISCUSSION well below the pitch of the helix €2 um). The aerosil
] ] _ particles are known to strongly anchor the LC molec(i#gs
_ In Table | we summarize some of geometric characterisTherefore they are expected to strongly pin the fluctuations
tics [2] of our samples, characterized by the main aerosibqg thus suppress fluctuations with wave vecferN /I,
void size lo~2/(aps), equivalent to the mean LC length \yhereN=1,2,3 ... . Note that our measurements were per-
scale and the relative fractiop~apaps of “frozen” LC  formed atq~0 and consequently one would expect com-
molgcules(l.e., mqlecules in strong contact with the aer03|lp|ete suppression of measured modes for all concentrations
particleg. To estimate values of, and p we seta  qf gerosils studied. This should particularly affect the Gold-
~300 g/can’ anda,~2 nm. These estimates assume homo-sione modes becaugeis said to be the “soft” component of
geneous distribution of aerosil particles. the order parameter: i.e., its spatial variation readily adopts
For all concentrations studied the estimated valugy @ g the imposed geometrical length scale.
However results fox<<0.15 disagree with these expecta-

1000/T [K'] tions. The Goldstone mode amplitu@Eg. 2) remains finite
2.60 2.65 270 275 2.80 2.85 2.90 2.95

——
...-...,._..“. critical
e 2 TY

100 i L
F bulk CES slowing down 1.6 N r(l)min
[ o @
10k —e— Soft mode min 1
E —— Goldstone mode L4r
y
1 1 1 1 1 1 1
! E e, 121
'oo....

3

E ° -

F x=0.025 \ -
[ —*— Soft mode i gap 1.0
—o— Goldstone mode %‘ L
[ L . 0.8

—

frequency [kHz]
s

L LT I --‘~"““-~..
E _ 0.6 N 1 . L . 1

E x=0.10 0.00 0.05 0.10 0.15
| —+— Soft mode X

3

—_
<

E —o— Goldstone mode M i iti imiti
s FIG. 5. Effective critical exponeny for two limiting tempera-
1060 265 270 275 2.80 285 290 295 ture ranges. Solid lines represe?t also the range of critical gxponents
1000/T [K™] within 95% confidence levelr &) (x=0—0.05)~2x 102, r@ (x

=0-0.05~5x10"%, r®(0.10~2.7x10°3, r&(0.10~1.3
FIG. 3. Temperature dependence of the characteristic relaxation 102, and r{(0.15)~8.5x 103, r$ (0.15~3%x10%. The
frequencies. Note the degeneracy of the two frequencid@s @in cutoffs forx>0.05 are different because of apparent strong round-

pure CE8 and appearance of the gapal0. ing.
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and its frequency temperature dependehgl) (Fig. 3) is For ¢=qaz, small values off, and neglecting spatial
relatively, weakly affected by. Also the transition tempera- variations ini, one findsAf~ a(T—Tac) 62+ B6*, where
ture is relatively, weakly shiftedXT,c<0.2 K, see Fig. B a=7?9iC{? and B=D#?qx. This form of free energy
This indicates that the sample response is dominated by dgields for undistorted layers in the $mphase the second
mains with bulklike ordering. The domains must be largeorder AC phase transition &=Tac: 8(T=Tac)=0 and
enough in comparison to the pitch size so that long WaVe)(T<Tpc)=Va(Tac—T)/(28). For distorted layers,
length Goldstone modes still exist. The reduction of thewherep=qzandq#q,, additional terms appear ivf. Up
Goldstone and soft mode strength with increasingrigi- o the second order ind we get Af~a(T—Tac)6?
nates partially in the formation of smaller domains where 2 M a2— _ _ 2 }
fluctuation pinning is effective and in increasing departures;iLtf”n An(Aa= Q) 0"=alT—(Tac=ATac) 6. The quan
of preferred domain orientations from tkexis. Photopyro-
electric measuremen{#] reveal that with increases the
distribution of domain orientations strongly broadéns., at :ﬂ q(a—da) ~Tac(q/ga—1) (12)
~0.04 almost isotropic distribution is already reached ACT O 2 Actdla
Ps p y 1 aa
Consequently the effective polarization along yhéirection

is progressively reduced with increasednd due to this also describes the temperature shift of the A®mC* phase
the measured dielectric response. transition due to the homogeneous layer distortion. In Eq.
In the regimex<0.15 the strength of both modes is com- (11) we assumed comparable smectic compressibility and
parably suppressed with increasedHowever the soft mode pend elastic constants deep in the Arphase(i.e., C
frequencyfg is dramatically affected by finite value of ~C{9T,c andg~qa,). Note that even for a relatively small

close to the phase transition temperat(feg. 3. Forx>0 |ayer mismatchy/g~1.001 one finds a detectable tempera-
the degeneracy between the soft and Goldstone mode frgsre  shift: ATpac~Tac(q/ga—1)>0.1 K, Tac~300 K.

quencies afl ac(x) is lifted and the frequency gap between Ths range of temperature shifts is comparable with our data
the modes increases with We believe that the reason be- (see Fig. 3 for x>0.025. Note that for typical values of
h@nd this lies in the temperature dep_endent part of the material constanti28] in Eq. (5) [ag~5x 10~ 5J/(n?K), v
dispersion relatiorisee Eq.(5)]. We claim that in different (¢ Ns/nf] one finds forAT~0.1 K the frequency shift
domains the effective temperature is slightly different. ThisMSN apAT/2my~ 10 kHz. This value roughly matches the

might be due to the variation of the layer distance from ajpserved frequency gaps between the soft and Goldstone

domain to a domain. The effect cannot be inferred from theg g alr = T( for x>0. Therefore the observed finite gap

free energiyr/] dens[tlybe_xprelssmn desgrlbecli n d8)|.v¥h|ch d at the phase transition region can be attributed to a distribu-
assumes the equilibrium layer spacing. In order to underg . ¢ 4omain bulklike phase transitions.

- - t
stand consequences that layer compression or d||§t|gn can The temperature dependence of the statical susceptibility
cause one must use the Landau.-szbu.rg Qescrlptlon cg’(w=0) can reveal the universality class to which our sys-
smectlc orderind 26,27. The smectltziJayerlng is modeled tem belongs. Our analysis indicates that the critical exponent
V.V'th a complex order paramgtd:= 7€'®. Here the traqsla- v strongly depends on the temperature intervighi{, Tmax
thnal order parametey desc_rlbes the dggreg of smectic lay- in which the scaling exponent was extracted from measure-
ering (for »=0 the trgnslatlonal or'd'ermg IS 'Osa!"d the ~ments. For two different temperature intervals, determined
phase factore determines the position of smectic layers: by r® 6)=(Tac—TEYTY  and r@ (x)=(Tac—TR)TR

e.g., for layers stacked along ttzedirection at a distance min . min/” * min min min/%"min
dp=27/q, it holds o=qaz. In this description the relevant both of which are sensible, we get completely different

free energy density termyf that determines the equilibrium Z%Tglgg)z()ztig%ﬁdence af Eﬁl?:( ):Z%rfzésgg)iiigng

layer spacing and the tilt of molecules with respect to the o 5 @ 5
layer normal can be expressed as Fmin(0.10)~2.7x107%, rpp(0.10)~1.3<10°%,  and

min min
rl (0.15)~8.5x 1072, r? (0.15)~3x 1072, Forx=0 both
Af= C”|(ﬁ. V—iga)y|?+ CL|(ﬁ>< V) yl?+ D|(ﬁ>< V)2y|2. cases Yyield known pure-bulk value ¢f-1, consistent with
the mean-field prediction. Fafl) the y(x) dependence in-
(10 creases witlx tentatively approaching the 3DXY universality
class(in which y~1.316) as suggested also by other studies
The first two terms suffice to describe the ordering in the[2,7] that were focused to thK-SmA phase transition. The
SMA phase in which the smectic compressibilit§ f and  approaching towards 3DXY behavior with increas@p-
bend C,) elastic constants are positive. The filgdmpress- pears because the “impurities” are believed to effectively
ibility ) term drives the system towards the equilibrium/Am decuple the fluctuations in the smectic and nematic order
layer spacing), . The secondbend terms enforces molecu- parameter. Namely in the pure system with narrow nematic
lar orientation along the layer normal. This terms can drivephase the coupling of these fluctuations is believed to cause
the system into the smect€ phase if it becomes negative. departure from the 3DXY universality class. In fact our mea-
Therefore setting CL=C(L°)(T—TAC) the second-order surement can not exclude approaching to the random field
SMA-SMC (or SMA-SmC*) phase transition is realized at Ising universality class withy=1.8. However forrfﬁi)n com-
T=Tac. Below T,¢ the third term in Eq(10) with elastic  pletely different trend ofy(x) dependence is observed within
constantD is needed to stabilize the tit below 7/2. 95% confidence level. With decreased value gf the value
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of y(x) decreases due to the smearing rounding effect in th&ve orientation of domains is gradually approaching random
¢ (T) dependence close to the phase transition.rEdrthe distribution withx that also decreases modes’ strengths. The

value of y is already stable against the temperature rangg@PAf(x)>0 for x>0 arises due to the local spread of the
shrinkage. transition temperatures caused by a slightly different smectic

Note that layer distortions can also affect the measure&i‘%eESSpaC'B? énbdw‘f‘er?'t orllomal?s. Tfh{f] behaV|qJIr 'S tfo ' K
critical behavior atToc. The behavior across the second _ °° enabled by SOft characler o the aerosti newor

order SMA-SC* phase transition is sensitive to the width enabling it to rearrange into spatially inhomogeneous distri-

of the Ginzburg temperature regimeT in which devia- bution to reduce the imposed elastic strain.xA&t0.15 the

. f h field behavi d Th .._aerosil network becomes “stiff,” introducing more or less
tions from the mean-field behavior are expected. The critey enched disorder to surrounding LC phase. Consequently

ron [629] can be expressed a‘STG.:[kZTC/(l%)Z](ll the temperature dependence of the soft mode strength
ACyép), where{, is the bare smectic order parameter cor-anomalously broadens across the phase transition and the
relation lengthAC,, the step in the specific heat at the criti- Goldstone mode is completely suppressed. It is to be stressed
cal temperatur@¢ as it is given by the mean-field theory, that in several cases we checked the dielectric response of
andk is the Boltzmann constant. Expression f0€y and§,  samples also after being in a strong 9 T orienting magnetic
can be expressed with the Landau coefficients which gefield. The dielectric response of “oriented” and “virgin”
renormalized if layers are distorted. Consequently the Ginsamples was the same within the experimental errorxfor
zburg criterion can be changed as demonstrated in[RBf.  >0.10, thus demonstrating the dominance of the stiff
quenched disorder over the soft annealing character of the
VI. CONCLUSIONS aerosil network. Note that in the stiff regime the broadening

We have studied the influence of aerosil particles conceni-S also influenced by the presence of the LC phase whose
. P - behavior is strongly affected by the silica network. This is
trations on the soft mode and Goldstone mode dynamic

guggested also from the deviations from the Arrhenius be-
. " S

across the S”‘*S“.C. pha}se transition (_)f thg CE8 Ilqu_|d havior in the soft mode frequency temperature behavior ob-
crystal. The aerosil inclusions are spherical in shape with Qarved with increasing. The value of the soft mode fre-
characteristic radius R7 nm. Their surface enforces stron . . ; ;
homeotropic orientational anchoring. We studied concentgrJ que?cy actutally |récre?s?§ ag hlg_herdtempigratufres, thue at
. : . .fow temperatures due to the bending deviations from Arrhen-
tions x=0.025, 0.05, 0.1, and 0.15. The complex dielectric P g

. : : i havior(typically f I temsth ft
constant was measured with dielectric spectroscopy. ThIus behavior(typically for glassy systemsthe soft mode

. . : _ ﬁequency becomes smaller than for pure bulk sample.
mixtures were confined to plane parallel cells with smectic Relatively sharp &'(T) dependence across the

!ayers running perpendlcular to _the cell plates. The Mmeasulg g+ phase transition enables us to extract the critical
ing low-frequency field was applied along the cell plates nor-

. exponenty revealing the universality class of our system.
mal. Consequently the soft and Goldstone mode dynamlcg)ur analysis indicates that the measured value/@d) for
was probed at the wave vectqr-0.

- .
Our measurements reveal that 0 0.15 the Goldstone x>0 strongly depends on the temperature range used in the

characteristic frequencyg exhibits the bulklike behavior. f|><tt1||(1)9.3)For E?(()aa?éir:ti?;(s:arlfIaﬁlxc?:}é;:ésfr(\)/vmi}?& (rgcl;fi
Contrary afT =T 5 the characteristic soft mode frequerfgy r 7 y '

o . >0.025 values ofy seem to be consistent with the 3DXY
exhibits a gap\ f4(x) with respect tof . The gap gradually .
increases withx from Af(x=0)=0 to Af(x=0.15) model, as suggested also by other authors from studies on

~50 kHz. The strength of both modes monotonically de_S|m|Iar systemg7,2]. However for measurements closer to

: : 2
creases withx. For x=0.15 the Goldstone mode disappearsTAC sutjitantlally lower values of are obtained. Forsni)”

and the soft mode anomalously broadens. The results can e <10 _the 7(X) erendence even mono.ton_lcally de-
explained by assuming that the main contributions com&reases with increasing Therefore our results indicate that
from bulklike domains in the sample in which pining of fluc- megsurements of critical _exponents h_aV(_e to be t_aken with
tuations by impuritiegi.e., aerosilsis negligible. Note that particular care. Note that similar behavior is found in relaxor

the established domain structure is rather strongly locked irtpaterlals[30].

by the §|I|ca network f0|x>(_).10. T_hls can be inferred from_ ACKNOWLEDGMENTS
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