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SPONTANEQUS ACOUSTIC EMISSION (AE) AT THE PHASE TRANSITION
IN SMECTIC

EAXELROD, V BESPALOV, VDOBRIN VKRIOUK, A KUZMIN,
V MELECHIN
Urals Forestry Engineering Academy. Ekaterinbuiy. 620032, RUSSIA

Abstract. AE resuited from fundamentdl processes of nucieation and arowth
during the spherulite crystaliization of cholesteryl ester is discussed.

rystaliization with volume contraction effect is cucceeded by sound radiation
AE ¢1). Speculalively AL sources are the arising crystal nuclei (2). Statistical
characteristics of AF limie series is expected to have a consanguinilty with
wiorphology of overciilical nucieus, thermokinetics and dynamics of his evolution.
However, due to method procedure errors the existing AE experimental data are
insufficient {o enable AE miechanism to be recognized unambiguousty (3). Here
we have investigated the AE induced directly by elementary processes of crystal
nucleation and growth in cholesteryinonanoete with distinct thermal prehistory.

wXpenmentsdi etrfoad of AE Tegistrautin. minimizaubn or Suphioibry
thermomechanical effects influence and improvement of signainoise ratio wers
described previously (4). Kinetic and activation characleristics of the phase
hansition. parameters of interfuce diglocations and polarization wete measuied
by independent methods (5. 6, 7) simultaneuosly with AE. To modify interface
structure and charge state the thermal prehistory of liquid crystal was vaned
ttwough realization of different sequences of phase transformations:

sofid (351K) cholesteric1 {347K) smectic1 (317K} solid1 |

salid (35 1K) cholesteric1 (362K) isotrop phase (353K) choleslenc? (346K)
smeclic2

321K) solid2

Sinectics Sm1 and 3m2 have similar tupoloygically pretransition textures of
focal conics. byt nenidentical density of interface structural defects and,
accordinaly. different morphological and eiectrokinetic properties of fransition:

TABLE | Intetface moiphology and electrokinetic paraimeters.

LC h. a £, 8, kA, a. E.

e 1im?2 nm ergfemz2 13 mets MViim
S5mi1 034 1.9 2.2 15 45 39 6.2

Sm2 044 44 26 20 62 64 99

[P e aa e RS A Haw s wr e st ae awa CpcewaEZoLT iR mE AR

In TABLE | b a are Burgsrs vectors and density of distocation walls 18 are
critical racius of nucleus and interface energy - kA . G are a constant of
trarisition rale and tale of spheruite growth ; E s a fieid of thermodisiectric effec!
)]
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FIGURE 1. AE ampiitude distnbution. a} - Smi, B} - Sm2. Frequency of
AE meagurina 1 1-20. 2 110 3-200 kHz.

Amphiude distributions of AE pulses are given infig 1. #f will be seen that
detected AE cumrent is nonuniform and consists of two components with
dissimilar amplitude, temporal and frequency parameters. The first, jow
amplilude constituent (LAE) has maximum of power speclra lncated in high
frequency range On the contrary, the second, high amiplitude component (HAF)
is shifted to low frequency region. Essentially, maximum location and magnitude
of AE distributions are dependent on dislocation structure of interface (tabl. 1).
Joint measurements of AE current and transition rates(fig. 2 a) show a stiong
evidence for LAE activity is limited by spherulite crystallization rate and depicted
by Weibull distribution: NLAE ~ kAn tn - texp (-kAIn). n=3 is an Aviami
constant of phase transition.

Comnpusoo. with. ayantibe £stimatiaos o pfficieney ph.mechapisms s aotiollinn,
AF sources (4) favours the L AF origin s due to ditatation effect of sporadic
formation of avercritical nuclei and their subsequent development through
secondary mechanism. HAEcomponent ix genarated by nonstationary glide of
edge dislocation walls st the interface (4). This miction is induced by alterslion of
interface local curvature (6) and electrostriction deformation arising at
fluctuations of the spherulite growth rate (7). By this sor of approach a t lAE
intensity is propoitional to probability of spherulilies coilisions under the fimited
growth conditions and presented by modified A-distribution: MHAE ~

{kA1Mmt)8 exp - (KATM )3 ] Taking into account an assuniptions about L AE:
and HAE aclivities. we have evaluated distribution of time intervals between
pudses in AE current. There is reagonable agreement speculative and
experimentsl curves ( fig. 2.b )
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FIGURE 2. AE during fractional crystallizaﬁon.
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a) AE thermokinetics ( f=20 kHz) - 1,1/ 13 a { AF count rete ( Sm1 and Sm2

respectively ); 2, 2/ is u crystallization rate ; 3,3/ is a HAE activity.

b) AE time interval distribution ( Sm2, 20 kHz ) : 1 is a calculeted; 2 is an

experimental cusves.

Dependence of AE statistical properties on morphology of interface
dislocations confirms the interrelation AE with transition thermokinetics and
dynamics. To trim a randomizing factors action we have measured the AE during
isothermal growth of single crystallization nucleus. Toward this end at the
temperature T=343 K smectic (1,2) was deformed locally by means of conical
microindenter. At the T=338 K subcritical nucleus of solid spherulite is formed in
loading domain. During the isothermal keeping up to homogeneous nucleation
beginning this single micronucleus was extended sizes about some millimetres. It
is appeared the availeble growth of individual spherulite was followed by AE
emergencies ( Fig.3 ).
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FIGURE 3. AE during the single spherulite growth (20 kHz). a} ampiitude

distributions - 1 -8Sm1:2-Sm2 : bl AE count rate - Sm2 T=333 K
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Nevertheless, AE current of isolated nucleus has a number of features that
are missing for the fractional crysta”ization ( fig.1and 2 ). Amplitude distributions
dor't have HAE components and offer the obvious nonGaussian shape (fig.3,a).
Simultaneously AE activity is discovered an evident quasiperiodic modulation
(hg. 3,b). This infralow frequency garmonic constituent is responsible for both
incomplete normslization of LAE after the bandpass filtering and nonexponential
behaviour of the time irterval distribitions (fig 4 a). The later one was
denoted a nonPoisson (correlated) nature of AE current resulted from
cooperative modes meking appearance duting motion of detached spherulite
interface. So, ilterface dynamics should be outiined by the determinate chaos
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FIGURE 4. Stochastic properties of AE current ( singie overcritical
nucieus, 20kHz)
a) time interval distributions 1-Smi. 2-Sm2: b) correlation dimension of attractor
Sm2.

Based on AE aclivity time series we have caiciiated correlation dimension (8)
of chaotic attractor in a phase space of dynamic system fig.3. largest Lyapunov
exponent ascertaining the divergence rate of trajectories winded on attractor and
Heurst power estimating the persistent properties of AE current {9). Data are
summarized in table il :

TABLE il. Multifractal dynamics of single spherulite interface

iC correlation targest i yapunov Heurst
dimension \) exponent, K power, H
smali r bigr
Smi 1.50; 552 0,349 0.793

Sm2 1.66; 6,02 0,556 0.582

{he chief results ate the following. First. spherutite growth is multifractal: at
the same embedding dimensions (m) there are two areas of clustering on a
fig4 b ; slender value of ¥ is peculiar to the diffusion-limited aggregation (10)
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Second, dependence of evaluated V. /( ., H - parameters on thermal
prehistory of smectic occurs. Thus, AE method can be expected to give a new
data regarding the thermokinetics and stochastic dynamics of real (imperfect)
interface in liquid crystal.
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