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Abstract: 
     A thin film of  Coumarine -47 has been prepared in a chloroform solvent mixed 

with the same ratio of  Poly Methyl Meth Acrylate ( PMMA ) at different 

concentrations (1x10
-4

 ,  5x10
-4 

and 1x10
-3 

) M . This film has been prepared by using 

thermal oven with temperature about (333 K) and pressure at 10
-2

 torr for 1 hour. The 

prepared thin film thickness measured using Michelson interferometer is around 

0.2mm. 

The quantum efficiency decreased as follows (80%, 74%   and 59%   ) respectively.  

The radiative life time and fluorescent life time has been investigated as a function of 

dye concentration and it can be shown that they both decreased (8.57, 3.35 and 2.5) ns 

and (6.85, 1.97 and 1.85) ns respectively.    

It has been determined that the resulting overlap between the absorption spectrum and 

fluorescence spectrum for thin film is less than that shown for the solution, therefore 

stock shift will be more . From the morphological studying of the thin film it has been 

shown that with the increasing the concentration the defects and inhomogenity of the 

film increase.  

 

Key words: Coumarin dye, Dye solutions, Spectroscopic properties. 

 

Introduction: 
     In a solid – state dye laser the 

organic dye molecules are uniformly 

distributed in a highly homogenous 

polymer matrix. An example of such 

polymer is a highly pure form of (Poly 

Methyl Mehta Acrylate) (PMMA). 

Solid state dye lasers that span from 

the ultraviolet to the near Infrared 

regions have been successfully 

demonstrated photo stability of laser 

dyes in solid matrices remain an issue 

for continuous study  [1].AN Important 

feature of the dye laser is easily 

tunable over a wide range of a 

wavelengths.  Fluorescent dyes play an 

important role for staining and 

censoring in analytical chemistry, 

environmental science, biology and 

medicine [2]. Some fluorescence dyes 

are used in dye lasers as active media 

[3]. To under stand the behavior of the 

prepared laser dye – doped polymer 

thin film a spectral properties 

(absorption and fluorescence) have 

been studied.                             

 

Theory 

       Once a molecule has absorbed a 

photon it can emit a photon upon 

returning to the electronic ground state 

from the electronic excited state. As 

with absorbance, the strength of the 

transition is governed by the transition 

moment. The related peaks in turn will 

be the dominant peaks in the resulting 

spectrum. Two processes that emit 

light from a dye molecule are 

fluorescence, where the emitted photon 

is from the decay of excited state S1 to 

the ground state S0, and 
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phosphorescence, which is a transition 

from the triplet state T1 to the 

electronic ground state S0. Most 

ground states are singlet due to the 

total spin being zero, cancelled out by 

pairs of electrons with opposite spin. 

The direct transition from S0 to T1 is 

forbidden since the value of the spin 

quantum number S would have to 

change. Similarly a transition from 

T1to S0 is slow due to the same reason, 

resulting in a slow process called 

phosphorescence. Triplet-triplet 

absorption bands tend to heavily 

overlap the fluorescence region. The 

triplet state has a long lifetime leading 

to a buildup of population inversion. 

However since the transition from S0 

to T1 is forbidden, it would require 

very high dye concentrations for 

lasing. Fluorescence can be used at 

relatively low dye concentrations for 

laser applications. If the triplet state is 

at a lower energy thanS1, it then 

competes with the buildup of the 

excited S1 state, lowering the quantum 

yield of the fluorescence. 

       Decay to the lowest level of S1 is 

very quick provided that the 

temperature is low enough to prevent 

thermal excitation to a higher vibronic 

level within S1. The number of excited 

atoms N where k is the Boltzmann's 

constant is      Nexcited = N0 exp 

[∆E=kT]. At room temperature kT = 

2.15x10
-2

eV so the population density 

of the excited state will be low. 

       The longevity of different excited 

states is important  to the usefulness of 

a dye as a laser medium. The typical 

time scales for these processes are: 1ps 

from S2 to S1 (non-raditative 

transition), 10ns from S1 to T1 (non-

raditative transition), 1µs from T1 to S0 

(phosphorescence) and 1ns from S1to 

S0 (fluorescence) (Figure 1) [4].     

 

           

          

 

                        

Fig (1) Dye molecule energy state [4].   

 

1. Fluorescence 

       Excitation of a molecule from 

absorption of a photon or thermal 

energy promotes the molecule to an 

excited energy state, setting up the 

possibility of emission of a photon. 

The excited molecules may lose energy 

through a non-radiative process to 

reach the lowest vibrational level of 

the excited state. Fluorescence is then 

the radiative loss of energy as a photon 

is emitted from a molecule in the 

excited state returning to the ground 

state. Since a non-radiative loss of 

energy occurs between the absorption 

and subsequent fluorescence, the 

emitted photon is of lower frequency 

than the absorbed photon producing a 

red shift between the absorbance and 

fluorescence spectra. The fluorescence 

from the excited state dye molecule is 

reabsorbed by the ground state 

molecule which shifts the fluorescence 

peak to lower energy [5]. 

 2. Quantum Efficiency 

      The fluorescence efficiency Φfm, 

also known as the quantum yield, 

indicates the fraction of pump photons 

that are converted to fluorescence 

photons per dye molecule, where the 

maximum value is unity. Fluorescence 

quantum yield is one of the key 

photophysical quantities that are 

amenable to direct experimental 

determination. The quantum yield of 

fluorescence is a measure of the rate of 

non-radiative transitions that compete 
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with the emission of light. The 

knowledge of fluorescence quantum 

efficiency of organic dyes and its 

concentration dependence are essential 

for selecting efficient laser media [6].  

The fluorescence efficiency for 

different concentrations of C47 in 

chloroform solvent was determined 

and their values are listed in table (1).  

       The spectrum of the molecular 

fluorescence F( ύ ) gives the relative 

fluorescence intensity at wave-number 

(ύ), this is related to the quantum 

efficiency by the following equation 

[7,8] 





0

')'(  dFq fm ------     ( 1) 

In order to evaluate absolute quantum 

efficiency, we have to consider both 

the radiative and non-radiative 

processes taking place in the medium, 

therefore 
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  Where τf is the fluorescence lifetime 

and τfm is the radiative lifetime of the 

excited state to circumscribe the 

possible reasons for qfm variations. The 

radiative lifetime being a function of 

the absorption strength, it is invariant 

for any molecule unless its absorption 

spectrum changes. As this, to first 

order, is not the case in concentration 

quenching, the mechanism for qfm 

variations must be changes in τf, 

caused, for example, by changes in the 

nonradiative lifetime of the excited 

state [9]. 

Material and Method: 
A- Solutions preparation   

   Solutions of concentration 1x10
-4

 M 

for C47 in chloroform solvent were 

prepared. The powder is weighting 

using an electronic balance type 

(mettler AE 166) German – mode 

having a sensitivity four digits. 

Different concentration was prepared 

according to the following equation:   

  …… (4 )  

Where  

where   W  weight of the dissolved dye 

(gm) 

       molecular weight of the dye 

(gm/mol) 

      V  the volume of the solvent (ml) 

      C the dye concentration (mol/l) 

 

The prepared solution were diluted 

according to the following equation  

      C1 V1  =  C2  V2  …….. (5 ) 

 Where 

C1  Primary concentration  

C2   New concentration  

V1 the volume before dilution  

V2 the volume after dilution 

There concentration was prepared for 

C47 are 1x10
-4

, 5x10
-5

and 1x10
-5

 

molary.  

B – preparation of thin – film  

       Dye doped polymer films were 

fabricated by dry method. The solution 

of the polymer is prepared by 

dissolving the required amount of 

polymer. A required amount of dye 

solution was added to polymer 

solution, on a glass Petri dish, put in 

oven and up at 333 K  

 

Process of solution mixing and their 

ratios were performed for each 

concentration of dye – doped as the 

following.  

         

        C47 (two ml) + PMMA (two ml) 

 

1000

CxVxM
W

W


WM
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The vacuum Galleukamp kind of 

German – made and equipped with a 

vacuum pump rotary.  

 

The steps of preparation of the thin 

film dye laser as shown in fig 2. 

 

 

 

 

   

 

 

Fig (2) Steps of preparation of the 

thin film dye laser. 

 

C – Spectrophotometer  

        Absorption spectrum was 

measured by a (CARY 100 cone .UV – 

visible spectrophotometer) by the 

processor (Varian) Japanese.   

 

D – Spectrofluorophotometer  

       Fluorescence emission and 

excitation were measured from the 

samples prepared at section using a 

Shimadz Rf – 510 – 

spectrofluorophotometer . The 

instrument computerized and operates 

in the wavelength range ( 200 – 800 ) 

nm and a scanning speed of 480 ( nm ∕ 

min ) . 

 

E – Refractometer  

     Refractometer index was measured 

by using refractometer model ABBE – 

60 manufactured by (Bellingham and 

Stanley LTD, Tunbridg wells, 

England) with in the rang (1.3 – 1.77)   

 

 F – Optical microscope.   

        Are a standard microscope (light) 

with a digital camera and a microscope 

that has a permeability and reflectivity, 

with five different amplifications x (50 

– 100 – 200 – 500 – 2000)    

The quality of the microscope and the 

camera is (Nikon Eclipse EME 600 

with digital camera DXM 1200 F). 

Attached camera and microscope to 

computer and can be calculator 

through a special program called 

(Act.1 ).  

 

G – Thickness measurement   

        

used to measure the thickness of dye – 

doped thin film. Using He – Ne laser 

(632.8nm) the film thickness can be 

determined by the following formula. 

        
xx

x
t


.


  …………   ( 6) 

where,   x :- the fringe width. 

            ∆x:- the fringe spacing 

              λ :- the wavelength of laser 

 

Results and Discussion: 
      To study the absorption spectrum 

for the chloroform, it can be shown 

from figure (3) that it has no 

absorption at the spectral range of C 47 

dye within wavelength range (300 – 

500nm). Absorption spectra of C47 

dissolved in chloroform with different 

concentration (1x10
-4

, 5x10
-5

 and 1x10
-

5
 M) are shown in figures 4, 5 and 6 

respectively. From these figures one 

can deduced that C47 solution 

absorption spectrum has a wide 

spectral range at wavelength range 

(300 – 500nm). It has also be shown 

that maximum absorption appears at 

higher concentration at a wavelength 

(393nm) and red shifted by ≈ 13nm, 

while at lower concentration (1 x 10
-

5
M) in other word at wavelength 

380nm this is due to the fact that an 

increase in concentration produce an 

increase in number of molecules in 

volumetric unit which effect the energy 

state. This increase in concentration 

produce an increase in perturbation 

Dye  solution Polymer 

 

 

Mixing in Petri 

dish 

 
Dry up to 333 

K   

 

 
 

  

Dye laser thin 

film 
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field of the molecules and while at the 

concentration decreases the relative 

intensity decrease which is in 

agreement with Beer – Lambrat law. 

Table (1) presents the concentration 

variation with the maximum 

absorption wavelength (λabs) and 

relative intensity.  

 

 
Fig (3) Absorption spectra of chloroform 

 
Table (1) The effect of dye concentration variation on the absorption spectra and 

the relative intensity 

λabs(FWHM))nm) λ abs (nm) λmax (abs) (nm) I abs (a.u) Concentration (mol/liter) 

20 50 380 20.5 1x10-5 

25 70 385 61.5 5x10-5 

30 90 393 66.1 1x10-4 

 

        

The spectral properties of chloroform 

with C47 were studied by recording the 

fluorescence emission spectra for 

different concentrations (1x10
-4

, 5x10
-5

 

and 1x10
-5

 M) as shown in figures 

(4),(5) and (6). The peak wavelength 

of fluorescence for the chloroform with 

C47 dye shows red shift from that for 

pure dye. This change may be attribute 

to the structure of dye, the fluorescence 

from the excited state dye molecule is 

reabsorbed by the ground state 

molecule which shifts the fluorescence 

peak to lower energies. The 

fluorescence bandwidth of the dye in 

chloroform solvent is boarder than that 

for pure dye, this is due to the fact that 

the spectral characteristics of the dye 

insolvent depends  on the 

intermolecular between the  dye and 

chloroform molecules. 

        The relative intensity was 

determined as a function of the dye 

concentrations and the results are 

tabulated in table (2).It can be shown 

that the highest relative intensity for 

the peak wavelength at the highest dye 

concentration. 

 

Table (2) The effect of dye concentration variation on the fluorescence spectra 

and the relative intensity 
λ flo (FWHM) (nm) λ flo (nm) λ max (flo) (nm) I flo (a.u) Concentration (mol/liter) 

25 30 402 18 1x10-5 

40 60 405 44.5 5x10-5 

45 70 410 64.6 1x10-4 
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Fig (4) Absorption and fluorescence spectra of C47 dissolved in chloroform at 

concentration (1x10
-4

 M ) 

 

 

 

 

 

 

 

 

 
Fig (5) Absorption and fluorescence spectra of C47 dissolved in chloroform at 

concentration (5x10
-5

 M ) 

 

 

 

 

 

 

 

 

 
Fig (6) Absorption and fluorescence spectra of C47 dissolved in chloroform at 

concentration (1x10
-5

 M ) 

 

The spectral study of polymeric thin 

film for dye solution: 

 Through the study of the 

absorption spectra of the polyermer 

PMMA in chloroform as shown in 

fig(7) it observes that no absorption in 

the rang of the C47 dye.      

 

 
Fig (7) The absorbance of the polymer in a chloroform 
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The absorption specter of polymeric 

thin film for the dye solution 

C47+PMMA in chloroform  at a 

different concentration (1x10
-4 

, 5x 10
-4

 

and 1x 10
-3

) M as shown in figure (8,9 

and 10)    

 

 

 

 

 

 

 

 
Fig (8) The overlap between two spectrum for polymeric thin film at [1x10

-4
)] M 

of dye doped polymer (C47+PMMA) 

 

 

 

 

 

 

 

 

 
 

Fig (9)The overlap between two spectrum for polymeric thin film at [5x10
-4

)] M 

of dye doped polymer (C47+PMMA) 

 

 

 

 

 

 

 

 

 
Fig (10)The overlap between two spectrums for polymeric thin film at (1x10

-3
)M 

of dye doped polymer (C47+PMMA) 

 

The result of the absorption spectra of the polymeric thin film as described in the table 

3  

 

Table (3) The effect of concentration change on absorption spectra of thin film 

(C47+PMMA) on a mount relative intensity and wavelength. 
λabs(FWHM)(nm) λ abs (nm) λ max (abs) (nm) I abs (a.u) Concentration (mol/liter) 

16 03 355 1 4-13  ×1  

27 43 357 1.7 4-13  ×5  

37 53 363 1.8 0-13  ×1  
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The study of the fluorescence 

spectra. 

      Through the study of the 

fluorescence spectra ,  as shown in 

figures  (8 , 9 and 10) of thin film for 

dye solution Coumarine -47  doped in 

the polymer PMMA at [(1x10
-4

), 

(5x10
-4

), (1x10
-3

)] M respectively. 

It can be shown one that the 

fluorescence spectra  shifted toward 

the long wavelengths (Red Shift)  (410 

nm) at the concentration (5 x 10 
-5

)M 

when increase the concentration to 

(1x10
-3

) M, the relative intensity of 

fluorescence is increase and also the 

Bandwidth will increase. 

Table (4) shows the effect of the 

concentration changing on the relative 

intensity value and Bandwidth for 

fluorescence spectra yield of polymeric 

thin film (C47 + PMMA). So the 

figures. (8, 9 and 10) shows the 

overlap absorption and fluorescence 

spectra of polymeric thin film at 

[(1x10
-4

), (5x10
-4

), (1x10
-3

)] M will be 

increase  

 

Table (4)  The effect of  the 

concentration change for 

fluorescence spectra of thin film 

(C47+PMMA) on a mount relative 

intensity and wavelength . 
λ abs 

(FWHM) 

(nm) 

λ abs 

(nm) 

λ max 

(abs) 

(nm) 

I abs 

(a.u) 

Concentration 

(mol/liter) 

7 13 405 0.9 4-13  ×1  

22 30 413 1.1 4-13  ×5  

25 40 415 1.2 0-13  ×1  

 
Discussion of the results of 

polymeric thin film (C47+PMMA) in 

chloroform solvent: 

  The use of polymeric thin film 

as active medium lasers is more 

important than the liquid solution, 

when doped the dye in polymer as foil, 

we observed that it stops the molecules 

from spread to the surface, and leads to 

increase optical stability, In this 

respect we can use the polymeric 

elements of high concentrations and 

used them as well as to reduce the self-

absorption. Also can be keeping the 

foil for a long time without damage. 

The overlap between the absorption 

and fluorescence spectral of  the thin 

film is lower than in the dye solution 

and this leads to shift toward the longer 

wavelength (Red shift). Increase the 

amount of absorption and fluorescence 

intensity of polymeric thin film by 

increase of concentration due to 

increase the number of molecular 

which is agreement with Beer-Lambert 

law, when increase the concentration 

cause to shifted the peak of absorption 

toward the long wavelengths because 

of the dipole moment of the excited 

state, is higher than the ground state.  

 

Quantum efficiency 
         The fluorescence quantum yield 

of the dye solution and thin film were 

determined on the basis of the 

absorption and fluorescence spectra. 

This was calculated by using the 

following equation: 

 

                    

 

 
From the results of calculation by 

using computer model (Matlab 6.5) 

and the results tabulated in table (5) 

and(6)  . 
 

Table (5) Represents quantum 

efficiencies of the C47 in chloroform 

solvent 
Quantum 

efficiency% qfm 

Concentration 

(mol/liter) 

69% 1x10-5 

63% 5x10-5 

45% 1x10-4 

 
Table (6) Represents quantum 

efficiencies of the( C47+ PMMA) in 

chloroform solvent 
Quantum efficiency% qfm Concentration (mol/liter) 

80% 4-13  ×1  

74% 4-13  ×5  

59% 0-13  ×1  

 

curvespectrumabsorptiontheunderArea

curvespectrumcefluorescentheunderArea
q fm 
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Morphological study of polymer thin 

film doped with dye laser: 

From the microscopic study as shown  

in fig.(11 a,b,c), the regions of non- 

homogeneous of polymer thin film 

doped with dye laser  C47 in a 

chloroform solvent in three different 

concentrations [a(1x10
-3

), b(5x10
-4

) 

and (1x10
-4

)]M  respectively. It's 

noticed that when increasing the 

concentration the defects and less the 

homogeneity was apparent due to 

increase the (dissolved molecules) as a 

dimmer molecule.    
 

a 

 

 
b 

 

 
c 

Fig (11) Regions of non-

homogeneous of polymeric thin film 

doped dye laser at three 

concentrations [a(1x10
-3

),   b(5x10
-

4
),c (1x10

-4
)] M with a magnification 

(X 200) 

Conclusion: 

 The study of the Coumarine - 

.47  dye solutions in the solvent a 

chloroform and the same dye doped in 

polymer PMMA with increase 

concentration one could conclude the 

following: Shifted the fluorescence 

spectrum of Coumarine -47  dye 

solution in the solvent a chloroform 

and polymeric thin film, in the same 

solvent toward the longer wavelength 

(Red shift). Increase in the relative 

intensity of the absorption and 

fluorescence spectrum for Coumarine - 

47 dye solution and the polymeric thin 

film. Decrease the fluorescence life 

time as compared with radiative life 

time of dye solution and polymeric 

thin film. Decrease quantum efficiency 

of dye solutions and polymeric thin 

film. Decrease the overlap between the 

absorption spectrum and the 

fluorescence of polymeric thin film 

due to increase of stokes shift, compare 

with dye solution, so it's better to use 

polymeric thin film because of reduce 

self absorption process. Decreasing the 

refraction index. The inhomogeneous 

of dye laser thin film will be increase. 
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 PMMAالمطعمة بالبوليمر 47 –دراسة الخواص الطيفية لصبغة الكومرين 
 

 لمياء قنذ خليف**  رفاه عبذ الهادي عمر**    محمذ تقي حسين*

 
 جاٍعح تغذاد / ميٍح اىعيً٘ / قظٌ اىفٍشٌاء*

 جاٍعح تغذاد / ميٍح اىعيً٘ ىيثْاخ / قظٌ اىفٍشٌاء**

 

 الخلاصة:
( ٗتْفض اىْظة PMMA( ٍٗشجٖا ٍع اىث٘ىَز )47ذحضٍز غشاء رقٍق ٍِ صثغح اىنٍ٘ارٌِ )

1x 10ٗتَذٌة اىني٘رف٘رً ٗترزامٍش )
-3

 , 5x 10 
-4 

, 1x 10 
-4

( ٍ٘لاري . ىقذ ذٌ ذحضٍز الأغشٍح تأطرخذاً 

10ميفِ ٗتضغط  333فزُ حزاري ٗتذرجح 
-2

ذ٘ر ٗىَذج طاعح. ٗقذ ذٌ قٍاص طَل اىغشاء تأطرخذاً ذذاخو  

( عيى اىر٘اىً . %80 ,%47 , %59ٍيٌ . ذٌ حظاب اىنفاءج اىنٍَح حٍث ماّد ) 0.2ٍاٌنيظِ حٍث ماُ تحذٗد 

 , 3.35 , 2.5حظاب اىعَز الأشعاعً ٗسٍِ اىفي٘رٓ ىلأغشٍح اىَحضزٓ ٗتاىرزامٍش أعلآ حٍث ماّد )مذىل ذٌ 

( ّاّ٘ثاٍّح عيى اىر٘اىً . ىقذ ٗجذ تأُ اىرذاخو اىحاصو تٍِ 6.58 , 1.97 ,1.85( ّاّ٘ثاٍّح ٗمذىل )8.57

ٍِ ُ أساحح طر٘ك ذنُ٘ أعيى . ٗالأٍرصاص ٗاىفي٘رٓ تاىْظثح ىلأغشٍح ٕ٘ أقو ٍِ ٍا عئٍ تاىْظثح ىيظ٘ائو ٗأ

 ٖزي ىلأغشٍح ى٘حضح تأُ اىعٍ٘ب ذشداد ٍع سٌادج اىرزمٍش.  خلاه دراطح اىشنو اىَض

 


