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Abstract: 
 
 The Langmuir-Blodgett (LB) technique is a way of making ultrathin nanostructured films with a 
controlled layer structure and crystal parameter, which have many envisioned applications in technology for 
optical and molecular electronic devices as well as in signal processing and transformation. LB films have a 
unique potential for controlling the structure of organized matter on the ultimate scale of miniaturization, and 
must surely find a niche where this potential is fulfilled. In this paper the early development, technology and 
applications of LB films and key papers are referred to.  
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Introduction: 
 
 After seventy one years of Katherine Blodgett’s successful transfer (Katharine B. Blodgett, 1935) of a 
monolayer of some organic molecules from water surface to a glass plate in 1934, the scientific interest in 
Langmuir-Blodgett (LB) films has been intensified in recent years. There is much current interest in the ultra 
thin films fabricated by the LB technique as it offers the simplest yet the most elegant method of obtaining 
highly organized molecular assemblies which have their potential applications in sensors, optoelectronic, optical 
signal processing, digital optical switching devices and as models mimicking biological membranes. Extensive 
studies on LB films have been conducted after the pioneering works of Kuhn and co-workers (Hans Kuhn, 
1983). Although these studies have received considerable attention, the role of π -electron conjugation, ultra 
structure as well as domain structure and also the electrical and optical properties of such films is a topic of 
fundamental importance. 

Detailed investigations of these films are necessary from the point of view of their technical 
applications. Also a detailed comparison with the films fabricated by some other techniques namely Thermal 
evaporation, Solvent Casting, Spin Coating, Dip Coating, Plasma Polymerization, Sputtering, Electro 
deposition, Molecular beam epitaxy, Adsorption from solution, Solvent casting, Lithography, self assembled 
technique etc. (A. Ulman, 1991) is necessary for optimization of different parameters in thin films of certain 
specific material which may lead to the specific technological applications. 

 
History of Langmuir-Blodgett (LB) films: 

 
While describing the history of Langmuir or Langmuir-Blodgett films it is important to start with an 

American, Benjamin Franklin, who in 1774 reported the following to the British Royal Society (Roberts, G. 
1990) 
"At length at Clapman where there is, on the common, a large pond, which I observed to be one day very rough 
with the wind, I fetched out a cruet of oil, and dropped a little of it on the water. I saw it spread itself with 
surprising swiftness upon the surface.. the oil, though not more than a teaspoonful, produced an instant calm 
over a space several yards square, which spread amazingly and extended itself gradually until it reached the 
leeside, making all that quarter of the pond, perhaps half an acre, as smooth as a looking glass. " 
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Had Franklin made some simple quantitative calculations he would have found out that if a 
teaspoonful (2 ml) of oil is spread over an area of half an acre, the thickness of the film on the surface of water 
must be less than 2 nm. 

It was not until over a hundred years later when Lord Rayleigh suspected that the maximum extension 
of an oil film on water represents a layer one molecule thick. At the same time the foundation for our ability to 
characterize monolayers on an air-water interface was set by a German woman, Agnes Pockles. She developed 
a rudimentary surface balance in her kitchen sink, which she used to determine (water) surface contamination 
as a function of area of the surface for different oils. Publication of Pockels's work in 1891 in Nature set the 
stage for Langmuir's quantitative work on fatty acid, ester and alcohol monolayers (Irving Langmuir 1917).  

Irwing Langmuir was the first to perform systematic studies on floating monolayers on water in the 
late 1910's and early 1920's. These studies led to him being awarded the Nobel prize. As early as 1920 he 
reported the transfer of fatty acid molecules from water surfaces onto solid supports. However, the first detailed 
description of sequential monolayer transfer was given several years later by Katherine Blodgett [1]. These 
built-up monolayer assemblies are therefore referred to as Langmuir-Blodgett (LB-) films. The term "Langmuir 
film" is normally reserved for a floating monolayer. 

After the pioneering work done by Langmuir and Blodgett it took almost half a century before 
scientists all around the world started to realize the opportunities of this unique technique. The first 
international conference on LB-films was held in 1979 and since then the use of this technique has been 
increasing widely among scientists working on various different fields of research. Today, we are in a situation 
where the production of ultrathin organic films with the LB-technique has slowly started to find possible 
practical applications in many fields. However, even though the ideas for practical applications are growing the 
detailed investigations and study of Langmuir and Langmuir-Blodgett films are necessary to understand the 
basic physics involved in such systems.  
 

LB compatible material: 
 

Typically L-B compatible materials are molecules having long hydrocarbon chain (alkyl chain) 
attached to the mother chromophore. These types of molecules are known as amphiphilic molecules. Typical 
examples of such molecules are Stearic acid (SA), Arachidic acid (AA) and Zinc (Arachidate)2. They are shown 
in the figure-1. Generally these molecules having interesting physical properties (viz. conducting, semi 
conducting, lasing action, gas sensing, pyro- electric etc.), are attached to a long hydrophobic chain (alkyl chain) 
to make LB compatible. 
        Other ways to make a molecule LB compatible is to 
attach the molecule into a polymeric backbone  
          However both these processes require expertization in 
synthesis and also time consuming and quite costly. 
Moreover purification of these synthesized materials is quite 
laborious and needs a lot of expertization. 
         Recently it was observed that certain non-amphiphilic 
molecules (i.e, without any hydrophobic chain) when mixed 
with a long chain fatty acid (viz. stearic acid or arachidic 
acid) or with an inert polymer matrix (polymethyl 
methacrylate or polystyrene) forms excellent LB films 
(Somobrata Acharya, D. Bhattacharjee, Jyotirmoy Sarkar 
and G. B. Talapatra, 2004). 

         Actually in these cases long chains fatty acid 
or polymer act as a building material which supports the 
non-amphiphilic molecule to organize at the air water 
interface. 

 
Fig-1: Ideal LB compatible material 

 Since these non-amphiphilic molecules are easily available and they have wide range of varieties 
having different interesting physical properties hence a lot of investigations on LB films using these molecules 
are important. It was also observed that the quality of LB films of these non-amphiphilic molecules is 
comparable to their amphiphilic counterparts with respect to their spectroscopic and aggregating properties. 
 Another important aspect of these types of mixed LB films is that in some cases the optical and 
electrical characteristics of materials are changed markedly when they are incorporated into some inert matrices 
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of restricted geometries. Detailed investigations of these films are extremely important from the point of view of 
their technical applications.  

 

Formation of Langmuir Films: 
 

Langmuir films are two or three-dimensional organized monomolecular assemblies of suitable 
molecules at the air-water interface or on the water surface (or any suitable liquid surface such as benzene). 

 
 

 

Fig-2(a): Schematic representation of a Langmuir 
monolayer on a LB trough. 

Fig-2(b): Schematic illustration of different phases 
during monolayer compression 

 
 Formation of these films requires a lot of precautions and needs sophisticated instruments. This 
instrument is known as LB film deposition instrument. The essential parts of this instrument is a teflon coated 
through filled up with distilled and deionised water (as shown in figures 2(a) & 2(b)). At one end of this trough 
there is a teflon coated barrier which can be moved just on the water surface without going deep in the water. 
Due to surface tension the water surface touches the barrier by making an obtuse angle. The movement of this 
barrier is made solely computer controlled and can be moved very slowly on the water surface. The liquid 
surface pressure measurements have been carried out using a Wilhelmy plate attached to an electronic 
microbalance. The reading of the microbalance is fed to a microcomputer through an interface. The Wilhelmy 
technique of monitoring the liquid surface pressure is based on a thin paper that is semi immersed in the 
subphase and attached to the microbalance vertically above it. This technique is very reliable and enables the 
surface pressure to be measured over a wide range. 

First of all a minute amount of suitable LB compatible material is dissolved in a highly volatile and 
water insoluble medium (viz-CCl4) and makes a dilute solution. Now a few micro liters of this solution is spread 
at the air-water interface (i.e., on the water surface) very slowly by means of a micro syringe and sufficient time 
is allowed to evaporate the solvent. Then the spread molecule remain on the water surface haphazardly and 
move randomly on the two-dimensional water surface as if like gas molecule in three-dimensional space. This 
situation of the molecule on the two- dimensional water surface is termed as gas phase and in this phase the 
molecules are very loosely packed. In this gas phase each of the molecule occupy a large molecular area (A) and 
the surface pressure (π) is also quite low as shown in figure 2(b). 
 In this context we should define the term surface pressure. Generally pure water surface has surface 
tension of about 70 mN/m2. When some impurity is added on the water surface then the surface tension is 
reduced. If we take the surface tension of the pure water as the zero level reference then the decrease of the 
surface tension can be measured with respect to this reference level and gives negative value. Conventionally in 
LB technique, this negative or decrease in surface tension is referred to as an increase of positive surface 
pressure. Numerically both the surface tension and the surface pressure are same. However the surface pressure 
is represented along the positive Y-axis unlike the surface tension, which is along the negative Y-axis. 

Therefore at the gas phase when the concentration of the molecule on the water surface is very small 
the surface pressure is very low. Now when the moveable barrier of the LB through is made to move slowly by 
computer controlled technique the randomly moved molecule in the water surface tends to come closer (figure 
2(b)). 

Now by changing the surface pressure area per molecule gradually decreases. If we take a record of 
surface pressure (π) and area per molecule (A) and plot them we get surface pressure-area per molecule or (π-A) 
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isotherm curve as shown in figure 3. The first change in compressibility of (π-A) isotherm curve signifies the 
onset of liquid phase where the molecules are not as free as to move about as in the gas phase. As the barrier is 
even closed further, the nearly incompressible solid phase transition is noted (figures 3(a) & 3(b)). 
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Fig:-3(a): Schematic representation of isotherm 
characteristics alongwith molecular orientation at 
the air-water interface 

Fig:-3(b): Typical room temperature isotherm of 
polymethyl metha crylate 

The surface pressure-area per molecule (π-A) isotherm is important to investigate the characteristic 
surface behaviour of the LB materials on the air-water interface and to estimate the suitable pressure for the 
stability of the Langmuir monolayer, which is one of the most important values of the LB film deposition. 

At low molecular area and high surface pressure this solid phase typically has a 2-D lattice structure on 
the water surface (figure 2(a) & 2(b)). Compressing the barrier further, collapse of the monolayer will occur 
(figure 2(b)), which should be avoided. 

The highly organized 2D lattice on the water surface forming in this way is known as Langmuir film 
according to the name of pioneering research worker in this field, Irving Langmuir.  
Deposition of Langmuir films onto solid substrate (Langmuir-Blodgett films): 

One of the most celebrated features of the Langmuir monolayers, apart from being excellent model for 
the study of intermolecular interactions, is the facility of producing mono or multilayers of controlled thickness 
of these films onto solid substrates. These are highly organized, defect free films of molecular dimension. The 
properties of such films largely depend on the fabrication procedure. Transferring the Langmuir film from the 
air-water interface onto solid substrate was done by dipping the substrate vertically through the spread 

 

monolayer at a constant surface pressure which results in well 
ordered mono or multi layered film on to the solid substrate as 
shown in figure 4. K. Blodgett and I. Langmuir first demonstrated 
this technique. The films obtained by this method are called 
Langmuir-Blodgett (LB) films. 
       Depending on the nature of the spread monolayer and the 
surface of the substrate different LB film structure are observed.  
     A monolayer will be transferred during upstroke when the 
substrate is hydrophilic and the hydrophilic head group interacts 
with the surface of the substrate. On the other hand, if the 
substrate is hydrophobic, the monolayer will be transferred during 
first down strokes and the hydrophobic tail group interacts with 
the substrate surface. A hydrophilic substrate becomes 
hydrophobic after first monolayer transfer and thus the second 

 
Fig-4: Deposition scheme of Langmuir 
monolayer onto a hydrophilic substrate 
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layer will be transferred during the down stroke as shown in figure 4. This mode of film deposition is called Y-
type deposition. In this way multilayers of LB films can be prepared on a solid substrate as shown in figure 5. 
This is the most stable film deposition procedure as the interaction between the adjacent monolayers are similar 
i.e., hydrophobic-hydrophobic or hydrophilic- hydrophilic in nature.  
 However in some cases, the deposition occurs during the down or upstrokes only resulting a head to tail 
or tail to head arrangement of multilayers and the corresponding modes of depositions are called X-type or Z-
type respectively. Here in both cases the films  

 
 

Fig-5: Schematic diagram of a 3 layered LB film 
 
are less stable compared to Y-type as the interaction between the adjacent monolayer are hydrophobic-
hydrophilic. 
 
Characterization of Langmuir-Blodgett films: 
 
 The quality of the Langmuir-Blodgett films largely depends on the parameters like pH of subphase, 
temperature, speed of dipping, way of spreading the materials, surface pressure of lifting, speed of compression 
of the barrier. The characteristics of LB films are studied by UV-Vis absorption spectroscopy, Flourescence 
spectroscopy, X-ray diffraction, Electron and neutron diffraction, Atomic force microscopy (AFM), Scanning 
electron microscopy (SEM), Electron Spin Resonance (ESR), Raman Spectroscopy, Optical harmonic 
generation, Infra Red Spectroscopy, Pyroelectric, AES, SIMS, ESCA, Surface potential, Scanning transmission 
microscopy (STM), Brewster angle microscopy (BAM), Transmission electron microscopy (TEM) etc (R. H. 
Tredgold, 1994). 
 
International status: 
 
 The formation of films at the air-water interface has been known for centuries (A. Ulman, 1991). 
Langmuir-Blodgett (LB) films are prepared by transferring floating organic monolayers onto solid substrates. A 
combination of innovative chemistry and a carefully engineered instrument (a Langmuir trough) can result in 
high quality monomolecular assemblies displaying a high degree of structural order. The technique was first 
reported about fifty years ago and some of the initial enthusiasm arose from result of fundamental work [2(i) & 
2(ii)] on energy transfer in monomolecular assemblies prepared using LB technique by Kuhn and co-workers in 
Germany. This work appears to be the first concrete research activities towards functional systems on a 
molecular scale. His works in the field of LB film fulfills the technological requirements for a stable, low-defect 
structure with molecular scale features and designable characteristics. It is only during the last decade or so, that 
extensive fundamental and applied research potential of monomolecular assemblies prepared using the LB 
technique has been appreciated. Their precise thickness, coupled with the high degree of control over their 
molecular architecture has now firmly established a role for these organic multilayer LB films in thin film 
technology. The LB technique of film deposition is one of the few thin film technologies that actually permit the 
manipulation of materials at the molecular level. Allied to each applied research, basic research efforts are aimed 
more at improved understanding of the underlying science. 
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 There is wealth of optical data for LB films, related to the research on the antireflection coatings. In 
recent years emphasis has been placed on investigating the linear and non-linear optical properties of LB films 
(Vivian Wing-Wah Yam, Yu Yang, He-Ping Yang, and Kung-Kai Cheung, 1991). 
 The combination of synthetic chemistry with the molecular engineering capability of the LB technique 
makes organic multilayered systems interesting candidates for Sensors (Antonio Riul, Jr. , Humberto C. de 
Sousa , Roger R. Malmegrim , David S. dos Santos, Jr. , André C. P. L. F. Carvalho , Fernando J. Fonseca , O. 
N. Oliveira, Jr. and Luiz H. C. Mattoso, 2004). There are numerous physical properties upon which LB sensing 
system could be based. Examples include resistivity changes, electrochemical phenomena, optical effects and 
acousto-electro coupling. However, main challenges in the development of new sensors are in the production of 
cheap reproducible and reliable devices with adequate sensitivities and selectivity’s. 

LB films can be used in conjunction with more conventional micro fabrication techniques to extend the 
capabilities of microelectronics devices, as constituents of chemical sensors, transducers and optical 
applications. In some of these proposals the film is merely used as a spacer layer of extremely uniform 
thickness, for example as a gate insulator in a field effect transistor (K. K. Kan, G. G. Roberts and M. C. Petty, 
1983), a microphone (J. R. Drabble and S. M. Al-Khowaildi, 1983) or as a hyper filtration layer (K. Heckmann, 
Ch. Strobl and S. Bauer, 1983). In others it is used as a passive support to anchor active molecules, for example 
enzymes in biosensors. There are three categories where the film molecules themselves perform an active 
function, for example chemical, in micro lithographic resists, electronic, in high-density bulk memories or 
optical in switches, modulators and nonlinear signal processing (Hann R A and Bloor D, 1989). 
 Another use of LB films is in the field of membranes (Naveed A. Zaidi, Martin R. Bryce and Graham 
H. Cross, 2000). The similarity between the LB film structure and naturally occurring biological membranes 
suggests that the former may be exploited as selective barriers for a variety of molecular or ionic species. Recent 
researches have important implications for application areas such as separation, reverse osmosis and dialysis. 
Almost as many other applications for monolayers and multilayers have been suggested as have been proposed 
for organic thin films in general. The natural orientation features of monolayers and the degree of control over 
molecular architecture provided good reason for utilizing LB films in applications such as various kinds of 
detectors (Mecheri, B.; Piras, L.; Ciotti, L.; Caminati, G., 2004). Other recent work applications have 
encompassed Optical Interference Filters (Barbosa Neto, N.M.; Correa, D.S.; Dos Santos Jr. D.S.; Misoguti L.; 
Oliveira, Jr. O.N Zilio, S.C.; Menonca, C.R, 2003), Nonlinear Optics (Toru Yumoto, Tomoyuki Akutagawa, 
Tatsuo Hasegawa, Takayoshi Nakamura, Hideo Ikegami and Gunzi Saito, 1999), Optical Image Sensors 
(Luciano da F. Costa, Carolos A. Rodrigues, Nara C. de Souza, and Osvaldo N. Oliveira, Jr., 2003), Alignment 
Layers of Liquid Crystals (Hatta, E.; Fischer, Th. M., 2002) and Optical Recording (Xiang Shui Miao, Lu Ping 
Shi, Pik Kee Tan, Jian Ming Li, Kian Guan Lim, Xiang Hu, Tow Chong Chong, 2004). 
 One of the most promising areas of molecular information processing using LB technique arises from 
the convergence of microelectronics, solid state physics and molecular biology. This hybrid technology is 
leading to the development of molecular electronic devices. There has been much interest in trying to 
incorporate LB layers into electronic device structures. Most of the early work concerned the deposition of LB 
layers onto a semiconductor to passivate the surface or to modify the band binding in the semiconductor. Here 
the role of the LB layer was essentially a passive one. Problems of metal/LB film/metal (MIM) structure with 
just one of two incorporated monolayers are the presence of defects in the organic films or oxides on the metallic 
electrodes (Marystela Ferreira, Luís R. Dinelli, Karen Wohnrath, Alzir A. Batista and Osvaldo N. Oliveira, Jr., 
2004). One particular interest in this connection is the possibility of observing molecular rectification using 
monolayer or multilayer films. Recently attempts have been made to obtain the molecular rectification in LB 
films. Asymmetric current versus voltage behaviour has been recorded for a number of LB films MIM structures 
and a number of applications have been suggested. Other interesting possibilities could result from the 
exploitation of semiconducting LB films based on charge transfer materials and conducting polymers 
(Akutagawa, T.; Uchigata, M.; Hasegawa, T.; Nakamura, T.; Nielsen, K. A.; Jeppesen, J. O.; Brimert, T.; 
Becher, J., 2003). 
 
National Status: 
 
 In India there are several groups working on Langmuir-Blodgett films (I.A.C.S., Kolkata, S.I.N.P., 
Kolkata, N.P.L., New Delhi, N.C.L., Pune, I.I.T., Mumbai, B.H.U., Varanasi, I.I.T., Guwahati, Jawarlal Nehru 
Centre for Advanced Scientific Research, Bangalore, Department of Physics, Tripura University),. These groups 
are doing excellent work on various aspects of LB films. Both photophysical and electrical characterization of 
various organic, organometallic and polymeric materials in LB films are currently being investigated by various 
groups in India (G. Hemakanthi, Balachandran Unni Nair and Aruna Dhathathreyan , 2001, S. Deb, S. Biswas, 
S.A. Hussain, D. Bhattacharjee, 2005 ). Efforts are also on to investigate the various technical aspects of the LB 
films. Light emitting diode (LED), field effect transistor (FET) are being fabricated using Langmuir-Blodgett 
technique (A. J. Pal, J. Paloheimo and H. Stubb 1996). Their technical applications are now under investigation. 
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Conclusion: 
 

 The Langmuir-Blodgett (LB) technique serves as a good model for preparing ultrathin organic, 
metallorganic, polymeric layers with a combination of desired characteristics, not found with any other method. 
The possible applications that have encouraged much work in this field are the concept of storing and even 
processing information on a molecular or nearly molecular scale. To do this one would need to produce rather 
special molecules in a very highly ordered state. Development of LB films for practical application is a 
challenge, requiring an interdisciplinary outlook, which neither balks at the physics involved in understanding 
assemblies of partially disordered and highly anisotropic molecules nor at the cookery involved in making them. 
Future progress of LB film research area is dependent upon the close collaboration of physicists, chemists, 
biologists, material scientists and computing specialists. 
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