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The pressure-temperature phase diagram of the quasi-one-dimensional molecular superconductor
TTF [Ni(dmit)2]z has been carefully determined by ac resistivity measurements up to 14 kbar. In-

creasing pressures induce electronic phase transitions between a high-temperature metal and succes-

sive, metallic or semimetallic, semiconducting and reentrant superconducting ground states. This
unusual phase diagram is compared with that of TTF [Pd(dmit)z]2. It is discussed in connection
with ambient-pressure charge-density-wave (CDW) instabilities, the wave vector of which can be
well accounted for by an original conduction-band structure involving both the highest occupied
molecular orbitals and the lowest unoccupied molecular orbitals of the acceptor slabs. It is

con6rmed that the superconducting temperature increases slowly with increasing pressure. It is

suggested that the superconductivity coexists with a high-temperature CDW instability and is in

weak competition with low-temperature CDW fluctuations; these CDW's affect different parts of
the Fermi surface.

INTRODUCTION

The interplay between competing instabilities inside an
electronic gas of low dimensionality is a topic of increas-
ing interest. Contrary to Mott insulators' in which the
electrons are held in localized states by correlation energy
arising either from Coulomb interaction between elec-
trons or from strong interactions with neighboring ions,
several mechanisms may be responsible for the "metal-
semiconductor" transition in ordered structures, i.e., in
the absence of Anderson localization. These mecha-
nisms are known to result from instabilities of the
electron-hole spectrum in some areas of the Fermi sur-
face (FS) against the electron-phonon and the electron-
electron exchange interactions: the relative strength of
these interactions determines the nature of these insta-
bilities, either charge-density waves (CDW s) associated
with periodic lattice distortions (PLD's), or spin-density
waves (SDW's), respectively. However, their occurrence
is connected with the anisotropy of the FS: they occur
only for some characteristic wave vector q for which the
susceptibility of the electron gas becomes large. This can
be achieved through a progressive nesting of relatively
large electron and hole areas of the FS, leading to a
temperature-gap opening: this happens in the CDW-
Peierls distortion encountered in Kz[Pt(CN)4]Bro 33H20
(KCP), TTF-7,7,8,8-tetracyanoquinodimethane, 1T
TaSz and -TaSe2 (octahedral coordination), as well as in
the SDW ground state of many organic conductors. '

This can also be achieved through saddle points located

very close to the Fermi level, " the so-called Van Hove
singularities for which only a minor fraction of diffuse
states of the FS is removed, leading to metal-semimetal or
metal-metal transitions: this is observed in the CDW
ground states of 2H-TaS2, -TaSe2, and -NbSe2 (trigonal
prismatic coordination), ' NbSe3, ' and accounts also for
the martensitic transition in A 15 compounds. '

These electron-hole instabilities may in turn become
unstable versus interactions involving attraction between
electrons, either by varying the temperature or the pres-
sure or by alloying. A superconducting ground state may
be in close competition either with SDW (case of the
Bechgaard and related salts' ) or with CDW [case
of the 2H-dichalcogenides' and NbSe3 (Ref. 13)] insta-
bilities. Moreover, the superconducting temperature T,
generally decreases with increasing pressure in a well
condensed superconducting regime, except in the 2H-
dichalcogenides' and A 15 compounds. '

The recently synthetized one-dimensional (1D) TTF-
[M(dmit)2]2 conductors, ' with M=Ni, Pd are multi-
parallel-band systems, ' and their interest is multiplied in
light of the following points:

(i) X-ray diffuse scattering studies at ambient pressure
reveal many sets of 1D structural fluctuations associat-
ed with CDW instabilities, which take place along the b
stacking axis of the C2/c monoclinic structure.

(ii) The reduced wave vectors q of these successive
structural instabilities are well assigned with the intersec-
tion between the Fermi level and the bunches of the
bands built on both the highest occupied molecular orbit-
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al (HOMO) and lowest unoccupied molecular orbital
(LUMO) of the acceptors M(dmit)z slabs only. ' This ac-
counts for the intricate 1D multi-parallel-band structure,
where the LUMO of the acceptors overlap not only the
HOMO of the TTF as usual, but also those of the accep-
tors. '

(iii) While the CDW s in the Pd compound are associ-
ated with the high-temperature metal-semiconductor
transition, the Ni counterpart remains metallic down to
very low temperature, and its magnetoresistive properties
at 4.2 K reveal a departure from 1D behavior.

(iv) The pressure-temperature (P, T) phase diagram of
the Pd salt is characterized by a strong competition
over a 4-kbar interval between the low-pressure CDW
and high-pressure superconducting ground states, instead
of the usual SDW-superconducting competition observed
in the Bechgaard salts. '

(v) The Ni salt is superconducting under pressure, but
contrary to its Pd counterpart, T, increases slowly with

increasing pressure, which is reminiscent of the 20-
chalcogenides and A 15 behavior.

Hence, the aim of this work is to present the detailed
(P, T) phase diagram of the TTF [Ni(dmit)z]z salt. A pre-
liminary sketch of this diagram has already been pub-
lished. First, pressure-dependent conductivity measure-
ments at 300 K are presented. Then, new temperature-
dependent resistivity results at ambient pressure are
presented and compared with other measurements.
Next, the temperature dependence of the resistivity under
pressure is reported. Finally, the successive phase transi-
tions between (semi) metallic, semiconducting, and reen-
trant superconducting ground states induced by pressure
are detailed in the complete phase diagram of TTF
[Ni(dmit)z]z. A tentative discussion of these results may
be derived from band structure calculations ' and from a
comparison with the phase diagram of the analog TTF
[Pd(dmit)z]z salt. These calculations predict a removal
under pressure of the 2D character of the zone center of
the Ni salt. In their present state, our results suggest a
coexistence of a high-temperature CDW instability and a
weak competition of low-temperature CD% fluctuations,
with a reentrant superconducting ground state above 5.5
kbar.

EXPERIMENTAL DETAILS

Samples

Black shiny needles of TTF [Ni(dmit)z]z were
prepared' by slow interdiffusion of saturated solutions of
(TTF)3(BF~)z and (n-Bu4N) [Ni(dmit)z]. Ambient-pressure
x-ray-diffraction measurements at 300 and 100 K lead to
the C-centered monoclinic structure whose stereoscopic
view along the b stacking axis is shown in Fig. 1. Indivi-
dual units of TTF alternate with slabs of Ni(dmit)z along
the a axis in the a-c plane. The spacing between stack

0
sites is b =3.73 A, but due to different tilted orientations,
the interplanar spacing is 3.55 A within the Ni(dmit)z
stack and 3.65 A within the TTF one. These spacings
are significantly larger than in the Pd derivative, despite
the shrinkage expected from atomic radius considera-

FIG. 1. Stereoscopic view along the stacking b axis of the
centered monoclinic unit cell of TTF [M(dmit)z]z with M=Ni,
pd.

tions. As already pointed out in Ref. 22, this ensures
weaker intermolecular intrastack S-S overlap and hence
a weaker 1D character than in the Pd salt case, while the
interactions in the ac plane remain similar.

The phase diagram is derived from ac low-frequency
longitudinal resistivity measurements performed via the
standard four-point method, at 23 different pressures up
to 14 kbar, and upon 15 samples. They were brought out
either from the same batch as the so-called "M"
sample —which was studied in 1986 (Ref. 24)—or from
different batches which were prepared approximately at
the same time. Since that time they were kept under vac-

uum and sheltered from the light.

Experimental

Annealed gold wires (cross-sectional diameter of 1/
pm) first soldered on the copper feedthroughs of the
Cu:Be obturator were then carefully pasted with silver
paint on annular gold patches which were evaporated on
the samples (4X0.05X0.015 mm ). The pasting process
was carried out using a micromanipulator. The contact
resistances were better than 10% of the sample resis-
tance. The obturator was fitted into a Teflon cell filled
with a fluid used as pressure transmitting and sample
thermalizing medium. This fluid was octane for the ex-
periments performed at 250 and 500 bars, and isopentane
for the m.easurements on the "M" sample carried out first
at 7 kbar (Ref. 24) and then at 4 kbar (measurements
called M1 and M2, respectively). For all the other pres-
sures, the fluid was a mixture of alcanes in order to ex-
pand its freezing temperature range and hence reduce the
damage of the contact resistances as well as the induced
strains on the samples during the freezing process. This
was done in order to perform as many measurements as
possible at different pressures on the same sample. Simi-
lar care was taken in all cases to ensure a very slow cool-
ing and heating process (6 K/h). These procedures have
been quite successful since two or three reliable measure-
ments at different pressures were obtained with several
samples by using this alcane mixture instead of a pure al-
cane. The resistivity curves show no jumps and the su-
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perconducting transition widths (0.2 to 0.3 K) are notably
narrower than when using isopentane alone [0.6 K (Ref.
24)]. However, despite these improvements, the pressures
obtained at low temperature are not so hydrostatic as one
may obtain with He gas technique. This may originate
in the broad superconducting and insulating entrances
experimentally observed in a very narrow pressure range
(200 bars) around 5.4 kbar.

Since the pressure bomb is a clamp one, it is crucial to
measure the pressure at low temperature. With this in
mind, a heavily doped InSb:Te manometer was mount-
ed close to the sample in order to monitor the pressure at
300 K and during the cooling: the loss of pressure be-
tween 300 and 150 K range from 2.5 to 4 kbar at high
and low pressure, respectively. The temperature depen-
dence of the manometer resistivity is small compared to
its pressure dependence and also pressure independent.
Moreover, all the pressures were determined in a repro-
ducible way with the same manometer. Hence, the low-

temperature pressures were measured with an accuracy
better than 80 bars at low pressure and 50 bars around 10
kbar, respectively. This also ensures a good reliability in

the relative scale of our pressure measurements. The
clamp Cu:Be vessel was axed at the bottom of the mixing
chamber of a dilution refrigerator. The temperature was
measured with Pt and Ge thermometers above and below
40 K, respectively. The samples were measured with

constant current, at 100 and 10 pA in the metallic and
activated regimes, respectively. Care was taken to avoid
Joule heating of the sample in the case of either damaged
current contact resistance or a too high sample resis-
tance.

RESULTS AND ANALYSIS

Pressure dependent conductivity at 300 K

As shown in Fig. 2, the room-temperature conductivi-
ties o. of the Ni and Pd salts increase linearly with pres-
sure up to about 4 and 13 kbar, respectively. The initial
relative slope der/0 pdP for the Ni salt is 3 times larger
than for its Pd counterpart (0.11/kbar). The actual Ni
salt value (0.33/kbar) is slightly different from the previ-

ously published one but results from more accurate
measurements. At 5.3 kbar, the conductivity of the Ni
salt catches up that of the Pd salt at ambient pressure,
and its relative slope becomes equal to that of the Pd salt.
These different behaviors reflect the larger compressibili-

ty or the smaller stiffness of the Ni salt lattice, which is in

agreement with the already mentioned ' shrinking of
the Pd salt unit cell along the b axis at ambient pressure.
At high pressure, the Ni salt conductivity shows a ten-
dency to saturation, contrary to its Pd derivative.
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stay metallic down to very low temperatures. In fact a
log-log plot of the resistivity p versus T (Fig. 3) shows
only a very weak departure from the T' power law be-
tween -90 and 25 K. Similar T" power laws are ob-
served on other samples, n decreasing with the residual
resistive ratio A =R(300 K)/R(4 K). The q& CDW insta-
bility can be related with the bunch of LUMO bands of
the acceptor slabs (Fig. 4). This assignment is in agree-
ment with thermopower data showing that holes be-
come the dominant carriers below 70 K. At lower tem-
perature, the resistivity of the Ni compound shows (Fig. 3

and inset of Fig. 5) a more pronounced but still weak
anomaly below 10 K, followed by a weak resistivity
minimum at 1.5 K, or 3 K, depending on the samples.

TTF Ni (dmit)2 2 1bar

C)

10 &5
P (kbar)

FIG. 2. Compared pressure dependence of the conductivities
of TTF [M(dmit), ], with M= Ni, Pd at 300 K.

Temperature-dependent resistivity at ambient pressure

X-ray diffuse scattering studies performed on single
crystals of the Ni salt down to about 20 K (Ref. 20) have
revealed one main 1D diffuse line at q&=0.40b*, which
drives a structural transition at ca. 40 K. Such a result
was quite surprising since this compound was known to

0.,
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300

FICi. 3. High-temperature variation of the TTF [Ni(dmit)q]q

resistivity at ambient pressure in a log-log scale.
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FIG. 4. Ambient-pressure band structure of Ni(dmit)2 slabs
of TTF [Ni(dmit)z]2 from Ref. 31: half the 1D critical wave vec-
tors (g; =q;/2) measured by X-ray diffuse scattering (Ref. 20)
are shown; c., c.', and c" correspond to charge transfer equal to
0, 0.5, and 1, respectively.

X e W

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
0 XXXXX

C
12 ~

CL

4 X

X

o

4P

C 3.. ',

o
O
0

~~ 2 ~ o
0

O 0

10'
0

W

5

nannC}QP~~~~„0„0XOv V v m&dAg~ 8
X X XX X XX~vvv

0=.—

0 SO %0 150
T (K)

FIG. 5. log of the TTF [Ni(dmit), ]2 resistivity vs T at am-

bient pressure (. . ~ ), 250 bars (0), and 500 bars ( X ); the inset

shows the resistivity p below 10 K at ambient pressure.

This 10-K anomaly is observed only on samples charac-
terized by a high R ratio, which could explain why it es-
caped detection in the past. Two other weaker 1D di6'use

scatterings at q2=0. 22b* and q3=0. 18b* were detected
later on. ' When considering some electronic reorganiza-
tion after the q& condensation, these scatterings could be
associated with 2kF CDW instabilities within the bunch
of the highest HOMO bands of the acceptors (Fig. 4).
Thus, the weak 10-K resistivity bump and the increase of
the resistivity below 1.5 K could result from the conden-
sation of the q2 and q3 instabilities. Although a band ap-
proach neglects the low-temperature electron correla-
tions including the Coulomb interactions between the
condensed CDW's, it is worthwhile to discuss the
consequences of these preceding experiments upon the
band structure and to compare them with other measure-
ments. From the structural data, the charge transfer can
be estimated at -0.75 hole per TTF, leading to a Fermi
level comprised between c' and c.

" in Fig. 4. Hence, the
only remaining carriers at temperatures well below 10 K
come from the following:

Temperature-dependent resistivity under pressure

The first eft'ect of the pressure in the initial 500 bars is
to induce a sharp resistivity increase observed below a
Tm;„ temperature where the resistivity is minimum (Fig.
5). T;„ increases from 1.5 K at ambient pressure to 48
K at 500 bars. At higher pressure (Fig. 6), T;„ first de-
creases to 23 K at 1 kbar and then varies up and down in
a queer fashion up to 4 kbar. Above this pressure, T;„
decreases exponentially with pressure following
din(T;„)/dP= —11.3X10 /kbar, which is 3 times the
Pd salt corresponding value (

—3.9 X 10 /kbar).
Above T;„, the resistivity p shows some weak

anomalies (Fig. 6): a first bump appears between 50 and
100 K whatever the pressure. A second bump appears
below 35 K, when T;„ is not too high (excepted at 1

kbar, where the bump is clearly visible below T;„). It is
important to note that this bump disappears above 5.5
kbar. Both bumps are affected (Fig. 7) by an increasing
current density (1.3 and 2.6 A/mm corresponding to 530
and 1060 pA at 5.5 kbar). This is not the case of the resi-
tivity minimum.

Below T,„,three pressure ranges are to be considered.
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FIG. 6. log of the TTF [Ni(dmit)z]z resistivity relative to po
(at 300 K and at ambient pressure) vs T: when the temperature

T,„ofthe resistivity minimum is not too high, a small resistivi-

ty bump can be seen between T,„and a higher-temperature
weak anomaly centered around 75 K.

(i) The TTF band (not shown in Fig. 4), in agreement
with powder 'H NMR measurements which not only
show the 1D character of the TTF stacks, but do not re-
veal any gap opening in their electronic excitations down
to 1.5 K. Thus the origin of the increasing resistivity
below 1.5 K could also result from such an instability on
the TTF, although not exclusively.

(ii) The last partly occupied HOMO band of the accep-
tors, which shows an obvious 2D character at the center
of the Brillouin zone (see Fig. 4 around the I point).
This accounts for the departure from 1D behavior of the
magnetoresistance at 4.2 K. The absence of
Shubnikov-de Haas oscillations could be explained by a
too high Dingle temperature.
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FIG. 7. Nonlinear effects on the resistance of TTF
[Ni(dmit)2]z at 5.5 kbar.

FIG. 9. log of the TTF [Pd(dmit), ], resistivity relative to po
(at 300 K and at ambient pressure) vs 1/T at ambient pressure
and at 15 kbar.

(i) The first one extends from some tens or hundreds
bars to 4.8 kbar. A plot of log, o(p/po) versus 1/T (Fig.
8) may help to define as usual a temperature T;„r for
which d[1 go~ (op/p )0]/d(1/T) is maximuin and below
which a gap is opening. Such a procedure is valid not
only in the case of a single band. Indeed, in the case of
the Pd salt the T;„f value (110 K) at ambient pressure
corresponds to the temperature (105 K) of condensation
of the second CDW. If the opening gap follows the
BCS law, an activation energy 5 may be determined at
temperatures lower than T;„&/3 or T;„&/4. From Fig. 8,
it is clear that the resistivity does not fit such a gaplike
behavior over any significant temperature interval, as ob-
served in the case (Fig. 9) of the Pd salt. Similarly,
plots of ln(p/po) versus (To/T)" with —,

' (n & 1 (Ref. 35)
for the Ni salt are not significant. The same result holds
for fits to degenerate semiconducting regimes of the
form in(p/pz) =m lnT+5/T.

(ii) Above 4.8 kbar, an inflexion point at T,„f may also

be defined by using the above procedure. Since the rate
of increase of the resistivity below T;„gradually van-

ishes under pressure, it becomes meaningless to assign a
defined value to T,„f above 7 kbar. Between 4.8 and 5.75
kbar (Fig. 10), the resistivity follows an unusual law
below T;„f and down to a temperature To, which is equal
to 6 K at 4.8 kbar, to 2. 1 K at 5.3 and 5.5 kbar, and to 3
K at 5.75 kbar, respectively. This law, which is not
obeyed below 4.8 kbar and above 6 kbar, is—(T—T, ]/So
p/po=e ' ', where 50 increases with pressure.
While the resistivity shows an activated regime at pres-
sures below 5 kbar, a complete superconducting transi-
tion sets up at 5.75 kbar. The interesting point to discuss
is "what happens in between. "

At 5.5 kbar, the resistivity shows an inflexion point at
TO=2. 1 K, followed by a relative and flat maximum at
1.75 K, then by a relative and fiat minimum at 1.15 K,
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FIG. 10. log of the TTF [Ni(dmit)z], resistance relative to

R,„(at 10% of the superconducting transition at 5r75 kbar) vs

T; the arrow locates the temperature at which a magnetic field

of 1250 G restores the normal state.
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PHASE DIAGRAM

The phase diagram of the Ni salt is shown in Fig. 12.
The high- and low-temperature resistivity bumps are, re-

and finally by an absolute maximum at 375 mK. At 1.54
K, a magnetic field equal to 1250 6 restores the normal
state, which is the signature that the sample is partly su-
perconducting below 1.75 K. On the contrary, the in-
creasing resistivity below 1.15 K expresses a tendency for
entering the semiconducting state which prevails at lower
pressure. This entrance is counterbalanced below 375
mK by the definitive reentrance into the superconducting
ground state. The flatness of the relative maximum and
minimum comes from inhomogeneities and/or from the
nonhydrostatic character of the pressure around the sam-
ple. These factors lead to a distribution of pressures
smoothing out the successive phase transitions, without
altering the analysis.

At 5.3 kbar, the resistivity shows two inflexion points
at TO=2. 1 K and at 1.4 K. No magnetic field has been
applied below To, but two plausible explanations are sug-
gested in order to explain the resistivity behavior: either
one part of the sample becomes superconducting below
To, while the other remains activated, or the whole sam-

ple undergoes two successive transitions into the super-
conducting and semiconducting ground states. The real
pattern may also result from a mixture of both models.

(iii) Above 5.5 kbar, which is also the pressure above
which the second small resistivity bump disappears, su-
perconductivity sets up (Fig. 11) and its temperature T,
increases slowly with pressure: this variation is in agree-
ment with previous low-field electron spin resonance
(ESR) measurements performed on one sample. The
difference of 2.3 kbar between the pressure scales is simi-
lar (but not explained) with the one already observed for
the Bechgaard's salt, (tetr amethyltetra
selenafulvalene)2PF6. ' ' On the other hand, the shift in
the superconducting temperatures results from the
difference usually observed between the T, temperatures
measured either by resistivity or by radio-frequency
methods.

spectively, represented by vertical dashed lines and dash-
dotted lines; the low-temperature bump is plotted below
5.5 kbar only. The dotted curves and dash-dotted curves
show the pressure dependence of the temperatures of the
resistivity p minimum T;„and of the inflexion point T;„f
of log, op versus 1/T; both are exponentially decreasing
with pressure above ca. 4 kbar, while at first sight they
seem to be dispersed at lower pressure. Above 5.3 kbar,
superconductivity sets up. Its onset temperature T, is
slowly increasing (

———
) with pressure, in agreement

with previous low field ESR measurements ( —~ —~ —~ ). '
At very low temperature and in a narrow pressure range
around 5.3 kbar, the superconducting ground state is
reentrant into the low-pressure "insulating" state. Based
on simple thermodynamic grounds, this phase separation
( —"—~ —") must necessarily extend somewhere towards
higher temperature. The only way to achieve this exten-
sion is to consider the specific features of the temperature
dependence of the resistance R reported in the Fig. 10:
the linear plot of log, o(R/R;„) versus T is observed (i)
between 4.8 and 5.75 kbar only, and (ii) below T;„r and
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ber (1, 2, or 3) indicates increasing applied pressures. Solid cir-
cles are related to measurements performed upon distinct sam-

ples. M1 and M2 refer to the sample studied in the Ref. 24; the
meaning of the other symbols is detailed in the discussion (see
text). Question marks mean a too high uncertainty on the mea-

surement.
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above the temperature To defined in the preceding sec-
tion. Although the origin of this unusual law remains un-
clear, the pressure dependence of To may be chosen as
the extension (Fig. 12) of the phase borderline
( —"—"—") up to the oscillatinglike behavior of r;„f un-

der pressure.

DISCUSSION

Each of the above resistivity anomalies or phase transi-
tions is supposed connected with the three bunches of the
HOMO and LUMO bands, whose signatures are the
three q; wave vectors of the structural instabilities ob-
served at ambient pressure. Obviously the q; values may
vary under pressure, and the following hypotheses are
suggested: under pressure, (i) the number of instabilities
remains invariant, (ii) the q& and q3 wave vectors remain
the signatures of the high-temperature resistivity bump
and of the carriers condensation below T;„f, respectively,
and (iii) the qz wave vector is connected with the low-
temperature resistivity bump (below 5.5 kbar) and with
the superconductivity (above 5.5 kbar). These assump-
tions are purely tentative and must be confirmed by
diffuse x-ray measurements under pressure, but they lead
to a coherent understanding of the phase diagram.

In the first 500 bars, T;„as well as T;„f increase drast-
ically. Since the compound remains metallic down to 1.5
K at ambient pressure, these dramatic variations may be
correlated with the pressure dependence of the relative
band position. This induces a shift of the Fermi level,
which is located between c,

' and c,
" at ambient pressure

(Fig. 4). Application of pressure modifies the location of
the Fermi level relative to the lowest HOMO band. Any
decrease of the filling of this band may first increase, then
suppress the 2D hole pocket centered at the I point. It is
suggested that the continuous increase of T;„and T;„f
actually results from a continuous lessening, then
suppression of the partial 2D character of the FS. This
would mean that at ambient pressure the Fermi level
should be located close to the intersection of the two
lowest HOMO bands at the Z point, leading to a hole
pocket with almost maximum area, At a given pressure,
this pocket collapses when the Fermi level is located close
to c', i.e., for a high density of states concentrated around
a Van-Hove —like singularity at the center of the Brillouin
zone. Correlation effects may remove the degeneracy of
this singularity, which could be at the origin of the oscil-
lating character of T;„and T;„f up to 4 kbar. Above 4
kbar, since T;„and T;„f decrease continuously with
pressure —as observed in the quasi-one-dimensional Pd
salt —it is suggested that the Ni salt is entering the 1D
regime. Hence, in opposition with most of the organic
conductors, the pressure induces 1D electronic properties
in this salt. A similar behavior has been suggested in
the organic metal (2,5-dimethyl-N, N'-dicyanoquinon-
ediimine)2Cu, but in that compound the metal-
semiconductor transition should be regarded as a
cooperative phenomena of the 1D electronic system
formed by the organic molecules and the Jahn-Teller dis-
tortion derived from localized Cu + ions.

As already pointed out, our approach emphasizes the

infiuence of the low-temperature correlations between
carriers. These correlations could perhaps constitute the
basic ingredients of the successive pressure-induced
CDW's with different q3 nesting vectors, which has been
suggested in a previous sketch. Nevertheless more accu-
rate resistivity measurements are needed, namely iso-
thermal excursions of the phase diagram with He gas
pressure, in order to discriminate between the physics
shared by all samples and what is sample dependent. It is
believed that the diagram will not be very different from
this one: indeed after successive measurements at low
temperature and at three different pressures, one sample
showed an A equal to 310 at ambient pressure, i.e.,
greater than the A of other samples measured for the first
time. This means that the apparent dispersion of the
T;„and the T;„f values is not induced by thermal cy-
clings.

At about 5.5 kbar, i.e., the pressure at which the Ni
salt recovers the conductivity of its Pd derivative at am-
bient pressure, superconductivity sets up at the expense
of one of the two resistivity bumps which collapses at the
same time. If this bump is related to the CDW instability
of wave vector q2 (Fig. 4), then the corresponding bunch
of the HOMO bands is the center of a competition be-
tween the electron-hole condensation and the electron-
electron pairing, which are both governed by the
electron-phonon interaction. The density of states of this
bunch at the Fermi level contributes to a superconduct-
ing temperature onset of ca. 1.75 K, but this competition
is probably hidden behind the antagonism between the
superconductivity and the other CDW instability of wave
vector q3 which affects the corresponding HOMO band
of the acceptors. It is suggested that these different
effects of the q2 and q3 CDW instabilities upon the attrac-
tive hole-hole interaction originate in the entrance of the
low-pressure "insulator" state into the superconducting
ground state. It is worthwhile to recall the reentrance of
the superconductivity at very low temperature. The cor-
responding positive slope dP/dT indicates that the entro-

py of the superconducting ground state is lower than the
entropy of the low-pressure "insulator" one. This remark
confirms the existence of the reentrance and excludes any
triplet superconductivity hypothesis. Otherwise a situa-
tion similar to the one described in the He phase dia-
gram would have been encountered. By contrast, in the
Pd salt, superconductivity arises from a competition in-
side all the HOMO and LUMO bands of the acceptors.
This leads to a superconducting temperature onset of 6.5
K at 20 kbar, at the single multicritical point in the phase
diagram.

With increasing pressure, T, increases up to -2 K; a
similar pressure effect has been found between ambient
pressure and 20 kbar in the 2D purple bronze
Lio 9Mo60)7 the superconducting temperature increasing
from 1.7 to 2.5 K. In the case of the Ni salt, the origin of
such an effect may come from states belonging to the
"q3" HOMO band, since T;„and T;„f decrease with
pressure. This is the signature of the low-pressure anta-
gonism which is converted into competing instabilities
spread over a large pressure range. However, since T;„f is
not well defined above 7 kbar, the CDW instability may
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not condense and probably remains in a fluctuating re-
gime. Moreover, and in contrast with the Pd derivative,
the highest-temperature resistivity bump that may be as-
sociated with the q& CDW instability, survives under
pressure. This indicates that this CDW condensation is
not unstable against the attractive interaction established
at low temperatures. Hence, the Ni salt multiband sys-
tem can be characterized by a ubiquity that is absolutely
unique: the simultaneity of (i) the occurrence of the su-
perconductivity related to the "qz" HOMO band, (ii) its
weak competition with the CDW fluctuations related to
the "q3" HOMO band, and (iii) its coexistence with the
CDW that is associated with the "q&" LUMO band of the
Ni(dmit) z slabs.

Up to which pressure can the last two properties sur-
vive? As an example, in NbSe3 the respective pressure
dependences of the two independent CDW condensa-
tions temperatures are ln(Tz/59) = —0. 135P up to P =4
kbar and ln (T, /145) = aP wi—th a=2.0X10 /kbar
up to 22 kbar. Similarly, between 6 and 22 kbar the pres-
sure dependence of the superconducting temperature is
ln( T, /3. 5 ) = —a(P —6). This illustrates the same
stiffening effect of the lattice on both the q& CDW and su-
perconducting instabilities between 6 and 22 kbar, i.e., in
the pressure range where these instabilities are not com-
peting. Above 22 kbar, T, increases at the expense of the
high-temperature CDW which collapses at -40 kbar. A
similar stiffening effect is observed in the Pd salt phase di-
agram below 16 kbar and above 20 kbar. It presumably
exists also in the Ni salt case above 5.5 kbar between the
superconductivity and the q& CDW instability, whose
condensation temperature does not seem to vary under
pressure. However, this effect is hidden by the slow T,
increase arising from the states freed from the q3 CDW
fluctuations.

CONCLUSION

To summarize, quite different pressure effects have
been cleared up in the isoelectronic molecular TTF
[M(dmit)z]z conductors, with M=Ni and Pd. In the Pd
salt, the pressure induces a strong competition between
the superconducting transition and the Peierls CDW in-

stabilities, which both affect the 1D LUMO and HOMO
bands of the acceptor slabs. By contrast, the Ni deriva-
tive shows a more subtle character for its ubiquitous elec-
tronic properties under pressure: successive phase transi-
tions between (semi)metallic, semiconducting, and reen-
trant superconducting ground states are induced by the
pressure. The dramatic irruption of a resistivity upturn
in the first 500 bars as well as the unusual oscillations of
the upturn temperature up to 4 kbar may be related to
the critical position of the Fermi level relative to the top
of the lowest one-electron HOMO band of the acceptors.
Any change of location of the Fermi level may affect the
respective influences of imperfect nesting and Van-
Hove-like singularity until the 2D character of the zone
center has been completely removed by the pressure.
These effects are implemented with those of the correla-
tions between carriers and CDW condensates at low tem-
perature. Nevertheless these results suggest above 6-7
kbar, the simultaneous (i) coexistence of a high-
temperature CDW instability and (ii) weak competition
of low-temperature CDW fluctuations, with a reentrant
superconducting ground state. Further measurements
and theoretical improvements are obviously needed in or-
der to elucidate such a surprising phase diagram.
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