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SPONTANEOUS ACOUSTIC EMfSSION (AE) AT 7 HE PtMSE TRANSfTIUN 
IN SMECTIC 

E.AXELROD. V.BESPALO\J. Y.DOBRIN. \d KRIGUM. A.KULNIIN. 

tit& Forestry Engineenng Academy. Ekaterintui y. 620032. RUSSIA 
\I ME1 ECHIN 

ribatract. AF resulted from hindamentl processes of niicleation and ri[ovdh 
duiing the sph6i;ilik crj%talkation Gf ChGleSkr$l ester is discussed. 

t .:iv3lellization wth voime caiitrar;ticrn effect Is 5i.cr;cezded by sound ladialion 
AE ( .!I.  Speculatively A f  wurces are the arising crystel nuclei (2). Statistical 
characteristics of AE; time series is expected to have a consanguinity with 
rtiorphology of werciitiwl tlucieiis. litafrirokinrtil;ti~eti~s arid ityitamics of his evolutim 
Itowever. due to method procedure errors the existing RE experimental data are 
inniEtcient to enable AE nlechanisnl to be recognized unambiguously (3). Here 
we have investigated the A€ induced directly by elenientary processes of crystal 
nucleation and growth in cholesteryfnonanoate with distinct thernial prehistory. 

!hc:n:cmechar:ical effects influence and improvement of signshoise ratio were 
described previousty (4). Kinetic and activation characteristics of the phase 
11 airsition. pawfildeis af irbttetftjce dislocations end p,sluriation weie itlee~uiail 
by independent methods (5 .6,  7) siniultaneuosly with hE. To modify interface 
strticture anci Charge state the thermal prehistory of liquid crystal wa3 vaned 
t t  rriiugh realiation of different sequences cjf phase transformations: 

trkpenmenrdi lnerriiad or Wiegi8trgtitin. miriim~autin or buobiailiry 

solid (351K) chnlesteric'l (-347K) mreeticl (317K} 9o!idl : 
solid (35.IK) cholestericl (362K) isotrop phase (344K) choleslenc2 (346K) 

t321Kf solid2 
6riiestics Sni 1 and Sni2 have similar tupo1oyic;aIly o r  elranailion izxtures of 

fwal cenics. h! t?nniden?icsi density of interface strudurai d5fccts and. 
accorginnh. dflerent morpholoqicai anci eiectrokinetic properties or transition: 

smectic2 
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Amplitude distributions of AE pulses are given in fig.4. H vcill be seen that 
detected AE current is nonuniform and consists of two components with 
dissimilar 8mpIilUde. temporal and frequency parameters The first. low 
ampliude constituent (LAE) has maximum of power spectre located in high 
frequency range ihr the contrary, the second, high amplitude component (HAL;) 
i s  shined to low frequency region. Essentialty, maximum location and magnitude 
of A€ distributions 8re dependent on diaiocation flructure of inletface (tabl. I!. 
Joint nieesurements of AE current and trensrlion ratesifig. 2.ai show a strong 
eiidenct for !AE actiidy is limited by spherulie crystallition rate snd depicted 
by Weibull distribution: NIAE - kAn tn - iexp ("Wn). n=3 is an Awanii 
constant of phase tiansition 

BF sources (4) tavours the 1 AF origin IS due to dilatation effect of sporadic 
formation of overcriical nuclei and their subsequent development through 
secondary mechanism. HAEconipnnent iir generated by nonstetionsry glide of 
edge dislocation mils &t the interface (4). 7 his niotion is induced by alteration of 
interface local cun.sture (6) and electrostriction defcrmatior: arising at 
fluctuations of the spherulite growth rate (,7). By' this sort of approach a t ME 

grwdh condiions and presented by modified b.-distriDution: NHAE - 
and HAE activities. we have evaluated distribution of time uiterwrls between 
pulses in AE current. There is reasanable agreement speculative arid 
experinientei c u i - ~ s  I fig. 2.b b 

i'omn~d.soo.~b.o~aotihcpstimRtioo.sr€~tfic.~~n~~~~f.riecb~~i~~isrsooirrzllinn, 

iiiteiisity is pi-upui tionai  ti^ pf6hfdiiii?y of apiit?iuidies firiiiaions iiiiilai ihe iiiiiiteci 

4 kAlh t )8 exp c k A l h  t 13 1 Taking into account an assuniptions about 1 At! 
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SPONTANEOUS AE AT THE PRASE TRANSITION IN SMECTIC [1353]/365 

Dependence of AE statistical properlies on morphology of intetfece 
dislocations confkms the interrelation AE with transition thennokinetics snd 
dynamics. To trim a randomizing factors action we have measured the A€ during 
isothermal growth of single crystallization nucleus. Toward this'end at the 
tempereture T=343 K smectic (1,2) wes deformed locally by means of conical 
microindenter. A! the T=338 K subcriticel nucleus of solid spherulite is formed in 
loading domein. Diiring the isothermal keeping up to homogeneow niiclea!ion 
beginning this single micronudeus wes extended slzes about some millirnefres. 1 
is appeared the available growth of indMdual spherullte we9 followed by AE 
emergencies t Fig.3 j. 
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, 

1. 8 

Nevertheless, AE current of isolated nucleus has a number of features that 
are missing for the fractional crysta"w1ion ( fig land 2 ) Amplitude distributions 
don't have HAE components and offer the obvious nonGaussian shape (fig.3.a). 
Simultaneously AE a d i  is discovered an evident quasiperiodic modulation 
(fig. 3,b) This infralow frequency gsrmonic constituent is responsible for both 
incomplete nonnalimtion of LAE aAer !he bandpass filtering and nonexponential 
behaviour ofihe time irtterval distributions (fiq 4.a). The later one was 
denoted a nonPoisson (correlated) nature of A€ current resulted from 
cooperative modes making appearance durirtg riiolion of detached spherulite 
interface. So. interface dynamics should he outlined by the determinate chaos 

Based on AE a c t i y  time series we have caladnted 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 
Heunt power eslimaling the persistent properties of AE current (9). Data are 
summarized in table II : 

TABLE 11. MuWactal dynamics of single sphsnrlite interface 

The chief resutts art the following. First. spherultte grovvth is multifractal: al 
the same embedding dimensions (rn) there are Iwo areas of clustering on a 
Ag.4.b ; slender wlue of 3 is peculiar to the di&sion-limited aggregation (10) 
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SPONTANEOUS AE AT THE PHASE TRANSITION IN SMECTIC [1355]/367 

Second. dependence of evaluated 9. 
prehistory of smectic occurs. Thus, At' method can be expected to give a new 
data regarding the thermokinetics and stochastic dynamics of real (imperfect) 
interface in liquid crystal. 

+ t1- parameters on thermal 
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