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Fermi-surface topology of k-(BEDT-TTF ),Cu[N(CN),]Br at ambient pressure
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Ambient pressure Fermi-surface measurements are reported(BEDT-TTF),CUN(CN),|Br. The single
Shubnikov—de Haas frequency that is dete¢8%98+5 T) corresponds to 100% of the Brillouin zone and can
be attributed to thes orbit that results from magnetic breakdown. From the temperature dependence of the
oscillations, it appears that(BEDT-TTF),CUN(CN),)Br possesses a conventional Fermi-liquid ground state,
although with a short mean free path, possibly due to the presence (df @ns. The effective mass as
determined from thes-orbit oscillations ism* =5.4+0.1m,. [S0163-182607)52632-4

The radical cation-based organic superconductor with thd.4% of the BZ. Possible reasons for the lack of quantum
highest ambient pressure superconducting transition tenescillations at ambient pressure have been discu$saxkl
perature T.) is «-(BEDT-TTF),CUN(CN),|Br (Ref. 1) include crystal quality, a distortive structural transitiGrt®
(T.=11.6 K, inductive onsetT,=12.5 K, resistive onsgt  or a low-temperature magnetic ordering transitibiy the
where BEDT-TTF stands for Histhylenedithigtetrathi- implementation of pulsed high magnetic fields extending to
afulvalene. This charge-transfer salt has a layered structu@) T, we present ambient pressure measurements of the SdH
(Pnma Z=4) consisting of alternating layer@c plane of  effect in x-(BEDT-TTF),CUN(CN),]Br.
conducting BEDT-TTF cations and insulating polymeric di- Single crystals ofx-(BEDT-TTF),CUN(CN),]|Br were
cyanimide bromide anions. RecehfC-nuclear magnetic synthesized electrochemicdifyon platinum electrodes at a
resonance* (NMR) and low-temperature specific heat constant current of 210 2 A m~2 employing 10.4 mg of
measurementsave aroused considerable interest in the posBEDT-TTF (TCI) and PRPN(CN), (Ref. 19 (164.8 mg/
sibility that x-(BEDT-TTF),CUN(CN),|Br has an uncon- CuBr (Aldrich 99.999%, 67.2 mgin 5 ml and 10 ml of 95%
ventional Fermi-liquid ground stafeln this connection, it 1,1,2-trichloroethane:5% ethanob/@), respectively. The
has been pointed out that several of the organic supercomeaction was carried out at 25 °C under dry nitrogen in a
ductors with transition temperatures over 10 K have featuresibration-isolated environment, and the crystals were har-
in common with the cuprate superconductors, such as quasrested after 25 days. The samples were mounted witladhe
two-dimensional(Q2D) electronic structures, negligible or plane perpendicular to the applied figlt | H). Four wire
inverse isotope effects ofi.,’ spin fluctuationd;® a non-s-  techniques were employed using 25#4n gold wires at-
wave character of the superconducting conder’sateand  tached with graphite paint. Contacts were placed on opposite
the close proximity to an antiferromagnetic ground statefaces of the sample, so as to maximize the longitudiimal
For example, the isostructural compound terplang component of the magnetoresistivity. Magne-
«x-(BEDT-TTF),CUN(CN),]|CI possesses an antiferromag- totransport measurements employed the high-frequency
netic ground state, but undergoes a conversion to a supercoleck-in detection techniqué~500 kH2. The crystal was
ducting state with the application of minimal pressureheld in place with a small amount of epoxy to prevent it from
(T.=12.5 K, inductive onset at 0.3 kbar presstire moving during the field pulse. Care was taken to ensure that

Theoretical and experimental Fermi-surface studies havenly a single surface of the sample was in contact with the
provided valuable insights into the conducting and superconepoxy, in order to avoid additional strain. Temperatures
ducting properties of organic metals. The Fermi surface oflown to 380 mK were achieved using a plastite refrig-
x-(BEDT-TTF),CUN(CN),|Br obtained from tight-binding erator with the capacitor driven pulsed magnetic fields pro-
band calculatiorisconsists of overlapping distorted cylinders vided by the National High Magnetic-Field Laboratory, Los
split into quasi-one-dimension&Q1D) electron sheets and Alamos.
closed Q2D elliptical hole pockets accounting for approxi- An example of the high field magnetotransport data is
mately 12% of the Brillouin zoré (BZ). shown in Fig. 1; the data clearly indicate the crossover tran-

Although quantum oscillatory effects are commonly ob-sition (H,) from the superconducting to the normal metallic
served in organic metals, repeated attempts to obtaistate at=10 T. An unusual aspect of these data is the nega-
Shubnikov—de HaaéSdH) or de Haas—van Alphen oscilla- tive slope of the magnetoresistance, persisting up to the high-
tions in high magnetic fields at ambient pressure have beeest magnetic fields available. We will return to a discussion
unsuccessful. Oscillations attributed to the SdH effect havef the slope of the magnetoresistance later in this paper.
been observed ix-(BEDT-TTF),CUN(CN),|Br at a pres- However, not until fields 038 T do quantum oscillations
sure of~9 kbar!* The oscillation frequency corresponds to aappear. Fourier transformation reveals that the SdH fre-
clyindrical Fermi surface in thac plane, but represents only quency of 37985 T is very near to the area of the B3795
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FIG. 1. The magnetoresistance of  FIG. 2. The effective mass af-(BEDT-TTF),CUN(CN),]Br is

k-(BEDT-TTF),CUN(CN),|Br at 460 mK. Clear Shubnikov—de determined to be 5#40.1m, by fits of the amplitude of the SdH
Haas oscillations are shown at fields above 38 T. The frequency ajscillations. The inset shows the Dingle plot resultingTig= 3.4
the oscillations is 37985 T which corresponds to 100% of the BZ, K.
i.e., the magnetic breakdown orbit.

) =14.69 m*T/B) is shown in Fig. 2. Fitting to the Lifshitz-
T) determined %’ means of low-temperatu@) K) x-ray  gosevich(LK) temperature reduction factor in a Q2D metal
crystallography:?° While band-structure calculatiohdor s warranted in the case where the amplitude of the
«-(BEDT-TTF),CUN(CN),JBr yield a Fermi surface com- ggcillations is small compared to the background
posed of a closed hole pocket (orbit) bounded by Q1D  magnetoresistan@@.it should be noted that the fit to the LK
sheets, a frequency equal to the BZ s generally observed g&mperature reduction factor is consistent with conventional
high fields in the x-phase salf$*” due to magnetic Fermi-liquid behavior. In contrast to the low effective mass
breakdowrf® The absence of other frequencies, such as thgptained by Kartsovnilet al, the effective mass we obtain
a pocket, implies that-(BEDT-TTF),CUN(CN),[Bris in i, (BEDT-TTR,CUN(CN),Br (m%=5.4+0.1m, for
the complete magnetic breakdown regime at the high magy,e B frequency is found to be comparable with other
netic fields at which the quantum oscillations are observedBEDT_TTF x-phase salt&-?2252Taple | shows a compari-
A similar result was found for the BEDT-TSF analogue son of various Fermi-surface parameters for several organic
salf” [where BEDT-TSF stands for Hsthylenedithiotetra- g ctors. The effective mass of B4 is nevertheless
tselengfulvalenh where the probability of the _quaS|part|cIe§ lighter than mz in the lower T, superconductor
unneling across the gap at the BZ boundary is close to un'tyk—(BEDT—TTF) CUNCS),.2® However, recent calculatioHs
This contrasts with the results iar(BEDT-TTF),Cu(NCS), dictm* f 2-(BEDT-2'i'TF) c N(éN) Br to be sianifi-
(T.,=10.6 K), in which the « frequency still persists at pre I'C lmﬁ orr;: in the | 2 L[l Iﬁ] rho € S|gn||| .
high magnetic field$>?® Evidently, the gap in gﬁgtg Ellgdiﬁ‘iérterfcneIgftoﬁlyilggg/osat, although our results in-
«-(BEDT-TTF),CUN(CN),]Br is much smaller than in the In quasi-two-dimensional conductors, the Dingle tempera-

?;TSLI atig?]rgpound, as  predicted by band—structureture is obtained from the slopg (wherey=14.69m* T,) of
The SdH.frequency obtained in this work differs greatlya plot of .the function IﬁA./(RTB)] Versus 18, whgreA Is
from that reported by Kartsovnikt al* under hydrostatic E)haecl?ch?Ll;:]L:jdfng;rfgforrg:;:tt:r?@(':aesgtsfgl?:tilgn; 2'\2&%(; %3; the

8:]?;:&62%';[33&\{\éhllheﬂtr;ergirte(iﬁgn;r)i/g\i’\rl]eo??ég ?rgfqirgggyls the field dependen_ce of the amplitude of the SdH os_cillations
reported in Kartsovnilet al. remains unclear. It is plausible reveals that the Dingle temperatufg~3.4 K is relatively

that their measured frequency sf156 T (with an effective

mass of~0.95m,) could correspond to the pocket of the

calculated Fermi surfacet® However, their measured fre-
quency differs from the band-structure ca_lculations by ap- T, Frequency /
proxmw_ate_ly a factor of 3. _Such a large c_ilsagreement W'”bompound m*(mg) (K) T A)
tight-binding band theory is uncommon in charge-transfer
salts. Hydrostatic pressure increases the size ofitbecket ~ «-(BEDT-TTF),CUN(CN),]|Br 54 34 3798p) 261
in k-phase saltd’ so it is unlikely that this could account for «-(BEDT-TSPH,CUN(CN),|Br?* 2.7 2.4 3799 ) 738

TABLE 1. A comparison of fermiological properties affecting
sample purity of various organic salts.

such a large discrepancy in the wrong direction. An alternax-(BEDT-TTF),Cu(NCS),?® 7.0 3900 B)

tive possibility is that the lower frequency originates from a «-(BEDT-TTF),Cu(NCS),? 3.2 025 600¢&) 2366

density-wave, magnetic orderitfg or a superstructural x-(BEDT-TTP),l;2* 39 04 3883B) 3102

transitiort® at lower magnetic fields. a-(BEDT-TTF),KHg(SCN), 2 20 04 5704) 2306
A fit of the temperature dependence of the SdH oscilla-(BEDT-TTF),l;>* 47 0.53 37308) 1902

tions to the functionR;=X/sinh(X) (Ref. 28 (where X
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high compared to other charge-transfer séltable ). The 21
Dingle temperature of 3.4 K is equivalent to a scattering rate
7 1=~2.8x102 s or a mean free path of ~261 A. The
Dingle temperature, alone, can be a misleading parameter
since it is renormalized by the cyclotron energy. We are
comparing systems with different effective quasiparticle
masses; it makes sense to compare the mean free(gatims
order to get a quantitative estimate of the purity of the
respective systems. Table | indicates that in
x-(BEDT-TTF),CUN(CN),|Br is approximately an order of
magnitude smaller than in most other salts in which quantum

..... T T T T T T LN

x-(BEDT-TTF),Cu[N(CN),|Br

Magnetoresistance (arb. units)

oscillations are readily observed. The shorter mean free patté & ;
therefore suggests that(BEDT-TTF),CUN(CN),|Br has a 5 5 o T=6K 3
higher impurity concentration. i g 1
Since the quantum oscillatory effects observed in this ma- ¢ T ok . . ]
terial are consistent with a conventional Fermi liquid, an al- ~ ° * ° * 2 & T e

ternative explanation must be sought for the anomalous be-

havior of the NMR(Refs. 2—4 and Brelaxation rate. One ~ FIG. 3. (@  The  magnetoresistance of
possibility is that a small amount of @Qu) is incorporated  *<"(BEDT-TTF,CUN(CN),|Br measured at 511 kHz shows a nega-

into the coppell) dicyanamide bromide chains of tive slope of the magnetoresistance at fields alidyefor different

. . temperatures(b) An extrapolation of the resistance ®©=0, ne-
lK'(BED;r_TTF)tZCL{T(CNJZJ?' I?n(.j IS couplt(_ad tqt:‘he catllon glecting the superconducting transitign) Low-frequency resistiv-
ayers. In contrast to G, Cull) is magnetic wi 1angufar ity measurements also show a negative slope of the magnetoresis-
momentqnﬂzllz and, therefore, has the pot_ent_lal to act 8%ance, measured in a 20 T superconducting magnet.
an effective electron-scattering center. Convincing evidence
has been provided for the existence of trace quantities ofonventional Fermi-liquid ground state, with a short mean
Cu(ll) trapped in the predominantly Qu anion network of free path, possibly due to the presence oflQuons. The
«'-(BEDT-TTF),Cu,(CN)3, profoundly affecting its normal predicted breakdown orbit agrees to within 0.1% of the mea-
state and superconducting properflésReasonable mecha- sured 8 frequency. The obtained effective mass mf
nisms exist for the introduction of a limited number of @4  =5.4+0.1m, is not exceptionally large, but is comparable to
sites into k-(BEDT-TTF),CUN(CN),|Br by way of the that found in otherx-phase BEDT-TTF salts. Experiments
Cu(l)Br starting material, the electrocrystallization proce-are in progress to prepare @y-free samples of the
dure, or subsequent crystal storage. For example, light anGu N(CN),]Br charge-transfer salt and to correlate magne-
water are known to facilitate the conversion of (Quto  toresistance profiles with quantitative estimates of(IiGu
Cu(l).® 1t is important to point out that reasonable proce-concentration. The synthesis of higher purity samples will
dures were employed in the preparation ofhopefully enable the detection of quantum oscillations at
xk-(BEDT-TTF),CUN(CN),]Br to ensure its purity, but it is lower magnetic fields. This would afford the particularly ex-
difficult to rule out or, for that matter, detect the presence ofciting possibility of observing the de Haas—van Alphen ef-
traces of Cdl). The negative slope of the magnetoresistancédect within the vortex state which has the potential to finally
presented in Fig. 1, shown more clearly in Figa)3can be resolve the symmetry of the order paraméfter.
interpreted asegative magnetoresistandewe extrapolate We would like to thank J. D. Thompson for insightful
the zero-field magnetoresistanceTe-0, excluding the su- discussions and careful SQUID measurements used to clarify
perconducting transitiofiFig. 3(b)]. The apparent presence some fine details. We would like to acknowledge the Na-
of negative magnetoresistands also consistent with a tional Science Foundation, and the U.S. Department of En-
magnetic scattering mechanism. Low-frequeity Hz) re-  ergy for support of the National High Magnetic-Field Labo-
sistivity measurementfgFig. 3(c)] performed in a 20 T su- ratory at Los Alamos. Research at Indiana University was
perconducting magnet verify this feature in transport measponsored by the Division of Materials Research of the Na-
surements performed at higher frequencies. Magnetitional Science FoundatiofNSF DMR-902334Y and the Air
scattering centers could account for the large Dingle temForce Office of Scientific Research, Directorate of Chemistry
perature in this material as well as the existence of spirand Materials SciencéF49620-92-J-0534

fluctuations*® The hypothesis of Qii) inclusion in the Note added in proofit has recently come to our attention
x-(BEDT-TTF),CUN(CN),|Br salt is certainly worthy of that SdH oscillations originating from the orbit have been
further investigation. observed under a hydrostatic pressure of 7.7 Rbame

In summary, Shubnikov—de Haas measurements reveatould like to thank Dr. M. V. Kartsovnik for bringing this to
that «-(BEDT-TTF),CUN(CN),|Br appears to possess a our attention.
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