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Summary 

This thesis addresses the design and construction of functional supramolecular architectures 

from organic and inorganic building blocks. Hybrid organic-inorganic materials have 

assumed a remarkable importance in the development of advanced functional materials. 

These materials allow the integration of useful organic and inorganic characteristics within 

a single composite and concomitantly the emergence of cooperative properties that form the 

basis for a wealth of fascinating and rapid developing science but also offer a variety of 

exciting technological opportunities. Since the possible organic and inorganic combinations 

are plentiful, hybrids form a very large and diversified family, giving access to a wide 

spectrum of co-existent functionalities. These innovative multifunctional materials will 

have a major impact in many future applications in electronics, optics, biology and 

medicine.  

This study is devoted to hybrids that combine conductivity and magnetism with easy 

processability. We employed the Langmuir Blodgett technique to assemble organic-

inorganic heterostructures at surfaces. The choice of this technique was determined by the 

intent to deposit films with a fine control of thickness and molecular organisation on a 

variety of very low cost substrates such as glass, metal foils, and plastics. The details of 

how this is done are given in Chapter 2 of the thesis together with some explanations on the 

main characterization techniques applied to the resulting films. Chapter 3 highlights the 

state-of-the art of the field preceding the results of this dissertation, mostly from the point 

of view of the basic molecules/building blocks employed in interesting research 

contributions that span conducting LB films, magnetic LB films and LB films with co-

existing properties. To achieve conductivity in the LB films subject of this thesis, 

bis(ethylenedioxo)tetrathiafulvalene, in short BEDO-TTF, was chosen as basic molecule. 

TTF-based molecules are well known for producing conducting, semiconducting and 

superconducting charge transfer salts and BEDO-TTF has the strong tendency to produce 

two-dimensional stable metals through self-assembly.  Chapter 4 illustrates how BEDO-

TTF molecular layers were assembled in LB films together with amphiphilic fatty acid 

molecules; the latter not only act as amphiphilic component to form a stable Langmuir film 

but also as counter anion to BEDO-TTF to generate a charge transfer salt which in turn 

assures conduction. These films were optimized for structural and electrical conductivity by 

tuning various experimental parameters. In the following, to realise films which are 
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magnetic in addition to being conductive, magnetic ions were incorporated into fatty acid-

BEDO-TTF LB films. Two types of magnetic ions were chosen; Cu
2+

 from the 3d series 

and Gd
3+

 from the 4f series. Chapter 5 demonstrates the deposition strategy and the 

complete structural characterization. Crystallographic and spectroscopic analysis confirmed 

the incorporation of localized spins into fatty acid-BEDO-TTF LB films. Chapter 6 reports 

on the functional properties of these hybrid LB films comprising magnetic ions. DC 

electrical transport measurements and optical analysis corroborated their metallic nature. 

SQUID data analysis showed that both films are ferromagnetic at low temperature; fatty 

acid + BEDO-TTF  + Gd
3+

 below 0.8 K and fatty acid + BEDO-TTF  + Cu
2+

 below 0.2 K. 

Chapter 7 relates the successful deposition of CuCl4-based hybrid LB films. These films 

showed magnetic memory below the magnetic ordering temperature - contrary to the bulk 

form of an analogous CuCl4-based hybrid. The use of a conjugated organic ring system 

instead of aliphatic organic molecules employed here is suggested to achieve conductivity 

along with magnetism in these CuCl4-based LB films.  

In conclusion, this dissertation demonstrates how organic and inorganic layers with distinct 

functionalities can be stacked together on any kind of solid support with a reasonable 

control over the internal layer structure and fine control of the hybrid film thickness. Given 

the versatility of the deposition strategy for the incorporation of different kinds of 

functional building blocks, this work opens the way for further developing tailored 

functional materials for the realization of molecular electronic devices.  

 




