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The high-pressure crystal structure determination was per-
formed on [(C2H5)2(CH3)2N][Pd(dmit)2]2, which is a unique
molecular superconductor with pressure-induced insulating
phase above about 7 kbar. The structure analysis at 10 kbar re-
vealed the pressure-induced cation ordering coupled with the
doubling of the unit cell.

[M(dmit)2] (M = Ni, Pd; dmit = 4,5-dimercapto-1,3-
dithiole-2-thion) superconductors occupy a unique position be-
cause most of the molecular superconductors so far developed
are the systems composed of organic � donor molecules having
TTF-like skeletons.1 Only M(dmit)2 conductors can be pure �
acceptor superconductors without TTF-type � donors.2

[(C2H5)2(CH3)2N][Pd(dmit)2]2 is a molecular conductor con-
sisting of � acceptor molecules and closed-shell cations, whose
superconducting transition was observed around 2–7 kbar.3 The
crystal of [(C2H5)2(CH3)2N][Pd(dmit)2]2 belongs to the triclinic
system. The lattice constants at ambient pressure are given in Ta-
ble 1.4 Since the (C2H5)2(CH3)2N

þ cation is on the inversion
center, the cation is disordered with taking two possible posi-
tions randomly at ambient pressure. The Pd(dmit)2 molecules
are stacked face-to-face to form dimeric columns along the a di-
rection.3,4 Despite of the high room-temperature conductivity,
the crystal becomes semiconducting at low temperature. But as
mentioned above, the system shows a superconducting transition
at high pressure.3,5 However, in contrast to most of the molecular
superconductors with stable metallic states above the critical
pressures where the superconducting phases are suppressed,
the insulating state appears above 7 kbar. Similar unique phase
diagram has been reported in �0

-[(C2H5)2(CH3)2P]-
[Pd(dmit)2]2.

6

Since the superconducting transitions of all the M(dmit)2
conductors with closed-shell anions have been observed only
at high pressure, the high-pressure crystal structure analysis is
very important in the studies of M(dmit)2 systems. However, on-
ly very limited information has been reported on the crystal
structures of M(dmit)2 conductors at high pressure.

7 Here, we re-
port the crystal structure of [(C2H5)2(CH3)2N][Pd(dmit)2]2 at
10 kbar.

The high-pressure X-ray experiments were made by using a
specially designed diamond anvil cell (Figure 1). The mixed sil-
icone oil was used as a pressure medium. The pressure was de-
termined by the standard ruby fluorescence method. The crystals
with typical dimensions of about 0:3� 0:2� 0:04mm3 were
used. The X-ray diffraction spots were detected by X-ray imag-
ing plate system equipped with a rotating anode X-ray generator
(MoK�).

The lattice constants are listed in Table 1. New diffraction
spots indicating the doubling of the lattice constant a were ob-

served above about 8 kbar. The crystal structure determination
at 10 kbar was made using the 815 reflections (I > 3�ðIÞ). The
correction for X-ray absorption by diamond anvil was not made.
Because of the limited number of the observed reflections and
the relatively large number of crystallographically independent
atoms (41 non-hydrogen atoms of [(C2H5)2(CH3)2N]-
[Pd(dmit)2]2), the anisotropic temperature factors were used on-
ly for two Pd atoms. The structure refinements gave the final R-
value of 0.105. The crystal structure is shown in Figure 2. At
10 kbar, the ammonium cation is ordered and Pd(dmit)2 mole-
cules are stacked to form tetrameric column along the a axis.
Compared with the ambient-pressure structure, the molecular
plane of Pd(dmit)2 became relatively flat (Figure 3). The crystal
structure determination was also made at 3 and 5 kbar where the
crystal structures were essentially the same as the ambient-pres-
sure structure.

As mentioned before,5 in the pressure-temperature phase
diagram, the superconducting phase of [(C2H5)2(CH3)2N]-
[Pd(dmit)2]2 appears around 2–7 kbar and the pressure-induced
insulating phase develops above 7 kbar. Thus, the appearance

Table 1. The lattice constants of [(C2H5)2(CH3)2N][Pd(dmit)2]2

1 bar 3 kbar 5 kbar 10 kbar

a/ �A 7.908 7.883 7.848 15.336(5)a

b 18.492 18.460 18.376 18.226(6)
c 6.291 6.247 6.227 6.054(3)
�/� 96.92 96.85 96.54 96.89(3)
� 109.83 109.93 109.85 109.17(4)
� 84.57 84.28 84.26 83.59(3)

V/ �A3 857.7 846.8 837.4 1582.1(5)
Z 1 1 1 2

aThe standard deviations at 1 bar, 3 kbar and 5 kbar are omit-
ted for simplicity.
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Figure 1. Side view of the diamond anvil cell. Unlike usual X-ray
diamond anvil cell, Be disks were not used to reduce the back
ground X-ray diffraction. Specially designed very flat diamond an-
vils were used to get large window angle (90�), which were sup-
ported directly by the steel disks of the high-pressure cell.
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of new X-ray diffraction around 8 kbar is considered to be cou-
pled with the appearance of the pressure-induced insulating
phase. It is well known that the strongly dimerized Pd(dmit)2
column producing the ‘‘HOMO (highest occupied molecular or-
bital)–LUMO (lowest unoccupied molecular orbital) energy lev-
el inversion’’ is one of the characteristic features of the
Pd(dmit)2 conductor. If the HOMO–LUMO inversion is weak-
ened at high pressure, the 1-D nature of the band structure
(and therefore, the 1-D metal instability) will be enhanced be-
cause the nature of LUMO will tend to dominate the band char-
acter near Fermi level. At first, this was considered to give a
plausible scenario of the development of the pressure-induced
insulating state above 7 kbar.5 However, the examination of
the crystal structure and intermolecular overlap integrals of the
frontier orbitals revealed that the strong dimeric nature of
Pd(dmit)2 column is retained even at 10 kbar. The intra-dimer
Pd���Pd distance (d �A) is shortened with increasing pressure: d ¼
3:161 (1 bar); 3.153 (3 kbar); 3.140 (5 kbar); 3.121 and 3.101
(10 kbar). The intra- and inter-dimer distance ( �A) between the
least-squares planes of Pd(dmit)2 molecules are: 3.327, 3.750
(1 bar); 3.339, 3.702 (3 kbar); 3.329, 3.693 (5 kbar); 3.290 (aver-
age), 3.557 (10 kbar). Interestingly, the calculated orbital levels
of HOMO and LUMO ("H, "L) at ambient pressure were signif-
icantly lower than those at 5 and 10 kbar,7 which is considered to
be related to the increase of planarity of Pd(dmit)2 molecule (or
� conjugation of the molecule) at high pressure (Figure 3): "H
"L ¼ �9:456, �9.100 eV (1 bar); �9.592, �9.238 (3 kbar);
�9.660, �9.335 (5 kbar); �9.660, �9.316 (average) (10 kbar).

The intra- and inter-dimer HOMO���HOMO (SH1, SH2) and
LUMO���LUMO (SL1, SL2) overlap integrals along the Pd(dmit)2
stack are: SH1, SL1, SH2, SL2 ð�103Þ ¼ 46:3, �41.2, 8.8, 1.0
(1 bar); 39.4, �37.8, 8.5, 0.9 (3 kbar); 43.4, �44.8, 6.2, 3.7
(5 kbar); 49.8 (average), �46.5 (average), 9.2, 5.3 (10 kbar).
The maximum inter-stack interactions is less than 5� 10�3 even
at 10 kbar. Thus, it is said that the Pd(dmit)2 column retains
strong dimeric character even at high pressure, which is not con-
sistent with the above-mentioned scenario based on the possible
disappearance of HOMO–LUMO inversion at high pressure. On
the other hand, the pressure-induced tetrameric columns is con-
sistent with the periodicity of Peierls insulating phase of
[(C2H5)2(CH3)2N][Pd(dmit)2]2. Therefore, it may be said that
due to the pressure-induced cation ordering coupled with the
doubling of the lattice constant a, the high-pressure phase of

[(C2H5)2(CH3)2N][Pd(dmit)2]2 is located near the boundary be-
tween metallic and insulating phases. It might be possible that
the system transforms into insulating state if the role of tetramer-
ic potential produced by ordered ammonium cations becomes
more important at low temperature.
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Figure 2. The crystal structure of [(C2H5)2(CH3)2N][Pd(dmit)2]2
at 10 kbar.

Figure 3. (a) The side view of Pd(dmit)2 dimer at 10 kbar, indi-
cating that the molecular plane tends to be flat at high pressure.
(b) Two periodic units at ambient-pressure are given for compari-
son.
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