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INSERTION COKPOUIJDS IN L.B. FILMS 

A. RUAUDEL-TEIXIER, J. LELOUP, A. BARRAUD 
CEA-IRDI ,  DESICP , Dgpartement d e  Physico-Chimie, 
Se rv ice  de  Chimie t Io l6cu la i r e  , CEM. SACLAY, 
91191 Gif s u r  Yve t t e ,  FRANCE. 

Ab s t r a c  t 

S o l i d  s t a t e  chemical r e a c t i v i t y  i n  L.E.  f i l m s  i s  
used t o  i n s e r t  i n o r g a n i c  o r  o r g a n i c  s p e c i e s  i n  a 
l a y e r e d  o rgan ic  m a t r i x  g i v i n g  r ise  t o  o rgan ized  
i n s e r t i o n  compounds w i t h  n o v e l  physico-chemical 
p r o p e r t i e s  . 

INTRODUCTION 

The g e n e r a l  t r e n d  i n  s o l i d  s ta te  chemis t ry  is t o  

cons ide r  t h a t  t h e  r e a c t i v i t y  is  governed by t h e  s t r u c -  

t u r e  of t h e  m a t r i x  [ 1-41. Whereas c u r r e n t  s t u d i e s  are 

u s u a l l y  performed i n  i n o r g a n i c  l a y e r e d  m a t r i c e s  

( g r a p h i t e ,  cha lcogen ides )  o r  i n  c l a t h r a t e  c y r s t a l s  

w i th  u r e a ,  d e x t r i n ,  e t c . ,  w e  would l i k e  t o  p r e s e n t  

h e r e  L.B. f i l m s  as an o r g a n i c  m a t r i x  i n t o  which in -  

o r g a n i c  compounds can be i n s e r t e d .  

as w e l l  t h e  i n f l u e n c e  of t h e  s t r u c t u r e  upon t h e  

r e a c t i v i t y ,  and v i c e  v e r s a ,  i n  L.C.  f i l m s .  Here 

it i s  p o s s i b l e  t o  c o n f i n e  s m a l l  i o n s  o r  molecules  

i n  p a r a l l e l  p o l a r  p l a n e s  i n  which r e a c t i o n s  can t a k e  

p l a c e  t h a t  are o f t e n ,  a s  a matter of f a c t ,  m a t r i x  con- 

t r o l l e d  [ 5 ] .  Hence m e t a s t a b l e  phases  can b e  ob- 

t a i n e d  and p rese rved  f o r  a long  t i m e .  

Ue s h a l l  emphasize 

Mew s p e c i e s ,  
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348 A. RUAUDEL-TEIXIER. J .  LELOUP and A. BARRAUD 

free from the initial matrix, can also be synthesized 
in situ, in the form of very thin films (d < 10 i, 
which is a mean value for the thickness of the polar 
planes). These inserted compounds are separated by 
equidistant layers of inert organic material (Fig. 1).  

L 

Layered structure of L.B. films. 

PRINCIFLE 

L.B. films are layered assemblies of runphiphilic 
molecules deposited by the now well-known 
Langmtiir-Rlorlgett tcchnique [ 6 ] .  The long aliphatic 
chains act as packing pieces keeping apart the 
parallel polar planes where chemical reactions ran 
take place under control. Hence the matrix is made of 

organic molecules and mineral species are introduced 
in the polar plane by diffusion followed by a 

reaction. Diffusion alone is not enough since the atoms 
or molecules have to be linked by a chemical bond to 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
21

 1
9 

Fe
br

ua
ry

 2
01

3 



INSERTION COMPOUNDS IN L.B. FILMS 349 

t h e  mat r ix  t o  produce s t a b l e ,  o rganized  p roduc t s .  I f  

no r e a c t i o n  t a k e s  p l a c e  t h e  d i f f u s e d  aqueous s p e c i e s  

do n o t  remain a f t e r  washinp wi th  pure  water, o r  on re- 

exposure t o  a i r  when t h e  d i f f u s i o n  i s  performed from 

vapour. I n  s h o r t  t h e  technique  c o n s i s t s  in bonding 

t h e  gues t  t o  t h e  n a t r i x  i n  t h e  f i r s t  s t a g e  and f r e e i n g  

t h i s  gues t  a f t e r w a r d s  by p r e c i p i t a t i n g  i t  i n  ano the r  

combined form i n  t h e  second s t a g e .  From t h i s ,  it i s  

obvious t h a t  t h e  b e s t  a n a l y t i c a l  means i s  i n f r a r e d  

spec t roscopy which d e s c r i b e s  t h e  r e a c t i v i t y  of t h e  

organic  mat r ix  and. g ives  proof of t h e  bonding of t h e  

d i f f u s e d  gues t  t o  i t ,  a t  t h e  f i r s t  s t a g e .  I n  t h e  

second s t a g e ,  t h e  i n i t i a l  IP. spectrum of t h e  ma t r ix  i s  

recovered. The ino rgan ic  compound must be  d e t e c t e d  by 

another  technique, f o r  example, e l e c t r o n  d i f f r a c t i o n ,  

e l e c t r o n i c  microscopy o r  W - v i s i b l e  spec t roscopy.  

This  i s  i l l u s t r a t e d  h e r e  by a few examples which 

are, of cour se ,  no t  exhaus t ive .  

I. INSERTION OF INORGANIC GUESTS. 

1.1. Silver [ 7 ] .  

An L.B. film (20 layers on each side of a calcium 
fluoride substrate) of behenic acid (C21H43COOH) is 
immersed in an aqueous solution of silver nitrate 
(10-2M). The reaction is quantitative. Every c a r b o x y l i c  

group s h i f t s  from COOE ( V C = O  1708 cm-l) to 

COO- ( V  = 1520 cm-l) in the infrared spectrum. The 
silver salt is then obtained and one Ag+ is bound to 
one molecule of the matrix (washing with pure water 
eliminates the excess of silver nitrate). Also the 
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350 A. RUAUDEL-TBMIER, I. LEMUF' and A. BARRAUD 

X-Ray diffraction pattern is different from the 
initial pattern of the pure acid and is enhanced by 
the higher electron density of silver (COO Ag) 
compared to hydrogen (COOH) [ 8 ] .  

In a second stage, the silver behenate is reduced 
by hydrazine vapour and the infrared spectrum of the 
behenic acid matrix is recovered. However the acid is 
in a different metastable phase (a form instead of the 
initial b form) the crystal lattice of which is 
similar to the silver behenate one. Silver is 
deposited in situ, in the polar planes, as small 
clusters 10 to 20 A in size as shown by transmission 
electron microscopy. To summarize the synthesis, the 
first reaction involves a structural change of the 
matrix due to the reactivity and the second one takes 
advantage of the matrix rigidity to prevent any 
extended aggregation. 

1.2. Metal sulfides. 
Silver or any metal salt of behenic acid in L.B. 

films reacts under a stream of hydrogen sulfide. This 
regenerates the acid (in form a or b depending on the 
structure of the salt) and precipitates the metal 
sulfide (CdS-AgS-CuS-ZnS-NiS-PbS) inserted in the 
polar planes. 

1.3. Metal halides. 
Instead of B S  streams of HC1, HBr, HI deposit the 

metal halides. 
In a more sophisticated matrix such as w diyne 

pentacosanoic acid (absorbing in the UV region) the 
copper acetylide (&ax  = 430 nm in the visible region) 
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INSERTION COMPOUNDS IN L.B. FILMS 35 I 

is formed by diffusing copper (I) chloride in an 
ammonia solution. 

cu+ H-C%-C%-(CH ) COOH -------- Cu-CX-CX-(CH ) COOH 2 20 MI4 OH 2 20 
(VEC-H at 3300 cm-l vanished in the infrared 
spectrum). HC1 vapour hydro lyses  t h i s  a c e t y l i d e ,  re- 

t u r n i n g  t h e  diyne and p r e c i p i t a t i n g  CuCl i n  s i t u .  

The presence of CuCl is evidenced by passing iodine 
vapour which g i v e s  t h e  fo l lowing  r e a c t i o n :  

CuCl&CuIZ. This periodide is detected a t  290 and 
360 nm in the UV spectrum). At this stage the 
recovered w diyne pentacosanoic acid can be 
polymerized under radiation giving the proof of a non 
d i so rde red  structure in spite of the presence of the 
insertion compound. 

Other reactions in diynoIc acid matrices have been 
performed and interesting reactions obtained [9]. 

2. INSERTION OF ORGANIC GUESTS : OCTADECYL 
UREA-FOFMOL. 

This example deals with i n s e r t i o n  fo l lowed 

by reactivity with the matrix, giving rise to a new 
matrix. Of course this guest matrix coupling can be 
extented to other couples of host and guest 
(phenol-formaldehyde, diketone-hydrazine ...) [lo]. 
Upon diffusion of formaldehyde vapour 
temperature in an L.B. film (30 layers) of octadecyl 
urea, addition and elimination reactions take place. 
The methylene bridges fit well the distances between 
two neighbouring polar heads in a close packed 

at room 
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352 A. RUAUDEL-TEIXIER, 1. LELOUP and A. BARRAUD 

arrangement (Fig. 2)  

A second d i f f u s i o n  o f  formaldehyde vapours,  at  h ighe r  

temperature] c ros s - l i nks  t h e  previous linear polymer 

by r e a c t i o n  o f  the remaining NH groups. The d e t a i l s  

and mechanisms have been desc r ibed  elsewhere [ll].  

Here is also emphazised t h e  r o l e  of t h e  organized 

assembly since, i n  bulk,  no r e a c t i o n  is de tec t ed .  

3. INSERTION OF ORGANIC + INORGANIC GUESTS. 

Among the  numerous goa l s  t o  be reached on t h e  way 

towards molecular e l e c t r o n i c s ,  one i s  t o  ach ieve  e l ec -  

t r o n  t r a n s p o r t a t i o n ,  i . e . ,  conducting monomolecular 

f i l m s .  

s t ack ing  of TCNQ molecules i n  t h e  form of complexes 

between a donor and an acceptor .  It w a s  obvious t h a t  

a molecular arrangement of TCNQ f r e e  from t h e  matrix 

was needed: t h e  s t ack ing  of TCNQ must n o t  b e  too 

s t ronp ly  matr ix-control led s i n c e  an a c c u r a t e  value of 

3 . 3  A i s  required f o r  t h e  in t e rmolecu la r  d i s t a n c e  I n  

a s t ack .  The a l i p h a t i c  cha ins ,  i n  a c l o s e  packed as- 

sembly provide a t  least a d i s t a n c e  of 4 t o  5 between 

two neighbouring p o l a r  groups. 

An opportuni ty  w a s  given by t h e  well-known 

0 

The s t r a t e g y  chosen 
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INSERTION COMPOUNDS IN L.B. FILMS 353 

involves  t h e  s y n t h e s i s  of an amphiphi l ic  charge 

t r a n s f e r  sa l t  o f  TCNQ with t h e  a l i p h a t i c  chain hound 

only t o  t h e  donor o r  c a t i o n  and t h e  f a b r i c a t i o n  o f  an 

L .R .  f i l m  from its s o l u t i o n .  TCNQ- is found 

dimerized and p a r a l l e l  t o  t h e  s u b s t r a t e  i n  t h e  p o l a r  

p l anes  [12].  I n  t h e  f i r s t  s t a g e ,  d i f f u s i o n  of i od ine  

vapour provides  t h e  ox ida t ion  o f  TCNQ- i n t o  TCNQO 

molecules.  These molecules are now free from t h e  

matr ix  and can reorient independently o f  t h e  

amphiphi l ic  donor pe r iod ide  formed i n  t h e  r e a c t i o n  

(N-docosyl pyridinium w a s  t h e  donor i n  t h e  experiment 

as desc r ibed  i n  [ l 3 ] ) .  

I n  t h e  second s t a g e ,  d i f f u s i o n  of aqueous l i t h i u m  

iod ide  l eads  t o  monomolecular conducting films of 

LiTCNQx ( 1 3 ) l - x  r e g u l a r l y  i n s e r t e d  and confined i n  t h e  

p o l a r  planes.  

An example r e l a t e d  t o  another  TCNQ conducting 

complex is publ ished elsewhere [14] .  

CONCLUSION. 

These non exhaust ive experiments are p resen ted  t o  

focus on t h e  high r e a c t i v i t y  of t h e s e  organized as- 

semblies c a l l e d  L.B.  f i l m s  and on t h e  chemistry in- 

volved a t  t he  molecular s c a l e .  The in f luence  of t h e  

layered ma t r ix ,  t oge the r  with t h e  r e l a t i v e  freedom of  

t h e  polar heads i n s i d e  t h e  volume allowed by t h e  p o l a r  

p l anes ,  g ives  rise not  only t o  important chemical re- 

a c t i v i t y  but a l s o  the  p o s s i b i l i t y  of r eo rgan iza t ion  of 

t h e  g u e s t s  i f  necessary (such as conducting s t a c k s  

of TCNQ). The f l e x i b i l i t y  i n  t h e s e  matrices (L.G.  

f i l m s )  i s  tremendous compared t o  r i g i d  monocrystals 
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354 A. RUAUDEL-TEIXIER, J .  LEMUP and A. BARRAUD 

which are often either destroyed by the introduction 
of the guests or are non reactive. 
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