This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 20 February 2013, At: 12:35

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Novel Conducting LB Films

A. Ruaudel-teixier ® , M. Vandevyver * & A. Barraud ?

 Commissariat & 1 Energie Atomique, DPC/SCM,
CEN. SACLAY, 91191, GIF SUR YVETTE CEDEX, France
Version of record first published: 17 Oct 2011.

To cite this article: A. Ruaudel-teixier , M. Vandevyver & A. Barraud (1985): Novel
Conducting LB Films, Molecular Crystals and Liquid Crystals, 120:1, 319-322

To link to this article: http://dx.doi.org/10.1080/00268948508075810

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508075810
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:35 20 February 2013

Mol. Cryst. Liq. Cryst. 1985, Vol. 120, pp. 319-322
0026-8941/85/1204-0319/$10.00/0

© 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd.
Printed in the United States of America

NOVEL CONDUCTING LB FILMS.

A. RUAUDEL-TEIXIER, M. VANDEVYVER, A. BARRAUD
Commissariat & 1'Energie Atomique, DPC/SCM, CEN.SACLAY,
91191 GIF SUR YVETTE CEDEX, France.

Abstract A layered anisotropic conducting structure is
described. The LB technique is used for an amphiphilic TCNQ
salt.

During the past two decades, organic chemists and solid-state
physicists have been keenly interested in 1D organic conductors.

In fact highly organised organic molecules exhibiting electronic
conductivity now exist. These properties were formely only known
amongst inorganic elements. In another connection the intercalated
compounds have already opened the way of layered alternating
structures of organic sequences followed by inorganic ones (ex.
dichalcogenides and amines or cobaltocens). However in these
structures it is the inorganic plane which is the conductor. The
L.B., technique offers the possibility of organising organic mole-
cules into close-packed multilayers by an already well established
method (1). These molecules have to be amphiphilic i.e. hydrophobic
(long aliphatic chains of at least 18 carbons) and hydrophilic.
This hydrophilic moeity is chosen so as to confer specific physical
properties to the LB film. The inert hydrophobic chains play the
role of an organising matrix due to the lateral Van der Waals
interactions, thus inducing order in the polar heads. A logical
approach then, was to try to adapt this technique to order
suitable conducting organic compounds which precisely require long

range packing.

To obtain conducting polymers in the form of LB films of the
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(CH)x or (CGHA)X type did not seem attractive for a first attempt
because of the difficult synthesis within multilayers. Therefore a
more facile approach was to work with TCNQ complexes in order to
prove the feasability of the concept of a conducting layered
system. As one of the simplest examples, we chose the pyridinium-
TCNQ system and rendered it amphiphilic in the form of the N-doco-
sylpyridinium-TCNQ complex : the close packed aliphatic chains
order the pyridinium rings (cations) which in turn induce the
staking of the TCNQ (anions). As in the intercalated compounds a
layered structure is obtained : the polar planes are the active

areas and are kept apart by insulating aliphatic regions.

EXPERIMENTAL

A certain number of amphiphilic conductors were synthetised as
powders by classical methods (2). However it was found tricky to
build up LB films with these molecular complexes. It appeared more
elegant to realise their synthesis into the LB film using the high
reactivity of the polar planes (3).

i) Preparation of an insulating LB film,

The N docosylpyridinium-TCNQ was built up from a fresh CHCl3 H)_3M

solution of the (l-1!) complex on a CaF2 substrate. The tra?sfer
pressure was 35 mN/m and the area per molecule was 20 + 4 A”. The
IR spectrum of a 15 layer sample is identical to the spectrum of
the blue powder (KBr disc) of the 1-] complex synthetized,analysed
and titrated. It is the spectrum of an insulator, the absorption
bands of which are enhanced by the appearance of permanentdipoles
' Voo 1580 and 1508 cm !

on specific bonds of TCNQ (v g 2170 cm
1357 and 1180 cm_]). The UV-visible spectrum exhibits a CT

Sc-can X
band at 1050nm (1.3 ev) and the assigned bands of TCNQ in the

solid state ring.

i1) Synthesis of the conductor "in situ'".

This complex requires partial oxidation of TCNQ to be rendered



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:35 20 February 2013

NOVEL CONDUCTING LB FILMS 321

conductive, This was performed by diffusing iodine vapours.
a) mild conditions : the sample is immersed for a few minutes in

iodine vapours highly diluted in a stream of dry N,. The blue

colour fades and the sample develops a uniform pursle coloration
whilst kept in a moist atmosphere (1l to 2 h).After this treatment
the IR spectrum exhibits the characteristics of an organic conduc-
tor : a broad CT band between 4000-1600 cm_'l arising from the opti-
cal promotion of an excess charge to a neighbouring.The unoccupied
site absorption bands of the previous insulator broaden and are red
71560 cm ! 6 !

shifted - (Voo 2140 em v _y”1310 and 1120 cm .

C C

L 1 n L i L S U S
a0 a0 om0 ™0 200 e00 w00 100 "y (em?)

The UV visible spectrum also exhibits drastic modifications : the
specific bands of the TCNQ vanish and a broad absorption stretches

along the whole range of wavelengths (sh.510 nm and 390 nm).The
3 -

260 nm. The Raman Resonance spectrum exhibits the I3 band at

ionic species I, is seen at 290 nm and that of the pyridium at

110 cm_1

b) severe conditions : the sample is immersed in iodine vapours
alone for a few seconds. The blue sample becomes yellow and all
the spectra exhibit only TCNQo absorptions and a higher content of
Iy. Kept in a moist atmosphere the sample develops much more
slowly (24 to 48 h) its purple colour. The spectra are then iden-

tical to those obtained under the mild conditions.

Conductivity 0 = IO_]Q_ .cm
Activ tion energy E, 0.15 evin agreement with the infrared data.
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The samples are stable under normal atmosphere condition and do not age.

Discussion : The above results confirm that TCNQ is oxidised in

the solid state by iodine which enters the network as the I3

reduced species.

Iodine is absorbed until all the TCNQ molecules are oxidised and

3
excess iodine vapours desorb. On standing a partial oxydation of
L3 °
reaction seems to be due to the action of water (I3+H20+IOHH).

the produced I, is trapped in the channels of the structure. The

ions and a partial reduction of TCNQ0 to TCNQ occur. This back

Thus the iodine quantity uptaken is controlled by the formation of
the conducting species., We are dealing here with a stoechiometric
chemical reaction of the redox type limited by the formation of a
stable equilibrium, However a thorough explanation of this control

is needed and is under investigations.

CONCLUSION

The work presented here is a preliminary study of anisotropic
layered conductors. Electric measurements are in progress and
X-ray diffraction studies have revealed interesting phase transi-

tions between the insulating and conducting structures (5).
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