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Introduction 

The resulta of the thernml conductivity À and dielectric meaaure­

mente on a SrTiO single crystal reveal the glassy behaviour of this
J 

quantum paraelectric at low temperaturas /1,2/. It was suggesued thet 

the characteristic anorna~iea can be understood qualit~tively on the 

basia of lattice dynamics. Thus analogaus investigations are af inte­

rest in which the lattice dynamicB can be changed within the same 

eystem. 

On thataccount maasuremente on solid solutiona (PST)PbxSr1_xTiO J 
are promi15ing. 

The lattice of theee cryetals ie of the perovskit - type and 

highly symmetric. 

Phsse transitions are characteri~ed by only Bmall deformations 

of the ideal cubic structure. These deformations are caused by the 

lattice instabilities due to soft modes charactcri:.illg, for instance, 

the rotation of Ti06 groups about a symmetry exiBo Consequently, the 

new phase can be repre8ented as the idoal lattice Btl~cture with the 

fro~en dieplacement of the etoms ~aking part in the soft mode. 

In SrTiO) the atructural .phase transition at 105 K is generated 

by the Boftening of an optical mode at the zone boundary /J/. 

The further Boftening of an optical mode at the zone canter is accom­

panied by its degeneration with the longitudinal acoustic branch and 

atabllized in a quantum paraelectric regime /4/. 

The ferroelectric state can be forced by applying an electrosta+ 

tic fleld or by impurities. Thus for such solid eolutione the struc­

tural and ferroelectrlc phaee traneitione and the anomaliee in 

"n~Ciiii1t'tiill..i~ ~ucMyr·1 
Ut~mi.i:aÃ !lt.~''''';~jlon~ud 

6HL.i)I!- " ,·-rEHA.... _. -­



o 0,003 

"·'1 

acouetic and dielectric properties caused by them, are Btrongly in­
/5/
fluenced by the concentration of impurities and sample preparations •
 

Por the system
 Pb xSr , _ Ti O) the phase diagram is shown in fig.1.x

(Pb. 5rt-.)110, 
T 

Fig.1. Phase diagram of
 

105K (according to
PbxSr1_XTiO) 

ref./6/).85K 

0,08 )( 

Three ranges of Pb - concentration should be distinguiehed; 

For concentratione x<0.3 % the eamplee ehewa etructuràl tranei­


tion at about 105 ~ and quantum paraelectric behaviour (Q.R) at
 

lower temperatures. lor O.) % < X < 6 % in addition to the etruc­


tural traneition at 105 ~ > To > 85 ~ there ~e a ferroelectric pha­


se (~.E.) at the loweet temperaturee. 

With increaeing Pb - concentration (x > 6 %) thore occure th.
 

ferroelectric phaee transition from the paraelectric etate (PE) when
 

the temperature decreaeee. Coneequently, for eystematic investigatio~s
 

polycrystalline eamplee with x D O; X • 0.005; x • 0.055; x • 0.12
 

and x • 1 were choeen. 
I fi

t 

not be diecuee8d here /1/. 

AlI detaile of the experiment are eummarized eleewhere and will I 

·.1 

Experimental Reeulte and Diecussion 

'~r both the SrTi03 eingle cryetal and c.ramic eample (x ~ O) 

the thermal conductivity À ie ahown in figo 2. 

2 

Fig. 2. Thermal conduc­

tivity of SrTiO) ( X 10-2 

eingle crystal;8, poly­

crystal; - ,from 

Ref. /7/;--, ~"VTP",;. 
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In compariaon with the eingle crystal thethermal conductivity 

of polycryatalline SrTiO) ia reduced for about two ordere of magni­

tude at the loweet temperaturee. There ie also only a slight change 

in slope ( .i\ ,., T P) with increaeing temperature at TA '" 1 K from p = 
• 2.4 to p = 2.2 (c P min), A eecond curvature in ~(T) ie ,known at 

TB • 8.7 (p • 2.2 to P = 2.7) /7/. The general behaviour of À for 

both cryetala ie quite similar although there i8 only a alight redu­

ction of temperature dependence in the intermediate range for the 

,3 
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polycrystal. It may be suggested that the main difference in the 

absolute values ia due to additional ~efect acattering within the
 

grain boundaries in the ceramiCrJ.
 

The dielectric resulte for the both eamples are similar. ~ig. J
 

showe the imaginar~ part E" betw~en 1 K and 200 K.
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At 0.1 K < T < 1 K e" remaina eonatant wi thin the meaaurLng accu-. 

raey. There is a distinet reduetion in the magnitud~ of &H f or the 

eeramie sample, however, thebroad peak oeeurs 81so at T 10 K. The max• 
real part obeys a lineary temperature depend~nee for both the single 

eryetal (at 0.4 < T < 1.4 K) and the po Lycr-ys t a L (at 0.2 I{ -e T < 4 K). 

(f'Lg , 4). 

A new f.att~8 in t'(T) observed only for the polyerystal is 

the second maximum around 80 K. This maximum occurs for alI tha cera­

mie eamplee with O ~ x 4 1. The position of this peak does not chan­

ge wit~ Pb - eoneentration or sample preparation. Thia maximum ehows 
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the presence of certain excitations independent of topological dis­

order ar mpuri ty concent rat í.one . 

It was suggested that th~s relaxation peak is caused by additio­

nal polarization units due to oxygen vacancies produced by burning 

the sample at 1800 ]C /5/. 

'or PST -(x = 0.5 %) the phase diagram indicates a ferroelectric 

state at the lowest temperatures. However, ferroelectric and quantum 

paraeleotric states are only weakly eeparated and nearly degenerated 

in energy. Therefore,a phaa~ mixture caused by concentration fluctu­

ation ia expected. The dielectric resul~s are in accordance with these 

considerations (fig. 5).
 
AlI the peculiarities of the SrTiO) sample are preserved. Neverthel~st
 

a aharp peak is obtained around 8 K Buggeating a partially ferro­

electric phase transition although the quantum paraelec~ric behaviour 
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ligo 6. Thermal con­

ductivity of PST 

(0.5 % Pb). 

remains deciding. Around 3lC l'ehowa a slight minimum
 

(~~(O,11() ::: 10 0/.) and ~E/E. - T between 0~2 and 1 K.
 

& 

IJ 
The thermal conductivity of this 'sample (fig.6 ) is similar to 

glasses with a reduced temperature dependence at TA e T < TB and a 

quadratic term at 0.4 K < T < TA = 0.7 K. 
At low Pb-eoncentration the lattice dynamics of the 'PST - syatem 

is charaeterized by large instabilities. Their influence on thermal 

and die1ectric resulte finishes with increaeing x. 

structura1 and ferroe1ectric phas6 transition are 

'ther and at x)6 % the on1y transi tion 1eads to a 

phaae at T < Te' 

The therma1 conduetivity for PST (x = 5.5 %; 
(X a 12 %; Te .. 130 lC) at 0.1 K<T ~ 8 K is shown 

At x a 5.5 % the 

c10se to one ano­

stab1e ferroe1ectric 

Tc • 90 lC) and PST 
in fig.7. 

~ (Pbx Sr 1-)(ITiO]1,()2 )(a 0.055 (x I 

~ 

ligo 7. Thermal c~n­

ductivity of PST 

11 (5,5 % Pb;(~»,, 
and PST (-12 % Pb;("')~
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The results are completed up to 20 K by ref. /8/. Again there is the 

characteristic feature in ft(T)with the reduced plateau-like depen­

dence ("''''' T 1..5' ) at an intermediate range shifted to 

somewhat higher temperatures (3 K < T < 12 K). For the x = 12 % 

sample the magnitudes of À are reduced about three times. This ia 

supposed to be due to an additional scattering pracess seen in the 

distinct deviation from T2 - dependence at 0.3 K < T < 1.7 K. 

The dielectric resulta of these specimens are very interesting 

(fig. 8 and 9). 

Quantum paraelectric behaviour rules out and considerable contribu­

tions due to the ferroelectric phaae tranaition and the relaxation 

maximum (around 80 K) become apparent only above 30 K. 

Nevertheless,the sarna additional loss peak as in SrTi0 is seen
3 

for x = 5.5 % although T = 1·7 K is shifted to higher temperaturesmax 
analogous to the temperature range of the plateau-like slope in JIT). 
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Yig. 8. Dielectric constant of PST (5.5 %Pb). 
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Pig. 9. Dielectric constant of PST (12 % Pb). 

The correspondent maximum intiHraaound attenuation for this sample has 

been found recently /8/. Thus it is worthy to be conceived .aa the 

characteristic glassy anomaly. For PST x • 12 % this relaxation peak 

is superimposed at the high temperature side by the maximum in t" 
localized around 80 K. So one wide maximum is obtained. Af/l (T) obeJB 

a lineary ~nd logarithmic dependence 

(0.6 K<T <13 1\ and 13 K<T<23 K respectively) for x,., 5.5 % and 

(0.9 -e T < 13 K and 13 K<T<30 K) for x .. 12.%. It appear-e that TI rnax
I 

~ ~ of the discu8sed here additional relaxation peak,thought to be duo to 
i') 
j glassy behaví.oui-, shi.ftB by inereasing Pb - eoncentration (or increa­

Bing Te> to higçer temperaturee. Therefore it cannot be revealed for 

PbTi03 (Tc=7 63K), (fig.10). 

" There remains only the slight maximum around 80 K. However the beha­
{ 

viour Df ~~JsUggeBts that in general the relaxation kineticB ia ai­

milar to that of other samplea. Abova the well-defined minimum at 

9 
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Pig. 11. Thermal conductivity 

of PbTiO}, (for T > 5 K the 

resulta are from Refo 7). 

60 mK the lineary variation ia supriaingly exact from 0.15 ~ to 15 K 

(two decades in temperature!) and the logarithmic dependence from 

17 ~ to 100 K. 

At T>10 K the dielectrie loas of PbTiO ia essentially lower
J 

than for the other PST - samplee. It ia noteworthy that this corres­

ponda to analogoua effccta for the phonon scatteringo The thermal 

coriductLv í ty of PbTiOJ (fig. 11) obeys ~ ti: '2.0 o 10-5 o T2(W/cm·IC 

at T 'C 0.8 !Co 

lO 

I 

:r 
,I, 

d 

, ! 
l 

l 

t 
f 

:\ 

However, at T > 0.8 K trere is no pLat aau - Lí.ke reduction in the tem­

peratura dependence of A (r) but a steep increase up to the broad 

maximum near 20 K. It is reasonable to conaider À .... T 1,6 as a 

result of the beginning influence of the scattering process respon­

aible for the characteristic T2 - dependence by lowering the tempe­

ra ture o This is confirmed by the linearity of 4 fI f, (TJ ,as shown 

in 11/. The dielectric properties and thermal conductivity of PbTiO
\ 

J 
at low temperatures are not unlike those fOllnd in order-diaorder 

ferroelectricB 11/. Due to the weaknesa of the scattering procesa 

usually causing a plateau - like reduction in ,,\ (T) for amorphoua 

aoLí.da , for PbTiO only a reduction in the magnitude of i\ at theJ
 
maximum is obtainedo Another typical anomaly of glasses,the c/r3­


maximum in apecific heat haa been recently found for PbTiO - poly­
J
 

crystal at 15 K/9/0
 

Conclusiona 

The res~ts of the thermal oonductiTity and dieIectrio measurements 
on a SrTiO] siDgIs orystal and polyorystalline sampIes of the system 

PbxSr1_xTiOJ ahow the glassy behaviour of theae crystaIline materiaIs. 

The characteristic anomalies (À- TZ, plateau or reduction in 

temperature de pendence of À J Ai-,.. T and "l""" III T .. minimum 

in A.f- (T) and a broad maximum in dieIectric Loaaea ) are found for 

alI aamplea though in particular caBe the singular effeet can be mas­

ked by other excitationso 

A correlation between the Curie-temperature Te of ~h8 ferroelee­

tric phase transition and the anomalias in thermal conductivity and 

dielectric conatant iQ observed. ThuB the temperature T of the max 
dielectric loss peak, charactaristic of glasseo, increases with Tc• 
The resulta suggeat a connection between magnitudes and temperature 

dependence of the proceBs caueing this dieleçtrio 10BB peak and the 

atrength ~f phonon acattering at low temperatures (plateau region), 

Thia supports the aBaumption that glassy behaviour ia due to excita­

11 

.............. ~




tions in the dipole eystem determined by lattice properties and by 

the disorder of the frozen domain structure. 
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~Hlliep 3. E8-86-236 
TennonpOBO~HOCTb H ~H9neKTpH~eCKHe CBOHCTBa 
nortmcpac-r-anrro n (Pb x Sr 1- x )Ti0 3 ripa HH3KHX TeMnepaTypax 

TIpeAcTaBnHIOTCfI pé3ynbTaTbl H3MepeHHH TeIlJlOnpOBO~HOCTH 

H AH9neKTpH~eCKOÜ BOCnpHHM~HBOCTH nonHKpHCTannH~eCKHX oqpa3­
I~OB CHCTeMbl (Pb x Srl- X )Ti03 AlUI O ~ x c. 1 npn HH3KHX TeMne­
paTypax. nnn KRm~oro o~pa3Qa Ha~~eHo aHanorH~Hoe aHOMaJ1bHOe 
nOUC,D,OIIKO J<al( y aMoplfJUblX Bew;eCTB. Koaxpemsre napaxe-rpu 06Ha­
PY>KOHIIbIX onoMo.mdt xoppenapytor c cer-xe-ro anercrpave cxoã TeMne­
paTypoA lelO?H To. 

POOOTO nunonuoun n JU:L~opaTopHH ~bICOKHX 3HepnlH OIDIll. 

Ilperrpnnr OfboAllIIOlllloro IUICTHTyrO SUlopHhlX HCCIIeAoBllHHH. ny6Ha 1986 

Fischor ~. EB-86-236 
Thermol Conductivity and Dioloctric Pr~portia~ 
of Polycryotallina (Pb l Srl-1 )T100 nt Low !ompornturoa 

MaasurementB of the thormol conductivity nnd tha dialec· 
tric constant at low temperaturas ~ave beon modo on polycry­
stalline samples of the system (Pbx Srt-x )TiOn with O ~ K 
~ 1. In each case the results show similar anomalias as 
known for amorphous materials. This glassy behaviour of the 
ferroelectric crystals is found to be correlated with tho 
Curie - temperature Te . 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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