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The molecular conductoB’-(CHjz) A9 Pd(dmit),], (dmit=1,3-dithiol-2-thione-4,5-dithiolajeis a two-
dimensional system based on the dimer structure. At low temperature, this system is a Mott insulator under
ambient and hydrostatic pressure conditions. The electrical resistivities of this system have been measured
under uniaxial strain along all three crystallographic axes. When the strain is applied parallelbt@tise
within the a-b conducting layer, the nonmetallic behavior is readily suppressed and superconductivity appears
at 4 K under 7 kbar. On the other hand, small strain around 2 kbar along both #rel c-axis directions
effectively enhances the nonmetallic behavior. With further increase of the strain, the nonmetallic behavior is
suppressed, but cannot be removed even at 15 kbar. These unusual results suggest the crucial role of intra- and
interdimer interactions that affect the band width and the effective on-site Coulomb interaction.
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The electronic states of molecular conductors are govamine the uniaxial strain effect, we first undertook
erned by intermolecular interactions and can be drasticallyd’-(CHjz) 4 As Pd(dmit),], (abbreviated as TMAs salt Al-
sensitive to the pressuf@cluding chemical pressuré they  though the TMAs salt remains nonmetallic under hydrostatic
are situated near the phase boundary and are soft enoughRegssure, this salt is situated close to the high-pressure super-
allow appreciable changes of molecular arrangement and orfonductor (CH) ,Sb salt. We report here a remarkable result:
entation. In contrast to the conventional hydrostatic pressur€ uniaxial strain along the crystallograpitiaxis induces
method, recent development of the uniaxial stress and stra@tPerconductivity, while small strain along both theand
methods have enabled selective and anisotropic regulation %‘;"X'S directions effectively enhances the nonmetallic behav-
the intermolecular interactions and provided a powerful™"-
means to search for novel electronicp stdtékhe appplied Single crystals of the TMAs salt were obtained by the air

pressure would be more efficient in narrow-band system@Xidation of[(CHs)4As],Pd(dmit), in an acetone solution

where small changes of molecular arrangement and orientf—ontaIlnlng acetic acid at 5 °C. X-ray diffraction data at room

tion can affect their band structures drastically. A series o Ei‘;r:getratlére\s\ll?e'lilszr:qclijjo Eamz&ggleg?gngg grrpl?r)r;%%;ng
anion radical salts based on the metal dithiolene Complegquipp)é?j with a closedg—cycle helium refrigerat@AIKIN
Pddmit), [dmit=1,3-dithiol-2-thione-4,5-dithiolate; Fig. Co. V210CSG-UCM. Graphite monochromated ModKra-
1(a)] form one of the most attractive categories of molecularyistion was supplied by a 21 kW-rotating anode. The struc-
conductorg. Most of them are Mott insulators associated tures were solved by a direct method and refined by a full

with a narrow and half-filled band at ambient pressure andnatrix least-squares method. The fileandR,, are 0.0487,
exhibit a variety of physical properties including supercon-g 0658 for the RT structure and 0.0453, 0.0781 for the 20 K
ductivity under hydrostatic pressure. This pressure effecstructure, respectively. For the tight-binding band calcula-
strongly depends on the choice of the closed-shell countafon, the extended Hikel molecular orbital calculations
cation. For example, si-type anion radical salts of Pd- were performed. The transfer integfgll was estimated from
(dmit), with tetrahedral cations (CH,Z* and the overlap integralS) by the approximatiort~ €S (e=—10
(C;Hs)2(CHg),Z™ (Z=P, As, Sb display various kinds of eV, ¢ is a constant with the order of the orbital energies of
electronic states under presstreThe low-temperature frontier orbitalg. Static magnetic susceptibilities were mea-
ground state of the (Cj),Z (Z=P, A9 salts remains non- sured over 5-300 K at the magnetic field of 1 T on randomly
metallic even at the highest pressure. The ¢G8b and  orientated single crystals with a Quantum Design MPMS
(C5Hs)»(CH3),P salts exhibit pressure induced supercon-magnetometer. The d.c. resistivity measurements were per-
ductivity, and turn nonmetallic under higher pressures. Théormed with the standard four-probe method. Electrical con-
(CoHs)2(CHs),Z (Z=As, Sb salts easily turn metallic un- tacts were obtained by gluing four gold wir€&s um diam-

der pressure, but show neither superconductivity nor highetep to the crystal with carbon paste. The current direction
pressure nonmetallic state. The replacement of the countevas parallel to thé axis. Uniaxial strain was applied using
cation slightly changes the molecular arrangement and sighe epoxy-crystal methodThe samples embedded in the
nificantly affects the intermolecular interactions. This cationepoxy (Stycast # 1266 and catalyst) Bvere inserted in a
effect lets us infer that the uniaxial strain would be quiteCu-Be clamp cell. Three samples with different orientations
effective on this strongly correlated system. In order to exawere mounted around the center of the cell to be measured
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o, broad maximum around ca. 120 K and shows a clear bend
t / I,B around 35 K, below which the susceptibility remains almost

L] . .
. : ; constant. The presence of a long-range magnetic ordering
F below 35 K has been confirmed by an electron spin reso-
— : nance study. These results suggest an antiferromagnetic
\ —— transition at 35 K.
© b Under hydrostatic pressure, a metal-like region appears

and is extended continuously with increasing pressure, but

FIG. 1. () Molecular structure of Pd(dmif) (b) Crystal struc-  the |ow-temperature insulating state cannot be suppressed
ture of B’-(CHg) ,As[ Pd(dmit),],. (¢) Schematic end-on projection  eyen at the highest pressuit? kbay.® Under the uniaxial
of the conduction layer, where transfer integrgis ts, t;, tsare  gyrain the conducting behavior shows drastic change. When
448.3, 34.0, 22.7, 32.4 meART) and 485.5, 42.1, 24.4, 32.8 meV ho niaxial strain along theaxis is applied, the nonmetallic
(20 K). behavior is readily suppressed and an abrupt drop of the

resistivity occurs 84 K under 7 kbar(Fig. 2). As shown in

simultaneously for three different strain directions. Thethe inset of Fig. 2, recovery of the resistivity by the applied
maximum pressure applied to the sample-head was 15 kbatiagnetic field has indicated that this is superconductivity
at room temperature. induced by the uniaxial strain. This superconductivity can be

Figure Xb) illustrates the crystal structure of the TMAs observed up to 9 kbar. The transition temperature decreases
salt. This crystal belongs to the monoclinic system with thewith increasing pressure. Above 10 kbar, slight upturn of the
space groupC2/c. The unit cell consists of two crystallo- resistivity is observed in the lowest temperature region. It is
graphically equivalent Pd(dmit)layers(l and Il), separated quite interesting that small strain around 2 kbar along both
from each other by a cation layer. These two layers are inthe a- and c-axis directions effectively enhances the nonme-
terrelated by the glide plane. Strongly dimerized Pd(djmit) tallic behavior(Fig. 3). With further increase of the strain,
molecules stack along tha+b direction in Layer | and the nonmetallic behavior is suppressed, but still remains even
along thea—b direction in Layer Il. Within each layer, at 15 kbar. These observations are different from those under
Pd(dmit), units are connected through intermolecularthe hydrostatic pressure and the uniaxial strain alongbthe
S---S contacts shorter than the sum of the van der Waalaxis.
radii (3.60 A) to form a two-dimensional conduction network  For interpretation of these results, it is useful to summa-
parallel to theab plane. rize the characteristics of the present system. The conduction

At ambient pressure, the TMAs salt has rather low RTband of the ordinary molecular conductors based on acceptor
resistivity, but exhibits a nonmetallic behavior with lowering molecules is formed by the LUM@owest unoccupied mo-
temperaturd. At the insulating staté20 K), no satellite re-  lecular orbita). In the Pd(dmit)-based conductors, however,
flection indicating formation of a superstructure could be ob-the conduction band originates from the HOMi@ghest oc-
served. The temperature-dependent paramagnetic suscetitpied molecular orbitalbf the Pd(dmit) molecule’ This is
bility with the RT value of 4.6<10 # emu mol'}, forms a  due to a small energy gap\E) between the HOMO and
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LUMO in the Pd(dmity molecule and the strong dimeriza- +b)/2,b,=b,c,=c. The interdimer transfer integralg, t,,
tion in the crystal. The dimerization of the Pd(dmithol-  andts determine the dispersion of the energy band, while the
ecules separates each of two bands originated from HOM@ffective on-site Coulomb energy on the dimét.f) is ap-
and LUMO into the bonding i ,omo and i yuo) and anti-  proximately proportional to the intradimer transfer integral
bonding (/romo and ¥ uwo) bands. When the generated t, in theU— limit.** In the B-type salts, there is a relation
dimerization gap is large enough compared wikE, the t,>tg~t>t,. The band widthw is determined mainly by
HOMO(ri0mo0) -LUMO(#{umo)  band inversion occurs. the two larger interdimer transfer integrdlsandts, andt,
This is the case of the TMAs s&lin the TMAs salt with the governs anisotropy of the band structure. At room tempera-
formal charge of -1/2, the/,oyo band is half-filled. If the ture, thet,/tg ratio is 0.67 which is smaller than that for the
on-site Coulomb interactiofU) is sufficiently larger than the high-pressure superconductor, the ,Kg),(CHs),P salt
band width ), the system behaves as a Mott insulator.(t,/tg=0.82). Fermi surface obtained by the tight-binding
Indeed, transport and magnetic properties, coupled with thband calculation consists of two equivalent cylinders associ-
absence of the superstructure in the insulating phase, indicagged with E,(k) and E, (k). Each of them has an elliptic
that the TMAs salt is the Mott insulator under ambient pres-—cross section.
sure. Although the; ;o band is located near theépovo At the low-temperature insulating stat20 K), the lattice
band and the possibility of the HOMO-LUMO band overlap parameters, b, andc decrease while thg angle increases.
was proposed, recent x-ray crystal structure analysis for th&he cell volume becomes smaller of about 3% from RT to 20
isostructural (GHs),(CHs),P salt underhydrostati¢ pres- K. At 20 K, all transfer integrals are enhanced. The anisot-
sure has suggested that the HOMO-LUMO band overlagopy of the interdimer interaction is enhanced in the low-
does not occur and the HOMO band remains the conductiotemperature insulating statd,{tz=0.58). The calculated
band even under pressur&Vhen the intradimer interaction Fermi surface exhibits more distorted elliptic cross sections
is strong, the system can be considered to consist of dimeet 20 K. It should be noted that the intradimer interactign
and one can extract the essence by taking each dimer as &nfairly enhanced. This feature is also observed in the crystal
effective unit. Figure (c) displays a distorted triangular net- of the (GHs),(CHs;),P salt under high-pressure and sug-
work of interdimer interactions. This kind of dimer lattice is gests that) . in the 8-type Pddmit), salts can be variable
also considered as a model of the organic superconductoiis response to temperature and pressure.
x-(BEDT-TTF),X (X: monoanion where strong correlation We now discuss an origin of the unusual uniaxial strain
plays an important rol& In the x-type organic supercon- effect. The interdimer interactions can be classified into two
ductors, however, the unit cell contains only one conductiortategories: intracolumntg) and intercolumn t, and ty)
layer where the BEDT-TTF dimers are rotated by about 90%ypes. A significant structural feature of ti-type salts is
with respect to each other to form a checkerboard-like arthat the unit cell contains two conduction layers. These lay-
rangement. This difference in the packing motif of theers are crystallographically equivalent but are different in the
dimers would lead to different type of modification of the stacking direction of the dimers. The uniaxial strain affects
interdimer interactions under pressure. each layer differently except for special directions. One of
As for the TMAs salt, two branches of the conduction the special directions is along tleaxis. In both layers, the
HOMO band associated with Layers | and Il can be approxiPd(dmit), dimers are repeated along thé=b) axis in a
mately described as follows;E (k)=2.tgcosk-a, side-by-side fashioriFig. 1(c)]. Thus, the decrease ih
+t,cosk- (a,—bp) +tscosk-b,] and E;(k)=2.0tgcosk  would enhance mainly the intercolumn interactidpandts
-(ap—bp) +t,cosk-a,+tscosk-by], where the C-centered within each layer, which leads to an enhancement of the band
monoclinic cell is reduced to the primitive one ag=(a  width W. As in the case ok-(BEDT-TTF),X, one of criteria
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for the Mott transition is the electron correlation parametermetallic behavior is suppressed upon further increase of the
U/ W.12 Naively speaking, the most simple explanation for strain, U4 should be in competition witlW which is en-

the metallic behavior induced by tieaxis strain is a reduc- hanced bytg. The uniaxial strain effect along theaxis is

tion of this parameter. An important point is that the@xis  similar to that along the axis, which is also unusual. This
strain leads to the best lattice distortion for the enhancemergppears due to the worst strain configuration for the enhance-
of the intercolumn interaction. On the other hand, the crysment of the intercolumn interactions and an inclination of the

tallographica and c axes are orthogonal to thigaxis, and  molecular plane out of theaxis (the normal is at an angle of
thus the uniaxial strain along these directions, basicallyyoe i thec axis).

should have the smallest effect on the intercolumn interac- |, conclusion, the electronic state of the Pd(dmiplts

tions. The uniaxial strain along the axis also has the ha5eq on the narrow, two-dimensional, and half-filled
equivalent effect on each conduction layer. Since normals ofjopmo band is very sensitive to the intra- and interdimer
the Pd(dmity molecular planes are at rather small anglesiyieractions and can be controlled by the uniaxial strain

(i30°) to the-a axis, _the reduction ira affects mainly the method. In this sense, the Pd(drpigystem is a unique play-
intra-column interactions, andtg. Notably, the uniaxial ground of the strong correlation physics.

strain along the axis induces the enhanced nonmetallic be-
havior at the low-pressure region. This is one of the most This work was partially supported by a Grant-in-Aid for
unusual observations and suggests that an enhancement3xientific Research on Priority Areéslo. 10149103metal-
the intradimer interaction, which leads to an increase of assembled compleXesom Ministry of Education, Science,
U.#/W is predominant in this pressure region. Since the nonSports and Culture, Japan.
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