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Abstract. The behaviour of the diffuse phase transition of (Pb,-,Ba.,)(Yb,;lNbic)O~ 
(0 e x  s 0.3) ceramics has been investigated with special attention to the phase boundary 
nearx = 0.12. The temperature and frequency dependence of the dielectric constant E and 
loss tan d have been carefully measured together with heat capacity measurements. Above 
x = 0.12. the phase transition is broadened and frequency dependent. while the AFE-PE 
phasetransitionissharpandEcloselyfollowstheCurie-Weisslawabove T,forO e x  CO. 1. 
Also, above x = 0.12. (I/f - lie.) is proportional to ( T  - T,? at T > T,. where E. is the 
peak value of E at T, and n is an exponent. The value of n is dramatically increased for 
0.1 s x s 0.14, and then increased linearly with increasing Ba-content (dnldr = 
1.78 x 10.: %-') for 0.14 5 x s 0.3. T, decreases markedly for 0 e x < 0.12. whereas the 
value of T, is reduced linearly with increasing x-value (dT,/dr = -6.61 T%-') for 
0.14 s x e O . 3 .  Another remarkable feature is an anomalous enhancement off. between 
x = 0.1 and x = 0.14. Heat capacity measurements have revealed a well-defined anomaly 
associated u,ith the AFE-PE transition, increasingly broadening with Ba-content for 
0 s x < 0.1. For 0. I s x e 0.14. the heat capacity anomaly is extremely broadened and a 
small deviation from the extrapolated baseline can be seen. In particular. we cannot detect 
any heatcdpacityanomalyassociatedwilh T,abovex = 0.14,whichissuggestedasadditional 
evidence for DPT. These salient features are discussed in the light of the formation of locally 
orderedpolarmicrodomains within a non-polar matrixand the pseudo-cubicstructureabove 
x=o.12. 

1. Introduction 

A great deal of aitention has been given to ferroelectrics with diffuse phase transition 
(DPT) because of their high application potential. The mechanism of DPT has not been 
fully clarified despite a number of theoretical and experimental works [l-121. DPT is 
usually explained by the presence of dipole inhomogeneity. The inhomogeneity is either 
ascribed firstly to the composition fluctuation [l] which is almost macroscopic in scale, 
secondly to the fluctuation in chemical ordering [5, 61 which is intermediate in length 
scale, and thirdly to the glassy dipolar arrangement [7-91 whose scale is of the order of 
lattice parameters. More recently, solute-deficient regions of a P E T  perovskite solid 
solution have been ascribed to the onset of local polarization in DPT ferroelectrics [lo]. 
Another DPT mechanism operating in Pb(Sc1,2Nbl,Z)OI has been assigned to the kinetic 
process leading to the Kanzig domain formation [l l] .  In general, DPT is observed with 
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virtually no exceptions in solid solutions [l,  8, 10, 121 and in disordered crystalline 
perovskites[ll, 13,141. 

It is well known that cation ordering, or lack of it, is closely related to diffuse phase 
transitions [I, 2,6,8,11, 151. When ordered, the complcx perovskite displays a sharp 
phase transition of the first-order type from a paraelectric (PE) to ferroelectric (FE) (or 
antiferroelectrioAFE) phase [6. 15, 161. Lead ytterbium niobate, Pb(Ybl,,Nbli2)O3, is 
antiferroelectric with an ordered perovskite-type structure which manifests itself by 
displaying prominent B-site cation ordering [17,18]. In the mean time, the low tem- 
perature superlatticestructure Of PYN that originatesfrom the structural phase transition 
has only been revealed recently [16]. The phase transition from a cubic PE phase with 
space group Fm3m-O? to  an orthorhombic AFE phase with space group Pbnm-Di; has 
been proposed based on x-ray diffraction and transmission electron microscopy inves- 
tigations. 

In a recent study [19], the temperature dependence of the structure of barium 
substituted lead ytterbium niobate (Pb, _,Ba.,)(Yb,/2Nb,,?)0, (0 S x  S 0.3) was inves- 
tigated by x-ray powder diffraction analysis. It has been revealed that the high tem- 
perature phase of (Pb, _xBa,)(Yb,~2Nb,,2)03, for all compositions studied, is still a B- 
site ordered perovskite type of space group Fm3m-0; with the doubled perovskite unit 
cell, which ischaracterized by the presenceofsuperlatticepeaksascribed to theordering 
of Yb3+ and Nb5" ions. Near x = 0.12. the low symmetry phase changes from an 
orthorhombictoa pseudo-cubic phase with increasing Baconcentration. Thediminution 
of orthorhombic distortion in the low temperature phase was accompanied by the 
absence of superlattice peaks that originated from the AFE displacement mode beyond 
x = 0.12. Froma structural standpoint. it was proposed that the dielectric phasechanges 
from the AFE to the FE state nearx = 0.12. In this work. this suggestion will bc supported 
by the observation of ferroelectric P-E hysteresis loops above x = 0.10. As will be seen 
later, the AFE-PE phase transition is relatively sharp, but the FE-PE phase transition 
is diffuse. Our prime concern in this study is to elucidate the nature of DPT in the 
(Pb, -rBa,)(Ybl,2Nbl!L)03 system, focusing our attention on the effect of barium sub- 
stitution. 

In the present work, we have performed experiments to determine thc temperature 
and frequency dependence of the dielectric constant and dielectric loss tangent in the 
A-sitesubstituted (Pb,-,Ba,)(Yb,,2Nbl~2)0,(0 S x < 0.3)ceramicssystem. Inorderto 
examine the ferroelectricity. P-E hysteresis curves have been inspected. Heat capacity 
behaviour has also been investigated in the temperature range around the phase tran- 
sition temperature. We will also present several salient features associated with the 
different types of phase transition in this system. In reference to the crystal structure 
study 1191. we will further show via the dielectric study that the orthorhombic- 
pseudo-cubicphase boundaryliesinthe vicinityofx = 0.12and thusinferthatapossible 
miscibility gap exists between x = 0.1 and x = 0.14. Furthermore, we will discuss the 
nature of the phase transitions of (PbI_,Ba,)(Yb,fiNb,~,)O3 (0 s x < 0.3) in terms of 
the general picture of DPT behaviour and the presence of a pseudo-cubic structure for 
x 2 0.12. 
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2. Experimental procedure 

The ceramic compacts of formula (Pb,-,Ba,)(Ybl,2Nb,,2)0, (0 S x  S O . 3 )  were pre- 
pared by reacting stoichiometric proportions of PbO. Yb2O3,Nb2O5and BaCO,>species 
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Figure 1. Temperature dependence of the dielectric constant E at I kHz on heating in the 
(Pb,. .~Ba.~)(Yb,!~Nb,,~)O,(O SA' S 0.3) system withvariation of Ba mncentrationx. 

using high-purity (99.9%) grade chemicals. The mixtures were ball-milled in acetone, 
dried,and thencalcinatedat900-1000 "Cfor2 h.The calcinatedpowderswerereground, 
and pressed intodiscsof diameter 14 mm and thickness2-3 mm. Thediscs weresintered 
at 1120-1350 "C for 1 h in  a controlled PbO atmosphere in order to prevent the loss of 
PbO. Sinteredspecimenswere cut with adiamond waferingsaw and polished to the final 
thickness of 0.4-0.6 mm. No second phase has been observed in x-ray diffraction. The 
apparent densities of ceramic compacts were about 95% of the respective theoretical 
densities. Then, the specimens for dielectric investigations were electroded with silver 
paste (Dupont No 7075) by firing at 590°C for 5 min. 

The electrical capacitance and the dielectric loss tangent were measured at several 
frequencies, between 1 kHz and 1 MHz. using a Hewlett-Packard 4194A Impedance/ 
Gain-Phase Analyser interfaced with a IBM PC/AT, while the sample was heated at a 
constant rate of 2°C min-I. Its temperature was monitored by a copper-constantan 
thermocouple through a Fluke 2190A Digital Thermometer to an accuracy of 20.5 "C. 
Measured capacitance and sample dimensions were used to calculate the relative di- 
electric constant E .  Using a Sawyer-Tower circuit, the P-E hysteresis curves were 
observed at room temperature under AC field with an amplitude of 10 kV cm-' and 
60 Hz. 

Heat capacities of specimens with differing Ba concentrations were obtained in the 
temperature range around the transition temperature using a Perkin Elmer DSC7 
Differential Scanning Calorimeter. The heating rate was maintained at 10°C min-I. The 
latent heat of transition for each sample was calculated by extrapolating a base line 
from the region outside the transition range and by determining the area between this 
extrapolated base line and the measured thermal curve. 

3. Experimental results and discussion 

3. I .  Dielectric properties 

Figure 1 shows the temperature dependence of the dielectric constant E of the 
(Pb,_,Ba,)(Yb,/2Nb,~2)03 ( O - C X  -C 0.3) ceramics system at 1 kHz on heating for a 
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Figure 2. r-E hysteresis curves at room temperatrrrc 111 the  vicinit? 01 ilic p h , w  houndsry of 
thc (Ph,-.Bil,)(Yh,,,Nh,,,)O, syslcm. An AC Scld with an amplitude 01 I O  kVcm 1 and 
60 Hz is applied. 

series of different Ba concentrations. In the case of pure Pb(Yb,jzNb,l,)Oz (x = 0), the 
temperature dependence of E follows exactly the Curie-Weiss law above the AFE phase 
transition temperature T, = 308 "C on heating, and 302 "C on cooling. The thermal 
hysteresis indicates that the PE-AFE transition is first-order. For 0 i x  s 0.1, the tem- 
perature dependence of E faithfully follows the Curie-Weiss law above TN. and its 
generalappearanceissimilartothatofpurePb(Ybl~2Nb1~z)03. Forx > 0.12,thegeneral 
appearance of the dielectric constant versus temperature curve is distinctly different 
from that of the lower concentration range. Broad maxima are observed in the E versus 
T curves at the apparent transition temperature T,. The broadening increases with 
increasing Ba concentration, while the transition temperature continues to decrease. 
As will be seen in what follows, the dielectric constant closely obeys the Curie-Weiss 
law above a temperature designated as Tcw but deviates significantly from the Curie- 
Weiss law below Tcw. 

Figure 2 shows the P-E hysteresis curves observed at room temperature in the vicinity 
ofthestructural phase boundaryof the (Pb, -.Ba,) (Yb,j2Nb,,,)0,system. Forx 3 0.12, 
ferroelectric hysteresis loops are clearly seen. The calculated spontaneous polarizations, 
Ps, are 4.24, 10.23 and 6.0 pC cm-, for x = 0.12, 0.14 and 0.16. respectively. In con- 
nection withstructuralchange[19],itisconsequentlyconcludedthat thelowtemperature 
phase changes from an orthorhombic AFE to a pseudo-cubic FE phase near x = 0.12 with 
increasing Ba concentration. Then, the significant change of the general appearance of 
the E versus Tcurves above x = 0 .1  can be partly related to  the onset of ferroelectricity. 
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Figure 3. Phase diagram of (Pbl-,Ba,)(Yblj2Nb,,~) 
O1 (U S X S  0.3) determined from the dielectric 
measurements. The squares denote where the P-E 
hvsleresiscurves in fieure 2 have been observed. The 
dbtled curve indicates a hypothetical phase bound- -'%!!, O(1 0.i 0.; 0.k ary. The inset shows the concentration dependence .. . 

CONCENTRATION, of the maximum value of dielectricconstant E.. 

Figure3showsthephasediagramof(Pb,_,Ba,)(Yb1/2Nb1,2)0j(O~Y s 0.3)deter- 
mined from the dielectric measurements. Also, the concentration dependence of the 
maximum value E, of the dielectric constant at 1 kHz is shown in the inset. It is found 
that T,definedforO < x  <0.12decreasesrapidly,whereasT,definedforO.14 < x <  0.3 
decreases more slowly with increasing Ba concentration at a rate of dT,/dr = 
-6.61 "C mol%-'. Another prominent feature to be pointed out here is the anomalous 
growth of the dielectric constant between x = 0.1 and x = 0.14. Obviously, the change 
in the transition characteristics as a function of Ba concentration and the anomalous 
dielectric constant growth are closely connected with the evolution from the PE-AFE to 
~ ~ - ~ ~ p h a s e c h a n g e m a r k e d n e a r x  = 0.12. The latterfactwill beaddressedlaterinterms 
of a proposed model to  elucidate the nature of DPT in our system. 

The frequency dependence of the dielectric constant and loss tangent as a function 
of temperature for Y = 0.20 is shown in figure 4(a). Both large broadening and a shift 
toward higher temperatures in the dielectric constant versus temperature curve take 
place. The temperature of the maximum dielectric constant changes at a rate of 
dT,/d In o = 5.7"C between 1 and 1000 kHz as contrasted with no such shift in the 
dielectric constant curves of pure Pb(Ybl,2Nbl/2)Ol as shown in the inset in figure 4(a). 
Also, the dielectricloss tangent shows apeak which shifts toward the higher temperature 
side with increasing frequency, but its peak occurs at a temperature different from the 
maximum in the real part of the dielectric constant. This typical relaxor behaviour. a 
manifestation of DPT phenomena, has been observed for all samples for x a 0.12 as 
shown by three other examples in figure 4(b). The frequency dependency of T, becomes 
more apparent with increasing Ba concentration. 

The experimental results which have been discussed so far can be interpreted if we 
take into account the fact that there exists a considerable perturbation which can be 
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Figure 4. Temperature dependence of the dielectric constant E and the loss tangent tan bat 
different frequencies for ( U )  x = 0.2. and (b) three orher examples showing DIT In ( b )  the 
lour NNCS in each parr from upper to lower show dependencies at frequency of I kHr. 
IO kHz. 100 kHz and 1 MHr. respectively. The inset in ( a )  shows the case of pure 
Pb(YbinNbid0,. 

pictured as an inevitable change in the local dipole configuration induced by substituted 
barium ions. The dipole distribution is a dynamical rather than a static one. The exper- 
imental data of relative dielectric constant E of most ~mferroelectrics in the vicinity of 
the apparent transition can be successfully fitted by a semi-empirical equation of the 
form [12.20.21] 

I/& - L / E ~  = (T  - T,)"/A (1) 

where E,,, is the maximum dielectric constant at the apparent transition temperature, A 
is a constant, and n is a critical exponent varying between 1 and 2. Exponent n is 1 when 
the transition is of the Curie-Weiss type, while it  is considered to be 2 if the transition is 
a complete DPT. Equation (1) with n = 2 was originally used to describe the dielectric 
constant behaviour of DPT ferroelectrics [ 1,221. 

Equation (1) may be rewritten in a dimensionless form as 

( E ,  - € ) / E  = (Tt/u)"(T/Tr - 1)" (2) 

where umay now be considered asa parameter showing the degree of thermal diffuseness 
or it has a clear physical meaning wshen n = 1. In this case uis  the Curie-Weiss constant. 
In case n = 2, the distribution of the polar regions may be assumed as a function of 
temperature in a Gaussianform, and U* is defined as the mean square thermal deviation 
[ 1,221. Exponent n can be readily determined from the slope of the log-log plot of (2), 
anducan beestimated from they-axisintercept of thesame plot usingthepredetermined 
value of n and the measured value of E,. 
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3 s  to 30 50 
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Figure5. Logarithmicplotsofthereciprocal dielectricconstant (1/f - I/f.)at I kHzagainrt 
thereducedtemperature ( 7 -  T,)ior(Pb,.,Ba,)(Yb,,,Nb,,,)O,(O s x  s 0.3)showing ~ m .  
For rhesake of comparison. thesame type of plot isdrawn for pure Pb(Yb,,Nb,),)O,. 

Figure 5 shows the logarithmic plots of the reciprocal dielectric constant (1/& - 
l/~,,,) at 1 kHz versus the reduced temperature ( T -  T,) for some of the samples 
showing DFT. For comparison, the same plot for pure Pb(Ybl,2Nb,,2)03, which exactly 
follows the Curie-Weiss law, is drawn. The values of exponent n have been determined 
by measuring the slope in the temperature range where the experimental data show 
unambiguously straight-line behaviour. It can be clearly seen that n increases with 
increasing Ba concentration. Note that at higher temperatures, for example 
( T  - T,) > 32 for x = 0.14 and (7 - T I )  > 44 for x = 0.2, the temperature dependence 
of the dielectric constant follows the Curie-Weiss law. A similar dependency was 
observed at temperatures higher than T,, in (Pb, -3x,zLa,) (Zr,-,Ti!)O; (PUT) [15], 
Pb(Mg,,3Nb,j3)03 [23] and Pb(Fe,,,Nb,,,)O3 [14] etc. Uchino and Nomura [20] and 
Choo and Lee 1121 indicated that A(B;B;_,)03 ferroelectrics obey the Curie-Weiss 
law ( 1 / ~  - 1/&,,,) m ( T -  T,) for (T  - T,) + 0' where U' is a measure of the DPT range. 
In a way, we may equate (Tcw - Ti) to U', Tcw being the temperature above which the 
dielectric constant as a function of temperature follows the Curie-Weiss law [IS]. Such 
experimental values of T ,  and ( T ,  - T,) are shown in figure 3. 

Figure 6 shows the experimentally determined n and U values. The n values were 
obtained from the slopes of figure 4, and the U values were obtained from the y-axis 
intercepts of the same plots. One distinct feature to be pointed out is the fact that both 
the slopes of the n and U values versus temperature change pronouncedly between 
x = 0.1 andx = 0.14, and then further slow down with increasing Ba concentration. At 
x = 0.3, the value of n approaches 2 to manifest a complete DFT, and the magnitude of 
U is found to be 63 "C. 

The noticeable increase in measures of DPT may be interpreted in conjunction 
with the AFEFE phase coexistence. This assumption is partially based on the fact that 
(Pb,-,Ba,)(Yb,,2Nb1,2)0, for x >  0.12 displays a P-E hysteresis loop at room tem- 
perature although no such loop is detected for x s 0.10. In the intervening Ba com- 
position region, the phase transition can be pictured as a simultaneous appearance of 
AFE and FE microdomains or 'polar microdomains' with local crystal structures different 
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Rgure6. Concentration dependence of theexponent 
n and the diffuseness paramctcr o in the 
(Pb,.,Ba,)(Yb,,?Nb,,,)O,(O s .r s0.3)rystem. 

from one another among the PE matrix. A local structural transition spread throughout 
the crystal may become possible due to the presence of different local atomic vibrations 
which in turn are dependent on each local atom environment created by the local 
configuration and the concentration fluctuation of solute Ba*+ ions. Moreover, such 
microregions, especially polar microdomains, are isolated from one another at tem- 
peratures well above T,(x)  wherex is the average concentration of Ba*+ ions, since T,(x) 
decreases rapidly with increasing Ba concentration. Consequently, there exist highly- 
localized short-range dipolar domains and microscopic structural fluctuations of 
strength, which lead to an abrupt increase of the intensity of DPT. It is reminded herein 
that the broadening of the phase transition of PLZT becomes pronounced at high La 
concentrations 1151. The same trend was also observed near the morphotropic phase 
boundary (MPB) of (Pb, -,Ba,)(Zr, -yTi,.)03 [24]. 

Before the more detailed analysis of DPT in (Pb,-,Bax)(Yb,!,Nb,~2)03, we would 
like to address the anomalous growth of the dielectric maxima in the boundary com- 
position band 0.10 < x S 0.14, as shown in the inset in figure 2. Indeed, the dielectric 
constant maximum value achieves its largest value at x = 0.14, and decreases with 
increasing Ba concentration. Such an abrupt dielectric constant jump is a well-estab- 
lished phenomenon of Pb(Zr, -xTix)03 (ET) at MPB. In analogy with what happens at 
h i m  in PZT. we conjecture that the anomalous increase of dielectric constant in our 
system is traced to the orthorhombic and pseudo-cubic (possibly rhombohedral) phase 
coexistence at the phase boundary. Hence, the phase boundary can be indeed redefined 
asthecentreofthephaseboundarybandinwhichtwophasescoexist. Actuallyinourtwo- 
phase mixture assumption, the spontaneous polarization P,of each polar microdomain is 
reckoned to be randomly orientated and thus can be rotated by thermal agitation 
since the low-temperature FE structure is nearly cubic or pseudo-cubic. Under the 
circumstances, each localized polarization requires only a small BO6 octahedral dis- 
tortion to become polarized. Adipole moment g can contribute additional E,,, pzkBT 
to the dielectric constant according to Langevin's theory [Z]. 

Theincreasing tendencyof (Pb, -.Ba,)(YblnNbIn)O,to become polar with increas- 
ing Ba concentration may be ascribed to the ionic radius difference between Ba*+ 
(1.38 A) and Pb2+ (1.26 A), which leads to the expansion of the unit cell volume with 
increasing Ba concentration [19], According to Migoni era1 [26], the driving factor of 
ferroelectricity in perovskite oxides (ABO,) is the oxygen polarizability along the 0-B 
chain, which isstrongly dependent on the surroundings [27]. The electrical polarizability 
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of the 02- ion increases with an increase of the volume which it occupies [27]. In 
perovskite, the dimension of the 02- ion relative to the 0-B distance increases with 
increasing A-site ionic radius and decreasing B-site ionic radius. Consequently, the ionic 
radius of 0'- increases with increasing Ba concentration in our system. This leads to an 
increase of the oxygen polarizability and so facilitates the instability of the ferroelectric 
mode. In brief, the onset of ferroelectricity originates from the change of the nature of 
chemical bonds associated with volume expansion due to Ba substitution. The revealed 
diffuse nature of the PE-FE phase transition indicates that the FE order parameter 
correlation length is short-range, forming small disconnected clusters of electrically 
polarized material. 

From the structural standpoint, the AFE phase in low Ba concentration is ortho- 
rhombic and the FE phase in high Ba concentration is pseudo-cubic. Because of the 
Ba2+ and PbZ'size difference, short range strain fields may well be developed in the 
analogous manner as in the orientation order parameter-random strain coupling in the 
mixed crystal K(CN)pr,-, [28]. In the K(CN),Br,_, system, the CN- and Br- size 
difference and the concentration y play an important role in determining the phase 
diagram. The low temperature phase of highy was defined to be 'orientationally glassy' 
while that of low y, orthorhombic. In fact, we find that the outlooks of the two phase 
diagrams are quite similar. Hence, we may designate the high x and thus pseudo-cubic 
phase as a disordered polar phase if not glassy. 

In view of theoretical descriptions [29, 301 of the phenomena observed in 
Li,K, _,TaO, on the line of spin glass models [31], the creation of local dipole moments 
[32] at the Pb site is ascribed to the ionic size misfit. Random interactions between these 
moments display the effects of the polarizable lattice, as simulated in an NaCl lattice 
by Wang [33]. The random-interaction theory (spin glass models) predicts that the 
interacting species show a dielectric response which is broadened with respect to the 
Debye response. Consequently, a close investigation of the dielectric relaxation by 
means of direct comparison of experimental with model parameters will provide more 
physical insight into the nature of DPT in our system. This type of work [34, 351, 
in general, needs dielectric response data over a wide range of frequency. Further 
investigation on the dielectric relaxation phenomena for DPT, including the growth of 
single crystals, is in progress. 

3.2. Thermal properries 

Figure 7 shows the temperature dependence of heat capacity of pure Pb(YblbNb,/2)0, 
which was measured on heating. A sharp decrease of the heat capacity just above TN = 
308 "Cis observed and a short plateau takes place below TN. This fact is consistent with 
the dielectric constant (see figure 1) and further confirms the fact that the AFE-PE phase 
transition is of first-order. The calculated values of the heat of transition AH and the 
entropy change AS are 832 J mol-' and 1.42 J K-' mol-', respectively. This AHvalue is 
quite comparable to AH = 840 J mol-' of Pb(Co,,2Wl/2)0, [36] also with an ordered 
perovskite structure. 

Figure 8 shows the variation in transition temperature with Ba concentrations dis- 
played by the heat capacityof (Pb,-,Ba,)(Yb,pNbl/,)03. For0 < x < 0.1, well-defined 
heat capacity anomalies are manifested. The transition temperature defined by the heat 
capacity maximum follows rather closely the AFE transition temperature TN change as a 
function of the Ba concentration as shown in figure 3. The heat capacity anomaly 
becomes rapidly broadened with increasing Ba concentration and at the same time the 
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Fiyre7. Heal capacityofpure Pb(Yb,,,Nb,,>)O,. Figure S. Variation of the heat capacity of the 
(Pb,.,Ba,)(Yb,:!Nb,,2)Os system with different Ba 
concentrations. 

peak value becomes weaker such that it is rather difficult to locate the exact transition 
and determine the entropy associated with it. When possible, the heat of transition and 
the corresponding entropy change were determined by subtracting the anomalous heat 
capacity curve from the base line. The heat of transition and entropy change are AH = 
659 J mol-', AS = 1.17 J K-' mol-' for x = 0.04 and AH = 450 J mol-'. AS = 
0.9 J K-' mol-' forx = 0.08. 
On the other hand, the heat capacity anomaly associated with phase transition is 

extremely broadened betweenx = 0.1 andx = 0.14. Forx = 0.12, averysmalldeviation 
isseen from the extrapolated base line in the temperature interval 100 to 170 "C asshown 
in figure 8. This characteristic feature is very similar to the heat capacity manifestation 
of another DPTferroelectric (Pb, 7L%.2) (Zro,3Tio,,)03reported by Stenger and Burggraaf 
1151. The heat and entropy of transition estimated by integrating the area under the 
anomalous part of the thermalcurve are AH = 140 J mol-' and AS = 0.34 J K-' mol-'. 
In our study, any distinct heat capacity anomaly near T, beyond x = 0.12 cannot be 
detected. We suggest the absence of an anomaly as an additional evidence for DFT 
beyond x = 0.12 in our system. 

Burggraaf and Stenger [37] have discussed the correlation of AS and AS/T, with the 
fluctuation probability in conjunction with a small spontaneous lattice deformation and 
polarization. They haveshown that largevaluesofthe ratio AS/T,givesharp transitions, 
and lower values lead to more diffuse behaviour. The values of AH, AS and AS/T, of 
our system are given in table 1, together with those of some other ferroelectrics for 
comparison. It is clearly seen that the values of AH and AS are gradually decreased with 
increasing Ba concentration for 0 < x  < 0.1, and these values are severely reduced in 
the DFT region to an unmeasurable extent. Also, the ratio AS/T, is in line with those of 
perovskites. 
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The broad heat capacity feature of Sr,-,Ba,NbO, [2] is rather wellestablished, and 
it is associated with the dielectric DPT. The extreme broadening in the (Pb,-,Ba,) 
(Yb,pNb,/,)O, system may well coincide with the dielectric results in the composition 
range 0.1 < x  <0.14. Setter and Cross [6] have reported that Pb(ScIi2Ta,,,)O3 with 
different S, the degree of ordering of the B-site cations (S?' and Ta"'), do not show 
any distinct heat capacity anomaly below S = 0.5. Moriya et a1 [39] have shown that no 
obvious heat capacity anomaly due to the phase transition in the random mixture 
Rbl-,(NH4)xH2P04 occurs in the heat capacity curve at x = 0.74 and 0.70. In this 
context, the absence of a heat capacity anomaly beyond x = 0.14 can be explained in 
terms of a non-equilibrium disordered state of the A-site cations (PbZ+ and Ba2' ions). 

4. Summary 

The nature of the phase transitions occurring in the (Pb, -,Ba,)(Yblj2Nbl~2)03 
(0 s x  ~ 0 . 3 )  ceramics system has been investigated by the dielectric constant, E-P 
hysteresis loop and heat capacity measurements. It has been found that this pseudo- 
binary system in the studied composition range can be divided into three physically 
different regions characterized by the following observed facts. 

(i) For O<x<O.l .  the AFE-PE phase transition is relatively sharp and the 
temperature dependence of the dielectric properties is similar to that of pure 
Pb(Ybli2Nb,,,z)Oz. The transition temperature T, steeply decreases with the increasing 
Ba concentration. Heat capacity measurements have revealed a well-defined anomaly 
associated with TN, increasingly broadened with increasing Ba concentration. 

(ii) For 0.1 s x s 0.14, there have appeared some salient features which are con- 
sidered to be closely connected with the orthorhombicpseudo-cubic phase boundary 
in thevicinityofx = 0.12andtheonsetofferroelectricity.Thephase transition becomes 
diffuse and the maximum value of the dielectric constant is abnormally enhanced. The 
concentration dependence of the transition temperature is also changed. In particular, 
the heat capacity anomaly is extremely broadened. These features are interpreted in the 
light of formation of locally ordered dipolar microdomains. Consequently, we suggest 
that this region is a possible interval of phase coexistence. 

(iii) For 0.14 < x  6 0.3, the diffuse behaviour of the phase transition is in line with 
similar observations made on ferroelectric solid solutions showing DPT. The intensity of 
DPT is gradually strengthened with increasing Ba concentration. The concentration 
dependence of the transition temperature T,, defined by the peak dielectric constant, 
shows a linear-like behaviour. Moreover, we cannot detect any distinct heat capacity 
anomaly, this is presented as additional evidence of DPT. The absence of an anomaly is 
explained in terms of a non-equilibrium disordered state of Pb2+ and Ba'+ ions. 
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