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We have investigated pressure- and magnetic-field-dependent electrical transport properties in the charge
transfer salt3-(BDA-TTP),MCl, (M=Fe, Ga, both of which show a metal-insulat¢¥l) transition around
120 K at ambient pressure. The zero field temperature-pressure phase diagrams of the two compounds are quite
similar; the MI transition temperature decreases with pressure, and superconductivity is observed in both the
magnetic and non-magnetic compounds aboeve5 kbar. Likewise, Shubnikov-de Haas effect measurements
show nearly identical Fermi surfaces. These similarities suggest that the magnetic inteidmtioveen the
conduction electrons and the magnetic momentg-iBDA-TTP),FeCl, is small. Nevertheless, magnetore-
sistance measurements show remarkable differences and reveal that magnetic interactions with the conduction
electrons are still effective iM=Fe compounds.
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[. INTRODUCTION m7-d coupling localizes thew conduction electrons at

Ty=8.5K. An AF metal state was also observed in

In organic conductors, the existence of local magnetio\-(BETS),FeCl, under pressure, which shows successive
moments, usually embedded as magnetic anions, bringansitions from a paramagnetic metal to an AF metal, and
in physical phenomena in transport and magnetic propertiesfinally a superconductor at hydrostatic pressures above
For instance, \-(BETS),FeCl, [where BETS 3.5 kbar!®In general, the effect of pressure is to increase the
=bi(ethylenedithig-tetraselenafulvalejeand its nonmag- bandwidthW, thereby changing the balance of the competing

netic analogue-(BETS),GaCl, have distinctively different 9round state energies in the Kondo Hamiltonian.

. ; ; =N Recently, in addition to the BEDT-TTF- and BETS-
ground states; the former is an antiferromagnéE) insu- v gy L
lator while the latter is a superconductdr® By applying based materials[where BEDT-TTF=bi(ethylenedithig-

L . . . tetrathiafulvaleng with TCF (tetrachalcogenafulvalene
magnetic field, the insulating state af(BETS),FeCl, is structures non]?TCF structure(d donor r?mlecules msuch
suppressed and a paramagnetic metallic state is reco’x’/éredas BD A'—TTP £2,5-big1,3-dithian-2-ylideng1,3,4 6—te’tra—

Furthermore, by applying a magnetic field parallel to thethiapentalen}a and BDH-TTP- [2,5-big1,3-dithiolan-
conducting planes, field-induced superconductifysC) is 2-ylidena-1,3,4,6-tetrathiapentalehe ’ based’ organic
stabilized, which is generally thought to be due to the CaNtharge transfer salts, have been synthesi®éH.Super-
cellation of the internalr-d exchange field by the external conductivity is also observed in these materials and
field®’ (see Sec. IY. Another material that also has magnetic the B-(BDA-TTP),SbRy superconductor is reported to
anions and shows FISC behavior iS(BETS),FeBr® '  have the largest effective cyclotron mag2.4+1.1m,)
This material shows AF ordering at the Néel temperaturget found in organic conductot8.Among the non-TCF-
Tn=2.5 K, but remains metallic belowy, and eventually structured organic conductors, k-(BDH-TTP),FeCl,
becomes a superconductor at lower temperattirés. (Ref. 19 andB-(BDA-TTP),FeCl, (Ref. 20 exhibit metallic
Given the different cases discussed above, the degree gbnducting behavior in the presence of magnetic ions. While
coupling betweenr conduction electrons and localized mag- «-(BDH-TTP),FeCl, is metallic to 1.5 K without magnetic
netic moments can play an important role in determining theordering!® B-(BDA-TTP),FeCl, exhibits a metal-insulator
ground state of the systent* The coupling constand is (M) transition at high temperatufe-120 K) and shows AF
usually expressed in the Kondo Hamiltonian &S-0;,  ordering at Ty=8.5 K222 The FeC} anion in this
where § and o; are spin operators for local moments andcompound retains its local magnetic mom&at5/2, as do
conduction electrons, respectively. The AF metallic phase ok-(BETS),FeCl, and x-(BETS),FeBi;.
k-(BETS),FeBr,, therefore, can be attributed to a smaller In this paper, we investigate electronic properties of
in this compound than in-(BETS),FeCl,, where strong B-(BDA-TTP),FeCl, and its nonmagnetic isostructural ana-
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log B-(BDA-TTP),GaCl,,>® both of which show pressure- L
induced superconductivity. The primary question is how the 100 |k
pressure-dependent ground state ®{BDA-TTP),GaCl, F 4.5 kbar 1 par
changes by introducing magnetic ions. Since the only appre-
ciable difference between B-(BDA-TTP),GaCl, and
B-(BDA-TTP),FeCl, is the existence of local magnetic mo-
ments, these compounds provide a useful example to study
the effect of magnetic interactions in low-dimensional charge
transfer salts. The main findings in our work @rnethey have

a very similar phase diagram including pressure-induced su-
perconductivity above 4.5 kbafji) the Fermi surfaces of
both materials are similar and in agreement with tight bind-
ing band calculations, andii ) the magnetoresistan¢®R)

of M=Fe is significantly different fronM=Ga, indicating
that thes-d interaction plays an important role in the elec-
tronic transport inM =Fe compounds, and likewise the MR

is sensitive to changes in the underlying magnetic order.
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B-(BDA-TTP),MCl, (M=Fe,Ga single-crystal samples o 50 00 50 200 250 300

are grown by conventional electrochemical meth®dSThe T (K)

electrical resistance was measured along the interplane direc-

tion (crystallographicb axis) with low frequency lock-in FIG. 1. Temperature dependence of resistance ratiogof
techniques. Four gold wires were attached to thin elongatedBDA-TTP),FeCl, at different pressures. Note that the pressure
platelike samples using graphite paint. Hydrostatic pressurealues here are room temperature values. Upper inset: Normalized
measurements were done using a self-clamped BeCu pressistance of two samples measured at 6.3 kbaindicates the
sure cell with a pressure medium of Daphne 7373 oil. Prestemperature where the resistance is minimum. Lower inset: Magne-
sure was calibrated with a manganin pressure gauge aridresistance data fdllb at different temperatures 3, 2.5, 2.2, 1.9,
high-purity leac®? The pressure loss during cooling was es-1.7, 1.5, 1.37, 1.1, 0.9, 0.7, and 0.5 K from top to bottom for the
timated to be approximately 2 kbar between room temperaP=9.7 kbar sample. The currents areud for the cool-down
ture and liquid helium temperature. Pressure values reportegrves and 1Q.A for the magnetoresistance data.

in this paper are values after consideration of the low tem-

perature loss, unless otherwise indicated. The high magnetRure rangé? The upturn is more likely just the precursor of
field measurement was done at the National High Magneti¢he MI transition, which is then shunted when the sample

Field Laboratory, Tallahassee, Florida. becomes superconducting at lower temperatures. Moreover,
the temperature dependence of the upturns of the MI transi-
IIl. DATA AND RESULTS tion shows systematic dependence on increasing pressure.

. The superconduction (SC) transition of B-(BDA

A. Phase diagram -TTP),FeCl, is not as clear as that @-(BDA-TTP),GaCl,

Figure 1 shows the temperature dependence of thas itis very broad and maintains a finite resistance even well
resistance ratifR(T)/R(290 K)] of pB-(BDA-TTP),FeCl, below the onset temperature of the SC transition. The SC
and MR data in the low field region @=9.7 kbar. The transition is also dependent on the excitation currghe
room temperature pressure values are used only in thiansition is more pronounced for smaller currerftsr 3
figure in this paper, since the data shown here were taker{BDA-TTP),FeCl, while not for 8-(BDA-TTP),GaCl,.
in the wide range of temperature. The temperature A temperature-pressure(TP) phase diagram of
dependence of resistance is similar to the previous report fg-(BDA-TTP),MCl, (M=Fe,Ga based on the resistance
R-(BDA-TTP),GaCl,.?® The insulating state is significantly measurement on several samples is shown in Fig. 2.
suppressed by applying a moderate pressure, and supercdie metal-insulator transition temperatuiig, and SC
ductivity eventually appears above a critical pressBge transition temperaturé; were determined from the resistive
(6.5 kbar at room temperature: 4.5 kbar arodigd The su- onsets of the transitions. The overall phase diagram is
perconductivity is also evident from the MR data shown inessentially the same for both compounds, although
the lower inset. At certain pressures, the resistance ratio dafe of B-(BDA-TTP),FeCl, is lower than that of
exhibit more complex behavior as shown in the upper inse-(BDA-TTP),GaCl,. The pressure effect off, is small
of Fig. 1, where the onsets of the MI transition and super-aboveP, for both samples in the range of pressure measured.
conductivity appear sequentially with decreasing tempera- It is interesting to note that while the ground states of
tures. The Kondo effect can be ruled out as an explanation-(BETS),MCl, (M=Fe,Ga show significant differences
for the upturn of resistance, since this behavior was als@epending on the existence of magnetic ions, those of
observed in3-(BDA-TTP),GaCl, samples in a similar pres- g-(BDA-TTP),MCl, (M=Fe,Ga are almost identical. The
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FIG. 2. Temperature-pressure  phase diagram  of oL

B-(BDA-TTP),MCl;(M=Fe, Ga. Solid symbols are folM =Fe and 0 . 5 . 10 ' 15 ' 20 . 2;

open symbols for M=Ga. Different symbols indicate different B (T)

samplesTy,’s below, where superconductivity is also observed, are

drawn as®(M=Fe) and®(M=Ga). The AF transition temperature FIG. 3. Magnetoresistance @-(BDA-TTP),MCl,: () M=Fe

is also shown a®. Dotted lines are guides for the eyes. Inset: the gnq(h) M=Ga, atP=5.7 kbar andr=1.4 K at different angles. The

log T vs P expanded region near theM-SC region. contact configuration and definition of angles are also shown. Inset:
the SdH frequency as a function 6ffit to Fy/cos 6.

other (BETS),MCl, (M=Fe, Ga compounds with a differ-

ent molecular stackingx phase also show nearly identical

ground state$>26

in M=Ga samples, and the Dingle temperaturg of
M=Ga is generally smaller than for thd=Fe samplesT,
is about 1 K forM=Ga, and 4 K forM=Fe. The inset of
Fig. 4(b) shows a Dingle pldt based on 7.7 kbar data shown
here. For theM=Fe samples, although the SdH oscillation
; amplitude is very small below 20 T, there is no evidence for
(M=Fe,Ga atT=1.4 K andP=5.7 kbar to 25 T for differ-  any deviation from the LK behavior as the field passes
ent field directions, where thb=Fe andM=Ga samples throughB**. Since there is no significant difference of the
were measured simultaneously in a single pressure cell. Fegsidual resistance ratiRRR) between two compounds
both samples, the upper critical fiett}, is higher when the 13 for both samples shown hgrave speculate that the
field is parallel to the conducting plane® Lb), and |argerT, of M=Fe salts can be ascribed to the influence of
Shubnikov-de HaagSdH) oscillations are observed at high magnetic moments. From the temperature-dependent SdH
fields whenB||b. Only one SdH frequency and its harmonics oscillations amplitudes, the effective cyclotron me(ggé)
were observed in the fast Fourier transfofT) spectrum  can be obtained using the Lifshitz-Kosevidtk ) formula?’
for both compounds. The angular dependence of the Sdhthe SdH frequency anah, at different pressures are summa-
frequency follows 1/co# as shown in the inset, indicating a rized in Fig. 5.
closed orbit, quasi-two-dimensional Fermi surface for both The SdH frequency increases linearly with pressure,
samples’’ The SdH frequency is found to be slightly larger which indicates an increase of the extremal area of the cy-
for the M=Fe samples at the same pressure. Some interesindrical Fermi surface. The effect of hydrostatic pressure is
ing features found in the MR o =Fe samples aré) an  to decrease lattice parameters; hence it increases the volume
abrupt drop of MR around 5 Tdefined as3* hereaftey, (i)  of the momentum space. The effect of pressurengnis
an overall negative MR to about 20(d@lefined al8** here-  more complex, sincen, includes many-body effects from
aften, and(iii) a broad upturn abovB**. The abrupt drop  the electron-electron and electron-phonon interactions as
of MR at B* is angle dependent and most significant for theye|| as the bare band mass term.
field perpendicular to the CondUCting planes. We will discuss In generaLm:; also decreases with pressure due to the
these features in detail below. increase of bandwidtiidecrease of the density of states
Figure 4 shows MR of B-(BDA-TTP),MCl,  which results in a decrease of both the bare band mass and
(M=Fe,Ga measured at higher fieldso 33 T) and lower  the electron-phonon interactiom; decreases with pressure
temperatures and at the highest presgir@ kbay in this  for bothM=Fe andVl =Ga samples. By extrapolation to zero
work. The overall features of the MR observed in Fig. 3 werepressure, then, values at ambient pressure are estimated to
reproduced with more pronounced SdH oscillations and MRoe about 3.4+0.5n, and 4.7+0.3m, for M=Fe and Ga, re-
anomalies. The SdH oscillations are always more prominengpectively. The pressure effect on the density of states may

B. Magnetoresistance and fermiology
Figure 3 shows the MR of 8-(BDA-TTP),MCl,
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| (b)%iEA'T;PEGaC"* . , , | (M=Fe MGa). (b) Mass plots of forM=Fe (solid symbol$ and
o -/ woan Bl 008 004 0%saR%® O] M=Ga (open symbolgat different pressures. The solid lines are
—_ P linear fits where the slope is proportional to the effective cyclotron
0 5 10 15 20 25 30 B . .
B(T) mass(m,). Data are offset along the axis for clarity. Open sym-

bols:M=Ga at 5.6, 6.3, 7.0, and 7.7 kbar from top to bottom. Solid

FIG. 4. (a) Magnetoresistano@R) of 5-(BDA-TTP),FeCl, for symbols:M=Fe at 5.3, 5.8, 6;3, and 7.7 kbar from top to bottom.
Blib at P=7.7 kbar and at different temperatures 3.5, 2.5, 1.9, 1.5(c) Pressure dependence @fi;) for M=Fe (solid symbol$ and
1.1, 0.9, 0.7, and 0.5 K from top to bottom. Left inset: expansionM=Ga(open symbols The solid lines are linear fit¢d) Pressure
aroundB=5 T. Right inset: MR forB L b with the same tempera- dependence of the SdH frequency fdr=Fe (solid symbols and
ture steps. See the text for the definitionBsfand B**. (b) MR of ~ M=Ga(open symbols The solid lines are linear fits.
B-(BDA-TTP),GaCl, for the same conditions @#). Left inset: MR
for BL b. Right inset: Dingle plofin (ABY2X™!sinh X(amy)™Y] vs.  then assumed to be 6:3L0% cm2 and 5.9< 10 cni 2 for
B!, where A is the oscillation amplitude,X=am;T/B and  M=Fe andM=Ga, respectively. If we compare this result
a=14.7 T/K for g-(BDA-TTP),MCl, (M=Fe,Ga. B** denotes  jth a tight binding band calculation result which predicts a
the field where MR shows a broad minimum. closed Fermi surface with 13% of area of the first Brillouin

zone (BZ)*? [see Fig. a)], the area of the closed Fermi

also be manifested in changes Bf?® which is significant surface is slightly larger than theor§.3x 10'* cm 2 for
in many organic conductorffor example, -3 K/kbar for bothM=Fe and Ga compoungdut this is reasonable since
k-(BEDT-TTH,CUu(NCS), (Ref. 28]. In the title com- the SdH frequencies were obtained at high pressures. Pre-
pounds, the change ofF; is rather small in the range of liminary angular-dependent magnetoresistance oscillation
pressure measured, afid even increases betwed?) and (AMRO) measurements also indicate similar Fermi surface
6.5 kbar(inset of Fig. 3. Since the superconductivity is ini- topologies between the two compounds as expetted.
tially stabilized by applying pressure, we may need higher It is of note that the theoretical Fermi surface is
pressure to see the pressure effect on the density of statewore like the open orbit and lens orbit topology of the
through the decrease af. k-phase material§i.e., x<-(BEDT-TTF),Cu(NCS),], than it

The existence of magnetic ions in a metal is known tois to other B-type ambient pressure superconductors
enhance the effective ma&s3® which is attributed to a spin  8-(BDA-TTP),X(X=Sbk;,AsF;,PF;),1® even though the
fluctuation mechanism. But it is still not clear whether we same parameters iiRef. 16 were used for the calculation.
can ascribe a similar mass enhancement effect in organithis is probably due to the two crystallographically indepen-
conductors with localized magnetic moments. For instancedent donor molecules in thg-(BDA-TTP),MCl, unit cell.
in «-(BETS),MCI, compounds, a largem; was found for  The unit cell of the crystal structure g(BDA-TTP),X(X
M=Fe(2.8m,) than for M=Ga(1.2m,).?>? On the other =Sbk,, AsF;, PR,) contains only one donor molecule. Hence
hand, a systematic study done @n(BETS),FeGaCl, the slight deviation of the degeneracy on tXeV zone
cgmpounds did not show any considerable difference oboundary in the Fermi surface gf(BDA-TTP),MCl, is at-

3t tributed to the presence of two independent donor molecules,

The SdH frequencies at ambient pressure can be estimategid this leads to open and closed orbit sections of the FS.
by a linear extrapolation of the curves shown in Fig. 5, whereThe gap between the open and closed Fermi surface is quite
we obtained 663 T foM=Fe and 628 T foM=Ga. The large, which is the most direct reason why we could not
areas of the closed Fermi surface at ambient pressure wegbserve any magnetic breakdowiB) orbit in MR. The
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@r——T T T H22 ® T T ' T sure [see Fig. 6], the B* anomaly is more sensitive to
B™(T) 10 — o Byboplne ] temperature and field orientation and also shows hysteretic
B 7o & Bllacplane o behavior(data not shown The B* anomaly appears only
below a critical temperature~2.2 K) and the drop becomes
more prominent at lower temperatures. The size of the MR
decrease varies from sample to sample ranging from 10% to
15% of resistive value just before the drop. The anisotropy of
50 70 80 60 40 =20 0 20 B* is shown in Fig. §b), whereB* was defined as a mini-
P (kbar) 6 (deg) mum of dR/dB curves.B* follows 1/cosé for both the
B||bc plane and theB||ac plane, which indicates the field

6.0

55

5.0 B*(M)

653 kba,jB"bl component perpendicular to the conducting plaiaeplane

T T
{ IH causes the drop of MR.
i Interestingly, a similar behavior of the MR around
[!% 5 T was also reported ir-(BETS),FeBr, (Refs. 11 and 183
PM
CAF ()

4 ) 4 )
6.3 kbar,B || b
1757 a7

[\
o
T

and \-(BETS),FeCl, under 6 kbaf® In «-(BETS),FeBr,
and \-(BETS),FeCl, compounds, the resistance drop was
attributed to a transition from a canted AEAF) phase to a
paramagnetic metgaPM) phase 26 For the both compounds,
the drop of MR is most significant when the field is perpen-
dicular to the conducting planes asBi(BDA-TTP),FeCl,.
FIG. 6. (8 The pressure dependence®f and B**. (b) The Byt the details of MR behavior differ between compounds.

angular dependence 8 for a sample aP=5.7 kbar and for Wo - por nstance, the angular dependence of the transition field
different azimuthal anglesp=0 (Bllbc planes and 90° (Blibc assigned a®*) follows cosé for x-(BETS),FeBr, while
planes. (c) The temperature dependence of resistance at a fixeé!

magnetic field for ag-(BDA-TTP),FeCl, sample atP=6.3 kbar )\_(éSE;nS())r[e:e(ghle.ﬁhsemzs}g?gllvbeert]g\}ig? J;iﬁe?\zlgn;%t(;%g for
andBllb. The down arrow indicate$* where the resistance shows . 2 : 9 " .
local minimum. (d) The magnetic field dependendé from the is also diverseA-(BETS);FeCl, shows positive MR’ Wh"e_
R(T) curves shown irc). the MR of x-(BETS),FeBr, changes from negative to posi-
tive as the magnetic field is tilted away from the perpendicu-
band calculation results indicate the MB gap of the title com-ar direction. The differences in the angular dependence are
pounds is 28 meV, which is about 5 times larger thanpuzzling since the easy axes of AF transition at ambient pres-
k-(BEDT-TTF),CUNCS), at ambient pressure. Hence, syre are known to lie in the conducting planes for the com-
much higher fields are needed to observe the MB orbit, sincgounds mentioned above. As it is most probable that the
the magnetic field should satisfy the Cond't'bﬂ?c>83/8F- alignment of local moments is the origin of the MR anomaly,
where . is the cyclotron frequency eB/meg is the MB  hagnetization measurements for pressurized samples are
gap, andee is the Fermi energy! - _ necessary for further investigation.
. In organic conductors .W'.th magnetic ions, a negative MR~ The temperature dependence of resistance at fixed fields
is a common_characteristic. Negative MR was observed, a4+ which was obtained from field sweeps at differ-
n "'(BETS)ZFez?“r (Refs. 11 and 1B and also ent temperatures, is shown in Figicg At higher tempera-
1-(BETS);FeCl.”> In the «-(BETS),FeCl, compound, the y,res R(T) is metallic with similar temperature dependence

negative MR is followed by a positive of MR above 30 T, ggardless of the field. But between 3 and 5.5R1T) starts
which is similar to the behavior of-(BDA-TTP);FeCL 4 jhcrease at lower temperatures bel@showing a non-

aboveB**. Since the only noticeable difference between yeiajlic temperature dependence. The field dependence of
B-(BDA-TTP),FeCl, and B-(BDA-TTP),GaCl, is the exis- 1+ js shown in Fig. d), whereT* (B) is suggestive as the
tence of magnetic ions, the anomalies observed in the MFﬁhase boundary between paramagnetic metal and CAF
can be attributed to magnetic interactions between CO”du‘bhases.

tion electrons and magnetic ions. The overall negative MR in

the M=Fe sample may be explained by the suppression of

' ! 3 4 5
0 30 B(T)

scattering as the magnetic field gradually aligns paramag- IV. DISCUSSION
netic spins. For full polarization, the negative MR should
saturate. Above the saturation figdd*, normal quasi-two- The donor molecules of B-(BDA-TTP);MCl,(M

dimensional(Q2D) Fermi surface effects, which produce a =Fe,Ga are dimerized along thec axis so that the
positive MR as in theM=Ga case, should determine the metallic band of the material is effectively half filled.
magneto-transport behavior at higher fields. The fact thalhe tight binding calculation also indicates that the
there is no observable hysteresis arolid indicates that donor molecule stacking is rather compressible. For
the alignment mechanism is paramagnetic rather than ferrdnstance, the largest transfer integral is about half that of
magnetic. B-(BEDT-TTH),l; and x-(BEDT-TTF),Cu(NCS),.16 There-

In Fig. 6, we summarize the characteristic behavior of thgfore, 8-(BDA-TTP),MCl, is prone to a Mott insulator tran-
MR anomalies as a function of pressure, field orientation angition when the conduction electron screening is weak, which
temperature. Though botB* and B** increase with pres- may be what we see in thEP-phase diagram in Fig. 2. The
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suppression of the insulating state by pressure is then due tnodel, then-d interactions can be written a¥=—2?/A,

the increase of the bandwidthV) with pressure to above a wheret is the transfer integrals between the donor HOMO
certainW/U (U is the Coulomb correlationvalue. This is  (highly occupied molecular orbitgland aniord-orbitals and
alsoindirectly supported by the strong pressure dependenca is the energy difference between them. Naively,ihvalue

of the SdH frequency in this materigh 45% and 40% in- will be larger for greater overlagshorter intermolecular dis-
crease at 7.5 kbar favl=Fe and Ga, respectively, compared tancg between donor and anion molecules. Indeed, at ambi-
to a 22% increase fot-(BEDT-TTF),Cu(NCS), at the same  ent conditions, the closest distances between Fe@d
pressuré 3. We suspect that the conformational distortion BDA-TTP molecules are between the Cl and S atoms located
of the BDA-TTP molecules from planar geometry leads tojn the outer six-membered ringg3.8313) A and

the compressible donor packing motifs. That is, a flapping3 74q5) A], which are still longer than van der Waals radii
(vertica) motion of the two trimethylene end groups of chiorine and sulfur atomé.55 A). On the other hand, in
(—CHZCHZC_HZ—) with resp(_act to the molecular plane Causes)\—(BETS)zFeCh compounds, many short Cl<@nd also Cl
the outer six-membered rings to become non-planar and Caba |ocated in the inter-six-membered fingntacts are
take on a number of conformations. An analogous situatio, |4 that are shorter than the van der Waals radii, which

can be eF‘COUT‘tefed N the“BI.ED”'I'—TTF-base_d compound%ay give stronger interactions between conduction electrons
however, in this case, two “twist” conformatiorfthe so- and magnetic momenfs-2

_caIIed “eclipsed” and "staggered” configuratigmse present Although perhaps weaker than in other organic-magnetic
in the ethylene end groupsCH,CH,-) of the BEDT-TTF 1,5 nds, the effect of magnetic interactions in the
molecule. Taking into account the high compressibility, they, - o system are observed in quantum oscillatigins
conformational change by the “flapping” may be relatively croasedr,) and in additional features of the MR. The field
flexible and sensitive to the pressure in comparison with thafjgnengence of the SdH oscillation, especially in the region
by “twisting.” With the absence of SdH oscillations corre- \yhere MR is negative, may reveal effects of additional spin
sponding tc; the magnetic breakdown orbit in the titlegcartering, since the spin scattering tends to be suppressed
compounds! structural analysis will be necessary to clarify i increased field. In the current study, it is not conclusive

this issue. whether the effect is observable since the SdH oscillations

The proximity of the insulator, superconductor, and metal, o very weak belovB** [see the lower inset of Fig.(8)].
ground states around 4.3 kb@nset of Fig. 3 is intriguing.

) > J* Nevertheless, the increasdg for the M=Fe sample indi-
Here, the metal insulator transition and the SC critical teMeates the spin-dependent scattering should be still relevant

perature are observed in a narrow temperature range. For the€en when spins are completely aligned and periodically ar-
B-(BDA-TTP),FeCl, compound, the AF phase should lie be- r3ngeq. The transition from a negative to a positive MR at

low the paramagnetic Mott insulator phase in Tléphase g« s jikely to have the same origin as in other organic
diagram and may also share a boundary with the SCondyctors with magnetic ions. But the abrupt drop of MR
state. Since the proximity of the AF and SC states isaround 5 T when the field is perpendicular to the conducting
observed in several high, superconducting oxides and or- pianes is still not well understood. Bulk magnetization or
ganic superconductors, a complete phase diagram Qhagnetic resonance measurements may reveal magnetic tran-
B-(BDA-TTP),FeCl, including a pressure dependence ofsitions, which will be useful to understand the observed be-
Ty, should be revealing. The coexistence of the AF and SGyavior. Nevertheless, the pressure dependenc@+ond
states is reported ir-(BEDT-TTF),CUN(CN),CI]**and in  g+* [see Fig. 6a)] can be explained by the simple argument
the k-(BETS),FeBr, compound;™* where a small resis- apove, i.e.J increases with greater overlap between mol-
tance drop affy was observed. In thg-(BDA-TTP),FeCl, ecules under pressure.
samples, we did not observe any decisive changes in resis- Finally, we want to address a possibility of the FISC state
tance measurements aroulgattributable to an AF transi- in a 8-(BDA-TTP),FeCl, compound. The FISC state was
tion. But the anomaly observed in MR arouBd=5 T sug-  found in two organic superconductors at present, and it was
gests that AF ordering may also exist for the superconductoguggested that it may be an inherent property in a layered
B-(BDA-TTP),FeCl,. superconductor with magnetic ioH5The FISC state was
When the Mott insulator state is suppressed, but isxplained by the Jaccarino-Peter mechanism, where elec-
still at an intermediate value ofw/U, the ground trons experience an effective magnetic fi¢hdl;) compen-
states may be determined by the strength of magnetigated by an exchange fie{t.4=H-H,, whereH, is an ex-
interactionsJ between conduction electrons and localizedchange field by magnetic moments due to antiferromagnetic
magnetic moment¥. This effect is manifest in the exchangg®”4To observe this phenomenon, magnetic fields
\-(BET9,MCI, (M=Fe,Ga compounds, where the ground should be aligned in the layers to suppress orbital effects that
state is either SCM=Gag) or insulator(M=Fe), depending  will destroy superconductivity even at smaller fields. When
on the presence of magnetic moments. But the similarity othe orbital effect is suppressed, superconductivity may be
the phase diagram ing-(BDA-TTP),MCl, (M=Fe,Ga  observed if |H—He|<Hp (Hp is the Pauli paramagnetic
suggests that) is much smaller than that of3-(BDA limit). The existence oH, has been measured by the spin-
-TTP),FeCl,. «-(BETS),FeBr, may be also considered to split SdH oscillation frequencies, or in principle by electron
have a small considering its AF metal/SC ground state. Spin resonance ESR.}* For both «-(BETS),FeBr, and
Mori and Katsuhara estimated tdefor several organic con- \-(BETS),FeCl, compoundsH, was estimated to be about
ductors using the extended Hiickel type calculatim this 10 and 32 T, respectively, from SdH oscillation
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measurements;134%which agree well with the optimal field miology are quite similar in thé1=Fe and Ga compounds,
to observe FISC states in those compounds. On the othevhich can be attributed to a smallin M=Fe compound.
hand, in 3-(BDA-TTP),FeCl, samples, only a single SdH Even with those similarities, the magnetoresistance appears
frequency was observed and no clear evidence of the FIS@ be sensitive even in the limit of small and hence the
has been found. The frequency split in the SdH oscillationgffect of magnetic interaction is manifested in several obser-
(6F) by an exchange field can be written 88=g'm.H,,  vations: (i) the SC transition is less prominent for the
whereg" is renormalizedyfactor. Since the Dingle tempera- M =Fe compoundbroader transition and small&); (ii) the
ture of this compound is rather large-4 K) and with small  larger Dingle temperature and the overall negative MR for
m. (~2 m,) and probably small Halso, lower temperature the M=Fe compound can be attributed to an additional scat-
and/or higher field may be needed to obsedFe in this  tering by magnetic moments; axid ) the abrupt drop of MR
compound. around 5 T, which is highly sensitive to temperature and
In summary, we have investigated tli®-phase diagram magnetic field orientation, indicates the presence of aniso-
and electronic structure of 8-(BDA-TTP),MCl, (M tropic magnetic order in th&=Fe compound, where AF
=Ga,F@. The ground state and the Fermi surface of bothorder may even be present in the superconducting state.
compounds are very sensitive to pressure, which may be a
general _character of BDA-TTP-based organic_condu_ctors due ACKNOWLEDGMENTS
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