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Solid StateCommunications, Vol. 13,PP.277—279,1973. PergamonPress. Printedin GreatBritain

NORMAL STATE RESISTANCEBEHAVIOR AND SUPERCONDUCTIVITY*

Z. Fisk andA.C. Lawson

Institutefor PureandApplied PhysicalSciences,University of Californiaat SanDiego,

LaJolla, California92037,U.S.A.

(Received18Apr11 1973byH.Suhi)

It is found experimentallythats—dsuperconductorshaveanomalous
curvaturesin thetemperaturedependenceof the normal stateresistivity.

IN THE investigationof superconductingmaterialsit their respectivedomains,theresistancebehaviorof
is of interestto isolate thosenormal statephysical manymetals(elementsand,in our experience,inter-
characteristicswhich maybe closelyrelatedto the metalliccompounds)canbe well fitted with aresistive
material’ssuperconductivity,butno normal state ‘Debye temperature,’0R~whichvarieslittle with
propertyhaseverbeensuccessfullycorrelatedwith the temperature.
occurrenceof superconductivity.Wesuggestherethat
the temperaturedependenceof the normalstate Thereis, however,a largeclassof superconductors
electricalresistivity (p) canbe usedto categorizemany containingtransitionor f-metalswhich showgross
compoundsandelementswith respectto their super- deviationsfrom thesesimple theories.Thissortof
conductivity, resistancebehavioris typified by the data(Fig. 1) for

ZrsRh(T~= 1 13°K),U
6Fe (7 = 3.9°K)andLa3Co

At temperaturesmuchlessthan the Debyetern- (T~= 43°K).NearJ,,p~a T
3. Thisregionis followed

perature,the Bloch—GrUneisentheorypredictsp,

(P — Po) a r5, wherePo is theresidualterm.When
s—dscatteringdominates,Wilson’s theory1predicts - •~••,•~1
p

1 a T
3. A combinationof thesetwo extremespre-

sumablyapplieswhenboths—sands—dscatteringare / 0-~.’ •..s_IWs ••
important.In bothcases,however,whenwell above ~ •

theDebye temperature,p
1 shouldbecomeproportional ~ / “

• •
to T, i.e. to thenumberof phononspresent.Such ~ • .• •
considerationsdo notapply if magneticphenomena .- ~“ / •.•

• S
•(ordering,level repopulation)occur. j S

.
.

While numerousargumentssuggestthat theBloch
andWilson theoriesarecrudeapproximationswithin I

0 100 200 300

* Researchsupportedinpartby the Office of Naval FIG. 1.p vs T for the superconductorsZr2Rh, U6Fe

Research,Departmentof theNavy, Contract andLa3Co.
IPAPS/ONR-N00014-69.A-0200-6031;andin part
by theAir ForceOffice of ScientificResearch,Air
ForceSystemsCommand,ContractNo. AFOSR by oneof strongnegativecurvature(d

2 p~a T3 <0).
F44620-72-C-OO17. Reproductionin wholeor in At roomtemperature,thecurveis lessthan linearin T
partispermittedfor any purposeby the United
StatesGovernment. anddoesnotat all conformto theWilson (or Bloch)
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form which requiressmoothjoining of the low tern- I I •

peratureregion,via a regionof slight negativecurvature, •.••:

into thehightemperatureregionin whichp~aT.
La

3In •.

Themorphologyof thesecurvesis strikingly ••

similar to thatof theresistanceof V3Si, Nb3Snand - • • •. LsI~3 -

otherhigh 7~13-W’s. Cohenet al.
2 havenicely fitted •/ •.‘

the resistancedatafor thesesuperconductorsusinga - ••‘ ,•

modifieds—dmodel in which thereis considerable •

temperature-dependentFermi-levelmotion dueto •‘

thepresenceof a nearlyemptyor full high densityof I

statesd-bandoverlyingalow densityof statess-band 7 (‘K)

Sucha modelfits theZr
2Rhresistancedataequally

~wll. FIG - 3. p vs Tfor isostructuralLa3In (7 = 1 0.4°K)
and LaIn3 (T~=0.7°K).At low temperature,p1czT

3
________________________________ for La

3In,a T
5 for LaIn

3.

::~
~I?~I~.•’ ••‘ -

•• .••~~~-‘-Pd,7S.

- • — ls_.;_..S •

.~ •.S. .~ •.SS .•
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FIG.2.pvs TforisostructuralRh17S~5(7,=5.8°K) T(K)
andPd17Se15(no T~to 1.00 K).

FIG. 4.pvs TforisostructuralLaB6 (noT~tol.5°K)

Weillustrate thegeneralityof this sort of behavior andYB6 (T~= 6.8°K).
with furtherexamples.Resistancedatafor Rh17S15
(T~= 5.8°K)andisostructuralPd17Se15(noT~to Thusfar in our investigations,all superconductors
l.OO°K)are shownin Fig. 2. Forbothcompounds, with aresistanceratio>2 which we havemeasured

P1 a r
3 at low temperatures,butthe non-super, showthis curvatureprovidedp

1 a T
3 at low temperatures.

conductingPd
17Se15datafollow theWilson theory Exceptionsoccurwhenthe scatteringis dominated

closely: °R= 126±6°Kovertherange20°K< T< by impuritiesor vacancies;in thesecasesthephonon

295°K;the stronglycurvedresistanceof Rh17S15does termis obscured,andCohen’smodel predictsdp/dT
not. <0. NbN~exemplifiesthis behavior(Fig. 5).Other

possibleexamplesare~4~U,
3 jMo,4 TiO,5 andRe

Figure3 presentsour datafor isostructuralLa
3In x-phases.

6Examplesof superconductorswhich show
(T~= l0.4°K)andLain

3 (T~= 0.7°K).In this case, nocurvatureandhavep, a T
5 are CoSi

2 andLain3
p, a T

3 for La
3In,but a T

5 for Lain
3. Thesituation (mentionedabove).This lastgroupwe wishto class

is similar (Fig. 4) for the isostructuralandisoelectronic separatelyass—psuperconductors.We alsonotice
pair,YB6 (7,= 6.8°K)andLaB6 (no 7 to 1 .5°K). thatelementswhich superconductonly underpressure
Herep1 variesasT

5 for LaB
6,and as T

3 for YB
6. The (Y, Ba andCe, for example)showequallymarked

largePo of YB6 obscuresthe curvatureto someextent, changesin p(T) aspressureis applied.
7Finally,we

butthe differencebetweenthe two curvesis evident, mentionheretheresistancemeasurementsof Clinard
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.200 I andKempter8on carbideswhich showagainthe

differencebetweensuperconductingandnon-super-
conductingmaterials.

145 •‘~•‘ We wish to emphasizethatwe havemeasuredthe
1.100 ‘ ••, electricalresistivitiesof manymoresuperconductors

thanindicatedhereor e1esewhere,9~’°and ourmeasure-
• mentsshow that thecorrelationbetweencurvatureof

resistivityand superconductivityis a rule with very
few exceptions.No doubtmoreexceptionswill be

1.000 - discovered,butwe areconfidentthat theywill not dis-
prove therule.

0~ 100 2O0 100
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Es wurdeexpermientellgefundendasss—dSupraleiterabnormaleKrUmniung
in der TemperaturabhangigkeitdesWiderstandesun normalenZustandhaben.




