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NMR-STUDIES OF FIELD-INDUCED PHASE I N  (TMTSF)zC104 

TOSHIHIRO TAKAHASHI 
Department o f  phys ics,  Gakushuin U n i v e r s i t y ,  1-5-1 M e j i r o  
Toshima-ku, Tokyo 171, Japan 

A b s t r a c t  77Se-NMR measurement on a s i n g l e  c r y s t a l  o f  
(TMTsF)2C104 i s  revea led  t o  be a s e n s i t i v e  probe o f  t h e  
f i e l d - i n d u c e d  magnet ic  phase t r a n s i t i o n .  A r e c e n t  t r i a l  
t o  determine t h e  magnet ic  phase boundary below 1 K i s  
descr ibed.  

The new phase t r a n s i t i o n  induced by s t r o n g  magnetic f i e l d  i n  t h e  
o rgan ic  superconductor, (TMTSF)zX f a m i l y ,  i s  one of t h e  a t t r a c t i n g  
t o p i c s  i n  t h e  s t u d i e s  o f  l ow  temperature e l e c t r o n i c  p r o p e r t i e s  o f  
t h i s  m a t e r i a l .  Accumulated exper imenta l  evidences up t o  d a t e  have 
r e v e a l e d  i m p o r t a n t  f e a t u r e s  o f  t h e  f i e l d - i n d u c e d  phase: 
phase i s  o f  magnet ic  and s e m i - m e t a l l i c  n a t u r e  ( v e r y  p robab ly  a SDW 

s t a t e ) : l  
t o  t h e  c r y s t a l l i n e  c*-ax is  i s  e f f e c t i v e  t o  t h e  t r a n s i t i o n  (sugges- 
t i n g  an o r b i t a l  e f f e c t ) . 2  iii) Succesive phase t r a n s i t i o n  as i n c -  
r e a s i n g  t h e  f i e l d  s t r e n g t h  a r e  observed. 

t r a n s i t i o n  have been presented,  
these c h a r a c t e r i s t i c  f e a t u r e s ,  a t  l e a s t  q u a l i t a t i v e l y ,  by cons ide r -  
i n g  a SDW t r a n s i t i o n  ( n e s t i n g  o f  a 2D Fermi s u r f a c e )  i n t e r p l a y i n g  
w i t h  q u a n t i z a t i o n  o f  e l e c t r o n  o r b i t a l  mot ions i n  a s t r o n g  f i e l d ,  
F o r  t h e  sake o f  g e t t  ng f u r t h e r  i n s i g h t  i n t o  t h e  f i e l d - i n d u c e d  t r a n -  
s i t i o n  f rom these PO n t s  o f  view, i n v e s t i g a t i o n s  o f  magnet ic  prop-  
e r t i e s  should be c r u c i a l .  
t o  determine t h e  'magnet ic '  phase boundary i n  a t e m p e r a t u r e - f i e l d  
(T-H) phase diagram o f  (TMTSF)2C104. 

i )  T h i s  

i i )  Only t h e  a p p l i e d  magnetic f i e l d  component p a r a l l e l  

Recent ly ,  seve ra l  t h e o r e t i c a l  works on a mechanism o f  t h i s  
They have succeeded t o  reproduce 

As a f i r s t  s t e p  o f  t h i s  course, we t r i e d  
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I14 T. TAKAHASHI 
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FIGURE 1 
sity (a) and relaxation rate (b), for fields of 7.39 T and 
6.40 T parallel to c*-axis. 

Temperature dependence of 77Se-NMR signal inten- 

As demonstrated in the previous work', 77Se-NMR measurement 
on a single crystal is a sensitive probe to detect a magnetic tran- 
sition. 
fine origin, between the electronic magnetic moments and nuclear 
spins produces a strong local field at nuclear sites. 
set of local field at transition can be easily detected by a dras- 
tic change in the NMR lineshape and an anomaly of NMR relaxation 
rate. 
6.4 T (parallel to the c*-axis). 
determined as 2.25 K and 1.55 K,  respectively. 
present measurements was to extrapolate this method to the lower 
temperature side, where Hall effect anomalies were observed. 

Experimental apparatus consists of a 6 T-superconducting mag- 
net, a liquid-3He cryostat, a home-made pulsed NMR spectrometer and 
signal averaging system. 

In a magnetic state, couplings, o f  dipolar and/or of hyper- 

Thus, an on- 

Figure 1 shows the results at applied fields of 7.39 T and 
The transition temperatures were 

The purpose of the 

We observed echo signal following the 
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NMR-STUDIES OF FIELD-INDUCED PHASE IN (TMTSF)ICIO, 115 

usua l  n/2-a p u l s e  p a i r s  f rom 7 7 ~ e  n u c l e i  in a s i n g l e  c r y s t a l  o f  
(TMTSF)zC104 (Relaxed s t a t e )  w i t h  a s i z e  o f  0.3 x 0.3 x 3 mm3. 
c r y s t a l  was c a r e f u l l y  cooled down t o  ach ieve  t h e  s o - c a l l e d  Relaxed 
s t a t e .  No s i g n  o f  quenching e f f e c t  was observed, as f a r  as 1H and 
77Se- NMR p r o p e r t i e s  were concerned. 

t y  a t  f i e l d s  o f  4.9 T and 5.9 T, down t o  0.53 K (our  exper imen ta l  
l i m i t ) .  
p e r a t u r e  reg ion :  No magnet ic  t r a n s i t i o n  was observed! 

A s u r p r i s i n g  f e a t u r e  o f  t h i s  r e s u l t  i s  obv ious when one com- 
pares i t  w i t h  t h e  pub l i shed  r e s u l t  o f  H a l l  e f f e c t  measuremente3 
The s o l i d  l i n e s  i n  F i g u r e  2 i n d i c a t e  t h e  boundar ies where t h e  H a l l  
c o e f f i c i e n t  has s t e p - l i k e  anomalies, between which it i s  n e a r l y  con- 
s t a n t  in f i e l d  s t r e n g t h .  
r e g i o n  o f  t h e  p resen t  i n v e s t i g a t i o n .  
NMR-resul t s .  ) 

I f  these r e s u l t s  a r e  c o r r e c t ,  t h e  r e g i o n  I 1  in F i g u r e  2, a t  

l e a s t ,  should be nonmagnetic, so t h a t  t h e  above-mentioned t h e o r e t i -  
c a l  models shou ld  be s e r i o u s l y  mod i f i ed .  
t h i s  here, s i n c e  severa l  exper imenta l  a m b i g u i t i e s ,  as f o l l o w s ,  can- 
n o t  be r u l e d  o u t  a t  p resen t :  

The 

We measured t h e  temperature dependence of t h e  s i g n a l  i n t e n s i -  

However, we f a i l e d  t o  see any anomaly i n  t h e  measured tem- 

The broken s t r a i g h t  l i n e s  i n d i c a t e  t h e  
(The c i r c l e s  a r e  t h e  p r e v i o u s  

However, we do not c l a i m  

FIGURE 2 T-H phase d iagram of 
(TMTSF)$104 (Re1 axed-s ta te )  , 
based on t h e  r e s u l t s  o f  NMR and 
H a l l  e f f e c t  measurements 
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I16 T. TAKAHASHI 

i )  Sample m isa l i gnmen t :  I f  the app l ied  ex terna l  f i e l d  was no t  
exac t l y  p a r a l l e l  t o  the  c*-axis, the  e f f e c t i v e  f i e l d  component 
should be smal ler  than ind ica ted .  

which was n o t  the  same t h a t  used a t  h igher  f i e l d s .  
i i i )  P a r t i a l  quenching e f f e c t  (? ) :  We have no experimental i n fo r -  
mation about the strong f i e l d  e f f e c t  when the  coo l ing  r a t e  i s  n o t  
s u f f i c i e n t l y  slow. (Th is  may n o t  be the  case, s ince a r a p i d  cool-  
i n g  tends t o  s t a b i l i z e  the  SDW s ta te  even a t  low  field^.^) 

so t h a t  we w i l l  postpone concluding u n t i l  a l a t e r  pub l i ca t i on .  

i i )  Sample dependence: The measurements were on ly  f o r  one c r y s t a l  

Further i nves t i ga t i ons  on these p o s s i b i l i t i e s  a re  going on, 
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debted t o  Y. Maniwa, F. Kmor i ,  s. Ikehata, s. Kobayashi f o r  t he  
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