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Abstract 

           In the  present  research, the absorption and fluorescence spectra are studied 

and the optical and spectral properties of  the organic laser dye( Nile blue) are 

studied using two organic solvents water and ethanol, with different concentrations 

(0.01, 0.03, 0.05) mM. Then (NB-PVP) blend solutions are prepared by adding a 

polyvinyl pyrrolidone polymer(PVP)   to the Nile blue dye in a ratio of (1ml:1ml), 

and studying the optical and spectral properties of these  blend solutions in (water 

,ethanol) solvents with different concentrations of the dye solution. In addition, 

solutions of nanocomposites (NB-PVP/AuNps) are prepared by adding gold 

nanoparticles (AuNPs), which are prepared by pulsed laser ablation using an( Nd-

YAG) laser beam of wavelength (1064 nm), after adding a fixed volume ratio 

(1ml) to the solutions. (NB-PVP) blend solutions. then studying the absorption 

spectra of fluorescence and the optical and spectral properties of the solutions of 

these nanocomposites 

            The results  show  that by increase in the concentration of the dye and for 

all the prepared samples the absorbance increases  and the transmittance decreases 

according to the Beer-Lambert law  and this was accompanied by an increase in 

the linear optical properties, by Comparing  the absorbance of the dye with( water,   

ethanol) solvents  it was found that the absorbance spectra in water solvent have 

two peaks of  absorption spectra, while in the case of ethanol solvent there is one 

peak. It is also noted that the absorption spectrum of water is higher than the 

absorption spectrum of ethanol when the concentration of the dye is fixed. 

Therefore, the optical parameters of the dye dissolved in water are higher than that 

of the dye in the ethanol solvent. As for the fluorescence spectra, increasing the 

concentration of the dye leads to a decrease in the intensity of fluorescence and 



IV 

 

thus an increase in the life time of fluorescence  and a decrease in the quantum 

yield of fluorescence For all samples of the prepared solutions. 

          For  (NB-PVP) blend  solutions a decrease in the absorbance spectrum is 

observed  compared to dye solutions alone and for both solvents(water, ethanol), 

For this reason, it is observed that the increase in the intensity of fluorescence led 

to a decrease in the fluorescence lifetime and an increase in the quantum  yield of 

fluorescence. The highest quantum  yield of fluorescence was (0.82) in water 

solvent  and (0.89) in ethanol solvent.   

              The absorption and fluorescence spectra, as well as the  optical and 

spectral properties of the (NB-PVP/AuNps) nanocomposites solutions are studied. . 

It is found that the addition of gold nanoparticles (AuNPs)  to (NB-PVP) blend 

solutions  lead to a decrease in the absorbance spectrum compared to dye solutions 

alone and blend solutions, in addition to an increase in the intensity of fluorescence 

for the two solvents, it lead to a decrease in the absorbance spectrum compared to 

dye solutions alone and blend solutions, in addition to an increase in the intensity 

of fluorescence for the two solvents, this led to a decrease in the values of the 

fluorescence lifetime and an increase in the values of the quantum yield of 

fluorescence for nanocomposites solutions, it was found that the highest value of  

the quantum yield of fluorescence is (0.88 ) in the water solvent and    (0.92) in the 

ethanol solvent. From the above and through this study, nanocomposites solutions 

with high quantum yield of  fluorescence were obtained that can be used as active 

media in random lasers. 
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 الخلاصة

اطُبف الاٍزظبص واىفيىسح وحسبة اىخظبئض اىجظشَخ  واىطُفُخ   ذفٍ اىجحث اىحبىٍ دسس       

ٍزَجُِ عضىَُِ هَب اىَبء والاَثبّىه وثزشامُض  ثبسزخذاً ىَخ ىُضسَخ هٍ طجغخ اىُْو اىضسقبءعض ىظجغخ

ورىل   (NB-PVP )ٍِ  ٍحبىُو خيُظ حضشد. ثعذ رىل ٍيٍ ٍىلاسٌ (0.0500.0300.01)  ٍخزيفخ

ص اودساسخ اىخى( ، ٍو1ٍو:1)ثْسجخ  اىُْو اىضسقبء  طجغخ  اىً  ثبَشوىُذوُ فُُْوثىىَُش ثىىٍ  ثإضبفخ

اضبفخ اىً  . ه وثزشامُض ٍخزيفخ ىَحيىه اىظجغخاىجظشَخ واىطُفُخ ىَحبىُو اىخيُظ وثَزَجُِ اىَبء والاَثبّى

خ د اىزهت اىْبّىَبخسَُ  ثإضبفخورىل  (NB-PVP/AuNps) ْبّىَخاىَزشامجبد ٍحبىُو اى  حضشدرىل 

 (AuNPs )  ثبىطىه  َبك -ىًَُىُضس ّذَ حضٍخ  ثبىيُضس اىْجضٍ ثبسزخذاً الاسزئظبهواىَحضشح ثطشَقخ

وٍِ ثٌ ( NB-PVP)  خيُظ( ىَحبىُو 1mlثعذ اضبفخ ّسجخ حدَُخ ثبثزخ )  ورىل (nm 1001) اىَىخٍ 

   واىخظبئض اىجظشَخ واىطُفُخ ىَحبىُو هزٓ اىَزشامجبد اىْبّىَخ . دساسخ اطُبف الاٍزظبص اىفيىسح

رشمُض اىظجغخ وىدَُع اىَْبرج اىَحضشح  رضداد الاٍزظبطُخ ورقو اىْفبرَخ طجقب  ضَبدحثثُْذ اىْزبئح اُ 

 ٍعثبىَقبسّخ  .لاٍجبسد وَظبحت رىل صَبدح  فٍ اىخظبئض اىجظشَخ  اىخطُخ  -قبّىُ ثُش اىً

 قَزُِاىَبء رَزيل  ثَزَت   الاٍزظبطُخ وخذ اُ اطُبف ،اٍزظبطُخ اىظجغخ ىيَزَجُِ اىَبء والاَثبّىه

مزىل َلاحظ اُ  طُف  .ىخذ قَخ  واحذح زاٍب فٍ حبىخ ٍزَت الاَثبّىه ف ، الاٍزظبطُخ  لأطُبف

هزا رنىُ مُض اىظجغخ  وىعْذ ثجىد رش  ىلإَثبّىهالاٍزظبطُخ ىيَبء اعيً ٍِ طُف الاٍزظبطُخ 

اىجظشَخ ىيظجغخ اىَزاثخ ثبىَبء اعيً ٍْهب ىيظجغخ فٍ ٍزَت الاَثبّىه .اٍب ثبىْسجخ اىً اطُبف  داىَعبٍلا

ؤدٌ اىً ّقظبُ شذح اىفيىسح وثبىزبىٍ صَبدح صٍِ عَش اىفيىسح وّقظبُ راىفيىسح فبُ صَبدح رشمُض اىظجغخ 

 .وىدَُع َّبرج اىَحبىُو اىَحضشح  ىيفيىسح. اىَْزىج اىنٍَ

ىىحظ ّقظبُ فٍ طُف الاٍزظبطُخ ٍقبسّخ ٍع ٍحبىُو  ، (NB-PVP) ثبىْسجخ ىَحبىُو اىخيُظ         

ّقظبُ صٍِ عَش ادد اىً صَبدح شذح اىفيىسح  اُ اىظجغخ وحذهب  وىنلا اىَزَجُِ  وىهزا اىسجت ىىحظ

( ىيظجغخ اىَزاثخ 0.82 هى ) ىيفيىسح مٍَ ٍْزىج اىنٍَ ىيفيىسح. ومبُ اعيً ىَْزىج ا صَبدحو  اىفيىسح

 .ثبلإَثبّىه( ىيظجغخ اىَزاثخ 0.89)و  ثبىَبء



ىَزشامجبد ا  اىخظبئض اىجظشَخ واىطُفُخ ىَحبىُوومزىل اطُبف الاٍزظبص واىفيىسح  ذدسس         

خيُظ اىً  ٍحبىُو  ( AuNPsخسَُبد اىزهت اىْبّىَخ ) وخذ اُ اضبفخ  ،(NB-PVP/AuNps) اىْبّىَخ

(NB-PVP) ًاىْقظبُ  فٍ طُف الاٍزظبطُخ ٍقبسّخ ثَحبىُو اىظجغخ وحذهب وٍحبىُو اىخيُظ ادي اى،  

 َْزىجاىقٌُ صٍِ عَش اىفيىسح وصَبدح قٌُ  وثبىزبىٍ ّقظبُىَزَجُِ ىنلا ااضبفخ اىً صَبدح شذح اىفيىسح 

             اىَزشامجبد واىنٍَ ىَحبىُ َْزىجىيوخذ اعيً قَُخ  ثزشامجبد اىْبّىَخ حَُاىنٍَ ىيفيىسح ىَحبىُو اى

ٍِ خلاه هزٓ اىذساسخ رٌ اىحظىه ٍَب سجق و(  فٍ ٍزَت الاَثبّىه .0.92(   فٍ ٍزَت اىَبء و )0.88  )

 فعبىخ فٍ اىيُضساد اىعشىائُخ . مأوسبطج مٍَ عبه   ََنِ اسزخذاٍهب بعيً ٍزشامجبد ّبّىَخ  راد ّز
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1.1 Introduction         

          A dye laser is a laser which uses an organic dye as the lasing 

medium, such as liquid solutions, gases and solid state.  Organic dyes are 

characterized by a strong absorption band in the visible region of the 

electromagnetic spectrum. Such a property is found only in organic 

compounds which contain an extended system of conjugated bonds 

alternating single and double bonds. The long-wavelength absorption 

bond of dyes is attributed to the transition from the electronic states for 

this process is typically very large, thus giving rise to an absorption bond 

ground state So to the first excited singlet state S1 .The transition  moment 

with oscillator strength on the order of unity. The reverse process S1 to So 

is responsible for the spontaneous emission in dye laser [1]. 

          Dye lasers are used for applications, analytical chemistry, and other 

measurements, and are one of the most significant and commonly utilized 

applications in many areas of life. Liquid dye lasers have a very wide 

fluorescence optical band and are commonly used in the visible 

wavelength region as tunable narrow bandwidth light sources 400 nm to 

700 nm. There are a variety of laser dyes available, all of which are quite 

efficient. One of these dyes, Nile Blue, has a wide range of uses in 

biology, chemistry, and physics [2]. For these many advantages, these 

lasers have an important role in many applied fields, which also helps 

their continuous development, and among the most important of these 

fields is the field of spectroscopy, chemistry, and photo physics, such as 

the use of lasers in micro chemical reactions, in the field of selective 

excitation, and laser communications [3] .  

        In recent decades, there has been a considerable deal of interest in 

polymer-based sensing materials; therefore, polymers have become viable 

for sensing technologies due to their low cost and ease of production due 

to the effect of external elements such as heat, deformation, chemicals, 
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light, etc., the polymer-based sensor materials exhibit altered absorption 

and fluorescence characteristics. Consequently, sensors are now 

constrained to a broad spectrum of technologies[4] Therefore, adding the 

synthetic polymer host to organic laser dyes showed better 

compatibility[5]. It has been used in many modern photonic technology, 

optical amplifiers, fiber optics, and optical limiting [6].   

Nanotechnology represents one of the major breakthroughs of modern 

science, enabling materials of distinctive size, structure and composition 

to be formed. For the smaller particles the percentage of surface atoms 

increases, leading to changes in physical and chemical properties of the 

materials[7]. The field of nanotechnology is one of the most popular areas 

for polymer science and technology. This area can generate a new 

material behavior [8].  Nanoparticles embedded in polymer matrix have 

attracted increasing interest because of the unique mechanical, optical, 

electrical and magnetic properties displayed by nanocomposites at low 

nano-filler concentrations (1-10%)[9]. This importance is due to the 

effect of the unique nature of the nanosized filler on the bulk properties of 

polymer-based nanocomposites [10].The incorporation of spherical 

nanoparticles into polymers allows for the alteration of physical 

properties as well as the implementation of new features in the polymer 

matrix[11]. 

1.2. Organic compounds:  

        They are hydrocarbons and their derivatives, which are used as 

active media in lasers dye and categorize as follows: 

1.2.1. Saturated compounds 

    Organic compounds without double or triple bonds usually absorb at 

wavelength below 160nm, corresponding to a photon energy of 7.749 eV. 

This energy is higher than the dissociation energy of most chemical 
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bonds. Therefore, photochemical decomposition is likely to occur, so 

such compounds are not very suitable as the active medium in lasers[12]. 

1.2.2. Unsaturated compounds 

These compounds are characterized by double or triple bonds, and these 

compounds absorb wavelengths above (200nm). Examples of such 

compound are laser dyes  which usually contain double bonds 

(conjugeated) Rhodamine - 6G dye (R6G), which belongs to the family of 

Xanthenes class and the Coumarin -2 dye (C2).[12]. 

1.3. Laser Dyes  

        The active medium in laser dyes consists of specific solutions of an 

organic dye dissolved in a liquid methyl ethyl alcohol, methyl alcohol, or 

water. Laser dyes have a high absorption capacity in the ultraviolet and 

visible regions of the spectrum depending on the chemical 

compositions.[13]. 

          Dyes are classified according to the wavelength of the radiation 

they emit, where each group emits a specific range of the spectrum 

ranging between (400-1000 nm) depending on its chemical composition 

[14]. Laser dyes are classified according to chemical structure into the 

following [15]: 

      1. (Polymethine) dyes :It is emitted in the red or near-infrared range                

(700 -1000) nm . 

2. Xanthene dyes (500-700) nm. 

3. Coumarin dyes: It is emitted (blue-green) region  ,e.i (400-500) nm. 

4. (Scintillator) dyes: It is emitted in the ultraviolet region wavelength 

less than (400) nm.  

        For effective performance, laser dye molecules should have the 

following characteristics [1].  

1. It has high photochemical stability. 
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2. It has a high solubility in a large number of solvents without 

generating molecular complexes and responds to the auxiliary factors 

used to overcome the formation of these complexes. 

3. It should have a wide emission beam, i.e. a wide toning range. 

4. The absorption spectrum of the dye must match the spectral 

distribution of the pumping source. 

5. It has a high quantitative output during the dominance of radioactive 

transitions.  Figure (1.1) shows The wavelength range of different dye 

lasers. 

      

Figure (1.1): The wavelength range of different dye lasers [16] 

1.4. Nile Blue Dye 

 The Nile Blue  dye (NB) is classified as phenoxazine, which is positively 

charged and oxidized [17]. That of the characteristics of the dye  is that it 

has good optical and spectral properties, with high absorption and 

emission, which depends on the polarity of solvents and pH [18].Figure 

(1.2) shows the Molecular Structure of  Nile Blue  dye 
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.  

Figure (1.2): The Molecular Structure of  Nile Blue  dye [18]. 

1.5. Polymers 

         Polymers are chemical compounds made up of simple building units 

called monomers, and they are repeated many times and are linked to 

each other by chemical bonds forming long molecular chains, which may 

take different forms linear, branched, or interlocked. The word polymer is 

of Latin origin consisting of two syllables (poly) which means multiple, 

and (mer) which means part or unit, so the word (polymer) linguistically 

means multi-unit[19]. 

        Polymers may be of natural origin, taken from plants and animals, 

such as cellulose and fats, or they may be synthetically derived from 

petrochemicals and silicon. Polymers have lower density and lower 

strength compared to metals and alloys, have low thermal and electrical 

conductivity and a much lower coefficient of thermal expansion than 

metals, and are also characterized by their resistance to most acids, bases 

and some organic solutions [14]. 

1.6.  Polyvinyl Pyrrolidone Polymer  (PVP) 

Polyvinyl pyrrolidone is a polymer that is non-ion-generating and 

is in the form of a milky white powder that dissolves in water forming 
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colloidal solutions. Polyvinyl pyrrolidone is a poly which is a compound 

resulting from the substitution of an organic acid group in the place of a 

hydrogen atom in a molecule. Ammonia has an unusual complexity, 

slimy properties, and inert physiology. It is called by several names, 

including (Plasdon,Polyclare,Perkyal,Coleron and Albigen) [20]. As PVP 

binds to polar molecules exceptionally well, it is used as a binder in many 

pharmaceutical industrial processes for the manufacture of drugs. This 

binding nature leads to the application of PVP in coatings for photo-

quality transparencies. PVP can be thermally cross-linked, thus ensuring 

good thermal stability and mechanical strength and also because the 

stability of  PVP in water has entered  in to the goods of luxuries and 

cosmetics [21]. 

     The PVP polymer film has the potential capacity to store the charges 

responding to the dopant-dependent electrical and optical properties. It 

has a strong tendency for complex formation with a variety of molecules 

[22]. Figure (1.3) represents the molecular structure of  PVP.  

 

Figure (1.3): The Molecular Structure of PVP Polymer[22]. 

1.7. Nanoparticles 

           The origin of word “Nano” is derived from the Greek word 

(Nanos), which is the word The Greek word for dwarf means everything 

small, and the alone technique means: the technology of materials micro 
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or micro microspheres. Nano science is the study of the basic principles 

of molecules and compounds that do not exceed100 nanometers in size 

and nanometer It is a unit of measurement equal to   10
-9

meters [23].  

          The principle of this technique is based on capturing the 

infinitesimal atoms of any material and manipulating them moving them 

from their original positions to other positions, then merging them with 

atoms of other substances to form a crystal lattice to obtain highly 

characteristic Nano-dimensional materials[24].  

The word (nanoparticles) is recently used; these particles were it is 

present in manufactured or natural materials since ancient times. 

Nanoparticles can be defined as microscopic atomic or molecular 

assembly ranging Their number ranges from a few atoms (molecule) to a 

million atoms, and they are connected in a spherical shape it has a radius 

of less than 100 nm[25]. the main classes of nanoscale structures can be 

classified by dimensions, some of which are summarized in 

Table(1.1)[26] 

Table(1.1) Classification of Nanomaterials with Regard to Dimension[26] 

        It has recently been possible to synthesize nanoparticles from metals, 

insulators, semiconductors, and structures Hybrids such as (laminated 

nanoparticles), as well as the manufacture of models for nanoparticles of 

Example Dimension 

Particles , quantum dots 0 dimension 100 nm 

Nanotubes, Nanowire ,Nanorods 1 dimension 100 nm 

Thin films, Coatings, Multilayers 2 dimension 100 nm 

Nanometer-sized cluster 3 dimension 100 nm 
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a semi-solid nature. For not amenable to hammering and, pulling, unlike 

regular copper particles [25]. 

1.8. Gold Nanoparticle (Au NPs) 

        Gold nanoparticles have unique optical properties because they 

support surface Plasmons. At specific wavelengths of  light, the surface 

Plasmon's are driven into resonance and strongly absorb or scatter 

incident light [27]. This effect is so strong that it allows for individual 

gold nanoparticles as small as (50 nm). the Absorption and scattering of 

light by gold nanoparticles of sufficiently small size, that are identical to 

less or  than the mean free path of electrons in spatially extended material 

should be mentioned especially [28]. In this case, it becomes necessary to 

account for the scattering of free electrons at the boundary of  the gold 

nanoparticle. This is usually interpreted as a limitation of the mean free 

path of electrons, which leads to an additional pathway of free electron 

energy dissipation [29].         

1.9. Pulsed Laser Ablation in Liquids (PLAL)  

            In the 1960s, the ruby laser has been discovered consequently, 

great development has been prepared in the field of laser ablation, which 

leads to the fact that the laser ablation techniques is applicable in various 

states of matter. 

           In1987, Patil et. al. was used laser irradiation by immersing iron as 

a goal in an aqueous solution, the manufacturing capabilities of the solid-

liquid interface have since been discovered by laser irradiation. 

Afterward, within the 2000s, PLAL held awesome potential to produce 

nanostructure materials. More particularly, the preparation  of noble 

metal nanoparticles (NPs) with controllable molecule measure in fluid 

arrangements of surfactants was accomplished by PLAL [30]. 
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      Pulsed laser ablation requires a high-energy laser beam to be focused 

on the surface of a solid target immersed in a liquid. This leads to the 

interaction of the laser with the target and the evaporation of the surface 

in the form of a plasma halo that contains different types of particles such 

as atoms or ions and their groups which have high kinetic energy. 

Particles in the plasma, halo collides and interacts with the surrounding 

particles. of the liquid, to produce new compounds containing atoms of 

the solid target and liquid [31]. 

    The laser ablation, procedure was performed from a solid target 

immersed in a liquid medium inside an open vessel, where laser pulses, 

were fired at the target for a while to remove it. The first procedure of 

laser ablation  is the interaction of the laser beam with the surface of the 

solid target, which causes , the solid target to evaporate and atomize into 

the liquid, forming a collide chemical reactions  can occur between 

molecules of a solid and a solute in a liquid, and the products of the 

reactions are usually nanoparticles (NPs) consisting of both the target and 

the liquid atoms that form a suspension, in the liquid collide [32]. 

1.10. Plasmon phenomena  

           Plasmon  is the field of study of photovoltaic phenomena resulting 

from the interaction of free electrons of noble metal nanoparticles such as 

gold, silver, copper, and platinum with electromagnetic waves (especially 

at visible optical frequencies) and collective oscillation called surface 

plasma.  Plasmonic forms an important part of the Nano photonics field, 

which can confine an electromagnetic field smaller than the wavelength 

smaller than the diffraction limit, the near-optical field enhanced by the 

dimensions of the sub-wavelength based on an interaction between 

(electromagnetic field and conduction electrons in metal facades) [33]. 

        When electromagnetic fields collide with a noble metal surface, they 

accelerate electrons to the metal and lead to polarization resulting in a 
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recovery force that leads to the oscillation of the free electron of the noble 

metal. This quantized oscillation and oscillation of free electrons is a 

quantized of plasma oscillations called plasma [34]. Collective 

oscillation, called surface plasma, the specific frequency or wavelength of 

light falling in this phenomenon, depends heavily on the type, shape, size, 

and surface of noble metal nanoparticles[35] can be reached by these 

types of nanoparticles to strong absorption due to shifts between 

electronic levels[36]. The development of Nano-manufacturing 

techniques helps increase applications of plasma nanostructures in 

various fields of scientific research and photons[37]. 

1.11. Nanocomposite  

         Composite materials mean that group of engineering materials that 

are produced by adding certain weight or volume ratios of one or more 

materials (supporting materials / Materials Reinforcement) to the base 

material   (the Matrix) of the mold material, which ensures obtaining a 

homogeneous compound in which the particles of the supporting 

materials are perfectly distributed in the selection of the base 

materials(Matrix), it is required that they enjoy complete neutrality so 

that they do not interact with each other or with the base material to retain 

their identity within the mold material[38].  

        The purpose of producing composite materials is to add certain 

properties to the mold material or add qualities that were not related to its 

performance. The nanoparticles are added during the manufacture of 

these materials, and as a result, it shows a significant improvement in 

their properties. For example, adding tubes and Carbon nanoparticles 

change the electrical and thermal conductivity properties of the material. 

The addition of types may result in other nanoparticles to improve optical 

properties and dielectric properties, as well as mechanical properties such 

as hardness and strength. the volume percentage should be The added 
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nanoparticles are very low (0.5% to 5%) because the proportion of 

particles is in the range of The surface area to the volume of nanoparticles 

is high [39].  

         Due to the rapid developments in the field of technology and the 

need for materials that carry high specifications, this era has brought the 

dawn of Nano composite materials in general with a polymer basis. in 

particular, they have attracted the attention of many researchers and 

industrialists that being this is due to its high specifications, including 

lightweight and high mechanical resistance, in addition to being an 

insulating material thermal and electrical, depending on the additives, so 

nanocomposite materials can be defined as those polymers comes to 

which materials of size (9 - 10) nm are added. 

1.12. Literature Survey: 

           H.Tajalli et al., (2008), studied the absorption and fluorescence 

spectra of the high-fluorescent laser dye (Nile Red) and the oxazine 

cationic dye (Nile blue) in different solvents as a function of the polarity 

and type of solvent. The interaction of the dye with the anisotropic 

surroundings and the interaction of isotropic solvents were examined and 

compared using optical spectroscopy. The spectral shifts were related to 

the polarity of the solvent and nature. The photoelectric effect of guest-

host systems in an electro-optical system was also investigated using the 

method of polarized spectroscopy, dichromatic ratios, degree of 

anisotropy, and the dichromatic ratios of these dyes were investigated in 

liquid crystal hosts[40].  

            J.Jose, et al., (2009), the Preparation of four derivatives of Nile 

Blue dye dissolved in water through condensation reactions. These 

sensors were carried out under relatively mild conditions (90°C, N, N-

dimethylformamide without adding acid). These fluorescent probes have 

more favorable fluorescence properties than two known water-soluble 
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Nile blue derivatives. Concentration-dependent UV absorption and 

fluorescent emission studies have indicated that the dyes do aggregate in 

an aqueous solution at lower concentrations[41]. 

           M. Giri, et al. ,(2012), studied the absorption and fluorescence 

spectroscopy of methyl orange dye Orange Methyl in aqueous solutions 

and at different concentrations by analyzing of absorption and 

fluorescence spectra of the molecule where the absorption spectrum 

shows two absorption peaks at the (463-270) nm band recorded at the 

spectral region (220-650) nm the fluorescence spectra and showed the 

three peaks of (538,418, 345) nm respectively at 10
-4

 M. it is observed 

that the fluorescence bands at 418, 345 nm are attached to the bands the 

absorption is at 270nm, which gives a Stokes displacement from 75 nm to 

148 nm, respectively.[42] 

      J. Donovalová, et al., (2012), the absorption and fluorescence spectra 

of substituted coumarins (2-oxo-2Hchromenes) investigated in solvents 

and polymer matrices. The result leads to remarkable changes in the 

shape of the absorption spectrum and shifts the absorption to a longer 

wavelength, and coumarins yield more intense fluorescence in polymer 

matrices than when they are in solution[43]. 

         M. Ghanipour, et al. ,(2013), studied the effect of silver 

nanoparticles doped in PVA on the optical and structural properties of 

composite films experimentally. Samples are PVA films of( 0.14) mm 

thickness doped with different concentrations and sizes of silver 

nanoparticles. Structural properties are studied using the X-ray diffraction 

and FTIR spectrum. Optical properties studied using the transmittance 

and reflectance of samples, the influence of doped nanoparticles and their 

concentration on optical parameters of PVA films include absorption 

coefficient, optical band gap energy, and complex refractive index. (Ago) 

bonds are formed in the films and the band gap energy of samples is 
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decreased. Calculations based on the WD model confirm that by doping 

nanoparticles, the anion strength of PVA as a dielectric medium is 

decreased[44]. 

          A. F. Hassan, et al. ,(2014),  studied the effect of concentration on 

spectral properties(Absorption and fluorescence) of fluorescein sodium 

dye in ethanol with different concentrations at the temperature of the 

room. An increase in the intensity of absorption is observed and a 

decrease in fluorescence is observed when the concentration is increased. 

and so Also, when the concentration was increased, the peak shift to the 

peak of the absorption spectrum wide take a spectral range of long 

wavelengths[45]. 

           W. Z. W. Ismail et al., (2015), observed improved performance 

with a lower lasing threshold, higher emission peak intensity, and 

narrower emission line width for both Rh6G and Rh640 with relatively 

low concentrations of gold nanoparticle scatters in comparison with 

dielectric scattering particles. These observations are attributed to the 

enhanced scattering and absorption of gold nanoparticles and increased 

spectral overlap between the dye fluorescence spectrum and the gold 

extinction spectrum, which induces localized surface Plasmon's and 

resonance energy transfer[46]. 

J. Yin et al. , (2016),   the effect of the shape of Au scattering particles 

on the Rh6G dye-doped PMMA polymer. In particular, the effect on the 

centre wavelength and the threshold were considered. Rh6G dye-doped 

PMMA polymer disordered media containing Au nanospheres and 

nanorods were fabricated, using the same volume fraction of each [47] 

         A.F. Jaffar, et al. ,( 2017),  studied the non-linear optical properties 

of the thin films of  Nile blue dye with the polymer polyvinyl 

chloride(NB/PVC) and the polymer methyl methacrylate(NB/PMMA) 

and their mixture(NB/PMMA 50%+PVC 50%) were studied. The 
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nonlinear qualities are studied using the scanning technique on the third 

axis (z -scan) at a wavelength of 650 nm in two ways: In the first method, 

an opening was made in front of The detector to study the nonlinear 

refractive index (n2). In the second part, the aperture was removed from 

the front of the detector to calculate the nonlinear absorption coefficient 

(β2)[48]. 

            Ahmed G. El-Shamya, et al. ,(2020), PVA/CQDs nano-composite 

films were made up via a solution casting approach for the methylene 

blue dye removal from waste water. PVA/CQDs nano-composite films 

were achieved by the marriage of PVA and the CQDs nano-particles, 

after the preparation of zero dimension CQDs nano-particles by 

microwave heating process[49]. 

            B .N. Hoang et al. ,(2020), studied enhanced selective adsorption 

of cation organic dyes on polyvinyl alcohol/agar/maltodextrin water-

resistance biomembrane. The synthesis of nanoparticles from plant 

sources has proved to be an effective and alternative method for the novel 

production of nanoparticles. This paper reports the bio reduction of silver 

nitrate into silver nanoparticles by the leaf extract of Delonix elata. The 

synthesized silver nanoparticles were characterized by UV–visible (UV–

vis) spectroscopy, Fourier infrared spectroscopy (FT-IR), X-ray 

diffraction (XRD), Scanning Electron Microscopy (SEM) coupled with 

Energy Dispersive Spectroscopy (EDS), high-resolution transmission 

electron microscope (HRTEM)[50]. 

        S. F. Haddawi et al. ,(2021),  studied multi-wavelength random 

lasing in two dimensional flexible plexcitonic nanostructures through 

surface lattice plasmon amplification by using Au NPs in order to 

increase the energy coupling. Based on the results, the energy coupling 

between plasmonic Au NPs and excitons in two-dimensional 

nanostructure increased by enhancing the concentration of Au NPs, which 
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smoothed the stimulated emission of multi-wavelength lasing. In 

addition, the efficiency of this multi-wavelength random lasing can be 

controlled by increasing these energy couplings [51]. 

1.13. Aims of the work 

Aims of the present work can be summarized through the following: 

1. Study  the  absorption and fluorescence spectra, as well as the 

linear optical properties (linear refractive index and linear 

absorption coefficient), in addition to the spectral properties 

(lifetime of fluorescence, quantum  yield of  fluorescence)  for the 

organic Nile Blue dye (NB) dissolved  in different solvents (water, 

ethanol) at different concentrations 

2. Study the effect of gold nanoparticles (Au NPs) on absorbance and 

fluorescence spectra, as well as the linear optical properties (linear 

refractive index and linear absorption coefficient) and spectral 

properties (lifetime of fluorescence, quantum yield of fluorescence) 

for (NB-PVP/Au NPs) Nanocompsite at different concentrations 

for different solvents (water, ethanol). 

3. The Promising application of (NB-PVP/Au NPs) Nanocomposite 

solution with a high quantum yield of fluorescence as active media 

for random lasers. 
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2.1. Introduction 

        This chapter includes the theoretical concepts of linear optical properties              

(absorbance, transmittance and optical parameters) for organic laser dyes, as well 

as photophysical processes of organic molecules (radioactive and Non-radioactive 

transitions) and the parameters effected by fluorescence of laser dyes. 

Moreover,the  definition and mathematical description of  the quantum  efficiency 

of fluorescence and the lifetime of fluorescence  and finally, factors effecting the 

fluorescence spectrum of laser dye.  

2.2. Linear Optical properties: 

        The interaction between the nature and distribution of charges inside the 

material (electronic, molecular ,or ionic) and electromagnetic radiation leads to the 

appearance of the optical properties of materials [52]. 

       When the electromagnetic radiation falls on the material and interacts with it, 

many processes occur as part of the electromagnetic radiation is absorbed by the 

material and the other part is called the transmitting ray because it passes through 

the material while another part of the electromagnetic radiation is reflected from 

the surface of the material called the reflected part [53]. 

       In order to obtain information about the interference composition of the 

material and the nature of its bonds it is necessary to know the transmittance, 

absorption and reflectivity of the electromagnetic radiation falling on the material 

For example  the energy packets and the quality of transitions within the material 

are identified by studying the ultraviolet spectrum but to know the field of practical 

applications in which materials are used the visible spectrum must be studied [54]. 

2.2.1 Absorbance 

             The mathematical quantity that  relates the  particle density concentration 

in a sample and sample thickness optical path length is the absorbance(A) or 

optical density [55]: 
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       (
  

 
)                                                        (2.1) 

Where that: 

I: is the intensity of the beam at the wavelength (λ) passing through the sample 

(transmitted intensity) 

Io: is the intensity of the incident beam before they enter the sample. 

C: sorbent concentration (moll/L)  

 : Molar absorption coefficient and its units (cm
-1

M
-1

) 

ℓ: the thickness of the material through which the incident ray is passing (cm). 

           The material absorption of the incident ray will cause an electronic 

transition if the energy value  which  absorbed  by the material is sufficient to 

move of electrons to a higher energy level and according to Beer Lambert's law, 

the probability of the absorption of incident photons on matter increases with 

increasing concentration of matter [56]. 

             Beer Lambert law is an empirical relationship linking the absorption of 

rays with the properties of the material that passes the beam through it. The law 

states that the amount of light absorbed is proportional to the number of particles 

that absorb it when the  radiation enters a specific solution, the amount of absorbed 

or transmitted radiation is an exponential function of the concentration of the 

solution [11] and as in the following equation: 

 

I = Iо 
                                                                 (2.2) 

As о represents the optical absorption coefficient,  : the optical path length and  

The equation can be written as follows: 

Ln 
  

 
 = αо C   = A                                                  (2.3) 
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Beer-Lambert's law can be applied in different spectral regions  such as ultraviolet 

visible and others  provided that the radiation used is monochromatic [57]. 

 

2.2.2 Transmittance: 

          The transmittance to the medium (T) is the ratio of the transmitting intensity 

(I) to the incident intensity (Iо) after The medium absorbs part of the incident ray, 

so the transmitted ray is the result of an incident ray that has undergone absorption 

inside The material passing through it or it is the radiation flowing from the 

medium to the radiation falling on it i.e[8, 9]  

     
 

  
                                                                                 

According to Beer-Lambert's law, the transmittance decreases with increasing 

molar concentration (C) and  Optical path length    ) through which light passes 

[59]. 

  
 

  
                                                                              

       Where the absorbance of the medium is related to the transmittance, the 

incident intensity and the penetrating intensity in the following relationship [55] 

       (
  

 
)                                                   (2.6) 

  From this relationship noted that the transmittance (T) depends on the absorbance 

of the medium, the higher the absorbance corresponding the lower the average 

transmittance. 

2.3. Optical Parameters  

2 .3.1. Linear Absorption Coefficient    

           The absorption coefficient ( αo) or the attenuation of the intensity of light 

passing through a substance i.e. a factor expressed as Part of the absorbed beam for 

a unit thickness of Article [60]According to Beer-Albert's law, the coefficient of 

Absorption can be found through the following relationship [61]: 
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                                                                    (2.7) 

     
           

 

 
                                             (2.8) 

2.3.2. Refractive index (n): 

       Light travels with all its wavelengths at its maximum speed in a vacuum, 

which is a fixed quantity and this value decreases in any other medium, as it 

changes in material media with different wavelengths.  

       The ratio of the speed of light in a vacuum to its speed in any given medium 

for a given wavelength is known as the mean refractive index of that wave [62]  

  
 

 
                                                (2.9) 

The refractive index is not fixed and depends on the length of the electromagnetic 

wave. In addition to some materials, the refractive index varies according to the 

direction of progress of the electromagnetic wave in the material, and these 

materials are used to change the direction of polarization of those waves [63], so 

the Complex refractive index can be determined  

   ̅                                                           

Where k is the extinction coefficient or (the imaginary part of a complex refractive 

index). Both (k and n) depend on the frequency of the wavelength. The absorption 

coefficient   can be calculated from the equation following [64]. 

 

     
  

                                                     (2.11) 

 

            The refractive index shows how sensitive a material is to electromagnetic 

waves. When electromagnetic rays fall on a substance, it works to displace the 

charges in the material from their original positions, thus generating a dipole. 
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         The energy of the incident wave will be transformed into the vibrational 

energy of the generated electric dipole, thus reducing the amplitude of the incident 

wave, and assuming that the loss in energy causes the diodes to oscillate slightly, 

but the delay in re-radiation will reduce the speed of light [65], Hence, it is clear 

that the polarization in the material due to the fall of electromagnetic rays on it is a 

measure of the refractive index of this material. [66], and that the refractive index 

can be obtained by the following equation  which is the equation that I adopted in 

making the calculations in this research after entering it into a computer 

program[62]: 

 

  [
     

     
       

 
  

     

     
]                                                   

Where (n) refractive index, (R) the reflectivity, and (k) the Coefficient of 

extinction 
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2.4. Photophysical Processes of organic laser dye 

     Many photophysical processes include radioactive and non–radioactive 

processes, which mean transitions between electronic states illustrated in the 

Figure  (2.1) which are called the Jablonski diagram [67]. 

 

 

Figure (2.1) : Jablonski diagram[67] 
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2.4.1. Photophysical Radioactive Processes  

         These are the processes that are accompanied by the emission of a photon 

due to the transition of the excited molecule from the excited plane to one of the 

lower ground state levels, and they include: 

2.4.1.1 Fluorescence:    

        It is a (direct) radioactive transfer process of the particle that takes place 

between levels of the same multiplicity and fluorescence occurs when moving 

between the vibrational level of the first excited electronic state (S1) to any of the 

vibrational levels of the ground electronic state (So) and it is within (10
-9

) seconds 

for the organic dye molecules. However, in some organic compounds, fluorescence 

emission occurs from the lowest level of the second excited electronic state (S2) to 

any of the vibrational levels of the ground state (So), because the energy gap (S1 - 

S2) is large for these organic compounds, which causes a decrease in the internal 

transformation rate S2 to S1 [68].  

        The partial structure of organic dyes is important inefficiency. It is noted that 

the efficiency of fluorescence increases in molecules with a rigid structure  as well 

as when the molecule possesses energy intervals between levels S1 and T1, as this 

leads to a decrease in the inter-system crossing rate. The spectrum of fluorescence 

occurs due to the absorption of the photon falling on the particle and its 

transmission to the higher excited electronic levels, but these molecules, by their 

nature, tend to be stable, so they return to the first excited level, either in the form 

of thermal energy or vibrational energy, and when the particles return to the initial 

stable levels, they emit a photon, so that the spontaneously emitted radiation 

energy is less than the excitation energy  and the emitted wavelength is longer than 

the exciting wavelength [69]. the difference in wavelength or frequency units in the 

location of the absorption and emission (fluorescence) spectra of the same 

electronic transitions is known as Stokes displacement [70]. Figure (2.2) shows the 

Stokes displacement between the absorption and the emission spectrum.  



Chapter Two                                                                                                      Theoretical Part 

02 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2.2): Stokes displacement between the absorption spectra and the emission 

spectrum [71]. 

2.4.1.2. Phosphorescence: 

                 According to the laws of quantum mechanics, this process is not allowed 

(indirect transitions) because it occurs between different multiplicity levels, as it 

requires a change in the magnetic spin of the electron returning to the single levels. 

Phosphorescence occurs when dye molecules move from the lowest vibrational 

level of the T1 levels to the different vibrational levels So.  

         Since the energy of the singlet  levels (S1) is higher than that of the triple 

levels (T1), therefore, the Phosphorescence spectrum is observed at wavelengths 

longer than the fluorescence spectrum the measured lifetime of           

phosphorescence is relatively long (1×10
-4

 msec). The Phosphorescence process is 

rapidly affected by collisions at low temperatures. One of the characteristics of 

Phosphorescence is that the emission continues after the source of irritation is 

removed due to the long lifetime of the triplet level. Therefore, the 

Phosphorescence process is not suitable for laser action[72]. 
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2.4.2. Photophysical Non-Radioactive Transition  

          Non-radioactive transitions of dye molecules in which energy is dissipated 

and divided into[73]: 

2.4.2.1. Intersystem crossing 

        It is a non-radioactive, symmetric energy transition in which the molecule 

relaxes in the excited state (S1) to the lower level of the triplet excited state       

(S1→ T1) at an interfacial crossing rate (KISC) of the order of (10
-6

 – 10
-11

) s
-1

 and 

then returns to the ground state (So). either by a radioactive process (T1→So) called 

phosphorescence, or by a non-radioactive process (So → T1) which is reverse 

intersystem crossing, and the rate constant for this process (KISC) is in the range of 

(10
-2

-10
4
) s

-1
 [74]. 

2.4.2.2 Internal Conversion 

           It is a direct transition process that occurs between the levels of one 

polymorphism, i.e. between the triple excited electronic levels (T1) or between the 

single excited electronic levels (So) in a very short time of less than (10
-11

) seconds. 

The excited molecule loses its energy in the form of thermal energy by collision 

Therefore, due to these transitions, a decrease in the value of the quantitative 

efficiency of fluorescence occurs in organic compounds, meaning that the internal 

transformation process does not prevent the occurrence of the lasing action, but it 

lowers the efficiency of the laser, so laser dyes with low internal transformation 

rates, i.e. those with high fluorescence efficiency, are preferred [75]. the process of 

internal transformation depends on the nature of the solvent in which the organic 

dye was dissolved and the properties of the solvent, as well as on the molecular 

structure of the organic material used [76]. 
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2.5 Fluorescence Quantum Efficiency 

        The  time  of  the  radioactive  transition  from  the  lower vibrational level to 

the  excited  electronic state  then to a  ground  vibrational  level  and  back to  its 

first  state  after this  period  time  is called  radioactive  lifetime  (τFM) , which is 

defined as the inverted rate of probability of radiation transition (KFM) in  unit (sec
-

1
) [77] 

 

    
FM

FM
K

1
                                 (2.13)                            

Where: (KFM) represents the probability of radiation transition 

    Because of the presence of non-radioactive processes competing with the 

possibility of the probability of radiation transition (KFM)  it will reduce the number 

of particles qualified for fluorescence emission, so the total probability of 

transition (KF) will be the sum of the radiated and non-radioactive transition [30, 

31] 

   
FdFM

f
KKK

11






                      (2.14)               

Where (Σ Kd) is the sum of constants (rate constants) for non-radioactive processes 

for the lowest vibratory state. The time of the fluorescence lifetime (τf) is the 

actual time of the fluorescence, which is equal to the inverted total constants of all 

non-radiative and radioactive processes that cause energy loss [25, 32]  

    
ISCICFM

f
KKK 


1

                                     (2.15)                                  
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Where KIC is the rate of inter conversion (sec
-1

) and KISC is the rate of intersystem 

crossing (sec
-1

). Can be the main lifetime of the excited state. There is a relation 

between fluorescence intensity and fluorescence lifetime (τf) [33, 34]    

  )/exp( ftII                                             (2.16)                     

Where (I) is the fluorescence intensity at time (t), (Io) represents the highest 

fluorescence intensity and (t) time immediately after the cessation of excitation.  

      The lifetime of fluorescence (τf) can be calculated from a standard compound 

known as its chronological age, as well as the area under the curve, as in the 

following relationship [83]. 

     
       

   
                                (2.17) 

      Where (τfRB) is the lifetime of the standard compound, the  Rhodamine B 

(3.230 ns) at the  concentration (10
-4

) M and aRB is the area under the fluorescence 

curve of  Rhodamine B and its value (117.6 cm
-1

) , (a) is the area under the curve 

of the compound required in this research[83]. 

       The quantum efficiency (Фf) represents the quantum yield of fluorescence, 

which is the ratio between the probability of radiation transition (KFM) and the 

average of processes for the singles state (KFM+KIC+KISC).This value is a physical 

constant of each type of excited particle  or the ratio of total energy emitted to the 

amount of absorbed energy. [84]                     

    






dFM

FM

ISCICFM

FM
F

KK

K

KKK

K
o                     (2.18) 
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
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It is also possible to calculate the quantum yield of fluorescence (ФFM) by 

calculating the ratio between the area of the fluorescence spectrum and the area of 

the absorbance spectrum, as shown in equation (2.20) [31]                        

                     
∫          

∫           
                                                               (2.20) 

       

          It has been observed that the quantum yield of fluorescence for several 

compounds depends on the wavelength used in the excitation [64,37] and the 

temperature. So the quantum yield of fluorescence increases when  non-radioactive 

processes decrease and when the temperature is reduced, the relation between them 

is reversed [82]The values of fluorescence production are between (0-1), therefore, 

the lifetime of the fluorescence is far less than the radiation lifetime due to the non-

radioactive processes competing for the fluorescence process [86]Since values of 

the quantum efficiency are less than or equal to one, then (τFM>τf) [87] 

2.6. Factors affecting the characteristics of Organic Laser Dyes 

     Many factors effect on properties of Laser dyes are: 

2.6.1. Impurities Effect  

          When the solution has a molar concentration of impurities, then the collision 

between the excited organic molecule 
1
M

*
 and impurities leads to quenching of the 

excited molecule 
1
M

*
 and an increase in the internal conversion rate or intersystem 

crossing rate [88]. The impurity quenching rate constant is which represents the 

time rate of quenching caused by the collision of impurities, therefore the 

fluorescence quantum efficiency decrease [89].  

              The other types of quenching processes are caused by impurities such as 

the existence of negative ions (ClO4
-
, Cl

-
, Br 

-
, I

-
) or the existence of O2 resulting in 

quenching fluorescence, as a result of the charge transfer between the excited 

chromophore and negative ion. The quantum efficiency of dye fluorescence in the 
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existence of the negative ion depended on the dye concentration and type of 

solvent [90].  

2.6.2. The Concentration Effect   

          The absorption spectrum is normally subject to the Beer-Lambert law, 

meaning that the absorption cross-sections do not depend on the concentration, and 

the increase in the molar concentration of the dyes leads to the formation of 

agglomerations. - Lambert - changes occur in the properties of the absorption 

spectrum, and exposure of the beam with the direction towards the low-frequency 

region, and this leads to a decrease in the quantum output of fluorescence            

[91]. 

       It has been observed that increasing the concentration of rhodamine 6G in 

water constitutes Steady ground state dimers, which result from the inverse 

encounter of two unchanged monomer molecules, are responsible for the change in 

the shape of the absorption spectrum of most dye solutions in high concentrations 

and are non-fluorescent. As for methanol, this dye has a low tendency to form this 

type of dimer [91].  

      In high concentration, the dye molecules are close to each other, and by 

random movement they collide with each other to form pairs of close space 

[92].The aggregates appear in concentrated solutions of fluorescence, as the 

monomer is present together with the dimer and the trimmer. These aggregates 

have no emission at a temperature of 20 °C. [93]. 

2.6.3. The Solvent effect  

        Solvents can also cause displacement of the absorption and fluorescence 

spectra, displacement of both absorption and a fluorescence spectrum implies the 

interaction of the solvent of both the ground state and the excited state of the 

molecule. On the other hand, when the fluorescence emission spectrum alone is 

changed, the implication is an interaction of the solvent with the excited state of 

the molecule but not with the ground state [94]. Since the solvent reorientation 
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process is a director of the polarization of the excitement of the solute, it is not 

surprising that solvent effects on the Franck-Condon shift have been related to the 

dielectric constant of the solvent[95]. 

         The PH of the solvent is also important. Many organic dyes may behave as 

weak acids or bases. In proton solvents, therefore partial or complete dissociation 

or protonation can occur in the ground state species of the solute. In effect, new 

species having their unique absorption and emission spectra are formed. It is also 

known that the acid-base properties of the excited states are often different from 

those of the ground state [96] 

       A dye may become a stronger acid or a stronger base in the excited state. This 

property results in dissociation and protonation, reactions in the excited state only. 

The reaction products are unstable in the ground state with the result that they 

manifest themselves by changing the fluorescence spectrum only leaving the 

absorption spectrum unchanged [97] The solvents also affect the fluorescence 

lifetime. In the case of large molecules, the spectra are shifted toward longer 

wavelengths but fluorescence lifetime is less affected [97]. 

2.7.4. The Self-Absorption Effect  

        self-absorption causes fluorine suppression as a result of the overlap between 

the fluorescence spectrum and the absorption spectrum where photons emitted by 

other non-irritating molecules in the dye solution are reabsorbed and this process is 

called self-absorption, this process changes quantitative efficiency and lifetime 

from their real values and the probability of self-absorption or self-absorption 

factors depends on the extent of molecular overlap between the absorption 

spectrum and the emission spectrum and the concentration as well as on the 

thickness of  the sample passing through  it is during which fluorescent photons 

and temperatures are reduced, their value decreases with low temperature, 

increases by increasing concentration, and reduces the effect of self-absorption 

using very diluted solutions[49, 24]. 
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3.1 Introduction: 

         This chapter includes a description of  the utilized chemical materials and their 

solvents, scheme of  the work and methods of  preparation the liquid solutions and 

their mixture (dye, polymer, nanoparticles) as well description of  used devices in the 

measurements.  

3.2. The Utilized Materials 

3.2.1. Nile Blue Dye  

        The Nile Blue dye that is used in this research was obtained by (Sigma-Aldrich/ 

Germany) with high purity (99.9%).Table (3.1) shows  some of  the physical and 

chemical  properties of  Nile Blue. 

 Table (3.1): Some  of  the physical and chemical properties of NB[17]. 

3.2.2. Polyvinylpyrrolidone Polymer (PVP)    

     PVP  polymer  that is  used in this work  is obtained by Anhui Leafchem Co., Ltd, 

China (mainland) and has high purity (99.8%). Table (3.2) shows  some of  the 

physical and chemical  properties PVP polymer. 

Property Description 

Dye Name Nile Blue A(sulfate) 

Trade Name Nile Blue 

Supplied company (Sigma-Aldrich/ Germany) 

Color Blue Powder 

Class a phenoxazine 

max 664 nm 

Solvents Water,methanol,ethanol,others 

Chemical Formula 2C20H2ON3O.SO4 

Molecular Weight 732.85 g/mol 
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. 

 

Table (3.2): The physical properties of Polyvinylpyrrolidone polymer[20]. 

 

 

 

 

 

 

 

2.2.3.  Distilled Water Solvent  

         Water is the  one of the  most common  polar  solvent. Table (3.3) shows  some  

of  the  chemical and physical properties of  distilled water solvent.  

Table (3.3): Some  of  the  chemical and physical properties of  distilled water solvent[99].   

 

 

 

 

 

Property Description 

The appearance White powder (milky) 

Solvents water/ethanol/methanol 

Abbreviation PVP 

Molecular Formula (C6H9No)n 

Density 1.2 g/cm3 

Melting Point 150c°-180c° 

Molecular Weight 
40.000gm/mol 

Description Property  

H2O Chemical Formula 

18.015 Molecular Weight (gm/mole) 

1.333 Refractive index  

78.540 Dielectric Constant  

1.84 Polarity  

1.008 Viscosity(centipoises) at 20 C
o
 

1 Density(gm/cm
3
) 
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3.2.4.  Ethanol Solvent   

     It is an alcoholic organic chemical solvent and chemical formula (C2H5OH) and is 

called generally called alcohol. It is characterized by a polar compound that has the 

property of creating a hydrogen bond between its molecules as well as a group of 

hydroxyls that produce the increased cohesion of bonds and is characterized by a 

colorless volatile liquid that blends with polar solvents such as water and forms 

hydrogen ligaments with water [106].  Table (3.4) show  some  physical properties of 

water and ethanol.  

Table (3.4): Some  of  the  chemical and physical properties of  ethanol  solvent[87].  

 

  

 

 

 

 

 

 

C2H5OH Chemical Formula  

46.07 Molecular Weight (gm/mole) 

1.3614 Refractive index  

24.195 Dielectric Constant  

1.69 Polarity  

1.943 Viscosity(centi poises) 

at 20 C
o
  

0.7936 Density(gm/cm
3
) 

Description Property 
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3.3. Scheme of the Work 

Figure (3.1) shows the  scheme of  main steps of  the  experimental part  in this work. 

 

                                   

 

Preparation of  Samples  

Preparation of  (NB dye) solutions  

at Different Concerations 

0.01,0.03,0.05)mM) 

 

Preparation of  (NB -PVP)  blend 

solutions  at different 

Concentration of NB Dye 

Preparation of  (NB –PVP-Au NPs) 

nanocompsite  solutions  at different 

concentrations   

  

Preparation of   (Au NPs) 

solutions  by PLA in liquid 

(water and ethanol solvent) 
  

Measurement of absorbance Spectral by UV-

VIS spectrophotometer  

Calculation of linear refractive index (n
o
) 

and linear absorption  coefficient (α
o
) 

Measurement of fluorescence Spectral by 

Fluorescence spectrophotometer 
  

Calculation of florescence lifetime (τ
f
) and 

quantum efficiency of florescence (Ф
f
) 

Figure (3.1): Main steps of the experimental work. 
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3.4. Preparation of  Nile Blue dye solutions    

       To prepare solutions of Nile blue dye in concentration (1×10
-3

 mM), in both 

solvents, water and ethanol to dissolved (0.18 g ) of  (NB)  dye powder  for volume of 

(30 ml) of solvents used in this study and according to the relationship:  

  
      

    
 ……………. (3.1) 

Where  

 W: The weight of the dye needed to obtain the desired concentration is measured 

(gm) 

 MW: The molecular weight of the dye used is measured (gm/ mole) 

 V: The volume of solvent to be added to the dye is measured (cm
3
)  

 C: The concentration to be prepared is measured in units (M). 

         Also, the prepared concentration can be diluted through the use of the following 

relationship :  

 

C1 V1 = C2 V2   ………(3.2)   

C1= the concentration of the original solution. 

C2= Concentration after dilution 

V1=.= the volume of the original solution. 

V2= the final volume of the diluted solution.    

The following concentrations were obtained (0.01,0.03, 0.05 ) mM as shown in 

Figure (3.2)  
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Figure (3.2): The solutions samples of   NB dye at different concentrations in 

a.Water solvent.   b. Ethanol solvent.  

  

3.5. Preparation of the (NB - PVP) blend solutions  

      The blend(NB-PVP) is prepared by dissolving an amount of polymer powder(0.5) 

with (50ml) distilled water and ethanol solvents and stirring it by magnetic stirring for 

a period (5)min. Then we add equal amounts of the polymer solution to equal 

amounts of the used dye 1ml (NB) =1ml (PVP), then put it under magnetic stirring for 

30 min, and thus we get solutions (NB-PVP) blend, as shown in the Figure (3.3).    

 

 

 

 

 

 

 

 

Figure (3.3): The solutions samples of   (NB-PVP) blend  at different concentrations in 

a. water solvent.   b. ethanol solvent.  
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3.6. Preparation of the gold nanoparticles(Au NPS) 

          A colloidal solution of gold particles was prepared with two solvents, distilled 

water, and ethanol using PLAL, by taking a gold strip of purity 99.9% and placing it 

in a glass beaker containing distilled water or ethanol after cleaning the metal with 

alcohol to remove impurities then a laser beam Nd: YAG(Chinese-made) of a 

wavelength (1064 nm) is projected onto the plate inside the case through a convex 

lens (10mm), the necessary force was (120 mJ/ pulse, pulse width 5 ns ,6 Hz,30 ns) to 

complete the process of removing the gold particles. noticed the change in the color 

of the liquid to a dark red, indicating the formation of the nanofluid. The 

concentration and size of the particles depend on the number of pulses that are fired . 

Figure (3.4) represents the device used for laser ablation and an experimental scheme 

for preparing nanoparticles.  

 

 
 

 

Figure (3.4): Scheme the  preparation  of  (Au NPs)   solution by  laser ablation in 

liquid method. 

 

Au NPs  

in Water 

 

Au NPs  

in Ethanol 
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3.7.  Preparation of the ( NB -PVP / AuNps) nanocomposite solutions  

           The nanocomposite is prepared by taking (1ml) of the colloidal solution of 

gold nanoparticles and adding it to the mixture (PVP-NB) and stirring it by magnetic 

stirring for (30 minutes), thus obtaining the (NB-PVP/Au NPs) nanocomposite . 

Figure (3.5) shows the solutions  samples of nanocomposite in distilled water and 

ethanol solvents. 

 

  

 

Figure (3.5): The solutions samples of  ( NB-PVP/Au NPs) nanocomposite at different 

concentrations in a. water solvent.   b. ethanol solvent. 

 

3.8. The used devices  

3.8.1 Absorption Spectrophotometer 

       The absorption spectra  for all solution samples are  measured using  (UV-Visible 

- Spectrophotometer) , type (SHIMADZU-1800).This spectrometer covers a large 

region of the electromagnetic spectrum, extending from the ultraviolet region to the 

near infrared region. Table (3.5) show specifications of used (UV-Vis 

Spectrophotometer), it is located in the Thin Film Laboratory, Department of Physics 

- College of  Education for Pure Sciences as shows in the Figure (3.6). 

0.03  
mM 

0.01  
mM 

0.05  
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mM 
0.03  
mM 

0.05  
mM 

a 
 

b 
 



Chapter Three                                                                                                        Experimental Part                                                                

38 
 

 

Table (3.5)  specifications of used (UV-Vis Spectrophotometer) (Shimadzu-1800). 

     

 

 

 

 

 

 

 

  

 

 

 

Figure (3.6) : UV-Visible spectrophotometer (Shimadzu-1800). 

 

3.8.2 Fluorescence spectrophotometer 

       The fluorescence spectra of  all prepared  solutions samples were measured by a 

fluorescence spectrometer type (FluoroMate FS-2) of  Korean origin and supplied by 

(SCINCO) company.Table (3.6) shows the specifications of fluorescence 

spectrophotometer (FluoroMate FS-2).All samples were examined in  the laboratory 

of  thin  film College of Education for Pure Sciences - Department of Physics, as 

shown in Figure (3.7). 

 

 

Wavelength range  (190-1100) nm 

Wavelength scan rate  Maximum 1000 nm / min  

Light source  Deuterium and Tungsten Lamps  

Detector  Silicon photodiode  

Power requirements  (220-240) V  (AC) 
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Table (3.6) : Specifications of fluorescence spectrophotometer (FluoroMate FS-2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.7) : The Fluorescence Spectrophotometer (FluoroMate FS-2) Device.   
 

3.8.3. Scanning Electron Microscope (SEM) 

         Figure (3.8) shows the scanning electron microscopy device ( SEM, JSM-

7610F, Carl  Zeiss, Germany) that operates at an accelerated voltage of 10 kV. Using 

SEM microscopy the information on the surface morphology of the samples and 

the particle size of (Au NPs) deposited on a glass substrate was determined. Figure 

(3.9) shows the scanning electron microscopy device(SEM, JSM-7610F, Carl  

Zeiss, Germany). Figure (3.11) shows the SEM image of (Au NPs) solutions in 

water and ethanol solvants. 

 

Wavelength range  (200 - 900) nm 

Wavelength scan rate  200/400/600 nm / min  

Light source  150 W (Xenon arc lamp) 

Detector  PMT  

Power requirements  (220-240) V  (AC) 

Resolution 0.5 nm 

Wavelength Accuracy 1.0 nm 
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Figure (3.8): Scanning Electron Microscopy device (SEM, JSM-7610F, Carl  Zeiss, Germany) 
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 Figure (3.9)  SEM image of (Au NPs) solutions in water solvent  . 
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Figure (3.10) SEM image of (Au NPs) solutions in ethanol 
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4.1. Introduction  

           This chapter includes the results and discussion of the absorption spectra 

and linear optical properties (linear refractive index and absorption) as well as 

emission spectra (fluorescence) and spectral properties (the fluorescence lifetime 

and the quantum yield of fluorescence) of solutions (Nile blue dye, dye blend and 

composite) dissolved in different solvents (water, ethanol). And with different dye 

concentrations and with constant volume ratio additions of PVP polymer and gold 

nanoparticles (Au NPs). The chapter also includes the most important conclusions 

that have been reached and proposals for future work. 

4.2. Absorbance and Transmittance spectra of Nile blue dye     

      Solutions Dissolved in Distilled Water Solvent      

       Figure (4.1) shows the absorbance and transmittance spectra of NB dye 

solutions dissolved in water with different concentrations (0.01, 0.03, and 0.05) 

mM. From this figure it is observed that the absorbance and transmittance spectra 

consist of  two peaks, and this is evidence that the exciting levels of the dye consist 

of two separate groups of levels, i.e. the occurrence of electronic transitions the 

first transition (π→π*) at short wavelengths (600-630) nm ,second transition 

(n→π*)at long wavelengths(630-670)nm[101]. The absorbance increases with 

increasing concentration according to Beer-Lambert's law, and the transmittance 

decreases because it is the opposite of absorbance. The figure shows that the width 

of the absorption spectrum decreases with increasing concentration. 
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Figrue (4.1): The Absorbance and transmittance spectra of NB dye solutions at different 

concentrations in distilled a water solvent. 

        Table (4.1) shows the values of absorbance, transmittance, linear absorption 

coefficient, and linear refractive index of NB dye dissolved in a water where we 

notice an increase in the linear absorption coefficient and the linear refractive 

index, and that the reason for increasing the linear refractive index depends on the 

density of the solution, meaning that the higher its density, the higher the refractive 

index. 

 

 Table (4.1) the linear optical properties of NB dye dissolved in water solvent 
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Material C(mM) abs 

nm 

A T  (cm
)-1

 n 

NB  Dye  
0.01 664 0.15 0.69 0.36 1.75 

0.03 663 0.51 0.30 1.18 1.98 

0.05 662 0.72 0.18 1.67 2.39 
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n-
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4.3. Fluorescence Spectra of NB dye Solutions Dissolved in Distilled  

        Water Solvent 

          The fluorescence spectra of samples prepared for (NB dye) solutions 

dissolved in water solvent at different concentrations (0.01,0.03,0.05) mM are 

measured using fluorescence spectrometer as shown in Figure (4.2). It is noted 

from the figure that the highest fluorescence intensity is (6310) and is located at 

the wavelength (699 nm). It is also noted that increasing the concentration leads to 

a decrease in the fluorescence intensity and the shift towards short wavelengths 

(blue shift) due to the interaction between the particles of the medium when the 

concentration changes. From the results of the absorbance and fluorescence 

spectra, the fluorescence lifetime (τf) and the quantum yield of fluorescence (Фf) 

were calculated. It is noted that increasing the concentration leads to an increase in 

the values of the lifetime of fluorescence (τf) and a decrease in the values of the 

quantum yield of fluorescence (Фf), and that the highest quantum yield is (0.71), as 

shown in Table (4.2). 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.2) Fluorescence spectra of NB dye solutions dissolved in water solvent and at 

different concentrations. 
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Table (4.2) Spectral properties of NB dye dissolved in water solvent and at different 

concentrations. 

 

4.4. Absorbance and transmittance Spectra of (NB-PVP) Blend  

        Solutions Dissolved in Distilled Water Solvent  

             Figure (4.3) shows the absorbance  and transmittance spectra of  the      

(NB-PVP) blend solutions with  different concentrations of  Nile Blue dye  at room 

temperature, upon adding  NB dye to PVP polymer,blue shift in the maximum 

peak of monomer( n-
*
)transitions  was observed with increasing doping ratio of 

the NB dye, which went from (664 nm), the intensity is( 0.07) at low doping ratio 

to (662 nm), the intensity is (0.40) at the high ratio. Nevertheless, with an 

increasing concentration of dye for a fixed amount of polymer, the absorption 

intensity of NB increases as well. However, by comparison with the intensity in the 

previous figure for NB dye alone, it is noteworthy that this intensity was found to 

be reduced due to the quenching of NB by crosslinking with PVP polymer, which 

is the mechanism responsible for enhancing dye elimination from liquids. 

Furthermore, due to the overlap between molecules of PVP and the dye molecules 

in the molecular electronic energy levels, this leads to the split of the energy levels. 

As a result, the absorbance intensity decreases compared to the NB dye solution. It 

was found also that the discrepancy of the width of the absorption spectra of low 

concentrations is greater than in high concentrations[102]. Table (4.3) show the 

values of absorbance, transmittance, linear absorption coefficient, and linear 

refractive index of (NB- PVP) blend dissolved in water. 

Material C(mM) flu 

nm 

Intensity τf Фf 

NB Dye  

 

0.01 699 0130 4.23 0.71 

0.03 698 1133 5.87 0.62 

0.05 697 1392 6.56 0.53 
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Fig (4.3) The Absorbance and transmittance spectra of (NB-PVP) blend solutions at 

different concentrations in distilled a water solvent. 

 

Table (4.3) The linear optical properties of (NB -PVP) blend dissolved in a water 
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        Distilled Water solvent 

            Figure (4.4) shows the fluorescence spectra of (NB-PVP) blend solutions 

dissolved in water solvent with different concentrations of  NB dye 

(0.01,0.03,0.05) mM, and it is noted that the highest fluorescence intensity is 

(6350) and is located at the wavelength (697 nm).  
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        It is also noted that the increase in concentration leads to a decrease in the 

fluorescence intensity and the shift towards short wavelengths (blue shift).It is also 

noted that the values of the quantum yield  fluorescence output of (NB-PVP) Blend 

solutions  are greater compared to (NB dye) solutions, and the reason for this is 

due to The decrease in the absorbance values and the increase in the fluorescence 

intensity values for the Blend and for all concentrations, and the highest value for 

the quantum yield  is (0.82) as shown in Table (4.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.4): Fluorescence spectra of (NB- PVP) blend solutions dissolved in water solvent 

at different concentrations of NB dye. 

 

Table (4.4): Spectral properties of solutions (NB- PVP) blend dissolved in water solvent at 

different concentrations of NB dye 

Material C(mM) flu 

nm 

Intensity τf Фf 

(NB - PVP) 

Blend 

0.01 697 0130 3.15 0.82 

0.03 696 4196 4.27 0.74 

0.05 695 3605 5.48 0.63 
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4.6. Absorbance and Transmittane Spectra of (NB-PVP/Au Nps)             

        Nanocomposite Solutions in distilled water 

       Figure (4.5) shows the absorbane and transmittance spectra of                     

(NB-PVP/AuNps) nanocomposite solutions in distilled water when adding 

nanoparticles to (NB-PVP) blend at different concentrations of  NB dye .The study 

of  the effect of this addition was observed when the prepared nanoparticles were 

small the absorption spectra shift towards (blue shift), in addition to a decrease in 

the absorption intensity due to the interference between nanoparticles dye, and 

polymer molecules in energy levels, which leads to the division of energy levels 

and as a result the absorption intensity decreases. That the appearance of three 

peaks in the visible region, one of them represents the absorption band of  (Au 

NPs), and the two peak represents the absorption band of (NB-PVP) blend 

dissolved in water[102]. Tables (4.5) show the values of absorbance, transmittance, 

linear absorption coefficient, and linear refractive index of (NB- PVP/ Au NPs) 

nanocomposite dissolved in water. 

 

  
 

Figure (4.5): The absorbance and transmittance spectra of (NB-PVP/ AuNPs) 

nanocomposite solutions in water solvent at different concentrations of NB dye. 
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Table (4.5) the linear optical properties of (NB -PVP/Au NPs) nanocomposite dissolved in 

water solvent at different concentrations of NB dye. 

Material C(mM) abs A T  (cm)
-1 

n 

(NB -PVP/Au 

NPs) 

nanocomposite 

0.01 664 0.04 0.89 0.11 2.03 

0.03 663 0.14 0.71 1.32 2.68 

0.05
 

662 0.17 0.66 1.40 2.85 

 

4.7. Fluorescence Spectra of (NB-PVP/AuNPs) Nanocomposite     

        Solutions Dissolved in distilled water solvent 

         Figure (4.6) shows the fluorescence spectra of (NB-PVP/AuNPs) 

nanocomposite solutions dissolved in water solvent and with different 

concentrations of NB dye (0.01, 0.03, 0.05) mM. It is noted from the fluorescence 

spectra that the highest fluorescence intensity is (4641) and is located at The 

wavelength (693 nm), and it is also noted that increasing the concentration leads to 

a decrease in the fluorescence intensity and the shift towards short wavelengths 

(blue shift), also it is noted that the values of the quantum yield of fluorescence for  

(NB - PVP/Au NPs) nanocomposite solutions are greater compared with  NB dye 

and  (NB-PVP) solutions, due to the decrease in the nanocomposite absorbance 

values accompanied by an increase in the fluorescence intensity values for all 

concentrations, and the highest value of the quantum yield of fluorescence is (0.89) 

, as shown in Table (4.6). 
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Figure (4.6) Fluorescence spectra of (NB- PVP/Au NPs) nanocomposite solutions dissolved 

in water solvent at different concentrations of NB dye 

 

Table (4.6) Spectral properties of (NB- PVP/Au NPs) nanocomposite solutions dissolved in 

water solvent at different NB dye concentrations. 

 

4.8. Absorbane and transmittance Spectra of Nile Blue Dissolved    

       in Ethanol Solvent 

          Figure (4.7) shows the absorption and transmittance spectra of the  NB dye 

solutions with different concentrations.It was observed that the absorbance peak 

shifted towards the (blue shift), When the concentration is increased,  this is due to 

two reasons: the first reason is the increase in the number of particles, and the 

second reason is that the dipole moment of the ground state is less than the excited 

Material C(mM) flu 

Nm 

Intensity τf Фf 

(NB -PVP/ Au NPs) 

Nanocomposite 

0.01 693 6414 2.25 0.88 

0.03 692 4485 3.38 0.84 

0.05 691 3620 4.19 0.78 
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state.Concluded that increasing the concentration leads to an increase in 

absorbance and a decrease in transmittance according to the Beer-Lambert law. 

Table (4.7) shows the values of absorbance, transmittance, linear absorption 

coefficient, and linear refractive index of NB dissolved in ethanol.         

 
 

 

Figure (4.7): The Absorbance and transmittance spectra of NB dye solutions dissolved in 

ethanol solvent with different concentrations. 

Table (4.7) shows the values of absorbance, transmittance, linear absorption 

coefficient, and linear refractive index of NB dye dissolved in an ethanol. 

Table (4.7) The linear   optical properties of NB dye dissolved in ethanol solvent. 
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terms of polarity and hydrogen bonding ability, as well as the ability of the dye to 

form dimers in water. Therefore, water is the ideal solvent for the dye. 

4.9. Fluorescence Spectra of NB Dye Solutions Dissolved in Ethanol   

        Solvent  

       Figure (4.8) shows  the fluorescence spectra of  NB dye solutions dissolved in 

ethanol solvent with different concentrations of  NB dye (0.01,0.03,0.05) mM. It is 

noted from the figure that the highest fluorescence intensity is (14263) and is 

located at the wavelength (690 nm). It is also noted that the quantum yield of 

fluorescence values of NB dye solutions dissolved in the ethanol solvent are 

greater compared to NB dye solutions dissolved in the water solvent for all 

concentrations. And the highest value of the quantum yield of fluorescence is 

(0.77), as shown in Table (4.8). 

 

 

 

 

 

 

 

 

 

 

Figure (4.8) Fluorescence spectra of NB dye solutions dissolved in ethanol solvent at 

different concentrations. 
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Table (4.8) fluorescence spectra characteristics of Nile Blue dye solutions dissolved in 

ethanol solvent and at different concentrations. 

 

4.10. Absorbane and transmittance Spectra (NB-PVP) blend in    

         Ethanol Solvent 

            Figure (4.9) shows the absorbane and transmittance spectra of a (NB) dye 

solutions after adding (PVP) a polymer to obtain (NB-PVP) blend solutions.    

        When the concentration of the polymer increases, the intensity of dye 

absorbance increases as well. When compared to the NB dye solutions adding 

comparable amounts of polymer resulted in a noticeable decrease in absorbance 

intensity, and when it was added, ablue shift was noted at the top of the monomer 

peak. It should be mentioned that the interference between dye molecules and 

polymer molecules at partially electronic energy levels resulted in decrease in 

density. As a result of the aggregate dyes being dimmer and trimmer than the pure 

dye solution, the intensity of absorption reduces. Transmittance reduces as 

concentration increases. Tables (4.9) show the values of absorbance, transmittance, 

linear absorption coefficient, and linear refractive index of (NB- PVP) blend 

solutions dissolved in ethanol.  

Material C(mM) flu 

Nm 

Intensity τf Фf 

NB Dye  
0.01 690 14263 3.82 0.77 

0.03 689 12234 4.34 0.69 

0.05 688 8312 5.22 0.58 



Chapter Four                                                                                             Results and Disscusion                                                                 

55 
 

  

 

Fig (4.9) The Absorbance and transmittance spectra of(NB-PVP) blend solutions at 

different concentrations in ethanol solvent.  
 

Table (4.9) The linear optical properties of (NB- PVP) blend dissolved in a ethanol. 

 

4.11. Fluorescence Spectra of (PVP-NB) Blend Solutions in Ethanol    

         Solvent 

       Figure (4.10) shows the fluorescence spectra of  (NB – PVP) blend solutions 

dissolved in ethanol solvent with different concentrations of NB dye 

(0.01,0.03,0.05) mM.It is noted from the figure that the highest fluorescence 

intensity is (19115) and is located at the wavelength (687) nm. it is also noted that 

the values of the quantum yield of fluorescence  (NB- PVP) blend solutions are 

greater compared to (NB dye) solutions for all concentrations, the reason for this is 

due to the decrease in the absorbance values of the Blend, and for the same reason 
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it is also noted that the values of the quantum yield of fluorescence for this blend is 

greater compared with the same  blend with water solvent, and the highest value of 

the quantum yield of fluorescence is (0.89), as shown in Table (4.10). 

 

 
 

 

 

 

 

 

 

 

 

Figure (4.10): Fluorescence spectra of (NB- PVP) blend solutions dissolved in ethanol 

solvent with different concentrations of NB dye. 

 

Table (4.10): Spectral properties of (NB- PVP) blend solutions with ethanol solvent with 

different concentrations of NB dye. 

 

 

 

 

 

Material C(mM) flu 

nm 

Intensity τf Фf 

NB Dye  

(Blend) 

0.01 687 19115 2.15 0.89 

0.03 686 15253 3.01 0.87 

0.05 685 10121 4.62 0.74 
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4.12. Absorbane and transmittance Spectra of (NB-PVP/AuNPs)   

          Nanocomposite in Ethanol Solvent 

        Fig. (4.11) shows The absorption intensity of NB/PVP/AuNps revealed two 

peaks, the first at wavelength (525) nm representing the nanocomposite's 

absorbance intensity and the second at wavelength (655) nm showing the dye 

absorption intensity. The influence of the method of pulsed laser ablation in liquids 

on the concentrations prepared from the dye was recorded, and it was noted that 

numerous possibilities arise in the addition process.  

        One of these effects is a shift in wavelengths either in the direction of 

(redshift) or in the direction of (blue shift) when the quantity of nanoparticles 

inside the liquid increases (blue shift) this is dependent on the particle size of the 

nanoparticles that have been created. The intensity of absorption is the other 

impact, in which the concentration of the chemical is linked to an increase or 

reduction in absorption. When the size of the produced nanoparticles is tiny and 

added to the dye and polymer, the intensity of absorption decreases as the dye 

concentration decreases.Table (4.11) show the values of absorbance, transmittance, 

linear absorption coefficient, and linear refractive index of (NB- PVP/AuNPs) 

nanocomposite  solutions dissolved in ethanol solvent. 
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Fig (4.11) The Absorbance and transmittance spectra of (NB-PVP) blend solutions 

dissolved in ethanol solvent with different concentrations of NB dye. 

 

Table (4.11) the linear optical properties of (NB – PVP/AuNPs) nanocomposite dissolved in 

ethanol solvent with different concentrations of NB dye. 
 

Matreial C(mM) abs A T  (cm)
- 1 

n 

(NB – PVP/AuNPs) 

Nanocomposite 

0.01 655 0.06 0.85 0.15 1.94 

0.03 654 0.09 0.80 0.21 2.37 

0.05 653 0.12 0.74 0.29 2.72 

 

4.13. Fluorescence spectra of (NB-PVP/AuNPs) Nanocomposite  

         Solutions in Ethanol Solvent 

     Figure (4.12) shows the fluorescence spectra of (NB-PVP/AuNPs) 

nanocomposite solutions dissolved in ethanol solvent with different concentrations 

of NB dye (0.01,0.03,0.05) mM. It is noted from the figure that the highest 

fluorescence intensity is (19434) and is located at the length at the wavelength    

(682 nm), it is also noted that the values of the quantum yield of fluorescence for       
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(NB-PVP/Au NPs) nanocomposite solutions are greater compared to Blend 

solutions and NB dye solutions for all concentrations, due to the decrease in 

absorbance and increase in fluorescence intensity. For the same reason, these 

values are greater compared with nanocomposite solutions dissolved in water 

solvent, and the highest value of the quantitative product is (0.92), as shown in 

Table (4.12). 

 

 

 

 

 

 

 

 

 

 

Figure (4.12) Fluorescence spectra of (NB- (PVP/Au NPs) nanocomposite solutions 

dissolved in ethanol with different concentrations NB dye. 

 

Table (4.12): Spectral properties of (NB-PVP/Au NPs) nanocomposite solutions dissolved in 

ethanol with different concentrations NB dye. 

 

 

Material C(mM) flu 

nm 

Intensity τf Фf 

  (NB -PVP/ Au NPs) 

Nanocomposite 

0.01 682 19434 1.95 0.92 

0.03 681 15487 2.11 0.90 

0.05 680 10492 3.42 0.81 
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4.14. Conclusions 

The study concludes they following: 

1. Increasing the concentration of Nile Blue dye that dissolved in both solvents, 

water and ethanol, leads to an increase in intensity of absorbance spectra, for 

all the prepared solutions. 

2. The values of linear optical properties (linear absorption coefficient and 

linear refractive index) increase with increasing dye concentration for all 

prepared solutions. 

3. Increasing the concentration of dye for both solvents leads to a decrease in 

the intensity of fluorescence spectra, which leads to an increase in the 

fluorescence lifetime and a decrease in the quantum yield of fluorescence. 

4. The addition of a polymer (PVP) to Nile blue dye solutions led to the 

formation of (NB-PVP) blend solutions that have a lower absorptive 

intensity compared to dye solutions alone, and this leads to a decrease in the 

absorbance values and an increase in transmittance values, and 

consequently, the values of linear optical properties. 

5. The intensity of fluorescence spectra increases for (NB-PVP) blend solutions 

compared to dye solutions alone, and this leads to an improvement of the 

spectral properties, where the values of the    fluorescence lifetime decrease 

and the values of the quantum yield of fluorescence increase compared to the 

values of dye solutions. 

6. Solutions of (NB-PVP/AuNPs)  nanocomposites are prepared by adding 

gold nanoparticles(AuNPs)  to (NB-PVP) blend solutions so that these 

nanocomposites have a lower absorbance intensity compared to the solutions 

of  the blend solutions and dye solutions alone, thus lowering the values of  

linear optical properties of these nanocomposites. 

7. The (NB-PVP/AuNPs)  nanocomposites solutions  have a higher intensity of 

fluorescence than the dye solutions and blend solutions, and thus good 
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spectral properties are obtained with the lowest fluorescence life time and 

the highest quantum yield of fluorescence for the two solvents, water and 

ethanol. 

 

4.15. Suggestions for Future Works 

1. Study of the spectral and optical properties of natural and other organic dyes 

added to PVP/AuNPs.  

2. Using other nanoparticles with (NB-PVP) polymer blend and compare their 

results with the current study. 
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