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Abstract 

Digitonin is an amphiphilic steroidal saponin, a class of natural products that can bind to 

cholesterol and lyse cells. Despite the known cell membrane lysis activity, it remains unclear 

how it interacts with cell membranes. In the present work, the interaction mechanism between 

digitonin and 1-Stearoyl-2-oleoyl-sn-glycero-3-phosphocholine (SOPC) has quantitatively been 

investigated using a combination of physical techniques. Ultraviolet-Visible (UV-VIS) 

absorption spectrophotometry , Fluorescence absorption spectrophotometry and  FT-IR 

spectroscopy, The values of the binding constants calculated at 293K are (             ,  

            ) . The Stern-Volmer quenching constant values were found to be      
          . 

 

 In this test with large unilamellar vesicles of (SOPC) and of different concentrations of  

digitonin , The interaction of digitonin with (SOPC) was determined , FTIR spectroscopy in the 

mid infrared region with Fourier self deconvolution, second derivative, difference spectra, peak 

picking and curve fitting were used to determine the effect of digitonin on the lipid , From the 

FTIR absorbance spectra, it is found that the intensity of the absorption bands decreased with 

increasing the concentration of  digitonin that was injected with (SOPC). 
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Chapter one. 

 

Introduction. 

 

This research work is concerned with using spectroscopic techniques such as Fourier 

Transform Infrared Spectroscopy (FTIR), UV-Vis spectroscopy and Fluorescence 

spectroscopy to investigate the effect of digitonin on SOPC lipid. 

 

The first spectroscopic technique that is used in this work was FTIR which is used in 

order to investigate the conformational changes  structure of SOPC upon the addition 

of different concentrations of digitonin on it. Investigation of structural changes 

includes changes in peak positions and peak relative intensities . 

 

UV-absorption spectroscopy is the second spectroscopic technique that is used to 

investigate the strength of interaction between SOPC with digitonin. The binding 

constant between SOPC and digitonin was determined. 

 

Fluorescence spectroscopy was used to confirm the calculation of binding constants 

as an indication of the strength of interaction. The Stern-Volmer quenching constants 

for digitonin interaction with SOPC will also be calculated. 

 

This thesis includes five chapters; The first chapter is an introduction. It shows the 

purpose and the importance of this work. It also gives information about each chapter 

in this thesis. chapter two will discuss the theoretical aspects to guide readers to the 

important ideas of this study. Chapter three includes details of the experimental, 

procedures, and instruments used. In chapter four the results obtained are presented 

and discussed. Final chapter contains the conclusions and future work. 

 

1.1.1 :Membrane. 
 

 Biological membranes consist of lipids, proteins, and carbohydrates. Figure 1.1 

shows the basic unit of the membrane which is the bilayer. Bilayer is formed by lipids 

organized in two layers with their polar headgroups along the two surfaces and their 

acyl chains forming the nonpolar domain in between. Integral membrane proteins are 

embedded in the lipid bilayers, which cannot be removed without disturbing the 

membrane.( Luckey 2008, Nelson 2004) 
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Figure 1.1 Membrane component.( Nelson 2004) 

 

 

Membranes are responsible for the selective permeability of cell envelopes that 

enables cells to take up many nutrients and exclude most harmful agents. The 

permeability is determined by both lipid and protein component of membranes. 

Proteins in the membrane make channels and transporters for ions and hydrophilic 

substances (Hannun 2008). 

 

Membrane is a very dynamic structure with constant activity on the surface as well as 

constant movements in the bilayer. The fluid nature of the membrane comes from the 

lateral movement. This movement enables interactions among proteins and between 

proteins and lipids to provide temporal associations that are important to membrane 

functions (Takai1979). 

 

1.1.2 :Lipids. 

 

 Lipids found in biomembrane are divided into three main classes of lipids, which are 

glycerophospholipids (or phospholipids), sphingolipids, and sterols and linear 

isoprennoids. The backbone of membrane phospholipids is the isomer called sn-

glycerol-3-phosphate. With fatty acyl chains in ester linkage on carbons 1 and 2, it 

becomes phosphatidic acid. The estrification of phosphatidic acid with another alchol 

creates the following phospholipids: phosphatidylcholine (PC), phosphatidylethano-

lamine (PE) , phosphadidylserine (PS), phosphatidylglycerol (PG), and phosphatid-

ylinositol (PI). These abbreviations are coupled with the abbreviated common names 

for acyl chains; for example, DOPC is 1,2-Dioleoyl-sn-glycero-3-phosphocholine, 

POPC is 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, and SOPC is 1-Stearoyl-

2-oleoyl-sn-glycero-3-phosphocholine (Nelson 2004). Figure 1.2 shows the chemical 

structures of  DOPC, POPC,and SOPC. The phosphate groups and headgroups are the 

polar portions, and the acyl chains are the nonpolar parts of these amphiphilic 

molecules. 

The structure of the lipid used for this work are diagrammed in Figure 1.2. SOPC 

 (1-stearoyl-2-oleoyl-sn-glycero-3-phosphatidylcholine) has two 18 carbon (Gomez-

Fernandez 2007). 
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Figure 1.2 : Various lipids found within a cell. SOPC, POPC, and DOPC are phospholipids. 
  

 

1.2: digitonin. 

Saponins represent an important class of  bioactive secondary metabolites produced 

mainly by plants which serve as natural defense compounds against herbivores and 

microbial infections (Keukens 1992). Saponins are present in many medicinal plants 

which have been used as anti-inflammatory, secretolytic, anti-fungal, anti-bacterial, 

cholesterol-lowering, anti-cancer drugs and as an adjuvant for vaccinations 

(Hostettmann 1995,). Chemically, saponins are either triterpenes or steroids (De 

Geyter 2012,Thakur 2011), which can carry one or several hydrophilic 

oligosaccharide chains connected to the aglycone via glycosidic or ester bonds 

(Thakur 2011) . In plants, saponins are stored in the vacuole as inactive bidesmosides 

which carry at least two sugar chains. When a plant is wounded or infected, a 

glucosidase or esterase is released which cleaves one of the sugar chains producing 

the bioactive amphiphilic monodesmosides (Wink 2008). Figure 1.3 shows the 

chemical structures of digitonin. 

 

Figure 1.3: Chemical structure of digitonin. 
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Such an amphiphilic nature of many saponin derivatives results in a strong surface 

activity, which can be used to make cell membranes permeable to allow for the access 

of various small molecules to nuclei and intracellular organelles (Liu 1999). Higher 

concentrations of monodesmosidic saponins completely lyse cells, which can easily 

be demonstrated using red blood cells. Digitonin, one of the steroidal saponins found 

in Digitalis species, has been widely used for the cell membrane permeabilization. 

Although other commonly used agents, such as Triton, glycerol, and toluene, interact 

non-specifically with cell membranes (Fiskum 1980)
 

, accumulating evidence 

suggests that digitonin specifically interacts with membrane sterols (Akiyama 1980, 

Yu 1986). 

The increase in the permeability of ions (Murphy 1980) , metabolites (Murphy1980, 

Zuurendonk 1974) and enzymes(Zuurendonk 1974) across cell membranes can be 

attributed to the decrease in the packing of hydrocarbon chains caused by the removal 

of sterols, which fill defects and free voids in the hydrophobic membrane core. The 

higher selectivity of digitonin activity toward cell membranes than organelles 

(Keukens1992, Stearns 1982) actually seems plausible if one considers the fact that 

cholesterol and other 3-hydroxysterols are present at high molar ratios in cell 

membranes (Fiskum 1980) . 
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Theoretical Background 
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Chapter two 

 
This chapter will cover theoretical aspects of this work, the first two sections will 

include a short historical background on the development of FT-IR spectroscopy and 

electromagnetic spectrum, next section will cover briefly molecular vibrations, the 

following three sections discuss the spectroscopic approaches used in this work; FT-

IR, UV-VIS, and fluorescence spectrophotometers. 

 

2.1 Fourier Transform Infrared (FT-IR) development. 

 FT-IR spectroscopy has been used to study the secondary structure composition, 

structural dynamics, conformational changes (effects of ligand binding, temperature, 

pH and pressure), structural stability and aggregation of proteins. Such information 

can be deduced from the spectral parameters: band position, band width and 

absorption; this standing due to the sensitivity and stability of spectrophotometers; 

which are valuable tools for the investigation of protein structural changes during 

molecular interactions (Kong, J et al. 2007). IR spectroscopy is one of the most 

common spectroscopic techniques used for structure determination in biological 

systems, due to high information content in an IR spectrum and its sensitivity to the 

chemical composition of molecules. (Uversky et al. 2007).                                             

  

  The discovery of infrared light can be dated back to the 19th century. Since then, 

scientists have established various ways to utilize infrared light. Sir William Herschel 

was the first to recognize the existence of infrared in 1800. In the late 1800s, Albert 

Michelson developed the interferometer for studying the speed of light. During 1882-

1900 several investigations were made into the IR region. Because of the numerical 

complexities of the Fourier procedure, it was not until 1949 that Peter Fellgett 

calculated a spectrum from an interferogram. In 1964, the discovery of the fast 

Fourier transform (FTT) algorithm by James Cooley and John Tukey reduced the time 

for the computer calculation of the transform from hours to just few seconds and 

spectacular advances have been made in the instrumentation from single beam to 

double beam dispersive spectrometers (Derrick, M.R et al. 1999). As was reported by 

Lakowicz, 2006; a number of mathematical techniques, such as Fourier self 

deconvolution (FSD) and derivative, have been developed to study proteins, also 

number of tools such as fluoru-spectrophotometer became a widely used scientific 

tool in biophysics and material science after pioneering research of Kasha, Vavilov, 

Perrin, Weber, Stockes and Forster in 1951 (lakowicz 2006).                                          
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2.2 Electromagnetic radiation and the photon. 

 

Radiation can be described as an electromagnetic sine wave, comprising of both 

electric and magnetic field components. Electromagnetic interactions result from 

the exchange of photons as the electromagnetic field is quantised, in quantum 

mechanical terms. Electromagnetic radiation is classified according to the frequency 

of its wave in the electromagnetic spectrum (Flower 2011).                                            

Spectroscopy is defined as the study the interaction of radiation with matter. 

Radiation is characterised by its energy, E. Radiation is emitted and absorbed in the 

tiny packets called photons. Photons can be described in two ways. Firstly, they can 

be said to hold particle properties, moving in straight lines at the speed of light. 

Photons have no detectable „rest‟ mass, which enables them to travel at light speed 

with respect to all observers. Photons do, however, have both energy and 

momentum and the photon energy will be conserved unless emitted or absorbed by 

a charged particle. Einstein‟s equation (E=MC
2
) cannot describe their energy 

however as they have no mass. Plank devised a constant to describe the relationship 

between photon energy and frequency (Stuart 2004 ).                                                      

 

The energy of the photon particle can be described mathematically (eq. 1) where h 

is Planck‟s constant (6.626 × 10
-34

 J.s) and  is the frequency (Hz). 

E= h  ………………………………(eq. 1) 

According to „wave-particle duality‟ in quantum physics, it is natural for the photon to 

display either particle properties or wave properties, according to its circumstances. 

Waves have two important characteristics, frequency  and wavelength  related by 

the speed of light c in a vacuum (2.998 × 108 m/s)( Flower 2011) (eq.2).                       

v= c/ ……………………………(eq.2). 

Therefore radiation, characterised by its energy E, is linked to the frequency  and 

wavelength  of the radiation by the Planck relationship .                                              

 

The energy of the electromagnetic wave is proportional to the frequency, or inversely 

proportional to the wavelength (eq. 3) 

E= h= hc/ ……………………(eq. 3) 

Where E is the energy, h is Planck's constant,  is frequency, and  is wavelength (Pavis 

et al 2008, Yadav 2005, Williams 1976, Ball 2001). 
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Vibrational spectroscopy in particular uses the reciprocal wavelength (1 / ) which 

is the number of wavelengths per unit distance, denoted as wavenumber (Flower 

2011). 
  

Vibration and rotation of atoms and molecules can be represented by discrete energy 

levels. A stream of particles, i.e. quanta, of energy interacts with matter by either 

absorption or emission. However, in order for interaction to occur, a quantum of 

energy must exactly fit between neighboring energy levels (Stuart 2004). For 

instance, given two neighboring atomic energy levels E1 and E2, absorption occurs 

when frequency is given by: 

 

=(E2-E1)/ h …………………(eq. 4) 

 

 

The electromagnetic radiation spectrum ranges, in wavelength, from millions of 

kilometers to fractions of femtometers, and is conventionally divided in many regions, 

as illustrated in Figure 2.1 . In terms of wavelength, the infrared region spans from 

1mm to 750nm, and is divided into three sub-regions: near (i.e. 0.75-5 μm), mid (i.e. 

5-30 μm) and far (i.e. 30-1000 μm) infrared. The near infrared region is closest to the 

visible spectrum, whereas the far infrared, as the name implies, is farthest (Hollas 

2004). 

 

 Most of the discussion from here on will be concerned with the mid infrared region. 

Care must be taken when using these infrared sub-region definitions, since there is no 

international standard for these specifications, and authors often disagree on the 

subject(Turro 1991). 

 

 

Figure 2.1: The electromagnetic spectrum in different units (Schmidt, 2005). 
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2.3 Wave propagation and absorption. 

One way to make the connection between particle and wave descriptions of a photon 

is to visualise a propagating wave packet. The speed of a wave depends upon the 

medium in which it propagates. The propagation of an electromagnetic wave in a non-

absorbing medium can be described mathematically as (eq. 5).                                       

  …………………………(eq. 5 ) .                                        A()= A0 ()e 
i( t-) 

where A is the amplitude,  is the angular frequency, t is the time,  is the phase angle 

and  is the polarisation angle (Flower 2011). The angular frequency is a measure of 

how fast an object is rotating about its axis and is expressed by the wavelength and 

refractive index n (Flower 2011). (eq. 6).                                                                         

 =c/ n ……………………………..………….(eq. 6). 

The refractive index must be modified to its complex form in the case for an 

absorbing medium (eq.7).                                                                                                 

 

n*= n+ ik …………………………..…………..(eq. 7) 

 

Here, the real part of the refractive index n is the ratio between c and the speed at  

which light travels in a material, known as the phase velocity p (eq. 8). 

n= c/p………………………………………….(eq.8) 

                    

When infrared radiation passes through a material, or medium, some intensity is 

absorbed through interaction with the molecules, and some intensity passes through 

without interaction. For an absorbing medium, the absorption coefficient  is one of 

many ways to describe the absorption of electromagnetic waves.  can be expressed 

in terms of the imaginary part of the refractive index k and the wavelength of light 

(eq. 9). The imaginary part k indicates the amount of absorption loss when the wave 

propagates through the material (Flower 2011).                                                               

 = 4k/………………………….……………(eq. 9) 

 

 Based on eq. 5, the transmittance of radiation at intensity I emerging through a 

material is related to the intensity of incident radiation I0 at the front face of the 

material, at a particular wavenumber (eq.10). The Beer Lambert Law results directly 

from this equation where  (cm) is the path length of the wave within the absorbing 

medium (optical thickness) and  is the molar absorption coefficient and c the 

concentration (mol dm
-3

) of the absorbing material (eq.11) (Flower 2011). 
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I  I0 e
- cl

……………………..…(eq.10) 

 

T I / I 0 =10 
cl

…………………(eq.11) 

 

The proportion of absorbed intensity of radiation over the total intensity that enters 

the material has a direct relation to the concentration of the material. Absorbance 

becomes linear with concentration (eq. 12) (Krishan 1975). 

 

  A= log( I0  / I )=  cl………………(eq.12) 

 

Absorbance is the negative logarithm of the transmittance (T) (eq. 13). 

…………………….(eq.13)                                         A=log(1/ T) = - log(T )= - log (I/I0) 

In the Beer-Lambert law, the concentration of an unknown material can be found by 

using the absorbance at a single wavelength. An absorbance spectrum, however, is a 

distribution of absorbance intensities for radiation passing through a sample over a 

series of wavelengths. Absorption varies with wavelength as the absorption 

coefficient has a different value at each wavelength (Krishan 1975).                              

 

When an interferogram is Fourier transformed it results in an output of light 

intensity at the detector versus the optical frequency. This raw, single beam 

spectrum contains information about the whole instrument; the sample, the sources, 

the ambient air, the optical components as well as any possible contamination in the 

optical path. As only the information due to the sample itself is of interest, first a 

reference spectrum called the background must be acquired and used to remove 

unwanted information from the raw spectrum. The reference spectrum only contains 

information about the environment in the instrument and all reference spectra for 

FTIR spectrometers have the same general shape (Hollas 2004, Schulman 1977).           

                                                 

To obtain the absorbance spectrum of the sample, the value at each wavelength in 

the sample spectrum is divided against the corresponding value at the same 

wavelength in the reference spectrum and the negative logarithm is taken (eq. 14). 

(Krishan 1975).                                                                                                                  

A = - log( sample /reference)……………(eq.14) 
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2.4.1 normal modes of vibration. 

 Fundamentally, the field of infrared absorption spectroscopy strides to determine the 

differences in energy caused by the absorption of infrared radiation when reflected or 

transmitted through a medium. In order for infrared absorption to occur, energy must 

cause a change in a molecule‟s electric dipole moment. This assertion is referred to as 

the selection rule. The selection rule implies that only heteronuclear diatomic or 

polyatomic molecules may show absorption in the infrared region.  

Changes in the dipole moments of a polyatomic molecule can be considered in terms 

of molecular vibrations and rotations. These movements occur according to the Figure 

2.2. The electromagnetic spectrum in different units (Schmidt, 2005).molecule‟s 

degrees of freedom. There are basically three types of degrees of freedom, 

translational, rotational and vibrational. The total number of a molecule‟s degrees of 

freedom is the sum of translational, rotational and vibrational degrees of freedom. For 

any molecule with N atoms, it follows that the total number of degrees of freedom it 

possesses is 3N. A general rule of thumb is that, since larger molecules have more 

degrees of vibration, they generally have many more peaks of absorption then smaller 

molecules. In addition, bonds of atoms that are farther away in the periodic table 

shows stronger bands than the contrary because they have stronger dipole momentum 

(Stuart, 2004).                                                                                                                    

 Each molecule produces a unique infrared absorption spectrum because of its 

particular bonds and structures. A mid infrared absorption spectrum of a molecule 

may be conceptually divided into two regions, namely the functional-group region 

and the fingerprint region. To illustrate this idea, Fig 2.2 shows the plot of the mid 

infrared spectrum of Hexanol, with the marked division between functional and 

fingerprint regions. As with the determination of near, mid and far infrared regions, 

there is currently no international standard or governing body to establish a set of 

specification to define these regions. The functional region is considered to have 

absorption bands due to molecular functional group bonds, whereas the fingerprint 

contains the response to the intrinsic skeletal vibrations, mostly unique to each 

molecule.                                                                                                                           
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Fig 2.2: Conceptual division of the mid IR spectra of Hexanol into functional and fingerprint 

regions. 

The division of the infrared spectrum into functional and fingerprint regions is 

important to analytical spectroscopy. The functional region typically offers more 

general information about a certain compound‟s chemical structure than the 

fingerprint region. By performing spectral analysis of the principal bands found in the 

functional region, we are generally able to correlate the sample to functional groups, 

which is particularly useful in the preliminary steps of molecular identification. On 

the other hand, infrared absorption in the fingerprint region of molecules that belong 

to the same functional group can be quite different. Peaks in the fingerprint region are 

very useful for classification, or in the last steps of molecular identification.                  

There are many factors that can make experimental infrared spectroscopy less than 

straightforward, and which can complicate a successful interpretation of the spectrum. 

When first observing infrared absorption profiles, one may easily realize that 

absorption bands aren‟t infinitely narrow. Broadening of bands can be attributed to 

many factors such as collision between molecules, finite lifetime of state transitions, 

time varying energy states or the Doppler effect (Stuart, 2004).                                      

Experimentally, spectral absorption lines of molecules may vary tremendously 

because of solvents, temperature and other environmental factors in place. Different 

temperatures may cause fluctuation in the number of vibrational and rotational 

degrees of freedom. For instance, at low temperatures one can selectively freeze 

degrees of rotational freedom (Schmidt, 2005). Solvents may interact with the 

molecule, also causing a change in a molecules‟ absorption lines. Nonetheless, in 

most cases, the major absorption lines of a given molecule are still apparent regardless 

of the solvent used or temperature changes.                                                                      

In addition, there are other complicating factors such as overtone, combination bands, 

Fermi resonance, coupling and vibration-rotation bands. Overtone bands are integer 

multiples of the fundamental frequency, which is proportional to wavenumber. A 

spectral measurement may show energy absorbed at a fundamental frequency of a 

band as well as at its overtone. Combination bands are additive in the sense that if a 
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molecule possesses bands at two different fundamental frequencies, it may show 

absorption of energy at a frequency equivalent to the sum of these two fundamental 

frequencies. On the other hand, a Fermi resonance may split an absorption band in 

two when an overtone frequency exists in the same or similar region as a fundamental 

frequency. Coupling occurs when adjacent atoms in a molecule have similar 

frequencies, which lead to a change in overall frequency of the bands. Vibration-

rotation bands occur when rotational motion is induced by a vibrational transition 

(Stuart, 2004).                                                                                                                    

These complicating factors must be taken in account when selecting or designing an 

infrared absorption spectroscope. Fortunately, there is a great variety of components 

that allows enormous flexibility in the design and configuration of infrared systems. 

In the next section, we discuss the current and future infrared system component 

technologies.                                                                                                                      

When the temperature is above absolute zero all atoms in the molecule undergoes 

vibrational motion with respect to each other, if the incident radiation has energy that 

matches the difference in energy between vibrational levels of atoms in the molecules, the 

molecule will absorb energy and become excited. 

 

There are two types of molecular vibrations, stretching (change in bonds length) and 

bending (change in bonds angel). The bond can stretch in phase (symmetrical stretching) 

or out of phase (asymmetric stretching) (Stuart 2004, Griffith & Haseth 2007, Williams 

1976). 

A polyatomic molecule with N atoms has a total of (3N) degrees of freedom; three of 

which are translational, and three rotational for nonlinear molecules, while two rotational 

degrees of freedom for linear molecules. The remaining degrees of freedom are for 

vibrational motion.They are 3N-6 for nonlinear molecules and 3N-5 for linear molecules, 

as shown in (Table 2.1) (Stuart 2004). 
 

Table 2.1: Molecule degrees of freedom. (Stuart, 2004). 

Type of degrees of freedom Linear Non linear 

Translational 3 3 

Rotational 2 3 

Vibrational 3N-5 3N-6 

Total 3N 3N 
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2.4.2 Quantum mechanical treatment of vibrations 

 I. The harmonic oscillator approximation treats a diatomic as if the nuclei were 

held together by a spring. The potential energy of classical harmonic oscillator 

depends upon the square of the displacement from equilibrium and the strength of the 

spring. All values of energy are allowed classically. The quantum mechanical solution 

to the harmonic oscillator equation of motion predicts that only certain energies are 

allowed,                                                                                                                             

    
 

  
√

 

 
   

 

 
 ………………………………….(eq.15) 

  The potential energy for diatomic molecule for harmonic oscillator approximation is 

shown below in figure 2.3 

 

II. The an-harmonic oscillator Real molecules do not obey exactly the simple 

harmonic motion, real bonds do not follow hooks law they are not so elastic. If for 

example a bond stretches of 60% of its real length then a molecular complicated 

situation should be assumed The Morse curve, for a molecule undergoing on 

harmonic extensional compression a purely empirical expression which fits this curve 

to good approximation was derived by P. Morse and is called the Morse function: 

      [        (      ) ]
 
…………………….(eq.16) 

 

 

a= constant for a particular molecule.                                                                                             

Deq= the dissociation energy. 

 When it is treated using Schrodinger equation and using 

    
 

 
         

  …………………….……………..(eq.17) 

then the pattern of the allowed vibration energy levels are found to be 

    (  
 

 
)  ̂  (  

 

 
)
 

          
                    …(eq.18) 

Where we is an oscillating frequency and ŵe is the oscillation frequency in wave 

number. Xe is the corresponding an-harmonicity constant which is positive and small 

for bond stretching (≈+0.01) this means that the vibration levels crowded more 

closely with increasing v ( Banwell, C. N 1972). 
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Figure 2.3: potential energy of a diatomic molecule as a function of atomic displacement 

(inter-nuclear separation) during vibration. The Morse potential (blue) and harmonic 

oscillator potential (green) (Wikipedia: Vibronic spectroscopy). 

 

For many vibrational modes a large number of atoms in the molecule are almost 

stationary and only few of them have large displacements. The frequency of such mode is 

characteristic of the functional group of these molecules and it is almost unaffected by 

other atoms in the molecule, which enabled scientist to assign each absorption band in the 

infrared region to a typical functional group (Griffith & Haseth 2007). The assigned wave 

number for each function group is shown in (Table 2.2). 

 

Table 2.2: Typical bond stretching and angel-bending group vibrations (Hollas 2004). 
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2.5 FT-IR Spectroscopy. 

FT-IR spectroscopy is a measurement of wavelength and intensity of the absorption of 

IR radiation by a sample (Settle, F.A 1997). The old ways of spectroscopy were 

heavily dependent on dispersion elements such as prisms or gratings so the different 

components of light ( λ, ν) are allowed into the sample separately, while Fourier 

Transform Spectroscopy allows simultaneous measurements at all frequencies and 

can be applied to both emission or absorption (Banwell, C. N 1972). Fourier 

transform spectrometers have greatly extended the capabilities of infrared 

spectroscopy and have been applied to many areas that are very difficult or nearly 

impossible to analyze by dispersive instruments (Shernan. M 2014). The most 

important advantage of FT-IR spectroscopy for biological studies is that spectra of 

almost any biological system can be obtained in a wide variety of environments (Li et 

al 2007) . 

 

2.5.1  Infrared (IR) Spectroscopy.  

IR spectroscopy is one of the oldest and well established experimental and analytical 

techniques available to today's scientists (Settle, F. A, 1997) . Simply, it is absorption 

measurement of different IR frequencies by a sample positioned in the path of an IR 

beam. The main goal of IR spectroscopic analysis is to determine the chemical 

functional groups in the sample. Different functional groups absorb characteristic 

frequencies of IR radiation. Using various sampling accessories, IR spectrometers can 

accept a wide range of sample types such as gases, liquids and solids. Thus, IR 

spectroscopy is an important and popular tool for structural elucidation and compound 

identification (Shernan. M 2014). 

2.5.1.1 IR-Region. 

 Infrared radiation spans a section of the electromagnetic spectrum having 

wavenumbers from roughly 13,000 to 10 cm-1, or wavelengths from 0.78 to about 

1000 μm. It is bound by the red end of the visible region at high frequencies and the 

microwave region at low frequencies (Shernan. M 2014). IR spectroscopists do not 

usually use the wavelength to plot their spectra but rather its inverse, wavenumber. 

Thus, wavenumbers are directly proportional to frequency, as well as the energy of 

the IR absorption. (Uversky, V. N et al. 2007; Shernan. M 2014). The IR region is 

commonly divided into three smaller areas: near IR, mid IR and far IR. Mid-IR 

between 4000 and 400 cm-1 is the most frequently used region and it is what we have 

used in this study. The rough limits for each IR region are shown in the figure 2.4. 
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Figure 2.4: Regions of IR spectrum (benjamin-mills.com). 

2.5.1.2 IR spectrum presentation. 

 IR absorption information is generally presented in the form of a spectrum with 

wavelength or wave-number as the x-axis and absorption intensity or percent 

transmittance as the y-axis. Transmittance, T, is the ratio of radiant power transmitted 

by the sample (I) to the radiant power incident on the sample (I0). Absorbance (A) is 

the logarithm to the base 10 of the reciprocal of the transmittance (T). 

       (
 

 
)                   

 

  
 …………….(eq.19) 

The transmittance spectra provide better contrast between intensities of strong and 

weak bands because transmittance ranges from 0 to 100% T whereas absorbance 

ranges from infinity to zero (Shernan. M 2014). 

 

2.5.1.3 Principle of IR absorption. 

 Principle of IR absorption by molecules is at the very heart of IR spectroscopy. 

Absorption is the process by which the energy of a photon is taken up by the matter. 

There are several types of physical processes that could lie behind absorption, 

depending on the quantum energy of the particular frequency of EM radiation for 

example; ionization and electronic transitions. In case of energy absorption, molecules 

are excited to a higher energy states including IR absorption. 

IR radiation does not have enough energy to induce electronic transitions as seen with 

UV and visible light. It corresponds to energy changes on the order of 8 to 40 

KJ/mole. Absorption of IR is restricted to excite vibrational and rotational states of a 

molecule. Its energy range corresponds to the range encompassing the stretching and 

bending vibrational frequencies of the bonds in the most covalent molecules. 

 If the frequency of the radiation matches the vibrational frequency of the molecule 

then the radiation will be absorbed, causing a change in the amplitude of molecular 

vibration. However not all bonds in a molecule are capable of absorption infrared 
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energy only if the vibrations or rotations within a molecule cause a net change in the 

dipole moment of the molecule then the bond is capable to absorb IR (Pavia, D. L et 

al. 2009).  

Infrared spectrum represents a fingerprint of a sample with absorption peaks which 

corresponds to the frequencies of vibrations between bonds of the atoms making up 

the material. Because each different material is a unique combination of atoms, no 

two compounds produce the exact same infrared spectrum. Therefore, infrared 

spectroscopy can result in a positive identification (qualitative analysis) of every 

different kind of material. In addition, the size of the peaks in the spectrum is a direct 

indication of the amount of material present (quantitative analysis) (Thermo Nicolet, 

2001). 

 The height of the peaks is defined by the Beer-Lambert relationship. It states that the 

concentration C is directly proportional to the absorbance A.  

That is: 

 A= abC……………………………………………..(eq.20) 

   

Where (a) is the absorptivity of the molecule and b is the path length or distance that 

the light travels through the sample (Workman, 1998). 

 

2.5.2 Theory of FT-IR spectroscopy. 

 

Waves can interact with one another, if they come from a similar source or 

frequency, causing interference effects. Two waves sharing the same frequency 

with amplitude will interact favourably. Their peaks and troughs will line up and the 

resultant wave will have amplitude of the summation of the two, known as 

constructive interference. Two waves interacting out of phase result in destructive 

interference. One wave‟s crests will coincide with another wave‟s troughs and will 

cancel each other out, resulting in amplitude of zero. The interaction of waves is the 

key concept of an interferometer (Krishan1975). 

An FTIR spectrometer consists of a globar light source, a two-beam interferometer 

(comprised of a fixed mirror, an adjustable mirror and a beam splitter) and a 

detector, such as mercury cadmium telluride (MCT). Modern interferometers are 

designed based on the original Michelson interferometer (Fig. 2.5). The Michelson 

interferometer divides the infrared beam into two paths by use of a beamsplitter 

which is reflected by two mirrors; one of fixed position and one that moves. The 

beams are subsequently recombined after path differences have been introduced, 

creating the opportunity for interference to occur between the beams. 
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Figure 2.5: Schematic of a Michelson interferometer: The initial IR beam is split by the 

beamsplitter. The two split beams move different distances and have different phase delays when 

recombined, hence causing an interference pattern (an interferogram) 

The split beams travel to different distances and hence have different phase delays 

when recombined. The resulting interferogram records the summation of cosine and 

sine contributions that display the signal intensity as a function of path length. The 

interferogram is Fourier-transformed which produces the sample spectrogram 

(Krishan1975). 

The interferogram is Fourier transformed with the help of computer to convert the 

space domain into wave number domain (Viji 2006). The basic integral equation used 

in FT-IR spectroscopy can be obtained from the definition of Fourier integral 

theorem. The basic equation used in the case of Michelson interferometer can be 

derived as follows: Let the amplitude of the wave (travelling in the z-direction) 

incident on the beam splitter be given as 

               
            …………………………………..(eq.21) 

Where Eo (v) is the maximum amplitude of the beam at z=0. The amplitude of the 

beam is divided at the beam splitter and two beams are produced. Let z1and z2 be the 

distances travelled by the beams when they recombine. Each beam undergoes one 

reflection from the beam splitter and one transmission through the beam splitter. If r 

and t are the reflection and transmission coefficients, respectively, of the beam 

splitter, then the amplitude of the recombined wave ER is 

  [       ]          [ 
                        ]  ……….(eq.22) 

By definition, the intensity after recombination of the beams for the fixed spectral 

range dv is given as 

               [       ]   
 
 [       ]   

    
    |  | [              ]  …………………..………(eq.23) 
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And the total intensity at any path difference x=(z1-z2) for the whole spectral range is 

obtained by integrating equation (16) as 

       |  | ∫   
      

 

 
  |  | ∫   

                
 

 
……….(eq.24) 

Fourier cosine transform of equation (17) converts intensity into spectrum as 

  
     (

 

 |  | 
)∫ *      

 

 
      +

 

 
           ………………..(eq.25) 

In the above equation, IR (0) represents the flux associated with waves at zero arm 

displacement where the waves for all frequencies interact coherently. Thus, IR (0) is 

the flux associated with coherent interference and IR(x) is the flux associated at path 

difference x.  *      
 

 
      +  is called the interferogram. 

The spectrum S(v), which is proportional to E0
 2
(v) can be given from equation (18) as 

        
              ∫ *      

 

 
      +

 

 
           ……..(eq.26) 

The interferogram is Fourier transformed with the help of computer to convert the 

space domain into the wave number domain (Cooper, A 2004). 

 

2.5.3 The sample analysis process by FT-IR spectrometer. 

 The normal instrumental process is as follows: 

 

The Source: Infrared energy is emitted from a glowing black-body source. This beam 

passes through an aperture which controls the amount of energy delivered to the 

sample (and, ultimately, to the detector). The Interferometer: The beam enters the 

interferometer where the “spectral encoding” takes place. The resulting interferogram 

signal then exits the interferometer. The Sample: The beam enters the sample 

compartment where it is transmitted through or reflected off of the surface of the 

sample, depending on the type of analysis being accomplished. This Is where specific 

frequencies of energy, which are uniquely characteristic of the sample, are absorbed. 

The Detector: The beam finally passes to the detector for final measurement. The 

detectors used are specially designed to measure the special interferogram signal. The 

Computer: The measured signal is digitized and sent to the computer where the 

Fourier transformation takes place. The final infrared spectrum is then presented to 

the user for interpretation and any further manipulation (Thermo Nicolet 2001). 
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Figure 2.6: FT-IR spectrometer layout and basic components (chemwiki.ucdavis.edu) 

 

2.6  Ultraviolet-Visible (UV-VIS) Spectrophotometer. 

This absorption spectroscopy uses electromagnetic radiations between 190nm to 800 

nm and is divided into the ultraviolet (UV 190-400 nm) and visible (VIS 400- 800 

nm) regions. Since the absorption of ultraviolet or visible radiation by a molecule 

leads transition among electronic energy levels of the molecule. It is also often called 

as electronic spectroscopy. 

  

Nature of electronic transitions. 

 Energy absorbed in the UV regions produces changes in the electronic energy of the 

molecule. As a molecule absorbs energy, an electron is promoted from an occupied 

molecular orbital (usually a non-bonding or bonding   orbital) to an unoccupied 

molecular orbital) an anti-bonding  * or σ* orbital) of greater potential energy, as in 

figure 2.7. 
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Figure 2.7: Relative energies of orbitals most commonly involved in electronic 

spectroscopy of organic molecules (Prof. Subodh Kumar. 2006). 

 

For most molecules, the lowest energy occupied molecular orbitals are σ orbitals, 

which correspond to σ bonds. So the possible electronic transitions are: 

                         

The energy of radiation being absorbed during excitation of electrons from ground 

state to excited state primarily depends on the nuclei that hold the electrons together 

in a bond. The group of atoms containing electrons responsible for the absorption is 

called chromophore (Hildebrandt, P & Siebert, F 2008). 

 

2.7 Fluorescence Spectrophotometer. 

 

Fluorescence spectrophotometry is a class of techniques that assay the state of a 

biological system by studying its interactions with fluorescent probe molecules 

(Dong, C. Y & So, P. T 2002). Luminescence is emission of light by a substance not 

resulting from heat; it is thus a form of cold body radiation. Luminescence is formally 

divided into two categories fluorescence and phosphorescence depending on the 

nature of the excited states (Soukpo´e-Kossi et al 2007). 

 Fluorescence and phosphorescence are photon emission processes that occur during 

molecular relaxation from electronic excited states. Fluorescence is that process in 

which the emission of light by a substance that has absorbed light or other 

electromagnetic radiation (Johnson. L & Spence. T. Z. M 2010). A fluorophore is a 

molecule that is capable of fluorescing. In its ground state, the fluorophore molecule 

is in a relatively low energy, stable configuration, and it does not fluoresce. 

Fluorophre is unstable at high energy configurations, so it eventually adopts the 

lowest-energy excited state, which is semi-stable. 
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The process responsible for the fluorescence of fluorescent probes and other 

fluorophores is illustrated by the simple electronic-state diagram (Jablonski diagram) 

shown in Figure (2.8) below 

 

Figure 2.8: The Jablonski diagram of fluorophore excitation (Dong, C.Y & So, P.T 2002). 

Where E denotes the energy scale; S0 is the ground singlet electronic state, S1 and S2 

are the successively higher energy excited singlet electronic states. T1 is the lowest 

energy triplet state (Dong, C.Y & So, P.T 2002). 

 The fluorescence lifetime and quantum yield are the most important characteristics of 

a fluorophore. Quantum yield is the number of emitted photons relative to the number 

of absorbed photons. The lifetime is determined by the time available for the 

fluorophore to interact with or diffuse in its environment, and hence the information 

available from its emission ( lakowicz 2006). 

 Fluorophores are divided into two main classes. First intrinsic fluorophores are those 

that occur naturally, such as aromatic amino acids. Secondly extrinsic fluorophore are 

added to the sample to provide fluorescence when none exists, or to change the 

spectral properties of the sample (lakowicz 2006).  

After the excitation occurs, the excited state exists for a finite time (typically 1-10 

nanoseconds). During this time; the fluorophore undergoes conformational changes 

and is also subject to a multitude of possible interactions with its molecular 

environment. These processes have two important consequences. First, the energy of 

S2 is partially dissipated, yielding a relaxed singlet excited state (S1) from which 

fluorescence emission originates. Second, not all the molecules initially excited by 

absorption return to the ground state (S0) by fluorescence emission.  

At Fluorescence Emission stage a photon of energy hυEM is emitted, returning the 

fluorophore to its ground state S0. Due to energy dissipation during the excited-state 

lifetime, the energy of this photon is lower, and therefore of longer wavelength, than 
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the excitation photon hυEX. The difference in energy or wavelength represented by 

(hυEX – hυEM) is called the Stokes shift (Johnson. L & Spence. T. Z. M 2010). 

  

2.8: Quenching. 
 

Decrease of fluorescence intensity by interaction of the excited state of the 

fluorophores with its surroundings is known as quenching and is relatively rare. 

Quenching can occur in several mechanisms, collisional quenching occurs when 

exited state fluorophores are deactivated upon contact with some other molecule in 

solution, which is called quencher (Sheehan 2009). For collisional quenching the 

decrease in intensity is given by Stern-Volmer equation: 

  

  

 
    [ ]        [ ]…………………………….(eq.27) 

Where K is Stern-Volmer quenching constant,    is biomolecular quenching constant, 

   is the unquenched lifetime, and    is the quencher concentration. The quenching 

constant indicates the sensitivity of the fluorophores to the quencher. There are a wide 

variety of molecules that acts as a collisional quencher such as oxygen, halogen, 

amines, and electrondeficient molecules like acrylamide. Quenching mechanism 

differ according to fluorophores quencher pair, for instance quenching of indole by 

acrylamide occur as a result of electron transfer from indole to acrylamide, while 

quenching by halogens and heavy atoms occurs as a result of spin orbit coupling and 

intersystem crossing to the triplet state ( Lakowicz, 2006, Sheehan 2009). Static 

quenching is another type of quenching. It occur in the ground state and does not rely 

on diffusion or molecular collisions. It occurs as a result of complex formation in the 

ground state between fluorophores and quencher (Turro, 1991). 
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Chapter three 

 

In this chapter experimental procedure has been discussed in details including sample 

preparation for FTIR, UV-vis spectroscopy, and fluorescence spectroscopy.  

The instrumentation of Fluorospectrometer (NanoDrop 3300), UV-vis spectrometer 

(NanoDrop1000), Bruker IFS 66/S . The experimental procedure followed in this 

research has been explained. 

 

3.1 samples preparations. 
 
1-Stearoyl-2-oleoyl-sn-glycero-3-phosphocholine (SOPC, 99 % pure, MW = 788.145 

g/mol)  with the chemical formula (C44H86NO8P) , digitonin with the chemical 

formula (C56H92O29) (MW = 1229.323 g/mol) , phosphate buffered saline (2.7 mM 

KCl and 137 mM NaCl, pH 7.4) and chloroform were used to prepare  the samples. 

All above chemicals were purchased from Sigma Aldrich Company and used without 

further purification. Optical grade silicon windows (NICODOM Ltd) were used as 

spectroscopic cell windows. These windows were purchased from Sigma Aldrich 

Company. 

  

FTIR measurements were carried out using several samples in the form of thin films 

of 1-Stearoyl-2-oleoyl-sn-glycero-3-phosphocholine, and digitonin solutions. UV-vis 

and fluorescence measurements were done using the liquid samples of the mentioned 

solutions. 

 

3.1.1 Preparation of SOPC stock solution. 
 

SOPC was dissolved in chloroform, to a concentration of (50 mg/ml), 2.5mg from 

stock solution was evaporated and dissolved in 2.5ml PBS  to get a final concentration 

of (1mg/ml) solution. 

To get small vesicles of SOPC ,incubation process and freezing – thawing cycle must 

using in this research .   

 

3.1.2 Preparation of digitonin stock solution. 
 
100 mg of digitonin was dissolved in 67.78 ml of  PBS to prepare 1.2 mM  stock 

solution. Different concentrations of digitonin (0.6, 0.5,0.4,0.3,0.2 and 0.1 mM) were 

prepared in PBS solution using molarity dilution equation. 
 

3.1.3 SOPC - digitonin solutions. 
 
The final concentrations of SOPC-digitonin solutions were prepared by mixing 20μl 

of SOPC and 4μl of digitonin. SOPC concentration in all samples kept at 1 mg/ml. 

However,    the final concentrations of digitonin in solutions are (0.6,0.5, 0.4, 0.3, 0.2 

and.0.1mM). 
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3.1.4 Thin film preparation. 
 

After cleaning silicon windows very well, 24 μL of each sample were applied on a 

certain area on the silicon window plate and left to dry at room temperature inside the 

incubator for 24 hours. The dehydrated films are prepared with the desired 

concentration of SOPC and digitonin . to obtain a transparent thin film on the silicon 

window. All solutions were prepared at the same time at room temperature. For 

background measurement, a clean silicon window has been kept in the same incubator 

together with the rest of samples, in order to have all samples in the same 

environment. 
 

3.2 Instruments. 
 
Many instruments can be used in studying the interaction of SOPC and digitonin . In 

this work the following instruments have been used in taking the measurements. 
 

3.2.1. Fluorospectrometer (NanoDrop 3300). 
 

Fluorescence measurements had been done using Flourospectrometer (NanoDrop ND-

3300) at 250C. The excitation source comes from one of three solid-state light 

emitting diodes (LED‟s),which are oriented 90° to the detector. A 2048-element CCD 

array detector, covering 400 –750 nm, is connected by an optical fiber to the optical 

measurement surface. The spectrometeris configured with a cut filter to eliminate 

light transmission below 395 nm. 

 

A 1-2 μl sample was pipetted onto the end of the lower measurement pedestal (the 

receiving fiber). A non-reflective “bushing” attached to the arm is then brought into 

contact with the liquid sample causing the liquid to bridge the gap between it and the 

receiving fiber. The gap, or path length, is controlled to 1mm. Following excitation 

with one of the three LEDs, emitted light from the sample passing through the 

receiving fiber is captured by the spectrometer. The NanoDrop 3300 is controlled by 

software run from a PC. The image below lists some of common fluorophores that 

can be measured using the NanoDrop 3300 along with the most appropriate excitation 

LED. 

The excitation source option includes the UV-LED with maximum excitation at 

365nm, the blue-LED with maximum excitation at 470nm, and the white-LED in the 

range 500-650nm. 
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Figure 3.1:Excitation LEDs. 
 

3.2.2. UV-VIS spectrophotometer ( NanoDrop ND-1000). 
 

The Thermo Scientific NanoDrop 1000 Spectrophotometer measures 1 μl samples 

with high accuracy and reproducibility. The full spectrum (220nm-750nm) 

spectrophotometer utilizes sample retention technology that employs surface tension 

alone to hold the sample in place.This eliminates the need for cumbersome cuvettes 

and other sample containment devices and allows for clean up in seconds. In addition, 

the NanoDrop 1000 Spectrophotometer has the capability to measure highly 

concentrated samples without dilution (50X higher concentration than the samples 

measured by a standard cuvette spectrophotometer). 

 

The sample was pipetted at the end of a fiber optic cable, and then a second fiber optic 

cable is brought in contact with the sample causing the liquid to bridge the gap 

between the fiber optic ends which is controlled between 1-0.2mm. A pulsed xenon 

flash lamp provides the light source that pass through the sample. The excitation is 

made at 210nm and emission occurs at 280nm. The sample size is not critical but the 

liquid column must be formed so that the gap between the upper and lower pedestals 

is bridged with the sample. 

 

3.2.3. Fourier Transform Infrared Spectroscopy (FTIR). 

 
The FTIR measurements were obtained on Bruker IFS 66/S spectrophotometer, 

equipped with liquid nitrogen –cooled MCT detector and a KBr beam splitter the 

spectrometer was continuously purged with dry air during measurement. The 

absorption spectrums in the mid infrared region (4000-400 cm-1) were taken and 

measured. Because of the need to a relative scale for the absorption intensity, a 

background spectrum must also be measured. This is normally a measurement with no 

sample in the beam. 

 

The two most popular detectors for a FTIR spectrometer are deuterated triglycine 

sulfate (DTGS) which is a pyroelectric detector that delivers rapid responses because 

it measures the changes in temperature rather than the value of temperature, and “our 

detector” mercury cadmium telluride (MCT) which is a photon (or quantum) detector 

that depends on the quantum nature of radiation and also exhibits very fast responses. 
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It must be maintained at liquid nitrogen temperature (77 °K) to be effective. Generally 

MCT detectors are faster more sensitive than DTGS detectors. 

 

3.3 Experimental Procedures: 

 

3.3.1. Fluorospectrometer procedure: 

 
The prepared liquid samples of SOPC free and SOPC-digitonin solutions were used to 

make the fluorescence Measurements in the following steps: 

 

With the sampling arm open, pipette the sample onto the 

lower measurement pedestal. 

 
 

 

 

 

 

Close the sampling arm and initiate a measurement using  

the operating software on the PC. The sample column is 

automatically drawn between the upper bushing and the 

lower measurement pedestal and the measurement is 

made. 

 

 

 

 

 

When the measurement is complete, open the sampling 

arm and blot the sample from both the upper bushing and 

the lower pedestal using low lint laboratory wipe to 

prevent sample carryover and avoid residue buildup 

 

 

 

 

 

3.3.2. UV-VIS spectrometer (ND-1000): 
 

The same samples used in UV-vis measurements were 

used following these steps: 

 

With the sampling arm open, pipette the sample onto the 

lower measurement pedestal. 

 

 

 

 



31 
 

 

Close the sampling arm and initiate a spectral 

measurement using the operating software on the 

PC. The sample column is automatically drawn 

between the upper and lower measurement 

pedestals and the spectral measurement made. 

 

 

 

 

 

 

When the measurement is complete, open the 

sampling arm and wipe the sample from both the 

upper and lower pedestals using a soft laboratory 

wipe. Simple wiping prevents sample carryover in 

successive measurements. 

 

 

When the NanoDrop ND-1000 and NanoDrop ND-3300 spectrophotometers are 

blanked, a spectrum is taken for the reference material, and stored in computer 

memory as an array of light intensities by wavelength. When a measurement of a 

sample is taken the intensity of light that has been transmitted through the sample is 

recorded, and then the sample intensity with the blank intensity was used to calculate 

the sample absorbance according to the following equation: 

 

Absorbance = A = -log ( Intensity sample / Intensity blank) 

 

Both the intensity of the blank and of the sample is needed to give the absorbance at a 

given wavelength. 

 

 

3.3.3. Fourier Transform infrared (FTIR) spectroscopy. 

 
The nitrogen gas cylinder is switched on by turning the switch on the top of the 

cylinder anticlockwise. When the gas reaches the mirror then a green led will start 

flashing at the base of the spectrometer. Liquid nitrogen must be employed inside the 

instrument and the prepared samples then can be delivered starting with the 

background sample. 

 

Each measurement is taken at a resolution of 4 cm-1 and an average 60 scans to 

increase signal to noise ratio, the aperture used in this study was 8mm, since it has 

been founded that this aperture gives best signal to noise ratio. Many manipulation 

techniques have been performed on all the spectra by OPUS software (Optic User 

Software) such as baseline correction, normalization, and peak areas calculations. The 

peak positions were determined using second derivative of the spectra. 

 

For temperature dependence study SOPC-digitonin complexes on silicon windows 

were placed into an infrared cell window. The temperature of the cell was controlled 

by an external water path and was increased gradually from 20
0
C to 80

0
C at 3

0
C per 5 
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minutes scan rate. Peak positions were determined using second derivative at 9 

smoothing points by OPUS software, calculation of areas under the different curves 

were performed using Fourier self deconvolution (FSD) techniques by OPUS 

software. 

 

The advantages of the FTIR instrument is the high speed and sensitivity, as it acquire 

the interferogram in less than a second. Modern FTIR spectrometers have a powerful 

computerized data system, as it can perform many data processing tasks (Jilie Kong, 

2007), a brief explanation of these tasks is given below: 

 

1.Baseline correction: 

 

The offset correction is performed by selecting a single point of multiple points on a 

spectrum and adding to them or subtract a y-value to correct the baseline offset. This 

processing step is used to bring the minimum point to zero, or to align the baseline of 

two or more spectra causing them to overlap. 

 

2. Derivatives: 

 

Derivatives are used to remove offset and slope due to background differences. In our 

study we have used second derivative to determine the positions of peaks. 

 

3. Fourier self deconvolution: 

 

It is the band narrowing technique that is most widely used in infrared spectroscopy of 

biological material. The aim of FSD is to enhance the apparent resolution of a 

spectrum, or to decrease the line width. So the broad and overlapping lines of 

spectrum can be separated into sharp single lines. 

 

The deconvolution correspond to a multiplication of the interferogram I(x) using the 

exp
ax

 deconvolution function for Lorentzian and exp
ax2

 for Gaussian shapes, which 

will intensifies the interferogram edges. 

 

The deconvolution factor is the maximum value of these functions at the end of the 

interferogram, deconvolution factors of 100, 1000, and 5000 correspond to a 

maximum amplification of 3.4, 12.8, and 40 in the case of Lorentzian shape, and 1.06, 

3.2, and 16 in the case of Gaussian shapes. If you work with Lorentzian shapes it is 

recommended to increase the deconvolution factor in the order of 50, 100, 1000, 

5000, and to stop if the resultant spectrum shows artificial oscillations (Bruker, 2004). 

Successful application of FSD will enhance peak separation on overlapping 

absorption bands.   

 

4. Curve fitting: 

 

The curve fitting command allows calculating single components in a system of 

overlapping bands, a model that consists of an estimated number of bands. A baseline 

should be generated before the fitting calculation is started. The model can be set up 

interactively on the display and is optimized during the calculation (Brucker, 2004). 
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Chapter four 

 

Results and Discussion. 

 This chapter includes the main results, analysis and discussions of our data. In the 

first section, UV-VIS spectrophotometer results are discussed and analyzed. The next 

section deals with fluorescence spectrophotometer results. In the final section, FT-IR 

graphs and data analysis are given. 

4.1 UV-absorption spectroscopy: 
 

UV-absorption spectroscopy was used to determine the binding constants between 

SOPC and digitonin. The strength of interaction between SOPC and digitonin is 

dependent on the binding constant which can be calculated using graphical analysis of 

the absorbance spectrum. 

 

The absorption spectra for  SOPC and digitonin with different concentrations of 

digitonin were recorded and shown in (Fig 4.1). The excitation has been done at 210 nm, 

while the absorption is recorded at 280 nm. The UV absorbance intensity of SOPC has 

decreased with increasing digitonin concentration.  
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 Figure 4.1: UV absorbance spectra of SOPC-digitonin complexes at different digitonin concentrations                 

(a: 0.0mM, b: 0.1mM, c: 0.2mM, d: 0.3mM, e: 0.4mM, f:0.5mM, and g:0.6mM) 
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4.1.1. Determination of binding constants (K) by UV absorption 

spectroscopy: 
 

To determine the binding constant (k) by UV-Vis. spectroscopy a plot of  
 

    
 VS 

 

 
  

is made.This plot indicates a linear relation and the binding constant (k) is found by 

taking the ratio of the intercept to the slope, which can be seen clearly from the 

following equation (Darwish et al. 2012). 

 
 

      
 

 

       
  

 

        
 
 

 
 

 

Where    corresponds to the absorption of SOPC at 280nm in the absence of 

digitonin, while    is the final absorption of SOPC after it binds to the digitonin, and  

   is the recorded absorption at the different concentrations of the digitonin.   

 

A plot of  
 

    
 VS 

 

 
  for different concentrations of digitonin in SOPC-digitonin 

complexes is shown in (Fig. 4.2). 

The binding constant for SOPC-digitonin is calculated to be                 
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Figure 4.2: the plot of  
 

    
 VS 

 

 
  for SOPC with different concentrations of digitonin. 
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4.2 Fluorescence spectroscopy: 

 
Fluorescence spectroscopy can be applied to a wide range of problems in the chemical 

and biological sciences. The measurements can provide information on a wide range 

of molecular processes, including the interactions of solvent molecules with 

fluorophores, conformational changes, and binding interactions (Lakowicz 2006). 

 

Various molecular interactions can decrease the fluorescence intensity of a compound 

such as molecular rearrangements, exited state reactions, energy transfer, ground state 

complex formation, and collisional quenching (Turro 1991, Sheehan 2009). The   

emission occurs at 439 nm. 

 

The fluorescence emission spectra of SOPC with various concentrations of digitonin 

(0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 mM) are shown in (Fig 4.3).  
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Figure 4.3: The fluorescence emission spectra of SOPC with various concentrations of 

digitonin (0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 mM). 
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4.2.1. Determination of Stern-Volmer quenching constants (Ksv) and             

the quenching rate constant (Kq): 

 
Fluorescence quenching can be induced by different mechanisms that were usually 

classified into static quenching and dynamic quenching. Dynamic quenching arises 

from collisional encounters between the fluorophores and quenchers while static 

quenching results from the formation of a ground state complex between the 

fluorophores and the quenchers (Turro1991). 

For dynamic quenching, the decrease in fluorescence intensity is described by Stern-

Volmer equation (Lakowicz 2006, Sheehan 2009). 

  
  

 
      [ ]        [ ] 

 
Where F and F0 are the fluorescence intensities with and without quencher,    is the 

quenching rate constant,     is the Stern-Volmer quenching constant, (L) is the 

concentration of digitonin, and    is the average lifetime of the biomolecule without 

quencher. 

The Stern-Volmer quenching constants     were obtained by finding the slope of the 

linear curve obtained when plotting 
  

 
 vs (L). The quenching rate constant    can be 

calculated using the fluorescence lifetime of digitonin to be 1.1ns  .  

The plots of 
  

 
 vs [L] for SOPC-digitonin complexes are shown in (Fig 4.4). From 

these plots the Stern-Volmer quenching constant was found to be                 

. The quenching rate constants SOPC-digitonin were then calculated to be      
               . 
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(Fig 4.4):The plots of 

  

 
 vs [L] for SOPC-digitonin complexes 
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4.2.2. Determination of the binding constants (K) by fluorescence 

spectroscopy: 

 
For static quenching, the following equation is used to determine the binding constant 

between SOPC and digitonin. 
 

    
 

 

      
 

 

  
 

 

Where K is the binding constant of digitonin with SOPC. To determine the binding 

constants of SOPC-digitonin systems, a plot of 
 

    
 vs 

 

 
  for different digitonin 

concentrations is made. The plots are linear and have a slope of 
 

    
   and intercept 

 

  
 

According to the above equation. By taking the quotient of the intercept and the slope, the 

binding constants K(L) can be calculated. 

The plot of  
 

    
 vs 

 

 
   for SOPC-digitonin complexes are shown in (Fig 4.5). The binding 

constants  calculated from the slope and the intercept in (Fig. 4.5) and are found to be 
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(Fig 4.5):The plot of  
 

    
 vs 

 

 
   for SOPC-digitonin 
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4.3 Fourier transform infrared (FTIR) spectroscopy: 

 
FT-IR transform spectrophotometers have greatly extended the capabilities of infrared 

spectroscopy and have been applied to many areas that are very difficult or nearly 

impossible to analyze by dispersive instruments (Shernan 2014). The infrared of the 

lipids is characterized by a set of absorption regions known bands, 

 

Infrared spectrum of an aqueous suspension of a typical membrane lipid, 1-Stearoyl-

2-oleoyl-sn-glycero-3-phosphocholine (SOPC), in the range 3000–1000cm
−1

 . The 

three regions of study corresponding to the hydrophobic region (CH2 stretching), the 

interfacial region (C=O stretching) and the polar region (P-O2 
−
 stretching) are 

depicted in the ( Fig 4.6). 

 

 
 

( Figure 4.6):the hydrophobic region (CH2 stretching), the interfacial region (C=O stretching) and the 

polar region (P-O2 
−
 stretching) are depicted in the. 
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These bands were tentatively identified on the basis of reference standards  and 

published FTIR spectra in relation to specific molecular groups. The results were 

interpreted (Table 4.1)( Fringeli and Gunthard., 1981; Casal and Mantsch, 1984; Lee 

and Chapman, 1986; Mantsch and McElhaney,1991).  

  

Table 4.1:The bands were tentatively identified on the basis of reference standards 

and published FTIR spectra in relation to specific molecular groups. 

 

S. No. Frequency in wavelength, in cm
-1

 Assignment of vibration 

1- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

10- 

11- 

12- 

13- 

14- 

2957 

2924 

2871 

2853 

1732 

1467 

1456 

1402 

1380 

1233 

1171 

1159 

1060 

1082 

CH3 stretching, asymmetric 

CH2 stretching, asymmetric 

CH3 stretching, symmetric 

CH2 stretching, symmetric 

C=O stretching, esters   

CH2 bending, scissoring (Lc+Lβ gel phase)  

CH2 bending, scissoring (Lc+Lβ gel phase)   

sn-1, α-CH2 bending, scissoring  

CH3 bending, deformation, symmetric  

PO2 
-
 stretching, asymmetric  

C–O stretching, single bond  

C–C stretching, skeletal  

R–O–P–O–R  

 PO2
-
 stretching, symmetric  

 

 

 4.3.1. Peak positions: 
 

The second derivative technique and Fourier self deconvolution (FSD) can be used to 

obtain the peaks positions of the FTIR spectrum. The second derivative of the FTIR 

spectrum for SOPC free in The three regions are shown in (Fig 4.7), and The FTIR 

spectra of SOPC-dgitonin thin films with concentrations (0.1, 0.2, 0.3, 0.4, 0.5and 

0.6mM) are shown in (Fig 4.8). 

 

(Fig 4.7) :The second derivative of the FTIR spectrum for SOPC free in The three regions.   C:\Users\asus\Desktop\Ibrahim Hawwarin\Ibrahim hawwarin3\SOPC_1mM_15cycles_25_4_017.0          SOPC_1mM_15cycles_25_4_017          sample
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(Fig 4.8) :The FTIR spectra of  SOPC-dgitonin thin films with concentrations (0.1, 0.2, 0.3, 0.4, 0.5and 

0.6mM)   

The second derivative of the FTIR spectrum for SOPC free in CH2 stretching 

vibration are shown in (Fig 4.8),The FTIR spectra of free SOPC shown in (Fig 4.9) 

and The FTIR spectra of SOPC-dgitonin thin films with concentrations (0.1, 0.2, 0.3, 

0.4, 0.5and 0.6mM) are shown in (Fig 4.10) . 

 

(Fig 4.9) :The second derivative of the FTIR spectrum for SOPC free in CH2 stretching vibration. 
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(Fig 4.10) :The FTIR spectra of free SOPC .  

 

(Fig 4.11) : The FTIR spectra of SOPC-dgitonin thin films with concentrations (0.1, 0.2, 0.3, 0.4, 

0.5and 0.6mM) . 
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The peak positions of SOPC with different digitonin concentrations in CH2 stretching 

are shown in (Table 4.1). For SOPC-digitonin spectrum we notice CH3 stretching 

asymmetric ,CH2 stretching asymmetric ,CH3 stretching, symmetric ,and CH2 

stretching symmetric. 

peak shifts in CH2 stretching asymmetric: 2917 to 2915 cm
-1

, CH2 stretching 

symmetric :2851 to 2856 cm
-1

 , CH3 stretching asymmetric :2955 to 2957 cm
-1

, CH3 

stretching symmetric : 2863 to 2869 cm
-1

. 

The vibrational energy is proportional to the frequency of oscillation. Shifts to higher 

wave numbers means that the frequency of oscillation has increased and so a photon 

of higher energy is needed to break the bond and it can be said that shifts toward 

higher wave numbers indicates an increase in the strength in the bond and vice versa. 

 

The second derivative of the FTIR spectrum for SOPC free in C=O stretching and       

P-O2 
–
 stretching vibration are shown in (Fig 4.11),The FTIR spectra of free SOPC in 

C=O stretching and P-O2 
–
 stretching vibration shown in (Fig 4.12) and The FTIR 

spectra of SOPC-dgitonin in in C=O stretching and P-O2 
–
 stretching vibration thin 

films with concentrations (0.1, 0.2, 0.3, 0.4, 0.5and 0.6mM) are shown in (Fig 4.13) . 

(Fig 4.12):The second derivative of the FTIR spectrum for SOPC free in C=O stretching and P-O2 
–
 

stretching vibration . 
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 (Fig 4.13):The FTIR spectra of free SOPC in C=O stretching and P-O2 
–
 stretching vibration.  

 

 

(Fig 4.14) :The FTIR spectra of SOPC-dgitonin in  C=O stretching and P-O2 
–
 stretching vibration thin 

films with concentrations (0.1, 0.2, 0.3, 0.4, 0.5and 0.6mM) . 
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peak shifts in C=O stretching: 1724 to 1740 cm-1, PO2 
-
 stretching, asymmetric :1217 

to 1221 , PO2
-
 stretching, symmetric:  1069 to 1080. 

Table 4.2: Bands assignment in the absorbance spectra of SOPC with different digitonin 

concentrations . 

Bands SOPC free SOPC-

digitonin 

0.1mM 

SOPC-

digitonin 

0.2mM 

SOPC-

digitonin 

0.3mM 

SOPC-

digitonin 

0.4mM 

SOPC-

digitonin 

0.5mM 

SOPC-

digitonin 

0.6mM 

Region I 

 

CH2 stretching 

asymmetric. 

CH2 stretching 

symmetric. 
CH3 stretching 

asymmetric.  
CH3 stretching 

symmetric. 
 

 

 

2917 

 

2851 

 

2955 

 

2863 

 

 

2917 

 

2851 

 

2957 

 

2861 

 

 

2916 

 

2852 

 

2959 

 

2868 

 

 

2917 

 

2851 

 

2954 

 

2862 

 

 

2916 

 

2855 

 

2956 

 

2865 

 

 

2916 

 

2854 

 

2958 

 

2865 

 

 

2915 

 

2856 

 

2957 

 

2869 

Region II 

 

C=O stretching 

 

 

 

1724 

 

 

1726 

 

 

1725 

 

 

1729 

 

 

1738 

 

 

1742 

 

 

1740 

Region III 

 

 PO2 
-
stretching, 

asymmetric . 

PO2
-
 stretching, 

symmetric. 

 

 

 

1217 

 

1079 

 

 

1219 

 

1081 

 

 

1216 

 

1079 

 

 

1222 

 

1083 

 

 

1219 

 

1076 

 

 

1219 

 

1080 

 

 

1221 

 

1080 

 

 

 In region I there is one strong positive feature at  2851 cm
-1

 in addition to a one weak 

positive feature at 2917 cm
-1

. For region II there is one strong positive feature at 1724 

cm
-1

. These features were obtained at digitonin concentrations (0.4, 0.5, and 0.6 

mM),for region III there is no strong positive feature at  1217 cm
-1

 in addition to 

another one weak positive feature at 1079 cm
-1

. 

 

It is clearly shown that the strong positive features in region I and region II become 

stronger as digitonin concentration was increased. 

 

 The observed positive features are attributed to the increase in the intensity of the 

region I at 2851cm
-1

,  region II  at 1738 cm
-1

 , and region III at 1217,1079 cm
-1

as a 

result of  SOPC interaction with digitonin .   
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Chapter Five 

 

Conclusions and future work 
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Chapter  five 

 

5.1 Conclusions. 
 

In this research, the Interactions between Digitonin and 1-Stearoyl-2-oleoyl-sn-

glycero-3-phosphocholine (SOPC) has been studied using UV-vis spectroscopy, 

fluorescence spectroscopy, and  FTIR spectroscopy. The binding parameters for the 

binding of digitonin with SOPC have been determined: For SOPC-digitonin the 

binding constants is calculated by UV-vis spectroscopy to be K=               . 

The obtained values of the binding constants K by using fluorescence spectroscopy 

is              . Which agree with the values obtained by UV-vis spectroscopy. 

In addition, the values of Stern-Volmer quenching constant and quenching rate 

constant for SOPC-digitonin have been measured to be[                 ,     

               ] . 

These experimental results confirm the fact that dynamic quenching is not the main 

mechanism that causes the fluorescence quenching, and the decrease in fluorescence 

intensity occurred as a result of static quenching, which is indicative of a complex 

formation between the SOPC and digitonin. Also the low binding constant between 

the digitonin and SOPC is due to the effective hydrogen bonding . 

 

Analysis of the FTIR spectra reveals that SOPC interaction has induced reduction in 

the absorption band of region I accompanied with an increase with different 

proportionality due to the different accessibility of H-bond formation in these 

components. This decrease in the intensity with increasing digitonin concentration . 

On the other hand, analysis of the FTIR spectra for SOPC interaction reveals that a 

decreasing in the intensity of the absorption band of  regions II and III with increasing 

digitonin concentration has occurred . 

 

5.2 Future work. 
 

The binding study of Digitonin and 1-Stearoyl-2-oleoyl-sn-glycero-3 phosphocholine 

is of great importance in pharmacology and biochemistry. Our research can provide 

important information to medical and clinical researches  .   
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 مطيبفة تقىيبت بواسطة  SOPC)) احذ اوواع الذهون المكووة للخلية على الذيجوتىيه تأثير دراسة

 .الجسيئبت

 .ابراهيم غبزي موسى هواريه  : الطبلب اسم

 .حسه دويك .ذكتورال  و طير ابو موسى .ذكتورال  :المشرف اسم

  

 ملخص

 
أٌ حزحبط  ديجيخَٕيٍ ْٕ سببَٕيٍ انسخيزٔيذ انسخيزٔيذيت، ْٔي فئت يٍ انًُخجبث انطبيعيت انخي يًكٍ

فإَّ لا يشال يٍ غيز انٕاضح  ،انخهيتححهم غشبء  يعزفت َشبط خلايب . عهى انزغى يٍسطح انبنكٕنيسخزٔل ٔب

-سخيزٔيم-1 )ٔ في ْذا انعًم، حى انخحقيك انكًي لآنيت انخفبعم بيٍ انذيجيخَٕيٍ. كيف يخفبعم يع أغشيت انخلايب

 (.فٕسفٕٓسٕنيٍ-3-غهيسيزٔ-سٍ-أٔنيٕيم-2

 

 

 يطيبف ببسخخذاو  SOPC)ٔاحذ إَاع انذٌْٕ انًكَٕت نهغشبء نهخهيت ) َيٍٕيخانذيج بيٍ انخفبعم دراست حى

 الاشعبع                   اَبعبد ( ٔجٓبس ( Fluorescence spectrophotometerانبُفسجيت  فٕق الاشعت

(UV-vis spectrophotometer) انحًزاء ححج نلأشعت فٕرييز ححٕيم يطيبف ٔجٓبس 

Fourier transform infrared spectroscopy) )انخزابط ثببج حسبة حى انخجزبت ْذِ في  

(binding constant ) انبُفسجيت ٔانقيًت ْي  فٕق الاشعت يطيبف جٓبس طزيك عٍ َيٍٕيخنهفٕسفٕنيبذ ٔانذيج 

 نهخفبعم انخزابط ثببج حسبة انى أصم الاَبعبد طيف ححهيمايب                

  .انًخخهفت انحسبة طزق طزيك عٍ انخزابط نثببج يخقبربت َخبئج انى يشيز يًب             

 

بيٍ   نهخزابط   (quenching rate )   ٔثببج   (Stern-Volmer constant ) حى حسبة ثببج    

    انذيجيخَٕيٍ  ٔانفٕسفٕنيبذ  ْٔي                                عهى انخٕاني 
 

ححذيذ كيفيت حفبعم  حى ذيجيخَٕيٍانيٍ  تكيش يخخهفا( ٔحزSOPCكبيزة يٍ )يٍ انجسيًبث انفي ْذا الاخخببر 

انُخبئج انخي حى انخٕصم انيٓب اٌ شذِ ايخصبص الاشعت فٕق انبُفسجيت نهفٕسفٕنيبذ ٔ  (، SOPCذيجيخَٕيٍ يع )ان

اَبعبد الاشعبع ٔجٓبس يطيبف ححٕيم َيٍ ْٔذا يب حبيٍ في حبنّ اسخخذاو جٓبس ٕيخحقم كهًب ساد حزكيش انذيج

     .فٕرييز نلاشعّ ححج انحًزاء

 

  
 




