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CONTROL OF SUPRAMOLECULAR ARCHITECTURE IN LB FILMS : 
TILING THE PLANE WITH MACRORINGS AND INTERLOCKING THE MODULES 

ANNIE RUAUDEL-TEIXIER 
Commissariat a 1 'Energie Atomique, CE/Saclay, Service de Chimie 
Moldculaire, blt.125, F-91191 Gif-sur-Yvette Cddex, France 

Abstract A strategy to control a solid state supramolecular 
architecture is reported and i l l  ustrated by the elaboration of 
a two dimensional polymer of molecular thickness. 

INTRODUCTION 
In the field o f  organic conductors (mixed valence complexes or 
polymers) the defects at the molecular organi sation level have shown 
to be of tremendous importance. Improving the quality of these new 
materials comes up against the fragile 1-D conductivity. As Heegerl 
mentioned, infinite a1 igned 1-D conductors represent the theoretical 
approach. From a practical point of view, this sensitivity to 
defects can be of great use for gas sensing devices : physisorbed or 
chemi sorbed molecules create perturbations in the supramolecul ar 
conducting assembly related to the variations of the electronic 
conductivity . This mechanism involves both the sensing and 
transducing functions. But increasing the performance in strength 
and conductivity for new materials is a challenge which has been 
already reached for (CH), by S h i r a k a ~ a ~ 1 ~  , the Durham team5n6 and 
Heeger's group . For polythiophene, highly purified ol igomers 
proved to have better performance than the long disordered chains . 
Organizing the polymer chains at the molecular level so as to obtain 
supramol ecul ar ordered materi a1 s i s now extensively developed by 
many groups : epitaxy on surfaces, template synthesis on ordered 

te liquid crystals, insertion in rigid frameworks such as zeol 
channels or layered inorganic matrices. 

Another strategy is to get rid of the l-D conductivity 
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44/[326] A. RUAUDEL-TEIXIER 

synthesizing a 2-D conducting polymer. The mechanical strength and 
the electronic conductivity are connected because one origin of 
their fragility is the same : deviations from the theoretical 
infinite aligned chain ; fracture on elongation occurs mainly at 
chain ends, as well as electron delocalization stops. In a rigid 
orthogonal network, a defect represented as a chain end can be 
by-passed in another direction during the charge transport. 

For the time being, the Langmuir Blodgett technique conjugated 
with solid-state chemistry is the only tool which provides a control 
on sol id state supramolecular architecture. Here we describe an 
attempt to elaborate a rigid planar network controlled at the 
mol ecul ar 1 eve1 . 

DESCRIPTION OF THE STRATEGY 
According to the symbols o f  Figure 1, the paving stones" and the 

FIGURE 1 Control for planar molecular network 
"joints" have to be translated into chemical language. The module 
units must possess a fourfold symmetry, a planar configuration and be 
ordered flat on a substrate. The joints, as well as the chemical 
be ordered flat on a substrate. The joins, as well as the chemical 
reactions, have to be tailored to undergo the interlocking of the 
modules. To control the overall architecture a precise molecular 
engineering is needed. The following requirements are to be 
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CONTROL OF SUPRAMOLECULAR ARCHITECTURE IN LB FILMS [327]/45 

f u l f i l l e d  f o r  t h e  modules and f o r  t h e  i n t e r l o c k i n g  : 
f o r  t h e  modules 

1. t o  be amph iph i l i c  o r  semi-amphiphi l ic  t o  a l l o w  t h e  Langmuir 
B1 o d g e t t  technique 

2. t o  be p lana r  i . e .  h i g h l y  conjugated t o  f i t  w i t h  e l e c t r o n  
de loca l  i z a t i o n  

3 .  t o  l i e  f l a t  a t  t h e  a i r - w a t e r  i n t e r f a c e  taken as t h e  2 - D  
temp1 a t e  

4 .  t o  possess a symmetry so t h a t  f o u r  o r t h o g o n a l l y  o r i e n t e d  
chemical groups can be g r a f t e d  ; these groups must be 
conjugated t o  t h e  module u n i t .  

f o r  t h e  i n t e r l o c k i n q  

5. t h e  coup l i ng  r e a c t i o n  must occur  under m i l d  c o n d i t i o n s :  a t  
room temperature and i n  aqueous media, t o  preserve t h e  
p r i s t i n e  o r d e r i n g  o f  t h e  modules; 

6 .  t h e  o r b i t a l  over laps between t h e  modules and t h e  i n t e r -  
l o c k i n g  j o i n t s  must be preserved a f t e r  t h e  c o u p l i n g  t o  ensure 

t h e  o v e r a l l  l o c a l i z a t i o n  o f  e lec t rons :  

7. t h e  f i n a l  polymer must undergo redox reac t i ons  a b l e  t o  con fe r  

8. t h e  a l i D h a t i c  chain m a t r i x ,  necessary f o r  b u i l d i n g  t h e  f i l m  

be re leased.  a l s o  under m i l d  

t h e  mixed valence s t a t e ;  

a t  t h e  f i r s t  stage must 
c o n d i t i o n s .  

Assuming these requirements are f u  
conjugated p l  anar mol ecul  a r  network 

f i l l e d ,  one might  expect a f u l l y  

MOLECULAR ENGINEERING 
Module u n i t s  
Many "modules o r  paving stones" can be imagined. We decided t o  
choose macror ings o f  t h e  f a m i l y  o f  po rphy r ins  and phthalocyanines f o r  
t h e i r  square symmetry, h i g h l y  conjugated fused r i n g  s t r u c t u r e  and 
t h e i r  p o t e n t i a l  chemical (redox) r e a c t i v i t y .  Th i s  i s  i n  accordance 
w i t h  requirements 2 and 4 and maybe 8 .  To render these  macror ings 

amph iph i l i c  and t o  f o r c e  them t o  l i e  f l a t  a t  t h e  a i r - w a t e r  
i n t e r f a c e ,  we rep laced t h e  phenyl r i n g s  by p y r i d i n e s .  Hence t h e  
p e r i p h e r a l  n i t r o g e n  atoms can be quatern ized.  

Th is  easy r e a c t i o n  a l l ows  t o  s imul taneously  achieve 
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46/[328] A. RUAUDEL-TEIXIER 

requirements 1 and 3 : to add a hydrophobic moiety as a long 
aliphatic chain (1) and to provide four polar groups (pyridinium 
cations) on the four edges of the planar macroring, which anchor it 
parallel to the surface of water or substrates (3). 

R 

FIGURE 2 Molecular engineering for modules 

A more refined engineering consists in quaternizing by short 
conjugated chains tailored for the future coupling : the macroring 
is then soluble in the water subphase and is adsorbed and oriented 
as well by an anionic Langmuir film acting as the 2-D template. In 
both cases amphiphilic or semi-amphiphilic, very stable films are 
built and transferred onto substrates. It has been checked by ESR 
experiments that, indeed, the macrocycles lie flat (e - 20') and by 
spectroscopic measurements that the covering also is the same in 
both e ~ p e r i m e n t s ~ ~ a ~ ~  . 

The first part of the project "tiling the plane" is achieved. 

Interlocking 
The paving stones need joints to be interlocked with each other in 
two orthogonal directions of the plane. For our specific purpose, 
covalent bonds are the ones of choice. We selected the Glaser 
reaction, i.e. an acetylenic coupling as shown in Figure 3. 
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CONTROL OF SUPRAMOLECULAR ARCHITECTURE IN LB FILMS [329]147 

0, I CU++ 1 

FIGURE 3 The Glaser coupling 

This route can f u l f i l  requirements 6 and 7, because a f u l l y  

conjugated d iace ty len ic  group i s  synthesized (6) and the reac t ion  i s  

completdd a t  room temperature i n  cuprous ammoniacal so lu t i on  (7 ) .  
This coupling has been prev ious ly  explored as a means o f  s o l i d  s ta te  
reactions i n  LB f i l m s l o .  

Fo r  t h i s  purpose. the  semi-amphiphilic way has been selected: 
te t rapyr id inoporphyr in  quaternized by fou r  ace ty len ic  bonds, 
t a i l o r e d  f o r  the G1 aser coup1 ing, i s  water so lub le and adsorbed 
beneath an anion ic  Langmuir f i l m  o f  dihexadecyl phosphate. The 
covering and the p l a n a r i t y  were checked and f u l l y  described e lse  

The f i r s t  drawback reg is te red  along these s tud ies i s  the  
imposs ib i l i t y  t o  g r a f t  d i r e c t l y  the mono acety len ic  group on the  
four n i t rogens o f  t he  periphery and a methylene group has t o  be 
inser ted  t o  achieve the quatern izat ion (Figure 4) .  

This precludes requirement 5 which i s  p re requ is i t e  t o  the  

. 

engineering o f  a f u l l y  conjugated polymer : indeed the  (T bond, 
d i s rup ts  the conjugation. 
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c 
6 
H 

FIGURE 4 The module u n i t  

However t o  t e s t  the  method o f  in te r lock ing ,  we went on with t h i s  
j o i n t .  The Glaser coupling was checked, as s o l i d  s ta te  cross- l ink ing 
as we l l  i n  the  monolayer a t  the  a i r  water i n te r face  ( the reactants 
being i n  the  subphase) as i n  LB f i l m s  on substrates. I n f r a r e d  and 
Raman spectroscopies were used t o  fo l l ow  t h e  react ion:  the  increase 
of the  band i n t e n s i t y  o f  t he  d iace ty len ic  bond v i b r a t i o n  a t  the  

expense of the mono-acetylenic one. For the  experimental par t ,  t h i s  
study has been th roroug ly  handled and repor ted by F. Porteu1l#lz and 
the  de ta i l ed  physical p roper t ies  o f  the polymer are t o  be published 
elsewhere by S. Palacin e t  a l l 3  . 

A t  t h i s  stage o f  the pro jec t ,  a 2-D planar, molecular t h i c k  but 
i nsu la t i ng  polymer i s  obtained and t h i s  s t ra tegy  proved t o  be 
e f f i c i e n t .  

Removal o f  the  a l iDha t i c  mat r ix  
To f u l f i l  the  l i s t e d  requirements, 9 has a lso  t o  be achieved. 
The i o n i c  bonds between the  ca t i on i c  polymer and the  anion ic  mat r ix  
(dihexadecylphosphate) can be broken by an i o n  exchange w i t h  
HCL gas: the regenerated dihexadecyphosphoric ac id  i s  e a s i l y  
d isso lved and removed, leav ing the  inso lub le  molecular ly  def ined 
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CONTROL OF SUPRAMOLECULAR ARCHITECTURE IN LB FILMS [331]/49 

polymer sheets or domains, layered on the substrate13. The pristine 
controlled order imposed to the monomeric modules by the LB 
technique is preserved in the supramolecular structure obtained 
through this strategy. 

DISCUSS ION 
Other syntheses are in progress to graft fully conjugated chemical 
links onto the macrorings, to fulfil all the listed conditions, 
namely 5, to study the doping process, if any. 
But whatever the future will be concerning the 2-D conducting 
polymer, it was intended here to demonstrate that precise molecular 
engineering conjugated to appropriate sol id state structure and 
reactivity can offer tremendous possibilities to find new materials 
for nanotechnologies. Although not yet conducting, the present 2-0 
polymer exhibits already some of the required high performances : 
the high strength has been checked by deposition of one bilayer on 
calibrated microscope grids until the membrane bridging the holes 
breaks. The largest area found is about lo2 microns in diameter for 
a membrane thickness of 5.10-2 micron. From these data it can be 
calculated that at least 5.109 molecules are cross-linked. This 
accounts for a high molecular weight connected with the mechanical 
properties. If the electron delocalization can be related to the 
same geometrical coherence of the network, high conductivities can 
be expected, with such 2-0  architecture^'^ . 

CONCLUSION 
This strategy intends not only to give an example of solid state 
molecular materials, but to inspire other models, tailored to the 
goal to be reached15. Another outstanding feature, the last but not 
the least, is that the aliphatic matrix can be released and the 
thermic stability highly increased. We handle now, various molecular 
paving stones and only one (a porphyrin) has been discussed here. But 
other architectures are also in progress by mixing all of the 
macrorings: phthalocyanines and porphyrins connected with more 
sophisticated 2-0 structures such as alternate layers. 

The chemical properties of the polymers preprogrammed by the 
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50/[332] A. RUAUDEL-TEIXER 

chemical propert ies o f  the indiv idual  u n i t  are also t o  be 
investigated. 
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