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SUPERCONDUCTINGFLUCTUATIONS IN ONE-DIMENSIONALORGANIC SOLIDS*
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It is suggestedthatthe superconductingfluctuationsobservedby Coleman
etaL justabovethePeierlssoftmodeinstability in psuedoone.dimensional
organicsolidsis areflection of FrOhlich’sone-dimensionalmodelin which
superconductivityarisesfrom acouplingof the electronswith movinglattice
wavesratherthanfrom aBCS typepairing.

COLEMAN etaL1 haveobservedanextraordinary thatnearlytwentyyearslater,thereseemsto have
increasein conductivityjust abovethePeierlssoft beenfoundacounterpartof Frohlich’smodelin
modeinstability inanorganicsolid in whichthe con- nature.
ductionisprimarilyalongchainsof moleculesin
essentiallyonedimension.They attributetheincrease In the systemstudiedby Colemanet al. the
to paraconduclivityfrom superconductingfluctuations moleculesin thechainsarefree radicalswithone
aboveT~usingthe usualpairingmodelof supercon- electronpermoleculeavailablefor conduction.If
ductivity.We agreethatthe evidencefor paraconduc- thereis auniform spacingbetweenmolecules,there
tivity is very strong,but suggestthattheorigin of the arejust enoughelectronsto fill halfof the statesin
superconductivityis accountedfor by FnThlich’s one- the first one-dimensionalBrillouin zone,with bound-
dimensionalmodel,2presentedin 1954,basedon strong ariesat±li/a, whereais thespacingbetweenmolecules.
couplingbetweenelectronsandlatticevibrations, The Peierlsinstability isalatticedistortionof period
ratherthanthepairingmodel.In FrOblich’s model,the 2aso asto givegapsatthe Fermisurface,or atkF =

macroscopicoccupationwhichgivesriseto thesuper- ±x/2a.The organicsystemis designedto minimize
conductingpropertiesis thatof atravellinglattice the repulsiveCoulombinteractionbetweenelectrons;
waveratherthanthecommonmometumof the pairs. andweshallfollow Fröhlichin takingasimple free
Thereare no pairsin FrOhlich’spicture. electronmodelandneglectanyinteractionbetween

electrons.In thissimplemodel,thereis metalliccon-
Frohlich’smodelwasregardedas an interesting ductionathigh temperatureswhichchangesto semi-

mathematicalmodelwithout realphysicalsignificance. conductingor insulatingasthetemperaturedrops
Asidefrom thefact that it appliedonly to one-dimen- belowthe critical temperature,Ti,, wherethe double
sional systems,the modeldid not seemto givepro- period distortionsetsin.
pertiescorrespondingto knownmetallicsuperconductors.
For onething,accordingto themodelthe energygap FrOhllchsuggestedthatthemodelwouldexhibit
andtransitiontemperatureshouldbe roughlythe same superconductingpropertiesif thelattice distrotion.
asphononenergies;while in usualsuperconductors moveswith theelectronswhenthe electronsaredis-
thegap,2 A, ismuchsmallerthanicE °D~It is remarkable placedin k-spacesoas to give acurrentflow. The

energygapsthenmovewith theFermisurfaceandare
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of theenergyrequiredto distortthe lattice.Fröhlich Ginzburg—Landauequation.Onewould expectto
found that at T= 00K andwith no currentflow, there find that theparaconductivitywould havethe same
is an energygap temperaturedependenceasfor one-dimensional

2~= l6EFe~X, (1) metallic systems,
— ~i 3

whereA isaninteractionparameter.This is of the same ~G G~
1G~ ~ C)

form asthe expressionfor thegap in the pairingtheory, Colemaneta!. find only paraconductivity,not super-
with the FermienergyEF replacingthephononcut-off conductivitybelow7,. Presumablythe movinglattice
kB

0D- Whenthewholecoupledsystemis displacedin wavesthatcarrytheelectronsare notmetastable,but
k-spaceto give acurrentflow withvelocity v,, the relaxto givea staticlatticedistortionandaninsulating
lowerbandis completelyoccupied,giving a supercurrent phase.It might bepossibleto observesuperconducting
flow = nev

8.Thusat T= 0
0K, fl

8 = fl. phenomenabelow7 at highfrequencies.The explana-

tion of theparaconductivityin termsof Frohlich’s
If E(k) is theenergyof the electronin a frame modelmayaccountfor the fact thatveryperfect

movingwith theelectrons,the energyin the rest frame crystalsarerequiredto observethephenomenon.It
of the crystalisE(k) + hkv8.Thuswhenhkv5becomes would benecessarytohavethe relaxationtime for the
greaterthan~, it becomesfavorablefor electronsto latticewavesfrom otherpossiblemechanismslonger
bescatteredbackto the next higherband,decreasing thanthe r~associatedwith fluctuationparaconductivity.
thecurrentandthe freeenergy.With increasingv5, the
gapwill thenbeginto decreaseandwill eventuallygo It is obviousthatmuchmoreexperimentaland
to zero.As in usualpairingsuperconductors,therewill theoreticalwork will haveto bedoneto find out what
bea critical velocity for maximumsupercurrentflow, is reallygoingon andto determinethe relevantpara-

meters.Oneshoulduse a tight bindingmodel rather
Kuper

3calculatedthe freeenergyat finite tern- than thealmostfreefelectronmodelusedby Frohlich
peratures,and thusthetemperature,T~,at which andeffectsof electron—electroninteractionsshould
thereis a second-ordertransitionto themetallicphase: beconsidered.Since thebandgapsare smallcompared

with thebandwidths,this shouldchangeonly the
kBTC = 0.57~A

0. (2) valuesof someof the numericajfactors.It appears

Here A0 is thegapparameterat T= O°K.He did not that Colemanetal. havefound experimentalevidence
calculaten5 asa functionof temperature.Presumably notonly for superconductingphenomenaat high
onewould find nearT, a Ginzburg—Landautype temperatures,but alsofor a newmechanismfor
equationfor I ~‘ 12 = n,/n,with the only difference superconductivity,onepredictedlongagoby Frohlich.
from theusualtheorybeingin the valuesof the
parameters.Onewould expectthat therewouldbe Acknowledgements— Theauthorwould like to thank
paraconductivityaboveT~from fluctuationsin ~ ProfessorsHeeger,Garito andco-workersfor sendinga
the superfluiddensityfor a velocitym V5 = hq.The preprintof their work in advanceof publicationand

for permissionto referto it rn tius note.
relaxationtime,r~,for suchfluctuationscouldbe
determinedfrom a time-dependentversionof the
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On suggérequelesfluctuationssupraconductricesobservéesparColeman
et a!. justeau-dessusde l’instabiitédu modemoudePeierlsdansdessolides
organiqueset pseudo-uni-dixnensionelssontuneréflexion du modéleuni-
dimensionellde FrOhlich oü lasupraconductivitérésulted’un couplagedes
electronsavecdesondesderdseaumouvantesau lieu d’une formationdes
pairesdu typeB.C.S.


