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Abstract. What is nanoscience? What is nanotechnology? What is so special about the 

nanoscale? These questions are only a few important ones to discuss in order to 

understand the nanoworld. Nanoscience and nanotechnology were described to 

introduce the basic ideas of the new technology that can significantly change our life. 

The nanoworld is invisible to the naked eye, and with many unusual properties of 

material. It has been observed at the nanoscale that numerous properties, such as the 

melting point, electrical conductivity, or chemical reactivity, change as a function of 

the size of the sample, and (this is true for) many nanomaterials that have been 

produced. Special attention in this paper is focused on the formation of self-assembled 

monolayers. This process is described as the creation of organic thin films of 

nanometer thickness, and it is an emerging area of materials chemistry, utilized in 

many applications. In order to facilitate the understanding of self-assembled films 

formation, the paper describes the adsorption of quaternary ammonium surfactants 

onto relatively simple inorganic substrates such as mica.  

Key words: nanotechnology, nanoscience, nanomaterials, boundary lubrication, self-   

assemble monolayers   

1.  NANOTECHNOLOGY AND NANOSCIENCE   

Nanotechnology is a new science, the study of the phenomena at the scale of atoms and 

molecules. When talking about the nanometer scale we mean the size between 1 and 100nm. 

A nanometer is, for example, a million times smaller than the smallest measurement on a 
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ruler; every second a human fingernail grows 1 nanometer; or 10 hydrogen atoms lined up 

measure about 1nm. Bearing in mind the possibility to measure, manipulate and organize 

matter at this scale, there is a big change occurring in science and technology. As a result of 

the research at the nanoscale, many new organized structures of matter have been made 

possible, such as carbon nanotubes, molecular motors, nanorobots and many others [1, 2]. 

In addition to studying the phenomena that exist at the nanolevel, nanotechnology 

includes the manufacturing technology described as the molecular manufacturing, where 

researchers try to design and produce very small machines, nano-machines, by building 

objects atom by atom [2,3]. Even at the middle of the last century some scientists 

visualized very small computers and machines made of atoms, which was very advanced 

at that time [4].  

Nano is a very popular area of science and technology today, with significant upgrades 

and great attention paid by researchers. The reason for the growing progress and 

popularity of this area lies in numerous important inventions [1]. Nanoscience is an 

interdisciplinary science, and its studies involve many other sciences, such as chemistry, 

physics, engineering, material science and computer science [5]. Of course, there are still 

many open questions and topics interesting and important to researchers at such a small 

scale, which can be helpful for the development of science in general. 

There are many definitions of nanoscience and nanotechnology in the literature [4] and 

more generalized ones are given here. Nanoscience can be defined as the study of objects 

and phenomena occurring at the scale of 1 to 100 nm and the manipulation of materials at 

this scale. Nanotechnology can be defined as the understanding and control of matter at 

dimensions of roughly 1 to 100 nanometers, using the knowledge of nanoscience for 

applications. The difference between nanotechnology and nanoscience can be described in 

the same manner as the difference between technology and science in general [6]. 

Due to the fast and significant development of nanotechnology and nanoscience, new 

nanometerials have been produced and applied in the appropriate fields. The unusual 

properties of carbon nanotubes make them applicable in electronic devices or chemical 

sensors [7]. The existence of self-cleaning windows or certain surfaces is the consequence 

of the nanotechnology research [8]. Numerous cosmetic products have been made on the 

basis of the knowledge in nanotechnology [5, 9].  

An emerging field in nanotechnology is nanorobotics, and due to very small, atomic 

and molecular-sized objects, is called molecular robotics. The task of this technology is to 

create, produce and apply very small robots at the nanometer scale. A nanorobot is a 

specialized nanomachine with the dimensions of typically 0.5 to 3 microns with 1-100 nm 

parts, which requires very little energy to operate. The production of nanorobots is the 

subject of an enormous interest in many technology fields today [10, 11]. Special 

attention is focused on the application of nanorobotics in medicine ranging from 

neurosurgery to dentistry [12]. 

2.  HISTORY OF NANOTECHNOLOGY    

The term nanotechnology is usually connected to Mr. Richard Feynman. In his lecture 

from 1959, the possibility to create products of nanoscale dimensions by atoms or molecules 

was considered for the first time. Feynman says: “The principles of physics, as far as I can 

see, do not speak against the possibility of maneuvering things atom by atom” [4]. 
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The word “nanotechnology” was first introduced in 1974. At the international 

conference in Tokyo, the Japanese scientist Norio Taniguchi used this word to describe 

very small mechanisms of the nanometer size. Therefore, nanotechnology is a young 

scientific field, with many opportunities for further development [2]. 

There are several nano visionaries known in the scientific literature, especially important 

for the beginning of the development of this scientific field. One of them is Eric Drexler who 

introduced the concept of development of very small nanorobots with the ability to repair 

medical problems inside the human body [11]. The idea of nanotechnology created by R. 

Feynman was further improved by E. Drexler and described in his book “Vehicles of 

creation: the arrival of the nanotechnology era” published in 1986.  

In the modern history of nanotechnology, in addition to the above-mentioned work, 

there are few important years: 1981 - the invention of the scanning tunneling microscope 

(STM) by G. Binning and H. Rohrer, 1985 - the discovery of fullerens, 1986 - the first 

atomic force microscope (AFM). With the new invented equipment, such as STM and 

AFM, it became possible to view surfaces at the atomic scale and in the late 1990s and at 

the beginning of this century almost all scientific fields were influenced by 

nanotechnology [6].   

3.  EXPERIMENTAL TECHNIQUES IN NANOTECHNOLOGY 

A very important field of study in nanotechnology today is the investigation of 

nanostructures, the behavior research of materials and processes at the atomic and 

molecular levels. The reason for that is the complexity of the research at the nanoscale 

and the equipment required for the measurements at the nanoscale - what we want to see 

determines which instruments we use [6]. Indeed, besides the theoretical knowledge and 

findings, there is a need for new equipment and new tools, to see structures at the 

nanoscale and to change them.  

The naked eye can see down to about 20 micrometers. With the light microscopes one 

can see down to about 1 micrometer, which indicates that these cannot be used to detect 

small particles on the nanoscopic scale. Therefore, the electron microscopes have been 

developed to overcome the limitations of light microscopes, limited by the physics of 

light. For that purpose, new characterization methods and techniques have been created 

during the last forty years [5]. A few of them are shortly described here. 

A scanning electron microscope (SEM) is a type of electron microscope that images a 

sample by scanning it with a high-energy beam of electrons. The electrons interact with 

the atoms of the sample surface and produce signals. These signals contain information 

about the sample, such as surface topography, composition, or electrical conductivity. 

SEMs can achieve resolution better than 1 nanometer [5].  

 A family of tools used to form images of surface at the nanoscale is defined as 

scanning probe microscopes (SPMs). A specific characteristic of these microscopes is that 

they have a physical probe to scan the surface of a researched sample and generate an 

image of the surface. In addition to visualizing nanoscale structures, there are certain 

SPMs with the ability to manipulate individual atoms and move them on the substrate [5].  

There are several types of SPMs, such as the Atomic Force Microscopes (AFMs) that 

measure the electrostatic forces between the cantilever tip and the sample. Another 
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instrument, called the Scanning Tunneling Microscope (STM), can measure the electrical 

current flowing between the cantilever tip and the sample [5, 13].  

4.  NANOMATERIALS 

There is a big difference between properties of bulk materials and nanostructures. 

Many characteristics of materials, physical, chemical and biological, vary significantly at 

the level of nanometer. For example, bulk gold looks yellow in color, and nano sized gold 

appears red in color [14]. A certain number of atoms or molecules bound together with a 

radius of 100 nm or less may have very different properties as compared to the same 

atoms bonded in bulk materials. Therefore, one can conclude that nanosized particles 

exhibit properties that differ from those of larger particles of the same substance [15]. 

Hence, the study of the phenomena at the nanoscale can help us to learn more about the 

nature of matter, discover new phenomena, and open many questions about the behavior 

of molecules on the nanometer scale. A special advantage of these results and studies is 

the possibility to figure out the procedure of making new materials and products that have 

a great influence on technology and our life [2].  

A nanoscale material can be defined as a substance where at least one dimension is 

less than 100 nanometers. These materials are important because at the nanometer scale 

they have unique electrical, magnetic or optical properties. Due to their specific 

properties, nanomaterials have a big impact on their application in numerous technical 

fields, medicine and medicaments, or in the commercial products such as cosmetics and 

sporting goods [5, 9]. 

One very interesting and today very well-known example of nanomaterials is a carbon 

nanotube. This material is an allotrope of carbon with a cylindrical nanostructure and it is 

100 times stronger than steel. Nanotubes are very often applied in new nanoproducts [2].  

As described above, the properties of materials with nanometer dimensions are 

significantly different from those of bulk materials. There are big length scale differences 

between the macroscopic scale and nanoscale, and the different forces dominate 

(gravitational forces become negligible and electromagnetic forces dominate). Usually, 

scientists suggest several important reasons why nanoscale materials may differ from 

macro-scale materials. Instead of the classical mechanics, the laws of quantum physics are 

used to describe energy and motion and behavior in the nanoworld. Due to a smaller size 

of nanoparticles, a greater amount of the substance comes into the contact with 

surrounding molecules, and the nanosize material becomes more reactive with the 

molecules around it [15]. 

The question that arises is: how  is it possible to build things that are so small? There 

are many methods that can be used to produce nanomaterials, such as the two approaches 

defined in nanotechnology, called “top-down” and “bottom-up”. The top-down approach 

is defined as the process of the creation of small devices by consecutive cutting of a bulk 

material to get nanosized objects. The bottom-up approach implies the arrangement of 

small components and formation of more complex assemblies [5].  

One of the fabrication methods, as described above, is the atom-by-atom assembly, or 

moving atoms from one place to another by the AFM and STM. Another procedure 

capable of creating new structures is the self-assembly process. This process already 
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exists in nature (e.g. cell membranes), and it is usually a very simple technique, where the 

components from a disordered system assemble, organize themselves, and form units of 

appropriate properties such as ultrathin films of controlled thickness. Because of this, the 

process of self-assembly will be described in more details. 

5.  THE PROCESS OF SELF-ASSEMBLY 

An important aspect of bottom-up approaches is the molecular self-assembly. This 

area of nanoresearch is very wide and important because of the ability of morphological 

modification (coating) of a surface by the process of self-assembly [13]. It was noticed 

that a large number of organic compounds has the ability to form organic thin films on 

solid surfaces. Such films can exhibit special optical, mechanical, chemical or electrical 

properties, which is frequently needed, and can be applied in many areas such as 

electronic components [16] or in biomedical applications [17,18]. One of the most elegant 

ways to make ultrathin organic films of controlled thickness is to prepare self-assembled 

monolayers (SAMs), considered as a very important example of equilibrium structural 

organization on the molecular scale (nanoscale) [19, 20]. 

Interest in SAMs formation and structure has been increasing recently, because self-

assembly is a promising approach for the generation of atomically structured devices. 

There is also a special interest in the possibility of manufacturing molecular layers of 

particular properties. The molecular self-assembly is recognized as a powerful strategy for 

the fabrication of nanoscale structures [21]. By developing a number of powerful 

techniques in surface analysis, academic interest in SAMs has regained its importance 

because of the possibilities to investigate the growth, stability, film thickness or molecular 

order in such a thin film [22, 23]. 

SAMs have many applications in controlling surface properties in micro-

electromechanical devices [24], controlling and limiting surface corrosion [25], producing 

nanoscale organic transistors [26], or in biology to immobilize biological molecules onto 

monolayers as a platform for biosensor applications [27].  

5.1. Surfactants self-assembly 

Self-assembled monolayers (SAMs) are formed spontaneously when certain classes of 

molecules adsorb onto a solid surface from a solution. By this procedure, a very thin layer 

defined as a self-assembled monolayer is formed on the substrate. SAMs can be prepared 

using different substrates and different types of molecules able to adsorb on the substrate. 

The choice of the substrates used in the self-assembling process depends on the molecules 

and their interactions, as well as the final application of the surfaces covered by SAMs. 

Surfactants are organic compounds very often applied in SAMs formation. These 

molecules are amphiphilic, which means that they have two parts, the hydrophilic head 

group and the hydrophobic tail. The typical structure of the organic thin film formed by 

surfactants is illustrated in Fig. 1. 
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Fig. 1 An organized monolayer on a substrate 

The hydrophilic head group of the surfactant molecule usually has an attractive 

interaction with the substrate surface. The hydrophobic tail of the molecule without a 

strong interaction with the surface can be chemically tailored to exhibit specific chemical 

properties. Therefore, SAMs offer the capability to form ordered organic surface 

coatings, suitable for various applications such as wetting or corrosion protection [28]. 

In the process of self-assembly two important forces can be distinguished : the 

bonding of surfactant molecules to the substrate, and the interactions between molecules 

in the monolayer (Fig. 1), where the balance between these two forces can be shifted 

according to the properties of the substrate and the surfactant. The monolayer can be 

stable or metastable, and the stability of the formed layer is mainly determined by the 

strong inter-chain van der Waals interactions [29], and therefore a variety of surface 

structures, such as monolayer, bilayer or multilayer can form on the substrate [30]. 

The ability of surfactant molecules to adsorb at the solid-liquid interface depends on the 

properties of all the components of the system such as the solid, the surfactant, and the 

solvent used to prepare surfactant solution [31]. In addition to the above factors, there are 

many other factors that influence the thin film formation, such as pH, the concentration of 

surfactant molecules, or even environmental conditions such as ambient temperature and 

humidity [32]. Bearing in mind that the thickness of the formed SAMs can be in the order of 

nanometer, it is not surprising that a large number of parameters influence its properties. 

5.2. Adsorption of cationic surfactants  

Due to the flexibility in choosing the molecular architecture, organic molecules have 

many interesting applications, such as biosensors, in nonlinear optics, for lubrication or in 

controlling water adsorption. Therefore, in recent years, much attention has been directed 

to the study of SAMs. However, a discrepancy still exists between the theoretical 

understanding and the practical importance involved in the formation of such layers. 

Cationic surfactants are a small subgroup of surfactants with some unique properties 

that are not present in other surfactants. Many authors have aimed at investigating the 

adsorption of cationic surfactants from aqueous solutions onto a variety of solid surfaces 

including graphite [33], silica and mica [34]. This process has been widely studied usually 

by different techniques such as x-ray photoelectron spectroscopy (XPS), the surface 

forces apparatus (SFA) or contact angle (CA) measurements [35]. 

Preparing self-assembled monolayers is one of the most elegant ways to make ultrathin 

organic films of controlled thickness, and it represents attractive model systems for 

boundary lubrication. Organic thin films are an emerging area of materials chemistry and 
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are utilized in many areas of application. The molecular self-assembly is recognized as a 

powerful strategy for the fabrication of nanoscale structures [36, 37, 38].  

In order to describe the adsorption process to form SAMs, our attention in the next 

chapter will be focused on the modification of the muscovite mica surface by adsorption 

of quaternary ammonium surfactants (cetyltrimethylammoniumbromide – CTAB), with 

the aim to produce hydrophobic and well-ordered homogeneous monolayers. Adsorbed 

layers were prepared at certain concentrations of an aqueous surfactants solution.  

The original goal of these experiments was to produce self-assembled monolayers and 

use them as model systems to study boundary lubrication. But, there was a problem 

concerning the results being repeated, as well as the characterization of the adsorbed 

CTAB layers on muscovite mica in detail. The various SAM morphologies demonstrate 

the influence of a large number of experimental parameters on the adsorption process, 

especially temperature and humidity, which is rarely described in the literature. 

5.3. CTAB adsorption at muscovite mica as an example of SAMs formation 

The adsorption of quaternary ammonium surfactants onto mica has frequently been 

studied [39]. Several aspects of the adsorption of cationic surfactants onto mica have been 

studied in details, but the interactions between the mica surface and the alkylammonium 

ions have not yet been studied closely.  

Following the literature  it is possible to find various proposed adsorption protocols 

for CTAB adsorption on mica, with some significant differences in the conditions under 

which the adsorption takes place. Depending on the conditions, it has been reported that 

CTAB adsorbs on mica as a compact monolayer, as a stable hydrophobic surface, as a 

bilayer or forms aggregates. For the preparation of CTAB self-assembled films on mica, 

numerous adsorption protocols have been proposed in the literature. The applied 

procedures include the variation of many parameters, such as different temperatures in 

SAM preparation, the adsorption time or the post-adsorption sample treatment. Different 

conclusions about adsorption theories and the existence of numerous mechanisms 

underline this broadness [40, 41]. 

Adsorbed layers were prepared on mica using certain concentrations of an aqueous 

surfactants solution following our own designed protocol. To characterize and determine 

the properties of SAMs, two techniques were extensively applied in this work, contact 

angle measurements and the atomic force microscopy (AFM). 

Experimental procedure. In our experiments we used a quaternary ammonium 

surfactant, single-tailed cetyltrimethylammonium bromide, (CTAB), with the molecular 

structure CH3(CH2)15N
+
(CH3)3Br

-
. To prepare the CTAB solution, as a solvent, ultrapure 

water with appropriate properties was used. All experimental tools (tweezers and bottles) 

were cleaned before the experiments to minimize any contamination. For the adsorption 

experiments, very small pieces of muscovite mica (1-1.5cm
2
) were cut by scissors, and 

further freshly cleaved mica samples on both sides were immersed into the surfactant 

solution. 

To simplify the procedure, it is suitable to define a few important experimental steps: 

adsorption, rinsing, drying and SAMs analysis (CA-contact angle measurements and AFM 

analysis). An adsorption protocol named “CTAB in/CTAB out“, shown in Fig. 2, contains 

the immersion and extraction of a mica sample into and out of the surfactant solution. 
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Fig. 2  “CTAB in, CTAB out“ adsorption protocol 

After adsorption in the CTAB solution (30 seconds), the sample was rinsed in ultra-

pure water (10seconds) to remove the excess solution and excess surfactant molecules. 

After these two steps, the mica sample was dried with a clean nitrogen stream. Then, the 

sample was ready for further analysis (CA and AFM).  

In our adsorption experiments a 1000ml stock solution of 10
-2

M CTAB was prepared 

at room temperature. Due to low solubility of CTAB in water, the solution was heated to 

30-35°C. By diluting this solution, carried out by adding the appropriate amount of ultra-

pure water, we prepared the surfactant solution of the chosen concentrations and the 

adsorption results at one of the concentrations, 10
-4

M, will be described here. 

Results: Using the above-described preparation protocol, a significant number of 

samples were prepared. The AFM images of two representative samples obtained by the 

CTAB in/CTAB out protocol at certain concentration are shown in Fig. 3. In both groups 

of experiments, it has to be emphasized that temperature in the laboratory was not controlled 

and measured. The temperatures were assumed to be around 30ºC and around 23ºC.    

The advancing and receding water contact angles (advancing CA/ receding CA 

respectively) have been measured in several spots on the sample covered by the CTAB 

surfactant. At the laboratory temperature of around 20C the results of CA measurements 

for the representative sample were 85/30, and for the CTAB layer formed at around 

30C the detected advancing and receding CA on the presented sample were 82/22, 

such as shown in Figs. 3a and 3b. The advancing and receding water contact angle 

measured on both samples exhibited hysteresis. The similar results were recorded at 

numerous samples prepared at the same experimental conditions.  

 
Fig. 3 AFM images of CTAB on mica obtained with the “CTAB in/CTAB out” protocol 

at a concentration of 10
-4

M. Also shown are advancing and receding water contact 

angles at different laboratory temperatures: a) at around 20ºC and b) at around 30ºC 
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A clear temperature influence on SAMs adsorption was observed. On the sample 

prepared at 30ºC (Fig.3b), a significant number of clusters with the height between 0.5nm 

to 3.8nm and the size around 250nm size were detected, according to the gray scale of the 

image, which represents a height range of 5nm (cf. Fig. 3.b). The sample prepared at the 

lower temperature, 20ºC, was more promising and homogeneous. 

Discussion: The method of contact angle (CA) measurements is a quantitative 

measure of the thermodynamic surface energy balance between a solid, a liquid and a gas 

phase. Geometrically, CA is defined as the angle formed at the three-phase boundary, 

where the liquid, the gas and the solid meet. In SAMs analysis, the contact angle 

measurement is the usually selected procedure, because it is a very simple and fast 

process, convenient for a quick check of SAM quality. 

Contact angle measurements were conducted on the representative samples to verify 

the hydrophobicity of SAMs that covered mica surfaces. This information is very 

important, because in a potential boundary lubrication regime we have planned to  

examine properties of two hydrophobic surfaces - mica surfaces covered by SAMs on 

both surfaces, at a very small distance (Fig. 4).  

  

 

Fig. 4 Boundary lubrication  

The results can be interpreted on the basis of certain rules: contact angle measurements 

indicate good wetting by very low (<30°) contact angles (e.g. water on hydrophilic surfaces), 

neutrality at a contact angle near 60°-90° and non-wetting is observed by a contact angle 

greater than 90° (determined on hydrophobic surfaces). From the CA measurements in all 

groups of experiments, due to advancing contact angles between 75° and 90°, it was 

concluded that hydrophobic surfaces were achieved. The aim of our experiments was to 

produce homogeneous monolayers of surfactants on muscovite mica by the chosen 

quaternary ammonium surfactant – CTAB, but the significant hysteresis in these results 

suggests a chemical heterogeneity or roughness in the surfactant film [42]. 

In order to get more information about SAMs properties, it is important to include 

more than one method of surface analysis. For that purpose the AFM measurements have 

been applied very often, and for this mica-CTAB system very inhomogeneous surfactant 

layers were determined, as described in the literature [13]. In our AFM results presented 

in Fig. 3, the various SAM morphologies were found in adsorption experiments, 

indicating that the temperature during solution preparation, frequently neglected, can have 

a crucial influence on the surfactant solution structure and the adsorption mechanism on 

the substrate. The variety of CA and AFM results indicates very complex molecular 

mechanisms in the process of surfactant self-assembling. The cause of this is the fact that 

many experimental parameters can change in the adsorption experiment (temperature, 

solution pH, humidity, ion-exchange capacity of muscovite mica etc.). Therefore, there is 
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a need to control many parameters in order to clarify the mechanisms that are happening 

at the nanoscale.  

Another problem in adsorption experiments is the repetition of the results. The various 

SAM morphologies, found on mica under different adsorption conditions, demonstrate the 

influence of a large number of experimental parameters on the adsorption process, as 

previously concluded. This observation is rarely described in the literature. 

The large differences in the protocols, which exist in the literature, make it difficult to 

predict the optimum procedure to obtain a homogeneous surfactant film on mica. Model 

hydrophobic surfaces, formed by surfactant adsorption on mica, have often been assumed 

to be stable layers. The stability and structure under the experimental conditions is often 

unverified. It is important to note that the aggregate structure in a solution, such as 

micelles or hemimicelles, according to our knowledge, has never been considered as an 

important factor for adsorption.  

Due to that, we have organized our own adsorption experiment (Fig. 2) and analyzed 

samples in order to define the most advantageous protocol. The remarkable variety of film 

morphologies spurred us to go back even one more step and to study the properties of 

CTAB solutions. We have investigated the properties of aqueous CTAB solutions via 

specific conductivity measurements as a function of temperature [19]. 

These adsorption processes are described here to point out that self-assembling is a 

simple, yet very complex procedure, with the influence of the numerous parameters in all 

experimental steps needed to be considered and carefully defined. The surfactant films on 

mica, formed according to the described experimental protocol, were characterized by 

contact angle measurements and by AFM. A variety of SAMs are influenced by temperature. 

These results suggested that temperature can influence all steps in the adsorption procedure, 

from the solution preparation to the rinsing step. The fact that the CTAB solution properties 

changed remarkably around room temperature, makes this system appear particularly 

complex [13]. 

6. CONCLUSIONS 

The word nanotechnology is new, as well as the technology and science connected to 

this. The structures and devices produced at the nanometer scale are in dimensions of the 

order of a billionth of a meter. Based on the findings in nanotechnology, today’s scientists 

are able to create new materials and new devices. They have many applications in 

engineering, nanoelectronics, and nanomedicine, biomaterials, but also in products for our 

everyday life. Nanotechnology includes numerous fields of science, such as surface 

science, organic chemistry, biology, semiconductor physics, molecular engineering and 

many others. 

Molecular nanotechnology, or molecular manufacturing, describes nano-systems 

operating on the molecular scale. As an example of molecular manufacturing, the 

formation of an organic thin film by the adsorption of quaternary ammonium surfactants 

onto the atomically smooth muscovite mica surface has been described. It was observed 

that the morphology and the molecular order of self-assembled monolayers depend on 

many experimental parameters, such as temperature, solution concentration and many 

others. It was shown that a high stability of the adsorbed films is very rarely detected. A 
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reproducible stability of the resulting films, however, remains an issue, pointing to the 

complexity of producing a very well-ordered system at the nanoscale. In this model case 

of quaternary ammonium surfactants, the formation of homogeneous, well-ordered and 

reproducible monolayers is a very challenging task. In order to assess such complex 

systems, a systematic variation of a great number of parameters was a necessary 

procedure. 
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