
xir"-.sted tha t  irl-ccpcctive o f  :hc order of the transitions, the Pippard relations 
~ h o u i c  be used ivhcnever tllo thcrm.odvr,amic auantities show vcrv larea variations 

V i t h  the reccnt sludlzs o?i A-transition i n  liquid belinm-dl, Pi has bwtl 
re L, . . "~  ::.,.d that ihz  Ehreofer,i's relations For the second-order phase ttaosiilon 

bicak d lwn i n  ihe inslances where the spe::ific heat Cp, t!rerrnai expznaion 
,G [ - 6' ( "/A T ) ~ ]  a n d  isothermal cornpresibiiity k T [  - - o"' ( ? v i a  ?jT] show 
logarithmic <.r other singuiaritics a: the  transition temperaruse. A eonside- 
r,,t:on of equiiibrixin among the phases aiong S and Y curves ia a secoild- 
crdcr tr-nsiiion leadsL to  the Ehrenfest relations 

where DT/DP Is the  slope of the equllibrir:rn curve, I.@., change in ZmnsiLiopn 
tempcratui-e wi ih  presure .  Wiih the approach of Cn, ,II and k~ to infinily 
according a lognrithmic or other pomer law singularity, the quotient in the 
E h m i f t s t  rehrions becomes indeterininat-,. Further, in view of the  approach 
of the thermodynamic parameters t o  infinity from either side of thu transition 
even the concept of discontinu!ty implied in the Ehrenfest rehtious becones .,." 
ques~ionabb" '. 
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lo: i:.; cast s.i'&transiiiofi i n  l ie ' ,  this diflicul!y a d s  o i w c c n i e  try Pippard's 
. . 

;&cn"" qi rndr ica i  entropy s ~ r t n c e  near t h e  Iransi:ion tcrnpcralu!.e, ixil:ich 
leads rc simple caprrssions among the C,,, 5 and . k ~  of al:y Oi!e or the phases 
near tFie imnsiiicn. A close study of tbts problem shows that ir. Pippares 
rchcme the crdcr o!' transition is quit* immaterial a n d  hence withoot making 
any E~r r i t e r  rei'erence to h e  s r d f r  of transition or tile type OF power l a w  
singrjiariry, ono can  ilsz P l p p ~ r d ' s  s c t c n c  for  corre!atirr:: C',. and k,. ,$ 

c:itica! insestigat;on o n  GI:: cxtcnsion of these ideas t o  the case of fcrro- 
m.ignctjc/,r~tiferrorn~Pgiitii~ iii r,ara~nagne:ic t rans i t i sas  bas been previonsly 
i e ; ~ r i e r ; ~ .  1;1 the vresect s tudy 'the avalklble thermodynamic data of fcrro- 
r!sctrlc suh~rancss  &ie coiieiared using the Pippard scheme. 

Pippard's ,?eIati~ns near Phase Z-onsirions : In derivini: She relations 
bmong ?lie thermid>namic qcancitic:,  i n  tIia vicinity of :ransition tempcratores, 
diffsrcnt, though equive!en(, methods have been emp:oyed. Originally ipparaJ"  
introdnced the assur.~:lp:ioo tha t  thc  entropy function d o s e  to a h - transition 
has a cyiindrical shape on account of the very large va,!ues of ihc specific heat. 
Th i s  assim$ion regarding the shape'of the entropy surface icads to tvm 
eonatio?~. 

Bo:h thcsc eqitaiinns have been verified at the A -;ransitions ir. l E q ~ i d  helium', 
ammonicr;~ chloride, and a number of  ferromagnetic and antiferrc- 
rn2.ijnrtic r ra rs i t i~ns"~.  

approscb mare suiiable for the present purposr: is that of Buckinghsa 
and ~:iih-bank" used icleniities of the type 

( I ~ ~ C L C  *., y :ire hheiinodynani~ variabies awl  z a consta.ain0 to obtain C X ~ G ~  

r&ttom ntnoog rhc t h e r m o d y n z ~ i c  quanlitlen. For instarace the identity 



The :ransition ncctmrs a t  siightly dlfkrent leinperaiures 'avhen the substance i s  
iubjected to diiil-rent pressl;re. So quantities like ( D s I D T ) : ,  and ( & u / ~ ~ j ; ,  
:,re to some exlent depcndeni on p and T. But  the variatioc is so very meak 
cnr:;p~rrd to the very larpe v a r i a h n s  of Cp, j3 and KT near h -tiansitions !hilt 

{ D S / D T ) ~  and (uJ/DT::, may be considered " "consrants '" by c o w p n r i w ~ ! .  
'This is cqcivalant t o  the cylindrical approximation and equarions 141, 851 go 
o y w  to equsriuns [$!, [j], where the  ootation ( D J ' / D T ) ~  is used !',;I the  
dxivaiive along the  h line. 

I: is first noted tbxr for a proper second order pilnse trznsitlorr eqt~ations 
[ 2 ]  and [I] give the Ehrenfest relations [ I ]  betweeu the two phases. If C,:, /3 
and kT assume very 'large values near the phase transitions, astimation 01" 
? - . i l i t i e s  like -. Co2, P, - p2. kTi - kn i s  difficull and the ratios in oqiin- 
rims [I] be::onro incieterminate, whereas the  Pippard relaZions are stil! useful .  
In this case even the order aF trarasirion does no8 matter. Equations 121 and [i] 
involvz qual:'.iries pertaining to  a single phase and so uncertain!ies in :hr: 
critropy or voi:tme changes across the transition (whether finite ss i n  " f i s t  
order" charigas or zero a s  in " 'second order '\c'hairgesb do  not aiFect the 
correlation among the thernoclynarnic quantities. Such krliiity of the Pippard's 
relations bas been emphasized by Renard and ~ar land ' .  

In the iast few years 7tsza8, ~iswanafhan',  6;arlandto and ~ m o v e c "  hhavc 
considered extensions of Pippard's relations to crystalline media, wher- the 
transition temperature may v a r y  with the components X, of the stress te9SQr. 
1% is found " lo that  if  a, a m  the: coeficients of thermal expansion and S: rhe 
iscthcsmal elastic compliance coeBcients, 

a; - y, C,,/TO + Coastant 163 

S: - y j  m i  + constant.  iI73 
where yi- - ( D T / D X ~ ) , .  In the coac of hydrostatic pressures onc has 



obvained from equations 6 and 7. In the present mote these equations will  be 

applied ro z numbs* of  other fe'errorlectric crystals. 

Tlrs merit of pip pard'^: approach lies in its wide range of spplicebilitg. 
Sincr, 0s already pGI1 ted out,  linear csrrelatinns among Cp, p" and k, become 
pos.;ible lrrzapective o f  t k e  "order of transition ", Pippard scheme is parti- 
culrriy useful i n  the  cases for which the dirder o f  transition involved is 
ui:ceri..ln hecaus;: of the  very large values attained by C,, and ,'!I near the 
tmnsirlon. The asgi+.p:otic value of the slops of  CI, vvcrsus or  /3 versus k, 
plot gives the true valme of DTIDP and so the thermodynamic &:a sllould be 
correlated with sufficient accuracy as  close to 6, as  possible. 

Rzsuir /or Fmroeleclric: Tmnritionr Interes: in the phenomenon of  ferro- 
ele;iricity lcd t o  a vumbcr of  inveetigations o n  the  electrical and thermal 
proprriics . l f  i c ;~oe lcctr ics '~ ,  Elecirical mrasnrements of high accuracy have 
kren carried out o n  a large number of substances. However the earlier 
I b e r m ~ l  rntasuremrrta Rnve not h e m  precise. Cnrsidcrable discrepencies are 
lotiod among ?hem both in detail and shape oF the curves close to  lha 
traasilion. 

Recently high resolution studies, especially on specific heats of  a number 
of feirozicctrk mrf?iicls .  surpcs? logarithmic ~r other singula~it ies near T, 
.A logsritkrnic infini!? ni :I:* tramition temperature Is reported in specific heals 
of i;ri&cinc ~ u i ~ h a t e ' ~ ,  po:assixm dihydrogen phosThate"dotassium Giibgdro- 
gea a r~ena ' i c ' ~  and antimony sulphilr iodidc". 

The  si.eifii.  heat o r  sodium ni!rite also indicares .the presence of a srroog 
sf i :p:?si ;?y .*t t b r  Cc rk  ~ e r n ~ e r a t a i e ' "  '". Therefore as in ferromagnetic/ 
antifcrrrn!:.gne,;;. :i; pdrsmagnelic transitions', in t h e  care of  transitions in 
ferr.;lcltztiic$ or aritiftxioclectricr also, the convcnlionai rnethcd of making 
rarralailoas bawd o n  Ehcrenkst relations, often f o u ~ d  even in current literature, 
is rmnsomd. These infinities rends? equation [ I ]  invaiid and in such cases any 
aXrzcmen! bctaecr: experirncsrtal 3 r d  calculated values of  DT/DP ~ h d d  be 
considered a i  hrgelr fortuitous. The more general scheme of Pippard's relations 
shrioid b?  ~mp1oyed Po6 making these coirel.drioas and estimating the values 
el' DT!DP. 



Deiaiied specific heat nleasnrements near 7'; have been made on a relatively 
large number of subsli!?ceS, whereds high resoIuiion siudics on thermal 
CXDeiibhn or eiastic bchaviailr are  nvaiiabie only For a limited number of 
substrgces, like triglgcinc sulphate, sodium nitrite, barium ti?anhlc, lend titsnnte 
nLd <YDP. I n  the pseseLt tioit: a detailed discussion is given of these materiaIs. 

'Sa~c;~rcr~n  SUIP:IATE 

Tbc crystals of iriglycine sulphate bciong to  monoclinic system aiid the 
Curic ternpcrature is a'm-uri 49'C The polar room tcrnpc:a!we plinse belongs 
to t3i: sp-ce gracp PZ, which is iiaost'ormed into the space group pll1jnz on 
t:nnsition to  the paraeiectric phase. Jnvestigation of dielectric ar.d thermal 
properties established the  transition to  be of the  second order1*. 

The early specific heat data showed only a hump near I; m d  did not give 
zny indtcation o f  a singularity. Reccnlly careful investigations by Strukovi9 
have shomr! a logarithnlic siilgularity both  above and below ?he  Curie 
temperature". Now-vex for some time a controversy had existed over the 
vzlues of thermal expansion cocEcients. Ezhkova and coworkersz0, using 
X-ray lattice parameter measwements, and 6anesm2 '  using intcrfcrometric 
ineasurerncilts, reporled values along a and b axes which disagreed serioilsiy in 
m-gnitnde, sign and ieinperalure variation. Therefore Shibuya and I3oshino2" 
carried out demiled measurements nsing both X-ray and dilatometriz methods. 
They foilnd agreemzot with Ganesail's data along the &axis ( a b  negative and 
becoming mcre negative a s  T, is approached from below) and with the Russian 
data along the  n-axis (a, r,ega?ive and becoming more negative as T, is 
approached from lower temperntures). ~ e l l e ' ~  has also recentIy measured the 
thermal exparsion coe.9icieuis. The trend of vzIues completely agrees with 
the resuits of Shibuya and Hoshino. I t  mnst therefore be concluded that 
Oanesfian's results along a-:ixis and the  results of Ezhkova et d o l o n g  t h e  
C-axis contain unsuspected errors. 

'In the presezt discussion, :he specific heat data were taken rrom the 
logariihnlic fit given by   rind la^". The volume expansion coeEcienls were 
obtained Fr-on the recznt work of ~ e l ~ e ~ '  who hrs given the  linear expansions 
a h g  three mutually perpendicular directions. The exact values2' of the Cupio 
temperature are sligktly different in the reports o f  the vario'm workers, 
probably because of the  smali influence of crystal perfection and purity. 
Hence C, and ,8 values were taken for specidc 1 TC - T I  intervals in the low 
temperature side of the transition. 

The C, versus P pio: shown in The Figure 1 is linear in the vicinity of Fe 
The value of DT/CP calculated from the asymptotic slope is i- h.8'Clkbar 
wilh a n  error of abont  10%. This is in -,preement with the experiinental vall:e 
of 2 6 " ~ i k b a s  obtained by Jona and sbirand4 in ?heir siiaciies upto 2500 
2-6°~/k5ar obrainod by Leonidova and c o - w o ~ k e r s ~ ~  in their studies GpCCI 



Tie plot of heat capacity C+ BE a f.unction of volume~xpansion coa%cienb fi  for triglycine 
sulphate. 'Values of Tc-Tare shown IU OC near the points. 

5000 atm and with the d u e  l . ~ " ~ / k b a r  obtained by Zheludev and 
co-workers-'. The expeririental values of D T I D P  are  invariably obtained 
from the measurement of diolectiic properties at high pressurea 

The correlation of elastic eompliacces and specific beat of triglycine 
snlphare was recently reported by ~ a n o v e c ' ~ .  Data on only thrze elastic 
comp1ianct.s Sir, SZ2 and S3S are available close to the transitionz7. These are 
all adiabatic values, but the difference between adiabatic and isothermal values 
i a  insigaiiicsnt far the present purpose. In view of the uncertainty in the 
thermal enpansioa data available then, Janovec used equation [9 ]  relating 
Sij to C, miher than checking equation f7: connecting Sii and a;. Taking the 
diagonni terms in equation [9]  we have 





'rhe p;ots 0: S t I ,  &, and Sj, as  a function of  Cp are sbovm In Flguro 2. 
sL2 re i ) r~: :n .~  <hc :iii,ip!tnnce coeri?cier.t along bsxis ,  iht: two feld syilimetq 

,h'bilc s?:, is ine COIII~!I I I~C: :  C O C ~ ~ C I C ~ J ~  a long  ~h::  axis  3 c'uincidiiig with 

th3 c-ttxls S,, tha t  s!ong a:cls 1 which is ':: ..:, .' ' - -  to  3. Telle, in his 
tilerma: rx:iansicn s i u d i ~ s ,  hns ~ 5 %  stn tbe axis i io coi:icldc with L!le a-axis 
%,.d iae 3 perpendicular to  axis 1. The plots of S,:'s as a func!ion of Cp 

approxinlaiziy kinear, according to  the above squaiioils. The  vslnzs of 
yl ,  y z  aild T 3  ~a1:ai;l:ed fxom the asymptotic slopes o f  thcsa plots are 
g.l - . 8 G ,  .,.?- - X.2 and y3 =: + 14.9 in m i ' s  of 10-'~&/bar. The corrcs. 
yordrng v.iL~es gi.,cn by Ja,?cvcc are - 7.1, -- 9 3 and -!- 1;.9 in the s::m:: 
cni:s. We ' ave correcied ihe s;gns of ~ a n n v e c ' s  v a h e s  ir: t h e  manner des. 
cr3b:d bc.!i.,v Within the accaracy of about  iO?A in bolb  Sets, rile agreement 
\vlth Snnevec's vci!.es la fair;  the aiighr difierences arise because asynipiotic 
slopes have been taken in the prcsmt work, whereas ~ D Q V ~ C  gives equal 
wei$ifagc t o  the pcints Tar away from T,. 

it  slic:id ba note& tha t  y;s calcuiaied from t h e  equations [,O] -- [I?]  can 
be pos~tivc or ozgztivc. Janovec erroneously gives posi1.ivs: s i p  t o  nli ~ h z  y , ' s  
and G btaios a very large value for D T / D P  ( = Yy ,>  - 50.3 x 10-"o~ibar. The 
correct p;oadure,  obvicus!y, is to  ernploy equliiicns 6 a r d  7 qmiit::liveiy lo 
find the t ru i  sign of y .  I n  the  present cese for T<T,, C1,, St,, S22 and $33 

steadily increases with 2" T i e  linear expansion coefficient os (them;il 
exp?n;ioii coeffi~3enr perpendiciiia; to the axis 1) also increases wiih T, ah l i e  
ci and nz deciozse wiih T as  the transiiinn is approached from below. 
T b z d o r e  yl and. y 2  have negative signs while y3 has positive sign. (Here it 
must agr;iv? be pointed o a t  the t  ihe two p e r p e r d k c k r  axis 1 end 3 in the n-c 
p l m e  used in ?be :heirnnP expansion studies and elastic studies d o  not exactly 
coinzide. Still the correct sipns for y ,  can be knowr: from the trend of' curvrs 
in ~snes-n ' s"  work which, in  addiiion Xo the  three perpendiculnr directions, 
givrs the expansion coefficient along the c-axis which is :fie azis 3 chosex io 
elastic s:udies). 

The plo?s es in figure 7, while: giving an  estimate of the change of T, with 
uziad-1 strewes, are nor suitable for evalu3ting D T / B P  because ?he l ~ r t e r  is 
equal to  yl + ;.2 + YJ and is hence obtained a s  the  ditlcrcnce betneen two 
large qsintities. Thus  with correct signs for  ,,,, _ ~ ~ / ; i g p  comes cut as 
.- 1 - 3  il!-"C/b2r with an e x o r  of a b o ~ ~ t  5 2  x '(-/bar. Therefore no 

reliahie es'ima:c o r  D T / D P  can be mads from the valuer of y ,  in the presmt 
c s e .  ?*4:>?e accxxrate va?urs of  Sif Very close to  T, wijl be needed for a reelis- 
t i c  ccxparison with the  experim:nral detcrminition o f  DT/:~DB. The va!ue 
DT:~BP-  30.3 as  given by Janovec is high by an  order of magnitude compared 
t o  :he experinrental valoes of 2 6 and 1.6 1[ x 1 0 ' ~  O ~ j b i l r l  and  the error arises 
from c!le vJrQflg signs of;.i. [it must also be pointed out  that there is a slip 

3 
in .!zno,;ds pio~k. He putg yi .- - DT/BX, a n d  s:ill L)T/DP= - Z 

i -1  
instsad of DT/DP = B ?,). 



Sozwo~ Nrrwre  

Sodium Nirriic bclonps lo the  space group Im hm at  room temperature. 

T L ~  phase transforms to cefitra-symmeiric space groiip immm a t  about  
153°~. Vdrious physical properties such as  dielectric, thermal, optical arid 

poperties. have been extensi\'ciy storiicd by the Japanese workers. 

 he X-ray studirs2"jl:si above Cwie iemperature showed m a c n m a ~ o ~ ~ s  
temperature deperideme of lottice conslan:s. i t  was therefore concluded 
.&at a ph:isz iiiterruediate between the ferroelectric an& paraelectric phases 
should exist. This was XaLer confirmed by the specific heat mcasuremen?sl" 17* 

of electrical properties a s  a function of temperature and pressure3' and 
X-ray studies"'. Oii Clie bssi:; of X-ray lntensilies it is concluded that the 

intermediate phase is nniiferroe?eciric witti a rinusoidal modulation of the 
moment, unlike &be usual antiparailel rncduIation The transition a t  1 6 3 ~ ~  
corresponds to the transiiion from ferroelcctric to autifermeleciric phase 
while the tzmsition s t  1 6 4 ~ ~  occurs from sinusoidal to the usual paraelectric 
phase. 

Coinsjdering 5rst the  transi:ion a t  1 6 3 ' ~  between the  fbrroelectrjc and 
antiferroelectric phases, the  observation of a doubled hysteresis loop in the  
dielectric measu re rnen~s~~ ,  volume discontinuityH at the  transition and the 
obssrvzrion of latent heats4 leave no doubt that the transition is of ?he Bret 
order. Of course irrespective of the  order of transition, correlatioos betwcea 
5,. ,8 and kr- san  be carried out  usiug the Pippard scheme. 

'The thermal expansion data  o f  Mzrnyama and ~ a w a d a ~ '  are of high 
resolution and cover the  region T,- T S  2' in detail. Therefore i t  is possibie 
to check equation 6 connecting e7, and a; and erblain the  variation of Tc with 
uniaxial stresses. The spzcific hcats below T, are  taken from tho work of  
Sakbyana and co-workers" and nRe CD vs oi  plods are given in  figure 3. T h e  
crystal axes used are  those of Maruyama and  ~ a w a d e a ~ ?  There is reasonable 
linearity close t o  Il;. and it is ohtaincd that y ,  - + 3.4 nadeg/bar; yz -- + 4 0 
mdeg/bar; y ,  - - 2.0 mdeg/bar. The individual values of y ,  have not been 
&terminad expzrimantally but  D T / D ~ '  has been measured as 4 9 x W 3   bar 
by Gesi and co-workers3' i n  their high pressure studies upto I0 k bar. These 
authors have also estimated DT/DB-  5.0 x 1 0 - ' ~ ~ / b a r  from :be CBausius - 
Clapcyron equation. The present value of Dl"/DP( - ?:yi) is 5.4 X 'c/  
bar. Considering the  error about 107; in ~ , ' s  this value is not in disagreenzent 
with the experiniental results. 

The measurements of elastic constants has not been done to a high enough 
resolution. Nevertheless using the results of Hamano and c o - w ~ r b e r s ~ ~ ,  Curves 
have been drawn to check equations 10 .- 12. The values of Y (?I - + 1-8 
rdeg/bar  ; y 2  - 2.1 mdeg/bar ; y3 -- - 2 mdeg/$as) arc less reliable than the 
W l i c s  ~ivera above f ~ o m  the high resolution thermal cnpansioe data. 





P~TL%:::uM D r c v n a o ~ m  P i ~ s ? ~ . b . ~ i :  

'1'116 roam temperature par:ielrcl;ic phase o f  pot;;~,silim dihydro:yet~ 

?boiphcie belong.; lo lhe  ?elragoral systelrr with space ggrc,i?p 474dZ. Tliis 
trans:',>rrns at  1?3'1~. in to  rerrorlectric phass with orkhorbombic symmeiiy, 
space group Fd~i  2. - phe hml cajinciiits of 6 D P, dd-uleraied K D P a n d  pora%si~.nrn dihydrogen 
arnenare w-cre measured over a wide range of temperatux by  Bar~tle '~. Zaicker 
a"l:i ~ci l - r rer~ ' ,  Stephenson a d  ~ - ~ o a l e y ' ~  and Mcodc?ssehn and l\/Lendclsso:~r,~' 
detcrin:i?cd the %pacific heat o f  K D  P and found ovcrail agreement amoT>g 
lhcir  values. Usinq these specific heat dat:~, GrindIay" showed that the specif ic 
herit', oT ii D P a d  K C  '4 show a Yogarirhn~ic singularity a1 thc Curie point. 

Arx a n d  ~ a c t l e "  have mezisured the expansivity close to T, and find t h a t  
alone one of the  oithorbornbic axes Y;, which is rotated through 4S0 reiarilie 
to the origin11 XI axis o r  :he teLr.lgona1 system, ihcre is a sharp cantractirrn 
ciose to the trzosition. The behaviour of the thermal  expawivity along the 
eihcr two axes of  L l x  o r thorhoxbic  system i n  the Ferroelectric phase has not 
bczn spxificdi:y ment ioned.  The cueficients of thesrnal expansiou from 
their observztio:is plotted against C, vaiuas taken from dine work of Stcphens::ii 
and l-holey are sbowt~  iru figiars: 4. The linzar fir gives y l  - - 1.43 x 
de;/tnr which gives a n  e s t l m l l z  of the chail:t: of Curie p a n t  with uniaxial 
sa-ess d o n g  the X :  direction. Since the bcbavionr of thermal expansion a long  
the other two  orlhorhombic axes has  not been studied Io  such detailz' i3 is not  
pussib!e to prad~ct  quantitstivelg the effect  of liydrortatic pressure ol? the 
Curie point of K 3  P. Qunlitafivcly a dccreasa of ;P, with increnve o f  pressure 
G L E ~  be predicted. At pres-nt there is no experimental observation on' L)T]DP. 

BARIUS~' TITANATE AND LEAD TITANATB 

The m o m  temperature polar phase of bar ium titanate balonps to the 
tetrzgonal system, spnce gronp P 4  mm. Above the Curie point {I~O'CJ the 
syrametry oo  non-polar phase is cubic, space group P m 3 m. The ferro- 
electric to paraelectric phase transitions o f  the BsTiO, group of substances 
of the firs: order and therefore @lausins-Clapcyron eqiaa~ion can be dlrect3~ 
applied to obtain the value of DT/,GP. hA!I ttle sam2 the specific belt end 
thermal expansicn show rather large values a s  Tc is approached a a d  t h e r e f m  
it is of interest t o  discuss briefly C, and /: in the  Pippard scheme. 



Tias plot of nzal crpacky C9 as a function of l i n m r  thermal expansion cocidicimi dong 
ooeorthr. crystaiiographic ex:* o f  the  orthorhornbic phase for KA,POa. Values o f  3;-T 

in  "G carrespording to va-rio'us pijints arc  show.^. T1.e slope i s  negative. 

There have he-n many studies on the propertics of barium i i i l ra te ,  l e d  
tltnnaie, strontiun: t i tarrstr  and their mixiures in order to undzrstand the 
n-iec'naoiirn of ferroe'ecrricity in peruvskines'2. Sivce impurities a&xl the 
pheucruena very near  a;, if  appears best to restrjct the discusrioli to pure 
~n~atsrials. 

The cl, versus p plot of BaTi03 was amde using the specifis heat and 
ther~:ai expamioil coeificjent "values Shirane and ~ a k e d a ~ '  nlensured on  the 
Eami s;..mple. The Curie temperature Is found to decrease with prC5SWo 

(Fig. 5) which Is io agreemeur with the exparirner:tsl result. The asymptotic 
s l o p s  a7.P' the plot gives DT/DP equal to - 5.8'c/k$ar. The x~sloe obtaintd2 
From 3 ~ ~ i s . i l i e  Cknsius-Clapqron cquntion, in which the heat of r~aositioa is 
c & X % ~ S ~  from thc sprci6c heat data, is -. 6 7 ' ~  jkbar. ~h~ use of' directly 
measured value of latent heat will be desirable. 

The exparimenial value of DTIDp for BaTiQ3 has b~~~ determined by 
s.iwx*i \ ' K X ~ S C S  from dielectric behaviour at  high pressures. It is in ipr tan t  



FIG. 5 
The plot of heat capacity Cn a r  a function of  volume expansion co:Bcient B far BaTiOa. 

Values of T,-Tcorrespormding t o  vatious points in the plot are indicated. 
The slope IS negative 

that only the initial slope is taken because DT/DP changes sign a t  about 
3.5 kb~r* ' '~~ .  The experimental values, obtained from tbe initial sIoue 
are -- 5 . ~ ' ~ ! k b a r ~ ~ ,  - 4 3°C!/kbar44 and - 6.3"c/kbar4'. Recently ~ a m a r a ~ % a s  
obtaincd a range of values from- 4.6 ,to - 5.9'6)kbar for different samples. 
The large scatter in the experimental values is due to  the dependence of D V D P  
principally on sample purity and to a lesser extent oo domain structure. In 
view of these variations, the value - §.$O~/kl?ar obtained from the Pippard 
relation should be considered satisfactory. 

The C, versus p plot of lead titanata (J?ig. 6) is obtained using the 
Same sample od PbTi03 by Shirane and 'Takeda4'. A value of DT/DP equal 
to - 3x l w 3  ' ~ l k b a r  is predicted. At present there is no experimental measure- 
ment of this quantity in lead titanate. 

The Pippard method of correlating the thermal data of ferroelectric 
eubstmces near the transition temperature is applicable irrespective of the 
order or the nature of the transition involved. The Ehrenfest relations turn 



Pw. 6 
f he plot sf trrat c+??clfp C'i as a function or volume expaasion coelficienl 5 for DbTiOs. 

Values of T- TG c c ; r s r p o n d i ~ ~  : o  various points in rile plot ~ ~ d i c a t r d .  The siopc is negawe. 

a-!t :, :: ip:-i.;! m;as of this general scheme, and  of' course Tor A - type 
ti.ar.c;:ion only i : ~  pieh-nr method applies. Moreover, ?he Pippasd relalions 
refer uo s single phase and this is an advantage in discussing the experimental 
remits. 

Accarote thermal and compressibility data near f ;  are available for only 
a few ferrsclectric substances ond therefore I t  is not possible to carry out any 
dztaiidd coirelalion among the thermodynamic quantiiies. Furthermore, the 
r..:;" - -. .-*,. rm..7.. > , ....-.. , . - : . L . ~ L ~  here a re  for the polar phase occunring betow TC, becaw 

azciliate h c r m a i  expznsion data for the phase above Tc are not availabk. If 
is  well known that if the data in the phase above and below T, are used for 
obtaining these plots, the asymptotic slope and hence DT/DP can be estimated 
to  a kfigb degree of accuracy.' I t  Is, however, abuirdantly =leaf from 
a, ,.,-: .. .:r;i, cited here !h:ii :he Pippard relations are borne a t  the ferroelectiic 
Lmrisirions. The ~ 2 l u e s  of the rate of change of curie point pressma 
r%,:im.ted from the Pippard reloPiom agree fairly wedl the dirzct!~ 
measurcd .i:dac~. 



In case or" barium titanale, data on  the samples of different purity support 
the contention that  the purity of the sample is of vital importance in deter- 
mining the shape and slcgularity of the thermodynamic properties a t  the 
rraasiiion. For instance, the values of DT/DP on  the samples of different 
purity'g range From - 4.6 to  - 5.9DC/kbzr. Data on  tl!e purity and %herma1 
history of the szlrmpks eIXlpl0yed in the present correlations have not always 
been quottd in  the  original publicnbions. I t  is most desirable that all the 
thermal and elastic properties as well as DT/DP be measured on  the same 
sample; and i s  order to determine the esects  of impurities, for the same 
substance o n  the samples of d S e r e n t  impurity. At present such data are 

lacking in ferroelectric materials. 

The available specific heat data on the  ferroelrctric substances arc: o n  the 
whole more abundant and accurate That /3 or k ,  data. This brings out the 
dire need of detailed studies on  these physical psoperifes on a large number of 
ferroeiectric substances. A programme of work along these liner is being 
initiated here with the financial essistance of CSIR. 

Tine authors thank Professor R. S. Krishnan and Prof. PP. S. Narayanan 
for their interest and encouragement, and the CSIR for financial help. 
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NOTE ADDED IN PXOOF 

Very recently Cock" has  carried out  thermal expansion measurements 

in RH2 P 4  crystals both above and below c. He bas reported expansivitg 

curves alone the ortborornbic $e-axis and as average of the other crihorhombic 

axes as and b'. Plolriag the  volums expansion corfficient ,3 calculated From 
Cook's data against the  specific heat data of Stephenson and ~ o o l e ~ ~ '  

css already repor:ed) we h a w  obtainred the value of DT,/DP as - 4 8 m. deg/ 

bar. Very recmtly, frcsh expcrlmental measurements on the e f k c t  of 
hydrosiaiic pressure on the Curie temperature of KH2P04 by Kiegenbarlh and 

XJllwer6 show the  value of DT,.DP ns -5.7 x I Q - ~  and - 5.5 x deg/bsr, 
using three &Rerent specimens. Umcbayshi" et 01.. have reporred a vaiiae of 

- 4.52 , ~ . ~ b " ~ / k . t a r .  for DT;/DP l u  the Light of such varied values for 
DT,/DP, the valuc obtained through Pippard scticme must be considered 

satisf:u5xy. 
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b. E. Eogcnbarth and 5. Uliwer, Cryogenics, 1967, 7, 306. 
c. H. Wrnobayshi. El. C. Prdzer and O., Shiranc, Solid State Comrnuns. 1967, 5, 591 


