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LOW TEMPERATURE PHASE DIAGRAM OF ('I'M’l'.'I'l")ZMl"a

R. LAVERSANNE, J. AMIELL and C. COULON
Centre de Recherche Paul Pascal, Domaine Universitaire,
33405 TALENCE cedex FRANCE

ABSTRACT The 1low temperature phase diagram of the
( TMITIF) Z( sb1='G )1—x( AsP )x salts is deduced from magnetic
susceptibility and antiferromagnetic resonance
measurements. This phase diagram is discussed
introducing a very simple model.

In addition to organic superconductivity, other Ilow
temperature ground states of organic materials have been
recently studied. For example an antiferromagnetic ground
state has been observed in both the TMISF and TMTIF
series® %,

In the case of centrosymmetrical anions as MPG the
anion ordering found for example in ( 'rm'rf)zcm ‘3 is not
expected. Nevertheless significant dJdifferences have been
found in the electrical behavior of the (TMITF) zm’s salts
changing M from P to Sb. In particular the temperature
dependence of the electrical conductivity shows an anomaly
at 154K only in the case of the SbF_ salt‘. ~Moreover this
latter compound is the only one in the (TMTTF) MF series
presenting an antiferromagnetic ground state. On the other
hand ('nu'I'P)zAst and PF show Spin Peierls transitions
leading to non-magnetic ground states.

The occurence of antiferromagnetism has been previously
related with the high temperature conducting behavior in the
case of ( 'I'hM'P)zSCN, Thus it was interesting to study such
a relationship in the case of centrosymmetrical anions. The
high temperature electrical behavior of the (TMITF) zm’s
salts where M = P, As, Sb and the alloys P/Sb and As/Sb has
been previously studied*. It has been assumed that the
anion size was one of the main parameters driving this
behavior.

In order to confirm this assumption we have performed
spectroscopic and magnetic measurements on geveral members
of thig series of salts. Preliminary results concerning
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mainly E.S.R. experiments have been presented at the Abano
Terme conference®., To deepen this study we have performed
magnetic measurements and antiferromagnetic resonance (AFMR)
experiments. We will present in this communication the
synthesis of these results and will give a qualitative
discussion on the mechanism of the competition between low
temperature ground states.
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FIGURE 1 : Temperature dependence of the normalized
resistivity for the three pristine salts ('I‘M’ITF)ZHFG.
In insert is given the logarithmic derivative of the
resistivity versus T.

The temperature dependence of the normalized electrical
resistivity of the three salts ('I'M'I'I'P) MF_ is shown
figure 1. A s8light minimum of the res;st:.nty, more
pronounced for the sts galt,is visible. At lower tempe—
rature the electronic localization becomes dominant and the
resistivity increases rapidly particularly in the case of
(Tm'I'F) SbF . Moreover this salt shows an anomaly clearly
v:.s:.ble as a sharp maximum on the derivative curve given in
insert. From these results ('rm'rF)ZSbrs seems to Dbe
peculiar in the series.
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For these three salts an exponential increase of the
resistivity is found below 100K. The deduced zero Kelvin
extrapolation of the gap is the same in the three cases and
is about 600K. Such a value clearly demonstrates that the
electrons are localized even at room temperature and the
minimum of resistivity should result f£from a competition
between the number of charge carriers and their mobility.
Since a similar value of the extrapolated gap is found for
the three compounds, the peculiar behavior of the Sst salt
is most likely due to a sudden decrease of the charge
carriers mobility.

The behavior of the sst salt has to be related to
structural results concerning the intermolecular distances.
It has been found® that the shortest distance between sulfur
and fluorine decreases from PF_ to Sbr'e and becomes smaller
than the sum of the Van der Waals radii’of the two atoms for
the last anion. Consequently the interaction between the
organic molecule and anion is probably stronger when the
anion size increases and may be at the origin of the conduc-
tivity anomaly of (TMTTF)ZSst. Oone possible mechanism
would be a trapping of the charge carriers induced by the
freezing of the thermal motion of the anions. Within this
description the origin of the electrical conductivity
mechanism would be the same for the three salts although
perturbations may be introduced by sufficiently big anions.

II. Low temperature ground states

Whatever is the origin of the electronic localization
these salts become insulating at low temperature. Taking
into account their peculiar structural arrangement (stacks
of flat molecules with one _transferred electron for two
organic molecules : (TMTTF)Zx ) we expect at low tempe-
rature a system of 1localized spins with one spin per two
TMTTF molecules, ie,one spin per site (TMTTF)Z.

In such a system the spins are antiferromagnetically
coupled and we expect two different coupling constants : Iy
for the coupling along the organic stacks and J, for the
transverse one. The anisotropy of the intra and interchain
interactions is reflected in the coupling constants. I, is
typically 100 times larger than J, and is about a few
hundred K°®.

Antiferromagnetic coupling Dbetween spins does not
always lead to a long range antiferromagnetic order. The
very low values of the transverse coupling constant prevent
the condensation of a three dimensional order at tempe-—
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ratures higher than a few K. Above this temperature the
correlation 1length remains finite and only one dimensional
fluctuations are expected.

In quasi one dimensional systems antiferromagnetic
order is not the only possible ground state. 1In fact a one
dimensional electronic chain is unstable against a struc-
tural Peierls distortion’. 1In the TMITP series this insta-
bility 1leads to a dimerization of the (TMTIF) dimers and
introduces two different longitudinal coupling constants
between the spins. This dimerization produces “sgupersites™
of four TMITF molecules with two spins per supersite.

For the regular chains the energy of the magnetic
orbitals is degenerate. The electrons remain unpaired and
antiferromagnetically coupled. On the other hand in the
dimerized system the overlap of magnetic orbitals preferen-
tially occurs at the supersite. This dissymmetry splits
the energy levels and removes the degeneracy. Consequently
the electrons lie paired in the lowest orbital and the
ground state is diamagnetic. Such a transition is of the
same kind as the Peierls one and is called a Spin Peierls
(SP) transition.

The two instabilities described above were shown to
compete in the TMTTF series®. One of the parameters driving
this competition is the rigidity of the lattice®. The
structural distortion of a rigid lattice is energetically
unfagvorable and the antiferromagnetic order will be able to
condense at low temperature., On the other hand for a soft
lattice the structural distortion is energetically favoured
against the AF ordering and the Spin Peierls transition will
occur leading to a non-magnetic ground state.

III. Experimental results

E.S.R. experiments between room temperature and 5K on
(TMTTF),SbF, and AsF, were already published®., These
results suggest an AF ground state for the sbP6 salt and a
SP transition for (TMETF)zAsFG. To deepen these points we
have studied the magnetic properties of the alloys
(THTTF)Z(SbFG)l_ (BsFG)x using both gusceptibility measu-
rements and anti?erromagnetic resonance.

The temperature dependence of the normalized spin
susceptibility is reported figure 2 for the pure Asre salt
and for a few alloys close to AsF_,. Porx greater than .9
an abrupt decrease of the paramagnetic susceptibility is ob-
gserved below a characteristic temperature T,. On the other
hand for x less than .8 we do not observe any anomaly above
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the lowest available temperature. These experiments have
been confirmed measuring the absolute magnetic susceptibi-
lity using a SQUID magnetometer with an applied field of
10 kG. Figure 3a gives the variation of the susceptibilty
at low temperature for ( TMTTF ) zAsl’ e and
(TM'I.']‘.'F')Z(SbF's )O.I(ASFe )0.9. In these two cases Yx,, decreases
quickly below T (taken as the inflexion point ofp the curve)
to Dbecome unobservable at very low temperature as expected
for a diamagnetic ground state.

Such a behavior is the signature of a Spin Peierls
trangition and the ground state of the alloys rich in AsF
is non-magnetic. The values of Tc are summarized table 1.
Tc decreases rapidly when alloying to become unobservable
for x less than .8.
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FIGURE 2 : Normalized spin susceptibility of several
alloys close to (TMI'I'F)ZASFG

On the other side (close to Sbrs) the alloys remain
magnetic at very 1low temperature as shown by the magnetic
susceptibility measurements given figure 3b. For these
salts x, remains finite at any temperature and rises below a
characteristic temperature Ty- This behavior is reminiscent
of an antiferromagnetic ground state above the spin flop
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field'®,

A more convincing experiment is the antiferromagnetic
resonance (AFMR). This method is carried out with a clas-
sical E.S.R. spectrometer and the resonance field is deter-
mined as a function of the orientation of the crystal rela-
tive to the static magnetic field.

Figure 4 gives the rotation patterns obtained for
several alloys. The origin of the rotation angle is
arbitrary. A shift of 90° was applied for clarity in the
case of x = 0.2, The similarity between these rotation
patterns indicates that the orientation of the magnetic axes
relative to the cristallographic ones does not change
noticeably when alloying. The misorientation of the mag-
netic axes is a consequence of the triclinic symmetry of the
structure.
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FIGURE 3 : Paramagnetlc susceptibility of four members
of the series with : a) x = 1 and x = 0.9
b) x =0.1 and x = 0.2

The fits of the obtained rotation patterns (figure 4)
following the NAGAMIYA ° theory were obtained taking the
orientation determined for the SbP, salt'’. They give the
parameters of the antiferromagnetic ground state :

-the Neel temperature Ty

~the spin-flop field Hep
These parameters are summarized Table 1. Both the Néel
temperature and the Spin-Flop field decrease when alloying



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:15 19 February 2013

LOW TEMPERATURE PHASE DIAGRAM OF (TMTTF),MF, 175

and for r greater than .3 TN becomes less than our lowest
available temperature,

! ! ! ! | ! '
! X | o, ! o0.05} 0.1140.15) 0.2} 0.9} 0.95} 1. |
! ! ! ' ! ! ' | ' |
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TABLE 1. Parameters of the two possible ground states
for the (TMTTF)Z(SbFs)l_x(Ast)x salts.

IV. Iow Temperature Phase Diagram

The deduced low temperature phase diagram of the
(TMTTF)Z(sst)l_x(AsFe)x alloys is given figure 5. The high
temperature state is paramagnetic. At low temperature three
cases are found depending on . Por low values of x (ie
close to SkF_ ) the ground state is antiferromagnetic and Ty
decreases slowly when alloying. On the other side (close to
Ast) a Spin Peierls transition occurs leading to a non-mag-
netic ground state. In the middle range neither of the two
ground states condense and the system remains paramagnetic
down to the lowest available temperature.

This experimental phase diagram has to be related to
a theoretical model in which a competition between two order
parameters of different symmetry is introduced. One
possible topology of the corresponding phase diagram*z is
shown in insert of figure 5. Two second order lines join
together at a bicritical point and the two low temperature
domains are separated by a first order line. In our case P,
the parameter driving the competition between the two insta-
bilities may be related to the elasticity of the lattice®.
This theoretical phase diagram is reminiscent of our experi-
mental one except in the middle range where we fail to
detect any three dimensional order. The origin of this
difference may be the disorder induced by alloying and is
illustrated using a simple schematization in the following.
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FIGURE 4 : AFMR rotation patterns about the stacking
axis for four alloys with x < 0.2

Let us approximate the organic stack to a chain of
sites coupled by springs. To account for the behavior of
('l'm'rF)zPPs, the elastic constant of these springs is chosen
to favor a low temperature structural distortion when the
anions are weakly coupled with the organic molecules. In
the case of (TMTTF) ,SbF . we assumed that the anions strongly
interact with the orxganic¢ molecules. These interactions may
enhance the elastic constant of the springs (the lattice
rigidity) and consequently destabilize the structural dis-
tortion to favor the AF ground state,

Within this schematization the introduction of a few
SbF iong in ( 'I'M’!.'!.'!")z}\sl"e leads to the hardening of a few
springs along the chain. Thus the growth of the correlation
length of the structural distortion is limited to the mean
distance between locked sites. The expected consequence of
this process is a decrease of the transition temperature
with alloying.
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FIGURE 5 : Low temperature phase dlagram of the salts
(MTF)Z(SbPe)l_x(AsPS)x

In insert is glven the theoretical phase dlagram
mentioned in the text.

Oon the other hand, introducing several ABF'e ions among
the sb}?e should be less critical for the condensation of the
AF ground state which does not involve a structural distor—
tion. The main expected effect is a renormalisation of the
elastic constant of the chain leading to a smooth decrease
of the Néel temperature when alloying.

In the middle range (x = 0.5) the simultaneous
occurence of these two effects may prevent the condensation
of both a Spin Peierls and an AF ground state above the
lowest available temperature.

Despite its simplicity, this model gives a reasonable
description of the main features of the experimental phase
diagram.

In summary the main conclusions of this study are the
following.
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First, (TM.'I‘TF)ZSbF6 is not a singular compound in the

{ TMT'IF ) MF series and the physical properties of the alloys
are close to that of this salt for small amount of doping.
Moreover the interactions between the anions and the organic
stacks may be one of the driving forces to control both the
electronic behavior and the competition between the low
temperature instabilities. Nevertheless the disorder due to
alloying should alsoc be considered in order to describe the

low temperature phase diagram.
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