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Abstract 

      In this research , it was used (RhB dye) with  different concentrations, 

and then studied the absorption spectrum of these samples by using UV-

VIS spectrometer, the emission spectrum by using fluorescence 

spectrometer, and then the plasmonic spectrum by using the emission 

spectrophotometer (LIF). It was used a better concentration of RhB dye 

(1*10
-5

 M) to mix with  different concentrations of Ag NPs that have 

been prepared by the ablation method .To get  different concentrations of 

Ag NPs, it was changed the pulse number (500, 600, 700, 800, 900) p and 

keep the energy constant at (600 mJ), it will play a major role in changing 

the absorption and the emission spectra properties. It was found a strong 

dependence of the emission characteristics (the emission intensity, 

threshold for lasing) on the concentration of Ag NPs. However, to get  

different sizes of Ag NPs, it was changed the energy (500, 600, 700, 800, 

900) mJ and keep the pulse number constant at (400 p). Also studied   

different concentrations of Ag NWs, and then studied the absorption, 

emission, and the plasmonic spectra to all the previous mixture (RhB dye 

with Ag NPs) , (RhB dye with Ag NWs). The same (better concentration 

of RhB dye 1*10
-5

 M) was mixed with Au NPs that have been prepared 

by the same previous ablation steps, and also studied the absorption, 

emission, and the plasmonic spectra. 

      All previous samples Ag NPs, Ag NWs, and Au NPs (with different 

pulses and different energies) was checked up by FE-SEM to find out the 

size of the nanomaterials.  

      Nevertheless, thin film was studied that have been fabricated of 

multilayer structure and introduced as the main gain media including 

polydimethylsiloxane (PDMS) substrate/ Gold Nano rods covered by the 

Rhodamine B (RhB) as the first gain media and it was covered by PVP 



polymer (Fabrication of RhB into 2D Nano grating),  deposited (RhB 

1*10
-5

 M) on this thin film, also, (RhB 1*10
-5

 M + Ag NPs 800 p), (RhB 

1*10
-5

 M + Ag NPs 600 mJ), (RhB 1*10
-5

 M + Ag NWs 2 gm/mol), 

(RhB 1*10 
-5 

M + Au NPs 700 p) and (RhB 1*10 
-5 

M + Au NPs 700 mJ), 

were deposited on the thin film, and then studied the plasmonic spectrum 

by using the emission spectrophotometer (LIF) to study the effect of 

plasmon phenomena on the emission spectrum.                                     

Also, all these 2D thin film samples was checked up by SEM.                   

                

                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 الخلاصة :

( ثززاكٍش يخزهفخ ٔرى دراسخ طٍف Bفً ْذا انجحش , رى اسزخذاو طجغخ )انزٔدايٍٍ      

(, طٍف الاَجعبس ثإسزخذاو يطٍبف UV-VISالايزظبص نٓذِ انعٍُبد ثبسزخذاو يطٍبف )

ٔرى اسزخذاو افضم رزكٍش LIF). ثإسزخذاو انفهٕرح ثبنحش ثبنهٍشر )ٔطٍف انجلاسيٌٕ  ,انفهٕرح

B (1*10)يٍ طجغخ )انزٔدايٍٍ 
-5 

M نزًشط يع رزاكٍش يخزهفخ يٍ انجسًٍبد انُبٌَٕخ نهفضخ )

((Ag NPs  يٍ )انزً رى رحضٍزْب ثطزٌقخ الاسزئظبل. نهحظٕل عهى رزاكٍش يخزهفخAg 

NPs900 ,800 ,700 ,600 ,500( رى رغٍٍز عذد انُجضبد) p ) 600)ٔرضجٍذ انطبقخ عُذ 

mJ)   ٔانذي سٍهعت دٔر اسبسً فً رغٍٍز خظبئض اطٍبف الايزظبص ٔ الاَجعبس , حٍش ٔجذ

اعزًبدا قٌٕب نخظبئض الاَجعبس )شذح الاَجعبس, عزجخ انفعم انهٍشري( عهى رزكٍش انجسًٍبد 

( ٔرضجٍذ عذد انُجضبد عُذ mJ (900 ,800 ,700 ,600 ,500انُبٌَٕخ نهفضخ, رى رغٍٍز انطبقخ 

(400 p) ٔاٌضب رى دراسخ رزاكٍش يخزهفخ يٍ الاسلاك انُبٌَٕخ نهفضخ .(Ag NWs)  ٔاٌضب

 RhB mixed)دراسخ اطٍبف الايزظبص, الاَجعبس , ٔطٍف انجلاسيٌٕ نكم انخهٍظ انسبثق 

(with Ag NPs ( ٔRhB mixed with Ag NWs.)  رى يشط َفس افضم رزكٍش نظجغخ

B( )1*10انزٔدايٍٍ )
-5 

M( يع انجسًٍبد انُبٌَٕخ نهذْت )Au NPs ٔانذي رى رحضٍزْب )

زظبص, الاَجعبس , ثُفس خطٕاد طزٌقخ الاسزئظبل انسبثقخ ٔاٌضب رى دراسخ اطٍبف الاي

( )ثُجضبد ٔ طبقبد Ag NPs, Ag NWs, Au NPsكم انعٍُبد انسبثقخ )ٔطٍف انجلاسيٌٕ. 

 نًعزفخ حجى انًٕاد انُبٌَٕخ. ((FE-SEMبس يخزهفخ( رى فحظٓب ثٕاسطخ جٓ

ذدح ٔاسزخذيذ كأٔسبط طجقبد يزع ٔيٍ صى رى دراسخ انغشبء انزقٍق انذي رى رظٍُعّ يٍ رزكٍت

( كأٔل ٔسظ (RhB( ٔيغطبِ ة Gold nanorods, )(PDMS)فعبنخ رئٍسٍخ رزضًٍ ارضٍخ 

حشس َبَٕي صُبئً انى ي RhB( )رظٍُع PVPفعبل, ٔيٍ صى رًذ رغطٍزّ ثٕاسطخ ثٕنًٍز )

RhB 1*10) الاثعبد(, رى رزسٍت
-5

 M) عهى انغشبء انزقٍق, ٔاٌضب 

 (RhB 1*10
-5

 M + Ag NPs 800 p), (RhB 1*10
-5

 M + Ag NPs 600 mJ) 

,(RhB 1*10
-5

 M + Ag NWs 2 gm/mol), (RhB 1*10 
-5 

M + Au NPs 700 p) 

  ٔ(RhB 1*10 
-5 

M + Au NPs 700 mJ)  رى رزسٍجٓب عهى انغشبء انزقٍق, ٔرى دراسخ

( نذراسخ رأصٍز ظبْزح LIFطٍف انجلاسيٌٕ ثإسزخذاو يطٍبف الاَجعبس )انفهٕرح ثبنحش ثبنهٍشر 

( رى فحظٓب ثٕاسطخ (2Dٔاٌضب, كم عٍُبد انغشبء انزقٍق  انجلاسيٌٕ عهى طٍف الاَجعبس.

 (.(SEMجٓبس 
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1.1 Introduction : 

      Spectroscopy is the analysis of the interaction between matter and any 

portion of the electromagnetic spectrum. Traditionally, spectroscopy 

involved the visible spectrum of light, but X-ray, gamma, and UV 

spectroscopy also are valuable analytical techniques [1]. Spectroscopy 

can involve any interaction between light and matter, 

including absorption, emission, scattering, etc. Data obtained from 

spectroscopy is usually presented as a spectrum that is a plot of the factor 

being measured as a function of either frequency or wavelength. 

Emission spectra and absorption spectra are common examples [2].  

      Nevertheless, When a beam of electromagnetic radiation passes 

through a sample, the photons interact with the sample. They may be 

absorbed, reflected, refracted, etc. Absorbed radiation affects the 

electrons and chemical bonds in a sample. In some cases, the absorbed 

radiation leads to the emission of lower-energy photons. Spectroscopy 

looks at how the incident radiation affects the sample. Emitted and 

absorbed spectra can be used to gain information about the material. 

Because the interaction depends on the wavelength of radiation [3].  

      The visible radiation that emit from the most organic dyes helps their 

usability as an active medium in dye lasers, this led them to be considered 

as a first tunable laser [4]. In the visible spectrum regions, because it has 

a broad fluorescence spectrum, this allowed the laser output tuned at 

whatever value chosen within this wide range, and because of availability 

of a huge number of fluorescent dyes, it became possible to choose the 

compound that can produce laser emission, in any part of ultraviolet, 

visible, and near-infrared regions. Whereas, dye lasers produce laser 

https://www.thoughtco.com/understand-the-visible-spectrum-608329
https://www.thoughtco.com/definition-of-absorption-chemistry-605818
https://www.thoughtco.com/definition-of-emission-spectrum-605081
https://www.thoughtco.com/definition-of-spectrum-604654
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output can be tuned in the range of wavelengths that located between 

(340-1200 nm) , and according to the type of the used dye [2].  

      The interaction between light and disordered amplifying media results 

in a noticeably narrow light emission [3]. Metallic nanoparticles (NPs) 

suspended in colloidal solutions or embedded in polymer films were 

shown to produce efficient enhancement in the laser emission [4]. In gain 

media containing metal NPs, SPR enhances the laser emission; this 

happens when the wavelength of the SPR coincides with the emission of 

the dye [5]. It is worth noting that by varying NPs shape, dimension, state 

of aggregation and external conditions, the SPR wavelength is tunable 

throughout the visible and near-IR region [6]. 

       It is important to consider how the laser emission occurs in a system 

consisting of dye molecules in the presence of metallic NPs. On the other 

hand, when metallic particles are used, if a dye molecule is located a few 

nanometers from a metal NP, a large enhancement of the fluorescence 

emitted by the molecule may be observed due to influence of localized 

surface plasmons (LSPs) excited in the NPs [7]. The LSP is the quanta of 

conduction-electron oscillations in a metallic NP. Its resonance frequency 

depends on the metallic material, shape, and size of the NPs as well as 

host material [8]. Metal NPs enhance the lasing efficiency via two 

different mechanisms [9]: (i) enhancement of localized electromagnetic 

(EM) field in the vicinity of metal NP due to localized surface-plasmon 

resonance (LSPR) [10], and (ii) enhancement of the scattering strength, 

resulted from large scattering cross section of metal NP [11]. 

 

 

 

 



General Introduction                                                      Chapter One          

3 

 

1.2 Literature Review: 

[ O. Popov et al. , 2007 ] measured over a large range of particle sizes, 

indicate that the lasing properties (threshold for lasing, emission 

intensity) strongly depend on the size of the nanoparticles and agree well 

with the predictions of the Mie theory. The lasing properties are all 

enhanced by the presence of NP in the polymer films. The minimum in 

the threshold versus the particle size and the maximum in the experiment 

versus the particle size are in agreement and provide the optimal particle 

size for optimal lasing performance. Using diffusion equations, we could 

simulate the spectral narrowing [12]. 

[ X. Meng et al. ,2009 ] observed the emission spectra from rarely 

reported amplifying the active media using metal nanoparticles as 

scattering centers. They found that the pump threshold was lowered and 

the emission intensity was enhanced by replacing TiO2 nanoparticles with 

the same sized Ag nanoparticles as scattering centers in PMMA-R6G 

films. Ag nanoparticles are preferable scattering centers in the design of 

active media with high intensity and low threshold [13].  

[ M. Shunsuke et al. ,2010 ] studied the scattering characteristics of 

noble NPs, one of the memorable lineaments related to localized surface 

Plasmon resonance, and depict the NPs application as components of a 

cavity, and confirm the advantages of scatters in metallic NPs compared 

to dielectric NPs, emphasizing an excellent scattering efficiency 

compared to dielectric NPs. The silver (Ag) and gold (Au) have (LSPR) 

in the visible range, for this reason, attention to only noble metals. The 

author also summed up the highlight on a recently explained surface 

plasmon-based nanolaser, in which a single NPs acts as a cavity [14]. 

[ Christian T. et al. , 2011 ] demonstrated the lasing action in PMMA 

films doped with Ag NPs and Rh6G dye. The enhancement of lasing 
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emission in the samples containing Ag NPs is attributed to the increase of 

the local field in the vicinity of the silver NPs. The contribution of 

multiple scattering of light is small because the average diameter of the 

Ag NPs is ≈ (12 nm) [15]. 

 [ Wang C. et al. ,2012 ] reported a surface plasmon resonance-enhanced 

emission spectra properties from disordered ZnO NWs with Pt NPs. The 

underlying mechanism of the enhanced lasing efficiency can be attributed 

to the energy transfer from Pt NPs to ZnO NWs due to the strong local 

field induced by the surface plasmon resonance of Pt NPs. Furthermore, 

the Pt NPs can serve as an excellent scattering medium, which 

enormously increases the multiple scattering probability experienced by 

the cavity modes [16]. 

[ B. Kumar et al. , 2013 ] synthesized the nanostructures (NPs, NRs, and 

NTs) of titanium oxide and used them as scatterers in dye solution to 

investigate the PL emission under optical excitation. The PL of Rh B dye 

solution was investigated under various conditions. NPs of two different 

sizes and shapes, NRs, and NTs were used as scatterers in dye solution 

[17]. 

[ G. Ramiro et al. ,2014 ] studied threshold in silica gel containing Rh6G 

doped silica NPs under one and two-photon excitation. They observed by 

two-photon pumping the lasing threshold is (50) times higher than that 

after one-photon excitation. The experimental results (spectral and 

temporal pulse widths) are in agreement with the theoretical calculations 

(time pulse widths) by using a light diffusive propagation model [18]. 

[ SH. Ning et al. ,2015 ] investigated the lasing based on a series of Ag 

NPs with the diameter ranging from (8 nm to 250 nm). The effects of 

different sizes of Ag NPs on the lasing characteristics were investigated. 

The lowest threshold is achieved by introducing Ag NPs with the 

diameter of (150 nm). By studying the enhanced localized EM field and 
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the scattering effect of Ag NPs in experiment and Mie theory, they found 

that the effects of localized EM field enhancement and scattering all 

contribute to the reduced lasing threshold [19]. 

[ Wan Zakiah 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 scatterers 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 plasmons and 

resonance energy transfer [20]. 

[ J. Yin et al. , 2016 ] studied 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 

[21]. 

[ Y. Wang et al. ,2016] demonstrated an ultrathin plasmonic active 

medium fabricated by a simple lift off technique, which consists of a 

polymer membrane embedded with Ag NPs. A low threshold can be 

observed when the (200 nm) thick laser device is optically pumped, 

which is about (2 μJ/cm
2
). It attributes to the strong plasmonic scattering 

by the Ag NPs and the high quality confinement by the polymer 

membrane. Furthermore, the laser device can be attached to a fiber end 

face to achieve the lasing [22].  

[ T. Zhai et al. ,2017 ] studied  multilayer structure to achieve the RGB 

plasmonic emission. Three polymer waveguides embedded with Ag NPs 

enable strong amplification of the scattered light. The surface plasmon 
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resonance of Ag NPs provides enhanced pumping for the RGB emission 

spectrum. Dynamic tuning of the mixed colors of the laser device is 

presented on the CIE chromaticity diagram. The multilayer structure 

provides an alternative for the fabrication of RGB plamonic emission, 

which may be used to design integrated laser sources [23]. 

[ E. J. Villar et al. , 2017 ] studied that the Core−shell TiO2 and Silica 

NPs at [140 ×      NPs mL
−1

] in an ethanol solution of R6G [1 ×      

M] allowed us to study the lasing action at the localization transition. An 

absorption emission saturation phenomenon was observed in the active 

medium. This phenomenon was associated with the absorption emission 

saturation of the localized modes called the peaks mode [24]. 

[ N. Asgari, S.M. Hamidi, 2018 ] studied two dimensional plasmonic 

crystals as a periodic metallic structure to use its plasmonic band gap for 

tuning the coupling strength of the plasmon to different dye exciton. The 

plasmonic structure, prepared by nanoimprint lithography, is covered by 

Rhodamine-B and 6G as organic dyes in Polyvinylpyrrolidone as host 

medium. The results indicated the coupling between exciton and plasmon 

by the dispersion relation and polar diagram for different coupling regime 

[25]. 

[ N. Asgari, S.M. Hamidi, 2018 ] indicated that there are fantastic new 

modes in the plasmonic band gap of dispersion relation due to the weak 

exciton-plasmon coupling in PVP (RB)/Gold nano-grating. The selected 

samples demonstrated an increase in the coupling due to an increase in 

the concentration and thickness of dye layer, leading to the creation of 

new sharp modes. Finally, polarization dependency was confirmed in 

plasmonic excitation of nano-grating on the coupling modes. The results 

can open the new insight in engineering and tuning the coupling between 

exciton and plasmons in one-dimensional nanostructures [26]. 
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[S. F. Haddawi et al. ,2019] We have demonstrated a new green–blue 

plasmonic random laser by 1D and 2D plasmonic structure as gain media 

deposited with Au nanostructures and different concentrations and 

thickness of RhB dye. We want to increase the light confinement by more 

enhances of light scattering in the medium. We observe with 2D 

plasmonic structure at low energy pumping (0.13 mJ) the output intensity 

and blue–green range enhances dramatically as the dye concentration  

increased. Also more sharp spikes with width less than 0.5 nm appeared 

and higher random lasing emission intensity can be achieved when 

increasing pump energy to 1.95 mJ due to the interaction between the 

emitted photons of RhB and localized surface plasmon of the Au 

nanorods is increased [27].                                                                     

 [ S. F. Haddawi et al. ,2020 ] demonstrated the plasmonic random 

lasing in two types of dyes (Rh6G and RhB) with 1.5×10
−5

 concentrations 

mixed with Au, Ag, Au@Ag, Ag@Au and Au, Ag mixed NPs prepared 

by LAL with different concentrations. It was observed that at high NP 

concentration, the scattering mean free path and the lasing threshold 

reduced. In addition, the random lasing intensity in Au NPs was higher 

than that of Ag NPs under the same condition and the spike width was 

smaller than Ag NPs. The gain length was enhanced via two ways; first 

by increasing the pumping energy and second by increasing the dye 

concentration. The dye concentration should be increased in an 

appropriate manner because on the contrary, the emission intensity will 

decrease [28]. 

[ S. A. Suheil et al. ,2021] studied the absorption spectrum of polymer 

solutions with the dye, it was clear that the absorbance had increased by 

the increasing of concentrations. Then studied   the emission spectrum of 

the prepared samples, the phenomenon of surface plasmon resonance 

(SPR) occurs when the pulse energy (80 mJ) is applied at concentrations 
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(0.1mg / ml) of the silver nanoparticles (Ag NPs) and SPR effecting on 

threshold pumping and increase the efficiency of wave guide [29]. 

[ N. Roostaei et al. ,2021] proposed and fabricated a broadband 

plasmonic metasurface absorber based on etalon nanostructure through a 

soft nanolithography method. The designed structure consists of poly-

dimethyl-siloxane flexible membrane and gold 2D grating structure on 

both sides of the structure, which acts as a Fabry–Pérot interferometer 

(FPI) or etalon. The etalon-based absorber achieved light absorption from 

(500 to 700) nm compared to one face gold grating which works in the 

wavelength range (500 to 600) nm with half of the absorbed power. Thus, 

the proposed structure acts as a good broadband absorber with a high 

efficiency [30]. 

[ 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 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 [31].  
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1.3 Aim of Research : 

      Improvement of the laser output of the laser active media (dye lasers) 

through the study of the emission spectrum of plasmonic resulting from 

using a laser beam with a different energies, in addition to study the 

spectrum that resulting from the interaction of the exciton with the 

plasmon and its effect on the laser output. 

     Also, studying different samples (RhB dye mixed with Ag NPs, Ag 

NWs, and Au NPs) and [ (thin film) 2D nano grating deposited with RhB 

dye mixed with Ag NPs, Ag NWs, and Au NPs] that achieved 

phenomena related to surface plasmon resonance (localized surface 

plasmon, surface plasmon polariton) to reach a new sample that has a 

highest improvement to the laser induce emission spectrum to the laser 

dyes that used as an active medium. 
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2.1 Introduction:  

       This chapter presents the physical properties of the dye that used, and 

its energy level. Also, show a different types and shapes of the 

nanoparticles. Demonstrate the basic concepts of the plasmonic 

phenomenon and the types of surface plasmon ; Surface Plasmon 

Polariton (SPP) and localized surface plasmon (LSP) and the coupling 

between the plasmon and exciton.  

2.2 Laser dyes : 

       The laser dyes can be used in many practical systems as a gain 

medium. The dye consists of fluorescence molecules in organic or water 

solvent [32]. A dye can be pumped efficiently and can exhibit high gain, 

due to the high fluorescence quantum efficiency and broad emission and 

absorption cross-sections. For this reason, the dye used as a gain medium. 

The large bandwidth of the gain in the dyes gives a broad tuning range for 

the laser emission [33]. 

 

2.3 Photophysical properties of dye molecules : 

 
      To study the photophysical properties (absorption and emission) for 

dyes, and the explanation and description of the radiative and non 

radiative laser process, first, it have to know and understand the energy 

level diagram for the laser dyes.  

 

2.4 Dyes energy levels :  

 
     Laser dyes are complex organic molecules containing long chains of 

conjugated double bonds (i.e., alternating single and double carbon 

bonds, =C–C=C–). The large molecular size and the relatively free 

moving π-electrons in the conjugated double bonds give rise to the large 

dipole moments of dye molecules (or equivalently, oscillator strengths). 
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The complex molecular structure also leads to many vibrational and 

rotational levels within a single electronic state [34]. Therefore, laser dyes 

often have strong and wide absorption bands in the UV and visible 

region. Figure (2-1) shows the typical energy levels of a dye molecule. S0 

and S1 are the ground and the first excited singlet electronic states. T1 and 

T2 are the first and second excited triplet states. In a singlet state, the spin 

of the excited electron is anti-parallel to the spin of the remaining 

molecule and the total spin quantum number is S = 0, whereas in a triplet 

state the two spins are parallel and (S = 1). Therefore, singlet–singlet and 

triplet–triplet transitions are allowed, while singlet–triplet transitions are 

forbidden because of the selection rule (∆S = 0) [34]. As mentioned 

earlier, each electronic state is further split into many vibrational and 

rotational sublevels due to the complex dye molecular structure. In 

addition, the effective homogenous line broadening mechanism due to the 

collisions with solvent molecules smears these sublevels into unresolved 

overlapping bands. The homogenous broadened spectra of dye molecules 

enable very efficient channeling of the pump energy into narrow band 

laser emissions [35]. It is important to realize that the dye laser is a 

classical four-level system (if neglect the triplet states) where the four 

energy levels are marked (0–3) in figure (2-1). Under optical excitation, 

dye molecules are pumped from the bottom of the ground state S0 

(ground level 0) to some vibrational– rotational sublevels in the first 

singlet state S1 (intermediate pump level 3). The dye molecules in level 

(3) quickly relax to the bottom of S1 (upper laser level 2). This non 

radiative decay process happens on the time scale of a few picoseconds or 

less. The energy lost in this process contributes to the heating of the 

solvent. From the upper laser level (2), dye molecules can undergo either 

spontaneous emission or stimulated emission to some vibrational–

rotational sublevels in S0 (lower laser level 1) [36]. 
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Figure (2-1): Typical energy levels of a dye molecule [36]. 

 

The non radiative decay time from the lower laser level (1) to the bottom 

of the ground state S0 (ground level 0) is also a few picoseconds. Due to 

the extremely fast non radiative decay processes, the populations of the 

lower laser level n1 and the intermediate pump level n3 are negligibly 

small. Therefore, dye lasers can reach threshold at very small population 

inversions, with typical (n2/n) of only 0.01 or less [35]. However, due to 

the short upper state lifetimes (a few nanoseconds), dye lasers still need 

high pump intensities to reach threshold. The real situations are further 

complicated by the triplet state effects. The excited molecules at the 

upper laser level (2) undergo not only radiative transitions to S0 but also 

non radiative intersystem crossing to the dark triplet state T1. As 

mentioned before, this process requires a spin flip of the excited electron 

and thus is spin-forbidden [36]. This is the reason that intersystem cross 

has a relative slow transition rate (1/kST  ~100 ns) and the triplet state 

lifetime is long (  ~ 100 ns). The metastable triplet state has two 
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detrimental effects on laser oscillation. First, the long-lived triplet state T1 

traps the dye molecules and decreases the available population inversion. 

Second, the absorption. from the first triplet state T1 to the second triplet 

state T2 tends to overlap with the laser emission and produces extra losses 

at the laser wavelength. Therefore, short pump pulses, fast circulation of 

dye solutions and triplet state quenchers are often utilized to minimize the 

triplet state influences in different types of dye lasers. For example, in 

conventional CW dye lasers, the dye solutions flow by the excitation 

region at velocities as high as (10 m/s) to circumvent the triplet state 

trapping and thermal distortion problems [34]. 

 

2.5 Molecular spectra : 

      When continues electromagnetic radiation pass through a transparent 

materials, a portion of the radiation may be absorbed and residual 

radiation, when passed through a prism, may yield a spectrum with gaps 

in it. Such a spectrum is called an absorption spectrum. During the 

absorption process the atoms or molecules of the material pass from a 

state of low energy to one of higher energy [37]. When atoms or 

molecules in an excited state revert to a state of lower energy, losing 

energy, they may emit radiation and give rise to an emission spectrum.  

      In both absorption and emission processes, the relation between the 

energy change in the atom or molecule and the frequency of the radiation 

absorbed or emitted is given by the well-known Bohr condition [38]:   

 

|  |  |     |                                          

 

Where ( ) is the frequency of the radiation, (   and   ) are the energies 

of atom or molecule in the initial and final state, respectively. 
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 The absolute value of the energy difference (  ) is called the transition 

energy. For absorption the value of (  ) is positive; for emission is 

negative. The frequency (   is related to the wavelength (λ) by (   

  ⁄ ), in which ( ) is the velocity of light (2.9988      cm/sec in 

vacuum).Therefor, the smaller the transition energy, the longer is the 

wavelength of the radiation absorbed or emitted. The molecular 

absorption spectra are classified into three types: rotation, vibration, and 

electronic, as shown in figure (2-2) [39]. 

 

Figure (2-2): Transitions between energy levels of a molecule [39].  

 

The rotation spectrum of molecule is associated with changes which 

occur in the rotational state of the molecule (selection rule: ∆J=   
 ) 

without simultaneous changes in the vibrational and electronic state. 

Since the energy levels for the rotation of the molecule are relatively 

close to one another, the frequency of the absorbed radiation is low, and 

the wavelength long [40]. Actually, the rotation spectra of the molecules 

occur in the far infrared region, at wavelengths beyond (20   ) and those 
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of heavy molecules are situated in the microradio wave region, at 

wavelengths of the order of (0.1-10 cm). 

      The vibration (or vibration rotation) spectrum of a molecule is 

associated with changes which occur in the vibrational state of the 

molecule (selection rule: ∆ν =   
 ) without simultaneous changes in the 

electronic state. The changes in the vibrational states are generally 

accompanied with changes in rotational states, so the vibration spectrum 

has generally rotational fine structure [38]. The most important vibration 

spectra occur in the near and the middle infrared region from about        

(1 to 3   ). Absorptions associated with transitions between energy level 

of vibrational modes with relatively small force constant, such as 

torsional vibrations about single bonds, occur at longer wavelengths, e.g 

about (60   ) (for infrared region) [40].  

       Finally, electronic spectra arise from transitions between electronic 

states. The electronic spectra occur in the ultraviolet (at wavelengths 

below 400  m) and visible (wavelengths 400-800  m) regions, and 

sometimes extend into the near infrared region. Electronic transitions are 

accompanied with simultaneous changes in the vibrational and rotational 

states [41]. Therefore, a transitions between two electronic states does not 

result in only a single spectral line, but results in a large number of lines 

not widely spaced from one another. In fact, electronic spectra of gaseous 

molecules may assume a very complicated structure arising from the 

superposition of vibrational and rotational changes on the electronic 

transitions. In electronic spectra of liquids, solutions, and solids, the 

rotational structure is unreasonable, and even the vibrational structure is 

not always reasonable. The electronic spectra thus consist of relatively 

broad bands [42]. 
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2.6 Rhodamine B laser dye : 

      Rhodamine B laser dye has red to violet color. It has the molecular 

formula of 𝐶28𝐻31𝐶𝐼𝑁2𝑂3 and (479.02 g/mol) molecular weight. The laser 

emission by Rhodamine B is tunable about (610 nm), while it has a 

quantum yield of about (0.49- 1.0) dependent on the temperature [43]. 

When it is excited by second harmonic generation Q-switched Nd: YAG 

laser, the quantum yield of absolute fluorescence had been appeared. The 

chemical structure of a Rhodamine B dye had been drawn in Figure (2-3) 

[44]. 

 

Figure (2-3): The chemical structure of rhodamine B dye [44]. 

 

2.7 Nanostructure : 

 

      Rapidly growth of nanotechnology is related to infinite applications 

of devices, systems and structures, by controlling size, shape and 

structure at nanometer scale [45]. Materials at this scale provide many 

advantages, depending upon the size, shape, structure and method of 

preparation [46]. 

     Particles of different types and materials at the range between (1) to 

(100) nm can be classified according to agglomeration of atoms and 

molecules as shown in figure (2-4) into:  

1) Zero dimensional nanoparticles: these nanoparticles have all the 

three direction length in the nanometer scale. Zero dimensional 
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nanoparticles are isolated from each other such as nanocluster 

materials, metal particles (Ag, Au NP's) or semiconductor 

(quantum dots) particles.  

2) One dimensional nanoparticle: these nanoparticles have only one 

direction length out of the nanometer range including nanorods, 

nanowires, and nanotubes.  

3) Two dimensional nanoparticles: these nanoparticles have two 

direction out of the nanometer range, including nanofilms, coating 

surface, and nanosheets [47].  

 

Figure (2-4): Nanoparticles classified according to their directions [48]. 

 

Agglomerate state of nanoparticles occurs over short distances due to van 

der Waals force; this agglomeration affects the chemical and the 

electromagnetic properties of nanoparticles [49]. The agglomeration 

process depends on the type of nanoparticles, conditions of synthesis 

method and concentration of nanoparticles in solvent. Agglomeration 

process can be avoided by several processes such as coating the 

nanoparticle surface by another organic or inorganic substance or 

chemically stabilization by polishing slurries in aqueous suspension [50]. 

The high development in nanoparticles synthesis techniques enables to 

synthesis different types of NP’s such as spherical NP's [51], wire NP's 

[52]. 
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Nanoparticles have larger enhancement of physical and chemical 

properties compared to bulk material due to their extremely large surface 

area to volume ratio [53].  

Nanoparticles characteristics (physical and chemical properties) are based 

on the size, shape, structure, physical stability, and distribution of the 

nanoparticles, which can be investigated using different microscopic 

technique such as scanning electron microscopy, transmission electron 

microscopy and scanning electron microscopy [54]. 

 

2.7.1 Silver (Ag) Nanoparticles :  

 
      The Ag nanoparticles have more conduction electrons, the strong 

interaction between the particles and the light photons had been occurred, 

which leads to a collective resonance oscillation [55]. This behavior can 

be attributed to the higher cross-sections for both scattering and 

absorption. Depending on the size of the particle and the refractive index 

of the metal surface, the peak resonance wavelength may be varied at the 

range of (400-530) nm. While the shift of the peak resonance 

wavelengths to longer wavelengths, had been resulted in the increase of 

particle size diameter and using a rod or plate silver nanoparticles [56]. 

  

2.7.2 Gold (Au) Nanoparticles : 

  
Gold nanoparticles have unique optical properties because they support 

surface plasmons. At specific wavelengths of light, the surface plasmons 

are driven into resonance and strongly absorb or scatter incident light 

[57]. This effect is so strong that it allows for individual gold 

nanoparticles as small as (50) nm [58]. So the Absorption and scattering 

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

comparable to or less than the mean free path of electrons in a spatially 
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extended material should be mentioned especially [59]. 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 [60]. 

2.8 Plasmonic : 

      Plasmonic is the field of study the optical phenomena that results 

from interaction of conduction free electrons of noble metal nanoparticles 

with electromagnetic waves (especially at visible optical frequencies) and 

collective oscillation called as surface plasmon [61], where the plasmons 

are collective charge density oscillations and longitudinal waves 

propagating in a bulk metal, and they cannot couple directly with light. 

However, at the interface between a metal and dielectric the oscillation 

mode of the electron wave to couple with light exists under certain 

matching conditions. [62] This mode is called surface plasmons (SPs) or 

surface plasmon polaritons (SPPs) that are localized at a metal surface 

and propagate along the interface between a metal and dielectric. SPs 

are represented schematically in Figure (2-5). When SPs are excited, an 

electric field in the z-direction is enhanced, providing a remarkably high 

sensitivity for interfacial characterizations. For this reason, new optics 

utilizing this resonance character has attracted attention in various 

fields[63]. If light is directly incident on a flat metal film, SPs are not 

excited since the dispersion relation is different of SPs from light 

propagating in free space. Hence, the optical system to match the 

condition is needed to excite SPs. Otto [64] and Kretschmann [65] 

designed optical systems using total reflection to excite SPs. Fast 

electrons or gratings can also excite SPs, however, the technique exciting 

SPs would be restricted to the total-reflective optical systems [62]. 



Chapter Two                    Physical Properties and Basic Concepts 

 

11 
 

 

Figure (2-5): Schematics of the electromagnetic field of surface plasmons or SPP 

propagating along the interface between a metal and dielectric. (δd ) is a decay 

length into the dielectric and (δm ) is a decay length (skin depth) into the metal 

[62]. 

Plasmonic is a major part of the nanophotonics which can confine 

electromagnetic waves smaller than the diffraction limit. The 

development of nanofabrication techniques helps to increase applications 

of plasmonic nanostructures [66]. 

When electromagnetic waves are incident on a metal surface, it will 

accelerate electrons and lead to induce polarization that creates restoring 

force which causes an oscillation of the free electron of the metal as 

shown in Figure (2-6). This oscillation is quantized and free electrons 

oscillation is quantization of plasma oscillations and it's called a plasmon 

[67]. 

 

Figure (2-6): Localized Surface Plasmon resonance of metallic nanoparticle [68].
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There are two types of surface plasmon according to their interface: 

Surface Plasmon Polariton (SPP) and localized surface plasmon (LSP).         

1) Surface Plasmon Polariton (SPP): are longitudinal waves, which 

propagate at the interface between a dielectric and metal. These 

waves travel parallel to the direction of propagation; so they cannot 

be excited by a transverse waves. The most effective way to excite 

a plasmon is to use electrons i.e. when light excites the electrons, 

electrons will pass through a thin metal layer and lose some 

energy, this loss in energy use to excite SPP [69].  

2) Localized Surface Plasmon (LSP): are non-propagating waves. In 

case of a spherical nanoparticle, the curved surface of the 

nanoparticle creates a restoring force on the electrons to result in a 

localized resonance. This kind of resonance can be excited by 

direct light irradiation [70].  

The interaction of metallic nanostructures with electromagnetic fields can 

be described by a classical form of Maxwell’s equations. Maxwell’s 

equations are describe the electromagnetic field for a given system 

through four vectors strength of the electric field (E), the displacement 

(D), the strength of magnetic field (H), and the flux density (B) [71]. 

   ⃑  
  

  
                                                      

   ⃑                                                            

   ⃑   
  ⃑ 

  
                                             

   ⃑        
  ⃑ 

  
    𝐽                             

Where ( 0) ,( 0): are the permittivity and the permeability of free space, 

( 𝑒): is the total charge density and ( 𝐽    is the total current density.  
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The incident external electric field excites the free electrons and displaces 

it from their normal positions in the metal lattice. Movement of 

oscillating free electron can be described by equation of motion [72]: 

   
       

                                   

Where (me ): is the free electron mass, (x): is the electron displacement, 

(qe): is the electron charge and E is the external electric field, (γ): is 

electron damping factor. 

The general solution of oscillating electric field is E=E0 e i⍵t so that the 

solution of equation (2.6) for given amplitude (x0): is [72]: 

   
  

    
      

                             

Where ( ): is the angular frequency. While in the case of (n) number of 

electrons a macroscopic polarization is rise P  nqe x and given by: 

P  
    

 

    
      

                               

The electric displacement (D) depends on the dielectric function of the 

free electron as: 

      P                                             

So that equation (2.9) becomes: 

    (  
  

 

       
)                     

The plasma frequency of the free electron is [73]: 

  
  

n q 
 

    
                                                 

The dielectric function of the free electron (  ⍵) is: 

  ⍵    
  

 

   i  
                                

The equation describes the behavior of plasmonic in a bulk metal using 

the Drude model.  
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For very small spherical metallic nanoparticles (compared to the 

wavelength of incident light), the nanoparticle polarisability (Pa): is [74]: 

P      
  ⍵    
  ⍵     

                           

Where (R): is the nanoparticle radius, ϵ (⍵): is the metal's dielectric 

function and (ϵd): is the dielectric function of the surrounding.  

LSP resonance occurs when the polarisability of the nanoparticle reaches 

to maximum value i.e. (ϵ(⍵)+2ϵd) is minimized.  

The optical cross section of the spherical nanoparticles enhances (strong 

scattering and absorption properties) under plasmonic conditions and 

given by [75]: 

     
  

  
|P |                                         

         [P ]                                       

Where 𝜎𝑠 𝑠,𝜎𝑎 𝑠 are the scattering and the absorption cross sections, and 

(k): is the wave vector of incident light [75]. 

 

2.9 Excitation of SPs by light : 

      The dispersion relation of a free photon (kph) propagating in a 

dielectric medium (  ) is [76]: 

    
 

 
√                                              

which is always smaller than the wave vector of SPs, (ksp), propagating 

along an interface between the metal and the dielectric due to negative 

dielectric constant (  ) [77]: 

    
 

 
√     

 

 
√

    
     

                  

This dispersion relation is graphically shown in Figure (2-7). From this 

dispersion relation it is obvious that normal incident light cannot directly 
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couple with SPs and the momentum mismatch must be satisfied to couple 

the light with SPs [76]. 

 

Figure (2-7): Dispersion relation of (a) free photons in a dielectric (red solid line), 

(b) free photons propagating in prism (blue solid line). (c) is x-component of free 

photons in a dielectric (red dashed line) and (d) and (e) are x-components of free 

photons in a prism (blue dashed line and dotted line), respectively. SP1 and SP2 

are the dispersion curves of SPs before and after adsorption of an adlayer. 1 and 

2 represent the momentum matching points before and after adsorption of an 

adlayer [77]. 

 

2.10 Attenuated total reflection method : 

      The attenuated total reflection (ATR) method is the widely techniques 

used to excite SPs. There are two (ATR) methods; the Otto configuration 

and the Kretschmann configuration, both are shown in Figure (2-8) [78]. 

Both principles are similar, with the exception of the prism location with 

respect to the metal layer. When an incident light is totally reflected at the 

bottom of a prism, an evanescent field occurs and this field excites SPs at 

the interface between a metal and dielectric. However, with the Otto 

configuration it is difficult to control the distance between a prism and a 

metal. Consequently, the Kretchmann configuration is used more often 

[79]. 



Chapter Two                    Physical Properties and Basic Concepts 

 

14 
 

 

Figure (2-8): Configurations of the attenuated total reflection (ATR) method: 

(a) Otto configuration and (b) Kretschmann configuration [79]. 

 

The wavenumber of light is always smaller than that of SPs. A prism 

makes it possible to increase the wavenumber of light. If the p-polarized 

light is incident, the wavenumber of light in a prism is 
 

 
√   and its 

projection on surface is    
  

 

 
√   𝑠    as shown in Figure (2-9). 

When this projection component, that is the wavenumber of evanescent 

photons, matches the wavenumber of SPs, SPs are excited [80]. 

   
  

 

 
√   𝑠                                         

 

 

Figure (2-9): (a) A schematic of the momentum matching condition. Kph ,    
 and 

ksp are the numbers of incident light, x-component of incident light and surface 

plasmons, respectivelynt angle. (b) ATR scan curve. θc and θo are critical angle 

and resonance angle, respectively [80]. 
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By adjusting the incident angle     to match the wavenumber of the light 

and SPs [point 1 and 2 in Figure (2-7) ], resonance conditions can be 

obtained. If the dielectric environment is changed, the momentum 

matching condition is also changed, resulting in the different resonance 

angle. If the reflectivity is recorded as a function of incident angle, 

excitation of SPs can be seen as shown in Figure (2-9, b) [81].  

 

2.11 Plasmon exciton coupling : 

      Controlling light-matter interaction plays a fundamental role in 

emerging optical phenomena, which have broad applications in 

optoelectronics, nonlinear optics, lasers, and spectroscopy [82]. Cavity 

quantum electrodynamics (QED) provides quantum mechanical 

description for these fundamental interactions in confined geometries 

[83]. When an atom is placed in an optical cavity, the resonant modes of 

the cavity are coupled with electronic transitions of the atom. Trapped 

ions in high-Q cavities [84], Q-dots in photonic crystal cavities [85], and 

organic materials with excitonic transitions in optical cavities [86] can be 

understood within the framework of cavity QED. Excitonic materials 

placed in a plasmonic cavity provide a new platform to study cavity QED 

[87]. Coupling between surface plasmons (SPs) on the metal surfaces 

[88] and excitons in optical materials results in a coupled quantum system 

[89]. 

      Strength of coupling between two oscillators can be classified in 

strong and weak coupling regimes. The strength of coupling is 

characterized by comparing the rate of energy transfer between the matter 

and the cavity and the decay rates of the individual states [90]. When the 

decay rate is significantly smaller than the rate of energy transfer, strong 

coupling regime is established [91]. Strong coupling between excitons 
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and SPs forms a coupled hybrid state, which arises when an exciton mode 

resonates with a plasmon mode [87]. Enhanced electromagnetic field of 

SPs and strong oscillator strength of excitons can provide the necessary 

conditions for strong coupling. In the weak plasmon-exciton coupling 

regime, the inherent nature of SPP and exciton modes are not modified 

and thereby increase the absorption or emission rates of the molecules 

[92]. However, when the coupling is considered to be strong, SPP and 

exciton modes are modified by forming new coupled modes and hence an 

anticrossing behavior is observed in the dispersion curve [93]. 

Anticrossing is observed at the energy where both bare plasmon and bare 

exciton modes resonate at the same frequency [94]. As it has been shown 

theoretically and experimentally, in the strong plasmon-exciton coupling 

regime, two newly formed energy states are separated by an energy value 

whose difference in energy is called the Rabi splitting energy. Rabi 

splitting energy is given by [95]: 

    √          
                      

Where (V) is the coupling parameter,(   ) and (  ) are the line-widths 

(i.e., damping) of the bare plasmons and bare excitons, respectively. The 

strength of this interaction determines both the absorption and emission 

properties of molecules placed near plasmonic structures, effectively 

governing the optical properties of such a hybrid system [96]. Rabi 

splitting can be tuned in two ways; (i) by varying the excitonic properties 

of the matter like component (i.e. varying V or   ), or (ii) by controlling 

the properties of the plasmonic system (i.e. varying   ). Modification of 

excitonic properties has been demonstrated by varying the optical density 

of the excitonic system [97] on metal surfaces, as well as reversible 

switching between the weak and strong coupling regimes via a 

photochemical process, which changes the strength of the dipole moment 
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[93]. It has been shown that the thickness of the metal films (or the skin 

depth of the metal) affects the properties of the system under study and 

thereby control the amount of light absorbed or transmitted by the system 

[98]. For example, a nano-hole array perforated thick metal film greatly 

boost the transmission of the incident light [98]. Conversely, when the 

thickness of the nanostructured metal film is decreased to around the skin 

depth of the metal (~20 nm) opposite behavior has been observed, that is, 

transmission of the incident light is suppressed or, in other words, 

absorbance of the nanostructured film increases [99]. In earlier studies, it 

has been observed that when the metal film thickness is smaller than the 

penetration depth of the evanescent wave, absorbance of the metal film 

has been greatly increased [100]. In another study it has been shown that 

broad band critical coupling of the incident light can be achieved by 

adjusting the thickness of the metal film . In a similar way, critical 

coupling has been investigated in coupled molecular and plasmonic 

cavity arrays [101]. Lately, tuning plasmon-exciton coupling and hence 

the Rabi splitting energy in the strong coupling regime by controlling the 

plasmon damping has been presented [94]. However, plasmon-exciton 

coupling below the skin depth of the metal has not been studied. In this 

chapter, tuning of SP-exciton coupling by controlling the damping of the 

plasmonic component is demonstrated [102]. It is possible to tune the 

Rabi splitting energies ranging from (0 meV) to (150 meV) by varying 

the plasmonic layer thickness, which defines the damping of the 

plasmonic mode. Absorption enhancement of the molecules in the weak 

plasmon-exciton coupling regime is investigated [103]. Strength of the 

plasmon-exciton coupling has been controlled from the weak-coupling 

regime (exhibiting no anticrossing behavior) to the strong-coupling 

regime (exhibiting an anticrossing behavior) by plasmonic layer thickness 

[90]. In addition, concentration of the dye molecules is very critical and 
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determines the transition point from the weak-coupling regime to the 

strong-coupling regime. The ability to tune the SP-exciton coupling 

would make this system a promising candidate for a range of new 

applications [104]. 

2.12 Fluorescence :  

2.12.1 Characteristics of the fluorescence emission: 

      Fluorescence is a phenomenon that when a molecule is excited by 

absorption of a photon, it can return to the ground state with fluorescence 

emission. The various energy levels involved in the absorption and 

emission of light are presented by a Jablonski energy diagram as shown 

in Figure (2-10) [105].  

 

Figure (2-10): Jablonski energy diagram [105]. 

 

Three events occur that lead to the process of fluorescence emission: 

photon absorption, vibrational relaxation and fluorescence. When a 

molecule absorbs a photon, an electronic transition occurs and a molecule 
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in electronic grand state (So) can be brought to one of the vibrational state 

(S1) [106]. This absorption process happens in femtoseconds (10
-15

 s). 

Once a molecule is excited to the vibrational state, vibrational relaxation 

of excited state electrons to the lowest state occurs in the range of (10
-14

 -

10
-11

s. The final process, fluorescence that is emission of photons 

accompanying S1  0 , occurs in the range of (10
-9

-10
-7

 s). The molecules 

undergoing electronic transitions that result in fluorescence are called 

fluorophores or dyes [107]. 

     An electron transition from the excited state to the ground state does 

not occur only with fluorescence emission, but also without fluorescence 

emission. The former process is radiative transition and the latter one is 

non-radiative transition [108]. This non-radiative transition can occur 

with their rate constants, such as internal conversion (IC, kIC ), 

intersystem crossing (ISC, kICS ), quenching process (kQ ) and resonance 

energy transfer (RET, kRET) which result in de-excitation of molecules 

and are related to the fluorescence quantum yield, thus giving an 

expression of the fluorescence quantum yield (  ) which is the ratio of 

the number of emitted photons (kF) to the number of absorbed photons 

[108]: 

   
  

                   
                       

Excitation leads to the population of higher electronic state, however the 

energy of fluorescence emission is smaller than that of excitation because 

of the energy loss in the excited state due to nonradiative relaxation. 

Therefore the fluorescence spectrum is located at higher wavelength than 

the absorption spectrum because molecules in the excited state lose 

energy due to non-radiation process. This gap between the absorption 

peak and the fluorescence peak is called Stokes shift [109].  
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2.12.2 Fluorescence quenching and photobleaching: 

      Quenching and photobleaching are non-radiative processes to reduce 

the fluorescence quantum yield. Quenching process can be classified into 

collisional and static quenching. Collisional quenching occurs when the 

dyes in the excited state collide with other molecules, resulting in 

nonradiation relaxation [110]. Static quenching occurs when the dyes 

form a non-fluorescent complex with the quencher molecule in the 

ground state. In contrast to quenching, photobleaching occurs when a dye 

loses the ability to fluorescence due to photo-induced chemical damage. 

This process involves the interaction between dyes and molecular 

oxygen. Reducing the exposure time of fluorophores can avoid 

photobleaching [111]. 

2.12.3 Resonance energy transfer: 

      Resonance energy transfer (RET) is another process that a donor 

transfers its excitation energy to an accepter without emission. When a 

donor and an accepter are separated by less than (10) nm, excitation 

energy of a donor can be transferred to an accepter. The transfer 

efficiency is defined as [112]: 

   
 

      ⁄   
                              

Where (r): is the distance between a donor and an accepter and (R0): is 

the critical Förster radius. The transfer efficiency is 50% when the donor-

accepter distance is equal to the critical Förster radius [113]. 

 

2.12.4 Fluorescence at the metal/dielectric interface: 

      SPFS uses an evanescent field to excite dyes attached to the metal 

surface. Figure (2-11) summarizes major three decay channels depending 

on the distance for fluorophores near the metal surface [114].  
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Figure (2-11): Schematic of three fluorescence decay channels depending on 

dye/metal distances [114]. 

 

 If a dye is located very close to the metal surface within (10) nm, the 

fluorescence is quenched due to the dissipation of the energy into the 

metal as heat (Figure 2-11, a). Therefore non-radiative decay is dominant. 

In the distance regime below (20) nm, the fluorescence is coupled back to 

the metal and excites surface plasmons if the momentum matching 

coundition is satisfied via prism coupling [115]. At distance larger than 

(20) nm, free emission of photons is dominant. 

 

2.12.5 Fluorescence life time: 

      Fluorescence lifetime      can be defined as the average time of the 

particle residence in the molecular excited state until leaving it by photon 

emitting .     can be described as the inverse of the decay rate as [116]: 

  
 

  
                                       

Where    : is the decay rate. The above equation shows that the rapid 

rates causes an shortest lifetime [116]. 
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The main reason to rapid fluorescence lifetime (    decreasing in gain 

medium in specified cases , is attributed to the energy transition to 

quenching molecules [117]. The increasing particles concentration 

induces fast decaying of the fluorescence lifetime. A less internal  

transition radiation  decreases the fluorescence lifetime [118].The 

reduction of fluorescence lifetime causes a clear shift for the laser 

threshold to higher values . It is an important to note that the laser action 

has been occurred for gain modes of long lifetime [119]. 

 

2.12.6 Quantum Yield: 

      The quantum yield (Φ) represents the number of absorption times the 

same photon by the random medium [118] . (Φ) can be given as the ratio 

of the number of photons emitted to the number of photons absorbed 

[116]. The probability of de-activity the excited molecular state by 

fluorescence mainly , can be named as the quantum yield [120]. A high 

values of quantum yield (Φ) can be obtained at low molecules 

concentration , while a less value of (Φ) verifies in presence of many 

quenching impurities or in cases of dye molecules dimerization [121].(Φ) 

may be controlled by temperature variation for high scattering media of 

large thermal coefficient [122]. 

 

2.13 Laser threshold : 

      The laser threshold is a very important factor of random lasing, and 

the threshold depends on the luminescence efficiency of the gain media, 

and the scattering mean free path of photons in the random media [123]. 

The lasing threshold reduced when the scattering mean free path is equal 

to or less than the stimulated emission wavelength [124]. The 

concentration of scatters can influence the threshold when increasing the 
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concentration of the scatters particles, and the lasing threshold decreased 

[125]. The lasing threshold also depends on the refractive index of the 

scatters compared to that of the surrounding media, and is reduced when 

the refractive index of the scatters is increased or the refractive index of 

surrounding media is decreased [126]. To reduce the lasing threshold in 

random laser, metal nanoparticles are used as the scatters, these 

nanoparticles can induce surface plasmon resonance, and spatially 

confine the light near the surface to enable a high gain. The metal 

nanoparticles have large scattering cross-section [127].  

When pumping the sample with a low power, is which less than the lasing 

threshold, a single peak of spontaneous emission will appear. While, 

when increasing the pump power, the emission decay time decreases 

quickly. Many spikes appeared due to the existence of large number of 

modes [128]. 
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3.1 Introduction : 

     This chapter presents the materials that used in the research, the 

method of preparing the samples, and the measuring devices that used in 

the study, in addition to a comprehensive scheme that indicate all the 

scientific steps that were followed in this research.  

3.2 Chemical materials that used in the experimental part: 

Purity Vendor Chemical 

Formula 

Raw material  

Without 

further 

purification 

USA , Sigma - 

Aldrich 

C28H31ClN2O3 

479.02 g/mol 

Rhodamine B 

(RhB)  

99.9% Germany , 

Sigma -

Aldrich 

Ag Silver  

99.9% XFNANO Ag NW Silver nanowire 

99.9% Germany , 

Sigma -

Aldrich 

Au Gold 

 

--- --- H2O 

18 g/mol 

Distilled water 

99% 

 

Germany , 

Sigma -Aldric 

(C2H6OSi)n 

 

Polydimethylsiloxane 

(PDMS) 

99% 

 

USA , Sigma - 

Aldrich 

(C6H9NO)n 

 

polyvinylpyrrolidone 

(PVP) 
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1*10- 

 

 

 

 

 

 

 

 

 

 

 

 

   

 FE-SEM 

 

 

 

 

   

 

RhB dye 

1*10-4 M 

1*10-5 M 

0.5*10-5 M  

1*10-6 M 

0.5*10-6 M 

UV-VIS Fluorescence 

Mix 

Ag NPs Ag NWs 

Mix 

Au NPs 

Different 

concentrations  

Different sizes  

500 p 

600 p 

700 p 

800 p 

900 p 

500 mJ 

600 mJ 

700 mJ 

800 mJ 

900 mJ 

Different 

concentrations  

1 gm/mol 

1.5 gm/mol 

2 gm/mol 

2.5 gm/mol 

3 gm/mol 

Different 

concentrations  

Different 

sizes  

500 p 

600 p 

700 p 

800 p 

900 p 

500 mJ 

600 mJ 

700 mJ 

800 mJ 

900 mJ 

Thin film 

RhB dye RhB(1*10
-5 

M)+Ag NPs 

(800 p) 

RhB(1*10
-5 

M)+Ag NPs 

(600 mJ) 

RhB(1*10
-5 

M)+Au NPs 

(700 mJ) 

RhB(1*10
-5 

M)+Au NPs 

(800 p) 

RhB(1*10
-5 

M)+Ag NWs 

(2 gm/mol) 

UV-VIS Fluorescence 
Emission 

spectrophotometer 

(LIF) 

Emission 

spectrophotometer (LIF) 

SEM 
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3.3 Dye preparation :  

     In this research, (Rh B dye) was used, whose chemical formula 

(C28H31CIN2O3), and molar mass (479.02 gm/mol) and appearance of red 

powder, it was dissolved (0.0099 gm) from the dye in (20 ml) of water to 

transform to a red solution, by this equation: 

  
     

    
               

Where: 

w: the dye weight (gm). 

C: the dye concentration (M). 

V: the solvent volume (ml). 

M: the molecular weight of the solution (gm/mol). 

     To obtain different concentration of (Rh B), (1*10
-4

, 1*10
-5

, 0.5*10
-5

, 

1*10
-6

, 0.5*10
-6

) M ,it is used the dilution formula: 

                             

Where: 

C1: the concentration of the original solution. 

V1: the volume of the original solution. 

C2: the concentration of the diluted solution. 

V2: the final volume of the diluted solution. 

Figure (3-1) shows these concentrations. It was studied the absorption 

spectrum of these samples by using UV-VIS spectrometer, and then the 

emission spectrum by using fluorescence spectrometer. 
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Figure (3-1): A different concentration of RhB dye. 

3.4 Ag and Au Nanoparticles preparation : 

     Two different kinds of noble metals NPs are prepared, such as Ag and 

Au NPs (Ag and Au target (>99.99% purity, Sigma Aldrich, Germany) 

with a thickness of (1) and (2) mm respectively, by laser ablation in 

liquids (LAL) method, figure (3-2) using second harmonic Q-switched 

Nd: YAG laser (532 nm) with a different pulse number (500, 600, 700, 

800, 900) p, and then with a different pulse energies (500, 600, 700, 800, 

900) mJ , the pulse width of (5) ns and repetition rate of (1–10) Hz. These 

samples are prepared at a fixed energy and variable repetition rate and a 

fixed repetition rate of (10) Hz. In the LAL setup, the laser light is 

focused on a rotated Au and Ag metal target in a deionized water (6 ml). 

The field emission scanning electron microscope (FE-SEM) is used to 

investigate the size and shape of the produced NPs. For obtaining the 

SPR response, UV–VIS absorption spectra of the samples were recorded. 
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Figure (3-2): The experimental setup that is used for Ag and Au nanoparticles 

preparation by LAL. 

3.4.1 Ag and Au Nanoparticles preparation with different 

concentrations : 

      To get  different concentrations of Ag, Au NPs, it was changed the 

pulse number (500, 600, 700, 800, 900) p and keep the energy constant at 

(600 mJ), and studied the absorption spectrum, figure (3-3) (a) and (b). 

 

 

Figure (3-3): (a) Ag NPs, (b) Au  NPs. 

a b 
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3.4.2 Ag and Au Nanoparticles preparation with different 

sizes : 

     To get  different sizes of Ag NPs, it was changed the energy (500, 600, 

700, 800, 900) mJ and keep the pulse number constant at (400 p), and 

studied the absorption spectrum, figure (3-4) (a) and (b). 

  
                           Figure (3-4): (a) Ag NPs, (b) Au  NPs.              

3.5 Ag NWs : 

     Silver nanowires (Ag NWs) are purchased from XFNANO with an 

average diameter of (90 nm) and length of (1) micron (500 mg dissolved 

in 25 ml water), where the concentration is (~ 0.2 M) It was used  

different concentration of Ag NWs (1, 1.5, 2, 2.5, 3) gm/mol, and studied 

the absorption spectrum. 

 

Figure (3-5): Different concentrations of Ag NWs. 

a b 
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3.6 Mixing (RhB with:Ag NPs, Ag NWs and Au NPs) : 

     (2 ml) of  better concentration of RhB (1*10
-5

 M) are mixed with (1 

ml) of different concentration of Ag NPs, and studied the absorption, 

emission, and plasmonic spectrum.   

 Also, it was mixed (RhB with different sizes of Ag NPs), (RhB with 

different concentrations of Ag NWs), (RhB with different concentrations 

of Au NPs), (RhB with different sizes of Au NPs), in the same proportion 

as explained before, and studied the absorption, emission, and plasmonic 

spectrum.    

3.7 Thin film preparation : 

      Two-dimensional charged coupled camera (CCD) were prepared as 

the main stamp. It was deposited RhB dye mixed with (50%) of gold 

nanoparticles, were employed as the active materials. RhB with different 

concentration and thicknesses has been deposited onto 2D nano grating. 

3.7.1 Fabrication of RhB into 2D Nano grating : 

     It was studied a new multilayer structure that introduced as the main 

gain media including polydimethylsiloxane (PDMS) substrate/ Gold 

Nano rods covered by the Rhodamine B (RhB) as the first gain media and 

it was covered by PVP polymer. 

First, Au NPs were prepared by laser ablation in the liquids (LAL) 

method by using the second harmonic of Q-switched Nd: YAG laser 

(pulse width of 5 ns and repetition rate of 10 Hz) with fixed energies per 

pulse. RhB dye (1*10
-5

 M) was employed as an active material, and the 

Au NPs and RhB were mixed with the volume ratio of (50%) Au NPs and 

(50%) RhB. To obtain homogeneity, the mixed sample was stirred at the 

room temperature in an Ultrasonic bath for (20 min). In the next 
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procedure, a water solution of PVP was prepared with a concentration of 

(4.4) mg/mL. Two-dimensional plasmonic crystals were implemented as 

a periodic metallic structure to use its plasmonic band gap. In this 

process, a high-quality two-dimensional grating was extracted from the 

commercial grating of the cameras to make a mold. Then, PDMS and its 

curing agent with the aspect ratio of (10:1) were mixed and poured on the 

mold. For degassing, the mold was put in the vacuum to remove bubbles. 

Subsequently, the mold containing PDMS on its top was placed on the 

heater at the average temperature of (80°C) for about 1 hour. After 

cooling down, the patterned PDMS layer was removed from the mold 

using a scalpel, and after that, by soft lithography processes coating the 

surface of 2D with 30 nm gold layer as a plasmonic substance as shown 

in figure (3-6, a). Afterward, the chip was ready for covering the first dye, 

PVP, and last dye as follows. RhB of (200 nm) with (50%) Au NPs was 

spin-coated onto the 2D plasmonic nanostructure with the speed of (1500 

rpm). Accordingly, PVP film was spin-coated onto the RhB layer at the 

speed of (2000 rpm). The thickness of the PVP layer was thinner than the 

above and below layers in order to excite the waveguide modes, as shown 

in figure (3-6, b). 

Finally, the second harmonic generation of Nd: YAG laser was utilized to 

pump the samples and collect the lasing by the spectrometer to obtain the 

plasmon phenomenon. 
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Figure (3-6): (a) Prepared sample after the deposition of gold onto the PDMS 

substrate and deposit onto 2D CCD, (b) Fabricated multilayer structure onto the 

substrate. 

3.7.2 Fabrication of RhB with different concentrations into 

2D nano grating : 

     Two-dimensional plexitonic structures have been prepared by 

nanoimprint lithography as a convenient technique of fabrication 

nanometer-scale patterning with low cost and high resolution. In this 

method, a thin layer of polydimethylsiloxane (PDMS) mixed with curing 

agent, which considered as a polymer in silicone elastomer and 

characterized by its high flexibility, was used as a substrate placed on 

camera’s CCD forming the 2D nano-grating and allowing the deposition 

of a dye layer and finally (30 nm) gold layer on it (the details of these 

samples construction have been explained in (3.7.1). 

Coating dyes, as exitonic subsystems, on 2D sample, done by spin 

coating. By this method, Rhodamin B (RhB) used here, can be combined 
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with polyvinylpyrrolidone (PVP), which can act as a polymer for 

increasing the viscosity. 

     Three samples were produced at different concentrations of RhB with 

one percent concentration of PVP. These solutions (composition) (0.44 

mL) of RhB, were dissolved in methanol with concentration (10
-3

, 10
-4

 

and 10
-5

 M), with (4.4 mg/ml) of PVP. In this situation, spin coating take 

place optimally with (3000) round per minute (rpm), (30 seconds) 

concomitant (20 μL) of dye solutions. The schematic diagram of the final 

2D sample is shown in figure (3-7). 

Finally, to get the plasmonic phenomenon, it was used the second 

harmonic generation of Nd: YAG laser to pump the samples and get the 

emission spectra by the emission spectrophotometer (LIF). 

 

Figure (3-7): Schematic diagram of construction processes 2D plexcitonic 

structures. 
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 3.8 The experimental devises : 

     In this research, various devises are used in order to study the 

improvement of the laser output of the laser active media (dye lasers). 

3.8.1 UV-VIS spectrometer : 

      The absorption spectrum was measured by using (UV-VIS 

spectrometer). This spectrometer covers a wide range of the 

electromagnetic spectrum, from (UV to NIR). The figure (3-8) represents 

the device that contain two excitation sources: 

(a) Deuterium lamp: that covers the range of wavelengths (190-360) 

nm. 

(b)  Tungesten lamp: that covers the range of wavelengths (360-1100) 

nm. 

It is possible to use the both lamps to cover the ranges (UV-VIS) 

spectrum. The device contain a monochromator to select the wavelength 

that excite the sample, also it contain a grating, filters according to the 

desired wavelength, and a detector from a type of (PMT), and power 

supply. The idea of measurement depends on the basis of separation the 

incident beam into two beams, one of them passes through the sample, 

and the other to the solvent that represents the reference.  

Finally, the device record the absorption spectrum to the samples.    
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                         Figure (3-8): UV-VIS spectrometer.    

3.8.2 Fluorescence spectrometer : 

     The emission spectrum was measured by using the fluorescence 

spectrometer, from a type of (F96PRO), figure (3-9) represent it. 

It contains a light source of (xenon arc lamp 150 watt), excitation and 

emission spectrum rate of (200-700) nm,  scanning rate of (200,400,600) 

nm/min, detector of high sensitivity photomultiplier tube (PMT), and 

computer.  
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     Figure (3-9): Fluorescence spectrometer.  

3.8.3 Emission spectrophotometer (laser induced 

fluorescence)  (LIF) : 

     Laser Induced Fluorescence (LIF) is an optical spectroscopic 

technique where a sample is excited with a laser, and the fluorescence 

emitted by the sample is subsequently captured by a photodetector. LIF 

can be understood as a class of fluorescence spectroscopy where the 

usual lamp excitation is replaced by a laser source. Whilst lasers are 

now routinely used as excitation sources in photoluminescence 

spectrometers.  

To obtain a plasmon spectrum to these samples, (532 nm) Nd:YAG 

pulsed laser was used with a repetition rate of (10 Hz), and a pulse width 

of (5) ns during (30) seconds for sample illumination as shown in figure 

(3-10). In this experimental setup, the sample was exposed to pulsed laser 

with and without external AC voltage, and the emission light were 

collected by the computer-connected spectrometer in (40) degree relative 

to the pumping direction. 
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                       Figure (3-10): Emission spectrophotometer (LIF).  

 

3.8.4 Field Emission Scanning Electron Microscope 

(FESEM) : 

      It is a type of electron microscope that produces images of a sample 

by scanning the surface with a focused beam of electrons. The electrons 

interact with atoms in the sample, producing various signals that contain 

information about the surface topography and composition of the sample.  

By field emission scanning electron microscopy (FE-SEM) the 

topography of prepared films was studied and also investigate the 

nanoparticles shape, size. It was used the field emission scanning electron 

microscopy (FE-SEM) of (ΣIGMA, JSM-7610F, Carl Zeiss, Germany) 

image operating at an accelerating voltage of (10 kV). And also, it is used 

(FE-SEM) model of (MIRA TESCAN) operating at an accelerating 

voltage of (25 kV), as shown in figure (3-11).  

 

https://en.wikipedia.org/wiki/Electron_microscope
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Topography
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Figure (3-11): Schematic of a: FE-SEM device. 

Before the test, all the samples must be cleaned and dried. The time of 

FE-SEM takes about (4 to 5) minutes to reach the operational vacuum is 

(10
-5

) mbar. And as it is known, when it wanted to test the particle size, 

the scanning electron microscopy electron beam will produces charges on 

the top surface of the sample, which cannot access a high image 

resolution, and thus size of the particle cannot be measured, this problem 

can be eliminated by covering the top surface of the sample with a gold 

coating to assist the discharging of the top surface charge. 
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                                                  Introduction : 4.1    

     This chapter presents the results obtained from mixing (RhB with Ag 

NPs, Ag NWs, Au NPs), and studied the absorption spectrum of these 

samples by using UV-VIS spectrometer, the emission spectrum by using 

fluorescence spectrometer, and then the plasmonic spectrum by using the 

emission spectrophotometer (LIF).                                                         

     Also, studied 2D nano grating deposited with (RhB with Ag NPs, Ag 

NWs, Au NPs) and studied the localized surface plasmon and surface 

plasmon polariton.                                                                                 

4.2 Spectral properties of RhB, Ag NPs and Ag NWs: 

4.2.1 Absorption spectra of Rhodamine B dye:  

     Figure (4-1) represents the absorption spectra of RhB dye with  

different concentrations. It was noted that by increasing the 

concentrations of the dye, that leads to an increase in the absorbance 

peak, related wavelength  and the bandwidth of the absorption spectra. 

Where, noted that the absorption of  RhB at (553 nm), and the best 

absorbance at the concentration (1*10
-5

 M). The behavior of the 

absorption spectra with the increasing of dye concentration can explained 

as the highest values of the dye molecules in the lower energy level 

consolidates the absorption probability per time ,so the largest 

contribution by molecules in absorption appears in the wide absorption 

band width. 
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 Figure (4-1): Absorption spectra of RhB dye with 

                                              different concentrations. 

 

4.2.2 Fluorescence spectra of Rhodamine B dye: 

     The fluorescence spectrum of RhB dye is studied with different 

concentrations, represented in figure (4-2). It was noted that by increasing 

the concentration of the dye, the emission spectra will increase, and got 

the red shift. The  emission spectra was sharply decreased at the 

concentrations (1*10
-5

,1*10
-4

 M) because of quenching process that refers 

to any process which decreases the fluorescence intensity, many dyes 

undergo self-quenching, which can decrease the brightness of the dye for 

fluorescence spectroscopy.  
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Figure (4-2): Fluorescence spectra of RhB dye with different concentrations. 

metallic nanoparticles :Structure characterizations of 4.2.3  

      The Field Emission Scanning Electron Microscopes (FE-SEM) of NPs 

and NWs which dropped onto the glass slide show, the formation of Ag 

and Au nanoparticles of different concentration (different pulses) of size 

range (30-50) nm, figure (3-4, a,b,e,f), Ag, Au NPs for different sizes 

(differet energies) of size range (100-200) nm, figure (3-4, c,d,g,h) , and 

Ag NWs of the concentration (1,2,3 gm/mol), figure (4-3, i,j,k).                

         

 

a b 
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Figure (4-3): FE-SEM image of Ag NPs (a: 500 p, b: 900 p, c: 500 mJ, d: 900 mJ) 

, Au NPs (e: 500 p, f: 900 p, g: 500 mJ, h: 900 mJ)  and Ag NWs (i: 1 gm/mol, j: 2 

gm/mol, 3 gm/mol). 

with different  Ag NPs of Absorption spectra 2.44.

: concentrations 

     It is clear in figure (4-4), that the absorption spectra of Ag NPs with  

different concentrations. It was noted that by keeping the energy constant 

at (600 mJ) , and changing the number of pulses (500, 600, 700, 800, 

900) p, that helps to get a different concentration of Ag NPs. Where, 

noted that the absorption of  Ag NPs at (395 nm),  It is obvious that 

 

i j 

k 
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increasing of absorption spectra due to the increases of Ag NPs 

concentration, and noted that the absorbance increased significantly at the 

last concentration due to the large increase in the concentration of the 

nanoparticles.  

 

Figure (4-4): Absorption spectra of Ag NPs with different concentrations. 

 

4.2.5 Absorption spectra of RhB mixed with different 

concentrations of Ag NPs: 

     The better concentration of RhB dye (1*10
-5

M) was chosen to mix 

with  different concentrations of Ag NPs, figure (4-5) represents the 

absorption spectra of this mixture. It shows that by adding the 

nanoparticles to the dye, leads to a decrease in the absorption band width 

due to the highest contribution of the lower energy particles in absorption, 

in the same time lowest contribution of dyes in absorption, also, the 

enhancement of lasing emission in the samples containing Ag NPs is 

attributed to the increase of the local field in the vicinity of the silver 

NPs. Noted that the effect of increasing the concentration of NPs on the 
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dye is obvious in the mixture RhB (1*10
-5

 M) + Ag NPs (900 p), got a 

high absorption of the Ag NPs at (395 nm).  

 

Figure (4-5): Absorption spectrum of RhB dye (1*10
-5 

M) mixed with  different 

concentrations of Ag NPs. 

 

4.2.6 Fluorescence spectra of Rhodamine B mixed with 

different concentrations of Ag NPs: 

     The fluorescence spectra of  RhB dye (1*10
-5

M) mixed with a 

different concentrations of Ag NPs represented in figure (4-6). It was 

noted that by increasing the concentration of Ag NPs that mixed with 

RhB dye, the emission spectra will increase, and got the blue shift. The 

quenching process is appeared at (RhB+ concentration of Ag NPs at 900 

p), due to reaching the saturation limit, which led to decrease in the 

fluorescence.   
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Figure (4-6): Fluorescence spectra of RhB dye (1*10
-5

M) mixed with  different 

concentrations of Ag NPs. 

 

4.2.7 Plasmonic phenomenon in emission spectra (LIF) of 

(Rhodamine B dye) and RhB mixed with different 

concentrations of Ag NPs: 

      The emission spectra of RhB dye (1*10
-5

 M) represented in figure (4-

7, a), it shown that the highest intensity was (10000 a.u.). However, the 

plasmonic phenomenon is clear in the emission spectra of the mixture of 

RhB dye (1*10
-5

 M) with the Ag NPs in different pulses, shown in figure 

(4-7) (b, c, d, e, f). It was showed the plasmonic that is an optical 

phenomena that results from interaction of conduction free electrons of 

noble metal nanoparticles with electromagnetic waves (especially at 

visible optical frequencies) and collective oscillation called as surface 

plasmon, nevertheless, figure (4-7) (b, c, d, e, f) show the intensity of the 

final peak as a function of pump energy, where, the highest  intensity at 

figure (4-7,b) (lower concentration of Ag NPs mixed with RhB dye) is 
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(16000 a.u),while, at figure (4-7,c) the intensity was increased (25000 

a.u), and then the intensity continued to increase at figures (4-7,d,e), 

(33000, 50000 a.u) respectively. Finally, the quenching process is clear in 

figure (4-7,f), where the intensity decreased to be (16000 a.u). This shows 

that the increase in the concentration of Ag NPs leads to increase the 

plasmonic intensity, and the localized surface plasmon phenomenon of 

the emission spectrum is appear.  

 

 

 

b 

c d 

a 
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Figure (4-7): Emission spectra (LIF) of (a) RhB dye (1*10
-5

M) only, and RhB dye 

(1*10
-5

M) mixed with Ag NPs at (b) 500 p , (c) 600 p , (d) 700 p, (e) 800 p ,(f) 900 

p.  

The threshold of all above samples (RhB dye 1*10
-5 

M) and (RhB dye 

1*10
-5 

M mixed with  different concentrations of Ag NPs ) is clear in 

figure (4-8), where the threshold of RhB dye is (42 µJ) and the threshold 

of the lowest concentration (500 p) is (42 µJ), while the threshold of (800 

p) is (31 µJ), this shows that the threshold is decreases by increasing the 

concentration of Ag NPs. While, the quenching is clear at (900 p) to be 

(42 µJ) due to the increasing of the NPs overwhelms the dye 

fluorescence. Noted that when the sample was RhB dye only, the 

intensity was low and the threshold was large, while, by adding the 

nanoparticles to the dye, the intensity was increased but the threshold was 

decreased. Table (4-1) represents the parameters characteristics of RhB 

dye (1*10
-5 

M), and RhB (1*10
-5 

M)  mixed with different concentrations 

of Ag NPs. 

 

e f 
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Figure (4-8): Threshold of (RhB dye 1*10
-5

M) and (RhB dye 1*10
-5

M  mixed 

with different concentrations of Ag NPs ). 

Table (4-1): The parameters characteristics of 

RhB dye (1*10
-5 

M), and RhB (1*10
-5 

M)  mixed with different concentrations of 

Ag NPs. 

Samples Lasing threshold 

(µJ) 

Intensity (a.u.) 

RhB dye 

 (1*10
-5

M) 

42 10000 

RhB(1*10
-5

M) + 

Ag NPs (500 p) 

42 16000 

RhB(1*10
-5

M) + 

Ag NPs (600 p) 

37 25000 

RhB(1*10
-5

M) + 

Ag NPs (700 p) 

31 33000 

RhB(1*10
-5

M) + 

Ag NPs (800 p) 

31 50000 

RhB(1*10
-5

M) + 

Ag NPs (900 p) 

42 16000 



sand Discussion sResult                                         Chapter Four  

 

55 
 

:ith different sizes Ag NPs w of Absorption spectra 82.4. 

     The absorption spectra of Ag NPs with different sizes is clear in figure 

(4-9). It was noted that by changing the energy (500, 600, 700, 800, 900) 

mJ, and keep the pulse number constant at (400 p), that leads to increase 

the absorption spectra. Noted that the absorbance increased significantly 

at the last concentration due to the large increase in the size of the 

nanoparticles.                                                                                          

  

Figure (4-9): Absorption spectra of Ag NPs with different sizes. 

 

4.2.9 Absorption spectra of RhB mixed with different sizes 

of Ag NPs: 

     The absorption spectra of RhB dye (best concentration 1*10
-5

 M) 

mixed with different concentrations of Ag NPs represented in figure (4-

10). It is obvious that by adding the nanoparticles to the dye, that leads to 

increase in the absorption spectra, except the last mixture (RhB 1*10
-5

 M 
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+ Ag NPs 900 mJ) decreased because of the increase in the nanoparticles 

size.                                                                                                         

 

Figure (4-10): Absorption spectra of RhB dye (1*10
-5 

M) mixed with different 

sizes of Ag NPs. 

 

4.2.10 Fluorescence spectra of Rhodamine B mixed different 

sizes with Ag NPs: 

     The fluorescence spectra of  RhB dye (1*10
-5

M) mixed with a 

different sizes of Ag NPs represented in figure (4-11). It was noted that 

by increasing the sizes of Ag NPs that mixed with RhB dye, the emission 

spectrum will increase, while these spectra are decreased at (RhB 1*10
-5

 

M + Ag NPs 700 mJ), (RhB 1*10
-5

 M + Ag NPs 800 mJ) (RhB 1*10
-5

 M 

+ Ag NPs 900 mJ), because of the increase in the nanoparticles size. 

Indicate that the lasing properties (threshold for lasing, emission 

intensity) strongly depend on the size of the nanoparticles. 
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Figure (4-11): Fluorescence spectrum of RhB dye (1*10
-5

M) mixed with a 

different sizes of Ag NPs. 

 

4.2.11 Plasmonic phenomenon in emission spectra (LIF) of 

Rhodamine B mixed with different sizes of Ag NPs: 

     The plasmonic effect appears in the emission spectra of the mixture of 

RhB dye (1*10
-5

 M) with the Ag NPs in different energies, shown in 

figure (4-12) (a, b, c, d, e), where the intensity of the final peak as a 

function of pump energy. The higher  intensity at figure (4-12,a) (smaller 

size of Ag NPs mixed with RhB dye) is (9000 a.u.), while, at figure (4-

12, b) the intensity was increased (14000 a.u), but, at energies (700, 800, 

900 mJ) the intensity was decreased (11000, 10000, 7000) a.u. , figures 

(4-12, c, d, e) respectively. These observations are attributed to the 

enhanced scattering and absorption of silver nanoparticles and increased 

spectral overlap between the dye fluorescence spectra and the silver 

extinction spectrum, which induces localized surface plasmons and 

resonance energy transfer. 
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Figure (4-12): Emission spectrum (LIF) of RhB dye (1*10
-5

M) mixed with Ag 

NPs at (a) 500 mJ , (b) 600 mJ , (c) 700 mJ, (d) 800 mJ ,(e) 900 mJ.  

 

a 

b b 

d 

c 

d e 



sand Discussion sResult                                         Chapter Four  

 

50 
 

Figure (4-13) represents the threshold of all above samples (RhB dye 

1*10
-5 

M mixed with  different sizes of Ag NPs ), where the threshold of 

the lowest concentration (500 mJ) is (37 µJ), while the threshold of (600 

mJ) is (31 µJ), this shows that the threshold is decreases by increasing the 

size of Ag NPs to a certain limit, after that the threshold begins to 

increase due to the increase in the size of the nanoparticles from the 

required limit, and this is called the quenching process. Table (4-2) 

represents the parameters characteristics of RhB (1*10
-5 

M) mixed with 

different sizes of Ag NPs. 

 

Figure (4-13): Threshold of (RhB dye 1*10
-5

M mixed with different sizes of Ag 

NPs). 
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Table (4-2): The parameters characteristics of 

RhB (1*10
-5 

M) mixed with different sizes of Ag NPs. 

 

Samples Lasing threshold 

(µJ) 

Intensity (a.u.) 

RhB(1*10
-5

M)+ 

Ag NPs(500 mJ) 

37 9000 

RhB(1*10
-5

M)+ 

Ag NPs(600 mJ) 

31 14000 

RhB(1*10
-5

M)+ 

Ag NPs(700 mJ) 

37 11000 

RhB(1*10
-5

M)+ 

Ag NPs(800 mJ) 

41 10000 

RhB(1*10
-5

M)+ 

Ag NPs(900 mJ) 

48 7000 

  

4.2.12 Absorption spectra of Ag NWs with different 

concentrations : 

      Five concentrations of Ag NWs were used (1, 1.5, 2, 2.5, 3) gm/mol, 

figure (4-14) represents the absorption spectra of these concentrations, 

where, it was noted that by increasing the concentration of Ag NWs, that 

leads to increase the absorption spectra. It contains two characteristic 

plasmon absorption bands at about (350) and (373) nm; they correspond 

to the transverse and longitudinal plasmon bands, respectively. The 

absorption signal at (350 nm) is due to the scattering and the absorption 

of light spreading along the short axis of the nanowire. The absorption 

band at (373 nm), on the other hand, is caused by the same process, but 

along the long axis of the nanowire. 
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Figure (4-14): Absorption spectra of Ag NWs with different concentrations. 

 

4.2.13 Absorption spectra of RhB mixed with different 

concentrations of Ag NWs: 

     The best concentration of RhB dye was mixed with different 

concentrations of Ag NWs, where, figure (4-15) represents the absorption 

spectrum of this mixture. It is obvious that by adding the nanowires to the 

dye, that leads to increase in the absorption spectrum. Noted that the 

effect of increasing the concentration of NWs on the dye is obvious in the 

mixture RhB (1*10
-5

 M) + Ag NWs (3 gm/mol), and the highest 

absorption of the Ag NWs in this mixture was at the wavelengths of (350 

and 373 nm). 
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Figure (4-15): Absorption spectra of RhB dye (1*10
-5 

M) mixed with a different 

concentrations of Ag NWs. 

 

4.2.14 Fluorescence spectra of RhB mixed with different 

concentrations of Ag NWs: 

     Figure (4-16) represents the fluorescence spectra of the mixture (RhB 

1*10
-5

 M + different concentrations of Ag NWs). It is clear that by 

increasing the Ag NWs that leads to increase the emission spectra, while, 

the quenching happened at the last two spectra (RhB 1*10
-5 

M+ Ag NWs 

2.5 gm/mol) and  (RhB 1*10
-5 

M+ Ag NWs 3 gm/mol).  
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Figure (4-16): Fluorescence spectra of RhB dye (1*10
-5

M) mixed with  different 

concentrations of Ag NWs. 

 

4.2.15 Surface plasmon polariton phenomenon in emission 

spectra (LIF) of RhB mixed with different concentrations of 

Ag NWs: 

     Figure (4-17) represents the intensity as a function of pump energy. 

Surface plasmon polariton phenomenon is appears in the mixture of RhB 

(1*10
-5

 M) with Ag NWs with different concentrations, where, the higher  

intensity at figure (4-17, a) (lower concentration of Ag NWs mixed with 

RhB dye) is (23000 a.u),while, at figure (4-17, b) the intensity was 

increased (25000 a.u), and then the intensity continued to increase at 

figure (4-17, c), (33000 a.u.). Finally, the quenching process is clear in 

figure (4-17, d,e), where the intensity decreased to be (19000,17000) a.u. 

respectively, that achieved the phenomenon of surface plasmon polariton. 

It was shown that the spectral center position of the plasmonic emission 

can be tuned by changing the shape of the Ag nanoparticles.  
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Figure (4-17): Emission spectrum of RhB dye (1*10
-5

M) mixed with Ag NWs at 

(a) 10 % Ag NWs, (b) 20 % Ag NWs, (c) 30 % Ag NWs, (d) 40 % Ag NWs,(e) 50 

% Ag NWs.  

a b 

c d 

e 
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The threshold of all above samples (RhB dye 1*10
-5 

M mixed with  

different concentrations of Ag NWs ) is clear in figure (4-18), where the 

threshold is decreases by increasing the concentration of Ag NWs, where 

the threshold of the lowest concentration (1 gm/mol) is (42 µJ), while the 

threshold of (2 gm/mol) is (31 µJ). Table (4-3) represents the parameters 

characteristics of RhB (1*10
-5 

M) mixed with different concentrations of 

Ag NWs. 

 

Figure (4-18): Threshold of (RhB dye 1*10
-5

M mixed with different 

concentrations of Ag NWs ). 

 

 

 

 

 

 

 

 

 

 

 



sand Discussion sResult                                         Chapter Four  

 

55 
 

Table (4-3): The parameters characteristics of 

RhB (1*10
-5 

M) mixed with different concentrations of Ag NWs. 

 

Samples Lasing threshold 

(µJ) 

Intensity (a.u.) 

RhB(1*10
-5

M) 

+Ag NWs 

(1gm/mol) 

42 23000 

RhB(1*10
-5

M) 

+Ag NWs 

(1.5gm/mol) 

37 25000 

RhB(1*10
-5

M) 

+Ag NWs 

(2gm/mol) 

31 33000 

RhB(1*10
-5

M) 

+Ag NWs 

(2.5gm/mol) 

48 19000 

RhB(1*10
-5

M) 

+Ag NWs 

(3gm/mol) 

48 17000 

 

4.3 Spectral properties of RhB and Au NPs: 

4.3.1 Absorption spectra of Au NPs with different 

concentrations : 

      To get different concentrations of Au NPs, by keeping the energy 

constant at (600 mJ), and changing the number of pulses (500, 600, 700, 

800, 900) p. Where, noted that the absorption of  Au NPs at (525 nm),  It 

is clear in figure (4-19) that by increasing Au NPs concentration, the 

absorption spectra will increase.  
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Figure (4-19): Absorption spectra of Au NPs with different concentrations. 

 

4.3.2 Absorption spectra of RhB mixed with different 

concentrations of Au NPs: 

      The best concentration of RhB dye (1*10
-5

 M) was mixed with 

different concentrations of Au NPs, where, figure (4-20) represents that 

by adding the nanoparticles to the dye, leads to the enhancement of lasing 

emission. The influence of the local field enhancement mechanism 

depends on the distance between  Au NP and a dye molecule, which is 

directly related to NP density. 
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Figure (4-20): Absorption spectra of RhB dye (1*10
-5 

M) mixed with  different 

concentrations of Au NPs. 

 

4.3.3 Fluorescence spectra of RhB mixed with different 

concentrations of Au NPs: 

      The fluorescence spectra of  RhB dye (1*10
-5

M) mixed with a 

different concentrations of Au NPs represented in figure (4-21). It was 

noted that by increasing the concentration of Au NPs that mixed with 

RhB dye, the emission spectra will increase, and the quenching process is 

appeared at (RhB+ concentration of Au NPs at 900 p).  
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Figure (4-21): Fluorescence spectra of RhB dye (1*10
-5

M) mixed with  different 

concentrations of Au NPs. 

 

4.3.4 Plasmonic phenomenon in emission spectra (LIF) of 

RhB mixed with different concentrations of Au NPs: 

     The plasmonic phenomenon of the emission spectra is appear, figure 

(4-22) (a, b, c, d, e) shows the intensity of the final peak as a function of 

pump energy, where, the higher  intensity at figure (4-22, a) (lower 

concentration of Au NPs mixed with RhB dye) is (28000 a.u), and the 

intensity continued to increase at figures (4-22, b, c), (35000, 38000 a.u) 

respectively. Finally, the quenching process is clear in figure (4-22, d, e), 

where the intensity decreased to be (30000 and 15000 a.u) respectively. 

This shows that the increase in the concentration of Au NPs leads to 

increase the enhancement of the emission spectra. 
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Figure (4-22): Emission spectra of RhB dye(1*10
-5

M) mixed with Au NPs at (a) 

500 p , (b) 600 p , (c) 700 p, (d) 800 p ,(e) 900 p.  

a 

b c 

d e 
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The threshold of all above samples (RhB dye 1*10
-5 

M mixed with  

different concentrations of Au NPs ) is clear in figure (4-23), where the 

threshold of the lowest concentration (500 p) is (42 µJ), while the 

threshold of (700 p) is (31 µJ), this shows that the threshold is decreases 

by increasing the concentration of Au NPs. While, the quenching is clear 

at (800, 900) p due to the increasing of the NPs overwhelms the dye 

fluorescence. Table (4-4) represents the parameters characteristics of RhB 

(1*10
-5 

M) mixed with different concentrations of Au NPs. 

  

 
Figure (4-23): Threshold of (RhB dye 1*10

-5
M mixed with different 

concentrations of Au NPs ). 
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Table (4-4): The parameters characteristics of 

RhB (1*10
-5 

M) mixed with different concentrations of Au NPs. 

 

Samples Lasing threshold 

(µJ) 

Intensity (a.u.) 

RhB(1*10
-5

M) + 

Au NPs (500 p) 

42 28000 

RhB(1*10
-5

M) + 

Au NPs (600 p) 

37 35000 

RhB(1*10
-5

M) + 

Au NPs (700 p) 

31 38000 

RhB(1*10
-5

M) + 

Au NPs (800 p) 

37 30000 

RhB(1*10
-5

M) + 

Au NPs (900 p) 

42 15000 

 

4.3.5 Absorption spectra of Au NPs with different sizes: 

     The absorption spectra of Au NPs with different sizes is clear in figure 

(4-24). It was noted that by changing the energy (500, 600, 700, 800, 900) 

mJ, and keep the pulse number constant at (400 p),where, by increasing 

the energy, that leads to increase the absorption spectra.  
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Figure (4-24): Absorption spectra of Au NPs with different sizes. 

 

4.3.6 Absorption spectra of RhB mixed with different sizes 

of Au NPs: 

     The absorption spectra of RhB dye (best concentration 1*10
-5

 M) 

mixed with different sizes of Au NPs represented in figure (4-25). It is 

obvious that by adding the nanoparticles to the dye, that leads to increase 

in the absorption spectra. 
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Figure (4-25): Absorption spectra of RhB dye (1*10
-5 

M) mixed with  different 

sizes of Au NPs. 

 

4.3.7 Fluorescence spectra of RhB mixed with different sizes 

of Au NPs: 

     It is obvious from the figure (4-26) that the fluorescence spectra 

increased by increases the size of Au NPs to a threshold limit, then the 

quenching process occurred at (RhB 1*10
-5

 M + Au NPs 800 mJ), (RhB 

1*10
-5

 M + Au NPs 900 mJ),  that leads to decrease in the spectra due to 

the large size of the gold nanoparticles.   



sand Discussion sResult                                         Chapter Four  

 

55 
 

 

Figure (4-26): Fluorescence spectra of RhB dye (1*10
-5

M) mixed with a different 

sizes of Au NPs. 

4.3.8 Plasmonic phenomenon in emission spectra (LIF) of 

RhB mixed with different sizes of Au NPs: 

      Figure (4-27) (a, b, c, d, e) represents the emission spectra (LIF) of 

the mixture (RhB 1*10
-5

 M+ Au NPs with different sizes), got the 

plasmonic effect by using second harmonic generation of Nd:YAG laser, 

the enhancement of the gain is clear from the increasing of the peak 

intensity by increase the energy, where, the higher  intensity at figure (4-

27, a) (smaller size of Au NPs mixed with RhB dye) is (9000 a.u), and the 

intensity continued to increase at figures (4-27, b, c), (10500, 11000 a.u) 

respectively. Finally, the quenching process is clear in figure (4-27, d, e), 

where the intensity decreased to be (7000 and 5500 a.u) respectively.  
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Figure (4-27): Emission spectra (LIF) of RhB dye (1*10
-5

M) mixed with Au NPs 

at (a) 500 mJ , (b) 600 mJ , (c) 700 mJ, (d) 800 mJ ,(e) 900 mJ.  

 

a 

b c 

d e 
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Figure (4-28) represents the threshold of all above samples (RhB dye 

1*10
-5 

M mixed with  different sizes of Au NPs ), where the threshold of 

the lowest concentration (500 mJ) is (42 µJ), while the threshold of (700 

mJ) is (31 µJ), this shows that the threshold is decreases by increasing the 

size of Ag NPs. While, the quenchi ng is clear at (800, 900) mJ. Table (4-

5) represents the parameters characteristics of RhB (1*10
-5 

M) mixed with 

different sizes of Au NPs. 

 

Figure (4-28): Threshold of (RhB dye 1*10
-5

M mixed with different sizes of Au 

NPs). 
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Table (4-5): The parameters characteristics of 

RhB (1*10
-5 

M) mixed with different sizes of Au NPs. 

  

Samples Lasing threshold 

(µJ) 

Intensity (a.u.) 

RhB(1*10
-5

M)+ 

Au NPs(500 mJ) 

42 9000 

RhB(1*10
-5

M)+ 

Au NPs(600 mJ) 

37 10500 

RhB(1*10
-5

M)+ 

Au NPs(700 mJ) 

31 11000 

RhB(1*10
-5

M)+ 

Au NPs(800 mJ) 

42 7000 

RhB(1*10
-5

M)+ 

Au NPs(900 mJ) 

48 5500 

 

4.4 Structure characterizations of the thin film samples : 

      The SEM image of 2D plasmonic structures top surface fabricated 

samples that have been prepared as explained in the previous chapter, the 

behavior of gold nanoparticles is arranged in a periodic array for 2D 

grating samples. It is worth noting that periodic arrays of metallic 

nanoparticles can exhibit extremely narrow extinction line shaping 

excitations called surface lattice resonances (SLRs). SLRs are a result of 

the coupling between localized surface plasmon resonances (LSPRs) 

coming from metallic nano-rods in the sample associated with individual 

nanoparticles and diffractive orders (DOs) present in periodic structures. 

The diffraction coupling occurs when nanostructures are spaced with the 

optical path length between the neighboring particles equals to an integer 

multiple of the incident wavelength. Shown in figure (4-29). 
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Figure (4-39): The SEM image of 

2D plasmonic structures top 

surface fabricated samples. 

4.5 Spectral properties of  

Figure (4-29): The SEM image of 2D plasmonic structures top surface fabricated 

samples. 
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4.4.1 Plasmonic phenomenon in emission spectra (LIF) of 

RhB deposited on the 2D nano grating: 

     Rhodamine B (1*10
-5

 M) was deposited on the 2D nano grating that 

have been fabricated as explained in the previous chapter. The plasmonic 

spectra was studied by using the spectrophotometer, where, the highest 

intensity is (22000 a.u.) as shown in figure (4-30).   

 

Figure (4-30): Emission spectra (LIF) of RhB dye (1*10
-5

M) deposited on the 2D 

nano grating. 

4.4.2 Plasmonic phenomenon in emission spectra (LIF) of 

(RhB 1*10
-5

 M+Ag NPs 800 p) deposited on the 2D nano 

grating:  

      In the case of (RhB 1*10
-5

 M+Ag NPs 800 p) deposition on the 2D 

nano grating, the highest intensity was increased to be (37000 a.u.) as 

shown in figure (4-31). It attributes to the strong plasmonic scattering by 

the Ag NPs and the high quality confinement by the polymer membrane. 
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Figure (4-31): Emission spectra (LIF) of (RhB 1*10
-5

 M+Ag NPs 800 p) deposited 

on the thin film. 

In comparing between (highest intensity and lowest threshold) for the 

values of the dye and the thin film (RhB 1*10
-5 

M + Ag NPs 800 p) and 

(RhB 1*10
-5 

M + Ag NPs 800 p) respectively , it was noted that at the 

thin film the intensity increased while the threshold was decreased, where 

the threshold of the thin film is (31 µJ), while the threshold of the dye is 

(37 µJ).  As compared with (RhB dye 1*10
-5 

M) deposited on the thin 

film, noted that the intensity was decreased but the threshold was 

increased to be (42 µJ) , this shows that NPs enhanced the active media 

where the intensity was increased and the threshold was decreased, and 

the best result was in the thin film, represented in figure below.             
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Figure (4-32): Threshold of RhB (1*10
-5 

M) deposited on the 2D nano grating , 

and RhB (1*10
-5 

M) mixed  with Ag NPs (800 p) for the dye and the thin film. 

4.4.3 Plasmonic phenomenon in emission spectra (LIF) of 

(RhB 1*10
-5

 M+Ag NPs 600 mJ) deposited on the 2D nano 

grating:  

      When the 2D nano grating deposited by (RhB 1*10
-5

 M+Ag NPs 600 

mJ), the intensity was also increased to be (45000 a.u.) as shown in figure 

(4-33).  

 

Figure (4-33): Emission spectra (LIF) of (RhB 1*10
-5

 M+Ag NPs 600 mJ) 

deposited on the thin film. 
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The highest intensity and lowest threshold for the values of the dye and 

the thin film (RhB 1*10
-5 

M + Ag NPs 600 mJ) and (RhB 1*10
-5 

M + Ag 

NPs 600 mJ) respectively, as comparing between the dye and the thin 

film threshold, noted that at the thin film the intensity increased while the 

threshold was decreased, where the threshold of the thin film is (31 µJ), 

while the threshold of the dye is (37 µJ), represented in figure (4-34).  

 

Figure (4-34): Threshold of RhB (1*10
-5 

M) mixed with Ag NPs (600 mJ) for the 

dye and the thin film. 

4.4.4 Plasmonic phenomenon in emission spectra (LIF) of 

(RhB 1*10
-5

 M+Ag NWs 2 gm/mol) deposited on the 2D 

nano grating:  

      In the case of (RhB 1*10
-5

 M+Ag NWs 2 gm/mol) deposition, the 

intensity was (44000 a.u.), figure (4-35). 
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Figure (4-35): Emission spectra (LIF) of (RhB 1*10
-5

 M+Ag NWs 2 gm/mol) 

deposited on the 2D nano grating. 

For mixing the dye with Ag NWs, and comparing between the dye and 

the thin film threshold for (RhB 1*10
-5 

M + Ag NWs 2 gm/mol) and 

(RhB 1*10
-5 

M + Ag NWs 2 gm/mol) respactively, noted that at the thin 

film the intensity increased while the threshold was decreased, where the 

threshold of the thin film is (31 µJ), while the threshold of the dye is (37 

µJ), represented in figure (4-36). 

 

Figure (4-36): Threshold of RhB (1*10
-5 

M) mixed with Ag NWs (2 gm/mol) for 

the dye and the thin film. 
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4.4.5 Plasmonic phenomenon in emission spectra (LIF) of 

(RhB 1*10
-5

 M+Au NPs 800 p) deposited on the 2D nano 

grating:  

      Figure (4-37) below represents the plasmonic spectra in the case of 

Au NPs deposition (RhB 1*10
-5

 M+Au NPs 800 p), noted that the 

emission spectra was increased to be (48000 a.u.). 

 

Figure (4-37): Emission spectra (LIF) of (RhB 1*10
-5

 M+Au NPs 800 p) 

deposited on the 2D nano grating. 

In comparing between (highest intensity and lowest threshold) for the 

values of the dye and the thin film (RhB 1*10
-5 

M + Au NPs 700 p) and 

(RhB 1*10
-5 

M + Au NPs 800 p) respectively , it was noted that at the 

thin film the intensity increased while the threshold was the same in both 

cases,  the dye and the thin film (31 µJ), illustrated in figure (4-38). 
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Figure (4-38): Threshold of RhB (1*10
-5 

M) mixed with Au NPs (800 p) for the 

dye and the thin film.  

4.4.6 Plasmonic phenomenon in emission spectra (LIF) of 

(RhB 1*10
-5

 M+Au NPs 700 mJ) deposited on the 2D nano 

grating:  

    When the 2D nano grating deposited by (RhB 1*10
-5

 M+Au NPs 700 

mJ), the intensity was also increased to be (50000 a.u.) as shown in figure 

(4-39). 

 

Figure (4-39): Emission spectra of (RhB 1*10
-5

 M+Au NPs 700 mJ) deposited on 

the 2D nano grating. 
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The highest intensity and lowest threshold for the values of the dye and 

the thin film (RhB 1*10
-5 

M + Au NPs 700 mJ) and (RhB 1*10
-5 

M + Au 

NPs 700 mJ) respectively, as comparing between the dye and the thin 

film threshold, noted that at the thin film the intensity increased while the 

threshold was the same in both cases,  the dye and the thin film (31 µJ), 

illustrated in figure (4-40). Table (4-6) represents the parameters 

characteristics of the thin film Deposited by RhB (1*10
-5 

M) and ( RhB 

1*10
-5 

M mixed with Ag NPs, Ag NWs, and Au NPs). 

 

Figure (4-40): Threshold of RhB (1*10
-5 

M) mixed with Au NPs (700 mJ) for the 

dye and the thin film. 
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Table (4-6): The parameters characteristics of the 2D nano grating 

deposited by RhB (1*10
-5 

M) and ( RhB 1*10
-5 

M mixed 

with Ag NPs, Ag NWs, and Au NPs). 

 

Samples Lasing threshold 

(µJ) 

Intensity (a.u.) 

RhB (1*10
-5

M) 42 22000 

RhB(1*10
-5

M)+ 

Ag NPs(800 p) 

31 37000 

RhB(1*10
-5

M)+ 

Ag NPs(600 mJ) 

31 45000 

RhB(1*10
-5

M)+ 

Ag NWs(2 

gm/mol) 

31 44000 

RhB(1*10
-5

M)+ 

Au NPs(800 p) 

31 48000 

RhB(1*10
-5

M)+ 

Au NPs(700 mJ) 

31 50000 

 

It was noted that the emission intensity is enhanced by depositing the 

nanoparticles or nanowires on the thin film, which leads to the 

confinement of the rays within the effective medium, and this leads to an 

increase in the reflections that affect the energy gap, which improve the 

emission spectra to the active medium, and that emission  spectra got 

from the thin film was better and more enhanced  than the spectra that got 

from the mixture of the dye with NPs or NWs.  
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                  Conclusions :5.1  

1) For the RhB dye, the emission spectra increased by increasing the 

concentration of the dye, but it was sharply decreased at the 

concentrations (1*10
-5

,1*10
-4

 M) because of quenching process.            

2) Noted that the increasing of the dye concentration led to a red shift, 

while the increasing of Ag NPs concentration in the dye led to a blue 

shift.                                                                                                        

3) It was found that by adding NPs or NWs to the dye that helps to   

increase the intensity, that achieved by increasing the concentrations of 

(Ag NPs, Ag NWs, and Au NPs), the intensity was increased.               

4) It was noted that by increasing the sizes of Ag NPs that mixed with 

RhB dye, the emission spectrum will increase, indicate that the lasing 

properties (threshold for lasing, emission intensity) strongly depend on 

the size of the nanoparticles.                                                                    

5) Shows that the threshold is decreases by increasing the concentration 

of Ag NPs, Ag NWs, and Au NPs.                                                          

6) In comparing between the dye and the thin film (intensity and 

threshold), noted that at the thin film, the intensity increased while the 

threshold was decreased.                                                                        

7) Got the localized surface plasmon in emission  spectra (LIF) for the 

mixtue of RhB (1*10
-5

 M) with (Ag NPs and AuNPs).                           

   8) Surface plasmon polariton phenomenon appears in emission  spectra 

(LIF) for the mixture of RhB (1*10
-5

 M) with Ag NWs with different 

concentrations.                                                                                        

9) For the thin film, the plasmonic phenomenon in emission  spectra 

(LIF) of RhB mixed with (Ag NPs, Ag NWs, and AuNPs) was achieved.  

10) Indicated that the lowest plasmonic intensity was (5500 a.u.) for RhB 

(1*10
-5

 M)+Au NPs (900 mJ) while the highest intensity was (50000 a.u.) 
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for RhB (1*10
-5

 M)+Ag NPs (800 p), and for the 2D nano grating that 

deposited with RhB (1*10
-5

 M)+Au NPs (700 mJ).                                      

11) It was noted that the emission intensity is enhanced by depositing the 

nanoparticles or nanowires on the thin film, which leads to the 

confinement of the rays within the effective medium, and this leads to an 

increase in the reflections that affect the energy gap, which improve the 

emission spectra to the active medium, and that emission  spectra got 

from the thin film was better and more enhanced  than the spectra that got 

from the mixture of the dye with NPs or NWs.                                          
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5.2 Future works : 

1) Studying the effect of dye laser emission spectrum by using surface 

plasmon resonance phenomena in other energy ranges like (UV or IR). 

2) Studying the effect of the different surface plasmon phenomena on 

samples prepared from layers of  different dyes, polymers and 

nanomaterials. 

3) An applied study of the prepared samples and their use in different life 

sensors.  

4) Studying the effect of surface plasmon resonance phenomenon and its 

interaction with Raman scattering on the laser induce emission spectrum 

(LIF) of different laser dyes. 
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