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Abstract: New charge-transfer salts based on an unsymmetrical donor DMET [dimethyl(ethylenedithio)-
diselenadithiafulvalene] and metal halide anions (DMET);M"Cly(TCE), (M = Mn, Co, Cu, Zn; TCE =1,1,2-
trichloroethane) have been synthesized and characterized by transport and magnetic measurements. The
crystal structures of the DMET salts are isostructural, consisting of a quasi-one-dimensional stack of DMET
and insulating layers containing metal halide anions and TCE. Semimetallic band structures are calculated
by the tight-binding approximation. Metal—insulator transitions are observed at Ty, = 25, 15, 5—20, and 13
K for M = Mn, Co, Cu, and Zn, respectively. The M = Cu salt exhibits anisotropic conduction at ambient
pressure, being semiconducting in the intralayer current direction but metallic for the interplane current
direction, down to Ty The metal—insulator transitions are suppressed under pressure. In the M = Co and
Zn salts, large magnetoresistances with hysteresis are observed at low temperatures, on which Shubnikov—
de Haas oscillations are superposed above 30 T. In the M = Cu salt, no hysteresis is observed but clear
Shubnikov—de Haas oscillations are observed. The magnetoresistance is small and monotonic in the M =
Mn salt. Paramagnetic susceptibilities of the spins of the magnetic ions are observed for the M = Mn, Co,
and Cu salts with small negative Weiss temperatures of ~1 K. In the nonmagnetic M = Zn salt, Pauli-like
m-electron susceptibility that vanishes at Ty, is observed. The ground state of the z-electron system is
understood as being a spin density wave state caused by imperfect nesting of the Fermi surfaces. In this
m-electron system, the magnetic ions of the M = Mn, Co, and Cu salts interact differently, exhibiting a
variety of transport behaviors.

Introduction H-0 in which BEDT-TTF molecules form a stable metallic state
Development of multifunctional molecular materials com- and Cé"-localized spins show a weak short-range ferromagnetic
bining the conducting properties afelectrons with magnetic ~ interaction mediated by the conduction electrons through an
interactions of transition-metal complexes (d electrons) is a RKKY-type interactior? Subsequently, various fascinating
subject of extensive studyWhen magnetic ions with d electrons ~ €l€ctronic phenomena associated withd interactions have
are introduced into conducting charge-transfer salts as aPeen observed, such as paramagnetic superconductivity in
counterpart to organic donors havingelectrons, an exchange ~ (BEDT-TTF)y(HsO)Fe! (C204)5(CsHsCN).2 antiferromagnetic
interaction defined as the—d interaction is present between —Superconductivity inc-(BETSpFe!'Brs* (BETS = bis(ethyl-
the donors and anions, which controls electronic conduction and€nedithio)tetraselenafulvalene), the ferromagnetic metallic state
exhibits interesting electronic phenomena. Such a system wagn (BEDT-TTFR[Mn!Cr'(C;04)3],* and field-induced super-
first reported for the paramagnetic metal (BEDT-TIEY'Cl, conductivity inA-(BETS)Fe! Cla.®
T Nagoya University. (2) Day, P.; Kurmoo, M.; Mallah, T.; Marsden, |. R.; Friend, R. H.; Pratt, F.

+Tokyo Metropolitan University. L.; Hayes, W.; Chasseau, D.; Caultier, J.; Bravic, G.; Ducassé, Am.

§ Present address, Department of Material Science, University of Hyogo, @) Ensnr%os%ilggfaﬁgﬁq1(2\72\/%/—_1%39.P_ Coles. S. J.: Hursthouse. M. B.:

Kamigori, Hyogo 678-1297, Japan. Caulfield, J. M.; Singleton, J.; Ducasse, L.; Guionneau).”PAm. Chem.
I''Tohoku University & CREST. Soc 1995 117, 12209-12217.
Y University of Tokyo. (4) Ojima, E.; Fujiwara, H.; Kato, K.; Kobayashi, H.; Tanaka, H.; Kobayashi,
(1) Enoki, T.; Miyazaki, A.Chem. Re. 2004 104, 5449-5477. A.; Tokumoto, M.; Cassoux, B. Am. Chem. S04999 121, 5581-5582.
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The unsymmetrical donor dimethyl(ethylenedithio)disel- systems, the DMET molecules in the salts are weakly tetramer-
enadithiafulvalene (DMET) has produced many organic conduc- ized. The Q1D Fermi surfaces are folded, resulting in semime-
tors and superconductofs? the most recently discovered being tallic Fermi surfaces consisting of electron and hole pockets,
(DMET),CuCl,.° The DMET molecule consists of one-half a similar to the anion-ordered state of (TMTSRPDs.14 The
TMTSF molecule and one-half a BEDT-TTF molecule. On the present isostructural series of salts with magnetic (Mn, Co, Cu)
basis of its hybrid nature, DMET salts exhibit a variety of and nonmagnetic (Zn) ions provides a novel model to investigate
structures from quasi-one-dimensional (Q1D) structures to az—d interactions in charge-transfer salts.
two-dimensionak-type structure sandwiched by anion insulating
layers. For the Q1D structure with an intercolumnar interaction
between the DMET stacks, the Q1D electronic band structure  SynthesesDMET was synthesized by the reported method and
can be calculated by tight-binding band approximations of the recrystallized from C@hex:* ("BusN);(M"Cls) (M = Mn, Co, Cu, Zn)
highest-occupied molecular orbitals (HOMOS) of the DMET Was prepared_ by metathesis @B(:N)Cl and met_al halides in gthanol
molecules. The Q1D electronic band structure is well character- 2"d recrystallized from small amounts of 1,2-dichloroethifi®ingle
. . . crystals were prepared by the electrochemical oxidation of DMET (6
ized quantitatively by angle-dependent magnetoresistance, ther-

d polarized refl an th mg, 1.4 x 10° mol) in 1,1,2-trichloroethane (20 mL) with the
mopower, and polarized reflectance measurenfefit@n the  ¢;oqp0nding tetrabutylammonium saMBiN)(M"Cly) (2530 mg,

basis of the Q1D band structure, DMET salts exhibit interesting 3 g 10-5 mol) as a supporting electrolyte under nitrogen atmosphere
electronic phenomena such as unconventional superconductivityat 15°C. The 1,1,2-trichloroethane was distilled from Gaiéfore use.
and field-induced spin density wave (FISDW) transitiéhs. A two-compartment glass H cell equipped with platinum electrodes
DMET salts present an alternative example of Q1D metals to was used. The current was kept constant at-0.8 uA for 2 weeks.
the well-studied TMTSF salts. The typical size of the obtained block-shaped crystals was<0043

The 7—d interactions in (DMET)F€!'Brs molecules have x 0.1 mn? for all salts. The long axis of the crystal corresponded to
been studied in detai? These compounds have crossed double- €ither thea + b or a direction.
column structures with DMET molecules sandwiched between X-ray Crystallography. Single crystals were mounted on a glass

tal halide | Th lect ¢ h etal rod with silicon grease. X-ray diffraction data for M Mn, Co, and
metal halice layers. @-electron systéem shows a meta Cu salts were collected at 113 K using a Rigaku AFC7R diffractometer

insulator (MI) transition at 40 K and a spin density wave (SDW) yith graphite-monochromated Mod<radiation and a rotating anode
transition below 25 K. Below 3.7 K, antiferromagnetic ordering generator { = 0.71069 A, 50 kV, 100 mA, @ < 55°, » — 20

of Fe spins is observed. The low-temperatarelectron state  technique). X-ray diffraction data for the & Zn salt were collected
under antiferromagnetic ordering has been studied by measureat 113 K using a Rigaku Saturn CCD area detector with graphite-
ments of magnetization and magnetoresistance in terms of weakmonochromated Mo ¥ radiation ¢ = 0.71070 A, 50 kV, 40 mA, @
ferromagnetic phase transitions duested interactions. We < 62°). The data were corrected for Lorentz and polarization effects.
recently reported a new example ofra-d system of a DMET The structures were 2solved by direcF methods (SIR 97) and refingd on
with a Cr complex (DMETYCr" (isoql(NCS)] and (DMET)- the structural factoF? by a full-matrix least-squares methods using

: . : SHELX programs’ The non-hydrogen atoms were refined anisotro-
1 -
{Srre 1(3phen)(NCSQ]CH3CN having negative Weiss tempera pically, while the hydrogen atoms were introduced as fixed contributors.

. . _All calculations were performed using the CrystalStructure crystal-
In this paper we report on the synthesis and electronic |ographic software packagé Summaries of the crystallographic data
characteristics of the new charge-transfer salts consisting of collection and refinement parameters are given in Table 1.
DMET molecules with metal halide anions (DMEW)"Cly- Band Calculation. The overlap integralsyj between the HOMOs
(TCE) (M = Mn, Co, Cu, Zn; TCE= 1,1,2-trichloroethane), of the DMET molecules were calculated by the extendédkelmethod
studied by transport and magnetic measurements. The four saltsising the semiempirical Hikel parameter¥. The band structures were
are isostructural with Q1D stacks of DMET molecules sand- calculated by the tight-binding band approximation with transfer

wiched between anion and TCE layers. Unlike other Q1D integrals evaluated bly= ES whereE is the energy of the HOMCE
= —10eV.

(5) Coronado, E. Galan-Mascaros, J. R.; Gomez-Garcia, C. J.; Laukhin, V. Electrical Properties. The electrical resistivity was measured using
Nature 200Q 408, 447-. the four-terminal dc method with a measuring current 60101 uA.

(6) Ui, 8., Shinagawa, H.; Terashima, T Yakabe, T.; Teral, ¥.; Tokumoto, - Four platinum wires were attached to a single crystal with carbon paste
'g\,/ll'b_Ko ayashi, A.; Tanaka, H.; Kobayash, Nature 2001, 410 908- for in-plane @b plane) and interplane @xis) resistivity measurements.

(7) Ishiguro, T.; Yamaji, K.; Saito, GOrganic Superconductor2nd ed.; The measuring current was alternated in order to eliminate thermo-

®) ?/l%?gtg;rk\./;elgi%:ch?,eg!?lrelngﬁéshi, T.: Honda, Y.: Saito, K. Kanoda, k.. _ €lectric effects. The electrical resistivity under pressure was measured
Tokiwa, T.; Anzai, H.; Ishiguro, T.; Ikemoto, J. Mol. Elec.1988 4, 173~

Experimental Section

179. (14) (a) Grant, P. MPhys. Re. Lett. 1983 50, 1005-1008. (b) Osada, T;
(9) Ito, H.; Suzuki, D.; Yokochi, Y.; Kuroda, S.; Umemiya, M.; Miyasaka, Shinagawa, H.; Kagoshima, S.; Miura, 8ynth. Met1993 55—-57, 1795~
H.; Sugiura, K.-I.; Yamashita, M.; Tajima, H?hys. Re. B 2005 71, 1802.
212503-1—4. (15) (a) Kikuchi, K.; Namiki, T.; Ikemoto, I.; Kobayashi, KI. Chem. Soc.,
(10) (a) Kikuchi, K.; Neriishi, K.; Miyazaki, K.; Saito, K.; Ikemoto, I; Chem. Commuri986 1472-1473. (b) Svenstrup, N.; Becher,Synthesis
Kobayashi, K.Synth. Met.1993 41-43, 2275-2280. (b) Yoshino, H.; 1995 215-235. (c) Moradpour, A.; Peyrussan, V.; Johansen, |.; Bechgaard,
Murata, K.; Saito, K.; Nishikawa, H.; Kikuchi, K.; Ikemoto, Phys. Re. K. J. Org. Chem1983 48, 388—389.
B 2003 67, 035111-1-9. (16) Cotton, F. A.; Goodgame, D. M. L.; Goodgame, 8.Am. Chem. Soc
(11) (a) Uji, S.; Terakura, C.; Terashima, T.; Aoki, H.; Nishikawa, H.; Ikemoto, 1962 84, 167—-168.
I.; Kikuchi, K. Proceedings of the Physical Phenomena at High Magnetic (17) Sheldrick, G. M.SHELX97 Programs for Crystal Structure Analysis
Fields IlI; World Scientific: London, 1998; pp 277280. (b) Ito, H.; (Release 97-2)institut fir Anorganische Chemie der UnivergitaGottin-
Yokochi, Y.; Suzuki, D.; Tanaka, H.; Kuroda, S.; Enomoto, K.; Uji, S.; gen, Germany, 1998.
Umemiya, M.; Miyasaka, H.; Sugiura, K.-l.; Yamashita Bynth. Met. (18) CrystalStructure 3.6:0 Crystal Structure Analysis PackagRigaku and
2006 156, 162—-165. Rigaku/MSC: The Woodlands, TX, 2006@004.
(12) Enomoto, K.; Yamaura, J.; Miyazaki, A.; Enoki, Bull. Chem. Soc. Jpn. (19) Mori, T.; Kobayashi, A.; Sasaki, Y.; Kobayashi, H.; Saito, G.; Inokuchi,
2003 76, 945-959. H. Bull. Chem. Soc. Jpri984 57, 627. The parameters of Slater atomic
(13) Umemiya, M.; Goto, M.; Kobayashi, N.; Takaishi, S.; Kajiwara, T.; orbitals [t exponent, ionization potential (eV)] are as follows: Se, 4s (2.112,
Yamashita, M.; Miyasaka, H.; Sugiura, K.; Watanabe, H.; Suzuki, D.; Ito, —1.471), 4p (1.827+-0.809); S, 3S (2.112;:1.62), 3p (1.827:-0.77); C,
H.; Kuroda, S.Chem. Lett2006 35, 368-369. 2s (1.625,~1.573), 2p (1.625:-0.838); H, 1s (1.0:-1.0).
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Table 1. Crystallographic Data and Refinement Parameters for
the Four Salts

M= Mn M=Co M=Cu M=2Zn
formula CiHaeClag- CuaHa6Clic  CadHagCli- CasHaeClio-
MnS;6Se; CoSeSes CuSeSe SieSesZn
fw 2128.96 2132.95 2137.56 2139.40
shape block block block block
cryst syst triclinic triclinic triclinic triclinic
space group  P1(no.1) P1 (no. 1) P1 (no. 1) P1 (no. 1)
alA 8.884(8) 8.866(2) 8.919(5) 8.8579(10) ) )
/A 10.569(2) 10.561(2) 10.512(2) 10.5377(11) Figure 1. Crystal structure of (DMETMnCI4TCE). The dotted lines )
/A 18.114(2) 18.086(4) 17.912(2) 18.060(2) represent short-SCl contacts less than the sum of the van der Waals radii.
a/deg 82.10(2) 82.19(2) 83.21(2) 82.204(3)
Bldeg 88.22(2) 88.02(2) 88.43(2) 88.008(3) <A
yldeg 84.79(1) 84.76(1) 84.81(1) 84.742(3)
VIA3 1677(1) 1670.4(6) 1660.4(9) 1662.7(3) —. |3 331 ", <&
z 1 1 1 1 SUUNA N 7 saf 1By SN
Deaicdg N3 2,107 2.120 2.138 2.136 14 = c - 3
TIK 113+1 113+1 113+ 1 113+1 N 311 15 Ee——
Fooo 1033.00 1035.00 1037.00 1038.00 S JAB “ 5 :‘ —e N
no. of reflns 9384 9338 9279 11871 ‘|1/v = - D
measured LD s ‘|s/, <N 7
(total) - . o
observed 9384 9338 9279 11871 -l Sﬂ\ S>-
(all refins) (all reflns) (all refins) (all reflns) e
GOF 1.024 1.016 1.016 1.043
R12 0.030 ( > 0.030 (> 0.029 (> 0.037 (> Figure 2. Molecular arrangement within the conductirdp plane of
2.00(1)) 2.005(1)) 2.00(1)) 2.00(1)) (DMET)4MnCl4(TCEY),. The bond lengths for the four independent DMET
wR2v 0.082 (all 0.083 (all 0.080 (all 0.106 (all molecules (A-D) are listed in Table 2. The arrows indicate the overlap
refins) refins) refins) refins) integrals between the HOMOs of the DMET molecules listed in Table 3.
*RL= Z||Fo| — IFell/Z|Fol. ®WR2 = [E(W(Fo? — Fe?)2)/Zw(F?)7] 3.53 A. The short intercolumnar-8S and Se-Se distances

) . . between the DMET molecules (e.g.;+& = 3.42-3.54 A,
with a Be—=Cu clamp-type cell. Pressure was applied via Daphne 7373 Se--Se= 3.77-3.79 A) were observed to be less than the sum
oil at room temperature, and the cell was clamped with screws. The ) ' " .

of the van der Waals radii. Other meaningful contacts along

pressure decreased .2 GPa at low temperatures compared to room .
temperaturé® The temperature was monitored with a calibrated Cerox DMET columns may be considered as hydrogen bonds (e.g.,

thermometer. The magnetoresistance was measured up to 40 T using **H ~ 2.93 A). The presence of intermolecular contacts
a long-duration (60 ms) pulsed magnet withHe cryostat. Transient ~ suggests that the system behaves as a Q1D electronic system.
voltage curves under a constant current of-50 #A were recorded The measured bond lengths for the four independent DMET
with a Nicolet Pro 40 digitizer with a preamplifier. molecules (A-D) are listed in Table 2 for all four salts. The
Magnetic Susceptibility. The magnetic susceptibilities of the  empirical correlation of the bond lengths in the donor molecules
polycrystalline samples were measured with a SQUID magnetometer js a useful tool for evaluating the degree of charge transfer. It
(Quantum Design MPMS-7) in the temperature range-B@ K.~ ig known that the €&C bond length increases and-Se and
Diamagnetic correction was carried out by subtracting Pascal's C—S bond lengths decreases as the oxidization of the donor
constants: . . increases. The €C bond lengths of the four independent
Electron Spin ResonanceElectron spin resonance (ESR) spectra DMET molecules are almost the same for each salt, which

were measured with an X-band ESR spectrometer (Bruker EMX)
equipped with a gas-flow cryostat (Oxford 900). A single crystal was suggests that the four DMET molecules have the same charge
of +0.5. The DMET molecules for the M Mn, Co, and Zn

mounted on a mylar (polyethylen¢erephthalate) film with a small X
amount of grease so that thb plane was perpendicular to the external ~ Salts have central<€C bond lengths ranging from 1.36 to 1.37

field of the ESR spectrometer and inserted into a quartz sample tubeA, which is consistent with that of (DMEZZuCh with a DMET
of 3 mm inner diameter. The absolute magnitude of the susceptibility charge of+0.5. For the M= Cu salt, the &C bond lengths
andg value were calibrated using Cug6H.0 and diphenylpicryl- range from 1.37 to 1.38 A and may be slightly longer compared
hydrazyl (DPPH) as standards, respectively. to the other salts. Hence, there may be a slight positive deviation
of the averaged valence state fref0.5 in the M= Cu salt, in
which case some of the Cu ion must turn monovalent to maintain
Crystal Structures. X-ray structural analysis revealed that neutrality.
all the DMET salts are isostructural with each other. The crystal  The insulating layers of the M= Mn salts contain MnGF-
structure for M= Mn is shown in Figure 1. The unit cell anions and TCE solvent molecules. In the insulating layers,
contains four crystallographically independent DMET mol- several intermolecular short contacts with i€l hydrogen
ecules, one MnG}~ anion, and two TCE solvent molecules. bonds have been determined [e.g.;-@I (MnCl,2—TCE)
The DMET molecules are alternately stacked in a face-to-face contacts= 3.487 A, C}--Cl (TCE—-TCE) contacts= 3.372,
manner to form Q1D columns along the + b axis. The 3.465 A, CH:-CI hydrogen (TCE-MnCl2") bonds= 2.681,
arrangement of the DMET molecules within the plane is 2.864 A]. The TCE solvent molecules are strongly incorporated
shown in Figure 2. The interplanar distances of the DMET in the cavity between the Mngl ions and do not evaporate.
molecules, calculated from the mean plane, range from 3.51 toThese compounds are stable as single crystals for more than 1

Results

. . year.
(20) Murata, K.; Yoshino, H. yaday, H. O.; Honda, ¥.; Shirakawa,Ré. The MnCl2~ moieties have tetrahedral coordination geom-
(21) Kahn O.Molecular MagnetismVCH Publishers: New York, 1993. etry. The Mn-Cl bond lengths are 2.365(2) A on average, and
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Table 2. Bond Lengths of the Four DMET Molecules (A—D) in the Unit Cell for the Four Salts
Me _se 11 s_-S
T
Me tCSeX gs;Isj
P a b c d e f g
DMET 0 1.334(6) 1.904(4) 1.906(4) 1.341(6) 1.764(4) 1.758(5) 1.383(6)
(DMET)2CuCh +0.5 1.356(5) 1.879(3) 1.903(3) 1.342(4) 1.753(3) 1.755(3) 1.359(4)
(DMET)4(MnCly)(TCE), A +0.5 1.37(1) 1.879(7) 1.894(7) 1.36(1) 1.732(7) 1.763(7) 1.334(9)
B +0.5 1.36(1) 1.876(7) 1.898(7) 1.331(9) 1.745(7) 1.741(7) 1.37(1)
C +0.5 1.36(1) 1.880(7) 1.898(7) 1.350(9) 1.744(7) 1.763(7) 1.351(9)
D +0.5 1.37(2) 1.876(7) 1.904(7) 1.337(9) 1.745(7) 1.742(7) 1.355(9)
(DMET)4(CoCly)(TCE), A +0.5 1.36(1) 1.875(8) 1.890(8) 1.36(1) 1.755(8) 1.751(8) 1.35(1)
B +0.5 1.37(1) 1.879(8) 1.900(8) 1.35(1) 1.734(8) 1.749(8) 1.36(1)
o +0.5 1.37(1) 1.878(8) 1.894(8) 1.35(1) 1.741(8) 1.757(8) 1.36(1)
D +0.5 1.36(1) 1.880(8) 1.906(8) 1.33(1) 1.739(8) 1.752(8) 1.35(1)
(DMET)4(CUCL)(TCE), A +0.5 1.368(9) 1.884(7) 1.893(7) 1.357(9) 1.736(7) 1.756(7) 1.351(9)
B +0.5 1.378(9) 1.870(7) 1.916(7) 1.320(9) 1.747(7) 1.747(7) 1.358(9)
C +0.5 1.372(9) 1.881(6) 1.900(7) 1.347(9) 1.740(7) 1.762(7) 1.339(9)
D +0.5 1.38(1) 1.872(7) 1.907(7) 1.320(9) 1.736(7) 1.752(7) 1.363(9)
(DMET)4(ZnCly)(TCE), A +0.5 1.369(9) 1.866(6) 1.899(6) 1.358(8) 1.746(6) 1.755(7) 1.338(8)
B +0.5 1.365(9) 1.885(6) 1.898(6) 1.334(8) 1.737(7) 1.751(7) 1.366(9)
C +0.5 1.362(9) 1.869(6) 1.906(6) 1.352(8) 1.748(6) 1.750(7) 1.351(8)
D +0.5 1.367(9) 1.878(6) 1.893(6) 1.329(8) 1.742(6) 1.759(7) 1.350(8)
(DMET)(13)2 +2.0 1.41(2) 1.847(5) 1.887(7) 1.33(2) 1.725(5) 1.741(7) 1.35(2)

the CMn—ClI bond angles are in the range 104.38(814.68-
(8)°. These values are similar to those previously reported for
Mn''Cl,2~ species, e.g., 2.361(2) A and 108.55{8)11.14(9)

for (Me4N)2(MnCly).22 The environments of the metal center
for the M= Co, Cu, and Zn salts are also common for divalent
halides. The observed average-ial bond lengths and Gl
M—CI bond angles are 2.288(2) A and 104.86{814.19(8)

for CoCl, 2.256(2) A and 99.94(#)126.91(83 for CuCl,, and
2.270(2) A and 105.39(P114.37(83 for ZnCl,. These bond

lengths and angles are in good agreement with previous reports

on corresponding divalent anio?%.2> From the results for the
C=C and M'—CI bond lengths the charge on each DMET
molecule is considered to be0.5. For the CuGF~ anion we

found no evidence for the presence of monovalent species. The

larger deviation of the bond angles of the CyfClanion from
tetrahedral symmetry is caused by Jafieller distortion of the
Cu' ion?

Table 3. Calculated Overlap Integrals (S) (x1073) of the HOMOs
of the DMET Molecules for the Four Salts

M= Mn M=Co M =Cu M=12Zn
S1 —29.5 —24.3 —24.2 —28.8
S2 —23.8 —28.7 —29.1 —24.5
S3 —28.8 —28.4 —28.4 —28.9
S4 —28.0 —28.3 —28.5 —28.3
11 -3.0 -3.0 —-2.9 -3.0
12 1.2 0.9 11 11
13 0.9 0.9 11 11
14 —2.6 —2.8 —2.7 —2.9
15 -3.0 -3.1 —-2.9 -3.1
16 11 1.4 1.6 12
17 1.2 11 1.4 1.2
18 —-2.9 -3.0 —-2.9 -3.0

the a + b axis, which correspond to the stacking axis, were
estimated to be 1 order of magnitude larger than those between
the molecular stacks. Among the four overlap integrals along

The nearest neighboring distance between two metal atomsine 5 + p axis, one (S2 for M= Mn and Zn, S1 for M= Co

is about 9 A, corresponding to the length of thexis. Short
S---Cl contacts between the DMET molecules and MCivere
observed [3.296(3) and 3.507(3) A for Mn, 3.315(3) and
3.506(3) A for Co, 3.456(3) and 3.548(3) A for Cu, 3.313(3)
and 3.499(2) A for zn] and associated with a magnetic
interaction between the electron of the DMET molecules and
the d electron of the MGlanions.

Electronic Structures. The calculated overlap integrals of
the HOMOs of the DMET molecules are listed in Table 3 with
the arrangement of the DMET molecules within e plane
shown in Figure 2. The d orbitals of the S and Se atoms were
not included in the calculations. The overlap integrals along

(22) (a) Cotton, F. A.; Daniels, L. M.; Huang, Piorg. Chem.2001, 40, 3576~
3578. (b) Matthews, C. J.; Broughton, V.; Bernardinelli, G.; Melich, X.;
Brand G.; Willis A. C.; Williams A. F.New J. Chem2003 27, 354-358.

(23) (a) Mahmoudkhani, A. H.; Langer, ¥cta Crystallogr2002 E58 m592-
m594. (b) Bremner, C. A.; Harrison, W. T. AActa Crystallogr.2003
E59, m425-m426.

(24) (a) Choi, S.-N.; Lee, Y.-M.; Lee, H.-W.; Kang, S. K.; Kim, Y.Acta
Crystallogr. 2002 E58 m583-m585. (b) Koman, M.; Siroklin, V.;
Ondrejovic, G.; Corradi, A. B.; Battaglia, L. FActa Crystallogr.1988
C44, 813-815.

(25) Fowkes, A.; Harrison, W. T. AActa Crystallogr.2004 E60, m59-m61.

and Cu) is slightly smaller than the others. Thus, the DMET
stack is weakly tetramerized. The energy band structures and
Fermi surfaces are shown in Figure 3. The energy band
structures consist of four energy bands. AssumiA@ab charge

per DMET molecule, the first and second lower bands are
completely filled and the third and fourth bands come across
the Fermi level. Tight-binding energy band calculations suggest
that the Fermi surfaces are semimetallic, consisting of electron
and hole pockets. It is considered that the semimetallic Fermi

1.0eV
E, \/_\ /'\ Y v
X
TN
-1.0eVv
r \% X r Y

Figure 3. Calculated band structure and Fermi surface by tight-binding
method.
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Figure 4. Temperature dependence of in-plane resistivities of the (&)
Mn, (b) Co, (c) Cu, and (d) Zn salts at ambient and applied pressures.

surface is produced by folding the planar Fermi surface of the
Q1D stack of DMET molecules due to the tetramerization with
four independent molecules in the crystallographic unit cell. This
band structure formation resembles that formed by anion
ordering at 41 K in (TMTSRNO3.14

Electrical Conduction. The temperature dependences of the
ab-plane electrical resistivities of the M Mn, Co, Cu, and Zn
salts are shown in Figure 4a at ambient pressure and under

Ito et al.
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Figure 5. Temperature dependence of in-plane and interplane resistivities
of the M = Cu salt. (Inset) Arrhenius plot of the temperature dependence
of in-plane resistivity.

In contrast, for M= Cu the in-plane resistivity exhibited
semiconducting behavior with changing activation energy at
ambient pressure. The activation energy changes gradually at
about 200 K from 86.0 to 3.8 meV, as shown in the inset of
Figure 5. However, the-axis interplane resistivity exhibited
metallic behavior, similar to the resistivity of the other salts
down to Ty at ambient pressure, as shown in Figure 5. The
interplane resistivity occasionally shows a broad peak2Q0
K, above which it is semiconducting, similar to the in-plane
case. Hence, the M= Cu salt shows unusual anisotropic
conduction; the in-plane conduction is semiconducting while
the interplane conduction is metallic from at lea€200 K down
to the Ty . There are some examples among layered perovskite
cuprate®® and (TMTSF)PF; above 100 R’ in which the
intralayer transport is metallic but the interplane transport is
semiconducting. However, the reverse case presented here, being

pressure applied at room temperature. The arrows in the ﬁgureéemiconducting in the intralayer transport but metallic in the

represent the direction of the temperature sweep. At ambien

pressure several resistance jumps and hysteresis with respecz
to the thermal cycle are observed. The temperatures at which

the jumps occur differ from sample to sample. The resistivity
value at room temperature returns back close to the original

value after the thermal cycle. These jumps were suppressed

tinterplane transport, is the first example to our knowledge. The

nisotropy of the resistivity is 200 at room temperature but
ecreases to as low as 10Taf;. The temperature dependence
of the resistivity anisotropy has been confirmed using a single-
crystal sample by a six-terminal Montgomery-like met3&d.
clear MI transition was observed only for the interplane
conduction. TheTy, for M = Cu for the interplane resistivity

under pressure. These features are quite similar to those founq/alries in the range-520 K among the measured samples. We

in TMTSF salts’ in which the jumps are caused by mechanical
kinks induced by thermal contraction during cooling. We

ascribe the ambiguity in th&y to a mixing of the in-plane
contribution into the measured interplane resistivity. Considering

consider that the resistivity jumps found here have the same e aspect ratio of the sample shape of 0.4 mm in length and

origin as those of TMTSF salts.
Clear signatures of the Ml transition, manifesting themselves
as abrupt increases of the resistivity, were foun@hat= 25 K
for M = Mn, Ty = 15 K for M = Co, andTy, = 13 K for M
= Zn. At variant with the resistivity jumps described above,

these MI transitions occur at the same temperature for at least

five samples of each salt studied. The occurrence of an Ml
transition is common to DMET salts with tetrahedral ions
according to the classification of the electronic behaviors of
DMET salts in ref 8. The room-temperature conductivity of the
M = Zn salt was slightly higher than that of the other salts.
The tendency oTy, is to change in the order ¥ Mn > Co

> Zn. This tendency corresponds to the ordering of the volumes
of unit cells. For M= Mn, Co, and Zn, the interplane resistivity
exhibited an MI transition at the sanB, as the in-plane
resistivity; however, the interplane resistivity decreased some-
what more steeply below 100 K than the in-plane resistivity.

8514 J. AM. CHEM. SOC. = VOL. 129, NO. 27, 2007

0.1 mm in thickness, such a mixing may occur in the interplane
resistivity measurement using the conventional geometry of two
electrodes on both sides of the sample surface. Such difficulty

in the interplane resistivity measurement becomes critical when
the resistivity anisotropy is as low as 10 at low temperateiés.
Under pressure, the resistivity decreased in all salts, where
the resistance jumps were suppressed. The Mn, Co, and

Zn salts were metallic down to 0.7 K under a pressure 04,

~1.5, and~2.1 GPa, respectively. It is intriguing that the
pressure needed to suppress the insulating state decreases as

(26) (a) Ando, Y.; Boebinger, G. S.; Passner, A.; Wang, N. L.; Geibel, C;
Steglich, F.Phys. Re. Lett. 1996 77, 2065-2068. (b) Jiang, C. N.;
Baldwin, A. R.; Levin, G. A,; Stein, T.; AlImasan, C. C.; Gajewski, D. A.;
Han, S. H.; Maple, M. BPhys. Re. B 1997 55, R3390-R3393.

(27) (a) Moser, J.; Gabay, M.; Auban-Senzier, P.; Jerome, D.; Bechgaard, K.;

Fabre, J. MEur. Phys. J1998 1, 39-46. (b) Mihaly, G.; Kezmarki, I.;

Zamborszky, F.; Forro, LPhys. Re. Lett.200Q 84, 2670-2673.

Ito, H.; Hanada, M.; Tanaka, H.; Kuroda, S.; Mitsumi, M.; Toriumi,X.

Phys. Soc. Jpr2005 74, 3334-3339.

(29) Montgomery, H. CJ. Appl. Phys1971, 42, 2971-2975.

(28)
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Figure 6. (a) Pressure phase diagram of the # Mn (circles), Co . o
(triangles), and Zn (diamonds) salts. In the phase diagram, M denotes the2MPlitude of the M= (a) Co, (b) Cu, and (c) Zn salts at the magnetic field
metallic phase and | the insulating phase. (b) Schematic pressure phasd@nge of 36-35 T. The solid lines are the temperature dependence of the
diagram of the M= Cu salt. Open symbols are based on the in-plane oscillation amplitude after the LifshitzKosevich formula ofRr = X/sinh

resistivity measurements, and closed symbols are based on the interpland® WhereX = 14.7(n*mg)(T/B), with the effective mase* shown in the
resistivity measurements. igure (my is the bare electron mass).

= o ] 2y II.GIK Table 4. Effective Masses of the Magnetoresistance Oscillations

iy L4l (a) M=Mn 16K 2 (b) M=Co ] Calculated with the Lifshitz—Kosevich Fits

:g 1.8- / 9 lf oscillation frequency  effective mass (in the unit of the bare electron mass)

g13 ! 4K M=Co 240£10T 20408

g 116 ] M=Cu 230£10T 1.8+ 0.4

512 14l 70K M=2Zn  240+£10T 3.0+ 1.0

2 L

;5;"' 112

= I Mn, Co, Cu, and Zn salts, respectively. Current was applied in
the c-axis interplane direction, and the magnetic field was

=12 applied in the same direction. The arrows indicate the direction

of the magnetic field sweep. For M= Co and Zn, large
magnetoresistances with hysteresis were observed at low
temperatures. The magnetic field width of the hysteresis is larger
for M = Zn. Above 30 T, the M= Co and Zn salts exhibited
weak oscillatory behaviors with a frequency of 24010 T.

10

Magnetoresistance p/p(B
o

4 For M = Cu, no hysteresis was observed but clear oscillations
2 with a frequency of 23& 10 T were observed. The temperature
O dependence of the amplitude of the magnetoresistance oscilla-

tions seems to follow the LifshitzKosevich formula of
Shubnikov-de Haas (SdH) oscillatio#?.In Figure 8 we show

the temperature dependence of the amplitude fitted with the
Lifshitz—Kosevich formula in the magnetic field window of

. i 30—35 T. The effective masses deduced are tabulated in Table
the MI transition temperature increases. The pressure phase, oing 1o the large error bars in the estimation of the effective

dclagra(rjn of these thrﬁe _saltls IS sho_vvr_l N Figure 66}' FG(;:M_ mass it is hard to observe a tendency of the effective mass
U under pressure, the in-plane resistivity was semiconducting among three salts with and without magnetic ions such as that

around room temperature but became metallic below 200 K, the salts with magnetic ions have larger effective mass in

B et e e (BETSHICI, (M = Fe, G and™(BEDT-TTR(H.O)M-
i (C204)3]Y (M = Cr, Fe, Ga; Y= CgHsNO,, CeHsCN).320n
under pressures above 0.5 GPa. Under pressure, the amsotroplg: 209alY ( oHsNOz CeHsCN)

Conduc“.on observed at am.blent pressure was s_uppressed. /?30) Shoenberg DMagnetic Oscillations in MetajsCambridge University
schematic pressure phase diagram of the-I@u salt is shown Press: Cambridge, 1984.
H H indi ; i (31) Uji, S.; Shinagawa, H.; Terai, Y.; Yakabe, T.; Terakura, C.; Terashima,
in Figure 6b. For all the salts no indication of'superconductlwty T Balicas, L Brooks, J. S Ojima, E.: Fuiwara. H.: Kobayashi, H.
was found down to 0.7 K, even under applied pressure. Kobayashi, A.; Tokumoto, MPhysica B2001, 298 557—561.

; ; (32) Bangura, A. F.; Coldea, A. I.; Singleton, J.; Ardavan, A.; Akutsu-Sato, A.;

Magnetort_e&stance Flgure 7a, b’ C and _d shows the Akutsu, H.; Turner, S. S.; Day, P.; Yamamoto, T.; YakushiPKys. Re.

magnetoresistances under pulsed magnetic field for the M B 2005 72, 014543.

Magnetic Field / T Magnetic Field / T

Figure 7. Interplane magnetoresistances of the=sM@a) Mn, (b) Co, (c)
Cu, and (d) Zn salts under a magnetic field perpendicular tathglane.
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the other hand, the M= Mn salt showed a rather weak
monotonic magnetoresistance with no hysteresis or oscillatory
behaviors. 280K (@)
dc Magnetic Susceptibility. The temperature dependences gggg ' rstnpm g 2
of the magnetic susceptibility for the M = Mn, Co, and Cu 180K\ x10 F100K ™ s 12.5]
salts are shown in Figure 9 at an applied magnetic field of 10 2 |seF——" N\ —x10] & 30 imex 395

X X X 7
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NN
o0 Q0 4
—_ o
uug-lk
==
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< T e )
kOe. The inset shows the temperature dependengd.cfhe 230K \—X563 % Zl%wm**,’)‘(%%
paramagnetic susceptibilities are well reproduced by the €urie  § 100K __N\x5.6 2 10K A AA s
Weiss model; the Curie constar)(and Weiss temperature = 70KWX?;‘; & 7I§~\/\/‘\m~.-—
(O)wereC=4.13emuK motand) = —1.1KforM=Mn, & KL\ "" 7% 2
C = 2.57 emu K mof! and# = —1.2 K for M = Co, andC 2K N 4KN\/\/\/‘"""" 1
= 0.47 emu K mot! andd = —0.6 K for M = Cu. The Curie 10002000 3000 4000 5000 6000 07000 2000 3000° 3000 50006000
constants correspond well with the spins of the divalent metal Magnetic Field / G Magnetic Field / G

ions,S= 5/2 for M = Mn, S= 3/2 for M = Co, andS= 1/2 gzgﬁi(c)’y\/f'*“jggg ;“(d).,,wwxzz.ét
for M = Cu, indicating predominance of contributions to the 200K_—‘—/\_/———x25()_ ZSgKszz.i
magnetic susceptibility from d-electron spins over contributions — 180K—“/\//—“X 150] 2 KWX 17.8

from s-electron spins. The small negative Weiss temperatures El 150KT J\ﬁ X20_§2°°KWWX16

of about—1 K indicate antiferromagnetic interactions among £ 100K+ w7 |2 1P% < 1d

magnetic ions. Since the distance between the ions is 9 A, too £ 4 15 IOOKWXS.@

far for direct interactions, the interaction may be mediated by % SO0K A *25 i SOKWMM‘X&]G

o electrons throughr—d interactionsy T gradually decreases o 20K| A X 1.5 fgk_ MR Rl

below 50 K, representing the presence of antiferromagnetic 10K 2 LOR[ e

interactions among the magnetic spins.. o SK e TR 3(;0'0 —
For the M = Zn salt m-electron Pauli susceptibility was Magnetic Field / G Magnetic Field/ G

observed. The susceptibility wasl.0 x 10~ emu/mol, 1 order  rigyre 11 Temperature-dependent ESR signals of the=Ma) Mn, (b)

of magnitude larger than that for the metallic DMET safs3. Co, () Cu, and (d) Zn salts under a magnetic field perpendicular talthe

The dc susceptibility decreased belowlO0 K and finally plane.
vanished near the MI transition, as shown in Figure 10. As the
magnetic field for the dc susceptibility measurement is increased, the ESR spectra of the M= Mn, Co, Cu, and Zn salts. The
the temperature at which the susceptibility vanishes shifts t0 gyiernal magnetic field was applied perpendicular to abe
higher temperature as shown in the inset of Figure 10. _ : :
Sgppressior? of the susceptibility at the Ml transitiongimplies gi:ﬁéi(;rs'i\g_of'\f:eagr?gi; ra dségzl: dii?escl)?g;kilal\g :s;l;sfvienrged.
SDW formation, such as that observed for TMTSF shlfts. . .

structures these signals arise from d electrons. In these salts

Since all salts are isostructuralinelectron electronic structure, .
the SDW transition should also occur in the other salts. The signals from ther electrons were not observed separately from

small upturn ofy T at ~10 K found for M= Mn, Co, and Cu those of the d electrons, presumably due to either amalgamation

may be caused the weak contribution of thelectron which of the signals or masking. The ESR spin susceptibility obeys

turns into the SDW state beloiy,. Curie—Weiss behavior with Curie constan€)( and Weiss
Electron Spin ResonanceFigure 11a, b, ¢, and d shows temperaturef) of C = 6.9 emu K mot! andf = —0.11 K for

preliminary measurements of the temperature dependence oM = Mn andC = 0.69 emu K mott andf = 0 K for M =

Cu. These parameters are in fair agreement with those deter-

(33) Kanoda, K.; Takahashi, T.; Kikuchi, K.; Saito, K.; Ikemoto, |.; Kobayashi,

K. Phys. Re. B 1989 39, 3996-4003. mined by dc susceptibility measurements. For=MCu, theg

(34) (a) Mortensen, K.; Tomkiewicz, Y.; Schultz, T. D.; Engler, E. Rhys. i i in-
Rev. Lett. 1981 46, 1234-1237. (b) Mortensen, K.; Tomkiewicz, Y.; Val'fje_ énd line width Chang_ed at.200_ K, where the in plang
Bechgaard, KPhys. Re. B 1982 25, 3319-3325. resistivity shows a change In activation energy and a semicon-
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ductor-metal crossover occurs under pressure. This may probably related to the imperfect nature of the SDW transition,
indicate contributions from ther-electron ESR signal above as discussed for (TMTSEIO5.7-36

200 K; a detailed discussion is left for a future study. For both  Tight-binding band calculations determined the size of the
M = Mn and Cu, narrowing of the line shape was observed electron and hole pockets to be 2.5% of the first Brillouin zone,
with an increase in temperature above the MI transition. The which corresponds to an SdH oscillation frequency of 110 T.

narrowing of the d-electron ESR signal is caused bystheal The observed frequencies of the magnetoresistance oscillation
interaction, which mediates the exchange interaction betweenare twice as large as this value. The discrepancy in the frequency
magnetic spins. On the other handg#lectron signal agy ~ may be caused by the Fermi surface reconstruction at the SDW

2 that vanishes &fy; was observed for M= Co. ESR signals  transition likes"-(BEDT-TTF)AuBr..3” Another interpretation
from Co*™ were observed at 1062000 G with a split line is that considering the Q1D Fermi surfaces the oscillations above
shape. However, integration of the signals failed to reproduce 30 T may be understood in terms of the so-called rapid
the dc susceptibility of the M= Co salt. This may be due to  oscillations often observed for TMTSF satfslf a magnetic

the angle dependence of the ESR signal; further study is now breakdown of the semimetallic Fermi surfaces occurs, the Q1D
underway. For M= Zn, a n-electron signal that vanished at planar Fermi surfaces are retrieved in high fields, giving rapid
the MI transition was observed. The ESR spin susceptibility is 0scillations at a similar frequency to those of Q1D TMTSF salts,
in agreement with the SQUID susceptibility0.001 emu/mol.  as in the case of (TMTSE)O;.% However, at variance with
No diverging ESR line width neaFy, was observed, which is the TMTSF salts, in which the maximum of the oscillation
relevant for the SDW transitio#. This is likely due to the amplitude appears at 3% the oscillation amplitude in the salts
contribution of the Elliot mechanisthor an incomplete SDw  S€ems to obey the temperature dependence of the Lifshits

transition. Kosevich formula as shown in Figure 8. A recent report shows
that under pressure the oscillation amplitude also obeys the
Discussion Lifshits—Kosevich formula in (TMTSRNO3.4°

o ) The magnetoresistance of the # Mn salt was small in
~ The presence of the hysteresis in the magnetoresistance;omparison with the other salts, and SdH oscillation was absent.
implies the effect of an internal magnetic field on transport The |arger spin of Mn may affect the SDW ordering at low
properties. Since we find the large magnetoresistance with temperature, which suppresses the magnetoresistance and oscil-
hysteresis for the M= Zn salt with no magnetic ion, the internal  |ations. Suppression of the MI transition at relatively low
magnetic field is not due to the magnetic ion but to the pressure in the M= Mn salt may also be caused by the Mn
electron. The Ml transitions of these salts are considered to begpins.
caused by an SDW transition owing to the nesting of Fermi  the anisotropic conduction in the M Cu salt, in which
surfaces. Considering the Q1D electronic structure calculated qonqyction in the in-plane direction is semiconducting while

for the salts, it is likely that the nesting of the Q1D Fermi  hat in the interplane direction is metallic for temperatures down
surfaces occurs like those found in TMTSF and DMET séfits. T, iis intriguing, and its origin will require further investiga-
The large magnetoresistance with hysteresis is reminiscent oftion. This phenomenon may indicate an interaction between
the field-induced SDW transition®!! In terms of the field-  conduction electrons and €uspins. Another explanation may
induced SDW transition, imperfect nesting creates small pocketspe that it is due to a contribution from weak localization in the
in which Landau levels are formed under magnetic fields, which in-plane conduction that does not affect the interplane conduc-
give rise to first-order transitions between field-induced sub- tion. The temperature dependence of the in-plane resistivity can
phases, causing hysteretic behavior with respect to the magnetite scaled with the logarithmic dependence of the weak localiza-
field sweep. The disappearance of the paramagnetic ESR signation below 100 K. As noted in the crystal structure section,
of thexr electrons below the MI transition for the M Zn and Jahn-Teller distortion is present in the Cu€t anion. This

Co salts supports the conclusion that the SDW transition is the may introduce disorder or a weak superstructure irathglane,
origin of the Ml transition. The decrease in the dc susceptibility which causes localization of the electronic state by giving rise
below 100 K for the M= Zn salt implies the effect of to additional scattering. The Jahfieller distortion of the
antiferromagnetic fluctuations existing at high temperatures CuCL?~ anion may be dependent on temperature and also
aboveTy;. As the magnetic field is increased, the temperature
at which the dc susceptibility vanishes shifts to higher temper- (36) (a) Tomic S.; Cooper J. R.; Kang W.; Jerome D.; MaklKPhys. | Fr.

. i . 1991 1, 1603-1625. (b) Basletic, M.; Biskup, N.; Korin-Hamzic, B.;
atures as shown in the inset of Figure 10, probably because the TomliC, S.: Hamzic, A_fgechgaard, K.: ,:abre,%_m,mphys_ Lett1993

T i i fi 22, 279-285.
SDW trgnfsmon is comp!eted with the help qf the nlwagne.tlc f'|eld. (37) (a) Doporto. M.: Singleton. J.: Pratt, F. L Caulfield, J.: Hayes, W.:
The resistivity belowly, increases exponentially with activation Perenboom, J. A. A. J.; Deckers, 1.; Pitsi, G.; Kurmoo, M.; DayPBys.

: — Rev. B 1994 49, 3934-3943. (b) House, A. A.; Harrison, N.; Blundell, S.
energies of 4& 1, 0'5#: 0.2, and 1.6t 0.5 meV for M Mr?' J.; Deckers, I.; Singleton, J.; Herlach, F.; Hayes, W.; Perenboom, J. A. A.
Co, and Zn, respectively. The value for the ¥ Mn salt is J.; Kurmoo, M.; Day, PPhys. Re. B 1996 53, 9127-9136.

. (38) (a) Brooks, J. S.; O’ Brien, J.; Starrett, R. P.; Clark, R. G.; McKenzie, R.
close to the mean-field BCS value of the SDW gap of 1.76 H.. Han, S.-Y; Qualls, J. S.. Takasaki, S.. Yamada, J.. Anzai, H.. Mielke.

ksTwi opening in the electronic spectrum, but those for=M C. H.; Montgomery, L. K.Phys. Re. B 1999 59, 2604-2608. (b)
. Vignolles, D.; Ulmet, J. P.; Audouard, A.; Naughton, M. J.; Fabre, J.-M.
Co and Zn are smaller than the mean-field BCS values. The Phys. Re. B 1999 61, 8913-8916.

iqi i i ivati (39) (a) Audouard, A.; Goze, F.; Dubois, S.; Ulmet, J. P.; Brossard, L.; Askenazy,
origin of the difference in the activation energy among=M _ S Tomic S.. Fabre. J-MEurophys. Leit1904 25, 363-368. (b) Kang,
Mn salt and M= Co and Zn salts needs further study. This is W.; Behnia, K.; Jerome, D.; Balicas, L.; Canadell, E.; Ribault, M.; Fabre,
J. M. Europhys. Lett1995 29, 635-640. (c) Kishigi, K.; Machida, K.
Phys. Re. B 1997, 53, 5461-5464.
(35) Tomic, S.; Jerome, D.; Cooper, J. R.; Bechgaardsyhth. Met1988 27, (40) Vignolles, D.; Audouard, A.; Nardone, M.; Brossard, L.; Bouguessa, S.;
B645—-B649. Fabre, J.-MPhys. Re. B 2005 71, 020404(R)-1-4.
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change under pressute,which may explain the unusual magnetoresistance. It is remarkable that the=\@u salt shows
transition at 200 K and suppression of the anisotropic conduction peculiar anisotropic conduction at ambient pressure with inter-
under pressure in terms of the structural phase transition. Toplane metallic conduction and in-plane semiconducting conduc-

clarify the origin of the peculiar behavior of the M Cu salt, tion with an unusual phase crossover at 200 K. These behaviors
X-ray and Raman studies are in progress. can be understood in terms af—d interactions; however,
Summary involvement of the JahnTeller distortion of CuCF~ can also

be considered.

We synthesized a new series of DMET salts with metal halide
ions and TCE. An MI transition was observed, caused by Acknowledgment. The authors thank Profs. H. Tajima, T.
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