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NEUTRON DIFFRACTION STUDY OF (TMTSF)zBFi+ AFTER SLOW AND 
RAPID COOLING TO 20 K. 

T. J. EMGE, J. Me WILLIAMS, P. C. W. LEUNG, A. J. SCHULTZ, 
M. A. BENO, AND H. H a  WANG 
Chemistry and Materials Sc ience  and Technology D i v i s i o n s ,  
Argonne National Laboratory,  Argonne, I l l i n o i s ,  U.S.A. and 
The Department of Chemistry, Brookhaven Nat iona l  
Laboratory,  Upton, N e w  York, U.S.A. 

Abst rac t  The s t r u c t u r e  of (TMTSF)2BFi+ a t  20 K has  been 
determined from neut ron  d i f f r a c t i o n  da ta .  It i com- 
p l e t e l y  o r d e r e  a f t e r  both f a s t  (6.0 deg. min and slow 
(0.1 deg ruin -') cool ing  through t h e  meta l - insu la tor  (MI) 
t r a n s i t i o n  a t  40 K. S i g n i f i c a n t  i n t e r a c t i o n s  i n  t h e  20 K 
dimerized phase i n c l u d e  both s h o r t  ca t ion-ca t ion  (Se***Se)  
and cat ion-anion (Se***F and -CHj*-*F) c o n t a c t s .  

INTRODUCTION 

Many (TMTSF)2X sa l t s  w i t h  t e t r a h e d r a l  anions undergo metal- 

i n s u l a t o r  t r a n s i t i o n s  (MI) t h a t  are o f t e n  a s s o c i a t e d  w i t h  

c r y s t a l l o g r a p h i c  phase t r a n s i t i o n s  a t  ambient p r e s s u r e  

( i n c l u d i n g  X = BF4-, Reoh-, FS03-, P02F2-). Other  than t h e  

Re04- s a l t  only t h e  BF4 d e r i v a t i v e  is known to  be ordered  

below t h e  (MI) t r a n s i t i o n  ( t h i s  work). Above TMI t h e s e  o r g a n i c  

metals have t h e  common motif of i n t e r a c t i n g  s t a c k s  of c lose ly-  

connected TMTSF c a t i o n s  and d isordered  anions with at least one 

Se***X i n t e r a c t i o n . '  I n  a previous s t u d y  of (TMTSF)2Re04, (TMr - 180 K ) ,  t h e  F-centered 2 5 x 2 A x 2 ~  s u p e r s t r u c t u r e  was examined 

a t  120 K u s l n g  x-ray d i f f r a c t i o n  data '  and it contafned a 

"d imer iza t ion"  i n  t h e  i n t e r -  and i n t r a - s t a c k  d i s t a n c e s  
3 (compared t o  t h e  298 K phase).2 D i f f u s e  x-ray s c a t t e r i n g  

s t u d i e s  of (TMTSF)2X with X = Re04-, C104-, and NO3- sugges t  

- 
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anion-ordering [AO] phase t r a n s i t i o n s .  For  (TMTSF)2C104, 

ordered o r  disordered C104- anions may be observed below 24 K 

depending on whether the  cool ing  rate is slow o r  f a s t ,  

respec t ive ly .  It is not s u r p r i s i n g  t h a t  the  anions are ordered 

i n  (TMTSF)$F4 a t  20 K even a f t e r  f a s t  cool ing ,  s ince  t h i s  

anion is smaller than C104-. Using p r e c i s e  H-atom p o s i t i o n s ,  

w e  p resent  d e f i n i t i v e  evidence of s h o r t  -CH3***F con tac t s  in 
(TMTSF)pF4 a t  20 K. 

RESULTS 

The space group and cell  parameters of (TMTSF)$F4 a t  20 K'( a r e  

s i m i l a r  t o  those  of (TMTB)2Re04 i n  t h e  low temperature  

phase. Least-squares ref inements  converged a t  a high 

confidence l e v e l  and pos i t i ona l  parameters agreed wi th in  2a f o r  

both da t a  sets. The s u p e r l a t t i c e  d i f f r a c t i o n  peak p r o f i l e s  [h  

= odd r e f l e c t i o n s ]  had the  same shape and width as s u b l a t t i c e  

( h  = even) r e f l ec t ions .  The p e r f e c t l y  oc tahedra l  geometry and 
small BF4- anion thermal motion ( U i j  f o r  t h e  B and F atoms are 

2 with in  the  range 0.005-0.009 A ) i n d i c a t e  complete order ing  at 

20 K f o r  both slow- and fast-cool ing.  The most dramatic  

s t r u c t u r a l  f e a t u r e s ,  compared t o  the  high-temperature phase, 

a r e  found i n  the  following changes i n  i n t e r -  and i n t r a s t a c k  

con tac t  See-*Se d is tances :  

T. J.  EMGE er d. 

-I- 

FIGURE 1 3- 
The ac pro jec t ion  of 4- 

4- i n t r a s t a c k  Se***Se 

con tac t s  (dl  - d6) c 
-L 

i and spacings between TMTSF 
L. ca t ions  A and B (D~-D~)* 
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NEUTRON DIFFRACTION STUDY OF (TMTSF),BF, 239 

TMLK 1. A) I n t r a a t a c t  i n t e r e c t i o n a  (See Pig. 1). 

Se*-.Se 20 K I25 K Se...Se 20 K 125 K 
~~ ~~~ 

dla 3.938(2)/3.977(2) A 3.981 A d4b 4.056(2)/4.039(2) A 4.075 A 
dZa 3.852(2)/3.964(2) 3.934 d 3.822(3)/3.887(2) 3.872 
djb  3.770(2)/3.785(2) 3.813 dsb 6 ' 3.856(2)/3.817(2) 3.879 

B) I n t e r s t a c k  I n t e r e c t i o t u  (See Pig. 2) 

Se*-*Se 20 K 125 K Se..*P 20 K 125 K 

d7. 3.720(2)/3.713(2) A 3.753 A d10 3.182(2) A 3.28 A 
d8* 3.837(2)/3.837(2) 3.879 d l l  3.866(2) 3.82 
dgb 3.622(3)/3.572(3) 3.639 

C) I n t e r p l e m r  Spacing. (See Pig. 1) 

20 K 125 K 20 K 125 K 

-5 3.51 A 3.57 A o3 3.56 A D I  
D2 3.50 3.55 

*The two value. at  20 K are e q u i v a l e n t  b a m t r y  in t h e  high temperatura p h u e  
only. 
s i g n i f i c a n t l y  from those  e f t o r  f u t  cooling. 

A l l  numben refer t o  r n s u l t 8  der ived  a f t e r  slow cool ing ,  which do not  d i f f e r  

:Related by t h e  t r a n a f o r u t i o n  I-x. 1/2-y, II2-r. 
Related by t h e  t ransformat ion  1 / 2 1 ,  I-y. 112-x. 

The TMTSF c a t i o n s  form tetrameric u n i t s  a long t h e  ( s t a c k i n g )  

a-axis ,  and t h e  c a t i o n s  are canted about t h e i r  long In-plane 

molecular  a x i s ,  c r e a t i n g  s h o r t e r  i n t r a - s t a c k  d i s t a n c e s  a t  one 

edge of each molecule. This  t i l t i n g  augments t h e  s l i g h t  s h i f t s  

of TMTSF c a t i o n s ,  along t h e i r  s h o r t  in-plane molecular  a x i s ,  

toward t h e  next  s tack.  The t h i r d  d i r e c t i o n  of I n t e r a c t i o n  is 

along t h e  long in-plane a x i s  of t h e  RlTSF c a t i o n s ,  where t h e  

cat ion-anion c o n t a c t s  dominate. We stress t h e  importance of 

- 

FIGURE 2 

Proj e c t i o n  of i n t e r s t a c k  

Se***Se c o n t a c t s  

(d7 - dg) and 

s t a n c e s  >. 
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240 T. J.  EMGE d al. 

accura t e  H-atom pos i t i ons ,  which are presented here  as clear 

evidence of s i g n i f i c a n t  sho r t  H* *F con tac t s  t h a t  desc r ibe  t h e  
- c H ~ * * * F  in t e rac t ions :  

T ~ L B  2 F...R Mataneaa (0 < 2.5 A) o k a m d  at  20 K and 
calculated at 125 F. (Su W. 3) 

125 F. Interaction 20 1. 125 K Interaction 20 F. 

FIGURE 3 

The cation-anion 

-CH3* *F con tac t s  

less than 2.5 A. 
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