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Chapter 1 

Introduction 

This chapter highlights the motivation behind the research on organic-inorganic hybrids 

undertaken in this thesis. It shortly demonstrates how a combination of organic and 

inorganic units at the molecular level allows the access to a wide spectrum of 

functionalities. Such materials hold great promise for an entirely new generation of low 

cost, light weight and flexible electronic devices. However, the scientific community is 

facing several challenges in exploiting the full potential of these materials. These issues are 

discussed here briefly. The aim of the thesis and a short outline of the chapters follow at the 

end of this chapter. 
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1.1. Hybrids: A land of multidisciplinarity 

Organic-inorganic hybrids represent a unique class of materials formed by cooperative 

assembly from organic and inorganic precursors
1-2

. The interest in organics stems from the 

ability to deposit films on a wide variety of low-cost substrates, their tuneable electronic 

properties, convenient processing, and structural flexibility
3-5

 . Significant progress is being 

made in the realization of electronic devices based on organic molecules such as 

photovoltaic cells, thin film transistors, and sensors
3,6-7

. The advanced organic electronic 

systems are already available in market, e.g. highly efficient full-colour thin displays based 

on organic light emitting diodes
8
 (OLEDs) and electronic paper. Inorganic materials, on the 

other hand, are the basic ingredient for conventional electronics due to their robustness and 

long life
9
. Inorganic materials are extensively used for technological applications, however, 

these materials often require high-tech and expensive processing techniques for device 

fabrication.  Hybrid organic-inorganic materials combine the best of both the organic and 

the inorganic worlds. Hence, these materials represent a creative alternative for the design 

of entirely new materials with potential impact in both academic research and technological 

applications such as optics, electronic, mechanics, sensors, and catalysis
10-11

.  

The concept of ‘hybrid’ materials is quite young. The oldest organic-inorganic based 

hybrids come from the paint industry where inorganic pigments were suspended in organic 

solvents or surfactants. This field started growing with the development of polymer 

industry. A tremendous number of materials can be created through rational assembly of 

functional inorganic and organic molecules. Such materials may exhibit potentially unique 

electronic properties due to the modulation of electronic structure of the constituent 

materials on the nanometre length scale. However, integration of organic and inorganic 

components in one composite most often results in hybrid systems that lack long-range 

structural order. In this thesis we shall particularly discuss the promising class of hybrid 

systems composed of well-ordered functional organic layers alternating with ultra-thin 

crystalline sheets of inorganic units
12

. Such materials have the advantage that they can be 

structurally characterized through X-ray or neutron diffraction techniques
13-14

  and their 

functional properties can be tuned through crystal structure modulation.     
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Figure 1.1. Schematic representation of a crystalline organic-inorganic hybrid, where 

conductivity and magnetism coexist. Single magnetic sheets involving localized electrons are 

sandwiched between organic donor molecular layers with quasi two dimensional electronic 

character. 

Figure 1.1 demonstrates one such example of organic-inorganic hybrid that consists of 

stacks of π-conjugated donor molecules alternating with inorganic sheets of magnetic 

anions. The interaction of delocalized π-electrons with localized spins at the interface leads 

to novel phenomena such as negative magnetoresistance, spin polarization of π-electrons 

etc., which have been experimentally observed in various hybrid systems
15

.  

1.2. Motivation 

Hybrid organic-inorganic materials provide a creative way to combine functional properties 

of different compounds within a single molecular composite. Among these, crystalline 

materials which comprise  layers of organic molecules alternating with inorganic sheets 

have been widely studied due to their potential application in integrated devices
16-17

. The 

layer-by-layer growth of functional molecular materials allows not only build highly 

efficient devices where each constituent layer exhibits a unique character but also has the 

potential to generate new physical phenomena due to coupling of individual functionalities. 

Moreover, the contemporary trend towards ever smaller electronic devices has driven the 
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interest of the scientific community to this research area
18

. For example, the number of 

publications on molecular electronics and spintronics has increased rapidly over the last 

decade
19-20

. Various types of molecule-based functional materials have been engineered up 

till now, namely  molecular conductors, superconductors, conducting magnets, 

multiferroics
21-23

 However, their utilization in devices requires the deposition of thin films 

and the ability to integrate them with other components. Another major challenge that 

needs to be addressed is the complete control over both the in-plane and out-of-plane 

structure in order to achieve the desired lateral organization of the molecular units, the 

required spacing between different functional layers and the needed film thickness
24

 . 

Various strategies have been reported in the literature for thin film deposition of organic-

inorganic hybrids such as spin coating, dip coating, ink-jet printing, stamping, spray 

coating, layer-by-layer assembly and evaporation techniques
25

. Each of these methods has 

its own advantages and limitations.  

The work presented in this thesis is an effort towards controlled engineering of 

multifunctional organic-inorganic hybrid materials with a precise control over the size and 

the growth directions. The experimental work undertaken focuses on molecule-based 

conductors, conducting magnets, and multiferroic organic-inorganic hybrid thin films 

fabricated by the Langmuir-Blodgett technique. The  latter was chosen because it enables 

the  stacking of different individual layers at ambient conditions and thereby the creation of 

well-ordered heterostructures on almost any kind of substrate with outstanding control
26

. 

The produced films were characterized for what concerns their composition as well as their 

structural, electrical and magnetic properties.  

This dissertation is organized as follows: 

Chapter 2 introduces and outlines the experimental techniques employed in the research 

subject of this thesis. The Langmuir-Blodgett (LB) technique, employed to deposit hybrid 

films, is discussed in detail in the first part of chapter. The chapter then presents the 

analytical tools used to determine the crystal structure and functional properties of the 

deposited hybrid LB films.  

Chapter 3 gives an overview of the recent developments in the field of organic-inorganic 

hybrid LB films particularly with regards to molecule-based conductors and conducting 

magnets and summarizes the state-of-the-art.  

Chapter 4 reports on the deposition of molecule-based conductors. 

Bis(ethylenedioxy)tetrathiafulvalene (BEDO-TTF), a well-known organic donor molecule, 
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was used in conjunction with fatty acids to construct a quasi-two-dimensional conducting 

network. This chapter presents a systematic study of the relation between the molar ratio of 

the starting materials (fatty acid, BEDO-TTF) in the solution from which a Langmuir film 

was prepared and the structural and electrical properties of the resulting hybrid LB films. 

In Chapter 5 presents a simple strategy to introduce a magnetic character in the molecule-

based conducting films (discussed in chapter 4) by incorporating Cu/Gd complexes 

between the organic layers. A detailed study of the composition and crystal structure of 

these hybrid LB films is presented. 

Chapter 6 reports on the electrical and magnetic transport properties of the hybrid LB 

films discussed in chapter 5, namely films comprising arachidic acid and donor 

bis(ethylenedioxy)tetrathiafulvalene (BEDO-TTF) as organic component and Cu/Gd 

complexes as inorganic component.   

In Chapter 7 the successful deposition of perovskite-based hybrid LB films is described. 

This work derived the inspiration from recently reported work on multiferroic hybrid 

crystals with the molecular formula (C6H6CH2CH2NH3)2CuCl4.  

At the end, we summarize the results and give an outlook on future research directions in 

this field. 
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