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TTF AND RELATED MOLECULES 
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++ 

Abstract In t e rca l a t ion  of TTF ( t e t r a t h i a f u l v a l e n e )  , TTN 
( t e t r a th i anaph tha lene ) ,  and r e l a t e d  organosulfur e l ec t ron  
donors i n t o  FeOCl r e s u l t s  i n  a s i g n i f i c a n t  expansion along 
t h e  i n t e r l a y e r  (1) a x i s ,  with t h e  organosulfur molecules 
apparently inc l ined  wi th  respec t  t o  t h i s  ax i s .  E lec t ron ic  
spec t r a  suggest t h a t  t h e  i n t e r c a l a t e s  a r e  semiconductors wi th  
band gaps of CB. 0.4 - 0.5 eV, cons i s t en t  with previous 
conductivity data.  E l a s t i c  neutron d i f f r a c t i o n  da ta  (10K) 
show t h a t  magnetic order ing  of t h e  FeOCl host is abolished 
upon in t e rca l a t ion .  

INTRODUCTION 

I n t e r c a l a t i o n  chemistry of layered m a t e r i a l s  has been shown t o  be 

a promising approach t o  t h e  synthes is  of new low-dimensional 

ma te r i a l s  with high e l e c t r i c a l  conductivity. '  s 2  

t h e  r e s u l t s  of s t r u c t u r a l  and physical s t u d i e s  t h a t  extend our 

e a r l i e r  work on organosulfur i n t e r c a l a t e s  of FeOC1. 

We r e p o r t  here in  

1-4 

EXPERIMENTAL 

I n t e r c a l a t e s  of FeOCl with TTF, TTN, TmTF (tetramethyl-TTF) , TTT 

( t e t r a t h i a t e t r a c e n e ) ,  and DTT ( d i t h i a t e t r a c e n e )  were prepared by 

minor v a r i a t i o n s  (t ime, temperature, so lven t )  of methods described 

previously. Inf ra red ,  near i n f r a red ,  and v i s i b l e  absorp t ion  
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260 B. A. AVERILL et al. 

spectra were measured on KBr p e l l e t s  and Fluorolube mulls using 

Perkin Elmer 1430 and Cary 1 7  spectrophotometers. 

d i f f r ac t ion  data  were measured a t  the Intense Pulsed Neutron 

Source (IPNS) a t  Argonne National Laboratory, while X-ray 

absorption and X-ray powder d i f f r ac t ion  data were measured and 

analyzed as described previously. 

Neutron 

4 

RESULTS AND DISCUSSION 

Structural  s tudies  

We have reexamined our FXAFS data,  and f ind  t h a t  the elongation 

along a induced by in t e rca l a t ion  is  not a s  large a s  previously 

r e p ~ r t e d . ~  Lat t ice  parameters of the in t e rca l a t e s  a r e  summarized 

i n  Table I. Inspection of Table I show8 t h a t  s l i g h t l y  d i f f e ren t  

phases of i n t e rca l a t e s  can be obtained using d i f f e ren t  solvents.  

A more detai led presentation of t h e  s t r u c t u r a l  r e s u l t s  i s  i n  

preparation. 5 

TABLE I Lat t ice  parameters of i n t e rca l a t e s .  * 
Ma t a r  i a l  a b+ C 

* 
FeOCl 3.78 7.92 3.30 

FeOC1(TTF)o.12$ 3.78 12.83 3 3 3  

FeOCl (TTN) ( toluene)0. 3.80 15.43 3.34 

FeOC1(TTT)O .14 3.80 15.45 3.34 

FeOC1(TTF)O .ll( t o l u e ~ e ) ~  .04 3.78 13.23 3.31 

FeOC1(TMTTF)O .08 3.80 11.32 3.32 

*O +O 
A, from EXAFS data. A, from X-ray powder d i f f r ac t ion  data.  

3 f rom d imethoxv e thane. 

In order t o  ascer ta in  whether t he  in t e rca l an t s  exhibi t  long- 

range order within the host,  w e  have measured neutron d i f f r ac t ion  

data on FeOCl and the TTF and d -TTF in t e rca l a t e s  (d -TTF was 
prepared as given i n  Ref .  6 ) .  

neutron d i f f r a c t i o n  data fo r  the TTF and d -TTF in t e rca l a t e s  was 

4 4 

No signif  icant difference i n  the  
4 
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STUDIES ON FeOCl INTERCALATES 261 

observed a t  300 K, sugges t ing  t h e  absence of long-range order ing  

f o r  TTF. We f i n d  t h a t  i n t e r c a l a t i o n  of TTF a b o l i s h e s  t h e  magnetic 

o r d e r i n g  r e p o r t e d  f o r  FeOCl a t  low temperatures .  7 ,a  

Phvs ica l  s t u d i e s  

S ince  previous 

b e s t  viewed as r a d i c a l  c a t i o n s ,  t h i s  impl ies  t h a t  an  e l e c t r o n  has  

been t r a n s f e r r e d  t o  t h e  FeOCl layers. X-ray near  edge s t r u c t u r e  

(XANES) s p e c t r a  ( d a t a  not  shown) of FeOCl and FeOC1(TTF)0.12 

i n d i c a t e  a small but s i g n i f i c a n t  s h i f t  i n  edge p o s i t i o n  t o  lower 

e n e r g i e s  f o r  t h e  i n t e r c a l a t e ,  c o n s i s t e n t  w i t h  l o c a l i z e d  f e r r o u s  

sites' due t o  donat ion of an  e l e c t r o n  from TTF. 

have shown t h a t  t h e  i n t e r c a l a n t s  are 

A d e t a i l e d  comparison of t h e  i n f r a r e d  s p e c t r a  of FeOCl and 

FeOC1(TTF)0.12 has allowed t h e  bands due t o  TTF t o  be ass igned  

( F i g u r e  1 ) ;  t h e  p o s i t i o n s  are  very similar t o  those  i n  t h e  TTF- 

c h l o r a n i l  b lack  c r y s t a l l i n e  phase, which c o n s i s t s  of f u l l y  i o n i c  

+ 

FeOCl 

60 

% T 

4 0  

Fe OC 

cm-' 

FIGURE 1 

p e l l e t s ) .  Numbers i n  parentheses  r e f e r  t o  TTF-chloranil 

sa l t  (TTF+CA-) .lo 

I R  s p e c t r a  of FeOCl and FeOC1(TTF)0.12 (KBr 
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262 B. A. AVERILL er al. 

10 
segregated s t acks  of donors and acceptors .  The s t rong  

absorp t ion  a t  1340 cm" is a t t r i b u t e d  t o  (TTF+f2 dimers. The 

v i e  i b l e  absor p t  i on  spectra '  of FeOCl( TTF o. ( to luene  ) o .  
suggests  t h a t  these  dimers are separa ted  u n i t s ,  a s  i n  (TTF) 

Brl.O.ll The r i s i n g  absorp t ion  between 1600 and 4000 cm" 

suggests  t h e  presence of an e l e c t r o n i c  t r a n s i t i o n  i n  t h i s  region.  

This  i s  supported by absorp t ion  spec t r a  measured from 350-2500 nm. 
These da t a  ind ica t e  an absorp t ion  maximum a t  ca. 4000-2500 cm-l 

f o r  FeOC1(TTF)0.12, i n  agreement with t h e  apparent  band gap of 0.4 

eV est imated from conduct iv i ty  measurements (pressed  powder). 2 
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