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-1. .!. 

Abstract  - We have measured the suscepti  b i  1 i ty ,  g - fac to r  and 
l i n e w i d t h  o f  (TMTTF)2BF4 and TTF-TCNQ s ing le  c r y s t a l s  i n  the 
80-300K temperature range up t o  5 kbars o f  hyd ros ta t i c  pressu- 
r e  i n  X-band. The decrease o f  the s u s c e p t i b i l i t y  and the i n c r e  
ase i n  the l i new id th  on pressure i s  less expressed i n  (TMTTF)2 
BF4 than i n  TTF-TCNQ. The g- fac to r  does no t  depend on pressure 
i n  both cases. 

I NTRODUCTI ON 

In  the study o f  the magnetic p roper t i es  o f  organic conductors one 

o f  the most i n te res t i ng  problem i s  the enhanced and temperature 

dependent s u s c e p t i b i l i t y  ( 2 )  i n  the h igh  temperature m e t a l l i c  pha- 

se. Among the la rge  number o f  organic conductors which e x h i b i t  the- 

se propert ies,  the most s tud ied  compound i s  TTF-TCNQ. The magnltu- 

de o f  X a t  romm temperature i s  about 3 times l a r g e r  than the va- 

l ue  ca lcu la ted  w i t h  bandwidth deduced from o p t i c a l  o r  thermopower 

measurements Furthermore from room temperature (R.T.) t o  the p h a  

se t r a n s i t i o n  a t  54 K i t  decreases a b i t  more than f a c t o r  2, what 

i s  strange f o r  the Pau l i  paramagnetism. I n  c l a r i f y i n g  the source 

o f  the enhancement and temperature dependence o f  X 

compl icat ing circumstances i s  the complexity o f  the system: p a r t i -  

a l l y  charge t rans fe r ,  two kinds o f  conducting chains e tc .  From 

t h i s  po in t  o f  view (TMTTF),BF4 i s  more promising candidate, where 

i s  only one type o f  conducting chains and the charge t rans fe r  i s  

1 

one o f  the 
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90 L. FORRO ez a[. 

t o t a l  t o  the BF4 acceptors2. The enhancement f a c t o r  i s  N 4 and 

the suscept lb i  1 i t y  before the phase trans1 t i o n  temperature a t  41K 

makes 60% o f  ’I< a t  R.T. 

Pressure I s  know t o  be an important parameter i n  the study o f  qua- 

sionedimensional metals. i n  the pioneer ing experiment o f  Be r th ie r  

e t  a1.3 the s u s c e p t i b i l i t y  o f  TTF-TCNQ has shown a h igh  s e n s i t i v i -  

t y  on pressure. However i n  low f i e l d  measurements a t  40 MHz, the 

s ignal  w id th  was comparable t o  the app l ied  s t a t i c  f i e l d ,  he powde- 

red sample couldn’t g ive  informat ion on the  g fac to r ,  and i t  wasn’t 

c lea r  what i s  the con t r i bu t i on  o f  the increased conductiv t y  thro- 

ugh the sk in -e f fec t  t o  the lowering o f  the suscepti  b i  1 i t y  under 

pressure. 

The purpose o f  t h i s  paper i s  t o  g i ve  comparative date on the pres- 

sure dependence o f  the suscept ib i  1 i ty, TTF-TCNQ and (TMTTF)*BFq 

s ing le  c rys ta l s .  

The main features o f  the g- fac to rs  and l inewid ths  are given i n  the 

abstract ,  but because o f  space 1 im i ta t i ons  the de ta i l ed  discussion 

w i  1 1  be g i  ven elsewhere. 

2 

EXPERi  MENTAL 8 RESULTS 

We have performed ESR measurements i n  X-band on s i n g l e  c r y s t a l s  i n  

o r i e n t a t i o n  whlch minimlzes o r  excludes the sk in  e f f e c t .  The tempe- 

ra tu re  and pressure ranges were 80-32OK and 0-5 kbars. Copper su l -  

f a t e  s ing le  c rys ta l  was used as reference f o r  the s igna l  i n tens i t y .  

The de ta i l ed  descr ip t fon  o f  the experimental setup I s  given I n  re fe -  

rence 4. 

Figure 1 shows the pressure dependence o f  a t  R.T. f o r  TTF-TCNQ 

and (TMTSF)2BF4. For TTF-TCNQ % decreases by 8?l%/kbar, wh i l e  f o r  

(TMTTF)2BF4 i s  decreased by 325%/kbar. The temperature depen- 

dences are given on f i g u r e  2. For TTF-TCNQ the temperature depen- 

dence of * a t  5 kbars i s  weaker than a t  normal pressure. F~~ 
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ESR STUDY OF (TMTTF),BF, AND TTF-TCNQ 91 

(TMTTF)2BF4 2 goes roughly together f o r  both pressures but the 

sca t te r  i n  the experimental po in ts  i s  bigger. 

FIGURE 1. Pressure dependence o f  the normalized s u s c e i t i b i l i t y  f o r  
TTF-TCNQ and (TMTTF)*BF4 a t  300K f o r  several samples. 

r 

x 
4 .  

1 -  r 1 -  1 

FIGURE 2. Temperature dependence o f  the suscep t ib i l  i t y  ( i n  a rb i  t r a -  
ry) a t  normal and 5 kbars pressures f o r  TTF-TCNQ and (TMTTF)* 
BFq. 

DISCUSS I ON 

In  TTF-TCNQ, as was pointed ou t  by J.Cooper , the changes i n  band- 

w id th  due t o  the l a t t i c e  cont rac t ion  o r  charge t r a n s f e r  couldn't 
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92 L. FORRO er al. 

account f o r  the observed decrease o f  the suscepti  b l i  i ty.  Jerome 

e t  a16 has evoked Coulomb in te rac t i ons  and the s t rong length  de- 

pendence of the i n te rcha in  screening o f  Coulomb co r re la t i ons  to  

exp la in  the enhancement o f  X , I t s  temperature and pressure de- 

pendence i n  TTF-TCNQ and TMTTF-TCNQ. For the prec ise  comparison 

o f  the susceptl b i  1 1 t y  data o f  TTF-TCNQ and (TMTTF)2BF4 i n  pressure 

one should need the compress ib i l i t y  data o f  (TMTTF)+3F4. As f a r  

as we know, these data are no t  ava i lab le .  Supposing s i m i l a r  com- 

press1 b i  1 i ty, the screening o f  Coulomb in te rac t i ons  should be 

smaller i n  (TMTTF),BFb since instead of the we l l  po la r i zab le  TCNQ 

chain w i t h  extended, m e t a l l l c  electrons,we have the iso la ted ,  

poor ly  po la r i zab le  BF4 molecules. Thls f a c t  should p lay  an impor- 

t an t  r o l e  i n  the much smal ler  decrease o f  ?(: i n  (TMTTF)2BF4 on 

p ress u re. 

I t  i s  worth t o  mention t h a t  an a l t e r n a t e  model7 based on the band 

narrowing e f f e c t  due t o  the shor t  mean f ree  pa th  o f  the charge 

c a r r i e r s  should account q u a l l  t a t l v e l y  f o r  the strong pressure de- 

pendence of 31 . 
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