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Chapter 1  

 

Introduction 

 

This chapter highlights the background and motivation of our research on 

organic-inorganic hybrids in this PhD project as well as giving an outline of the 

dissertation. It shortly reviews how organics and inorganics can be combined at the 

molecular level to get new functionalities. Such materials maintain the flexibility to 

substitute the organic or inorganic components, thereby varying the properties. Hence 

these hybrids represent new generation of materials possessing promising applications. 

However, numerous challenges are still being faced during the synthesis of these 

materials.  
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1.1 Hybrids: a unique way to generating new materials 

The design of new materials with useful physical or chemical properties, in particular 

regarding electrical, magnetic, and catalytical behaviour, are a major theme in materials 

science.[1]–[12] The organic-inorganic hybrids subject of this thesis, combine inorganic 

and organic components at the molecular level. Organic-inorganic hybrid films present 

both challenges and opportunities with respect to promising applications, as well as for 

the observation of interesting physical phenomenon.[13]–[16] The organic block can 

offer structural flexibility, convenient processing, potential for semiconducting behavior, 

tunable electronic properties, photoconductivity, and efficient luminescence. The 

inorganic block can form the basis for magnetic or electric properties, and confer good 

thermal and mechanical stability. [17]–[20] 
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Figure 1.1 Crystal structure of the bulk organic-inorganic hybrid where 2-dimensional 

inorganic sheets of corner-sharing octahedral were combined with well-ordered layers of 

organic molecules (top panel).[19], [21] The crystal structure of CuCl4(C6H5CH2 

CH2NH3)2 was determined by single crystal X-ray diffraction at 100 K (bottom panel). 

Figure 1.1 demonstrates one such example of a hybrid material that shows both 

ferromagnetic and ferroelectric properties due to the combination of organic 

C6H5CH2CH2NH3 and inorganic CuCl4 sheets at molecular level by self-assembly,[19], 

[21] this material has promise for electronic devices like data storage.  

However, thin films are the most desirable form of these materials for device applications, 

so inspired by the report mentioned above, hybrid LB films with molecular formula 

(MAH
+
-ODAH

+
)CuCl4

2-
 were synthesized  through  Langmuir-Blodgett deposition 

and showed ferromagnetic ordering below 10 K,[22] as described in Figure 1.2. The LB 
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films appear to be a perfect candidates for applications  in  electronics,  due  to  

their  robust  magnetic  properties. 

 

 

Figure 1.2 Schematics of the ordered Langmuir film floating at the subphase surface, 

built up from octadecyl ammonium chloride (ODAH
+
Cl

-
), CuCl2 and methyl ammonium 

chloride (MAH
+
Cl

-
), and its transfer to a hydrophobic substrate during one dipping cycle 

at stable surface pressure.[22]
 

1.2 Motivation 

Organic-inorganic hybrid materials can not only combine the advantageous properties of 

both the organic and inorganic components but also generate new desirable properties 

and functionalities.[23], [24] Over the past decades, various types of molecule-based 

functional organic-inorganic hybrid materials have been investigated and showed 
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promising applications in electronic devices.[3], [21], [25] However, in the synthesis of 

the thin hybrid films for device applications it is important to achieve a precise control 

over the film structure, over the spacing between different layers as well as over the 

thickness.[17] Various techniques have been developed to grow thin films such as 

chemical vapour deposition (CVD),[26] pulsed laser deposition (PLD)[27] and molecular 

beam epitaxy (MBE).[28] These techniques are widely used for fabricating high quality 

films and have their own advantages and limitations. 

The work presented in this thesis concerns the synthesis of new organic-inorganic hybrid 

materials; In particular we aimed at fabricating well-ordered hybrids through precise 

control over the size and growth directions with the help of the Langmuir-Blodgett (LB) 

and Langmuir-Schaefer (LS) methods. 

This dissertation is organized as follows: 

Chapter 2 introduces the experimental techniques employed in the research projects in 

this thesis. The Langmuir-Blodgett (LB) and Langmuir-Schaefer (LS) techniques used to 

deposit the hybrid films are firstly described in this chapter, followed by the analytical 

techniques applied to investigate the elemental composition, crystal structure and 

magnetic properties. 

Chapter 3 reports on the deposition of CoCl4/MnCl4-based hybrid films by using the 

Langmuir-Blodgett (LB) method. This chapter presents a systematic study of the 

stoichiometry and crystal structure of the hybrid LB films, as well as their magnetic 

properties. Additionally, we also compare structure and magnetic properties of the 

CoCl4/MnCl4-based hybrid LB films with those of two bulk hybrid crystals, 

CoCl4(C5H6CH2CH2NH3)2 and MnCl4(C5H6CH2CH2NH3)2. 
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Chapter 4 presents the insertion of cage-like polyhedral oligomeric silsesquioxanes as 

well as of metal ions (Cu
2+

, Fe
3+

) in between ararchidic acid (AA) layers in an approach 

based on the Langmuir-Schaefer (LS) technique. A detailed study of composition and 

structure of the AA-Cube-M (Cu
2+

, Fe
3+

) hybrid films is described. 

Chapter 5 relates the incorporation of Fe-decorated organic-inorganic cage-like 

polyhedral oligomeric silsesquioxanes into a clay template with the help of the 

Langmuir-Schaefer (LS) method. Dimethyldioctadecylammonium (DODA) is used as the 

surfactant in this project. The composition and structure are investigated. 

Chapter 6 revealed the phase transition of CuCl4-based organic-inorganic bulk hybrid by 

means of X-ray photoelectron spectroscopy (XPS). The elemental composition of the 

hybrid PEACuCl at room temperature TR（TR < TC） and high temperature T1( T1> TC ) 

are characterized. 

At the end of this thesis, we summarize our results and give an outlook on future research 

in the field of organic-inorganic materials. 
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