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l. IlSroaluetlon

Cerlun, the rar€-certh clencnt after lanthalnr t

rrllblta renarkablc hl glr preeeure behavl our and has beetr

thr cubJect of numeroua expexlnental and theoretloal

laveatlgatlons. the naln lnterest ln this gubstance 1l

oentered roundl the ples8ursd-lnalue€d 1-c phase tlanEltlon

ocourlng near 7 kbar presoure at room t enperature. It 1s

lntereatlng that a,[ong thr clcnentsr the phase dlagran of

cerlun hae many unl quc feetureg euau asata otlcl-e olltl phaso

bountlary endlng up 1n a critical polnt ancl the neltlng

curve erhlbiting a mlnlmuo rlth respeot to preeeure. Ia

leoent yeara there hae beea a grovdng lntereet ln tbc

behavlour of c-cerlun vhlch poecettes auch lntcreetlng

featurel at the fractl oaal Yalcaoc, €robangc cahanc ed

cueceptlbl l . l ty' cte.

It ls nov ucll uadergtood that thoEe lnterclt lng

hlgh grcasure propertlec of cerLum arls€a duc to the

' prorlnlty ol e 4f vlrtual bouad state to the lernl level.

The appllcatlon of pressure eeaentlally aertes to vorf the
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rclatlve rtrcatl oD bctveen t'hc locallzetl 4f gtateg and

the tcrri level . lhe regoaance scatterlDg of eonductloB

clectrolr by the 4f etates lylng cloee to the Felul leve1

la que] r tatlvcly dlflerent from cay the lil or 5il lcoona.uce.

lhl.r 1. lccauec the vlilth of thc 4l vlrtual bould gtatc

l. rxtrcoLy anall oonpared wlth even the thernal eprcad

lrar thc Fe:rol 1eve1.

In thle chapter we precent new experlnental

regultg on thc the:uo-electric porrer anal :ccslEtlylty

b ehavl our of cerlum at hlgh presaurec. Ih€ reason fo!

ohooBlng themo-power ea a probe hao been cllscusgcal Ltt

the prevlous chapter. lbe study of resletlvlty hac

been noetly oonflnetl to the reglon abovc the critical

polnt vherc the 1-c phas€ transitl on ld contlluous.

llho erperinental rccults reported 1D tble chaptcr y€ra

obtalned uslag the techniques tlcaorlbed ln the lart

ahaptor, vlz., the teflon-cell technlgue, the fltgh

tenperature trlgh precsure therro-power oeLl end tbr

eutonatlc recordlng system, llhemo-power hs8 becB

neasured 1n the tonperaturc range 10o-{0OoC a,nci up to

JO kbar plelsurc. lbe tenperature varlatlon of thE

rceletivlty ln the 1 antl c phases ls aleo reported. lhe

aeu neasurementa on the reslgtivlty lncluile tbe aturly of

rarllta.Doc yerrus prcasure lsotheru at 275c4.
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. lfhe lEp olt a.nt rerultt that hav. onsrged out ol

thc atutty of tbe the::no-pover ve,rlatl on rlth preesurc

are briefly gcarlzcal.

(1) llhe abgolutc th.rrFl,otcr otr o.tlur va,rlcr

rarrleilly vlth pressulc ln the 1-phaee tcglolx iiblcb 18

ln shrrp contlast wlth the resletlvity behavlour ln tha

aalc reglolt.

(ff) fue 1-c phaee tranelt lon nanlfest! l tccll

ra a aharp deoreage ln the nagaltuale of the therto-

cleotl lo poner.

(fU) .tt roon tenpcraturo, thc thcnoo-PotG! of

et-ocrhu ileoreageo contlnuously wlth prsasure leedlng

to e ohange of slgn at hlgher preaaures.

(fv; The tenperature vaelatlon of the themo-

power ehowa e renarkable behavl our ln the c-phaer. In

the lov pres8ure reglon of the clhaoe, tbe theruo-povcr

rlsee sharply fron aegatlve va-lues to lacge poaltlvc

yaluea, oyer a narrov tenperaturc range. hrrthe r thll

rete of increaae of themo-power with tenperatura

tlecteaaeg wlth increaec of presaure 1a the e-phaae rcglott.

ocrlum

polnt.

The naia rcgult of our reslstlvity stualles oa

IE oolrcelned yith ltg behavl out above the orltlcal

Itbe reeistlvlty vereus preasure Lsothelo €rhlb1ta
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e broed r. E- |! tha vl rtual bcld rtatc rovcr

ooltl nEcdy ltc Dcloy to absve the Feral lcvcl. thls

vcrlfler the earl-:ler pred.:lctlon of Blandllr et al (1965)

legartllDg the reslctlvlty behavi our ab ovc the crltical

po ln t .

An attenpt haa been matle to crpJ-aln theee

.rperlnental resultg on the baels of the Ftlcdel-Anrlereoa

Eodet (lr l€dcl, 19551 Analerson, 1951) and Hlrgtrr

developmeat of this noilel (Hlrat, 1nO). [he the:rno-

pow€r varlatl on ltr thc 1-phaoe wlth prerrure can be quall-

tatlvely erplained olr the beals of the vlrtual bound statc

alescrlptlon approprlate to cerlun. llhc contlnuour

deorease la tbc themo-porer wlth prGasure and itg

Sonaloug tempcrature behavlour ln the c-phaee can bc

corrclatecl with tb.e fraotl onal valence noclel of c-oellur.

llhe reslgtlvlty behavlour also flnds a elnp1e explanatloa.

2. &perlnental SLtuatloa - A Brlef SurveJr

Brlctgnan (1927, 1951 ) f lx8t reported the lorlstanoc

dlscontlnulty la(lloative of phaoe transfornatlon in cerlua

acar 7 kb ar preaaure at ro oB t emperatule. frater lawgon

ennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnal faag (1949) fron thelr hlgb preesure X-ray diffraatiou

vork ectabllrhetl that thle phaee transfo:eroatloa luvolveg

orly e deorease 1a the lattlce paraneter ulthout erly changc
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ln ayretry. lt ror t-Pelaturc and atnoepherlo

Dresaure ' c elliL lrr the fC ccatercd cublc Etructulc

(f-plerc) vlt\ a lattlee panreter ot 5'16 i ",na f'

pra.ragntic. lfter the phaae tre.nsf o.reti on ' thc

rtnlcture 1r stlIl t.c.c. (c-phaoe) but vitb e 'lecrcue'l

Lttice parar.ter of 4.85 i. Eurther the c-pharo 1r

roD-r.{F.t1c. Scbuch and Stulalvant (1950) obaerveil

tha aIG transfomatloa at atmoEpherlo plesaure wheD Y-ccrlur

la coolctl belov 10OoK. Zaoherlaoen (quoted by Lavaon

aDal farg' 1949) ard ln(lopcnilently Paullng (quoted by Sohucb

eatl Sturtllvant' 1950) cuggeeted tbat the lgo-Etruotural

1-c translt lon lnvolvog the 4f-5d electron Pronotlon' |Ibc

tleLoaalizatloa of 4f electrons tlestroya the nagnetlc

nonent o! the lou corea ln the c-3haee aatl this has b€ca

Gonflnneal fron tbe neuttou dlffractlon stualles of

lf l lklnaon et a1 (1961). EalI cffect neasureEent B o!

tba y and c pbasec (Gschnelatner anal Soluchowsklr 1963)

rupport the vlew that tberc lc a deflnlte obange ln tb€

valency accompanylng the transltlon. llhe valences of I

ancl a-Ce have beca estlnated (Geohneltlaer, 1954) fron

Ea11 effect stualles to bc 5.05 ana ,.67 resp€ctlvely'

Beeoroft aad Swengon (196C) lron thelr lcasurr-

n€nts of the latt lc€ palaDeter decrease at dlfferent

tenperaturee Eade the renarkable precllctlou that tbe
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ill.ccoutltr volc ch.*e !'r tlc 1-c treasl'ti on ehoultl

tlleappce.r E 20 bar prcurc eil 6fO'I' tqlretoYskll

(195e) fo-''a tbat at P = 18 b.r eld I = 55t'1, the hcat

ot tlElitlon vanlshcal. Jryararen (1965) trc h1a rtuclles

oD the r..l.tlvlty variatl oa vith pr.arule at Yarl4f

terpcraturec eetebllshett that I orltical Polnt erlstE tor

the 1-c tra,neltlon at about 550otr and 17.5 kbar preature'

llhe pbase dlagra.n of cerlun ls pletcnted ln

Flgure 1. lhe b ounil ary between f to a-CG was 'lollneated

by Jayataoan (1965) uslng the registancc tllsooatlnultJr

nethod. Figure 2 presents the reslstanca veraua pleaaur€

lssther:na for oerlun taken fron the work of Jayaranan

(1965). llhese curYet indlcato that the nagnltual€ of

the reelstatce ilrop progresslvely dlnlnleh with tenperature.

lhc le othe:en for 598oK iloee not lbov arry dlBcontlnuout

reslsta,nce drop, and tbe reslgtanoe of the sa,nple varleg

Enoothly Ylth plessure.

fhe nain features

oan be briefly Eumarl zecl

the phaEc dlagra,n (flgure 1)

fo1lowg. llong the elernentg

the phase dlagram of cerium le perhape unlque ln tbat e

soliat-eoIlal phase boundary te::ulnatee at a crltlca1 polnt'

It 1g to be aotcal tbat a erltlcal- poht aan erlet oaly

for phaeea betveen vhl oh the tllffcrence 1g of a purely

quantltatlve nature ancl rhloh Ao not tllffsr ln lnternal

of

as
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ltr.tqtT (Ledlau aDd lrlf.hitz, 1958). Above th€

erltlcal poiDt' the 1-c Dbrt tlansltl on le contlnuous

lavolving a progressive ill.nnl.tl oD lD the atalc volune.

lccorcllng to Blandln et al (1955) tlcre &ouJ.d erlat

o''other llne ln the pharc tllagra,n above thc critlcal

polnt representlng a aeoonal order transltloD froD the

noa-nagnetlc (c-phase) to the nagnetic cerlun netd

(1-phaee) .

llhe fueion curvc mlnlnum ln cerlum ne ar ,O kber

pressure Ie another lnteresting feature ol the pbaec

tllagrao. It nay be notetl that the 1 to c-Ce bounclary

rhen ertrapolatetl lntercectg the neltlng ourve at the

llnlnum. fhe applioatlon of the Clauglue-CJ.apycron

€quatlon to the fuglon ourve nlnloum lndloatee a raplil

lacreage ln the tlenelty of the nelghbourlag solld. lhc

leglon of f.c.c.-Ce borderlng the 1lquld l les in the gbaee

dlagran above the otltieal polnt for the 1-c transltloa.

In the reglon 1ylng oloae to tho ertrapolated T to c-Ce phaec

bountlaey, there wlll be a raplil varlatlotl in the tlenslty
'ulth pressure clue to the oontlnuous phase transfomatlon.

llbug the fuel on curve nlnlnum rea1Iy correepoada to the

aupercrit lcal behavlour of f.c.c. ce!1u4.

Iagnetlc Studles on Cerlur at Eigb Pressurea3

lhe 1-c traaeltl oa oorre sp ontli ng to the nagnetlc

f.a.o. to the non-ragnetlc f.c.c. etructure can be probeil
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us 1!g rocfetlc s[rcaptlbuitt raaurclt! r8 a too1.

Epcrlrental r y tbe roaaurcDat! of the P.ltDtncti o

rurceptlblllty at hlgh pressureg lt ilifflcnlt iluc to the

large dtlanagaetl o contrlbution of the rpeoben o'il the

apeclnen holder. Eowcvor, u81ng specla1- techldguaa

(WohlLeben, 1958), IacPherson et aI (1971 ) have rerlc

ncaaurgmonts of thc nagnetlc eueooptlblllty of cerlur at

hlgh lressuros. llbeec erperlaents have tbrown lore

llgbt oD the unueual propertles of the 4-phase and vc

brlefly guonallz e the experlnontal recults. Ehe Y-phata

yhlch lE chalacterlred by a loea1lled nonent elhlblts tb.

rell-kaown curlc behavl our wltb temperature. lhe legaotlo

aueceptlbl l l ty of 1-Ce decreates wlth proasur. ln the

pre-transltl oa reglon andl the 1-e teansfo:oatlon nanlfestr

rc a alraetlc ilrop ln the nagaltucle of the susceptlblllty.

lhc clfect of preeeure ls agala consltlerable in thc a-

phase an<l the aueoeptlblllty deereasee by ncarty 20t6.

between 8 and 18 kbar, llnearl-y wlth preasure. llhc lagnetlo

eusceptlblllty 1€ nearly temperature lncleperdent la tbe

c-phare suggestlng that a-Ce 1s baclcally a Paull para-

ragpet, 1.e., there lc no locallzetl nagnetlc monent la thc

c-pbeae. Horever 1n the a-phase there 1o a rtrong local

.rchange enhancenent of the susceptlbl11ty. Itllng tho

avallable €leotronic speolfio hcat ilata' Iecphera on et el

(1971) lounil fc the un-reaonrllzetl crchauge etrhancemeat'
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r Ydue of tbc or{cr ot 8. Ihla clchangc enhanc uent

ard the D)'a! lulceptlblllty ltself are Yery large and

rre oal-y ccparablc wlth Palladlun iu the perlodlc table.

'Fr'lt 1r ccgetlble nlth the ablcnce of auperconaluetlYlty

la t&e c pbase (Sntth, 1965). Eor.ver aupercon(luctlvltJr

hra been observed (Ultttg' 1958) ln a hlgh presaure pbarc

- rt Preasurea hlgher than 50 kbar. llhe stluctur€ of the

snpercon<luctlng high 9leasure phale known ea the cr-phaeo

ia etl1L aot vcll egtabllehed. fraaceschl aad Oloorc

(1969) reporteal that tbe struoture of ar-phase 1a agalr

.  f .c .o . r  v l th  a  la t t loe paraneter  o f  4 .56 i .  Eorevct

lotlalr, (19?o) founcl that 1bt qr-phaBe 18 not f.c.c., but

e tt lstorted h.c.P. gtructure. Settlng apart the oontro-

vcrrt on thc gtructure of ar-phase, one oould et1II dealuoo

that near 5O kbar preseurer cerlurn behavee a truly four

valent netal and that the 4f Level ig rufflclently fa'r

fro.n the Ferrl leveI . Ratto et a1 (1969) have oonaltlereil

t h c o r e t 1 c a 1 1 y , t h e 1 n f 1 u e n c e o f t h e 4 f c h a r a e t e r o n t h E �

crlgtence of euperoonduotlvlty and concludc that a etrong

1f charaoter (vhlob llhlbits auperconductlvf ty) perslatl

la the low preraure reglon of, the c-phase.

,. lheoretlcal Sltuatlou - A Brlef Survcy

5.1 . lrleclcl-ln<lcrgon llodelt

lhc conccpt of a rvlrtual bountl stator (Frledel,

1954), apart fron etplalnlng the anouaLoua electronlc



propcrttr d r11o5n, hrr pfeycd r rlSnlflcant rolc la

oor uaCcrrt.Ddl'ng of thc orlgln of thG | local1led rorclrta I

!a sora Lt.'l .. It ll vrll-bovlr thet ln r var!'cty of

cerca of ,at ttaDsltl on rcta]. bpurltlca 1a alrple ..tab '

thc raglctlc ausoeptlbltlty erblblta a Gurlc-llkc DeDrvlolr.

ftr g irlrlles that the lnpurltles poesess looallzcil r.tB.tlc

lcentg antt the baalc queatlon r6garallng tbe coDdlltlou

l'lal e! whleh guoh a nagnotlc state ls formEtl was flrgt

consldereal 1n a olageio papc! by Srlede1 (1955). ID ter^tlf

of the vlrtual bound stat€ ctescrlptloa of the energr lcrcl

of an topurlty aton nhlch lleg 1a the coniluetlon band of

the natrk, tbe guestlon of the exlstence of a nagnetlc

nonent reducee to on€ of flntll ng the oonclltloas unaler

rhl cb the viltual statee fo! 8p1a o ar. ttot cqulvalent

wlth those of spla -o. fhe ba6lc lnteractlon responeiblc

for breaklng the syenetly of the vlrtual bountl state wlth

r€tpect to epla polarlzatlon haa been poetulatci l  to be the

Iooal partlcle-partl cle o oulonb repulelon U betweea €lectrona

of oppoalte spla vheu on the lnpurlty elte. BasicalJ-yt

thls is the same lnteraotlon that nakeg the noeents a1lgn

parallel 1a an lsolatctl aton ln accordlance nlth Sundts

rule. Eowev€r, the nagnltucleg of the para'neters llke the

coulob repulalon onelg1r U, the wlclth of leaoaance A a^ail

the posltlon of the !€aoDance energier for up and al owa spla

polarlzatlons ia relatlon to tlhe FenI level, are the
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alccl.aLltl fectcrr rr3rrilil6 the lcrlbed rccnt

fcBtia- Dgnlcally, th. fonat:'on of tle .c.trt oan

b. vi l:ellrl es follca. Let the lr.lt a o!.rt5r Bd

co-crpolil!3 to uP or clovn epla polarlzatlon bc

.rt:icj,cutly belou the Fcnl level $. It 1r tbl c1e8!

tl8,t thc coulob lntereetloa ahlfte the r€soaaJlce ene lglr

. of q,potlte apln to 8d + U. If Ed + U ia located ebovc

the Fernl 1evel, then the aBoond el-ectron falls lnto th'

!.El sea leadiag to moment fomatlon. On the othsr

ha!d' 1f Ed + U 1g also locatetl below the lernl levcl

thea both the eleatrons of o1lposlte lplns w111 oocupy the

- lopurlty level resultlag ln the losg of monent. lnAerson

(1951 ) la hlg ola8slc paper hae clleouesed the problen of

Locallzed roagnetlc gtatee ln (letall anci algo gave the

oonallt l  one for the "ealLzation of a nagaetlo gtate. thc

' result8 of the AJ lerson notlel can aleo be dcrlved fron

aoatterlug foruallen. llhe <levelopnent of the tr'rledc1-

.Arderson moilel for locallged monenta anal l ts relatlon to

the Kontlo effect have been erocllently revleved by lleeger

(1969)  and Kondo (1969) .

lhc lrletlel-An(lcrson aodcl I althougb or1 gi nally
' i lcveloped 

to t leal with the dllute nagnetlc lnpurlt lee ln

alloysr cau aloo be applletl to the loeallzeal 4f steteg 1n

ocrlnr. Blan(l ln et a1 (1965) and Coqblla ancl Blandln (1968)

havc provldett thc Juatlfloatlon fot thJ.r by notlng that tb
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rlrtla.l' .xtent of thc 4l ehcll' lr rl ralJ.er tha! the

l.rttlce coratarct of cerlur. tle itlLct ovcrlap of 4l

clectrong on nelghbou:rlag atons 1g extrrrely rall ' fbe

ailnlxture of the conductlon a'nd locallrcd ltatcr badg to

a vltlth of thc Y1ltua1 bound statc of the order ol t0- 2 oV'

lhur the 4t gtates 1a cerlutn rcpresent typlcally thc care

of a.n lnpurltY.

,.2. Blanalit l '  Cogblln ancl Friedelrg Moalel for Cerlu' lr

Blenilln ct al (1955), ltl thelr voll-hw! paPCr'

ooagtdlorcd the stabfllty of the nagaetlc noueatc unaler

presoure ln rare earth netals. fhelr theory baaeil on

the tr'rledel-Anclergon nodel ooulil account for tbe naln

teatures of the 1-c phaee tralaition. thls flrst oralcr

phaso traroslt l on 18 oharacterlzed by alx abrupt varlatlon

ln the nagnetio noLcat and ln the aumber of locallgeal

eleotrong. lhe tlrlvlng force reepouslble for the phaec

tranelt lon 1n thla nodel is provldled by the eo oalletl

c oopreael oa-shlft !0eahan1gn. the effect of preesure lc

to lnorcase the vaLue of the Sernl energy relatlvo to the

Dotter of the oonductlon bancl. Eoverer the energr of the

bottor of tb6 conductlon band dcoreases Eore rapldly

vitb prcarure .o that the absolute valuc of thc Ielrl

Gae rgJr deoreareg. lhe eaerlgr of tbe 4f atater reoal us

lcarly thc sar. rlth preaeure. lhus the enelgy gap

E
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Drtncl the locrr r rcil tll ctatct elil tbc fcti enerlnr

ilccleasea n{cr grceaurc. l,t a critical rrluo of thc

.Dret of '+f ltatc thcre Ls a alrqp lD thc der of

locallgetl eleetrons oorreapondlng to the 1-c flut ocller

translt lon. B1andln et a1 (1955) also noted that the

effect of tcnperature would bc gulte conslderablc ri.rn

kB ls of the order of the energy gap betncen the zll stato

a n < l t h e F e r n 1 1 e v e 1 . t h e s c a u t h o r s h a v e p r e t l 1 e t e t l t h a t �

above the orltlcal polnt, the phase translti on 18 oD€ of

acconil order cbaracterlzed by a oontlauoug appearancc of

a magnetlc nonent. Eperlnental oonflrnatloa of thlc

laterestlng precllctJ.on of a triorltlcal potnt wouLd throw

Eole llght oa tJxe aature of the phase traneltlon at hlgher

tenperaturer. Another pretllotlon of the the ory 1!

regardlrg the reslstivlty bebavlour ab ove Io. AB the

vlrtua.l bound statc noveE contlnously under pressure from

below to above the tr'ernl 1evel, one ehould erpeot a large

Dexlnun ln tbe resletlvlty yersus preasure graph. lhe

effeot of tenperature, as the authors have polnt€d out,

la hovever to reduce thls naxlnum.

,.1. Banlrez-3allcov Modlelr

lerlreg antl lalloov (1971) havc proporetl an altep

natlye rchenlln fcor the t-a pbr.e traraltlon. fD thl.

notlel the alrlylDg force lor the traloltl oD 1s asoumed to bc



thc CoAd relrlrlon b ctvc.r thr locail'red 4f electrons

od the cordactlon elcctronr lcrivd frc the 5.-5al be!d.

lcccatly llreclo et af (1971) hrvc crtedri tb. rrrrjs-

hU.cov tib olJr to lncluile the effectr aseoclat.a Yith tb

\rbrlillratlon of the 4f atatee rlth the conductlon bald.

icac anthors have also dcrlved thc lagaltuilea of the

Gl.ctronlc apeciflo heat, magnetlo lusceptlblllty a'ail

fractl onal valency of thc c phaac.

, .1 .  HLrst re  noaleL:

Elrgt (1970) haa nodlfled the 3rlcdol-Aadeuon

noitcl vlth partl oular enpbaelo on the naturc of the lntcr-

o onflguratl onal eloss-over fron 4rl to 4fo occurlng ln

ocrlu.q. He hae crltlrlzeal the Ranlrcr-lallcov thoory

oa the ground tbat the ilependence of thc elect:roalc energlca

la para,netrlzecl as a functl on of pressute lnstead of volume.

fhls ls u.ncatiafaetory in vlen of the fact that the phaae

transltion ls charaoterlzetl by a all scoatl Duoua pr€saure-

vo lume relatlon. Hlrstr6 thc ory foousseg attentloa on the

questlon of whether the erogs-over phenonenon occure alls-

contlnuously anal whcther a fractl onal-val enoe thernodynanJc

atate, 1n whlch the lndllvlcluaL 4f lone undergo rapid lnter-

confl guratl onal fluctuatlono, le gtable near the croas-over.

fhe conflguratlona.l ctoaa-oyer phenomenoa c orreepontls to

the rlf vlrtual bound state golng fron belov to above tbo



kol Icval. lf
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f)rl fa defld l the en.rgy neccrr8rJr

to r.ir .! lBter-c onfi gurati oD crcltat1c tt- 4fl to 4to,

tln la thc croge-o?er procela r[]] co." f!- Itosltlve to

rgatlrc valucs. I! the EI.rat'B thcory' tl;j bclrvcr
-:i
= rre-ai qu!}3r at tbe e1'osg-oyer, tendi ng either to J D

alLaoltLnuously, or on the oontlary to rlockr to the vrlur

t.rro. In the letter ceee "!;l !€nalns zero as the

prcaaute lc varled eatl the oorroaponcllng ther!0odJrnamlc

rtatc hag renarkablo propertles.lthcn t[;l 1o ortrenely

lralJ-, the lndlvldua1 Lone untlergo spontane ouc. ,, lnt €r-

eonflguretlon fluotuatlone by enlsslon anal sbsorytlon of

oonaluotlon electrore, wlth a f luctuatlon rate of order

6/l yhcre A 1r the wldth of the 4f vlrtual bound gtato.

lhue lor tlne scaleg ahorter tb,an ilt , the lons are 1n

a vell tleflncil conflguratlon whelcaa for tlnea longer than

n/ a the 1on6 ate oharacterlzed by a statlstloel averag.

of the tvo oonflguratlone. In Elrstrg nodel this lE the

orlgia of the lnterneallate or fractl onal vaLenoe observed

1n the c phaec of oerlun. Surthcr vhlLe conelderlng the

legaetlc nolent of the lon, 1t beconeg relevant to speclfy

the tlnc lnt€rval as compared to tbe characterlstlc tlnc

tr/ a, . Iaple antl lfohlleben (1971) have provlded 4n

erplaaat loa tor thc Eagnotlc behavlour of s-Ce aatl lho

hlgh preasure phaee ol Sa,larlur Sulphlde on the baele of

the Elretrs lodcl.
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r rlth PreslulolhraePrrc StdY of

l.l. Ellcrl|eDta1 lrlu]-tr Uairy lcflol4a].l lechnlguet

the theno-pdGr vBrl atl oa np to ,O tsb8r ItrlrtrL

rd i.D the tenperature tanS€ 10-10O'C uar stuill'rd nd'!g

thc teflon-cell teohnlque descrlbeil ln Sectlon 4 of Chapte

VI. lhe eell (leslgn presented there needg only a lllgbt

rodlflcatlon for a solltl epeclmen. llgure J prescntl the

teflon" therno-power ce1l approprlatc to soll'l lpeolneaa '

the speclnen cut 1n bar fo:cn waa plcrced into tbe ceDtrc

of a tefloa tllsc and thla argcnbly la tJnen lnserted lnto

a tefloa contalner fllled wlth glllcone llquitl. thc

rcct of the arrangenent remains the saos.

llhe ocrlun netal rucdl 1a thcac stutllu rar of hlg[

purlty obtalncct fron R€sea3ob Chenlcalg, Ino. (U.S.A)' 1b€

gtructure of a rell-annealecl lanple at ro on temPslaturo

anat atnospherlo prcasur€ is f.c.c. (1-pheae) anil i t  le

known that oola-uorklng reaults 1n a nhtur. of th€ l-phalt

and the B-phaee, wtrich hsg e double hexagoaal glsgg-packedl

BtructurG. SlDo€ wa are oalnly lntereetetl ln the y-pharc '

the stnratura of thc etarting naterlal h'aE ohecked. X-raJ

<llffractonetcr recorcl confirned that tbe ctartlng naterlal

vao oonpletely 1-phaeo

FJ.gure 4 prclcDta lilc thcno-Potcr varlatlon wtth

tenparature up to lOOc0 at dlfferent preaeurea. the ttata
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pohtr o ftI GTf. Eo dtatnetl ualng tro illflerelt

theuoccqrlc Drob€s' vlr., chcl-alureL anil lolybtlenu'n-

ttmgttca Yires. f.le erpcrlEl*d rcrrl'tr ll the 6-phaae

r.gloD ..d, at hlgbe! prea8ureE vcre ilerlvea rottlt ua ilg

thc Io-'J tbenocouple, ThJ.s rae neceseltatetl by tbc

nch sr.Iler uagnltutle o1 Qce (u0.5 vv/"c) aa conparrt

ulth either Qchronel (o +22 ttV/'C) o! Qalumet (=-18 \LV/'C)'

Ia the 1-phaoe region' (f;fr1 r" negatlve' It ls tnteresthg

that ln the a-phase (ffi) tu""e"s siga' Purther Q"" a)-eo

changes eign ln the c-phase fron poaltlve to negatlve

valueg at lower tenPeraturee.

llgurc ! ehows thc bcbavlour of the theluo-elcatrlc

pover of eerlum as a functlon of pressure at constant nean

teroperature of 10oC. fhe sallent features of thls lsothero

are gummanl-z ecl beIow.

a) In the 1-phasc reglon, the pressure variatloD

of thc the::no-electric power le rather large leacllng to a :

ouep llke behavl ou! prlor to the phase transltlon' llhlg

renarkable vallatlon ln the thermo-power fron nearly 7 V\/"C

at atnospherlc presaure to about 20 tLV/cC near the phaee

t r a n g l t l o n l s l n o h a r p o o n t r a g t t o t h e r e s l e t l v i t y b e h a v l o u r

1n the sane regloa. Ihe experinental data of Jayaranaa(1955)
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on r..irtivitt bcbavira (fierrc 2) l'a4icator only e

ru.gLt icr of reslltltitt 1! tLis Pt .-r. reglon'

. 
D) Dr llrgt order 1-<

vtth the dclocallzatlon of tbe

r rnilitea alrop ln the nagnltutle

rarty 20 vv/'c to , ItY/cc.

!Dr- fftttr rrrocLotli

4f dcctrct Eflfegtr er

of tbc thcirolor frc

o) In tbo c-phrec ragloa' thoro lr a ooutinuour --

ilccrcaee 1n tbe negnitudc of thomo-poner rlth p!e!6urc.

Ihe preeaure coeffleient sf thenoo-power ln c-phaee legloa

ls qulte oonsialerable of the order of -o.27 Vv/oc kbar.

Further the slgn of the the:mo-power ohanges at hlgber

pre5sures. fhe lnset 1n Flgure 5 cuggegte that near

4O kbar prrsaure' the value o3 Qoe voul<l be of the orflcr

of -1 pY/'Q at loon tenperature.

llbc tenperatulc bchavlour of the thomo-powe! ltr

tbc c-gbaee over & onalJ- tenperature range of 't 5-,{OoC la

givan ln 3Igure 6. llhe general feature of a1]. the ourvct,

viz., at 15.5 kbar, 25 kbat and 18.7 kber le the ctroag

uprerd ourvature at lower tcnperatureo. lthe nature of

*"r" tbese graphs lndloate that the themo-povor upulcl bc atroagly

. lcgative la the tenperature reglon lower than 0"C. *rom

ll3ure e 5 and 5 one could cletluce that the lsotheros at

l oror tenperatureg ( ( ooc) of the the::mo-powet vsrsua p!63sur!

graph voul<l erhlllt a greater anomaly. tshc T-a transltlon
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8t lor tqnraturo r1y br erpectltl to redtcgt lteelf as

r che.ngc of rl3rr fror largr 1laltlvG velrca to Degatlvo

valust.

1.2. lxperlrcntal Begulte Uslttg E1g4 lqnraturc-
El gb Prcceure llherno-Power Cell:

Ibo llnltatloa of tbe teflon ocIl tcohalqur fol

tLcEo-pder meaaurene nt la that the naxlnum tenperaturc

of measurement lt arounal 20OoC. Our lnterest ln studylag

the the:mo-power ancl resiotlvlty arouad the erltioaf polnt,

oharacterlced by a ne arly 100oC andl 18 kbar prcreurcr lecl :

us to the tleyelopnent of the hlgh tenperature and hlgh

p:rcsaure therro-power cell. llhls has been descrlbed 1n

sectlon 5 of cbapter VI. lle preeent here tho experinental

resultr on therro-powcr obtalncd uelng thlg ce1l" arrangement.

!1gur€ ? preaeute thc the::n o-p o\{cr varlua tcnperaturc

graph ln the tenperature rcglon 5O"-15O"C at tvo preesuree,

v1r., P-{ kbar and P=9.5 kbar. Eotb the curv€a correapond

to the behavlour 1n tbe 1-pbare. It nay be noted that the

eurve tor P=9.5 kb a.r hag a conei.clerable non-linear behavlour

vlth tenperature.

lf3urc I prcaclt. a tGr1G. of thclq)orti varrlr

tqttrturc curyea at differeat pretaurea coverLng the re81o!

otr DotI bclc enil eDove tbe critical polat ln the phase

dlagrar (f13Et 1). iore curvsa represent the 1-c phaec
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trlrltJ'8 lturlicit througb the::no-pcer varlatl on vlth

tcqloratitc Lccptng the preaaure conet"tr coneepontling

to croasllg the Phase b ounitarT Yertloally lD the pbasc

illagru (rlgure t). llhe preesure value. uarked ltt the!€

ilh,1gr.-r are aoourate to only 1 1 kber. nb13 1l beoaugc

of the uge of a golld Preasure oonnunlcatlng nealluD ln

the oel3. arrangenent. Although eilver chlorltle 1e kaota
the

to berbeet avallable soIlcl pressule tran&lttlag n€tll.urt

It! reactivity rlth netals nakee lt uanuJ.table for theae
bhe

rtuclleg. Ue have uacd Boroa nltrldtc, uhl cb lalnert bcgt

for the preasule conmunlcatlng ncttlun. Uh11e I'nterpf.tlng

tbeao experlnental teEulte, lt nust be b orna lu nlntl that

the apecfunen 18 not aubJeoted to a truLy hydroetatlo

pl e s erure.

It rac aotcdl earllcr that tbe tcnperaturc oocfflolent

of the:mo-pover ln the 1'phasc le negatlve whereas ln c-phaec

It 1o pooltlvc. lhna the ln1tlal llce of thormo-power wlth

tcmperature ln all the curvea ooEcsponda to lts behavlour

ln the o-phae e anit the oubeequent clrop wlth tenperaturc

algnlflea the c-1 phaee transltion at constant preoaure.

fhe posltlon of na:rlrnum shlfts to blghel tenperaturea as thc

pressure 1g lncreageil ln acoordanoe rrlth the phaee dlaglan.

Iron the dlagra,n 1t ls clear that the 15 kbar aad 18 kbar

lsobarg show a tenilenoy for flettenlng andl one coulcl tlecluce

that tberc ourves a:ral tb€ hlgher p!6ssurc lgobaro ooreapond
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f  b.)

to tb L&a Oerr L .rftlc.l' D.llt- lhc preaeure

ird i.!t e.a tii:e c s- criliart c| ol tle crttlcd Poht 1s

ryplcflately 18 tbar .ri ,25'C.

the togt lnterGrtlag teature of thGse laobatlc

e[ryca ie tbe tlra.natlc incrcage 1a tbe therro-porer rj' tl

trperature 1n the a-phaae. Ihe lgobar oorresPonauag to

lO kbar presaurer 1n partlcular, ahowa that over a enalJ.

temperatutc range of 25o-5O'C, the theruo-Powcr lncreaaea

fron nearly 2 vv/cc to 10 pvlcc. lhat la iff at 10 kber

ls approxlnately +o.r5 pY/"Cz. One oaa orpect that the

leobare corrcepondlng to pr€asures legeet than 10 kbar antl

traneltl on teroperaturee lower tha! OoC wilL be charaoterlzcd

by a nuch Eore ateeper lncrease of therno-loser Ylth

tenperature. the rate of lnoreace of therno-power vLth

ages wlth inclearo of pressure. Ehe

at 20 kbar preaEure is approrlnatcly

tenperature de

&ag3ltuate of

+,O, vv/"C2, whlch !.e nearly ten tlnes oa1ler than tho

oorreepondlng quantlty for 10 kbar prccsure.

- Flgurc 9 presenta the therno-powcr Yeaaut plessulc

lsothe]rt[s coratructed out of tbe ilata ln Flgulel 8 and 7.

It oan be seeu fron the dlagra,n tbat the nagnltucle of the

aaonaly decreagee as the teuperature 1s ralaetl, vhl ob lc

qulte slnllar to the leslrtivity behavlour (llsute 2). IbG

sherl,ness in the allscontinulty can be uaed as e crlterlon

o16

g.Q
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lor illat'.1r1.rr{ na -.t.acr the ;iharc traraltl on le flrgt

orcler or ccEtirE. Std, ct\r jpcqLrag the llothenns

at 100oC ani 2$'€ rlrfa .?hrbit a !.ar rcrtlcal ilrop et

Drcasures approprirtr ts tL 1< pbare ttanald.c. !:ha

yfalth of the expcrl.rctl cEF trt lcr l CO'C aad 2OO"C rhlch

la ato[Dd tvo Lben - tb. ;!,r]rr:itr! rc{j 1s a! artlfact

of the experlrenta-l rtt ti: , r:r., t'l! a.- of a roliil presltula

tra.aenittlng rdlur Gl. *. rlor Et :r;,a* r tnr].y hyilroatatlc

ptesBure over tb rrryrle. 'lhlr caa be rceu rore ciearly

by conparing the leothern at 10'C (Pigu-rc 5) obtai!.d r.lDg

the teflon-cell wlth those couespondlng to lOOoC tral 2OOOC.

Eowever the leotherms corresponating to ,00oC ald l5OoC bavr

nuch larger rlclths than the erperlnental wldth a,Dal thls 1!

attrlbuteti to the contlnuous phaee transforuatlon abovc thc

olit1cal polnt.

5. lrlrcrlncntal Regults of the RcgiEtlvlty of Cerlun at

Hlgh Preosureo

lhe erperlnental work of Jayaranaa (1965) oa the

rerletlvity behavlour wae nalnly alir€ctecl towards establ-l.shlng

the oritieal polnt and also to alellleate the 1-c phaee

bountlaey. lfe present here our experlmental. re8u].to on thc

temperature behavlour of the reslstlvity la the l ancl c phaeer

antl neu data on the reelgtlvlty vorrus pressure lgotherr above

the crit ical polnt.
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ruxrc 1O lrrcta th3 tclatlvc r.tirtaDco verauo

Irraocre grqlh for tvo prcaaure!, vlt. r ? * O.8 bar aril

P = 12.5 kbar. lheae alata rerc obtained uel ng the tcflon-

ocll technique a,ntl lnternal hcating 333."genent tlescrlbeal

Ly l lalnee (19?0). l , .C. reelstaaoe meaEurenent vlth the

four probe nethoil was regorted to, fo! thig ellnlnatca tho

the::no e.m.f re.ln the clrcult whloh lnvarlably arlse ln a

il.c. type of rcasutaDent. llhe naln feature of the

erperlnent aI curyea le that te4erature affeate narkedly the

reslstivity of c-Ce wheteag lts effect 1g negllglble 1n

the 1-phase. Ia fact the tenperaturc eoefflclent of

reslstance ln the c-phaee ls nearly three tlnee ]a!ge! thar

the oomeapontllng guantlty in the 1-phase.

tr'lgurt 11 ehour the relatlve reelstano. yalrur

prcllure lsothern Just above the crltlcal polnt. flhls alate

uae colleotetl uslng the Hlgh tenperature Hlgh pressure cell

ileecrlbetl ln the prevlous ahapter. Ihe two palre of th6rro-

couple probes serveal as ourrent and voltage leacla. |!he

relatlve reslstaloe ooulcl be direotlJr plotted as a functlon

of prqeeure by elow oonpresaion.

lhe rallcat f.atur€! of thlr ourve erc tlet

(f) tle rcoletlvlty ileoreagee lnltlelIy vlth preeeurc lcatllng

to a ghallor nlnlsun arounal 12 kbar, (tt) tlere le a rapl<l

lrrcreatc in the reelstlvity betwgen '|,2 to 17 kbar preaeurc,
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.!d (11l) thc reelatiYj.tlr contlnuously decreages at

blgler plrttcr. It 1r l'rporta'ut to note that thc

fcatqr.a alrch a! ths rolstlvity ninlnum and the later

reFld lDcrease vith prcaaure ilo aot erlet at a tenperatule

bel-ov the clitioal polnt (rcr llerrrc 2).

6. lbeoretical Dlecussloa

6.1 . [herno-Eleetrio Beharlout lD tlc r-Pbroca

llhe electrou allffullon thel'Ao-electrlc p oYct la

gIvcu, gulte generally, by the erprceaton (Ilro Dolrlil' 1962)

e - - #*'rrgr.5,l@ * . tosuv2(s\ . gf%#ala (i)

Ecro c le the nagnltutle of the elencntary charge. t(B)

and n(E) repreoent the rcleratlon tlne and thc denelty of

states respectlvely. v ls arx average eleotroa vcLoclty.

fn thle seotlon an attenpt v111 be nade to expLala

the large pressure effect on the therao-powGr of 1-Ce oa the

bagla of the Frlectel-Anderson nodel approprlate to oerlun.

Aooorallng to the no(lel dcvclopeal for 1-Cc, the rlr-foIcl

rlogenerate 4f levcl 1l - |) la epl1t by the lntra-atonlo

Coulonb lnteractioa a,ntl erohange such tbat one of the gub-

levels lleg below arrd the other flve are above tbc Fe:ml

level. lbe effect of preseure le to rcaluce the eeparatloa

between the lower oecupletl tlf eublevel ard the FernL level.
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llhe therno-porcr of y-e€rium' even at atulpherlo

IEeaaure, 1g relatlvely lasgc a'ntl poaltlve of the order of, .

. +7 ItV,/oC vheu oomparsd vlt& nearlJr -2 pY/tC approprlate to .

the other rare earth &etals (Born et al , 1961 ). fhis, ":

we be1leve, ls relateal to the prorlnlty of the 4f etate

relatlve to the Fcml energr. lhe exlstenoe of a reeonant

stat6 gvcrLapllng wlth tbe couduotlon band antl lylng Juct

below the Fe:cnl level har the effect of contrlbutlng an

ertra denslty of etates at the Seml level- [h1s contrl-

butlon 1g ln addlt lon to the regular band etructure aegoolated

rlth the 6g - 5d band.. lhus one eoulcl yrlte for the total

. denslty o! stateg at tho Fe:ml level the expresslon

n(D") - an(g) + f (EF)

Uerc ao(\) represeDts the oontrlbutlon fron the 5g-5d banil

. anil -9 (h) lc the extra factor due to the 4f vlrtual bouncl

statr belov the Ie::nl sn€rgy. I (O) fs glvcn by the fo::nule

(B1and1a et a1 , 1965)

f ( r )  1  Ar  r '  
, t ; r6  

o)

where A le the witlth of the vlrtua.l levcL and Eo corteopondc
' to the rcnornallzed energr of the 4f state lylng below the

Perul leve1. It ls oLear fron equatlons (1) and (2) tnat

tbe vlrtual 4f level oake a a oontributlon to the the:mo-power

proportlonar. to tg+{D:, vherc
-^?

B .",.
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r q t P j , , ' - t #  ( 1 )

llhe eontrLbutlon to thr theno-pcvcr iluo te ths .tt!e

tleneity of etateg faotor at the Ferml level ls given bJr !

Q' -'iE" rir ##!"7 (5)
Ic aote here tbt Qt l. rr"y relgltlv. to tho pollttoD

- of thc tlf etate relatlvc to the Feral level- and can erren

chetlgc rlgn. lh1s caD be ecen nore clearly by naklng ca

ortler of nasl tuat€ eaLoulatlon f or Qt . fhe 1eve1 wldth

- A 18 ertrenely ena1l andl iB eetlnatedl fron varloua gtudler

(Huber and Maple, 1970) to be around 0.01 eY. l lhea for

Ef - Ef- 0.2 eV and n(E)- 2 etatea,/eY per atoD, one getc

Q - + 4 ItY/'c. thea \, 
- Ef * 0.1 eY.' the Eaglltudlc

I
of Q 1c largerof the ordle! of + 20 1rY/tC.

lhc therno-poycr varlatl oa of 1-cerlun rltb prcoeurc

('lgutr 5) flnds a slnple explanatlon on the basls of ths

relatlon (5). Ia the entlre Y pheEe reglon, (5 - Ut) fr

poeltive eo that Q' le posltlve ard lts nagnltude becoacl

large wlth lncreaelng preaeure. If we ageuee that as far

aE the preasure vsrlatlon la conc€rnecl , the naJor oontrlbutlon

. to the thenoo-powe! l.s froB the Qt tcm, then one oaa unaler-

etaral the large lnor.ase ln thc aagnltude of the:so-powe!
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.! th. tra,ncltl on le approachetl. Tbe contrlbutlon to

the the:lno-eleotrlc power fton the regular band atructur€

of thc 6g-5cl bantt can be clther posltlve or negatlve

tlepending on the energr ilepentlence of tbe elcotrotr relare-

tl on tlne an(l the normal alensi ty of states at the Fernl

level. lthe tem t%@] nay be erpccted to Dake r

slgxrlftoaat sontrlbution onJ-y vhen [E" - E J fe of thc

order of a few A . In the absence of cxperlnental tlata

on the variatlon of [E" - ErJ wlth prcgsur€, it ie not

posslbLe to nake a quantltatlve predlctlon of the behavl sur

ol the ther:Bo-powe!. Futthet the relatlve lnportance of

thc <tlfferent terma ln equatlon (1) depenAs cruolal-ly on

hov cloae the 4f ctates approach the lernl energr at hlg!

Pre a 6ure a.

6.2. ilc 1-c ?he!G lransltiotls

She drastie dlecrease Ln the nagnltufle of the thetno-

clectrlc pow€r accompanylng the 1-c phaee transltloD (3lgu:re

5) nay be attr lbuteti to the delocallzatlon of the 4f el-ectrone

resultlng ln an enhancenent of the conduotlon electron oon-

ccntratlon. .locoraling to [honsont a polnt of vlew (Mac Doaaltl,

1962), the the:cno-eleotrio power ca.a be thoughtof, orudely,

ar the electronlo epeclf lo heat pe! conductlon electron.

Although the electronlc epeclflc heat consta,nt 1n the c phaee

ls large (Gachneldnet, 1965) cluc to tbe enba.aoeil iteasity of
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states at tbe Fernl leve1 , thlc cffect ig maskedl by the

atltlltl oaa1 oontrtbution of nearly an electron De! c€rlum

aton to the concluctlon band. Ia other uorala r tbe lncreaeed

nagnltualc of the lernt energy ln the c pbasc relatlve to

the 1-phaee 1s responslble for the tlrop ln the thelno-

electrlc power.

6.r. llberuo-lleotrlo Behavlour ln thc a-thtlct

llhe oontlnuous <lecrsasc ln the the:no-electrlo

power of a-Ce vith prcaour€ a,ntl thc ilranatlc lnoreaae 1n

the valuc of thc therlo-poner wlth tenperature (l'lgurcc 5 ald 8)

oaD be correlated vltb thc fractlonal Talency nodel of

c-Cerlum. &perlnental evldence guch as the EaLl effect

Beaaurenentg (Ggohleli lner, 1954), magnetlc suoceptlbl l l ty

neasurenents at hlgh preasure! (ltac Pheraon et al, 1971)'

absenc€ of eupercorductlvlty ln th€ c-pbaac (&l'tb, 1965) '

etc. suggeatc that the 4f rublcvels I'a c-cerlunr altbougb

they ale looatcd cbove the Fernl level, can st1l1 laflucncc

the different physlcal propertlee' Aacordlng to tbe noilel

derelopetl for c cerlum, the 4f level 1e Just above tbe Fe:o1

levcl near 8 kbar preaau!6 ( - O.Of eY) and 1g shllted

fulthar fron the Ferol leve1 at hlglrer Pressurca' Under

theee oonditloaa, one eb ould expect the tenperaturo to haYc

a signlf icant effect on the transport propertles'

{

:
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. Ia th6 Elrstrs model for a cerlun (81!st ' 1970)

the 4f vhtual bound etate geta rJ.ocketl upr wlth th€ let6l

level over a flnlte preasure reglon anal such a thenao-

dyna^nlc gtate hae uaugual proPeltleo. For temperatures

kE < A, tbe systen ls 1n a rell- cleflaed lon1c coaflguratlon

uh€reaa et blgber tenperatureg rhen kf 7 A ' the ayeten

ehoulal be alescribed by a weightedt avorage of the two oonfl-

guratJ. ons. It Ie lnportant to lecognlze that the clelocall-

zatlon of 4f clectlons thoultl oause a dra^natic lncrcase ln

the I€l]n1 6nergy. |Phe tllfferent leotbern8 of the occupansy

of the 4f statec eE a lunctloa of the paraneter (Ef - 
\.)

glven by SlanauD et al (1955) sbows that ln 15g 6-phaeer

therc la aonslalereble ercltatlon of the concluotion electronc

lnto the 4f gtateg at hlgh tenperaturee. Iu fact i t ie

thls featule rhlch suggeats the poas1bll1ty of e flrst ortlar

traneltlon te:olratlng et a orltlcal polnt.

lhe thcorctlcal analyais of the thcao-Povor behavlour

!.n thc g-phaae le djJflcult because of tbe geveral factors

lnvoLve<l in the probten. llho anonal ous temperature depen-

denoe of the the::oo-power 1n the c-phase (trtgrrre 8) oan be

gual.ltatlvely uaderstooct on the basle that botb the vallatlon

of the conduotloa electron alensity rlth tenperature anil the

energy clependence of the rela:catl on tlne ale lnporta,nt.

lhe exlstenog of e reeonaut atate Juot abovc the Ferol l-evel
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clures thr roatterlDg orosa-!€ctlon of the ooaductlon

electrons to lncreate narketll,y rlth eaergr to thatt$ft :

i

j
i

tnrDs out to be negatlve. llhue the c oatrlbutl on of th18

ters to the the:mo-power lc poe1t1ve. hrrthcr the alecrsarc

ln the oonductlon eleotron ooncentratlon vl th tcuperature

ilue to part1a.l ercltatlon lnto 4f states reeu1tc 1n an

lnoreaee of thc negnltucle of the therno-power. lhls la

beoausc the themo-power Ie lnversely related to the numbcr

ilenslty of nob11e el-ectrons. The electrons 1n the 4f state

have nuoh lower nob1llty anat nay be erpeoted not to oontrl-

butc dlrectly to the electrou cllffuelon proceEs. [he

lgobar at 20 kbar ln Flgure 8 ehows that the rate of

lnoreage of thermo-power vlth temperature is nuoh enaller

than that at 10 kbar. thla ean be understooal by notlnt

that at hLgher pressure!, the 4f etate hag noved eufflolently

away fron thc }erni leve1 and the conductlon electron dcaalty

yarles llttle wlth tenperature. The enerry clependence of

the relexatl on tlne wouLcl alro be weaker when the resonant

gtatc l1ee slgnlfloantly above the Fernl enetgr.

6.1. Reolstlvlty Sehavlour Ln c and 1 Phasee:

:!he stlong temperature rlepentlence of the recletivlty

ln the c-phase relatlve to the 1 phaee can bo untlerstoocl oa

the baele of the S or d - f scatterlng notlel. Ihe nearly

cnpty 4f 1eveI, characterlzecl by a hlgh alenelty of statea,
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.ot8 al a rtrapr for the current carrylng 6c a!'l 5d

alectlon!. lblg ls esseotially the gane nechanlgn ag

the lottr!  a- i l  ecatterlag nodel for the electronlc

propert iee of translt ion metale ( l tott  aDd Jones, 1955).

In other woltlo, the 4f 1eve1 provldes the alternatlve

stateg for ecatterlng wheu the acparatton (E

.. of the ori ler of kS. If thle nodel 16 rlgbt'

- E ) t a

thea at ].ov

tenperaturea, v!2., kf (( (5 - ntl , the rate of lncreasc

of reslstlvlty ultb tenpcrature lu the c-phasc shoultl be

leag narked thaa Ita behavlour at hlgber tenperaturea.

Ihe reslstlvlty behavlour above the ollt lcal

polnt (ftgure 11) ftnds a rlnple explanatlon. fhe ehallow

resletivlty mlnlnun observeal near 12 kbar preesure nay be

attrlbutetl to the partial cnptylng of the 4f electrons

(lyfne Etl1t below the Fe::nl Ievel) lnto the concluctlon

ba,Dd. Ye nay note here that kr .a O.05 eY and the cepalatlo!

betvcen the 4f stat€ antl the Fernl level near 12 kbar woultl

be of the aane order ae kl!. llbe laoreage ln the reelstlvlty

betvteen 12 to 17 kbar preesur€ 18 due to the 4f vlrtual bountl

state tvceplng the 3erm1 surface. llhle behavlour wllL be

abeent ln the flrgt orcler phase translt lon(i. e., below the

crlt icel- polnt) because of the abrupt shlft ln the poslt ion

of the 4f level relative to the Ferul level. fhe nagnltudc

of the resistivlty rlse is not too large because of the
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rether large thernal spreacl near the Fernl 1evel (-.Oi eV) j
ccpered ylth the nuch natrover level vlilth of the 4f etate j

(- .01 ev). Bhe faI1 ln the reslstlvlty near 18 kbar I

pressure j.s due to the clelocallzatlon of the 4f electrons, 

,r."". I
abllar to the abrupt clrop la the fllst oriler phaee transll 

,
the experinentally observed behavlour of the resistlvlty I

velaus preasure above the critical polnt ls ln fuJ-1 eccorclance

wlth the earl ler precllotlon of Blan<llu et a1 (1955).

7. Conclusl ong

Ihe therno-olcctrlo povcr of ccrlun as a firnotlon

of prerrure has been stualled over a rrldc tenpelature range

rhlah lnalucles the legion of botb below and above the erltlatl

polnt. lhe reslatlvlty clata as a functlon of pressure

tbove the crltical polat ls al.eo reported. A gualltatlvc

dlecusslon of thesa crperlmental results on the baeie of thc

Irieclel-An<leraoa noilel has been preeeated.
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