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Abstract. The pressure-temperature phase diagrams of the molecular supercon­
ductors TTF(lvl(dmltJ2J2 (l'vl= Pd, NO are compared. These conductors show low 

pressure 2kp CDW iIJstabilities which wave ,·ector can be well accounted f'or by 

an unusual conduction band st:ructure lnvolving both the HOMO's and the LU-

1\.JO ·s of' the acceptor. /11 the Pd -salt. the CDW ins u/ating ground state vani­

shes under pressure and a suPcrco11d-uctJng phase, n'ith c1 Tc 111axl111un1 at the 

borderline with the f'ormer phase. ls stab;Jlzed. Jn the Ni salt. an original phil­

se diagram Is_ observed with the successiv,e stabilisation of' iJ CDW Insulating 

ground state theu of a superco11ducti11g pha.se in ,veak competition \Vith CDW. 

Below are reviewed some physical properties of the donor-acceptor com­
pounds TTF(M(dmitl:h (M= Pd or NO. These molecular conductors adopt the 
C'.!./c monoclinic symmetry [t, 2), with b as the one dimensional (lDJ direction 
of electronic properties. Both materials exhibit s uperconducttvity under pressure 
[3, 4), however their (P, Tl phase diagram as well as their electronic properties. 
at ambiant pressure differ sizeably. 

At ambiant pressure, the Pd salt (ob = 770 Ocm-1 at 300K) shows a re­
sistivity minimum at 240K and a metal-insulator transition, at IIOK, characteri­
zed by an inflexion point (where dLno/d(lJT) is maximum) of its resistivity [4]. 

On the other hand. the Ni salt (Ob = 300 Ocm-1 at 300K} remains metallic down 
to 3K. temperature below \vhich a slight increase of the resistivity is observed 
[5J. Recent resistivity measurements [6] show a deviation from the power law 
dependence T n (n= 1.5-1.65) between 90K and 20K and a weak bump below !OK. 
!\fagnetores is tance meas urernents [5] at 4.2K reveal departure from ID electro·­
nic behaviour. 

X ray diffuse scattering studies performed down to about 20K on both 
materials, reveal 1D structural fluctuations (7) which were associated to ZkF 
charge density wave (CDW) instabilities. taking place in a complexe ID band 
structure. where the Ll!MO's bands of the acceptors and the HOMO's bands of 
both the TTF and the acceptors cut the Fermi energy [8] (Fig I and 2l. From 
structural data, the charge transfer is estimated between 0.75 and I hole per 
TTF, which leads to a Fermi euergy close to EF" in Fig 1 and 2. In the Pd salt 
two main structural instabilities, associated with the Pd(dmit) 2 species. are 
observed at the reduced wave \'ectors q1 :0.5b' and CI2=0.31b•. They can be 
assigned respectively to CDW instabilities within the bunch of HOMO's and 
within the bunch of LUMO's of the acceptors (see Fig ll. They drive smeared 
Peierls transitions at T1: !SOK and T2= 105K respectively [7]. this last tempera-
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Band structure of M(dmlt)2 slabs of TTF(M(dmltl2)2 from ref. C6l: half the 1D 
critical wavevectors (Qi= Qi/2) measured by X-ray diffuse scattering are shown. 

ture con-esponding to the inflexion point of the resistivity curve. The increase 
of resistivity observed below 240K can be attributed to the presence of strong 
q

1 
and q

2 
CDW fluctuations. On the other hand, the Ni salt exhibits only one 

main lD structural instability at q
1
= 0.40b* [7]; it drives a structural transition 

around 40K which affects weakly the resistivity. The q1 CDW instability can be 
associated to the bunch of the LUMO's bands of the acceptor slabs (Fig 2). 
This assignment is in agreement with thermopower data [9] showing that holes 
are the dominant carriers at low temperature. Recently two other weaker quasi 
1D diffuse scatterings at q

2
= 0.22b* and q

3
= 0.18b* were detected [!OJ. They 

could be associated witii 2k
f 

CDW instabilities within the bunch of the HO­
�-IO's (Fig 2). Their possible condensation at low temperature could explain the 
bump observed at 10K ih the resistivity. The (semi)metalllc [6] and magnetore­
sistive [5] behaviour thu.; observed could be due to imperfect nesting and/or to 
the 2D character of the sheets of Fermi surface derived from the HOMO's 
bands of the acceptors (see Fig 2 around the r point). This interpretation does 
not contradict l H NMR measurements which do not reveal the opening of a gap 
in the electronic excitations of the TTF down to 1.SK [Ul. Finally, the greater 
dispersion along IT of the band structure of the Pd salt compared with the Ni 
one results from the surprising shortening of the unit cell parameter b when 
Pd is substituted to Ni (1]: the Pd salt is more anisotropic than the Ni one . 

.!1rukr. pressure the electrical conductivity of the Pd and Ni salts shows 
sizeable· differences: from its·· tempe-rature behaviour, the phase diagrams dis­
played by Fig 3 and 4 were respectively derived. 

The simplest phase diagram is shown by the Pd derivative [41. The elec­
tronic ground state changes from a CDW insulator to a superconductor above 
16 kbar. The temperatures of the minimum Tm (line 1) and of the inflexion 
point T1 Oine 2) of the resistivity decrease exponentially with pressure up to 12 
kbar, then vanish under pressure at about 20 kbar, where the superconducting 
temperature Tc is maximum at 6.SK. Above this pressure, Tc (ljne 3) decreases 
at the same rate as Tm and T1. These features suggest that the Pd salt con­
stitutes the first example among the molecular complexes of a strong compe­
tition between superconductivity and CDW ( instead of SOW in the quasi 1D 



. 1 7 

organic Bechgaard salts (TMTSF)2PF6 or AsF6 ). 
At ambient temperature, the conductivity of the Ni salt increases rapidely 

until S kbar [4], pressure at which it recovers the ambient pressure value of 
its Pd counterpart. as well as its relative Increase (dLno/dP= .11/kbarl. 

Its low temperature behaviour, whose preliminary analysis [61 gives the 
phase diagram of Fig 4, is more complex. The metallic resistivity still exhibits 

a weak bump between IOOK and SOK (vertical - - -) under pressure. This bump 
is affected by increasing current density. suggesting some CDW depinning. Bet­
ween few hundred of bars and 5.3 kbar, the ground state is that of an in­
sulator: the resistivity shows a minimum at Tm (- - -) and an inflexion point 
at T1 (········ .. ); further studies are needed to elucidate the puzzling dispersion of
the Tm and the T1 values with pressure. Between 5.3 and 5.5 kbar, the insula­
ting state abruptly disappears and enters (- · - · - · -) [61 the superconductivity 
whose Tc increases slowly with pressure (- - - -): this unusual dependence 
corroborates previous low field ESR measurements (12) in spite of a shift of 
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Phase diagrams of TTF(M(dmtt)2)2 derived from resistivity measurements



2.3 kbar between the pressure scales. Above Tc; , the resistivity still exhibits a 
minimum, but Tm as well as the rate of increase of the resistivity below T

111 

gradually vanish under pressure: consequently it becomes meaningless to assign 
a defined value to T 1 above 7 kbar. A weak anomaly of resistivity at 4.8 kbar 
around -iK suggests some extension (- · · - · · -) towards higher temperature of 
the entrance line (- · - · -) [6). Nevertheless, some difficulties remain to define 
the high pressure boundary of the insulating phase above Tc (see question 
marks in Fig. 4). 

At variance with the behaviour of the Pd salt, where the simultaneous 
vanishing of Tm and T1 under pressure suggests a disappearance of the q1 and 
q2 CDW ground states. the anomalous features exhibited by the Ni derivative 
could be related to the presence of CDW's which behave under pressure in a 
quite decoupled way. Actually, the major difference .between the band structures 
of the two compounds at ambient conditions concern the HOMO's bands. In 
the Ni salt, the position of the Fermi level near the top of the HOMO's bands 
makes the dimensionality of the system very sensitive to any change of the 
relative filling of the bands. Compared to the Pd salt, this situation could lead 
to an unexpected behaviour of· the · CDW's under pressure. The existence of 
anomalies of resistivity in the pressure range where the superconductivity is 
stabilized suggests, contrary to the Pd salt i) from the observation of a high 
temperature bump, the persistence of the q1 CDW and iil from the pressure 
dependences of Tm and Tc. a weak competition between superconductivity and 
CDW. In this respect, the successive stabilization of (semilmetallic, insulating 
and superconducting phases could be associated to changes in the dimensiona­
lity of the Fermi surface associated to the HOMO's and its CDW instabilities. 

We thank J. Friedel. M. Ribault, P. Chaikin, J. P. Ulmet and P. Cassom, 
for fruitful discuss ions or close collaborations. 
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