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The 34GHzmicrowaveconductivityofthe2:1, ~3-phasecompoundof bis(ethylenedithio)tetrathiafulvalene(BEDT-TFFor
“ET”) with thediiodoaurateanion(lAul) - hasbeenmeasuredfrom 20 to 300K. This materialis anambient-pressureorganic
superconductorwith T~ 5 K. A cavityperturbationtechniquein theskin-depth-limitedregimewasused.Theconductivity varies
astheinversesquareof thetemperatureover theentire temperaturerange.Theroom-temperatureconductivity is 6 [~‘ cm—,
ratherlow for theconductivityof anorganic“metal”.

Thispaperdescribesa measurementof themicro- sevenfrequenciesaroundthe resonantfrequencyby
wave conductivityof 13-(ET)2IAuI, whereET is the useof a microwaveinterferometer,are usedto cal-
bis(ethylenedithio)tetrathiafulvaleneor BEDT-TTF culatethequalityfactor,Q, andresonantfrequency,
moleculeand (lAul) — is a linear, symmetricpseu- w0, of the cavity [4]. The cavity is attachedto the
dotrihalide.Thiscompoundis extremelyinteresting cold tip of a continuous-flowcryostat;the heatload
becauseit exhibits the highest ambient pressure imposedthroughthewaveguidelimits theminimum
superconductingtransitiontemperature(nearly 5 K) temperatureto 20 K.
of any organicsuperconductor[1,21. Our measure- The samplewasa singlecrystal,preparedaspre-
mentsweremadeat 34GHzat temperaturesbetween viously described [1,2]. The dimensions were
20and300 K; overthis rangetheconductivityvaries 0.4x0.4x 1.5 mm, with the long axis being the
as the inversesquareof thetemperature.The mag- stackingaxis.With thesedimensions,theskin depth
nitudeof theconductivityis in goodagreementwith will be smallerthan the samplesizeso long as the
far infrared measurementson sister samples [3]. conductivity is larger than0.02(~ ‘ cm—’.
However,theroom-temperatureconductivityis only In the skin-depthlimit, thefields do notpenetrate
6 ft ‘cm—’. Thisvalueis sufficientlysmallthat the theentirevolume of the sampleandthe cavity loss,
usualDrudemetallic picture of free carriersdiffus- l/Q, variesas the inversesquareroot of the sample
ing alongthe electric field cannotbe applied, conductivity [4,5]. Furthermore,the resonantfre-

The conductivity wasmeasuredusing the cavity quency shift (from that of the empty cavity) is
perturbationtechnique.Theapparatususedhasbeen determinedby geometricfactors:the depolarization
describedpreviously[4]. Thesampleis placedat the factor andvolume of the sample;it is independent
electric field maximumof a rectangularTE012 res- of the sampledielectric constant.
onantcavity. Thetransmissionandphaseshift upon Theconductivity,a, is calculatedfrom thefollow-
transmissionthroughthecavity, measuredat five to ing equations:
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temperaturerange,as shownby thesolid line in fig.

/3 — (E T I Au I 1. Thisquadraticpower-lawbehavioristypically seen
300 34 G Hz abovethe conductor—insulatortransition tempera-

turein manyorganicconductors,suchasTTF-TCNQ
E or the Bechgaardsalts [6—81.Mechanismswhich

—‘ \ havebeenproposedto governthe dc conductivity
100 - includeconductionby chargeor spin densitywaves

[9], scatteringinvolvingtwo-phonon(“two libron”)

processes[101, scatteringby one-phononprocesses
including optical branches [11], and elec-

30 tron—electronscattering[12].

As comparedto otherorganicconductors,suchas
TTF-TCNQ or the Bechgaardsalts,the roomtern-

0 - peratureconductivity that we have measuredis
extremelysmall. It is, however,of the sameorderof

5 I magnitudeasthe microwaveanddc conductivity of
10 30 00 400 other2: 1, ~3-phaseET salts.Valuesbetween10 and

Temperature ~ 33 ca—’ cm—’ havebeenreportedfor the I~,PF~,
F,g. 1. M,crowave conductivity versus temperaturefor 1~- and ClO~

2salts [13—18].Only the ReO~hasbeen
(ET)~(IAuI).Note thelogarithmicscales.Theline showsa T

2 foundtohavea highervalue:200 c~’cm~’at room
behav,or.

temperature[191.
Furthermore,thesemicrowavemeasurementsare

Ii~w lw
0 —4(l/2Q)=ct/N, (2) in goodagreementwithan extrapolationto zerofre-

quency of the far infrared conductivity as deter-
where minedby Kramers—Kroniganalysisofthe30 and300

4(l/2Q) I l/Qsarnpie— l/Qernp~yI K polarizedreflectance[3]. In this respectthe ET
compoundalsodiffers significantly from otherhighly

A — conductingorganic crystals (TTF-TCNQ and the~ = Wtj empty — C0o samp’e ~ empty
Bechgaardsalts) wherethe low-temperaturemicro-

The otherquantitiesin eqs. (1), (2) are the volume wave anddc conductivity is typically a factorof ten
filling fraction, a=

2Vsamp,elVcavj,y;the (long-axis) or more larger than the far infrared conductivity
depolarization factor, N; the sample width, W; [20—22].

length,L; the dielectricconstant(permeability) of Finally, we note that the notion of metallic con-
freespace,�,~(/Lo); and theangularfrequency,w. In ductivity (in the senseof the Drudemodel, where
transcribingeq. (1) from refs. [4,5], we have carrier motion is limited by a meanfree path)can-
assumedthatit is thevolumeoftheskin regionwhich not be appliedto the ET compoundsovermuch of
determinesthe lossandthushavereplacedthefactor the temperaturerange.Accordingto the Drudefor-
2ita, the perimeterof the ellipsoid or cylinder, by mula, the dc or microwaveconductivity is given by
2(W+L). 2

a=ne I/rn VF , (3)Fig. 1 shows the microwave conductivity of
(ET)

2IAuI between20 and300 K. On cooling, the where n is the carrier concentration,e is the elec-
conductivityincreasesfrom 6 (~ ‘ cm—’ at 300 K to tronic charge,rn* isthe effectivemassofthecarriers,
nearly900 ~‘ cm—’ at 20 K. We measuredthe300 VF is the Fermi velocity and 1 is the meanfreepath.
K conductivity in the directionperpendicularto the The room-temperatureconductivity (6 L1’ cm—’)
molecular stacking axis, obtaining a1 1.8 ft’ is, however,so low that the meanfreepath is much
cm ‘. Thisvaluecorrespondsto an anisotropyratio smallerthan theintramolecularspacingfor anyrea-
of approximately3:1. sonablechoice of the other quantitiesin eq. (3),

184



Volume 122,number3,4 PHYSICSLETTERSA 8 June1987

implying that the conceptof a meanfree pathdoes In summary,we find that the microwaveconduc-
not apply. tivity is stronglytemperautredependent,is in agree-

We estimatethe Drude-modelmeanfree path in mentwith thefar infraredconductivity,andsuggests
thefollowingway. We obtainthe ratio ofcarriercon- anunrealisticallyshort meanfreepath.Onepossible
centrationto effectivemassandthe Fermi velocity explanationfor the latter result would be to assume
from the plasmafrequency,w,~= (ne2/eorn*) 1/2 We thatnot all of thevalenceelectronscontributeto the
begin by assumingthat the measuredplasma fre- conductivity;somemustbe renderedineffectivein
quencygivesthe one-electronparametersof a three- transport,eitherthroughthe creationof many gaps
quarter-filledtight binding band,with (on average) in the bandstructureby structuraldistortionsor on
halfaholepermolecule.Thusweinitially neglectthe accountof strongelectron—electroninteractions.We
dimerizationgapcausedby the inequivalenceof the note howeverthatspecific heatmeasurements[26]
two ET moleculesperunit cell [23,24] as well as show that the superconductingtransition in t3-
correlation effects [25]. Becausethe plasmafre- (ET)

2IAuI involvesa largechangein theFermi-sur-
quencyis largerthan the interbandsplitting caused facedensityofstates,suggestingthatall ofthevalence
by the dimerizationand is also larger than typical electrons do participate in the superconducting
low-lying charge-transferbands,it shouldbe rela- behavior. A secondpossibility is that the effective
tively insensitiveto theseeffects [26]. Fora three- transportvelocity andmassarenottheFermiveloc-
quarter-filledtight bindingband, ity andbandmassbutareinsteadsomemuchsmaller

— I’, /~2 2 / ~2 rz ~l/2 speedandlargermass.This would be thecaseif theco,,—~v~ea t,7tE0i , -

electronswere very stronglycoupledto the lattice.

VF= ta . -
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