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Shubnikov—de Haas oscillations in the two-dimensional organic conductor
7-(EDO-S,S-DMEDT-TTF ),(AuBr ;) 14, (y~0.79
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The quasi-two-dimensional organicr-type conductor, 7-(EDO-S,S-DMEDT-TTF),(AuBr,); .y (Y
~0.75), shows metallic temperature dependence of the resistivity dowg,te-50 K, below which resis-
tance upturn is observed. There has been no evidence of the phase transition Ty;gugim this work, in
pursuit of direct evidence for metal at low temperature by transport measurement, we show an observation of
the Shubnikov—de HaatSdH) oscillations for this salt. The observed frequencies of the oscillations are
inconsistent with the previous band calculation. Further, it is remarkable that the amplitude of the oscillation
was so giant|(A p/po|~30%), and the oscillation above 20 T corresponds M=a2 Landau state, i.e., next
to a quantum limit. We also observed the SdH oscillations in othetype conductor,
7-(P-S,S-DMEDT-TTF),(AuBry) 1., (y~0.75), which almost reproduced the previous report by Stbal.
[Phys. Rev. BG4, 045107(2001)].
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[. INTRODUCTION form the conducting layer, and the other is between the lay-
ers. The occupancy of the anion sites in the conducting layer
The Fermi surface of the-, -, k-, and 7-type quasi- is 100%, while those between layers are randomly occupied
two-dimensional organic conductors can be constructed by about 75%. In addition to disorder in occupancy, another
modifying a single round Fermi surface. Depending on thelype of disorder is present. Bending disorder in the ethylene-
manner of which the two-dimensional Fermi surface crossegioxy group (the edge of the ring containing two oxygen
the first Brillouin-zone(FBZ) boundary, a large variety of atoms is observed in O-O salt, while the dimethylethylene-
reconstructed Fermi surfacésS9 appears Associated with ~ dithio group (the egge of the ring containing two methyl
the reconstructed FS, they show various ground states, su@iuPs in N-N salt:
as superconductivity, antiferromagnetic ordering, a charge- | N€ resistivity of7-(0-O),(AuBr), ., (y~0.75) shows
density wave, and a metallic state at low temperaturernetaIIIC temperature. dependgnce down tq aroungy
Among these conductors, the ground staterafonductors :30_59 K, beloyv wh|c.h a resistance upturn 'S observed. In
has not been clarified yet. These materials show remarkabt@e s_emlconductmg regloﬁ'KTmm),_Iarge negative magne-
ﬁdesstance appears, accompanying other remarkable fea-

prqper_ues such as large negative magnetoreasta_nce, Aftes. Below 4 K, angular dependence of the interplane mag-
switching of the symmetry of magnetoresistance by field an

temperaturé.
The chemical composition af conductors is nonstoichio- ky
metric. This is quite rare among the organic conductors.
Namely, the ratio of donor to anion B:(1+y), wherey
~0.75 from elemental analysisThe calculated FS of the
conductors is fourfold and star shapéeg. 1), which re-
minds us of a FS of a high; superconductor,
La, ,Sr,CuQ,. The resistivity ratio ofp)c/pjap is about
10°-10*, whereab is parallel to the conducting plane. The
donors of 7 conductors in this report are
EDO-S,S-DMEDT-TTF,® and PS,S-DMEDT-TTF,* which
are abbreviated below as O-O and N-N, respectively, since
each donor has a six-membered ring that contains two oxy-
gen or nitrogen atoms. The linear anions such as AyBr
I3, and IB, make crystals with these donors. The anions FIG. 1. Calculated Fermi surface ofr-(EDO-S,S
are located in the two crystallographically independent posiDMEDT-TTF),(AuBr,); ., for y=0.75(solid line) andy=0 (dot-
tions; one is inside the square lattice structure of donors thatd line (Ref. 3.
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netoresistance for the magnetic field parallel to the
conductingab plane changes its periodicity between fourfold

and twofold by the history of the application of magnetic

field.2 Such a phenomenon has never been observed at lea
in other organic conductors. Moreover, a large electronic
specific-heat coefficient (60 mJ/mofKwas observed down
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to 0.1 K? though the resistivity is semiconducting. The po- & 200 ]
larized reflectance spectra show Drude-like dispersion tha@0 1EaL sample #1 |
also supports the metallic nature of this salt down to 22 K.
In spite of these accumulated works, direct evidence for 160}
metal by transport measurement was still absent.

Recently, Storret al. reported the Shubnikov—de Haas 140
(SdH)  oscillations for the other 7 conductor, 105 |

1 1 1

7-(N-N)2(AUBr;); 1 (y~0.75) [ though the temperature
dependence of its resistivity also becomes semiconducting a
it does for the O-O saft.Their result demonstrates that the
Fermi-surface area is 6.8% of the FBZ. They also claimed F|G. 2. Temperature dependence of interplane resistjyitpf
the existence of a small FS pocket of 2.4% of the FBZ fromr-(EDO-S,S-DMEDT-TTF),(AuBr,); ., (y~0.75).

the Fourier analysis. Two small FS’s have not been presented

in the previous calculation that gives a single S of 12.5% Offrom the same batch. The room-temperature resistivity was

the FBZ. In any case, it is evident that the Fermi surface Was 2 102 (O cm and 3.6 102 O cm respectively. The be-
fg;:ﬁ:] t%;)eng':iisfeigltjm the low-temperature ground state Havior of p. is almost the same as was reported previotisly.
_mag ) ._It shows a metallic nature down to 50 K, below which a
In this work, we study the low-temperature magnetore3|s—resistance upturn is observed
tance of the twor-type conductorsy-(O-O),(AuBI;)y .y The field dependence of the magnetoresistance of the O-O
and7-(N-N),(AUBr;) 1.y (y~0.75), in high magnetic field. o, forl, B|/c at 0.48 K is shown in Fig. 3. Large negative
Ior} tgt%r,\rl_el\tl zfl;t,\/\\;vhea{eigr?grﬂgfga?)llrg?r?tégf rssprgft riistur:;?svteh agnetoresistance was also observedi faras well as for
found the giant SdH oscillation$ p/ po| ~30%) in the O-O B|lab.“ Above 6 T, clear SdH oscillations were observed for

salt. The purposes of this paper are to show the qiant osciFOth samples. The amplitude of the SdH oscillation is very
- purp niS pap X 9 arge (Ap/po/~30% above 18 Yand the phase of the os-
lation of magnetoresistance and to discuss the low-

temperature electronic proerties. the around state @in- cillation of both samples is reproducible. Furthermore, it is
P Prop ' 9 obvious that the weak oscillation is superimposed on the
ductors, and how the small FS pockets appear.

fundamental oscillation. Below 18 T, apparent hysteretic be-
havior is observed as was already reportedefetb.? How-
ever the range of the field, where the hysteresis is observed,
is much wider forB||c than forB||ab.?

Figure 4 shows the inverse field dependence of the SdH

1 1 1 1
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II. EXPERIMENT

The single crystals of 7-(0-O),(AuBr;),,, and
7-(N-N)2(AUBr;),, (y~0.75) were obtained by a usual
electrochemical oxidation of EDG;S-DMEDT-TTF or
P-S,S-DMEDT-TTF described elsewhefelhe crystals used
in this measurement are black and square platelets with di-
mensions of 1.080.76x0.10 mn? (sample 1, 0.94x 0.86
% 0.09 mn? (sample 2, and 0.76<0.60x 0.04 mn? (sample
3), respectively. The magnetoresistance was measured by
four-terminal method with ac current of AA with frequen-
cies of 28.2 Hz, 77.8 Hz, and 13.24 Hz for samples 1-3,
respectively. The annealed gold wires (2€n in diameter
were attached to the gold-evaporated surface by gold paint ir 2
the configuration for the electrical current perpendicular to <
the conductingab plane(see the inset in Fig.)2The mag-
netoresistance measurement was carried out using a hybri
magnet at the High Field Laboratory, Institute for Materials
Research, Tohoku University. The measurement was per
formed at 0.48 K and 1.35 K in the magnetic field perpen-
dicular to the conductingb plane up to 27 T.
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FIG. 3. Interplane resistivitp, as a function of magnetic field
B. The direction of the magnetic field is perpendicular to the con-
ducting ab plane. The small oscillationH=481 T) is superim-
posed on the fundamental oscillatioR€50 T).

Ill. RESULTS

The temperature dependence of the resistigityof the
0-0 salt is shown in Fig. 2 for the two samplés and 2
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1/B(T") FIG. 6. The angular-dependent magnetoresistaAd4RO) of

7-(EDO-S,S-DMEDT-TTF),(AuBry) 1., (y~0.75). There is no
Kajita-Yamaji oscillation. For almosB| a, the peak effect was ob-
served.

FIG. 4. The signal of Shubnikov—de Haas oscillations as a func
tion of inverse magnetic field B~! observed for
7-(EDO-S,S-DMEDT-TTF),(AuBr,); ., (y~0.75) at 0.48 K and
1.35 K. Inset shows the fast Fourier-transform spectrum for 0.48 K.

(AMRO) for this salt (Fig. 6). The magnetic field was

signals at 0.48 K and 1.35 K after subtracting each fitting’tated in theac plane. Some oscillations were observed,
function of a third degree polynomial. The frequency of sgHbut these are not Kajita-Yamaji oscillations because the
is found to be 50 Tfundamentaland 481 T from the data at Peak positions change with the field strength. These are
0.48 K for sample 1. These frequencies correspond to 0.6698dH oscillations that change their frequency with the field
and 6.1% of the FBZ, respectively. These values are incorrotation. For almostB|ab, the peak effect was observed
sistent with the value of 12.5% calculated for 0.75. From  (see the inset of Fig.)6 which suggests the out-of-plane
the data of the SdH signal amplitude, we can estimate theoherence.

cyclotron effective mass, and the Dingle temperatur®, We also studied the SdH effect for the otheconductor,

for the two-dimensional case’® These are estimated to be 7-(N-N),(AuBry), ,y (y~0.75) forl,B|/c at 0.48 K(Fig. 7).
m.~1.6m, for the 0.66% pocket and 3%, for the 6.1% The observed frequencies of the SdH were 175 T and 518 T,
pocket, wherem, represents the free-electron mass, @gd and almost the same as that reported by Stoal. (186 T,
=1.4 K for sample 1. We measured the angular dependen@16 T).” The corresponding areas of the FS are 2.3% and
of the SdH frequencies, and found the th dependence 6.9% of the FBZ, which are compared with the value of

(Fig. 5 12.5% calculated foy~0.75.
We examined the angular-dependent magnetoresistance

. ' . . . . .
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FIG. 5. The angular dependence of the frequencies of the FIG. 7. The signal of Shubnikov—de Haas oscillations as a func-
Shubnikov—de Haas oscillations forr-(EDO-S,S-DMEDT- tion of inverse magnetic field B~! observed for
TTF),(AuBry) 14y (y~0.75) at 0.48 K. It shows codd depen- 7-(P-S,S-DMEDT-TTF),(AuBry) 14, (y~0.75). Inset shows the
dence that is expected for the cylindrical Fermi surface. fast Fourier-transform spectrum.
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IV. DISCUSSION and a small FS pocket may appéate fundamental oscil-
lation corresponds to an extremely small FS with the area
corresponding to only 0.66% of the FBZ. The other fre-
7-(0-0);(AUBry); .y (y~0.75) for IBfc at 0.48 K and ¢ ancy of the SdH corresponding to 6.1% of the FBZ is
1.35 K in high field above 6 T. The last peak- 25 T) i (¢learly seen as an undulation in the fundamental oscillation.
very close to the quantum limit that corresponds to Be  The jdea to explain the coexistence of the two Fermi surfaces
=2 state. The reasons for such giant oscillations are highith different areas is the reconstruction of the FBZ at low
sample quality and the quasi-two dimensionality of the FSemperature. If the FBZ is reconstructed by a kind of mag-
with extremely weak corrugation along the least conductinghetic order or lattice modulation, the star-shaped Fermi sur-
direction. Further, it is primarily due to the fact that the ex-face is also reconstructed, and two Fermi surfaces might ap-
tremely small FS pocket is near the quantum limit. It seemsear. However, thél-NMR measuremefit and the
that the conduction is mainly dominated by the carriers in aanisotropy of the static susceptibility do not show any clear
smaller FS pocket0.66% rather than that in a larger FS evidence of the long-range magnetic order. Also, no crystal
pocket (6.1%), probably because the cyclotron effective structural change in low temperature has been detected in the
mass for a small FS pocket is g which is much smaller previous study’
than 3.3n, of the larger FS. We also observed the SdH oscillations in the othéype
Though the ratio of in-plane and out-of-plane resistivity conductor,7-(N-N)(AuBr;) .y (y~0.75). The present re-
of this salt exceeds $(* weak corrugation is non-negligible sult is almost the same as that previously reported by 8torr
because we observed the peak effect in AMRO in this sal@l.” The result shows the existence of two Fermi surfaces for
(Fig. 6). For simplicity, if we assume the FS’s with the areathis salt, while the band calculation predicts a single star-
of 0.66, 6.1% to be round, the ratio of the out-of-plane transshaped FS almost the same as the O-O salt. Recently, we
fer integralt, to the in-plane one, is t./t,=4.8x10"* and measured the static susceptibility using a large single crystal
1.3x 103, respectively. This estimation of the anisotropy is ©f 7-(N-N)2(AuBr;),., and observed clear anisotropy be-
rather larger than that expected from the resistivity ratiolow Ty—;=11 K. In' "H-NMR measurement, the spin-
There is no Kajita-Yamaji oscillation in AMRO, so we lattice relaxation rater; ! starts to decrease below about
could’t get the information on the shape of the FS in theTy— .12 and the linewidth of*H-NMR of this salt increases
conducting plane. The angular dependence of the SdH freapidly below~30 K.'? Furthermore, we confirmed that the
guencies obeys the co® dependence that proves the cylin- linewidth of the *H-NMR in low temperature doesn't change
drical two-dimensional F$Fig. 5). with external field in preliminary study. It suggests the oc-
The estimated Dingle temperature is relatively low, whichcurrence of the magnetic order beldw,_,. Therefore, the
reveals unexpectedly good crystal quality, in spite of the facexistence of the two FS’s is expected to be explained by the
that the disorder in anion layer and ethylenedioxy group igeconstruction of the FS by the magnetic order for the N-N
present that the resistance upturn takes place around 50 Ksalt.
and that the residual resistivity ratio is around 1. The ob- There are similarities between the O-O and N-N salts; at
served cyclotron effective mass is not as large as amonlpw temperature, the resistivity becomes semiconducting and
other organic conductors. This result does not explain théarge negative magnetoresistance appears, and then the SdH
large electronic specific-heat coefficient oscillations are observed. It is likely that the metallic ground
The observation of the SdH oscillations is evidence forstate is achieved by applying the external magnetic field. On
the existence of the Fermi surface at low temperature, whiléhe other hand, the switching of magnetoresistance is ob-
the temperature dependence of the resistivity shows semserved only in the O-O saftand antiferromagnetic order is
conducting behavior below 50 K. It is possible that the me-only in the N-N salt.
tallic state is realized only in magnetic field. However, at In conclusion, we observed SdH oscillations in two
least above 22 K, the reflectance spectra show Drude-likgypes of 7 conductors, 7-(O-O),(AuBry).,y, and
dispersion which implies the metallic nature of this salt with- 7-(N-N)(AuBr,), , (y~0.75). We have observed a large
out external magnetic fiefd. SdH oscillation in the O-O salt, which is associated with an
Arita et al. pointed out the importance of the almost zero extremely small F$0.6% of the FBZ and near the quantum
dispersive regions in band structure near the Fermi energy itimit. The observed frequencies of the SdH oscillations are
7 conductors, and proposed that the negative magnetoresigiconsistent with the previous band calculation for both salts.
tance is likely to occur from this flat band by ferromagnetic This contradiction may be explained by the deviation of the
fluctuation!! Below 18 T, hysteretic behavior is obvious for anion compositiory and/or the reconstruction of the FS.
BLab as well as forB|ab below 5 T? This favors the fer-
romagnetic nature of the O-O salt. The magnetization curve
also shows weak ferromagnetic behavior with small satura-
tion magnetization (1.8 10 3ug / formula) below 20 K°® This work was carried out as a part of a “Research for the
The observed oscillations are composed of two indepenFuture” project, Grant No. JSPS-RFTF97P00105, supported
dent frequencies, while the band calculation predicts a singlby the Japan Society for the Promotion of Science. One
FS. Both frequencies are different from the calculated F3K.) of the authors was supported by Research Fellowships
area of 12.5% of the FBZ foy~0.75. If the anion compo- from the Japan Society for the Promotion of Science for
sition y deviates from 0.7%? the area of the FS will change, Young Scientists.

We observed the giant SdH oscillations of
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