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Abstract 

The thesis discusses the indigenous design, development and fabrication of the 

Brewster angle microscope and its coupling with Langmuir trough. The developed 

instrument allows the user to perform the real-time measurement and plotting of 

surface pressure and simultaneously imaging the monolayer formed at the air-water 

interface. The developed instrument is compact, economical and does not include 

heavy and bulky parts. 

Chapter 1 of the thesis is an introduction to the thesis and briefly describes the 

background and motive behind developing the system. From amongst the various 

techniques available for the characterization of the surfaces, Brewster angle 

microscope and measuring pressure area isotherm were found to be the best suitable 

techniques for studying the morphological and phase changes of the Langmuir films. 

Chapter 2 covers the theoretical concepts behind the Brewster angle microscope and 

Langmuir films. Chapter 3 details the indigenous design, development and fabrication 

of the instrument. Interfacing of the frame grabber add-on card and the CCD camera, 

required for real-time imaging, storing and processing of the images, has been 

explained. The state-of-the-art design of single barrier Langmuir trough has been 

discussed. A pressure sensor has been integrated with the system for simultaneous 

measurement of surface pressure along with Brewster angle microscope. Interfacing 

of the pressure sensor and the AD/DA add-on card has been elaborated. Chapter 4 

discuses about the real-time software developed for controlling and interfacing with 

the system. LabVIEW environment has been used for this development. This chapter 

describes the GUI design and vision system implementation for real-time operation of 

the entire system. It also describes the GUI design for implementation of other 

features for control and data acquisition. Chapter 5 discusses about the design 

validation experimentation and few systems that were studied on the developed 

instrument. The design validation was done by using standard surfactants to form the 

Langmuir monolayers. Their pressure area isotherm and Brewster angle microscopy 

images were captured and compared with the available reference images. The results 

were found to be satisfactory and reproducible. A few systems studied on the 

developed instrument include: time dependent complexation of sodium borohydride 

reduced gold nanoparticles and lemon grass reduced gold nanoparticles with 



 

octadecylamine, assembly formation of hydrophobized Ni nanoparticles as a function 

of surface pressure and assembly of thiol capped gold nanoparticles on 

octadecylamine. Chapter 6 summarizes the work presented in the thesis. The 

specifications of the developed system have been mentioned. Finally, it discusses the 

scope of research for future developments in this area. 
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This chapter is an introduction to the thesis and gives a brief idea about the 

importance of the Brewster angle microscopy technique. It presents the 

background of the thesis and discusses the objectives that have been taken 

during this research work. Finally, an outline of the thesis is given. 
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1.1 Introduction  

Surface science and surface engineering have developed since the early sixties 

in the last century. Surface science and surface engineering include studies on 

formation of surfaces with defined chemical composition, structure and physical 

characteristics as well as studies on phenomena and chemical reactions at the surface. 

The morphologies of monolayers at air-water interface are striking examples of the 

spontaneous self-organization of materials in nature. The patterns formed by these 

films can be remarkable, ranging from the intertwined spiral-shaped island seen in 

phospholipid films to the fan textures formed by fatty acids and liquid crystalline 

materials [1-3]. The results make it possible to select the technology to obtain 

materials with well-defined surface parameters. Surface phenomena on boundaries of 

solids, liquids and gases play an important role in industrial technology and their 

recognition can influence the engineering projects. In order to obtain necessary 

information of the surface properties, many different and complementary techniques 

are currently used in the field of surface and thin film analysis [4].  Most of these 

techniques involve bombarding the sample with an incident particle and monitoring 

an ejected particle and are then destructive in nature. Some of these techniques are 

listed in Table 1-1. 

 

Sr. 

No 

Incident 

particle 

Ejected 

Particle 

Technique name Acronym 

1 X-ray Electron X-ray Photoelectron Spectroscopy XPS 

2 X-ray X-ray X-ray Fluorescence Spectroscopy XRF 

3 Electron Electron Auger Electron Spectroscopy AES 

4 Ion Sample ion Secondary ion mass spectrometry SIMS 

Table 1-1 Surface and thin film characterization techniques 

It is very important to note that these techniques all require that the analysis be 

performed in an ultra high vacuum apparatus and that each of the techniques wherein 

the incident particle is either an electron or an ion, measures must be taken to insure 

that the sample surface is electrically conductive. Thus, for insulating materials and 

films such as oxides, glasses and polymers, the experiments are not straightforward. 

Also, these techniques give information about the elemental and chemical 
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composition of the surfaces and often the main interest lies in the information of the 

morphology or phase behavior of thin films. In such cases, imaging of thin films is 

generally considered to be of great importance. Following are some available 

techniques: 

1. Transmission Electron Microscopy (TEM) 

2. Scanning Electron Microscopy (SEM) 

3. Imaging Ellipsometry 

4. Atomic Force Microscopy (AFM) 

5. Fluorescence Microscopy 

6.   Brewster Angle Microscopy (BAM) 

Most of the above techniques are suitable only for characterization of films on 

a solid substrate (as in case of AFM and TEM, a Langmuir-Blodgett (LB) film has to 

be formed) and are not available for liquid surfaces. Also, there is always an 

uncertainty of whether the system under study is in its original state or not. In such 

cases, direct imaging of thin film at solid-solid, solid-liquid, solid-gas, liquid-liquid 

and liquid-gas interface is considered to be of great importance. 

Only fluorescence microscopy techniques and Brewster angle microscopy 

(BAM) are the surface characterization techniques with the advantage that they can be 

used for characterizing both solid and liquid interfaces. These techniques are well 

suited for the in-situ characterization of the monolayers on air-water interface. The 

monolayer of insoluble amphiphilic molecules at air-water interface is known as a 

Langmuir film [5]. The Langmuir film formation on water surface plays an important 

role in the application of Langmuir–Blodgett (LB) technique [6-8]. In the case of 

fluorescence microscopy study on Langmuir films [9, 10], a fluorescent amphiphilic 

molecule is added to the amphiphilic monolayer. This fluorescent probe behaves like 

an impurity in the monolayer, i.e., its solubility in the coexisting phases can be very 

different. The contrast in the fluorescence images is sufficient to visualize the 

coexisting domains of different phases. However, this powerful technique has a 

number of drawbacks. First, dense and well-ordered phases are difficult to observe 

because they reject the fluorescent molecules almost completely. Secondly, in some 

cases, the addition of an impurity in the system can modify its behavior rather 
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strongly. Brewster angle microscopy, that was developed independently by Henon 

and Meunier [11] and Honig and Mobius [12] more than a decade ago, is a sensitive 

and effective method available for studying the organization in spread monolayers at 

the air-water interface at the microscopic level. The main advantage of the BAM 

technique, apart from being non-invasive, is that it allows the direct observation of 

ultra-thin films on air-water interface or on dielectric substrates without using any 

fluorescent probes in the studied materials. BAM has proven to be an extremely 

valuable tool for the characterization of the morphology of Langmuir monolayers of 

surfactant molecules at the air-water interface. Such films, which are prepared on 

water surface in Langmuir trough, are transferred from the water surface to the glass 

or silicon plate or on carbon coated grids (for TEM) for further analysis. The quality 

of the film depends on the morphology of the floating films on the trough and it is 

therefore of much interest to observe such floating Langmuir films in-situ during the 

transfer process.   

BAM provides information on the morphology of amphiphilic monolayers 

[13-19], including the inner structure of condensed domains [20] and phase transitions 

[21-23] in monolayers, the orientation order of the monolayer domains, 2D-3D 

transformation of amphiphilic monolayer [24] and relaxation phenomena [25-28] in 

monolayer domains caused by compression-expansion cycles. 

1.2 Background and Purpose 

The first indigenous development of Brewster Angle Microscope has been 

carried out at our laboratory. Figure 1.2-I shows the principle of the BAM instrument. 

This technique allows the researcher to draw inference about the molecular 

orientation by direct visualization of the monolayer. When p-polarized light is used 

and incidence takes place at the Brewster angle, no light is reflected from the pure air-

water interface. However, changes in the molecular density and /or refractive index by 

the condensed phase of a monolayer on the aqueous subphase leads to a measurable 

change in the reflectivity and allows one to visualize and record the monolayer 

morphology. 
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Figure 1.2-I Principle of Brewster Angle Microscopy 

The project was sponsored by Department of Atomic Energy, BRNS, 

Mumbai. The development was carried out by Instrumentation and Communication 

Group of Physical Chemistry Division, NCL, during September 2000–March 2003 

under the guidance of Mrs. Neelima Iyer. The preliminary testing was carried out by 

Nanoscience Group, NCL, under the guidance of Dr. Murali Sastry. Figure 1.2-II 

shows the preliminary setup that was built for the first development stage.  In the 

setup, He-Ne laser source was used that emitted 1 mW at 623.8 nm. The emitted beam 

passed through the collimator and illuminated a spot of about 2 mm
2
 on the surface. 

The reflected light passed through the objective and finally was detected by a CCD 

camera (KCC 310, Kocom). The CCD camera was coupled to the frame grabber card 

(FlashBUS, MVLite) for real-time capturing of the monolayer images. A teflon 

trough (5x10 cm
2
) was fabricated. It had a single barrier to compress and decompress 

the monolayer. A stepper motor was attached to the barrier for its movement in 

forward and reverse direction and for speed control. Microcontroller module using 

AT89C51 was developed for controlling the direction and speed of the barrier. A 

driver circuitry for the stepper motor was developed using L297 (stepper motor 

controller) and L298 (stepper motor driver). Assembly software development was 

carried out for the microcontroller module. The graphical user interface (GUI) 

software for real-time capturing of the monolayer images was developed in VC++ 

using Microsoft SDK. PC controlled the direction and speed of the barrier. Serial 

protocol RS232 was established between PC and microcontroller module.  
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Figure 1.2-II Scheme of the setup built for the first development 

Apart from Brewster angle microscopy, the most important indicator of the 

monolayer properties of an amphiphilic material is given by measuring the surface 

pressure as a function of area of water surface available to each molecule. This is 

carried out at constant temperature and is known as surface pressure area isotherm. 

Usually an isotherm is recorded by compressing the film at constant rate while 

continuously monitoring the surface pressure. After the development of BAM 

instrument, the next step was to integrate the pressure sensor along with the Brewster 

angle microscopy for real-time plotting of pressure area isotherm while 

simultaneously imaging the monolayer. 

We used the Langmuir trough (Model 611D) from NIMA Technology, 

England [29] for preparation of the Langmuir films. The base intelligence of the 

instrument was the microcontroller AT89C552. The communication between 

microcontroller module and PC was established through RS232 serial protocol for 

controlling and passing the parameters to the instrument. Once the parameters were 

set and data was acquired, it was communicated to the PC and a real-time plot of 

pressure area isotherm was plotted on the PC. It was decided that developed Brewster 

angle microscope should be coupled with existing Langmuir trough for combined 

application of pressure area isotherm and imaging. The problem faced for this 

coupling was that the communication protocols of NIMA LB trough to PC were 

totally unknown and the company did not provide any information. So, it was decided 

that a new Langmuir trough with pressure sensor attachment should be designed and 

fabricated at NCL that will be interfaced with the BAM setup. It was also decided that 

the development should be a complete PC based solution and controlling software 

should be developed using LabVIEW. 
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1.3 Objectives 

To complete the BAM and Langmuir trough development, following 

objectives were taken into consideration. 

• Design and development of Brewster angle microscope. 

• Design and fabricate Langmuir trough consisting of single barrier. 

• Interfacing pressure sensor Model PS4 from Nima Technology, England for 

measuring pressure area isotherm. 

• Mechanical assembly for pressure sensor holder. 

• Design and fabricate necessary mechanical assembly for DC motor to be 

coupled with barrier. 

• Design and develop DC motor driver circuitry for bi-directional motion of the 

barrier. 

• Real-time system software development using LabVIEW. 

• Creating a graphical user interface using LabVIEW. 

• Interfacing of data acquisition card with LabVIEW. 

• Implementing the vision system in LabVIEW. 

1.4 Overseas market study 

Brewster angle microscope instruments are available in international market, 

mainly from Nanofilm Technology, Germany, NIMA Technology, England and KSV 

Instruments, Finland. Following are the models available from the international 

companies: 

1. MiniBAM: This is the BAM from Nanofilm Technology. It has a resolution of < 20 

µm. The field of view is around 4x6 mm
2
. Black and white CCD camera with 

monitor is being provided for real-time video monitoring. It has a massive tripod 

with mounting post and fine adjustment screws for vertical alignments. With this 

instrument, only aqueous sub phases can be studied as the angle adjustment range 

is from 52
0 

- 54
0
 and that is not suitable for solid substrate. It is a separate unit that 

can be fitted to any existing trough available from NIMA Technology.  
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2. MiniBAMplus: This is an upgradation of MiniBAM model. In addition to all above 

features, it has a PC visualization version for image acquisition and analysis.   

3. MicroBAM: MicroBAM is the latest development from Nanofilm Technology and 

NIMA Technology to monitor mono-molecular layers at air-water interface. It has 

imaging system resolution of 8 µm and field of view of 3.6x4.8 mm
2
. It has 

motorized rotation of polarizer and analyzer via software control. This is only 

suitable for aqueous sub phases.   

4. EP3-BAM or BAM2plus: This is high end, high resolution instrument available 

from Nanofilm Technology, Germany. The lateral resolution is ~1 µm with the 

field of view of around 0.44 mm. A colored CCD is incorporated in it. PC 

controlled software is available for image acquisition, monitoring and adjusting 

optical components. With this instrument, it is also possible to study non-aqueous 

sub phases. It can be upgraded to imaging ellipsometer by adding a compensator 

and special software with additional cost. 

5. KSV Optral300: This is the recently available BAM instrument from KSV 

Instruments, Finland. It has a lateral resolution of 2 µm. It includes an image 

processing software. It has a very massive vertical arrangement for BAM that can 

be fitted to variety of troughs available from KSV Instruments.  

All above mentioned models are mainly available in the international market. 

The cost of the above instruments is more than Rs 10-12 lacs.  

While designing the instrument, a detailed study has been done and all the 

designing criteria have been taken into consideration. The developed instrument is an 

indigenous development that is very compact and economical. It has comparable 

lateral resolution and field of view with the commercially available instruments.  It 

includes the pressure sensor for simultaneous operation. Real-time system software 

has been developed for controlling, imaging and storing the data. Detailed 

specifications of the instrument will be discussed in Chapter 6. 

1.5 Highlights of subsequent chapters  

The outline of the thesis is as follows:  

Chapter 2: Theory - Brewster angle microscope and Langmuir films 
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This chapter of the thesis gives the theoretical understanding of Brewster 

angle microscope and Langmuir films. It covers the basics of Brewster angle and its 

derivation, principle behind Brewster angle microscopy and its applications. It also 

includes the basics of the Langmuir films and pressure area isotherm, which is most 

common way to study the Langmuir films. 

Chapter 3: Design, development and fabrication of BAM and Langmuir trough 

This chapter is about the indigenous development of the instrument that has 

been carried out during this research work. 

Designing of vertically mounted compact Brewster angle microscope has been 

discussed in detail. The selection and the specification of different optical components 

that are used in the setup have been explained. The add-on frame grabber card has 

been incorporated for real time imaging, storing and further processing of the images. 

The detail interfacing of the card and CCD camera has been explained. 

A state-of-the-art design of Langmuir trough has been done. Langmuir trough 

consists of single barrier with DC motor coupled to it for barrier movement. Along 

with Brewster angle microscopy, measurement of pressure area isotherm is the best 

suitable way to study the Langmuir films. The necessary interfacing of the pressure 

sensor and AD/DA add-on card to measure surface pressure has been elaborated.  

The developed instrument is controlled through the real-time system software 

explained in Chapter 4.  

Chapter 4: Development of real-time system software  

Real-time system software for controlling and interfacing with the system has 

been developed. ‘G’ language in LabVIEW (Laboratory Virtual Instrument 

Engineering Workbench) environment has been used for this development. This 

chapter describes the basics of LabVIEW, creating a Graphical User Interface (GUI) 

and vision system implementation for real-time imaging of the monolayer. It also 

describes the implementation of other features for control, data acquisition and user 

interface.  

Chapter 5: Experimental results and analysis 

The design validation was done by using standard surfactants to form the 

Langmuir monolayers. Their pressure area isotherm and Brewster angle microscopy 
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images were captured and compared with the available reference images. The results 

were found to be satisfactory and reproducible. 

Following systems were further studied on the developed instrument: 

1. Time dependent complexation of sodium borohydride reduced gold 

nanoparticles with octadecylamine Langmuir monolayers: the system was 

studied and BAM images clearly indicated that the density of particles 

increases at the surface as a function of time of complexation. 

2. Assembly of hydrophobized Ni nano particles as a function of surface 

pressure has been studied: Brewster angle microscopy and pressure area 

isotherm measurements have been employed for this study. 

3. Study of thiol capped gold nanoparticles on octadecylamine and on stearic 

acid monolayers. 

 Chapter 6: Conclusions 

This chapter summarizes the work presented in the thesis. It lays emphasis on 

the importance of the Brewster angle microscopy technique. This chapter describes 

the specifications of the developed system and it also discusses the scope of research 

for future developments in this area.  
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This chapter covers the principle of the Brewster angle and Brewster angle 

microscopy. It also discusses the basics of the Langmuir films, for which this 

technique is extensively used. 
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2.1 Brewster angle and Brewster angle microscopy 

Light waves are electromagnetic waves and electromagnetic waves are 

transverse waves, meaning that the directions of the vibrating electric and magnetic 

vectors are at right angles to the direction of propagation. 

Sunlight and almost every other form of natural and artificial illumination 

produces light waves whose electric field vectors vibrate in all planes that are 

perpendicular with respect to the direction of propagation.  

When the light is reflected from a flat surface of a dielectric (or insulating) 

medium, it becomes partially polarized. This means the electric vectors of the 

reflected light vibrate in a plane that is parallel to the surface of the material. 

Figure 2.1-I illustrates how polarization of light is changed on reflection from 

a dielectric or insulating media. 

 

Figure 2.1-I Polarization of light 

Common examples of naturally occurring sources of polarized light are; light 

reflected from undisturbed water, glass, plastic and paper sheets and highways. Bright 
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reflections originating from these kinds of horizontal surfaces are partially polarized 

with the electric field vectors vibrating in a direction that is parallel to the ground. In 

these instances, light waves that have the electric field vectors parallel to the surface 

are reflected to a greater degree than those with different orientations. 

In the beginning of the 19
th

 century, Sir David Brewster, a Scottish physicist, 

discovered the polarization phenomenon of light reflected at specific angles. In his 

studies on polarized light, Brewster discovered that when light strikes a reflective 

surface at a certain angle, the light reflected from that surface is polarized into a single 

plane. This angle is commonly referred to as Brewster angle [1]. 

The principle behind the Brewster angle is illustrated in Figure 2.1-II [2]. This 

shows a single ray of light reflecting from a flat surface of a transparent medium 

having a higher refractive index than air. The incident light is unpolarized in nature, 

i.e., light having vibrations in all planes perpendicular to the direction of propagation. 

When the beam arrives on the surface at a critical angle, the Brewster angle, the 

polarization degree of the reflected beam is 100 percent with the orientation of the 

electric vectors lying perpendicular to the plane of incidence and parallel to the 

reflected surface. The refracted ray is oriented at an angle of 90° from the reflected 

ray and is only partially polarized. 

At the Brewster angle of incidence, the reflected and refracted beams are 

perpendicular to each other. The polarization ‘p’ is not reflected because the dipole 

moments induced in the second medium n2, by this polarization p, point exactly in the 

direction of reflection. The plane of the figure is the plane of incidence.  

From geometry of the Figure 2.1-II: 

∠CBD = 90° 

We have,  

o
pφφ 902 =+  

p
o
φφ −= 902  
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Figure 2.1-II Illustration of the Brewster angle 
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If  µ  is the refractive index, then, by Snell’s law, 
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Light reflected from a highway surface at the Brewster angle often produces 

annoying and distracting glare that can be demonstrated quite easily by viewing the 

distant part of a highway or the surface of a swimming pool on a hot and sunny day. 

Modern lasers commonly take advantage of Brewster angle to produce linearly 

polarized light from reflections at the mirrored surfaces positioned near the ends of 

the laser cavity. 

2.1.1 Fresnel’s equations and the Brewster angle 

Fresnel's equations describe the reflection and transmission of electromagnetic 

waves at an interface [3]. They give the reflection and transmission coefficients for 

waves parallel and perpendicular to the plane of incidence. 

In general, when a wave reaches a boundary between two different dielectric 

constants, part of the wave is reflected and part is transmitted, with the sum of the 

energies in these two waves equal to that of the original wave. 

Since the electromagnetic waves are transverse, there are separate coefficients 

in the directions perpendicular to and parallel to the surface of the dielectric. The 

coefficients for reflection and transmission of the transverse electric field (TE) are 

denoted r⊥
 
and t⊥ respectively, while the coefficients for reflection and transmission of 

the transverse magnetic field (TM) are denoted r║
 
and t║

 
respectively. 
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For TE radiation 

 

Figure 2.1-III TE radiation 

 

  

 

(1) 

  

 

(2) 

 

where, n1 is the dielectric constant in the original medium, n2 is the dielectric constant 

in the second medium, θ is the angle to the normal in the initial medium, θ’ is the 

angle in the second medium (which is different from θ due to refraction), µ1 is the 

magnetic permeability in the original medium, and µ2 is the permittivity in the second 

medium. 
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For TM radiation 

 

Figure 2.1-IV TM radiation 

  

 

(3) 

  

 

(4) 

For µ1 ≈ µ2, these simplify to, 

  
 

(5) 

  
 

(6) 

 

The angle θB at which r║ = 0, resulting in completely polarized reflected light, is 

called the Brewster angle.  
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2.1.2 Derivation of Brewster Angle from Fresnel’s equations 

From Fresnel’s equations, it can be determined that the parallel reflection 

coefficient is zero when the incident and transmitted angles sum to 90°. The use of 

Snell's law gives an expression for the Brewster angle. 

From Fresnel’s equations, the reflection coefficient r || (TM radiation) will be 

equal to zero when the indices of refraction are equal, so, η1 = η2 or  

θθ ′= coscos 12 nn  

2

1

22 cos
cos 








=′

n

n θ
θ                                                                                      (7) 

Solving for θ ′2
sin  in Snell’s law, 

θθ ′= sinsin 21 nn  

2

2

12 sin
sin 








=′

n

n θ
θ                                                                                        (8) 

Adding (7) and (8) yields  

 
 

 

                           

 

 

 

 

where, θB is the angle from the normal. 

 

Figure 2.1-V shows the reflection coefficient r for the electric field of a Fresnel 

interface between two media similar to air (η1 = 1) and water (η2 = 1.33) versus 

incident angle.  
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Figure 2.1-V Reflection coefficient r versus incident angle [4] 

2.1.3 Brewster angle microscopy 

The principle behind the Brewster Angle Microscope (BAM) makes use of the 

zero reflectance of an air-water interface or dielectric substrate for vertically linearly 

polarized light at the Brewster angle of incidence. 

Brewster angle is determined by the refractive indices of the substrates 

involved, for example, air-water interface (refractive index of 1.333), air-glass 

interface (refractive index of 1.515), and air-diamond interface (refractive index of 

2.417), the critical angles (Brewster angles) are 53, 57 and 67.5 respectively. 

When a condensed phase of a monolayer with different refractive index is 

spread or deposited on the interface of interest, a measurable change in reflectivity 

will occur. The reflected light can then be used to form a high contrast image of the 

lateral morphology of the spread or deposited layer.  

A monolayer spread at an air-water interface is extremely thin, approximately 

0.5 % of the wavelength of visible light. The relative effect it has on the electric field 
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reflected from a water surface is therefore very small and the monolayer is under 

normal conditions quite invisible. However, if the water surface is illuminated with 

pure vertically linearly polarized light at the Brewster angle before spreading the 

monolayer at the air-water interface, there is no reflection from the water surface. The 

background is then completely dark and after spreading the monolayer and 

compressing it, the tiny effect of the monolayer can be visualized. Figure 2.1-VI 

illustrates the change in reflectivity due to a thin film on a substrate or at air water 

interface [5] and leads to significant contrast. 

 

Figure 2.1-VI Schematic illustration of the change in reflectivity due to a thin 

film on a substrate or air-water interface 

2.1.4 Applications of Brewster angle microscopy 

In an increasing number of publications, researchers use BAM to monitor the 

monolayer phases. List of the other application areas of the BAM are mentioned 

below: 

1. Phase behavior of monolayers, i.e., domains and order phenomena [6-10]. 

2. Influence of sub phase compositions on monolayer structures [11-13]. 

3. Phase separation in monolayers and thin films [14, 15]. 

4. Transformation of monolayer into multilayered structure [16, 17]. 

5. Determining the quality and homogeneity of thin (organic) films and LB films 

[18- 21]. 

Brewster angle microscopy is the surface characterization technique that is 

well suited for the in-situ characterization of the monolayer formed at the air-water 
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interface. These monolayers are known as Langmuir films. Section 2.2 gives the 

details regarding the basics of the Langmuir films, their importance and about 

pressure area isotherm, which is the most promising way to study these monolayers.  

2.2 Langmuir films 

Langmuir films [22] consist of surface active materials or surfactants trapped 

at the interface between two dissimilar phases, either liquid-liquid or liquid-gas. 

Surfactants are molecules, which are amphiphilic in nature (Figure 2.2-I) and consist 

of a hydrophilic (water soluble) and hydrophobic (water insoluble) part. The 

hydrophobic part usually consists of hydrocarbon or fluorocarbon chains and the 

forces acting upon them are predominantly van der Waal’s force. The hydrophilic part 

consists of a polar group (-OH, -COOH, -NH
3

+

, -PO
4

-

(CH
2
)
2
NH

3

+ 

etc.) and the forces 

acting upon them are predominantly Coulomb forces. 

 

Figure 2.2-I Schematic of an amphiphilic molecule showing hydrophobic (long 

hydrocarbon chain) and hydrophilic (polar group) parts 

Amphiphilic molecules are trapped at the interface because they possess two 

different types of bonding within the one molecular structure. The driving force 

behind the association is the reduction of the free energy of the system. Therefore, 

when a surfactant comes in contact with water, it accumulates at the air-water 

interface causing a decrease in the surface tension of water. Many of these 

amphiphilic molecules insoluble in water can (with the help of a volatile and water 

insoluble solvent) be easily spread on the water surface with hydrophilic head groups 

pulling the molecule into the bulk of the water and the hydrophobic tail groups 

pointing into the air. One molecule thick surface monolayer will only be achieved if 
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the amphiphilic balance (balance between hydrophilic and hydrophobic parts) of the 

molecule is correct. Sweeping a barrier over the water surface causes the molecules to 

come closer together and eventually form a compressed and an ordered monolayer. 

The film produced by such a method is known as a Langmuir film [23]. The 

amphiphilic nature of the surfactants dictates the orientation of the molecules at the 

air-water interface in such a way that the polar head group is immersed in the water 

and the long hydrocarbon chain is pointing towards air (Figure 2.2-II). 

 

Figure 2.2-II showing a spread monolayer at the air-water interface 

The hydrocarbon chain of the substance used for monolayer studies has to be 

long enough to form an insoluble monolayer. There should be minimum 12 

hydrocarbons or groups in the chain. If the chain is shorter, though still insoluble in 

water, the amphiphile on the water surface tends to form micelles. These micelles are 

water soluble, which prevents the build-up of a monolayer at the interface. On the 

other hand, if the length of the chain is too long, the amphiphile tends to crystallize on 

the water surface and consequently does not form a monolayer. Furthermore, the 

amphiphile has to be soluble in some organic solvent that is highly volatile and water 

insoluble. Chloroform or hexane is commonly used for this purpose. 

The most important indicator of the monolayer properties of an amphiphilic 

material is given by measuring the surface pressure area isotherm. Section 2.2.1 gives 

the details about the pressure area isotherm. 

2.2.1 Surface pressure area isotherms 

The most important indicator of the monolayer properties of an amphiphilic 

material is given by measuring the surface pressure as a function of the area of water 
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surface available to each molecule. This is carried out at constant temperature and is 

known as a surface pressure area isotherm or simply isotherm. 

When a solution of an amphiphile in a water insoluble solvent is placed on the 

water surface with a micro syringe, the solution spreads rapidly to cover the available 

area. As the solvent evaporates, a monolayer is formed. When the available area for 

the monolayer is large, the distance between adjacent molecules is large and their 

interactions are weak. Then, the monolayer can be regarded as a two-dimensional gas. 

Under these conditions, the monolayer has little effect on the surface tension of water. 

If the available surface area of the monolayer is reduced by a barrier system, the 

molecules start to exert a repulsive effect on each other. This two-dimensional 

analogue of pressure is called surface pressure [23], and is given by the following 

relationship 

π = γ - γo   

where, γ is the surface tension of pure water surface and γo is the surface tension with 

the monolayer. 

Usually an isotherm is recorded by compressing the film (reducing the area 

with the barriers) at a constant rate while continuously monitoring the surface 

pressure. Depending on the material being studied, repeated compressions and 

expansions may be necessary to achieve a reproducible trace. Figure 2.2-III shows the 

typical pressure area isotherm and various phase transitions of the floating monolayer.  
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Figure 2.2-III Typical pressure area (ð-A) isotherm showing the various phase 

transitions of the floating monolayer 

As early as 1952, W. D. Harkins proposed a simple terminology to classify 

different monolayer phases of an amphiphile molecule [24]. Initially, the monolayer 

exists in the gaseous state (G) and on compression can undergo a phase transition to 

the liquid-expanded state (LE). Upon further compression, the LE phase undergoes a 

transition to the liquid-condensed state (LC), and at even higher densities, the 

monolayer finally reaches the solid state (S). If the monolayer is further compressed 

after reaching state S, the monolayer will collapse into three-dimensional structures. 

The collapse is generally seen as a rapid decrease in the surface pressure or as a 

horizontal break in the isotherm if the monolayer is in a liquid state. This collapse 

pressure is a function of the temperature, the pH of the sub phase and the speed by 

which the barrier is moved.  

An isotherm gives the information about the stability of the molecules in the 

two-dimensional system, phase transitions and conformational transitions. It also 

gives some idea of the amount of pressure that has to be applied to the film on the sub 
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phase to enable deposition of the LB film in the solid phase. Thus, at appropriate 

pressure, the film can be transferred to the substrate. 

2.2.2 Measurement of surface pressure using Wilhelmy plate 

The surface pressure is measured by the Wilhelmy plate method [25]. In this 

method, measurement is made by determining the force due to surface tension on the 

plate that is partially immersed in the sub phase.  

Then, this force is converted into surface tension (mN/m or dynes/cm) with 

the help of the dimensions of the plate. 

The plate is often very thin and made of platinum, but even plates made of 

glass, quartz, mica and filter paper can be used.  

When the Wilhelmy plate is immersed in the water (Figure 2.2-IV), there are 

generally three forces acting upon it. 

1. Weight of the plate. 

2. Up thrust on the submerged part of the plate. 

3. Surface tension of the plate. 

 

Figure 2.2-IV Wilhelmy plate partially immersed in a water surface 

If the dimensions of the plate are l, w and h, the net force acting on the plate is: 

Force = weight – up thrust + Surface tension 

          = (∂p * l * w * t) * g – (∂l * h * w * t) * g + 2 * (w + t) * ST * cos φ            (1) 

Where, ∂p = density of the plate. 

 ∂l = density of the liquid.                                                                                                                               

 ST = surface tension of the liquid 
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 φ = contact angle of the liquid with the plate 

Before making any measurements, the pressure is zeroed, thereby eliminating the 

weight term from equation (1). 

F = - up thrust + Surface tension 

While making the measurements, the plate is drawn up out of the liquid, so that its 

lower edge is at the level of the liquid surface. This eliminates the up thrust. 

Force = 2 * (w + t) * (ST) * cos φ 

Finally, if the contact angle is zero, cos φ = 1.0 

Force = 2 * (w + t) * (ST) * 1.0 

ST = Force / 2 * (w + t) 

ST = Force / perimeter (mN/m) 



Chapter 2 

Ph.D. Thesis  Bhagyashree Joshi  University of Pune, December 2006 

 

29 

References 
 

1. “Why Brewster angle microscopy – BAM”, Technical note, KSV instruments 

Ltd., Finland. 

2. Serway, College Physics, 5/e, Text Figure 24.21. 

3. http://scienceworld.wolfram.com/physics/FresnelEquations.html 

4. Phys 114 – Lecture 25, Natalie Holzwarth  

5. http://users.otenet.gr/~garof/Bam 

6. Ruiz-Garcia J., Qui X., Taso M. W., Marshall G., Knobler C. M., Overbeck G. A., 

Mobius D., J. Phys. Chem. 1993, 97, 6955. 

7. Werkman, P. J.; Schouten, A. J.; Noordegraaf, M. A.; Kimkes, P.; Sudho¨lter, E. 

J. R. Langmuir 1998, 14, 157. 

8. Gehlert, U.; Weidemann, G.; Vollhardt, D.; Brezesinski, G.; Wagner, R.; 

Mo¨wald, H. Langmuir 1998, 14, 2112. 

9. Deschenaux, R.; Megert, S.; Zumbrunn, C.; Ketterer, J.; Steiger, R. Langmuir 

1997, 13, 2363. 

10. Cohen Stuart, M. A.; Wegh, R. A. J.; Jroon, J. M.; Sudho¨lter, E. J. R. Langmuir 

1996, 12, 2863. 

11. Vollhardt, D.; Melzer, V. J. Phys. Chem. B 1997, 101, 3370. 

12. Melzer, V.; Vollhardt, D. Phys. Rev. Lett. 1996, 76, 3770. 

13. Overbeck, G. A.; Ho¨nig, D. Mo¨bius, D. Thin Solid Films 1994, 242, 213. 

14. Vollhardt, D.; Melzer, V. J. Phys. Chem. B. 1997, 101, 3370. 

15. Melzer, V.; Vollhardt, D. Phys. Rev. Lett. 1996, 76, 3770.  

16. De Mul, M. N. G.; Mann, J. A., Langmuir 1994, 10, 2311. 

17. Friedenberg, M. C.; Fuller, G. G.; Frank, C. W.; Robertson, C. R. Langmuir 1994, 

10, 1251. 

18. Yuh-Lang Lee, Yaw-Chia Yang, and Yu-Jen Shen, J. Phys. Chem. B. 2005, 109, 

4662-4667. 

19. D. Vollhardt, S. Siegel, D.A. Cadenhead, J. Phys. Chem. B. 2004, 108, 17448-

17456. 

20. Werkman, P. J.; Schouten, A. J.; Noordegraaf, M. A.; Kimkes, P.; Sudho¨lter, E. 

J. R. Langmuir 1998, 14, 157. 



Chapter 2 

Ph.D. Thesis  Bhagyashree Joshi  University of Pune, December 2006 

 

30 

21. Gehlert, U.; Weidemann, G.; Vollhardt, D.; Brezesinski, G.; Wagner, R.; 

Mo¨wald, H. Langmuir 1998, 14, 2112. 

22. “Insoluble Monolayers at Liquid Gas Interface”, G. L. Gaines Jr., Interscience, 

New York, 1966. 

23. “Langmuir and Langmuir Blodgett films: What and How?”, Application note 

#107, KSV instruments Ltd., Finland. 

24. Ulman A., An introduction to Ultrathin Organic Films: from Langmuir-Blodgett 

to Self-Assembly, Academic Press, San Diego, CA, 1991. 

25. Technical manual from Nima technology, England. 



Chapter 3 

 

 

31 

 

 

 

 

CHAPTER 3CHAPTER 3CHAPTER 3CHAPTER 3    

    

    

DDDDESIGN, DEVELOPMENT AND ESIGN, DEVELOPMENT AND ESIGN, DEVELOPMENT AND ESIGN, DEVELOPMENT AND 

FABRICATION OF BAM AND LANGMUIR FABRICATION OF BAM AND LANGMUIR FABRICATION OF BAM AND LANGMUIR FABRICATION OF BAM AND LANGMUIR 

TROUGHTROUGHTROUGHTROUGH    

 

 

 

 

 

 

This chapter describes the indigenous development of the BAM instrument that 

has been carried out during this research work. 
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3.1 Design, development and fabrication of Brewster angle 

microscope 

The principle behind Brewster angle microscopy has been discussed in the 

previous chapter. The advent of this technique has allowed for detailed studies of 

Langmuir monolayers at the air-water interface. Such films that are prepared on the 

water surface in the Langmuir trough can be transferred from the water surface to 

solid support by the Langmuir-Blodgett technique. The quality of the transferred film 

depends crucially on the morphology of the floating film from which it is formed. 

Therefore, the in-situ qualitative visual inspection of these monolayers is of much 

interest. BAM has proven to be an extremely valuable tool for characterization of the 

morphology of insoluble monolayers of surfactant molecules at air-water interface. 

Instruments that are presently commercially available (comparative study in section 

1.4) have good performance but are rather heavy and very expensive. The designed 

BAM instrument along with Langmuir trough is compact, economical and easy to use. 

3.1.1 Design objective 

In Chapter 1, the initial development of the BAM instrument that was carried 

out in our laboratory has been discussed. In the setup, the incident laser light source 

and camera along with the imaging optics were tilted at the Brewster angle of the 

subphase. The collimator designed for that setup was heavy.  

In the typical setup of BAM, the air-water interface is illuminated at the 

Brewster angle with polarized light in the plane of incidence. The incidence angle has 

to be adjusted with high accuracy. This is achieved either by mirrors or by an optical 

fiber, which allows one to adjust the incidence keeping the same part of the film 

illuminated. One problem inherent to BAM is that the surface must be viewed under 

an angle and only a narrow strip of the area will be focused. The surface elements 

which are far away from this narrow strip appear fuzzy and unfocused. In the case of 

a BAM instrument developed by Meunier [1], the area of interest was scanned, 

retaining only a narrow strip around the focal line. The final image was then 

composed of these strips after they had been treated digitally to remove the 

compression. This leads to a good quality image but it takes a long time to capture 

and process the images. It is also mandatory that the image object does not move 
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during the capture. However, this is practically not possible. The depth of field of 

objective allows for a narrow strip of the film to be in focus. To enlarge this strip, one 

can increase the depth of field by decreasing the aperture of the objective. One can 

thus take images in focus on a strip a few tens of micrometer wide, and with an in-

plane resolution of about 5-10 µm. But increasing the depth of field decreases the in-

plane resolution of the microscope. To avoid all these drawbacks, in the current setup 

the laser source, camera and the imaging optics are mounted vertically [2]. The 

aperture of the objective is big enough to allow light reflected at the Brewster angle 

and the light scattered around this direction to be collected to form an image. Because 

the symmetry axis of the objective is vertical, the film is in focus and images are 

taken at video rate and hence reconstruction of the image is not required.   

The incident light beam in a Brewster angle microscope comes from a laser 

beam. This is the only light source because the light must have high intensity and the 

incident beam must have a well defined direction (parallel beam) to illuminate the 

surface at the Brewster angle as precisely as possible, otherwise the contrast of the 

images would be decreased. However, the drawback is that laser light produces 

interference fringes. Another difficulty is that, the reflectivity, even in the presence of 

molecules on the surface, is very low, typically of the order 10
-6

. This is a small value 

and very thin layers or low density monolayers will be difficult to observe in Brewster 

angle microscopy.  In order to cope with this, a high power laser and a sensitive video 

camera are needed and the parasitic light must be carefully eliminated. Meunier used 

a sensitive CCD camera in combination with Ar
+
 ion laser, but the drawback of this is 

a rather bulky instrument. Use of small compact laser diode in the current setup 

removes these limitations.  

In our design, we wanted to achieve good contrast and good sensitivity 

without using heavy or bulky parts. Section 3.1.2 describes the current BAM setup. 

3.1.2 Description of the BAM setup 

In the developed setup of BAM, the light source, collecting optics and the 

camera were mounted vertically. The incident p-polarized beam is directed onto the 

sample surface by a front surface silver mirror M1 of diameter 0.5 inch. The second 

mirror M2 directs the reflected beam into the lens system. The mirrors are supported 
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by a screw for adjusting the incidence and reflected angle. Figure 3.1-I shows the 

schematic of the vertical BAM set-up. 

The light source for the instrument is a laser diode (LaserMax LDM-4-650-25-

G, 25 mm long, 11 mm diameter) which emits 35 mW at 650 nm. The emitted beam 

passes through the Glan Thompson prism polarizer. A high level of polarization is 

important for obtaining high quality images. The lens system consists of a lens with 

focal length of 28 mm. The lens focuses the image on to a charge-coupled device 

(CCD). A working distance of at least 30-40 mm is required so that the barrier used 

for compression of the monolayer could easily pass under the microscope.  A 60 mm 

extension tube is inserted in front of the CCD camera to vary the magnification. The 

rack and pinion assembly is coupled to for fine movement of this extension tube. 

Mounts for laser diode, polarizer and mirror holder are fabricated from local 

industries as per our design. Figure 3.1-II and Figure 3.1-II shows the photograph of 

the entire setup of the instrument. 

The first step in aligning the microscope is to set the angles of the two mirrors 

close to the Brewster angle. The polarizer is turned 90
0
 from the plane of incidence 

and the laser diode is then rotated on the beam axis until no light is transmitted to the 

polarizer. The polarizer is then returned to the plane of incidence and the mirror M1 is 

then carefully set at the Brewster angle of water by adjusting the screw mechanism 

until no reflection is observed on the target. However, for real interfaces, the 

refractive index does not change abruptly from one value to the other, and these 

interfaces are more or less rough. As a consequence, the reflection is minimal but 

does not vanish at the Brewster angle. As the angle of the mirror M1 is changed, the 

alignment of the mirror M2 may have to be adjusted to ensure that the beam continues 

to be directed in the lens system and on the camera. The exact position of the spot of 

measurement was marked by calibrating with the reflected light from a TEM grid 

positioned under the microscope. 
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The camera used is a CCD camera (Kocom KCC 310). The camera has its 

maximum response at 650 nm and has a lower detection limit of 0.1 lux. The 

horizontal resolution of the camera is 450 TV lines. The output terminal contains both 

S-Video and a BNC connector. The detail specifications of the CCD camera are given 

in Appendix A. For real-time capturing of the images and also for storing the images, 

camera is coupled to the frame grabber add-on card. National Instrument NI IMAQ 

PCI 1411 frame grabber card is used for this application. The IMAQ PCI 1411 is an 

analog image acquisition (IMAQ) board designed to acquire color and grayscale 

images. The accompanied NI IMAQ driver software supports LabVIEW as a 

development environment. Chapter 4 discusses interfacing and programming of frame 

grabber card in detail. 

3.2 Langmuir trough design 

Agnes Pockles [4] first designed a trough with barriers for manipulation of the 

film at the air-water interface. In that design, the barriers were placed across the edges 

of the trough. Since then, the trough has been dramatically changed and developed. 

Today, the trough is fully computerized with the state-of-the-art electronics. Figure 

3.2-I presents a schematic of one barrier trough [5].  

 

Figure 3.2-I Schematic of the trough for deposition of monolayer 

In Figure 3.2-I, 



Chapter 3 

Ph.D. Thesis  Bhagyashree Joshi  University of Pune, December 2006 

 

39 

A, a trough, usually made up of teflon;  

B, a moving barrier that controls the pressure applied on the monolayer; 

C, a motor that moves the barrier; 

D, a balance that measures the pressure; 

While designing trough, few points should be taken into consideration. 

1. Leakage of the film must be prevented: In order to prevent the leakage of the film 

between the barriers and the trough edges, a good fit between the trough and the 

barrier is required. This is usually obtained by using barriers of square or 

rectangular cross-section and trough edges carefully machined flat.  

2. Spilling over of the sub phase must be prevented: To prevent spilling over of the 

subphase liquid, the trough edges must be non wetting. Either the trough must be 

constructed of a hydrophobic material or the edges must be coated to prevent 

wetting.  

3. Contamination must be prevented: The materials forming the trough must not 

contribute to the contamination of the system. Also, the liquid subphase should 

not affect the trough. 

4. The surface should be accessible for manipulation: The liquid surface is made 

accessible by making it rise slightly above the brim of the trough. The barriers for 

manipulation of the film can then rest across the edges of the trough. 

5. Choice of material: A solid piece of teflon is widely used for the trough and 

barriers. This is mainly because of cleanliness advantages, since it can be treated 

with strong oxidizing agents such as sulfochromic acid, or a mixture of nitric and 

hydrochloric acid to ensure a complete removal of organic contaminates.  

Taking into consideration all above points, a Langmuir trough has been 

designed and fabricated for depositing Langmuir films. A trough is made up of teflon 

that is a chemically inert material. It consists of a single barrier for compressing and 

decompressing the monolayer. Generally, the barrier mechanism is driven along the 

trough by a toothed belt. A precision DC motor and a gearbox move the belt 

mechanism. The combination turns the pulley at one end of the belt and barrier 

position is detected by a potentiometer attached to a second pulley at the other end of 

the belt. This becomes a more complex system to drive the barrier of the Langmuir 

trough and also generates heat and wastes power. So, at NCL, we designed a state-of-
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the-art LB trough [6] for horizontal barrier movement that totally eliminates belt and 

pulley mechanism. Figure 3.2-II shows the photograph of the developed trough. 

 

 

Figure 3.2-II Photo of the developed Langmuir trough 
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3.3 Choice of motor for barrier movement 

 Stepper motor and a DC motor are the two options that can be used for the 

barrier movement. A stepper motor uses frequency as input. The stepper motor has a 

permanent magnetized core surrounded by a magnetic field. Sending current to 

different phases of the motor alters the field, which makes the motor to take steps. A 

motor driver is used to translate a pulse train into phase current for the required 

motion. The current is set by the driver according to an excitation sequence. By using 

different sequences, the number of steps per revolution for the motor axis can be 

altered. On the other hand, a DC motor provides movement that is directly proportion 

to the voltage applied to it. The control signal to the dc motor is a voltage level. In the 

initial setup, stepper motor and driver circuitry with microcontroller module was used 

for controlling the direction and speed of the barrier. The approach of complete PC 

based solution has enabled us to choose a dc motor for the barrier movement. The 

advantage of using a dc motor is smooth movement and that the signals from the 

AD/DA card can be directly used to control the direction and speed of the motor.  

A dc motor is coupled to the barrier assembly with some mechanical 

arrangement is shown in figure. The forward, reverse direction and speed of the motor 

has been controlled through the real-time system software (Chapter 4: Section 4.9).  
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3.4 Pressure sensor 

The pressure sensor used for this application is Model PS4 [3] obtained from 

NIMA Technology, England. Figure 3.4-I shows the mechanical setup of the pressure 

sensor. 

 

Figure 3.4-I Mechanical setup of pressure sensor 

The pressure sensor has a magnetic coil, a moving arm of which is illuminated 

by IR-diode. A shadow cast by the arm falls on two IR detectors and the control 

electronics holds the arm in place, so that the shadow falling on each detector is 

always the same. The force required to hold the arm steady is then simply read off by 

measuring the current through the coil.  Figure 3.4-II and Figure 3.4-III shows the 

actual photograph of the pressure sensor. 
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Figure 3.4-II Photo of pressure sensor 

 

 

Figure 3.4-III Pressure sensor with signal conditioning circuitry  
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PS4 can support up to 500 mg load. This is equivalent to a range of more than 240 

mN/m for a 21 mm perimeter of Wilhelmy plate. The dimensions of the pressure 

sensor are 62 mm x 28 mm. 

Accuracy of the sensor is determined by the width of the plate, for 10 mm 

wide plate, the accuracy is 0.1 mN/m. 

The output from the pressure sensor is in volts and is terminated to a 5-pin 

DIN socket (Figure 3.4-IV). 

 

Figure 3.4-IV 5-pin DIN Socket 

3.4.1 Calibration of the sensor 

1. Calibration 

Force suspended from sensor Approximate output (volts) 

Output with empty weighing pan 0.2 V 

Output with pan + 100 mg: 0.6 V 

Procedure: (Figure 3.4-I) 

(a) Adjust VR2 potentiometer until 0.2 V is displayed. 

(b) Add 100 mg weight and adjust VR3 potentiometer until 0.6 V is 

displayed. 

(c) Remove the weight and verify whether 0.2 V is displayed. 

(d) Adjust VR2 again, if necessary. 

2.   Calibration check 
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For calibration check, use the developed software (Chapter 4: Section 4.5) for 

measuring the surface pressure. 

(a) Attach the empty weighing pan to the sensor and “Zero” the reading with 

control software. 

(b) Then, add the 100 mg calibration weight and display should show 46.7 mN/m. 

This value is the equivalent of 100 mg force when measured with the standard 

21.0 mm paper plate. 

  Surface tension = Force / Perimeter 

                            = 100 mg / 21 mm 

                            = 0.981 mN / 0.021 m 

                            = 46.7 mN/m  

The pressure sensor is mounted on specially designed and fabricated holder (Figure 

3.4-V). It can be moved vertically to adjust the height of the pressure sensor from 

trough. 
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Figure 3.4-V Pressure sensor along with holder 
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3.5 Hardware Design 

This section describes in detail the hardware used to implement the interface 

between the National Instruments AD/DA card NI 6014 and the DC motor drivers for 

the generation and reading of motor signals. It also describes the interfacing of 

pressure sensor with NI 6014 AD/DA card for measuring surface pressure. Need to 

use single multi I/O card for the entire application was the main criterion for selecting 

the add-on AD/DA card. Hence, the same card (NI 6014) is used in Analog input 

(AI), Analog output (AO) and digital input/output (DIO) mode.  The card acts as true 

input-output card and can generate signals and can receive the data from external 

system. 

3.5.1 Data Acquisition Card PCI-6014 

NI 6014 device is a high performance multifunction analog, digital and timing 

I/O device for PCI. NI 6014 has a 68 pin connector and features 16 channel (eight 

differential) of 16 bit AI, two channels of 16 bit AO and eight lines of digital I/O 

(DIO). 

Because of the NI standard architecture for data acquisition and standard 

specification, the NI 6014 is completely software configurable.  

I/O connector detail and pin assignment of the card is given in Appendix B.  

3.5.1.1 Analog Input section 

AI of the card is being used for measuring surface pressure. The AI section of 

the NI 6013/6014 is software configurable. The following sections describe in detail 

each AI setting. 

The AI signals for NI 6014 are ACH0 (0 … 15), AISENSE and AIGND. 

Input modes: It has two input modes. 

1. NRSE: Non referenced single ended 

A channel configured in NRSE mode uses one AI line, which connects to the 

positive input of Programmable Gain Instrumentation Amplifier (PGIA). The negative 

input of the PGIA connects to AISENSE. 

2.  DIFF: Differential mode 
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A channel configured in DIFF mode uses two lines. One line connects to the 

positive of Programmable Gain Instrumentation Amplifier (PGIA) and other connects 

to the negative of PGIA. 

Input Range 

The NI 6013/6014 has a bipolar input range that changes with the programmed 

gain. Each channel may be programmed with a unique gain of 0.5, 1.0, 10, or 100 to 

maximize the A/D converter (ADC) resolution. 

With the proper gain setting, the full resolution of the ADC can be set to 

measure the input signal. Table 3-1 shows the input range and precision according to 

the gain used.  

 

Gain Input  Range Precision 

0.5 –10 V to +10 V 305.2 µV 

1.0 –5 V to +5 V 152.6 µV 

10.0 –500 mV to +500 mV 15.3 µV 

100.0 –50 mV to +50 mV 1.53 µV 

Table 3-1 Input range and precision 

The output from the pressure sensor is connected to the AD/DA card in NRSE 

mode as shown in Figure 3.5-I. 

 

Figure 3.5-I NRSE mode 

Other two signals required for pressure sensor connector are +12 V and –12 V. 

These signals are generated by the power supply. 
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3.5.2 Interfacing of DC motor 

NI 6014 card in Analog output (AO) mode and in Digital input-output (DIO) 

mode is used to interface DC motor with barrier.  

3.5.2.1 Analog out for NI 6014 

The NI 6014 has two channels of 16-bit AO voltage at the I/O connector. This 

has a fixed bipolar output range of ±10 V. For controlling the speed of the motor, this 

signal is used.  

3.5.2.2 Digital I/O 

The NI 6013/6014 contains eight lines of digital I/O (DIO 0 ... DIO 7) for 

general purpose use. Each line of DIO can be configured as input or output. At system 

startup and on reset, all DIO ports are in high-impedance state.  

For controlling direction of the dc motor, DIO 4 and DIO 5 are used as control 

signals for the dc motor driver circuitry.   

3.6 DC motor driver 

L298, a dual full bridge driver, is used to control the dc motor in bi-directional 

mode. L298 is an integrated monolithic circuit in a 15-lead multiwatt and Power 

SO20 packages. It is a high voltage, high current dual full bridge driver designed to 

accept standard TTL logic levels and drive inductive loads, such as relays, solenoids, 

dc and stepping motors. Two inputs are provided to enable or disable the device 

independently of the input signals. 

A bi-directional dc motor control schematic is shown in appendix C, in which 

only one bridge is needed. The brake function (fast motor stop) requires that the 

absolute maximum rating of 2 Amperes must never be overcome.  

3.7 Input Signals for the Hardware 

Table 3-2 summarizes the input/output signals for the hardware that are 

generated by the AD/DA card, NI 6014, and the voltage supply. The signals are used 

for measuring the voltage from the pressure sensor and for controlling the speed and 

direction of the motor. All signals are wired to the main circuit card.  
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I/O Signals: 

Mode Channel number Input or Output Description 

Analog Input A0 – Channel 1 Input Pressure sensor 

connector 

Analog Output DAQ 0 Output Control the speed of the 

motor 

Digital I /O DIO 4 and DIO 5 Input Control the forward and 

reverse direction of the 

barrier 

Table 3-2 Input and output signals from hardware 

Signals (From power supply) 

Aplab model L236: 

+ 15 V supply voltage to Op1, 2 and 3 pin 7 

- 15 V supply voltage to Op1, 2 and 3 pin 4 

+ 5V logical supply voltage to L298 pin 9  

+ 5V supply voltage to L298 pin 11 (Enable signal) 

+10 V collector voltage of 2N355 

All ground references, both internally and externally are coupled together to insure 

signal levels. 

The developed instrument is controlled through the real time system software. The 

details about the software and its functioning will be discussed in Chapter 4. 
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Real time system software for controlling and interfacing with the system has 

been developed using LabVIEW. This chapter describes the basics of 

LabVIEW, creating a Graphical User Interface (GUI) and vision system 

implementation for real-time imaging of Langmuir monolayers. It also 

describes the implementation of other features for control, data acquisition and 

user interface. 
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4.1 Choice of Software 

In the initial development of the BAM instrument, Windows programming 

using Microsoft SDK was used for controlling and interfacing of the add-on cards and 

assembly language programming for microcontroller based stepper motor module. It 

was further decided that the current setup should be entirely a PC based solution for 

which the developed BAM instrument along with the Langmuir trough should be 

controlled and interfaced through LabVIEW software. Head, Instrumentation and 

Communication Group made PDS (Professional Development System) LabVIEW 7.0 

available to me for this development. Instrumentation and Communication Group, 

National Chemical Laboratory gave initial training on LabVIEW development. 

Compatible add-on card for data acquisition (NI 6014) and frame grabber card (NI 

1411) for real-time imaging of the monolayer has been selected. The details of the 

add-on card have been discussed in Chapter 3. All the controls and commands for 

data acquisition and vision system implementation with frame grabber card are 

developed in LabVIEW. 

4.2 LabVIEW environment 

4.2.1 Basics  

National Instruments LabVIEW [1] is a highly productive graphical 

programming environment that combines easy to use graphical development with the 

flexibility of a powerful programming language. LabVIEW offers an intuitive 

environment, integrated with measurement hardware, for the user to quickly produce 

solutions for acquisition, analysis, and presentation of data.  

4.2.2 Building the Virtual Instrument 

The Virtual Instrument is an important feature in LabVIEW. A VI is used in 

the same way as traditional sub procedures. All programs that are written in 

LabVIEW are called VI’s. With LabVIEW, the user can quickly build virtual 

instruments consisting of a front panel user interface and a block diagram. These user 

interfaces give interactive control of the software system.  
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Several predefined VI’s are included in the basic LabVIEW package. Two 

separate windows, the front panel and the diagram build up the programming 

environment in LabVIEW. Into these window variables, controls and VI’s can be 

imported from palettes. Appendix D gives more information on the LabVIEW 

environment. 

4.2.3 LabVIEW Features 

LabVIEW uses a patented dataflow programming model. It is the flow of data 

between objects on a block diagram, and not sequential lines of text. It determines 

execution order in LabVIEW and user can easily create diagrams that execute 

multiple operations simultaneously. Consequently, LabVIEW is a multitasking system 

capable of running multiple execution threads and multiple VI’s concurrently.  

LabVIEW VI’s are modular in design, so, any VI can run on its own or be 

used as part of another VI (sub VI). With this modularity, user can design a hierarchy 

of VI’s and sub VI’s that serve as building blocks in any number of applications.  

In many applications, execution speed is a critical consideration. LabVIEW is 

the only graphical programming system with a compiler that generates optimized 

code with execution speeds comparable to compiled C programs. To further improve 

performance, user can analyze and optimize time-critical sections of code with the 

built-in profiler. In this way, it increases productivity with graphical programming 

without sacrificing execution speed.  

4.2.4 Instrument Control 

The LabVIEW GPIB, VISA (Virtual Instrument Software Architecture), VXI, 

and Serial VI libraries use National Instruments’ industry-standard device driver 

software for complete instrumentation control. With the LabVIEW Instrument 

Wizard, immediate detection of any instrument connected to computer, including 

GPIB, VXI, Serial, and computer-based instruments, is possible. The wizard installs 

appropriate instrument drivers and helps to communicate with instruments. LabVIEW 

instrument drivers translate instrument capabilities into a set of high-level functions to 

reduce development time and simplify instrument control by eliminating the need to 

learn the complex low-level programming protocol for each instrument. 
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4.2.5 Data Acquisition and Control 

The data acquisition (DAQ) VI library acquires waveforms and generates 

signals with all National Instruments’ plug-in and remote data acquisition products. 

The plug-in boards are ideal for high-speed, direct control applications. LabVIEW 

also has drivers for I/O devices such as PLC’s, data loggers and single-loop 

controllers.  

4.2.6 Standalone Applications 

LabVIEW Application Builder is a feature to create and distribute standalone 

executable applications. These executable applications run at compiled execution 

speeds. For Windows platforms, the LabVIEW Application Builder features a 

Distribution Kit Builder for easily creating installation disks for executables. 

4.2.7 LabVIEW Competitive Advantage 

LabVIEW gives significant productivity gains when compared to traditional 

development tools. LabVIEW:  

• Reduces development time by a factor of 4 to 10. 

• Preserves capital investment in computer and instrumentation hardware. 

• Empowers a larger group of users to develop their own solutions. 

• Completes the entire application without the addition of more complicated 

development tools. 

• Simplifies complicated development tasks with powerful add-on tools for 

tasks such as data analysis and visualization, report generation, and corporate 

database connectivity. 



Chapter 4  

Ph.D. Thesis  Bhagyashree Joshi  University of Pune, December 2006 

 

56 

4.3 Development of Graphical User Interface (GUI) 

A Graphical User Interface (GUI) should be intuitive and easy to understand. 

BAM application is a scientific application that includes real-time imaging, recording 

and storing of the monolayer images along with real-time measuring, plotting and 

storing the data of surface pressure. To plot the pressure area isotherm, some inputs 

from user like molecular weight, concentration of the sample used and volume of the 

surfactant spread on the sub phase are required. In the similar way, motor 

configurations for direction and speed of the barrier need to be set by the user. For 

some experiments, user might be interested in finding pressure area isotherm or some 

times only in Brewster Angle Microscopy results. Considering the varied 

requirements from the user, it was decided to design GUI application that should have 

three different experimentation options for the user. These three options are: 

1. Combined application for BAM and for measuring and plotting pressure area 

isotherm. 

2. Plotting pressure area isotherm. 

3. Brewster Angle Microscopy and post processing function. 

In order to systematically integrate the user demands in the development 

phase, necessary inputs from the BAM instrument users of the Nano Science Group 

were taken. Also, a detailed study of the GUI functionality of the software available 

with LB trough from NIMA Technology was done. Furthermore, common guidelines 

regarding interface design were gathered from the literature [2]. The main GUI 

windows used in this application are shown in Appendix E. 

Two guiding principles were used in the implementation of the GUI. Firstly, 

the GUI was made simple. Only the information and choices that are necessary for the 

system to perform correctly are displayed. Secondly, the different windows follow a 

predefined template. The same gray background color is used in all windows, and all 

input fields are white. Additionally, all buttons have the same appearance, and buttons 

with similar functionality are situated at the same place in the different windows. 

Numbers of sub VI’s were created so as to minimize the controls and indicators on the 

front panel. All these aspects give a uniform view of the system and thereby make the 

program easier for the users to understand. Moreover, to get an even more clarified 
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GUI, information about that particular VI is situated in respective window. In case 

user wants to stop the application, an emergency stop button is provided on main 

GUI. 

4.4 LabVIEW software development for data acquisition 

This section describes the programming of AD/DA card NI 6014 with 

LabVIEW. The developed system in LabVIEW lets the user to configure some input 

parameters and then acquire, process and save the data on disk. Measurement of 

surface pressure, plotting of real-time pressure area isotherm and controlling and 

configuring DC motor parameters are the tasks which are to be performed by data 

acquisition card and LabVIEW software. Figure 4.4-I shows the data flow for data 

acquisition in LabVIEW. 

 

Figure 4.4-I Data flow for Data acquisition in LabVIEW 

4.4.1 NI–DAQ 7.0 software 

National Instruments’ measurement device NI 6014 supports NI-DAQ driver 

software that is an extensive library of functions and VI’s. All these functions can be 
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call from LabVIEW. Driver software has an application programmer’s interface 

(API), which is a library of VI’s, functions, classes, attributes, and properties for 

creating applications for the NI measurement device.  

NI–DAQ 7.0 includes two NI-DAQ drivers, each with its own API, hardware 

configuration and software configuration.  

1. Traditional NI-DAQ 

2. NI-DAQmx 

The data acquisition card NI 6014 used for this application supports traditional 

NI-DAQ driver. 

4.4.2 Programming channels using Traditional NI-DAQ 

Figure 4.4-II shows the data acquisition palette in LabVIEW. 

 

Figure 4.4-II Data acquisition palette 

Measuring Surface pressure:  

The voltage output from the pressure sensor model PS4 is terminated to 5 pin 

DIN socket and directly coupled to the channel [1] of NI 6014. The interfacing of the 

pressure sensor has been discussed in chapter 3. 

The function “AI Sample channel” (Figure 4.4-III) is used for reading the 

channel value. The function measures the signal attached to the specified channel and 
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returns the measured data. The AI Sample Channel VI performs a single, untimed 

measurement of a channel.   

 

Figure 4.4-III AI Sample channel API 

In Figure 4.4-III,  

Device is the device number assigned to the DAQ device during configuration. 

Channel identifies the analog input channel. The default input is channel 0. 

High limit is the highest expected level of the signal. The default input is 0. 

Low limit is the lowest expected level of the signal. The default input is 0. 

Sample contains the scaled analog input data for the specified channel. 
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4.5 Plotting of pressure area isotherm 

4.5.1 Input for X-axis 

On the X-axis either molecular area in 
20

A /molecule or trough area is plotted. 

To calculate the molecular area following inputs are required from the user. 

1. Concentration of the surfactant used. For example, 1 mg/ml or 2.5 mg/ml 

2. Molecular weight of the compound 

3. Amount of the solution spread on the sub phase to form a monolayer 

4. Target pressure for pressure control isotherm 

After the user provides the inputs, the software calculates the amount in gram of 

solution spread on sub phase. Then, the software calculates the number of molecules 

in a given amount of solution using Avagadro’s number. 

Molecular area = Area of the trough / Number of molecules 

As we are compressing the trough with barrier, area of the trough gets reduced by a 

factor of  1.03 cm2/sec. 

Therefore, the final input for the x-axis is given by the equation, 

(Area of the trough) – (number of seconds * 1.03) / number of molecules) 

4.5.2 Input for Y-axis 

On the Y-axis, the surface pressure in mN/m is plotted. 

Calibration of the pressure sensor has been discussed in chapter 3. To measure 

the surface pressure following steps have to be followed. 

1.   Clean the trough and fill it with pure Millipore water to be used as sub phase. Dip  

      Wilhelmy plate in the water and press ZERO on the GUI front panel. 

2.   To measure the surface tension of pure water, the plate is drawn up out of the 

liquid. 

      Press WATER ST to measure the surface tension of the pure water. The display 

should show the value of  ≈72 mN/m. 
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 Spread the surfactant on the surface of the water with the help of micro 

syringe and place the lower edge of the plate on the water surface. Press START to 

start acquiring different potentials from pressure sensor. 

Using equation, 

( (X * 46.7 mN/m ) / 0.8 V) – surface tension of the pure water 

where, X are the different potentials acquired in step 3. 

Every data point is then converted into surface pressure. This data is then 

plotted on y-axis of the graph and is stored in the file (*.xls or *.txt) on user specified 

path. For pressure control experiment it is compared with target pressure input by the 

user and stops if the required pressure has been reached. At the same time, barrier that 

compresses the film stops and maintains the pressure at that point. 



Chapter 4  

Ph.D. Thesis  Bhagyashree Joshi  University of Pune, December 2006 

 

62 

Figure 4.5-I represents the block diagram of the VI for real-time plotting of 

pressure area isotherm. 

 

Figure 4.5-I Block diagram of VI developed for pressure area isotherm 

In the combined application, real-time imaging and storing of the monolayer 

images, motor configuration for barrier movement, sensing and plotting the input 

pressure and comparing it with targeted pressure executes in a single loop. 
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4.6 LabVIEW software development for image acquisition 

Following section describes the programming of frame grabber card NI 1411 

in LabVIEW using integrated NI IMAQ software for real-time capturing, storing and 

processing of monolayer images.  

4.6.1 About NI IMAQ software 

National Instruments’ image acquisition device (IMAQ) includes NI-IMAQ 

software. NI-IMAQ is a set of functions that controls the National Instruments’ plug-

in IMAQ devices for image acquisition. NI-IMAQ contains methods for performing 

tasks ranging from device initialization to advanced high-speed image acquisition. 

The NI-IMAQ VI Library, a series of virtual instruments (VI’s) for using LabVIEW 

with IMAQ device are included with the NI-IMAQ software. 

4.6.2 Programming with NI-IMAQ 

The NI-IMAQ application programmer’s interface (API) is divided into three 

groups: (a) high-level functions, (b) low-level functions and (c) generic functions.  

With the high-level functions, programs can be written quickly without having 

to learn the details of the low-level APIs and driver. The low-level functions give 

finer granularity and control over the image acquisition process. However, greater 

understanding of API and driver is required. Generic functions allow setting up of the 

interfaces and sessions. They also close the interfaces and sessions when application 

is finished.  

To acquire images using the high-level or low-level functions, first establish a 

connection to an interface and create a session. This can be done with MAX 

(Measurement and Automation software) that is part of LabVIEW. All parameters 

configured in MAX for an IMAQ device are associated with an interface name. One 

device can be associated with more than one interface name, which allows several 

different configurations for one device. Interface name is used to refer to the device in 

the programming environment. Interface name information is stored in an interface 

(.iid) file and includes the device serial number, the camera file associated with each 

channel on the device, and the default channel. NI-IMAQ specifies all interfaces by a 
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name. By default, the system creates default names for the number of devices in the 

system.  

4.6.3 NI IMAQ VI palette 

Figure 4.6-I shows the IMAQ palette on the function palette of LabVIEW. 

 

Figure 4.6-I LabVIEW 7.0 function palette with IMAQ palette 

The most commonly used IMAQ VI’s are on the Image Acquisition palette. 

The image Acquisition →  IMAQ Low Level palette contains VI’s for more advanced 

applications. 
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4.6.4 Common NI-IMAQ VI Parameters 

IMAQ Session is a unique identifier that specifies the interface file used for the 

acquisition. This identifier is produced by the IMAQ Init VI and used as an input to all 

other NI-IMAQ VI’s. The NI-IMAQ VI’s use IMAQ Session Out, which is identical 

to IMAQ Session In, to simplify dataflow programming.  

The high-level acquisition VI’s - IMAQ Snap, IMAQ Grab Setup and IMAQ 

Sequence are required to wire IMAQ Session In. 

The acquisition VI’s use the Region of Interest input to specify a rectangular 

portion of an image frame to be captured. Use Region of Interest to reduce the size of 

the image you wish to capture. Region of Interest is an array of four elements with the 

elements defined as Left, Top, Right and Bottom. If Region of Interest is not wired, 

the entire image acquisition window is captured. Configure the default acquisition 

window using Measurement and Automation Explorer (MAX). 

Many acquisition VI’s require an image buffer to receive the captured image.  

IMAQ Create and IMAQ Dispose manage image buffers in LabVIEW. IMAQ 

Create, shown in Figure 4.6-II, allocates an image buffer. Image Name is a label for 

the buffer created. Each buffer must have a unique name. Image Type specifies the 

type of image being created. Use 8 bits for 8-bit monochrome images, 16 bits for 10-

bit, 12-bit and 14-bit monochrome images, RGB for RGB color images, and HSL for 

HSL color images. 

New Image contains information about the buffer, which is initially empty. 

When you wire New Image to the Image in input of an image acquisition VI, the 

image acquisition VI allocates the correct amount of memory for the acquisition. If 

you are going to process the image, you might need to wire to Border Size. Border 

Size is the width in pixels created around an image. Some image processing functions, 

such as labeling and morphology require a border. The input that receives the image 

buffer is Image in. The Image out output returns the captured image. 
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Figure 4.6-II IMAQ create VI 

IMAQ Dispose, shown in Figure 4.6-III, frees the memory allocated for the 

image buffer. Call this VI only after the image is no longer required for processing. 

 

Figure 4.6-III IMAQ Dispose VI 

4.7 VI created for real-time Image Acquisition 

Figure 4.7-I shows the VI developed for real-time acquisition of monolayer 

images. This VI gets activated when user clicks Start video for Brewster Angle 

Microscopy GUI. In case of combined GUI where real-time plotting of pressure area 

isotherm is also to be activated, both the VI’s are in a single loop. In this case, 

initialization process for both, frame grabber card and for AD/DA card will be 

executed outside the control loop. 

Four NI-IMAQ image acquisition types are available in LabVIEW — snap, 

grab, sequence, and ring. 

Snap: A snap acquires a single image into a memory buffer. Use this acquisition 

mode to acquire a single frame or field to a buffer. 
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Grab: A grab is a continuous, high-speed acquisition of data to a single buffer in host 

memory. This function performs an acquisition that loops continually on one buffer. 

Sequence: A sequence initiates a variable-length and variable-delay transfer to 

multiple buffers. Use a sequence for applications that process multiple images. 

Ring: A ring initiates a continuous high-speed acquisition to multiple buffers. Use a 

ring for high-speed applications where you need to perform processing on every 

image. 

We are using IMAQ Grab acquire VI for this application and simultaneously 

we are recording and storing the image file (in AVI file format) in user defined path. 

Following steps need to be completed for real-time continuous acquisition: 

1.  Call IMAQ Init to generate an IMAQ Session. 

2.  Use the IMAQ property node to find the image type and bits per pixel. 

3.  Create an image with IMAQ Create using the image type from the property node. 

4. Use file dialog box to save the recorded image file. 

5. Acquire the image with two VI’s, IMAQ Grab Setup and IMAQ Grab Acquire, for 

a grab acquisition in LabVIEW.  

IMAQ Grab Setup, that will be called only once, initializes the acquisition and 

starts capturing the images to an internal software buffer. 

IMAQ Grab Acquire, that will be called multiple times, copies the image 

currently stored in the internal buffer to a G image buffer. The Immediate? input 

to IMAQ Grab Acquire determines if the copy takes place immediately or waits 

for the next vertical blank. 

6. Use the write AVI VI to write the file in AVI format.  

7. After the program finishes copying images, call IMAQ Close once to shut down 

the acquisition. 
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Figure 4.7-I VI for image acquisition 

During the compression of the monolayer, images get recorded in AVI file 

with surface pressure value for each particular frame. For reading this AVI file, 

following VI’s were developed.  

Show video: This VI will read the specified AVI file and show video clip. 

Read AVI and display pressure value: This VI will read specified AVI file and display 

it frame by frame along with the surface pressure value associated with frame. The 

same file can be read by changing BCG (Brightness, Contrast and Gamma) values if 

required. Figure 4.7-II shows the block diagram for this VI. 
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Figure 4.7-II VI developed for “read AVI file and display pressure value” 

4.8 Image Display 

Many image acquisition applications require one or more images to be 

displayed. In LabVIEW, an image can be displayed directly on the front panel using 
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the Image Display control. To display an image on the Image Display control, place 

the image control on the front panel of VI. On the block diagram, wire the Image Out 

from an acquisition VI to the Image Display control terminal. Figure 4.8-I illustrates 

the use of an Image Display control to display an image. 

 

Figure 4.8-I Displaying an image using an image control 

4.9 Controlling motor signals in LabVIEW 

DC motor for barrier movement for compressing the monolayer is very 

important interface and needs to be controlled by software. Motor direction and speed 

are the two parameters that have to be controlled. 

Analog out (AO) of NI 6014 AD/DA card is used for motor speed and DIO (4 

and 5) are used for motor direction. (Chapter 3: Section 3.4.2). 

Four VI’s are developed: (a) for configuring the motor parameters, (b) forward 

barrier movement, (c) reverse barrier movement and (d) stopping the barrier.  

4.9.1 VI for Configuration of motor parameters 

Figure 4.9-I shows the VI that allows user to select the analog output channel 

and digital output channel that are configured in MAX. The direction for the motor is 

decided by setting bits 4 and 5 of the DIP switch on the front panel. This internally 

controls the hardware DIO. This VI is used as a sub VI for each GUI. 
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Figure 4.9-I Block diagram for motor configuration VI 

All the parameters from user are stored in the output cluster. These parameters 

are passed to main window by using the Unbundle function. Forward, Reverse and 

Stop action of the barrier uses these parameters in their VI’s.     

4.9.2 VI for FORWARD action of the barrier 

Figure 4.9-II explains the VI developed for Forward movement of the barrier. 

API’s used for this VI are: 

AO config: Configures the channel and allocates a buffer for analog output operation. 
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Figure 4.9-II AO configuration API 

AO Single update: Performs an immediate update of the channels in the group (Figure 

4.9-III). 

 

Figure 4.9-III AO single update API 

Opcode specifies the type of data retrieval the VI performs 

0 – Do not change the opcode setting. 

1 - Output data and update DAC’s (default setting). 

2 - Output data only, do not update DAC’s. 

3 - Update DAC’s. 

4 - Do not output data. Translate voltage or current to binary data only. 

DIO port config: Establishes a digital channel configuration. You can use the task ID 

that this VI returns only in digital port VI’s. (Figure 4.9-IV) 
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Figure 4.9-IV DIO port configuration API 

In Figure 4.9-IV, 

device is the device number you assigned to the DAQ device during configuration; 

digital channel is the channel name or port number that this VI configures; 

port width is the total width or the number of lines of the port in bits; 

line direction map specifies the direction of each line in the port. If a bit is 0 in the 

line map, the line is an input line. If a bit is 1, the line is an output line. Set line 

direction map to -1 to make all the lines in a port as output lines. Set line direction 

map to 0 to make all the lines in a port as input lines. 

DIO port write: Writes the value in pattern to the digital channel identified by task ID. 

(Figure 4.9-V) 

 

Figure 4.9-V DIO port write API 

In Figure 4.9-V, 

task ID identifies the group and the I/O operation. 

pattern is a bit pattern representing the desired state of the lines in the port. 

Figure 4.9-VI shows the block diagram developed for FORWARD action of motor. 
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Figure 4.9-VI Block diagram for FORWARD action of motor 

VI’s for Reverse and Stop action of the barrier have been developed on the 

same line as the one for Forward action of the barrier (Figure 4.9-VI). 
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This chapter covers the different systems that were studied with the developed 

BAM instrument. 
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5.1 Design Validation Experimentation 

Design validation of the developed BAM was done using standard surfactants 

to form Langmuir monolayers. Langmuir monolayer formed by fatty acids (stearic 

acid (SA)) and fatty amine (Octadecylamine (ODA)) were used for this purpose.  

Langmuir monolayers at the air-liquid interface play an important role in the 

application of the LB technique [1-3].  For a traditional LB film of amphiphilic 

molecule, the film quality is intimately determined by the characteristics of the 

precursor monolayer. As an alternative method, Langmuir monolayers have been used 

as a template to adsorb nanoparticles for the assembly of particulate thin film [4-6]. 

The behavior of monolayers of fatty acids and fatty amines and their related LB films 

are the most extensively studied systems for both research and application [7-10]. 

In this work, pressure area isotherm and Brewster angle images of SA and 

ODA were captured and compared with reference images and values reported in the 

literature [11-12].  

Experimental section 

Materials 

Octadecylamine (ODA, > 99% pure) and stearic acid (SA, > 99% pure) were 

purchased from Aldrich Chemicals. Both chemicals were used as received. 

Chloroform (> 99% pure) was supplied by Aldrich Chemicals and was used as the 

spreading solvent for the amphiphilic molecules. The concentrations of ODA and SA 

solutions were 1 mg/ml. Pure water was used as the sub-phase. The water used was 

purified by a Milli-Q plus water purification system with an electric resistance of 18.2 

MΩ. 

Method 

Pure water was used as the sub-phase, which has a pH value of 6.5 at the 

experimental temperature. Once the trough was filled with water sub-phase, the 

barrier was opened and closed once and all dust particles present on the surface were 

removed very carefully with a suction tube. The sample containing 1mg/ml of SA to 

form the monolayer was spread on the subphase by a microsyringe. Depending upon 

the trough area, approximately 25-30 µl of volume of surfactant solution was 

required. Care was to taken such that the monolayer did not get saturated. All the 
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parameters required for an experiment (like molecular weight, volume of the 

surfactant used, target pressure and motor configuration bits) were input through the 

interface software. 

After allowing 20 minutes for solvent evaporation, the monolayer was 

compressed at the rate of 1.03 cm
2
/min. The surface pressure area per molecule 

isotherm was plotted in real-time by continuous compression of the monolayer up to 

the defined targeted pressure. 

Initially, the BAM was adjusted on pure water surface till a dark image is seen 

on the PC monitor and then the BAM images of the monolayer were captured. Figure 

5.1-I shows the BAM image of pure water surface. It can be seen that the reflectivity 

does not vanish completely because of some surface roughness caused by capillary 

waves. When an insoluble monolayer is present at the air-water interface, the beam 

reflects and an image is shown according to the organization of the monolayer. 

 

 

Figure 5.1-I BAM image of pure water subphase 

The BAM images were obtained during the compression process and recorded 

along with the isotherm. Similar experiment was carried out for fatty amine. 

Octadecylamine was used for this purpose. Figure 5.1-II and Figure 5.1-III show the 

pressure area isotherm of the pure ODA and SA.  

 

 



Chapter 5  

Ph.D. Thesis  Bhagyashree Joshi  University of Pune, December 2006 

 

79 

 

Figure 5.1-II Pressure area isotherm of pure octadecylamine 

 

 

 

Figure 5.1-III Pressure area isotherm of pure stearic acid 
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Figure 5.1-IV Images of pure SA monolayer at air-water interface. The images 

correspond to state of (5.1-IV.a) ππππ=0 mN/m; (5.1-IV.b) ππππ=1 mN/m; (5.1-IV.c) 

ππππ=47 mN/m near collapse point; (5.1-IV.d) ππππ=35 mN/m after collapse point. The 

length of bar corresponds to ~ 80ππππm. 

Figure 5.1-IV illustrates the BAM images of pure stearic acid (SA) exhibiting 

the morphological information on SA monolayer at different surface pressures. When 

the occupied area of molecule is large, no light is reflected from the gas-water 

interface and a dark image is observed, which is identified to be the gas phase. On 

monolayer compression, bright zones of low contrast appear and the brightness and 

area of these zones increase gradually, indicating the increasing density of the 

monolayer and the formation of liquid phase. The bright zones tend to form a network 

structure, as shown in Figure 5.1-IV.a. The gas-liquid coexistence phases remain 

before the lift-off point of isotherm. As shown in Figure 5.1-IV.b, the liquid phase 

covers nearly the entire monolayer at surface pressure of 1mN/m. On further 

compression, the gas-phase zone disappears, but bright dots are seen instead of the 

sharp boundary (Figure 5.1-IV.c). Figure 5.1-IV.d, indicates the collapse of 
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monolayers to be 3-dimensional (3D) aggregates. The aggregates grow in size and 

density when the surface pressure decreases after collapse. 

 

Figure 5.1-V BAM images of ODA monolayer on air-water interface. The images 

correspond to state of (5.1-V.a) ππππ=0 mN/m; (5.1-V.b) ππππ=1 mN/m; (5.1-V.c) ππππ=10 

mN/m; (5.1-V.d) ππππ=38 mN/m; (5.1-V.e) and (5.1-V.f) ππππ=42mN/m near collapse 

point. The length of bar corresponds to ~ 80 µµµµm. 

The BAM morphology of ODA is different from that of SA as illustrated in 

Figure 5.1-V. However, the ODA monolayer does not show condensed patch domains 

as for the SA monolayer, but exhibit a cloudy-like morphology. Such a behavior of 

ODA monolayer is attributed to the higher hydrophilic property of amine group 

compared to the carboxylic group of SA, which can be verified by the higher 

solubility of ODA in water [13]. The higher interaction between the amine group and 

water promotes the spreading of ODA molecules on the gas-water interface. That is, 
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the coherent interaction among hydrophobic tails of ODA molecules is less than the 

interaction between amine group and water. As a consequence, the liquid phase of 

ODA does not form condensed domains as that of SA. At higher surface pressure, 

aggregates dots gradually appear. More significant collapse phenomenon can be 

inspected near the collapse pressure (Figure 5.1-V.f). 

Three different experiments were carried out to visualize the morphological 

change and assembly of the nanoparticles on Langmuir monolayers. The samples for 

these studies were provided by Nanoscience group at NCL, which is actively involved 

in the synthesis, surface functionalization and subsequent thin film formation of 

nanoparticles [14-17].  
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5.2 Experimentation 1 

In order to build a nano device for practical applications, the individual 

nanoparticles need to be assembled in a desired fashion. Most of the current research 

interest lies in ordered two-dimensional (2D) assembly of nanoparticles. 

Various attempts regarding the assembly of nanoparticles have been reported 

[18-22].
 
The Langmuir–Blodgett (LB) method [23-26] probably provides the best 

solution to the problem in the self-assembly process. It is also easy to transfer these 

films onto solid   substrates and control the film thickness by varying the number of 

monolayers deposited on the substrate. The reports available for 2D assembly of 

nanoparticles using the LB technique discuss the assembly of hydrophobized 

(organically dispersible) nanoparticles at the air-water interface. The driving force for 

the 2D assembly is the hydrophobic interaction between the hydrophobized 

nanoparticles. 

However, there are very few studies, which have probed the in-situ self-

assembly process at the air-water interface and there is little knowledge on what 

controls the assembly process. In this context, BAM becomes a very handy tool to 

explore the assembly process at the air-water interface in-situ [27]. This may provide 

more details about the organization process, thus, providing the necessary impetus to 

understand this assembly process in-situ at a microscopic level. 

In this work, synthesis of Ni nanoparticles in the aqueous phase, which were 

consequently phase transferred to organic phase in presence of stearic acid in the 

medium, has been discussed. Details regarding the sample preparation can be found in 

Ref [28]. Phase transferring the particles from aqueous to organic medium or the 

reverse can provide more flexibility as desired in their applications [29]. The aqueous 

colloidal nanoparticles have the potential of biological application [30] whereas, 

organic solvent based nanoparticles are preferred for catalysis [31-34]. The beauty of 

phase transfer is that the particles can be used in both the mediums without any 

appreciable change in their structure and properties. The hydrophobized Ni thus 

prepared, were organized at the air-water interface in the form of a Langmuir 

monolayer and it was observed that by controlling the pressure and concentration of 

hydrophobized Ni nanoparticles at the air-water interface, linear ribbon like 

assemblies could be obtained. The organization process was followed by surface 
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pressure area isotherm measurement, Transmission Electron Microscopy and BAM. 

BAM study was also performed to establish the assembled structure of the Ni 

nanoparticles at the air-water interface. This enabled us to understand the assembly 

process in-situ and suggests the importance of the concentration as well as surface 

pressure in obtaining the desired assembly of hydrophobized Ni nanoparticles. 

Pressure area isotherm study: 

The hydrophobized Ni nanoparticles capped with oleic acid and SA were 

weighed and dissolved in chloroform keeping the concentration as 1mg/ml. A known 

volume of this solution was spread on the surface of double distilled water at pH 6.5. 

Figure 5.2-I shows the π-A isotherm recorded from the Langmuir monolayer as a 

function of volume of nanoparticle solution added to the air-water interface. It is 

noticed that the surface pressure can be increased to 21 mN/m when the volume added 

is increased from 50 µl (curve 1) to 125 µl (curve 2). When the volume is further 

increased to 250 µl (curve 3) the monolayer could again be compressed up to a 

pressure of 25 mN/m beyond which the monolayer does not seem to be very stable as 

indicated by the change in the slope of the curve. The take-off area is increased with 

the increase in volume of the hydrophobized Ni nanoparticles added to the monolayer 

pointing to the presence of a more compact monolayer.   

 

Figure 5.2-I Surface pressure-area isotherm of hydrophobized Ni nanoparticles 

of different concentrations 

The long range assembly is a phenomenon that takes place at the air-water 

interface and is visualized in-situ using BAM. A real-time measurement of the 

domain structure formed at the air-water interface and the effect of pressure or 
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concentration of the Ni nanoparticles on the assembly pattern can also be studied 

using the same equipment.  

Figure 5.2-II.a to Figure 5.2-II.d demonstrate the Brewster angle micrographs, 

which correspond to the morphology of the assembled Ni nanoparticles at air-water 

interface at different surface pressures.  Figure 5.2-II.a illustrates that the particles at 0 

mN/m pressure were not arranged in any patterns, but, with the increase of surface 

pressure to 15 mN/m, the particles showed an interesting linear arrangement (Figure 

5.2-II.b and Figure 5.2-II.c). The concentration of the initial solution was then 

increased to 5 mg/ml and the hydrophobized nanoparticles were spread at the air-

water interface in a similar way. Also, the surface pressure was increased to 15 

mN/m. This did not produce any linear assembly at similar pressure and the whole 

surface appeared to be filled with the nanoparticles (Figure 5.2-II.d). This observation 

could be explained on the basis that due to such high concentration of the 

nanoparticles in chloroform the particles turned into clusters. The second reason could 

be the presence of large number of nanoparticles at the air-water interface bringing 

linear structures close to each other destroying the distinct linear type arrangement.  

 

Figure 5.2-II Brewster angle micrographs of hydrophobized Ni nanoparticles 

assembled at air-water interface 
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Correlating the results with TEM results 

Figure 5.2-III shows the TEM pictures when the monolayer was compressed at 

15 mN/m surface pressure and was transferred to the TEM grid by dipping it 

vertically. The images showed long range compact linear ensemble of the Ni 

nanoparticles at the air-water interface, which can be correlated with the BAM 

pictures in Figure 5.2-II.b and Figure 5.2-II.c. 

The difference in the scale of BAM was basically due to the difference in the 

resolution of the two imaging techniques. The closely spaced area of the Langmuir 

film of Ni nanoparticles as observed on TEM can not be resolved by BAM and thus 

appeared as a thicker assembly. 

The TEM grid when lifted vertically from the Langmuir film, obtained by 

spreading Ni nanoparticles with the initial concentration of 5 mg/ml, was found to 

have no linear assembly, but disordered polydisperse particles all over the grid 

(Figure 5.2-IV). It could be linked to the BAM image observed for this case (Figure 

5.2-II.d). The particles appeared to be more aggregated and linear structures were 

very scarce.  

 

Figure 5.2-III TEM images obtained when the Ni nanoparticles monolayer was 

transferred on to a TEM grid at 15 mN/m pressure 
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Figure 5.2-IV TEM images when the monolayer was compressed at surface 

pressure 15 mN/m with the solution of initial concentration 5mg/ml 

Thus, it has been shown that the hydrophobized Ni nanoparticles can be 

assembled at air-water interface to yield closely packed nanoparticles’ Langmuir 

monolayer. We have shown that the BAM studies could be effectively used to get 

important information on factors that determine the assembly of the nanoparticles at 

the air-water interface. Availability of data like these can give us great control in 

assembling the nanoparticles in desired superstructure and can address many 

fundamental issues related to the assembly of nanoparticles at the air-water interface.  
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5.3 Experimentation 2 

The key technologies of the past half-century, transistors and semiconductors, 

all have been reducing in size, materials and costs while increasing power. 

Within the area of nanoscale electronics, research is currently focused on 

development of a “bottom up” approach to fabricate nanometer scale electronic 

devices. The motivation for the preparation of gold nanoparticles includes their 

potential utility in nanoelectronics, sensors and the vast basic knowledge we can gain 

from these novel materials [35].  

Nanoscience group at NCL has been actively involved in preparing and 

controlling the size and shape of the nanoparticles to form the linear assemblies. In 

such cases, apart from other characterization techniques, BAM is used as a qualitative 

method to probe into in-situ characterization of these nanoparticles at air-water 

interface.  

For this experimentation work, thiol capped gold nanoparticles were prepared. 

These particles were made using reverse micelle technique in the presence of thiol to 

get hydrophobized nano particle [36]. These particles have very narrow size 

distribution, i.e., in the range of 5-7 nm. These hydrophobized thiol capped gold 

nanoparticles were assembled at the air-water interface using the Langmuir technique. 

The main aim to use BAM was to observe in-situ images of the assemblies formed. 

For the assembly formation, these hydrophobized nanoparticles were spread on ODA 

monolayer on pure millipore water surface. 

It was observed that as soon as these particles were spread on the surface, 

without significant surface pressure, they self assembled in a linear fashion.  Figure 

5.3-I shows some of the BAM images of these particles. These images indicate that 

linear structures are being formed but further analysis is yet to be done. Figure 5.3-I.a 

shows the ODA monolayer at the pure water surface for comparison. Figure 5.3-I.b 

shows the images of thiol capped gold nanoparticles immediately after spreading. 

Figure 5.3-I.c and Figure 5.3-I.d show the self assembled BAM images of thiol 

capped gold nanoparticles. Scale bar is ≈ 80 µm. 
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Figure 5.3-I Brewster angle microscopy images of hydrophobized thiol 

nanoparticles assembled at air-water interface. Scale bar is ~80 µm. 
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5.4 Experimentation 3 

In this work, time dependent complexation of sodium borohydride (NaBH4) 

reduced gold nanoparticles and lemon grass reduced gold nano clusters with ODA 

Langmuir monolayers were studied.  

Sodium borohydride reduced gold nanoparticles were prepared as per Patil et 

al. [37]. These nanoparticles were spherical in shape and 7.5 nm in diameter. These 

nanoparticles have net negative charge on their surface [38]. Strong attractive 

electrostatic interaction between the negatively charged gold nanoparticles and 

positively charged ODA monolayer drives the complexation process.  

Lemon grass reduced gold nanoparticles were prepared as per Rai et al. [39]. 

These nanoparticles were triangular in shape and are of the size ≈ 567 nm. These 

nanoparticles have net negative charge on their surface. In order to confirm the charge 

on the gold nanoparticles, gel electrophorisis measurement was conducted. It was 

confirmed that there was a negative charge on the gold nanoparticles as we see them 

moving towards positive electrode under the influence of electric field. 

Complexation process depends upon the size, shape and charge of the 

nanoparticles. These three factors contribute for the mobility of the nanoparticles in 

solution. The kinetics of time dependent complexation of the nanoparticles at the 

interface was monitored by BAM technique.  

Brewster angle measurement: 

BAM was primarily used to monitor the topographic variations in the ODA 

monolayer as a function of complexation of gold nanoparticles. These images of ODA 

gold nanoparticles monolayer at the air-water interface were recorded as a function of 

time holding the barrier at a constant predetermined area.  
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Figure 5.4-I Time dependent complexation of sodium borohydride reduced gold 

nanoparticles 
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Figure 5.4-II Time dependent complexation of lemon grass reduced gold 

nanoparticles 
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Initially, the ODA monolayer was spread in drop wise fashion on the surface 

of colloidal NaBH4 reduced gold nanoparticles. After 20 minutes of spreading, the 

barrier was positioned to a specific area where the surface pressure was around 10 

mN/m (LC region from π-A isotherm). BAM images were recorded at subsequent 

time intervals and some of them are shown in Figure 5.4-I.a to Figure 5.4-I.c.  

Similarly, the images were taken for lemon grass reduced gold nanoparticles 

after subsequent time interval and some of them are shown in 5.4-II.a to 5.4-II.c 

BAM images clearly indicate that as the gold nanoparticle density at the air-

water interface increases, the surface becomes more rigid and dense. The white 

domains also appear to be more continues than those observed at time t = 0. From the 

kinetics of the complexation process, it is evident that more spherical particles bind to 

ODA monolayer than the triangular nanoparticles in a given time due to their higher 

mobility. 
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This chapter covers the salient features of the work detailed in the thesis and 

the possible avenues for future work. 
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The developed BAM instrument coupled with Langmuir trough is an 

indigenous development for imaging Langmuir films at the air-water interface. While 

designing the instrument, a detailed study of commercially available instruments has 

been done taking into consideration the designing criteria. The developed instrument 

is compact, economical and does not include heavy and bulky parts. The instrument 

includes the pressure sensor for simultaneous measurement of surface pressure along 

with image acquisition. Real-time system software has been developed for 

controlling, imaging and storing the data. Following criteria have been used to make 

the instrument economical and user-friendly. 

1. No unnecessary motorized adjustments are incorporated. Usually one-time 

adjustment is necessary for the experimentation.  

2. Use of a small compact laser diode, instead of a laser, provides higher 

intensity/surface ratio with overall less laser power so as to avoid the potential 

danger of heating up the thin films. 

3. Good quality Glan-Thompson polarizer is used. High quality polarizer ensures 

maximum image quality. The instrument has achieved required contrast and 

sensitivity.  

4. User-friendly real-time system software has been developed using LabVIEW. It 

simultaneously plots the pressure area isotherm and captures and records the 

BAM images.  

5. User-friendly hardware and software tools make the set-up and alignment of the 

instrument easy and quick. 

The specifications of the developed instrument are as follows: 

BAM specifications: 

Optics:  

Light source: High power visible laser diode (25 mW @ 650 nm). 

Angle-of-incidence: 52-57° (for aqueous and non aqueous sub-phases) fine 

adjustment screw for angle-of-incidence adjustment. 

Polarizing Optics: High quality Glan-Thompson polarizers. 
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Imaging system:  

Detector: Computer controlled, high grade, CCD camera with 1/3 inch image sensor. 

Field-of-view: 3.6 x 4.8 mm². 

Resolution: < 10 µm. 

Langmuir trough specifications: 

Trough material: Teflon 

Trough area: 20 x 10 cm
2 

Pressure sensor specifications: 

Model: PS4 from NIMA Technology, England 

Surface tension measurement: Wilhelmy plate 

Accuracy: 0.1mN/m for 10mm Wilhelmy plate 

Dimension: 62 mm x 28 mm 

Mounting: Mounted on specially designed and fabricated holder which has vertically 

movement to adjust the height of the pressure sensor from trough.  

Software:  

LabVIEW based user friendly real time system software with built in controls 

and image acquisition. Continuous real-time monitoring of Langmuir films is done. 

Image recording in done in AVI format and is stored on hard disk. 

Future scope: 

With the developed BAM instrument, only qualitative analysis of the 

Langmuir films is possible. By accurately measuring the reflectivity, the developed 

instrument can be used as a quantitative BAM. It will enable to calculation of the 

thickness of the Langmuir monolayer. Use of a high sensitivity camera can further 

improve the image quality. In case of Langmuir trough design, an addition of the 

Blodgett technique can be useful for lifting up of the monolayer on to the solid 

substrate.  
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Appendix A: CCD Camera Specifications 

A.1 Specifications of the KCC310 CCD Camera 

Power  DC +12 V or AC 24 V 

Effective pixel                             410,000 (N), 470,000 (P) 

Image sensor                               1/3 inch 

Power consumption  150 mA or less 

Horizontal Resolution                                                 450 TV lines 

Scan system              525 line 2:1 interface 

Scanning frequency  

 

(H) 15.734 KHz (N)  (V) 59.94 Hz (N)     

(H) 15.625 KHz (P)   (V) 50 Hz (P) 

Sync system  Internal Sync. 

Video output system              

 

1.0 V p-p Composite signal  

(Sync. : 0.286 V p-p, Video : 0.714 V p-p) 

S-VHS Y Sig, C Sig, GND 

Minimum illumination 0.1 Lux at F 1.4 

S/N ratio 48 dB (AGC off, gamma = 1, Y signal) 

White balance                             Automatic White balance control 

Shutter speed  Auto IRIS (1/50, 1/60 – 1/100,000),                                                                                

Manual (1/50,1/60,1/250,1/500,1/1,000, 

1/2,000,1/4,000,1/10,000, Flickless) 

Gain control                       Automatic gain control (0~18dB), off 

Back light compensation   Off, Pattern1, Pattern2 

Output terminal  BNC and S-Video connector 

Dimension   65(W) x 54(H) x 71(D), 223 g 

Housing material                      Aluminum 

Figure A-I Specifications of KCC310 CCD camera 
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Appendix B: NI 6014 and NI 1411 Specifications 

B.1 Cards and Hardware 

Two types of cards were needed in this application.  

1. A data acquisition card, in order to generate and to receive signals sent between 

the system and the computer.  

2. A frame grabber card, also called Image Acquisition Board, is needed to carry out 

communication between the computer and the camera.  

Both the cards used are developed by National Instruments (NI) and are installed in 

the computer using PCI slots. 

B.2 Data Acquisition Card PCI-6014 

A multi I/O data acquisition card is used as an interface between the computer 

and the computers surroundings. The card can generate signals at the request from the 

computer as well as receive data from external systems. The type of the input signals 

is physical signals, both analog and digital. National Instruments DAQ card PCI-6014 

was used in this application. PCI-6014 card had several advantages. Firstly, the card 

had the desired number of input and output connections. Secondly, it was much 

cheaper than buying a specialized motor controller card.  
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Figure B-I Block diagram of DAQ card PCI-6014 

Connector details of the NO 6014: 

 

Device 

with I/O 

Connector 

 

Number 

of 

Pins 

Cable for 

connecting 

to 100-pin 

Accessories 

Cable for 

Connecting 

to 68-pin 

Accessories 

Cable for 

Connecting 

to 50-pin 

Accessories 

PCI-6014 68 N/A SH6868 Shielded 

Cable, SH68-68R1-EP 

Shielded Cable, R6868 

Ribbon Cable 

SH6850 Shielded 

Cable, R6850 

Ribbon Cable 
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Figure B-II I/O Connector Pin Assignment for the NI 6013/6014 
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Figure B-III Signal descriptions for I/O connector pins for DAQ 6014 

B.3 Frame Grabber Card IMAQ-1411 

A frame grabber card, also called Image Acquisition Board, handles the 

communication between the camera and the computer. The card converts analog 

video signals into digital form. The card is easily connected to the camera through a 

BNC cable.  

 

Figure B-IV NI 1411 
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Figure B-V NI 1411 Specifications 
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Appendix C: Schematic of L298 Driver Circuitry 

 

Figure C-I Schematic of L298 driver circuitry 
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Appendix D:  LabVIEW Environment 

The programming environment in LabVIEW consists of two separate 

windows, the front panel and the diagram. 

D.1 Front Panel 

The front panel is the interface for the written code. In the front panel, 

different types can be chosen e.g. Boolean, String, Numeric or Cluster. The 

functionality of each object such as representation or the data range with others can 

then be specified. The objects are dragged to the front panel from the Controls palette. 

This palette has several underlying menus (Figure D-I). 

 

Figure D-I Controls palette in the front panel 

On the front panel, all objects need to be defined as input variables (controls) 

or output variables (indicators). However, no wiring is done on the panel and the 
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placing of objects only affects the structure of the interface, it does not affect the 

execution of the code. The example in Figure D-II shows how the programming is 

done. 

 

Figure D-II Front panel of the add or subtract example 

Figure D-II shows the front panel of the plus or minus example. On the front 

panel, two different types of controls, a numerical (Numerical 1) and a knob 

(Numerical 2) are dragged onto the panel. They are either added or subtracted 

depending of the value of the boolean Operator. The sum is output in an indicator 

numerical (Result). The Operator, Stop, Numerical 1 and Numerical 2 are inputs and 

thereby are all controllers. When the VI executes, the controllers can be altered and 

the result of the equation is displayed in the result value, which is an indicator. The 

execution stops when the boolean Stop is pressed and the VI terminates.  
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D.2 Diagram 

The diagram is where the actual programming takes place. The objects that 

were created on the front panel have their corresponding icons in the diagram. These 

icons can be wired with different VI’s and other variables (Figure D-III). 

 

Figure D-III Functions palette in the diagram window 

From this palette, all different tools that are needed when programming, such 

as, case structures, I/O handling, timers and mathematical functions, can be dragged 

into the VI. In addition, the palette upholds a clear structure of the available VI’s. Due 

to the graphical programming method, with wiring objects in order to create 

functions, the code itself becomes well structured. Even if the diagrams can be big 

they are often easy to understand and the flow of the code is easy to follow. The “add 
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or subtract” example will give a picture as to how a diagram will appear. To be able to 

calculate the result more than once, a while loop is used (Figure D-IV).  

 

Figure D-IV Diagram of the add or subtract example 

The loop will continue until the Stop button on the front panel is pushed. To 

know about the type of operation that is requested, a case structure is applied. If the 

Operator button is in mode “add”, the “true” case is executed. In this case, the “add” 

block adds Numeric 1 and Numeric 2. After this operation, the case clause terminates 

and the resulting value is output in Result on the front panel. If the Stop button is true, 

the term of the case is investigated again and the corresponding case clause is 

executed again. If the Stop button is false, the VI terminates. 
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Appendix E: Graphical User Interface 

The graphical user interface (GUI) of the developed real-time system software is 

shown in Figure E-I, Figure E-II and Figure E-III. 

 

Figure E-I Main GUI window 

 

Figure E-II Choice between different applications 
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Figure E-III Combined application of BAM and Pressure Area Isotherm 


