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MAGNON HEAT TRANSPORT IN (TMTSF)ZX(X=C10“,PF6)

D.DJUREK and S.KNEZOVIC

Institute of Physics of the University of Zagreb,
POB 304, 41001 Zagreb, Yugoslavia

K.BECHGAARD

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

Abstract - We have observed a huge contribution of magnons

to the heat current in (TMTSF)2X (X=C104,PFg) below the anti-
ferromagnetic transition.The results are discussed in connec-
tion with other physical properties related to these com-
pounds.

INTRODUCT | ON

We report the results of an investigation of thermal trans-
port in magnetic phases of (TMTSF)ZPF6 and quenched (TMTSF),C10,,.
The method of measurements is described in additional contribution
of these Proceedings and is based upon the properties of thermal
wave propagated along the specimen. The typical dimensions of the
samples are 4X 0.1X 0.3 mm3. In four probe measurements of thermal
conductivity (4) we use the chromel-constantan thermocuple made
of wire 12 microns in diameter. The typical distance between the
thermocouple contacts is~ 3 mm. (TMTSF)ZCIOM is slowly cooled
from room temperature to ~ 40 K (more than 30 hours) in order to
minimize the difficulties related to an appearance of microcracks.
The sample was than quenched down to~4 K with the cooling rate
of ~20 K/min. The sample has been reheated in several cycles and
deviations of data between two subsequent heatings orcoclings were
within the experimental accuracy (~-5 percents). The data for AC
(TMTSF)ZCIOA are displayed on Fig.(1). Thermal conductivity decre-
ases continously with decreasing temperature from 24 K until ~4 K
is reached. Continous decrease is again established below 2.9 K.
It is evident that thermal current below 4 K and 15 K in quenched
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(TMTSF)2C|04 and (TMTSF)ZPF6 respectively is not correlated to the
electrical conductivity. The anomaly iq& ay not therefore be at™
tflbuted to the results of purely electronic effects. We believe
that additiona lheat transport Is due to magnons exclited from the
ant!ferromagneticaly ordered ground state. There are additional
arguments relevant for this possibility. The phonon part of ther-
mal current in (TMTSF),PFc at temperatures above 15 K is remarka-
bly separated from a huge contribution of additional excitations
below the antiferromagnetic transitlon readily seen on Fig.(2).The
lattice thermal current gradually decreases below 20 K as a result
of decreasing number of phonons. In addition the bump in AL for
(TMTSF),C10, perfectly correlates the temperature dependent NMR
relaxation rate T; measured by T. Takahashi and coworkers1. The
temperature dependence of both physical quantities |s shown on
Fig.(3). Finally the observed structures In far infrared spectra2
in (TMTSF)ZPF6 at low wave number may be attributed to collective
excitations in magnon gas.
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Fig.1. Thermal conductivity of (TMTSF)ZCIOA
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DISCUSS 10N

In further discussion we shall turn our attention to the calcula-
tion of the heat current In (TMTSF)ZCIOA and (TMTSF)ZPFG due to ma-
gnons. The falr correlation of T;‘ and temperature dependent ther-
mal conductivity suggests the use of the transport equations based
on the linear response Introduced by R.Kubo3. According to this
theory the transport coefficients Llj in the general linear rela-

tions between currents J' and forces Xj

9y - ZLU' X) =12 1)

are related to the correlation functions formed of currents of the

conserved operators
r O

4 -Jdtj(ll(t + 1}\)Ij(0)>d>\ 2)
)

I} and |j are the quantum mechanical many-particle operators asso-
ciated with macroscopic currents 9 and J,. The coefficient Lo
corresponds to thermal current J = L,, (-\V/1/7).
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Fig.2. Thermal conductivity of (TLWSF)ZPF6
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VT is the temperature gradient. The average £....> means

e"bHQ
<Q>=7Tr (- - ) Oh=1/kY 3)
The time dependence of operators | is introduced in usual way
1 (t) = exp(iHt)1(8)exp(-iHt) L)

The standard formula for the thermal conductivity of interacting
particles considers the volume heat capacity C,» sound velocity v

and the relaxation time T .
M= 173 ¢ VT 5)

In fact this expression is the special case of the Eq.(2). Since

the integral over currents I (t) = nt v(t) averaged in the time in-
terval ¥ between two collisions contrlbutes to v ‘[ Kubo arguments
may be extended’* to the calculation of relaxation rates in NMR ex-

periments giving the general expression

1. AZ/ZhZJ’dt cos(.)ou<{SMq(t)cYM_q(0)}> 6)

A is hyperfine coupling constant (Fermi contact) and JMq is
Fourier component of fluctuating magnetization §M=m -M>.
<& .> means symetrized product

{A,B} = 1/2 (AB + BA) 7)
G)o is NMR frequency.

The thermal conductivity, implicitly introduced in Eq.(2), turns

out to be expressed in terms of NMR relaxatlion rate T-1. The spin

1
diffusion current J (r t) must be replaced by corresponding magne-
tization fluctuation qu The total spin Is assumed to be a con-
stant of motion l.e. the conserved quantity, and it must be satis-

fled the continulity equation for the magnetization
(d/dt) [SM(r,tﬂ + div JM(r,t) = 0 8)

In terms of quantum mechanlcal operators we consider the connection
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between the magnetization and magnetization current

Mr,t) = Z‘ si(t)g[?-‘?i(t)_] 9)
DRI ITHCI EADEL LA A] L SN

s Is the spin density. Finally, by the use of §) and 10) currents
in 2) may be replaced by the fluctuating magnetization and thermal

conductivity is readily obtained

©
2, 2
A =(1/4kT%) v J{J({SMq(t),SM_q(O)}> dt 1)

v,, is magnon sound velocity connected with temperature5 vﬁﬂ.kT.

M
The NMR relaxation rate is than

T;1 ~THT)

The plot of T;IT is given on Fig.(3) together with thermal conduc-
tivity data displayed after the subtraction of background. The
thermal conductivity dependent upon the temperature reduces to a
complicated calculation of correlation function (11). We shall pay
an attention to the result of planar rotator model defined by the

Hamiltonian
H= - Z S, Sj - Z Jij cos ((‘pl -(,pj) 12)
J 1)
Wegner6 and Berezinsky7 used a harmonic approximation and repla-

ced cos q) by 1 - I/ZQfZ. Their result is summarized in tempera-

ture dependence of the correlation function SiS.

J
T
<SiSj>~(Rl - Rj) 3 13)
(Ri - Rj) is the first-neighbour distance. In order to obtain

the temperature dependence of A( we have to multiply this corre-
lation function by the number of magnons exhibiting the tempera-

ture dependence of the form T ",
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This function is fitted to temperature dependent AL in (TMTSF)2
€10, and the result Is shown on Fig. (3).
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