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ANOMALOUS TEMPERATUREDEPENDENCEOFTHE THERMO-POWER
IN THE HIGH PRESSUREPHASEOFCERIUM
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Thethermo-electricbehaviourof Cerium in theregionlying belowandabove
the critical point for the ‘y—a transitionis reported.The anomaloustemperature
dependenceandthecontinuousdecreaseof thethermo-electricpowerwith
pressurein the aphaseare correlatedwith themodelsdevelopedby Blandin
et al. andHirst.

THEREhasbeena considerableinterestin thehigh 16
pressurebehaviourof Cerium andother4f substances17
like therare-earthmonochalcogenides.The highpressure
phaseof Ce andSmSpossesssuchinterestingproperties 2

asfractionalvalence,exchangeenhancedsusceptibility6’7
etc.This behaviourhasbeenattributedto theproximity
of the4f virtual boundstateto theFermilevel.2’4 8

‘~. ZOKb~
Among the transportpropertiesonly the resistivity 2

1 4
22~~b~

behaviourof Ceriumhasbeenstudiedat highpressures.
In this note we reportsomenew dataonthe thermo-
electricbehaviourof Cerium at hightemperaturesand ______

highpressures.The importantfmdingsof this study
are (1) asignificantvariationin themagnitudeof the hE~ ~ T(C)

thermo-powerin the low pressureregionof theaphase
and(2) a drasticdecreasein the rateof variationof

FIG. 1. Thermo-powervs temperaturedata
thermo-powerwith temperatureathigherpressures. at different pressures.
Our resultssupporttheview that in the low pressure
regionof a—Ce,the 4f virtual boundstateis just above
the Fermilevel (‘-~kT) andmovesfurtherapartat Figure 1 presentsa set of isobariccurvesshowing
higherpressures. thea—~yphasetransitionas studiedthroughthermo-

electricpower.The temperaturecoefficientof thermo-
Earlierwe havereported

8on thevariationof powerispositive in theaphaseandchangessignin the
thermo-powerof 7—Cewithpressurein thetempera- 7 phase.The continuousphasetransformationabove
turerange 10—100°Cusinga teflon thermo-powercell thecritical point is reflectedin the generalbroadening
developedin our laboratory.9In thepresentinvesti- of thecurve,ascanbe seenin the isobarsabove18 kbar
gationwe havescannedthe y—a phasetransitionin pressure.
theregionbothbelowandabovethe critical point.
Theseresultswereobtainedusinga hightemperature Themostinterestingfeatureof theseisobaric
andhighpressurethermo-powercell, thedetailsof curvesis the dramaticincreasein the thermo-power
whichwill be describedelsewhere.’° with temperaturein theaphase.The isobarat 10 kbar
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16 ioo°c measurementsat highpressures,6absenceof super-

conductivity in thea—Ce’2etc. suggestthat the4f
~2OO°C level in a—Ceis locatedjustabovethe Fermi level at

6 2 lower pressuresandmovesfurther apartat higher

/ \ 300°c pressures.In theHirst’s model,4the 4f virtual bound
/ stategets “locked up” with theFermi level overa

~o°c finite pressureregionandsucha thermodynamicstate
.~ 8 / .. ~ ‘.~•. possessesratherunusualproperties.Since the exci-

~‘ \ “~‘.. tationenergyfor the configurationalcross-overfrom
“SO 4f’ to 4f°is zero (whenthevirtual boundstateis

4 \ ~. lockedto the Fermilevel), the individual ionsundergo
\ \~ rapid interconfigurationfluctuationsby emissionand

absorptionof conductionelectronswith a fluctuation
• rateof orders/h, i~being thewidth of the 4f virtual

bound state.Furtherfor temperatureskT< ~
0 8 16 24 ~ lO_2 eV), the ionic configurationis fairly well

PRESSURE(Kbar) definedwhereasat highertemperaturesviz. kT> ~,

the systemshouldbe describedby a weightedaverage
FIG. 2. Isotherm:of thethhermo~Power of the two configurations.It is importantto note that

the delocalizationof nearlyoneelectronpercerium

ion shouldcausea dramaticincreasein the Fermi
pressure,in particular,showsthatovera smalltem- energy.The differentisothermsof the occupancyof
peraturerangeof 25°C, thethermo-power(Q) in- the 4f statein the aphaseasa function of the para-
creasesfrom nearly+2pV/°Cto + lOiV/°Ci.e. meter(E

4f—EF) givenby Blandineta!.
2 showsthat

dQ/dTis nearly+0.35pV/°C.2Onecanexpectthat thereis a considerableexcitationof theconduction
the isobarscorrespondingto pressureslower than electronsto the4f st:tc(lying justabovethe Fermi
10 kbarand transitiontemperatureslower than 0°C level)at high temperatures.
will be characterizedby a much steeperincreaseof
thermo-powerwith temperature.It is interestingthat The anomaloustemperaturedependenceof the
this rateof increasedecreasesmarkedlyat higher thermo-powerin the low pressureregionof the
pressures.Forexample,dQ/dTat 20 kbarpressureis a-phasecanbe qualitatively understoodonthe basis
nearly+0.O3pVfr°C,2which is about 10 timessmaller that boththevariationof the conductionelectron
than thatat 10kbarpressure. densityand theenergydependenceof the relaxation

time are important.The existenceof a resonantstate
Figure2 presentsthethermo-powervspressure justabovetheFermilevel causesthe scatteringcross-

isothermsconstructedout of the datain Fig. 1. It can sectionto vary markedlywith temperature.When
be seenfrom thediagramthat themagnitudeof the E

4f— EF is of theorderof kT, the4f level charac-
anomalyassociatedwith the ‘y—a transitiondecreases terizedby ahighdensityof states,providesthealter.
asthetemperatureis raised,which is quitesimilar to native statesfor scatteringfor thecurrentcarrying
the resistivitybehaviour.Theisothermsat 100 and conductionelectrons.The scatteringcross-section
200°Cexhibita nearverticaldropat pressurescorre- thus increasesrapidly with temperatureandthis leads
spondmgto thefirst_order‘v—a phasetransition.How- to [dr(E)/dE]EF becomingstronglynegativeat higher
everthe isothermat 300°Chasa smoothbehaviour temperatures.Thus thecontributionof this factor to
characteristicof the continuousphasetransformation the thermo-poweris positive.Thedecreasein the con-
abovethecritical point. duction electrondensityowing to the partialexcitation

into 4f stateshas theeffectof enhancingthemagni-
Thefollowing discussionis basedon the theoretical tude of the thermo-power.This is becausethe thermo-

modeldevelopedby Blandin eral.
2 andHirst4 for poweris inverselyrelatedto thenumberdensityof

a—Ce.Experimentalevidencesuchasthe Hall effect mobile electrons.The electronsin the 4f statehave
measurementson ‘yanda—Ce,1’magneticsusceptibility muchlowermobility andmay be expectednotto
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contributedirectly to theelectrondiffusion process. temperature.The energydependenceof the relaxation
Thedecreasein the rateof variationof thermo-power timewould alsobeweakerwhenthe resonantstate
with temperatureat higherpressuresfinds a simple liessignificantly abovethe Fermienergy.It would be
explanation.In this pressureregion,the•4fstatehas of greatinterestto studythe thermoelectricproperties
movedsufficiently awayfrom theFermilevel.Then of thehighpressurephaseof SmSwhich is alsoex-
the conductionelectrondensityvarieslittle with pectedto showa similarbehaviour.
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Le comportementthermoélectriquedu ceriumdan:la regioninférieureet
supérieureau pointcritiquepourla transitionde‘v—a est donne.La
dépendancetemperatureanomalet l’abaissementcontinude la puissance
thermoélectriqueaveclapressiondanslaphaseacorrespondentaux
modèlesdevelopéesparBlandinet al. et Hirst.


