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‘ELECTRON COLLAPSE’ AND THE RESISTIViTY OF LIQUID CESIUM
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Theelectroncollapsein cesiumis picturedasthe formationof a ‘virtual boundstate’,the tunnellngprocess
accountingfor the6s-5ddynamicconversion.The anomalousvariationof theresistivityof liquid cesiumwith
pressurehasbeen explainedsatisfactorily.

Cesiumexhibits an iso-structural phasetransition
at 42.5 kbar which has beenattributedto the 6s-5d
‘electroncollapse’ [1]. It also exhibitsa doublemaxi-
mum in the fusioncurve [2] which implies a rapid
variation in the density of liquidCswith pressure, the
liquid eventually attaininga densityhigher relativeto
thesolid f.c.c. structure.Taking these alongwith their
measurementson the variation of theresistivity of
liquid Cswith pressure, Jayaraman et al. [3]postulated
that the electroncollapsein the liquidphaseiscon-
tinuous andoccursovera broadpressureregion.

In this note,it is suggestedthat the6s-Sdelectron
collapse results in the formation of a ‘virtual bound

state’accompaniedby d-wavescatteringresonance.
Numerical calculations based on thispostulateexplains
the variation in theresistivity of liquid Cswith pressure
lendingstrong support to the‘two-species’model [4].

In our ‘two-species’model,we choose the nearest
neighbour distance ofcesiumatomsin thecollapsed
f.c.c. phase [5]asan empiricalcriterion for the elec-
tron collapse.Over shortranges,sucha critical inter-
atomic distancewould be favouredin the liquid ac-
companiedby electroncollapseeven at very much
lowerpressures.The increasingof pressure enhances
the concentrationof the collapsedspecies.In cesium,
the empty5d bandabovethe Fermilevel is loweredas
the interatomicdistancedecreases,ultimatelymerging
with theconductionband.Whenthe electroncollapse
occurs, the electron isheld in theregionof the poten-
tial by thecentrifugalbarrier term1(1+ l)/y2 resulting
in the formationof a ‘virtual bound state’whoselife
time is finite. The electrontherefore tunnelsoutof
the potential well and the collapsedCsatomreverts

backto its normal form. This dynamicconversionis a

Fig. 1. The form factor V
0(X) for normal cesium. Thereso-

nantform factor V~f(X)whenEd—E= ~ a specialcase
wherein Va(X)= V~j(X).

new feature of our model.Since the 5d stateis more
localisedthanthe 6sstate,thecollapsedCsatomhas
a smalleratomicvolume.

The postulateof theformation of a ‘virtual bound
state’ is equivalent tothe d-wavecomponentof the
scattering amplitudepassingthrough a resonance.
Usingthe phase shiftformalism elucidated inref. [6],
we have for thed-waveform factor

2irh
2 ~ .P(cosO)~Ud=——~-~ 2(Ed—E)—iI’ (1)

whereI’ represents the width of thed-waveresonance
and0, the scatteringangle.The d-waveform factoris
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Fig. 2. p/p
0 versusPdiagram (p0 = resistivityat 25°Cand

atmosphericpressure).

complex and itsimaginarycomponentcannotbeig-
nored,especiallynearresonance.The decreasein the
positiveenergyof the Sdstateasthe interatomicdis-
tanceapproachesacritical value hastheeffectof in-
creasingthelife time of thevirtual boundstate.The
electron-ioninteractioncorrespondingto the normal
species(A species)canbe describedby a potentialscat-
tering amplitude. TheA speciesand the collapsedB
speciesare characterisedby the screened form factors
(usingHartree’s dielectricfunction) given by

VA=VOandVB=VO+V~+V~’. (2)

HereV~and V~’arethe real and theimaginarycom-
ponents of the screened d-formfactorwhich are ob-
tainedusingthe resonanceformulagiven byeq.(1).
Fig. 1 presentsthe variationof V~’with X(°sin4o)for
a typical valueofEd — E= ~F.Also shownin the dia-
gramis V0 where theoff resonancecontributionto the
form factor is takeninto account [7].The suddendip
in V~’nearX ~ 1, correspondingto backscatteringof
the Fermisphereis an importantfeature ofd-wave
resonance.

The basicZiman formula [8] for theresistivity of
a liquid metal has been modifiedfor a ‘two species’
system when one of thespeciespossessesa complex
form factorusing theformulationin [9]. Theresistivity
appropriateto our ‘two species’systemis given by

l2ir~2,~
fzx3dx (3)

e
2Ku~0

where

Z = CSBB(X)VB(X)V~(X)+ (1—C)SAA(X)V~(X)

+ 2.~/C(l—C)SAB(X)VA(X) {v~x+ V~(X)}.

The concentrationCof the collapsedspeciesat various
pressureshave beenobtainedfrom a thermodynamic
analysis [10]. In the absenceof experimental data,
the partialstructurefactors(SAA,SBB andSAB)have
been evaluated using thePercus-Yevickexpressions
for the hardspherebinary liquid mixtures [11]:The
packing fraction ~l,at eachpressureis chosensuch
that the longwavelengthlimit of the structurefactor
givenby the compressibilityformula [11] is satisfied.
The variationof the Fermi wavenumber,kF, with
volumehas beentakeninto accountusingthe free
electron formula. In oursimplified model, thevaria-
tion of the form factors withvolumehasnotbeen
takeninto account.

Most of the salientfeaturesof the experimental
curve(fig. 2) find satisfactory explanation. (i)The
shallow resistivity minimumobservedin the low
pressureregion: Since theconcentrationof thecol-
lapsedspeciesis small, the liquid canbe considered
asa onecomponentsystem.The isothermalcom-
pressibilitydecreaseswith increaseof pressureso
that the longwavelengthlimit of the structurefactor,
SAA(O), also decreaseswith pressure.The contribution
to the resistivity integralfrom theregionof lower
valuesof X (‘plasmaresistance’)decreaseswith in-
creaseof pressure.On the otherhand,the ‘structural
resistance’increasesas theupperlimit of integration
samplesregionofhighervaluesof SAA(X). The shallow
resistivity minimumis dueto the slight preponderance
of the former over thelattereffect. (ii) The rapid varia-
tion of the resistivity in the 20 to 40 kbarregion:This
is dueto the increasingconcentrationof the collapsed
species.Thestrongdip in ~ and V~’nearI ~ 1 (the
regionof highweigh.tagein theresistivity integrand)
showsthat thecollapsedspeciescontributesignificantly
towards the resistivity.(iii) Saturationabove45 kbar:
This is essentiallydue to the electroncollapsebeing
nearly complete.Fig. 2 presentsthe theoreticallycal-
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culated curves for two values Ed — F= 0 andEd — E=

~F. It canbe seenthat both thesecurveshave thesame
generalfeaturesas thatof the experimentalcurve.
Our simplifiedmodel, in spite ofvariousapproxima-
tions,providesa satisfactoryexplanationto all the
experimental results.

Our grateful thanksare due to Dr. A. Jayaraman for
introducing usto this problem.
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