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Quasi-one-dimensional stacks of planar molecules displaying
mixed valency, such as KCP(Br) §Rt(CN)BrgznH,0),' TTF- '
TCNQ (TTF = tetrathiafulvalene, TCNQ= tetracyanoquin- 09—%“ “'"3’—0-3
odimethane¥,and (TMTSF)PF; (TMTSF = tetramethyltetrasel- <ot
enafulvaleney, have provided a very rich chemistry and physics.
These include various electronic states, such as charge density
wave? spin density wavé Mott insulating® and spin-Peierl§due
to the electron-lattice, electron-electron, and spin-lattice interactions.
Among them is the Peierls instability, which is a periodic lattice
distortion of wavevectork, resulting in an energy gap at the Fermi
level in one-dimensional (1-D) metallic chains having a half-filled bi_: “Pt
band® To overcome this instability, pressure is used to increase a |
weak transverse transfer integrals, thus stabilizing the metallic staterigure 1. Projection of the crystal structure of Ritp)l along thec-axis.
down to low temperatures and, in some cases, leading to super-
conductivity? For example, (TMTSR}PFR; exhibits a metal- 0.08
superconductor transition at 1.2 K under 0.65 GPAmong the
quasi-1-D systems, the family of halogen-bridged mixed-valence 0.06
binuclear metal complex, the so-called MMX-chain, is of particular
interest and has been attracting much attention. This is because of ©
its wide variety of structural and physical properties derived from 9
the 1-Dd-electron system which is well-confinédConsequently, B
MMX-chain complexes are semiconductors, and few exhibit 0.02
metallic conductiort? The binuclear metal units provide an i : / : : 3 ;
additional internal degree of freedom of charge polarization, ol ¢ 00 iy
resulting in four possible electronic ground states as follows:

(1) Averaged-valence (AV) state

_MZ.H_MZ.H_X_MZ.S—F_MZ.S—F_X_

(2) Charge-polarization (CP) state

...M2+_M3+_x...M2+_M3+_X...

(3) Charge density wave (CDW) state

e M2t —M2teee X —MBT—M3t—X e

(4) Alternate charge-polarization (ACP) state

...M2+_M3+_X_M3+_M2+...X...

Pt(dtp)d (Figure 1) is a special case among this family of
compounds; it exhibits a high electrical conductivityY Scnt?) L. ' ; : :
and a metal-insulator transition at 205 K under ambient pres3ure. st T A B R
Its electronic state changes with temperature: AV state with CDW 50 100 150 200 250 300
fluctuation above 205 K, CP state between 160 and 205 K, ACP TIK
state below 160 K2c Since Pi(dtpll has various fluctuations Figure 2. (a) Pressure dependence of the e_Iectrica_I rgsistivitygﬁtﬂtbtul.
derived from the 1-D electronic system, such as spin, charge, andg?z)'l(';e;na[?erature dependences of the electrical resistivity at 0, 2.2, 4.0, and
lattice, novel electronic states are expected to exist under high
pressure. In this work, we report that@tp)l exhibits the most
stable metallic state in the 1-B-electronic metal-complex-based
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system, and furthermore, we evidence a novel pressure-induced
metal-insulator transition at 3.0 GPa.
Figure 2a shows the pressure dependence of the electrical

I.'Fzgsﬂﬁiye’:is"igﬂ;y;rokyo resistivity of Pg(dtp)l along theb-axis (// 1-D chain) at 298 K3
8 High-Energy Accelerator Research Organization. Upon increasing the pressure, the resistivity decreases rapidly
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the metal-insulator transition to 70 K, the lowest known for any

. o -
2300? o -18.6 1-D purely d-electronic conductors based on transition-metal
2200F '°. . | complexes, at 2.2 GPa. The pressure-induced metal-insulator
o 3 . o N transition associated with an elongation of the chain éxigas
< 2100;— S . e N 185 observed at 3.0 GPa. Full structural X-ray single-crystal analysis
: 2000 3 T T, o, o0 o | ; and Raman spectroscopic study under high pressure are in progress.
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Figure 3. Pressure dependences of the lattice paranie{epen circle)
and unit cell volumeV (closed circle) of R{dtp)l.

followed by a sharp transition at 3.0 GPa to a more resistive state
and a gradual decrease up to 8.0 GPa.
Temperature dependences of the electrical resistivity at 0, 2.2,
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4.0, and 8.0 GPa are shown in Figure2t ambient pressure (0
GPa), the metal-insulator transition was observed at 205 K, which
is consistent with the previous repétt.Under 2.2 GPa, metallic
conduction is maintained down to 70 K; that is, the metallic AV
state is stabilized under pressure, surviving down to 70 K. This
metal-insulator transition temperaturBy( = 70 K) is the lowest
value in the 1-Dd-electronic conductors based on transition-metal
complexes; in other words, fdtp)yl is the most stable metal in
1-D d-electronic transition-metal complexes. As is well-known, the
first molecular conductor #Pt(CN)Br, 3nH,02b (often abbrevi-
ated KCP(Br)) had so far held the lowds}; (= 210 K under 3.2
GPa)% Compared to KCP(Br), th&y, of Pi(dtpll is lowered by

140 K and its 1-D metallic state is much more stabilized. Above
3.0 GPa, on the contrary, the electrical transport behavior changed
to be narrow-gap semiconductor in the whole temperature region,
where the activation energies are 17 meV at 4.0 GPa and 10 meV
at 8.0 GPa. These results indicate that the resistivity jump at 3.0
GPa is due to a pressure-induced metal-insulator transition.

To clarify the origin of the pressure-induced metal-insulator
transition, X-ray oscillation photographs were taken under high
pressure at room temperatdfeAny diffuse scatterings or super-
lattice reflections ak = n + 0.5 (0 being an integer) originating
from the 2-fold periodic charge ordering, such as CDW or ACP
states, were not observed above 2.0 GP& suggesting that the
electronic state above 2.0 GPa is not CDW or ACP but AV or CP.
Pressure dependences of the lattice pararbetad unit cell volume
V up to 5.0 GPa are shown in Figure 3. The paramdteaad V
decreased monotonically with applied pressure, while the discon-

tinuous jump was observed for each parameter at 3.0 GPa, where

the pressure-induced metal-insulator transition occurs. The pressure
induced metal-insulator transition at 3.0 GPa is, therefore, attribut-
able to the first-order structural phase transition with elongation of
theb-axis (// chain), resulting in a lowering of the electron transfer
integral ¢).

In general, the resistivity decreases with pressure because of an

increase of the bandwidtt(~ 4t for 1-D system). The metallic
AV state is stabilized with pressure up to 3.0 GPa due to the
increases ofW and the elastic energy. As opposed to these
enhancements, #titp)l undergoes the metal-insulator transition
at 3.0 GPa, which can be related to the elongation of the interdimer
distance in—Pt(dtp),—1 —Pt(dtpy—I—.

In summary, the electrical resistivity and the X-ray diffraction
measurements for the MMX-chain complex,(Btpul, were

performed under high pressure. We observed the suppression of
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