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NONLINEAR TRANSPORT PROPERTIES OF (TMTSF)ZX SERIES

D.DJUREK and S.KNEZOVIC
Institute of Physics of University of Zagreb,Zagreb,Yugoslavia

K.BECHGAARD
H.C.Oersted Institute,Universitetsparken 5 DK 2100 Copenhagen,
Denmark

Abstract We discuss the thermal and electrical conductivities
of samples (TMTSF), X (X=PF¢,AsF¢,C10,) in temperature range
b,2 KLT<L8.

INTRODUCT ! ON

The method we use Is described in separate contribution of these
Proceedings. Additional measurements of thermal conductivity of
(TMTSF)ZCIOA based on the experience with six probe technique,give
qualitatively the same result as the application of four and two
probes reported previously.

The temperature dependence of thermal conductivity 4 of low dimen-
sional conductor (TMTSF)zPFG Is displayed on Fig.(1). An usual In-
crease of Alwith decreasing temperature starts at ~100 K and
exhibits the tendency to obey the well known Peierls divergence
exp(8/T) at temperatures well below the Debye temperature 6=270 K.
At A, 50 K the divergent increase is stopped and T-dependence is mare
flattened if the temperature decreases. Thermal conductivity anomly
due to antiferromagnetic transition appears at 14 K while electri-
cal resistivity accompained with this transition starts to increa-
se at A 17 K.The collective magnon modes below the metal-insulator
transition are discussed in separate paper of this Proceedings.The
magnon part of thermal current in (TMTSF)2A5F6 is not so good con-
trasted as In (TMTSF)ZPFG. It seems that the Peierls divergence is
well developed and it is tedious. job to separate magnon contri-

bution to heat current from the contribution of the lattice.
Contrary to (TMTSF)ZPF6 and (TMTSF)2A5F6 thermal conductivity of
161
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(TMTSF)ZClou continously decreases with decreasing temperature.At
~60 K there Is the change of the regime In temperature dependence
of A (see Fig.2). The continous decrease is not unique below 25K
where the influence of the cooling regime of the sample must be
seriously respected (Fig.3).

The fast cooling regime from 40 X with cooling rate of ~A-20 K/min
s accompained by the rapld decrease of AL at temperatures below 25K
when thermal conductivity is suppressed by the anion disorder
being frozen down to the lowest temperatures. The medium cooling
rate (A1 K/min) gives rise to the formation of relaxed state and
flattening of AL -dependence. This Is probably due to an additio-
nal heat current locked by anion disorder at temperatures above 25
K. In the third experiment the specimen Is subjected to extremely
slow cooling rate (a1 K/hour). The temperature dependent electri-
cal resistance measured on the same sample in the same experimen-
tal set-up exhibits no discontinuities commonly attributed to the
formation of microcracks within the sample and thermal conductivi-
ty turns out to be more flattened in the temperature range 25-12K.
This temperature change correlates the temperature dependence of
NMR relaxation rate giving rise to the possibility of collective
excitations in highly correlated electron gas in the relaxed state
of (TMTSF)ZClou below 25 Kl.
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Fig.1 Temperature dependence of AL In (TMTSF),PF¢ and (TMTSF),AsF¢



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:39 20 February 2013

NONLINEAR TRANSPORT PROPERTIES OF (TMTSF),X SERIES 163

DISCUSSION

In the systems of lower dimensionality there is possiblie the per-
sistance of magnonlike modes at temperatures far above the transi-
tion temperature to magnetic state. In the interacting Fermi gas
there exist excitations analogous to spin waves in magnetic mate-
rials and these oscillations are collective periodic variations of
the macroscopic magnetization vector. Such a modes have already
been observed in some 1D antiferromagnets

Since it is well known that truly 1D system cannot exhibit a long~
range order we expect a rapid decay of correlation relaxation ra-
tes with increasing temperature in (TMTSF)ZX. A strong increase of

3

ESR linewidths with Increasing temperature in (TMTSF)ZPFG and in
(TMTSF)ZCIOh 4 supports this conclusion. In fact the low dimensi-

onal materlals (TMTSF)ZX exhibit the tendency of decreasing dimen-
sionality with increasing temperature and according to the calcu-
lation of Fisher and Bonner > it should be expected that the para-
magnon correlation amplitude will increase, as a result of the re-
duced dimensionality.Otherwise the fluctuating magnetization <;M

correlation function related to static susceptibility Y

<8M(q) SH(-q)> = kBTV&/gZ,q; 1)

turns out to be the Increasing function of the temperature.

An increase of the correlation amplitude is compensated by the dis-
sipation of the spin fluctuations in phonon system. In highly cor-
related electron gas the phonons are scattered by paramagnon exci-
tations and we believe that the lack of the full Peierls diver-
gence in (TMTSF)ZPF6 below 50 K is due to the scattering of pho-
nons by paramagnons. This assumptlon is supported by the fact that
at this temperature transverse spin relaxation rate Tz-‘ changes
regime 3 and the anisotropy of electrical conductivity decreases
below 40-50 K . The relaxation of short ranged correlations of
fluctuating spin system Is controlled by the release of energy to

the lattice via the spin diffusion currents. The Fermi liquid may
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be described for the siow variations of variables in the phonon
system by the quasi-particle denslity matrix S’M(p,x)“'

L LI I T v L] l ) L) T T
R
- 40 mWecm K1 .
L @ —g O d
o—u—-o't"'.’.. *
20 T .
o
o’
[ .99 4
‘ 100 200  TIK) 300
3 A 1 i i1 - ) Y 1 1 i
Flg.2 Thermal conductivity of (TMTSF)2C10,.
Q,gp,x) - no&;+ WG e 2)

in equillbrium the quasi-particle energy Is simply E_ () = p2/2mx,
N is Ferm! equiiibrium distribution. in nonequilibrium the quasi-
particle density matrix may be found by the solution of ordinary
Boltzmann equation. In the absence of external fields a simple
relation holds
dn
- 1 + . [+}
A/t + (V) (g +S€) = -9 M= M “MY =T
The change of the quasi-particle energy due to the collisions with
phonons s

2
Se- —. ¢3p <D M(p) & H(-p)>g(p)S [4-E°(p)] )
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The correlation function <5....;> must be considered in some

details.
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Fig.3. Thermal conductivity dependent upon cooling rate

The energy transferred to the phonon gas is mainly controlled by
the heat capacity of the lattice and the rate of the transfer
measured by relaxation time U at temperatures T, , < T<&@ should
be proportional to the specific heat of the lattice i.e.

1 ,\Cpr\,T.

This temperature dependence of the linewidth was actually been
found in (TMTSF)ZPF6 in the temperature range between 20 K and
Lo-50 K 3. At temperatures above ~50 K the paramagnon collective
mode in (TMTSF)ZPFG Is suppressed and the properties of the system
are more governed by the pure electron-electron interaction.

In (TMTSF)ZCloh the complet dissapearance of the collective perio-
dic variations of macroscopic magnetization may be expected at
about 60 K temperature at which the change of the regime in ther-
mal! conductivity is observed.In addition, in far infrared scatte-
ring the structure observed to develop below 60 K may be attribu-

ted to appearance of such a mode 7.



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:39 20 February 2013

166 D. DJUREK, S. KNEZOVIC AND K. BECHGAARD

The second point related to the problem of spin fluctuations in
(TMTSF)ZPF6 is the lack of the correlation of electrical resi-
stance and ESR linewldth (LW) If temperature Is rised from 20 K to
Lo K 3. The electrical resistance obeys T2 dependence and it Is
not excluded the possibility of dominance of the electrical resi-
stance by the Interaction of paramagnons and electrons.Such an in-
teraction is reviewed in the work of lzuyama and Kubo 8.The para-
magnon created In itinerant magnetic system may dominate the elec-

tron scattering and the current is

jr\,e<vk€k+q - VE k> 5)

while paramagnon-electron Interaction energy is of the form
65 ~ F)T )
pM-e 6,

The 12 dependence of electrical resistivity in (TMTSF)ZPF6 is ex-
tended far above 50 K where we belleve the paramagnon collectlive
motion sets In and may be attributed to the more classical effects

3 concluded that

of electron-electron scattering.in fact Monecke
there is no contribution of such a scattering to electrical resi-
stance if the translational Invariance of wave functions Is con-
served. Impurities and phonons can destroy such an invariance for the
electron subsystem giving rise to the nonvanishing contribution of
resistance coming from electron-electron interaction.

The main source of nonlinearity in (TMTSF)2C10h in relaxed state
results from the fact that the NMR relaxation rate T;l does not obey
the well known Korringa law i.e. is not linearly dependent on tem-
perature.

According to Morfya calculation 1o the relaxation rate may generally

be expressed

-] -
Ty~ T %<gn*(q)gn (-q)>/p, 7)
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The exponential time decay of correlation function in nonlinear
regime below 25 K is governed by the relaxation rate Dq being de-
pendent on correlation function itself.

At high temperatures (T~.24 K) D_ is proportional to the correla-
tion function11 since the anlgn disorder gmears the electron
spin fluctuations and the spin diffusion currents are locked. The
Korringa law Is than well obeyed. At temperatures 10 K< T<24 K
spin susceptibility of collective state saturates keeping corre-
tation function nearly constant in amplitude but relaxation time
of correlations is longer with tendency to doverge at T = 0. At
temperatures below 10 K number of paramagnons decreases with de-
creasing temperature and T;’, as well of thermal conductivity, de-

crease again. More detailed calculations of collective properties

\ 12
are in course °.
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