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TRANSVERSE RESISTIVITY OF (TMTSF)2PFg AND 
(TMTSF) C I O  I N  A MAGNETIC FIELD,EViDENCE 
FOR K o H ~ E R ~  RULE 

6 .Kori n-Hamzi C, L. Forr6 and J. R. Cooper 
I n s t i t u t e  o f  Physics o f  the Unlverslty,POB 304, 
41001 Zagreb, Yugoslavia 

Abstract  - We repor t  data f o r  the c* ax i s  r e s i s t i v i t y  
‘ o f F ) 2 P F 6  and (TMTSF)2C104 i n  magnetic f i e l d s  of 
up t o  70 kl logauss. The resu l t s  a re  analysed i n  the 
form o f  Kohler’s p lo t s .  Deviat ions from Kohler’s r u l e  
can be used t o  detect  the onset o f  magnetic o rder ing  
a t  low temperatures. I n  the PF6 s a l t  there are a l so  de- 
v ia t i ons  a t  h igher temperatures which may be due t o  the  
breakdown o f  the band desc r ip t i on  o f  e lec t ron  s ta tes .  

Recently’  i t  was shown tha t  the r e s i s t i v i t y  o f  (TMTSF)2C104 

c r y s t a l s  i n  the l eas t  conducting d i r e c t i o n  (yc*) obeyed 

Kohler’s r u l e  (KR) from 2-22K i n  f i e l d s  up t o  70 kl logauss. 

Th ls  su rp r i s ing  r e s u l t  ind ica ted  tha t  f c *  could be under- 

stood i n  terms o f  the usual Boltzmann equat ion p i c t u r e  de- 

veloped f o r  o rd inary  metals and a l s o  t h a t  t ranspor t  a long 
2 c* i s  coherent i n  the sense f i r s t  dlscussed by Soda e t  a\  . 

That i s  the cond i t ion :  

t; >*/r a 1) 
i s  s a t i s f i e d ,  where t i  i s  the t i g h t  b ind ing  t r a n s f e r  I n te -  

g ra l  and TI, the e lec t ron  s c a t t e r i n g  t ime or a s i n g l e  chain. 

In t h i s  paper we repor t  a study o f  KR f o r  

(TMTSF)2PF6 and present evidence f o r  deviat- ions from KR 

which may be due t o  the coherent -d l f fus lve  t r a n s i t i o n  as the 

temperature approaches 40K. We a l so  compare fc* o f  the PF6 

and C 1 0 4  s a l t s  and show how dev ia t ions  from KR a re  associa- 

ted w i t h  the magnetic phase t r a n s i t i o n  i n  rap id l y  cooled, 

Jc* Of  

I35 
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136 B. KORIN-HAMZIC, L. FORRO AND I. R. COOPER 

quenched (Q) C104 crystals. 

R state f 
1 
1 

0 

F i g . 2 .  T'ranever8e rf&8ti&@ ( 
for a eingle o q e t a l  of ( T m S F ~ C t 0 4 s  i n  the reluxed state 

*) verew tenpemture 
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TRANSVERSE RESISTIVITY OF (TMTSF),PF, AND (TMTSF),CIO, 137 

Data fo r  Jc,(T) o f  PF6 and ClOb s a l t s  a re  shown I n  Flg.1 

and 2 respect ively.  They agree very w e l l  w i t h  independent 

s tud ies  ( 3 , b ) .  There are marked d i f fe rences  both i n  the ma- 

gni tude and temperature dependences o f  

i sos t ruc tu ra l  sa l t s .  As f a r  as we know most o ther  p r o p e r t l -  

es, e.g. l a t t i c e  parameters, sp in  s u s c e p t i b t l l t y  and needle 

ax i s  t ranspor t  do no t  show such la rge  d i f fe rences .  

Jc* f o r  the two 

/- H2 

0.1 ; 9 o H=609kG 
H = 4 9 k G  

+ H=3Q8kG 

A T =  31.5 K 
a T=19.6K 
T Tz17.8 K 

a02 0.1 

Fig .  3 .  Kohler's plot fo r  the transverse res i s t iv i ty  ffc,) 
of the same (TWSF)ZPF6 crysta 1 as i n  fig. 7 ., with H I b' 

As shown i n  Figure 3 f o r  Htltb', Jc, obeys KR from 17 t o  

34K. Deviat ions a t  lower temperatures are  due t o  the  onset 

o f  the spin dens i ty  wave t r a n s i t i o n  and we be l i eve  those a t  

h igher temperatures are due t o  the breakdown i n  the  3D band 
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138 B. KORIN-HAM& L. FORRO AND J .  R.  COOPER 

p i c t u r e  as the sca t te r i ng  ra te  increases. S i m l  l a r  dev ia t l -  

ons have been observed I n  a l l  three c rys ta l s  studied. 

Using the same analysis as before' we ob ta in  a mean f ree  

path along 2 o f  69a a t  17K and hence ( tak lng  t,, - 0.3eV ) a 

re laxa t ion  t i m e  r o f  secs. Such a value o f  'C' i s  con- 

s i s t e n t  w i t h  the measured value of  i s  

as low as 0.2 mev. Although t h i s  value Is smal ler  than the 

theo re t i ca l  est imate the  value obtained i n  the same way 

f o r  the C i 0 4  s a l t  I s  7x l a rge r  and does agree w i t h  the  cal-  

cu la t i on  i n  ref.6. Note that  the resu l t s  i n  Figures l and 2 

imply subs tan t ia l  d i f fe rences  i n  t i  

analogues. 

5 

JC,(?7) on ly  i f  t i  

6 

for the PF6 and ClO4 

A t  34K where deviat ions from KR s t a r t ,  we f i n d  2 3 3 . 3  

secs. This corresponds t o  *k= 19 meV, a value much 

I n  Figure 4 are show magnetoresistance data f o r  (TMTSF)2 

nearer to t j  (5) than t i  . 
C104 i n  the quenched s t a t e  (SO seconds from 40 t o  4.2K). 

Although the r e s i s t i v i t y  versus temperature shows on ly  a 

smooth increase ( Inse t ) ,  when the data are analysed as 

Kohler p l o t s  there are c lea r  deviat ions from KR a t  6K 

corresponding t o  the onset o f  SW ordering. Using the same 

analysis as before we f i n d  T ~ 2 . 5  
1.4 meV a t  6K. Wi th in  our accuracy (25%) the l a t t e r  value 

i s  the same I n  the  relaxed and quenched states.  

I n  summary we have shown tha t  a Kohler's r u l e  analysis 

may give useful informat ion about the e lec t ron i c  p roper t ies  

of the Bechgaard sa l ts .  There appears to  be evidence f o r  

deviat ions from KR due t o  the di f fusive-coherent t r a n s i t i o n  

i n  the PF6 s a l t  near 40 K. But our analysis indicates tha t  

i t  occurs a t  much htgher values o f  

expected from equation (1). 

sec and tf = 

Jc* than those 
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TRANSVERSE RESISTIVITY OF (TMTSF)2PF6 AND (TMTSF)ICIO, 139 

AR I 

* H=18.9KG 
b H=63 KG 

1 5 10 ao 1 I 

10 100 H1 R,(K/fl) 
Fig.4. Kohler’s plot  for the transverse res i s t iv i ty  (4 
of a quenched (TWSF)ZCIOq crystal w i t h  Hnk’. The ins& 
shoos res i s t iv i ty  versus temperature i n  various magnetic 
f ie lds .  

We are ara te fu l  t o  Klaus Bechgaard (Copenhagen) and Alex 

Horadpour (Orsay) f o r  the s i n g l e  c r y s t a l s  used In t h i s  work. 
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