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MAGNON HEAT TRANSPORT I N (TMTS F) X (X=C 1 04, P Fs) 

D.DJUREK and S.KNEZOVIC 

I n s t i t u t e  o f  Phys ics o f  t h e  U n i v e r s i t y  o f  Zagreb, 
POB 304,  41001 Zagreb, Yugoslav ia  

K. BECHGAARD 

H.C.Oersted I n s t i t u t e , U n i v e r s i  t e t spa rken  5 DK 2100 
Copenhagen, Denmark 

A b s t r a c t  - We have observed a huge c o n t r i b u t i o n  o f  magnons 
t o  t h e  heat  c u r r e n t  i n  (TMTSF)2X (X=C104,PFg) below t h e  a n t i -  
ferromagnetic t r a n s i  t ion.The r e s u l t s  a r e  d iscussed i n  connec- 
t i o n  w i t h  o t h e r  p h y s i c a l  p r o p e r t i e s  r e l a t e d  t o  these com- 
pounds. 

I NTRODUCT I ON 

We r e p o r t  t he  r e s u l t s  o f  an i n v e s t i g a t i o n  o f  thermal t r a n s -  

p o r t  i n  magnetic phases o f  (TMTSF)2PF6 and quenched (TMTSF)2C104. 

The method o f  measurements i s  desc r ibed  i n  a d d i t i o n a l  c o n t r i b u t i o n  

o f  these Proceedings and i s  based upon t h e  p r o p e r t i e s  o f  thermal 

wave propagated a long  the  specimen. The t y p i c a l  dimensions o f  t h e  
3 samples a r e  4 X  0 . 1 X  0 . 3  mm . I n  f o u r  probe measurements o f  thermal 

c o n d u c t i v i t y  (N)  we use t h e  chromel-constantan thermocuple made 

o f  w i r e  12 microns i n  d iameter .  The t y p i c a l  d i s t a n c e  between t h e  

thermocouple c o n t a c t s  i s -  3 mm. (TMTSF),C1O4 i s  s l o w l y  coo led  

f rom room temperature t o  - 4 0  K (more than 30 hours)  i n  o r d e r  t o  

m in im ize  t h e  d i f f i c u l t i e s  r e l a t e d  t o  an appearance o f  m ic roc racks .  

The sample was than quenched down t o - 4  K w i t h  the  c o o l i n g  r a t e  

o f  -20 K/min. The sample has been reheated i n  seve ra l  c y c l e s  and 

d e v i a t i o n s  o f  data between two subsequent hea t ings  o r c o c l  ings were 

w i t h i n  t h e  exper imenta l  accuracy (-5 p e r c e n t s ) .  The da ta  f o r  A 
(TMTSF)2C104 a r e  d i sp layed  on F ig .  ( 1 ) .  Thermal conduct 

ases c o n t i n o u s l y  w i t h  decreas ing temperature f rom 24 K 

i s  reached. Continous decrease i s  again e s t a b l i s h e d  be 

I t  i s  ev iden t  t h a t  thermal c u r r e n t  below 4 K and 15  K 

I69 

v i t y  decre-  

u n t i l  -4 K 

ow 2 . 9  K. 

n quenched 
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170 D. DJUREK. S. KNEZOVIk AND K. BECHOAARD 

(TMTSF)2C104 and (TMTSFl2PF6 respec t ive ly  Is no t  co r re la ted  t o  the 

e l e c t r i c a l  conduct iv i t y .  The anomaly in$ay n o t  t h e r e f o r e  be at '  

trlbuted t o  the resu l t s  o f  pure ly  e lec t ron i c  e f fec ts .  We be l ieve  

tha t  add i t ions  lheat  t ranspor t  Is due t o  magnons exc i ted  from the 

a n t i  ferromagnetica 1Y ordered ground state.  There are  addl t i o n a l  

arguments relevant f o r  t h i s  p o s s l b i l i t y .  The phonon p a r t  o f  ther -  

mal current i n  (fMTSF)2PF6 a t  temperatures above 15 K i s  remarka- 

b l y  separated from a huge con t r l bu t l on  o f  add l t i ona l  exc i ta t l ons  

below the ant l ferromagnet ic t r a n s l t l o n  read i l y  seen on Fig. (L).The 

l a t t i c e  thermal cur ren t  gradual ly decreases below 20 K as a r e s u l t  

o f  decreasing number of  phonons. In add l t l on  the bump i n  f o r  

(TMTSFl2Cl 04 pe r fec t  1 y cor re  1 a tes the  temperature dependent NMR 

re laxa t lon  ra te  T, measured by T. Takahashl and coworkers'. The 

temperature dependence of  both physical  q u a n t l t l e s  1s shown on 
2 Fig.(3). F i n a l l y  the observed s t ruc tu res  I n  f a r  i n f ra red  spectra 

i n  (TMTSF)2PF6 a t  low wave number may be a t t r i b u t e d  t o  c o l l e c t i v e  

exc i ta t i ons  i n  magnon gas. 

-1 

1 2 3 4 5 6 
1 I I I I I 

Fig.1. Thermal conduct iv i t y  o f  (TMTSF)gC104 
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MAGNON HEAT TRANSWRT IN (TMTSF),X(X=ClO,,PF,)) 171 

DISCUSS I ON 

I n  fur ther  discussion we sha l l  turn our a t tent ion to the calcula- 

t i o n  o f  the heat current I n  (TMTSF)2C10,, and (TMTSF)2PFg due to  ma- 

gnons. The fa i  r corre la t ion o f  T i '  and temperature dependent ther- 

mal conduct iv i ty suggests the use o f  the transport equations based 
3 on the l i nea r  response Introduced by R.Kubo . According t o  t h i s  

theory the transport coef f ic ients  L i n  the general l i nea r  rela- 

t ions between currents Jl and forces X 
i i  

I 
Ji = I L i J '  x j  i*l = 1*2 1 )  

are related t o  the corre la t ton functions formed o f  currents o f  the 

conserved operators 

L i j  = J0ZJ{~,(t + I h l l j ( 0 ) > d X  2) 

I i  and I 

crated wi th  macroscopic currents Ji and J1. The coe f f i c i en t  L22 

corresponds t o  thermal current J - L22 ( -vT/T).  

are the quantum mechanical many-particle operators asso- i 

Fig.2. Thermal conductivl t y  o f  (Tl.iTSr),rrg 
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172 D. DJUREK, S. KNEZOVIC AND K. BECHGAARD 

V T  i s  the temperature gradient.  The average (. . . .> means 

The time dependence o f  operators I I s  introduced i n  usual way 

I ( t )  - exp( iH t ) l  (e)exp(- iHt)  4) 

The standard formula for the thermal conduc t i v i t y  o f  i n t e r a c t i n g  

p a r t i c l e s  considers the volume heat capaci ty C v D  sound v e l o c i t y  v 

and the re laxa t i on  t i m e T  . 
& .I 1/3 Cv.v2T 5) 

I n  fac t  t h i s  expression i s  the special  case of  the Eq.(2). Since 

the i n teg ra l  over cur ren ts  I ( t )  = n h y ( t )  averaged i n  the  t ime In -  

t e rva l  ?between two c o l l i s i o n s  cont r ibu tes  t o  v 7. Kubo arguments 

may be extended4 t o  the c a l c u l a t i o n  o f  re laxa t i on  ra tes  i n  NMR ex- 

periments g i v i n g  the general expression 

0 

2 

A i s  hyper f ine  coupl ing constant (Fermi contact)  and d M  is 
Fourier component o f  f l u c t u a t i n g  magnetization &M = M -<M>. 

q 

Q. .> means symetrized product 

Q0 i s  NMR frequency. 

The thermal conduct iv i  ty,  imp1  I c i  t l y  Introduced I n  Eq. (2) , turns 

ou t  t o  be expressed i n  terms of NMR re laxa t l on  r a t e  T, . The sp in  

d i f f u s i o n  cur ren t  J M ( r D t )  must be replaced by corresponding magne- 

t i z a t i o n  f l u c t u a t i o n  XM The t o t a l  spin i s  assumed t o  be a con- 

s tan t  o f  motion 1.e. the conserved quan t i t y ,  and i t  must be s a t i s -  

f i e d  the cont inu, i ty equation for the magnetization 

-1 

q '  

(d/dt)  [ s M ( r , t j  + d i v  j M ( r , t )  - 0 8)  

I n  terms o f  quantum mechanical operators we consider the connection 
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MAGNON HEAT TRANSPORT IN (TMTSF)2X(X=CI04,PF6) 

between the magnetization and magnetization cur ren t  

I73 

s i  I s  the spin densi ty.  F i n a l l y ,  by the use o f  9) and 10) cur ren ts  

i n  2) may be replaced by the f l u c t u a t i n g  magnetization and thermal 

conduct iv i t y  i s  read i l y  obtained 
CD 

0 
K = ( 1 / 4 k T 2 )  V: f i { & M q ( t )  , SM-q(o)]> d t  11) 

vM i s  magnon sound v e l o c i t y  connected w i t h  temperature5 v2& kT. M 
The NMR re laxa t i on  ra te  i s  than 

T ; ~  -T&T) 

The p l o t  o f  T i 1  T i s  given on Fig. ( 3 )  together w i t h  thermal conduc- 

t i v i t y  data displayed a f t e r  the sub t rac t i on  o f  background. The 

thermal conduct iv i t y  dependent upon the temperature reduces t o  a 

complicated ca l cu la t i on  o f  c o r r e l a t i o n  func t ion  (11). We s h a l l  pay 

an a t t e n t i o n  t o  the r e s u l t  o f  p lanar  r o t a t o r  model de f ined by t h e  

Hamiltonian 

H = -  1 S i S j - t  J 

Wegner6 and Berezinsky7 used a harmon 

ced cos(0 by 1 - 1/2(q2. The i r  resu 

i j  l j  

c approxlmation and repla- 

t i s  sumnarized i n  tempera- 

tu re  dependence o f  the c o r r e l a t i o n  func t ion  S.S  
~j 

(Ri - R.) i s  the f i rs t -ne ighbour  distance. I n  o rder  t o  ob ta in  

the temperature dependence o f  we have t o  m u l t i p l y  t h i s  corre- 

l a t i o n  func t i on  by the number o f  magnons e x h i b i t i n g  the tempera- 

tu re  dependence o f  the form T . 

J 
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174 D. DJUREK, s. KNEZOVIC AND K. BECHGAARD 

: ic.;. I!agnon con t r i bu t i on  t o  &,and T i '  

Than 

T - m  
& ( ~ ) - ~ " - - l ( r ,  - R ~ )  

This func t ion  i s  f i t t e d  t o  temperature dependent & I n  (TMTSFj2 

C 1 0 4  and the r e s u l t  Is shown on Fig. ( 3 ) .  

RE FE REN CES 
1 )  T.Takahashl, O.J€rome and K.Bechgaard,J.Physique 9 (1984)945  

2 )  J.Fldr iJge, t h i s  Conference 
3) R.Kubo, J. Phys.Soc .Japan,s( 1957) 570-586 
4) T. Mor i ya ,Progr, Theoret. Phys, ( K y o t o ) g (  1962) 371-400 

5) G. F. Rei te r ,  Phys. R e v a m (  1968)631-640 
6) F.Wegner,Z.Phys.e(1967)465 
7) V. L. Berezinsky,Zh.eksp. teor.  Fi  z . z (  1970)907 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
41

 2
0 

Fe
br

ua
ry

 2
01

3 


