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ABSTRACT 

The configuration coordinate model has been used to explain the luminescence behavior of 

luminescence materials. In order to understand the luminescence process, the configuration 

coordinate model has explored. We begin by describing some of the early obse

interpretations of optical absorption and of luminescence. The absorption and emission 

process are involving the optical transition between two harmonic oscillators ground state and 

excited state. The principal emphasis is on radiative transit

optical absorption and luminescent emission. Finally, the luminescence

determination has examined to study the effect of concentration of excited species to the 

luminescence process.  
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luminescence materials. In order to understand the luminescence process, the configuration 

coordinate model has explored. We begin by describing some of the early obse

interpretations of optical absorption and of luminescence. The absorption and emission 

process are involving the optical transition between two harmonic oscillators ground state and 
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1. INTRODUCTION 

Luminescence is the emission of light by any material after has excited by external energy. 

The types of luminescence depend upon the source of external energy such as 

sonoluminescence: produce by excitation of ultrasound wave; photoluminescence: produce by 

excitation of light; bioluminescence: generation of light from biological activity; 

cathodoluminescence: produce by excitation of electron; electroluminescence: generation of 

light from electrical field; chemiluminescence: generation of light from chemical reaction [1]. 

Typically, the simplest luminescence processes involving the excitation of molecular species 

from the ground state to the excited state. The emission of light occurs after luminescence 

species return to the ground state. Luminescence also calls cool body radiation. While, the 

luminescence material calls phosphor material. Phosphor consists of host crystal and 

luminescence center or called activator [2]. This activator plays an importance role in the 

luminescence properties. 

The configuration coordinate model has used to explain the luminescence behavior of 

luminescence materials. Seitz and Mott have introduced this model knew as Mott-Seitz Model 

[3-4]. In this model, the activators induce the board character of emission and absorption 

spectra. The emission spectra strongly depend on temperature. While William has explained 

the luminescence process in solid obeying the Stokes’ law that is the absorption energy is 

much higher compared with the emission energy [5]. In configuration coordinate model, the 

curves assumed parabolic. This parabolic shape also has been related vibration motion and 

can be expressed with Hooke’s law which can be explaining using harmonic oscillator [6]. 

The absorption and emission process involves different electronic levels. Franck-Condon 

principle can be described the transition between two electronic transitions using a simple 

harmonic oscillator [7]. In this paper, we will explore the harmonic relationship between 

ground state and excited state of electronic energy levels to describe the transition state. It 

also allows the prediction of intensity and transition probability parameters such as Einstein 

coefficient, absorption coefficient oscillator strength and integrated Emission Intensity. 
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2. RESULTS AND DISCUSSION  

2.1.Overlap Integral 

The harmonic oscillator Schrödinger equation can be solved analytically and the 

wavefunction is described by   

     21
exp / 2
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where  nH 
 is the Hermite polynomial which given by  
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The value of n in Equation (1) and (2) is the vibration quantum number. ξ is define as the 

normalized displacement that is ξ = γr, γ = (µω/ћ)1/2 [11]. Fig.1 shows the harmonic oscillator 

and wavefunction for the first four state of the harmonic oscillator. The solution for harmonic 

oscillator shows that the Eigen energy value is positive about the ground state. The vibrational 

energy separation can write as 

1v vE E      (3) 

 

Fig.1. Graphical representation of harmonic oscillator with value of µ =1, ћ = 1 and k = 1 

The absorption spectra are formed from the transition of the ground state to the discrete 

vibration excited state. From Equation (1), we can write the ground state wavefunction as  
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While, the emission spectra is the transition from the excited state to the ground state. 

According to the configuration coordinate, the excited state will displace the molecule into 

small changes of ∆r. Therefore, the normalized displacement become ξex = γex (r - ∆r). Thus, 

the excited state wavefunction can write as  

     21
exp / 2
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ex ex ex ex ex

ex
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g
   


 

                                         (5) 

For implementation the transition parameter, Re (r) is the electronic transition moment of 

Equation (6) can be written as  

   ( ) * ( )e gr exR r r M r r dr                                                  (6) 

The electronic transition moment is the matrix element of the moment of the electron that is 

related to the electronic transition integral. The value of ( )eR r  depends on the internuclear 

separation, which can be replaced by min value of electronic transition moment r [12]. To 

fully utilize of Equation (24-28), the Equation (6) can rewrite as [10,12] 

2
,( )gr ex e gr exS R r q      (7) 
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and ,gr exq
 is the Franck-Condon factor which 

2

,gr ex gr exq dr                                                            (9) 

2.2.Kinetic of Luminescence 

The emission process is a competitive process based on the formation of the excited state. 

Jablonski energy level diagram (Fig. 3) is usually used to explain the kinetic of luminescence 

process. The ground, first and second excited state depicted as S0, S1 and S2. S denotes as 

singlet state that the multiplicity of spin quantum number is one. While, T1 is the triplet state 

which the multiplicity of spin quantum number is equal to three. Within the electronic energy 

levels, there are discrete vibration energy levels. When the molecule absorbs the energy, the 

molecule will act to minimize the energy by undergoing vibration relaxation (transition from 

high vibration energy to the lowest vibration energy) or internal conversion (transition from 

S2 to S1). The emission process can occur either fluorescence or phosphorescence. 
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Fluorescence is the radiative transition from S1 to S0 with a short lifetime. While, 

phosphorescence is the radiative transition from T1 to S0 with a longer lifetime.  

In most fundamental kinetic of luminescence, the rate of kinetic depends upon the molar 

absorptivity of the molecule, the intensity of incident light and the concentration of molecular 

species [14]. The population of molecular species can be describing using Boltzmann 

distribution which gives by Equation (10) 

(10) 

where N is the number of molecules in the state 1 and 0, ∆E is the energy differences between 

state 1 and 0, k is the Boltzmann constant and T is the temperature. 

 
Fig.3.Jablonski diagram for the photophysical processes of fluorescence and phosphorescence. 

ISC means intersystem crossing. Redrawn and adapted from [13] 

In photochemical reaction, the light will be considered as one of the reactants. Under 

steady-state irradiation, the kinetic mechanisms involved are given in Table 1. In this kinetic 

mechanism, we are not considered the triplet-triplet annihilation and bimolecular triplet 

quenching. The rate of formation of the excited state can be linked using steady or stationary 

state that is;  
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Table 1. Rate reaction process 

Process Description Rate 

0 1

absE

S S   
Absorption process Eabs 

1*

1 0

k

FS S     
Fluorescence k1

* 

1

1 0

k

S S  
Fluorescence quenching k1 

2

1 1

k

S T  
intersystem crossing k2 

1 product
Yk

S   
photochemical reaction, product yield kY 

3

1 0

k

T S  
phosphorescence quenching k3 

3*

1 0

k

PT S    
phosphorescence emission k3*

 

1

1 1

g

iT T   
triplet-triplet absorption, Ti is higher than T1 g1 

2

1

g

iT T  
vibration Relaxation g1 

'

1 product
Yk

T   
photochemical reaction, product yield kY’ 

For the fluorescence emission,  

(12) 

From Equation (11) and (12), the fluorescence quantum yield can be equated as  

                                                      (13) 

Equation (13) shows that the fluorescence quantum yield is merely been the ratio of rate 

constants. The non-radiative emission and rate of product is a competitor for the fluorescence 

emission. For investigating the excitation population after the molecule has been excited (the 

light turn off), the excited state population is given by 

(14) 

If we integral Equation (14), the equation become  

                                                      (15) 

 1 1

0

*
F

S k

E
 

1

1 1 2

*

*F
Y

k

k k k k
 

  

   1
1 1 2 1* Y

d S
k k k k S

dt
    

   1 1 0
exp

t
f

t
S S


 

   
 



A. N. Alias et al.             J Fundam Appl Sci. 2017, 9(5S), 568-578             574 
 

Equation (15) shows the excited state decay exponentially with factor . The value of can 

be written as 

                                                      (16) 

Next, we consider the photophysical process for triplet state. Phosphorescence is the 

relaxation of the excited state with different spin multicity. The recombination time in the 

range of microsecond to second. Based on Table 1, the population rate for triplet state T1 is 

                                     (17) 

While, the high level triplet state Ti. 

                                                  (18) 

For the steady state condition, the rate of high level triplet state is equal to zero. Therefore, 

Equation (18) can rearrange to become Equation (19).  

                                                            (19) 

Substitute Equation (19) into (17) and let β = k2[S1]. Then, we integral Equation (19) from t’ = 

0 until t’ = t. Therefore, the solution of can be written as  

                                        (20) 

This equation shows that the emission of light is proportional to the number of excited 

population species. The phosphorescence strongly depends upon the number of population in 

singlet state which experience for intersystem crossing. 

 

3. MATHEMATICAL MODELLING FOR THE LUMINESCENCE PROCESS 

To understand the luminescence process, the configuration coordinate model has explored. 

The absorption and emission processes are involving the optical transition between the 

harmonic oscillator from the ground state and excited state. Finally, implementation to 

transition parameter was performing to the adequate explanation of luminescence process.  
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3.1. Theory of Configuration Coordinate 

Configuration coordinate model emphasizes dislocation of ions from the equilibrium. 

Diagram of energy vs configuration coordinate r (Fig. 2) has been used to describe the 

transition and rearrangement of ions (luminescence center). The rearrangement of ions during 

the excitation induces the small changes of ∆r. The value of ∆r strongly depends upon the size 

and the charge of the host lattice and activator [8]. According to Frank-Condon principle, in 

any optical transition, the atomic nuclei remain at rest. Therefore, the luminescence center can 

absorb the energy equal to Ex. Next, the relaxation occurs. The energy difference between two 

energies valus of ro and ∆r is the energies of offset that is equal to S0ћω.  

 

Fig.2. Schematic configuration coordinate diagram for excitation (Ex) and emission (Em) 

transitions 

3.2. Eigen Values of the Harmonic Oscillator 

The Harmonic oscillator provides the interaction of vibrational of the molecule. When the 

molecule absorbs the energy, the molecule will excite and displace from the equilibrium ∆r. 

The potential energy are related to force by  

( )dV r
kr

dr


                                                              (21) 

where k is the proportional constant that related with bonding force. Therefore, 

21
( )

2
V r kr

                                                              (22) 

If we substitute equation (22) into the Schrödinger equation yield 



A. N. Alias et al.             J Fundam Appl Sci. 2017, 9(5S), 568-578             576 
 

     
22

2
2

1

2 2

d r
kr r E r

dr


 


  


(23) 

where  is the effective mass and  is the Planck constant. The derivation of Eigen value of 

Harmonic oscillator can be found in the literature [9].   

3.3. Implementation of Transition Parameters 

This When the electromagnetic radiation interacts with the molecule, the oscillating electric 

field of radiation may cause the perturbation in the potential energy of the molecule. In 

non-magnetic medium, the optical transition probability parameters are listed in Equation 

(24-28) 

Einstein B-coefficient, gr ex gr exB S                                             (24) 

Absorption coefficient, ,gr ex gr ex gr exk S                                        (25) 

Oscillator strength, 
2

,gr ex gr ex gr exf S                                           (26) 

Einstein A- coefficient, 
3

,gr ex gr ex gr exA S 
(27) 

Integrated Emission Intensity 
4

,gr ex gr ex gr exI S                                   (28) 

The νe,g is the characteristic of band frequency [10]. All the optical parameters are directly 

proportional to the wavefunction overlap between ground state and excited state. This overlap 

integral is given by,  

   ( )gr ex gr e exS r R r r dr                                                    (29) 

where Re (r) is the electronic transition moment.  

 

4. CONCLUSION  

The one-dimensional configurational coordinate diagram is a useful tool for describing 

absorption and emission phenomena can merely lead to approximate results. Theoretically, 

this model is valid if and only if the interaction of the molecule involves, especially in 

vibrational mode. The effect of the either electron spins multiplicity can lead to the 

fluorescence or phosphorescence emission which strongly depends on the concentration 

species. 
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