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                                      Abstract                                     

      This research includes a study of the optical properties 

of molecules of demonstrates thiophene/phenylene co-oligomers 

(TPCOs)  because of their special importance and use their 

electronic and structural advantages, which is considered as a 

suitable candidate for optical and thermoelectric 

applications.The researcher used the density functional theory 

(DFT) according to the electric and optical characteristics of 

molecules of thiophene/phenylene with different partial length . 

The researcher noticed that the increase in the units of 

thiophene/phenylene from leads to an increase in the emission 

oscillator from (3.14 – 3.80). It has been also noticed that the 

longest wavelength (λmax) of the molecules is within the visible 

region, as it oscillates from 617 nm for T2P to 659 nm for T3P. 

Based on these results, we can conclude that changing the 

molecular length does not affects only  the absorption intensity, 

but also leads to a displacement in the wavelengths within the 

visible rang . this all helps. In devising promising filters for the 



 
II 

designing of thermoelectric devices in addition to being suitable 

as effective laser media.                                                                    

         Concerning the electric characteristics such as the 

distribution of  molecular orbitals distribution, HOMO-LUMO 

gaps. The results indicated that the lowest unoccupied molecular 

orbitals LUMO are localized on the (C–C) bonds and shown 

more contribution than that of the highest occupied molecular 

orbitals HOMO, which are concentrated on the (C=C) bonds. In 

addition, the electronic calculations proved that the transport 

mechanism of the charge carriers in this kind of molecules is the 

LUMO-dominate transport mechanism.                                                     
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1.1.  Introduction 

     In the mid-1960s, Gordon Moore observed that the number of 

transistors per unit area on a chip was doubling approximately once. every 

two years. He modestly speculated that this trend could continue for a 

further ten years, but nearly half a century later, the exponential growth 

continues. However, if Moore’s law is to continue, the transistors will have 

to shrink to atomic scale within twenty years and enter the field of 

nanoelectronics [1].  

     Recently, new insights in the field of nanoscience have been obtained 

from the application of fundamental modeling techniques such as density 

functional theory (DFT), and molecular dynamics. Advances in computer 

technology have led to an increase in computational capability which has 

made possible the modeling and simulation of complex systems with 

millions of degrees of freedom. However, the full potential of novel 

theoretical and modeling tools has not been reached yet [2]. 

1.2. Organic Molecules 

 Organic molecules are chemical compounds with complicated 

structures. Composed of many atoms, apart from electronic properties they 

also exhibit special physicochemical features [3]. When organic molecules 

create molecular solid-state devices with crystal or amorphous structures, 

the properties of these devices follow from organic molecule interactions. 

Therefore in molecular solid-state structures, the energy levels of 



Chapter One                                                                             Introduction  

  
  

 

2 

individual molecules form continuous bands of energy. Due to the weak 

interactions between the molecules, molecular solid-state structures exhibit 

the properties of the individual molecules to a greater degree than the 

properties characteristic for solid-state materials [4]. A special feature of 

the molecular solid state is the fact that singlet and triplet states are excited 

due to light interaction being able to move across the material. These 

mobile quasi-particles are called excitons. Furthermore, excitons can be 

generated not only by light but also from the recombination process of 

charge carriers with opposite signs, electrons and holes injected into the 

system [5]. This has important implications and enables the application of 

organic materials to light-emitting devices able to produce any colour. 

Owing to the excitation of the organic material by electromagnetic waves  

with energy, carriers are generated. Taking into account these features of 

organic materials, it could be conclude that they have significant potential  

in many fields of science and technology. Therefore an understanding of 

their properties is salient, and our current knowledge remains insufficient 

[6].  

 

1.3.  Electrical Pumping of Organic Laser Active Medium 

   Organic solid-state lasers (OSSL) have received a lot of attention in 

recent years due to their ease of manufacture and ability to cover a broad 

range of lasing wavelengths from near infrared to ultraviolet. Optically 
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pumped OSSL have progressed to the point that they can reach 

impressively low thresholds for laser and/or amplified spontaneous 

emission (ASE), as well as operation that is almost constant. However, the 

ultimate aim in the field of OSSL is to achieve electrically pumped lasing, 

which will allow for the development of low-cost, portable, and flexible 

solid OSSL devices [7,8].  

    Because of the following considerations, electrically pumped OSSL 

lasing is far more difficult than optically pumped OSSL lasing. First, 

according to spin statistics, three-quarters of excitons generated during 

current injection are triplets, which have a lengthy decay period [9].  

    Second, polarons, excitons, and other species that are not engaged in 

optical pumping will cause repeated annihilation and absorption losses 

when electrical pumping is used. The recent advances have reported 

promising signs of current injection OSSL, which has opened up the 

possibility of developing small and low-cost electrically powered organic 

laser systems [10]. Regardless of these organic laser gain medium, 

electrical pumping was used to investigate light amplification. As a result, 

it's crucial to conduct theoretical analysis and forecast potentially good 

electrical pumping options, which must have a large stimulated emission 

cross section, low annihilation or absorption losses, and a short lifetime, 

ideally with high mobility [8]. In this context, the purpose of this 

communication is to offer an universal computational approach for 
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systematically screening out electrically pumped lasing molecules over a 

broad spectrum of organic solid-state luminous materials using efficient 

electronic structure computations based on density functional theory (DFT) 

and time-dependent DFT (TD-DFT) [10,11]. 

 Organic dyes absorb light in the ultraviolet (UV) to near-infrared (NIR) 

spectral range. Multiple conjugated double bonds are present in all of these 

compounds, limiting their spectral characteristics and chemical reactivities. 

The large range of chemical configurations that may operate as laser dyes 

is one of the major reasons for dye lasers' surge in popularity. Laser dyes  

emit light over the whole visible spectrum, as well as the NUV and IR 

spectral regions. more than 500 distinct dyes with varying absorption and 

emission bands may be discovered. Laser dyes are typically classified 

according to their chemical structures [11].  

 

1.4. Literature Review 

Oday A. Al-Owaedi et al in 2016 [12], introduced a theoretical and 

experimental studies of trans-Ru complexes. They interpreted the electronic 

properties of such molecules in terms of the transport mechanisms 

(LUMO-dominated conductance). These results have significant 

implications for the future design of organometallic complexes for studies 

in molecular junctions.  
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Oday A. Al-Owaedi et al in 2017 [13], have highlighted research on the 

critical role of metal complexes in preventing orthogonal contacts, which 

helped to explain why some organometallic compounds had very high 

conductance values. 

Mohsin K. Al-Khaykanee et al in 2018 [14], have work that comprised a 

study of the charge transport of 4,4-bipyridine molecules with a variety of 

sterically-induced twist angles between the two pyridyl rings, which was 

done using density functional theory DFT and Green's function formalism. 

Different molecular orientations within the junctions were shown to be the 

cause of high and low conductance peaks, according to one experiment. 

The conductances of both geometries were proportional to twisted angle 

demonstrating that the electrical current travels through the C-C bond 

joining the pi systems of the two rings. 

Guang-Ping Zhang et al in 2019 [15], optimizing the conductance 

switching performance in photo switchable 

dimethyldihydropyrene/cyclophanediene single-molecule junctions. 

Designing molecular switches with high stability and performance is still a 

great challenge in the field of molecular electronics. For this aim, key 

factors influencing the charge transport properties of molecular devices 

require to be carefully addressed. 

Masoud Baghernejad et al in 2020 [16], have mentioned that the 

influence of heteroatoms on electron transport via asymmetric and 

https://www.sciencedirect.com/topics/physics-and-astronomy/molecular-electronics


Chapter One                                                                             Introduction  

  
  

 

6 

symmetric alkyne-terminated benzodichalcogenophene compounds has 

been investigated using a combination of experimental and theoretical 

methods. Experiments, DFT-based theory, and a simple tight binding 

model were all in excellent agreement. The decreased conductance of the 

asymmetric molecule is caused by the asymmetry created by differing bond 

lengths in the two 5-membered rings of the molecule, as demonstrated by 

the tight-binding modeling of heteroatom replacement in these non-

bipartite cores. In addition, they discover that the differing overlap integrals 

of the CO and C-S bonds must be taken into consideration in the tight 

binding model. 

Yi Jiang et al in 2020 [17], have studied a variety of gain materials 

including organic dyes, fluorescent semiconductor emitters, triplet gain 

media, and biological materials, covering a wide spectrum from UV to 

NIR. Some gain media are already commercial available, including some 

laser dyes, i.e. TDAF-1 (79), PFO (203), F8BT (225) and bis-

styrylbenzene), introducing branched flexible chains, constructing triplet 

gain media and triplet harvesters, may be beneficial to the development of 

robust organic gain media for OSLDs. They hope that in the future, intense 

efforts will be paid to explore various successful ways to realize electrically 

pumped organic lasers and promote their practical application, inspired 

by the recent advancements. 
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1.5. The Aims of the Study 

The primary aim of this research is to fully understand, by density 

function theory, the  electronic and optical  properties  properties of organic 

molecule. and conducting analysis of work results and providing forecasts 

for the use of these nanostructures in the field of optoelectronics 

applications.  
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2.1 Introduction  

Theoretical computations in physics and chemistry are generally 

used when the mathematical method is adequately industrialized and can be 

automatic for application on a computer[18,19]. In theoretical physics and 

chemistry, the important laws of the physics are combined with 

mathematical methods to study developments of chemical relevance. 

Computational chemistry, also called molecular modeling, is important and 

basic that is applied in the molecular science research[20]. The molecular 

modeling methods in physics are now pervasive used to examine 

computationally many properties such as energies of molecules, molecular 

geometries, electronic structure, electron and charge distributions, infrared 

(IR), ultra-violet (UV), nuclear magnetic resonance (NMR) spectra, and the 

physical properties of the biological, inorganic, organometallic, polymeric, 

catalysis drug and other molecular systems[21-23]. The computational 

physics and chemistry can employ four main methods: they are included 

the molecular mechanic methods, Semiempirical methods (SE), ab-initio 

methods and the density functional theory methods. The key to theoretical 

physics is the molecular quantum mechanics[24-26]. Over the past 30 years 

the DFT has proved to be a principally effective tool for discovering 

organometallic rations and yields dependable structures and energies at 

reasonable computational cost. It has consequently become the method of 
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choice in most theoretical searches and studies of most molecular 

systems[21,26]. 

2.2 Schrödinger Equation 

The Schrödinger equation, which was called after Erwin Schrödinger 

who exposed it in 1926, is supposed to be the significant equation to label 

the motions of atomic and subatomic systems, electrons and nucleus, even 

macroscopic systems as large as the universe. The time dependent form of 

Schrödinger equation is as the following equation [22]: 

 

 iℏ
𝜕

𝜕𝑡
𝛹(𝑟,t)=- 

ℏ2

2𝑚
∇2𝛹(𝑟 ,  𝑡)+𝑉 (𝑟 , 𝑡)𝛹( 𝑟, 𝑡) = 𝐻 (𝑟, 𝑡)𝛹(𝑟, 𝑡)        … (2.1)     

In simple form: 

   𝐻̂𝛹 (𝑟, 𝑡)  =   𝛹 (𝑟, 𝑡)                                                                   …(2.2) 

Where Ψ(𝑟, 𝑡) is the wave function, 𝐻̂ is the Hamiltonian operator, and E 

is the total energy of the system. The Hamiltonian operator consists of two 

terms, the kinetic energy of the electrons and the nuclei ( ̂) and potential 

energy components (𝑉̂): 

𝐻̂ =   ̂ +𝑉̂                                                                                    …(2.3) 

The  total Hamiltonian  of the molecular  system 𝐻̂  covering M 

centers and N electrons in atomic units as follows [25,26]: 
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𝐻̂𝑡 𝑡  =   
 

2
 ∑ ∇ 

2 
    ∑

 

2𝑚 

 
     

2  ∑ ∑
  

   

 
   

 
    ∑ ∑

 

   

 
   

 
    

∑ ∑
    

   

 
   

 
                                                                              …(2.4) 

𝐻̂𝑡 𝑡  =  ̂      ̂     𝑉 ̂     𝑉̂      𝑉 ̂                         …(2.5) 

In equations (2.4) and (2.5), the total kinetic energy is the sum of the 

electronic (  ̂ ) and nuclear (  ̂ ) kinetic energies, the total potential 

energy are the sum of three components: the nuclei-electrons interactions 

(𝑉̂  ), the electron-electron interactions (𝑉̂  ) and the interactions between 

the nuclei  (𝑉̂  ),   ,,  are the nuclei charge of atoms   and  ,    is the 

mass of atom  , 𝑟   is the distance between nuclei   and  , 𝑟   is the 

distance between nucleus      and   electron   ,  and 𝑟    =  𝑟    𝑟   is 

the distance  between electrons   and  . 

2.3 Hartree-Fock Approximation 
 

The interpretation of the quantum mechanical behavior for all 

electrons in the systems is required to compute the many-electron wave 

functions for the system using the time-independent Schrödinger equation. 

The solution needs many of (around 1 2 ) simultaneous differential 

equations, such a calculation is very difficult and needs to reducing the 

methods and the problem itself [25,26]. Hartree in 1928 simplifies the 

problem by approaching an idea about the form of the many-electron wave 
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functions from the product of a set of single-electron wave functions [19]. 

Taking this idea, it was possible to proceed using the variational principle 

[20]. From the variational principle, the lowest energy eigenvalue EØ of 

the trial function Φ can be expressed as in the form [20,26]   

 ɸ  =
⟨Φ 𝐻̂ Φ⟩

⟨Φ Φ⟩
≥  𝑂                                                                              … (2.6)  

         In Eq. (2.6), Eo denotes the energy of the ground state. Using this 

theorem, the exact ground-state wave function is approached from the trial 

function that gives the lowest energy. Hartree look at the Hamiltonian 

equation of the many-electron system in which it was possible to treat each 

electron separately as a single-particle. 

        In Hartree-Fock (HF) approximation, the wave function   can be 

written in a determinant called the “Slater determinant”. This determinant 

reflects the spin of all the electrons and the Pauli exclusive principle. The 

electrons can have a spin up (𝛼) or a spin down (𝛽). For N-electrons 

system,   Slater determinant takes the following form [20,27-28]: 

𝛹 =

 

√ !
|

𝛹 (1)𝛼(1) 𝛹 (1)𝛽(1)   𝛹2(1)𝛼(1)    𝛹2(1)𝛽(1)… 𝛹 (1)𝛼(1)    𝛹 (1)𝛽(1)

𝛹 .
.

(2)𝛼(2)𝛹 (2)𝛽(2)    𝛹2.
.

(2)𝛼(2)   𝛹2(2)𝛽(2)… 𝛹 .
.

(2)𝛼(2)    𝛹 (2)𝛽(2)       

𝛹 (𝑁)𝛼(𝑁)𝛹 (𝑁)𝛽(𝑁)   𝛹2(𝑁)𝛼(𝑁)   𝛹2(𝑁)𝛽(𝑁) …𝛹 (𝑁)𝛼(𝑁)   𝛹 (𝑁)𝛽(𝑁)

|   

… .(2.7) 

Where 𝛹 =
 

√ !
  represents a normalization factor. 
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The main step in HF methods is to introduce the molecular orbital 

growth, determining the corresponding coefficients based on the variation 

principle [19]. The molecular orbitals𝛹 (𝑟) solves the HF equation using 

the iterative process of the self-consistent-field (SCF) to yield the HF 

equation as in the form [20,24]: 

  ̂𝛹  (r⃗)=  𝛹 (r⃗)                                                                                … . (2.8)          

 ̂ is the Fock operator,    is the energy of ith spin orbital 𝛹 . For closed shell 

systems, Fock operator for the i-the electron in the system takes the form 

[29]: 

 ̂( ) =  ̂( )  ∑ ,2 ̂  ( )    ̂  ( )-
  2
                                              … (2.9) 

Where   ̂(i) cal led  t he  Hamiltonian of a single electron, it is the core 

Hamiltonian, which includes the Coulomb operator ( ̂ ( )) and exchange 

operator( ̂ (i)) [27]: 

 ̂  (r⃗)=∫
  

 ( ⃗)  ( ⃗)

  ⃗  
 
 ⃗
 
  

 dv'  (𝑟)                                                      …(2.10) 

 ̂    (𝑟) = ∫
  

 ( ⃗)  (  )⃗⃗ ⃗⃗ ⃗⃗

  ⃗  ⃗
 
  

 dv'  (𝑟)                                          … (2.11) 

Another alteration involves growing the molecular orbital (MO) in 

terms of the Linear Combination of Atomic Orbital (LCAO) [26,27]. Thus, 

an discrete molecular orbital    is defined as: 

𝛹 = ∑      
 
                                                                         …(2.12) 
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The coefficients     indicate that the molecular orbital expansion 

constants. For orbital expansion, an appropriate set of basic functions has to 

be selected, with that the constants       may then be adjusted to minimize 

the total electronic energy calculated from the many-electron wave function. 

The resulting value of the energy will then be as close as possible to the 

exact ground state energy Eo of the system [27,30]: 

        E (Φ1, Φ2, … …, ΦN) ≥ Eo                                                     … (2.13) 

 

2.4 Density Functional Theory (DFT) 

The density functional theory (DFT) describes a wide applications in 

physics and chemistry due to investigate the electronic structure and 

properties of many-electron systems. DFT shows the properties of a many- 

electron system can be determined from information of the electron density 

distribution by using functional [30]. DFT is the most popular and versatile 

method available in computational physics and chemistry. Moreover, DFT 

proved to be very successful for computing the ground state properties of 

materials [19,20].The opening point of density theory was made by Thomas 

and Fermi model established in 1927. Thomas-Fermi model calculated the 

energy of an atom by the half of the kinetic energy of the atom as a function 

of electron density [27,31,32]. DFT method computes properties of a many 

particle system as a functional of electron density or probability density 
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 (𝑟).  (𝑟) that means the probability of electrons in volume element  𝑟 with 

any spin for a given state. It is dependent on only three coordinates self-

sufficiently of the number of electrons of the system [33,34]: 

 

     N = ∫  (𝑟) 𝑟                                                                             … (2.14) 

  The main concepts of   DFT depend on the ground state energy and all 

other ground state electronic properties that are uniquely determined by the 

electron density. Hohenberg and Kohn (HK) in 1964, proved two important 

theorems to establish the principles of DFT as a quantum mechanical 

method [38]. They proved that the ground state of a many electron system 

can be determined by the ground state electron density  ( ⃗)[35,36]. 

According to these theorems, the ground state energy functional EV[p] can 

be labeled as in the following [32,37]: 

 

  , - = ∫  ( ⃗)𝑉  𝑡( ⃗) 𝑟   𝐻 , - …  (2.15) 

FHK[ ] represents a functional of  (r⃗) to be determined which contains 

kinetic energy and all the electron-electron connections. FHK[ ] is the HK 

functional of density independent of the external potential Vext.(r⃗). 

Considering of the particle preservation, the difference of ground state 

energy satisfies to the following principle [32,37,38]: 

 

               *  , -   ,∫  ( ⃗) 𝑟  𝑁-+ =                                      … (2.16) 
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which gives: 

                  =
   , -

  ( ⃗⃗)
= 𝑉  𝑡.( ⃗)  

    , -

  ( ⃗⃗)
                                   … (2.17) 

Where K indicates the chemical potential. From Eq. (.216) and Eq. (2.17), 

the ground state electron properties of a many-electron system can be 

calculated exactly. HK theorems did not give the real expression of energy 

functional FHK[ ], in which kinetic functional and exchange-correlation 

functional were not known [20,38 ,39]. 

2.5 Time-Dependent Density Functional Theory (TD-DFT) 

The time-dependent density functional theory (TD-DFT) spreads the 

important idea of the ground-state DFT which can be used to examine the 

excited-state properties of a system in the presence of time-dependent 

potentials, such as electric or magnetic fields. The influence of fields on 

molecules can be studied with TD-DFT as an application for representative 

excitation energies, oscillator strength, wavelength, molecular orbital 

character and electronic transitions of the molecules [40-42]. The theoretical 

of TD-DFT based on the Runge-Gross theorem (R-G theorem) in 1984. The 

R-G theorem explained the association between the time-dependent external 

potential           𝑉̂  𝑡.. ( ⃗,  )  and   ( ⃗,  ) of the system.  R-G.theorem designated that 

when two external  𝑉̂  𝑡.. ( ⃗,  )  potentials  and 𝑉̂  𝑡.. ( ⃗,  )   have an alteration 

of more than a time-dependent function, their own electron densities  ( ⃗,  )  

and p′( ⃗⃗,  )  are also dissimilar [43-45].Runge and Gross discussed how 
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excited states are obtained using TD-DFT. The starting point of studying 

time-dependent systems is the time-dependent Schrodinger equation. The 

TD-DFT is straight related to the Schrodinger equation , ℏ
 

  
  (r⃗, 𝑡)=

𝐻̂ (r⃗, 𝑡)] where the Hamiltonian  is known to be  [41,43,44]: 

   𝐻̂= ̂+𝑉̂elec .  elec.  𝑉̂  𝑡.(r⃗, t)                                                      … (2.18) 

Here,  𝐻̂ consists   of   the   kinetic   energy   operator    ̂,lectron-electron 

repulsion   𝑉̂    elec.  elec .  (Coulomb  operator) and the external potential  𝑉̂  𝑡.. ( ⃗). 

Where  𝑉̂  𝑡.. ( ⃗)      is given in the following  operators: 

 𝑉̂  𝑡.. ( ⃗) = ∑ 𝑉  𝑡.( ⃗) 𝑡)
 
                                                               … (2.19) 

The densities of the system rise from a fixed first state  (𝑡 ) = 

 (0). The first state,  (0), is arbitrary, it must not be the ground-state or 

some  other  eigen  state  of  the  first  potential  𝑉̂  𝑡.. ( ⃗, 𝑡 ) = 𝑉̂ ( ⃗). The R-G 

theorem indicates that there exists an one-to-one correspondence between 

the time-dependent external potential 𝑉̂  𝑡.(r⃗, t), and the time-dependen 

electron density  ( ⃗,  ), for systems developing from a fixed first many- body 

state. Translation to it, the density determines the external potential, and next 

helps in obtaining the time-dependent many-body wave functions [41,45]. 

As this wave-function controls all observables of the system as an important, 

the saying point is that all observables are functionals of  ( ⃗,  ). The  statement  

of  the theorem is  the “densities   ( ⃗,  ) and p′( ⃗⃗,  )  evolving from the same 
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initial state  (0) under the effect of two potentials 𝑉̂  𝑡.( ⃗,  )   and 𝑉̂′( ⃗,  )  a re 

always different provided that the potentials differ by     additional than a chastely 

time-dependent function [41,43,46]: 

     𝑉̂  𝑡.. ( ⃗) = 𝑉̂′  𝑡.( ⃗,  )   ( )                                                   … (2.20)  

Where the C(t) allows increase to wave functions that are different 

only by a phase factor exp(   (t)), therefore, the same electronic density is 

stable. R-G theorem states that the density is a functional of the external 

potential and of the first wave function on the space of potentials differing 

by more than the addition of C(t). 

2.6 The Software 

        All calculations in this study have been performed by using the 

Gaussian 09 package of Programs, Gauss View 5.0.8, Gauss Sum 3.0 and 

other assistant programs. These programs are described as below: 

2.6.1 Gaussian 09 (G09) Program 

       The Gaussian program is a computational software package initially 

published by John Pople in 1970. Gaussian program is a very high-end 

quantum mechanical software package. The “09” mentions to the year 2009 

in which the software was published [47].Gaussian is capable of running all 

of the major methods in molecular modeling, including molecular mechanics, 

ab-initio, semi-empirical, HF and DFT. Moreover, excited state computes 

https://en.wikipedia.org/wiki/Phase_factor
https://en.wikipedia.org/wiki/Computational_chemistry
https://en.wikipedia.org/wiki/John_Pople
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can be done by different methods in this program [49].The name originates 

Gaussian comes from the use of the Gaussian Type Orbitals that Gaussian's 

originator, John Pople, used to try to overcome the computational difficulties 

that get up from the use of Slater Type Orbitals. A number of researchers, 

such as S.F. Boys and Isaiah Shavitt, Pople, quite brilliantly, recognized that 

the (relatively) simple, substitution of a series of Gaussian functions for the 

Slater function, would greatly simplify the rest of the calculation of the 

Schrödinger equation. Pople (1998) was awarded the Nobel Prize in 

chemistry (along with Walter Kohn) for this work [47,49]. 

2.6.2 Gauss View Program 

       Gauss View was designed to import the input files for the Gaussian 

program and also used to prove the output files for Gaussian program in the 

dimensional photo, Gaussian view which not used as calculation program, 

but it is simplicity the work on Gaussian program and supply the users three 

major advantages. First: enable the user to draw the molecules including the 

big one, also enable the rotation, transferring and changing it size easily and 

the mouse. Second: Gaussian view permits to achieve many of the Gaussian 

calculation, making the complex input preparation for the routine work and 

the advanced method. Third: Gaussian view permits the inspection of 

Gaussian calculations results using variety of geometrical techniques and 
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this involved the balanced molecular patterns electronic density surfaces 

[47,49]. 

2.6.3 Gauss Sum 3.0 

       The Gauss Sum 3.0 is a software application recorded by Noel O'Boyle. 

Gauss Sum 3.0 uses the plotting program (Gnuplot17) for picture graphs. 

The Gauss Sum is that can examines the output of widely computational 

physics and chemistry program (such as Gaussian 09 Program) 

[47,50].Gauss Sum can get ready more information such as a geometry 

optimization, plot the density of states (DOS) spectrum, source information 

on the UV-Vis. Transition states, scheme the UV-Vis spectrum and the 

circular dichroism spectrum, abstract data on IR and Raman vibrations and 

plotting the IR and Raman spectra, which may be scaled using general or 

individual scaling factors [48]. Throughout the computational studies 

carried out in this study, Gauss Sum 3.0 has been used in the ground state 

calculation of DFT to plotting the IR, Raman and DOS spectra. Also for the 

excitation state calculation of TD-DFT it is used to plotting the UV-Vis 

spectrum and it is showed the excitation energies, electronic transition 

configurations and oscillator strengths for the optical transitions for the 

studied compounds. 

 

 



 

Chapter Three 

 

Results and Discussion 

 



Chapter Three                                                        Results and Discussions 
                                           

  

 

20 

3.1. Introduction 

Over the years, great efforts have been devoted to the development 

of organic solid-state lasers (OSSL) due to the easy and economic 

fabrication, covering a wide-range lasing wavelength from near infrared to 

ultraviolet [51-54]. To date, optically pumped OSSL have been maturely 

developed, with the achievement of remarkably low laser and/or amplified 

spontaneous emission (ASE) thresholds and quasi-continuous wave 

operation [55,56]. The ultimate goal in the field of OSSL is, however, to 

realize electrically pumped lasing so as to truly enable the creation of low-

cost, portable, and flexible solid OSSL devices. Compared to optically 

pumped OSSL, lasing under electrical pumping is much more challenging 

because of the following factors. First, triplet exciton tends to accumulate 

under electrical pumping based on spin statistics [57], that is, three quarters 

of excitons formed under current injection are triplets, which usually have a 

long decay time [53]. Second, under electrical pumping, multiple 

annihilation and absorption losses will be induced by polarons, excitons, 

and other species that are not involved in optical pumping [53,54]. 

Recently, there are encouraging progresses reporting promising indications 

of current injection OSSL [58], which opened up the opportunities in 

realizing compact and low-cost electrically driven organic laser devices. 

Notwithstanding the advancements achieved in previous studies [58], 

obstacles still remain for organic laser gain media to observe light 
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amplification under electrical pumping. Therefore, it is of significant 

importance to carry out theoretical evaluation and predict potentially good 

electrical pumping candidates, which require a large stimulated emission 

cross section [53,54].  

With that in mind, the goal of this study is to propose a general 

computational protocol to systematically screen out electrically pumped 

lasing molecules over a range of organic solid-state fluorescent materials, 

with the assistance of efficient electronic structure calculations based on 

density functional theory (DFT) and time-dependent DFT (TD-DFT). The 

ability of realizing general lasing behavior will be evaluated from one 

perspective that is closely related to the stimulated emission cross 

section.(see Figure 3.1)  

 

 

 

 

 

 

 

 

 

Figure 3.1. Steps of transport calculations. 
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3.2. Structural Properties of Molecules 

The thiophene/phenylene co-oligomers (TPCOs) are ranked as a 

newly occurring class of organic semiconductors. The materials are 

characterized by that thiophenes and phenylenes are hybridised at the 

molecular level with their various mutual arrangements. These molecular 

arrangements produce peculiar morphological features in the solid state and 

excellent electronic and optical properties. In this study, those 

characteristics have been outline in light of the structure/property 

relationship with central emphasis upon the crystal structure and its 

relevance to the leading-edge optoelectronic functionalities. These topics 

are most suitably approached by device studies including field-effect 

transistors and light-emitting devices. The device characteristics in close 

connection with current-injected lasers will be described as shown in 

Figure 3.2 and Table 3.1. 

 

 

T2P 

 

 

 

 

 
T3P 

 

Figure3.2. The optimized single molecules. 
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        The crystal structure of the thiophene/phenylene co-oligomers 

(TPCOs) is characterized by the molecular layered structure, this structure 

being very often observed for crystals of ‘‘direction-defined’’ long 

molecules with a large aspect ratio [52]. As far as the straight-chain 

molecules like oligophenylenes are concerned, the layered structure can be 

seen for the compounds of two aromatic rings or more . In their crystals, 

the molecules tend to be disposed with the molecular long axes tilting with 

respect to the bottom crystal plane [52,59,60]. The tilting can be measured 

by an angle between the molecular long axis and the normal to the bottom 

crystal plane [61,62]. In the case of the straight-chain molecules the said 

angle is around 10–20° [52]. The tilting angles, however, are generally 

small with the non-straight molecules typified by the TPCOs [61-63]. Here 

the molecular long axis is defined as a line connecting the terminal carbon 

atoms of the molecule. In the case of phenyl (thiophene) terminals, the 

relevant carbon atoms are located at the p-position on phenyls (α-position 

of thiophenes) [61-63]. Figure 3.1 shows optimized molecules under study 

in this research. The structural aspects of these molecules are distinguished 

by various molecular lengths, since the shortest molecule (T2P) has a 

molecule length of 3.202 nm, while the longest one (T3P) posses 3.695 nm. 

All structural aspects are shown in Table 3.1. 
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Table 3.1. The structural aspect of all molecules. L (H…H), is the 

molecule length. C–C is the carbon-carbon single bond. C=C is the carbon-

carbon double bond. C–N is the carbon-nitrogen single bond. 

 

 

3.3. Molecular Orbitals Distribution 

Before calculating the spectral  properties, this molecule have been 

optimized using the standard Gaussian 09 software package. The B3LYP 

level of theory with basis set 6-311G, are used to calculate the geometry 

and orbital energy levels. 

 HOMO  LUMO  

 

 

 

 

 

 

Figure 3.3. Iso-surfaces (±0.02 (e/bohr
3
)
1/2

) of the HOMOs and LUMOs. 

 

The studies of the scattering patterns of the frontier molecular orbital 

(FMO) is very important to depicted the optoelectronic properties of the 

designed molecules because these are related to the excitation properties of 

Molecule L  

(nm) 

C–C 

(nm) 

C=C 

(nm) 

C–N 

(nm) 

 

T2P 

 

3.202 

 

0.149 

 

0.139 

 

0.145 

 

T3P 3.695 0.149 0.139 0.145 

T2P 

T3P 
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the molecules. The plots of FMO’s of the designed molecules including 

highest occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO) at the ground states (S0) are shown in the Figure 

3.3 Furthermore, we have investigated distribution patterns for each 

molecule in terms of partial density of states (PDOS) and the total  density 

of states (TDOS) based on Mullikan population analysis. These orbitals are 

real functions and have either a positive or negative sign [68,69]. Crucially, 

the sign of the HOMOs on the left side of the backbone of molecule are of 

opposite to the sign on the right side, whereas the LUMOs have the same 

sign on the left and right the backbone. As discussed in a previous study 

[68], this means that for each molecule, the HOMO orbital product is 

negative and the LUMO orbital product is positive. Therefore, their inter-

orbital quantum interference is constructive within the HOMO-LUMO gap.  

In addition, Figure 3.3 shows that the HOMOs of molecule are extended 

over the backbone. So HOMOs and LUMOs energies is (1.2,0.9)ev for 

T2P, (1.13,0.8)ev for T3P respectively.        

These results could be interpreted in terms of a high electronegativity 

of the carbon atoms in the backbone of the molecule, so it enhance the 

delocalization of pi-electrons by pulling the electron density from the side 

groups, and therefore an decrease in HOMO and LUMO energy is 

observed. Depending on this, the difference in the HOMO-LUMO gap 

value of these molecules may be ascribed to the  Nitrogen atoms, which 
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may led to a difference in the value of the electronegativity.                                   

3.4. Emission Oscillator Strength (fem) 

 In particular, the emission characteristics are deeply connected with 

the molecular symmetry and alignment. As already stated previously, the 

emission oscillator strength value can be subtly and precisely tuned by 

choosing the TPCO materials and a desired mutual arrangement of 

thiophenes and phenylenes within the molecule. Because of the nearly 

upright molecular alignment the emission dominates from crystal edges. 

     Figure 3.4 represents this feature with several molecule length. These 

results reflect the superior ability of the optical confinement is one of the 

attractive characteristics of the TPCOs and makes their crystals an 

excellent candidate for laser media. In relation to the light amplification 

such emission behaviour is advantageous for causing spectrally narrowed 

emissions including the laser oscillation.  
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Figure 3.4. Represents the absorption, emission and emission oscillator 

strength of molecules. 

 Figure 3.4 presents the absorption and emission results for all 

molecules under study in this research. Initially, it can be noticed that the 

absorption intensity of molecules have increased with increasing of the 

molecule length from 120000 (a.u.) to 140000 (a.u.). In fact, Figure 3.4. 

illustrates that T2P molecule has the smallest emission oscillator strength ( 

fem) (3.14), while, the highest value of  fem is introduced via T3P molecule,  

It is well known that the light amplification from these structures at room 

temperature will be difficult, which consistent with previous studies [64]. 

Since, the calculated emission cross section σem of a laser transition is 

consider an important parameter in a laser gain medium. It can affect laser 

performance in terms of threshold energy, output energy, maximum gain, 

etc.  

T2P T3P 
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Under conventional lasing mechanism, a large σem is a prerequisite of 

a good laser gain medium [65]. Theoretically, for a given 

photoluminescence (PL) material, σem is directly proportional to the 

emission oscillator strength     via [65]: 

                  ( )  
  

         
 ( )                                       

(3.1) 

where e is the electron charge, ε0 is the vacuum permittivity, me is the 

mass of electron, c0 is the speed of light, nF is the refractive index of the 

gain material, ν is the frequency of the corresponding emission, and  ( ) is 

the normalized line shape function with ∫  ( )     . According to the 

aforementioned facts, all molecules have a high value of fem, which directly 

leads to high σem, and therefore any of these materials is possible to be a 

good optical gain medium in practice.  In addition, these results predicate a 

fact that the molecules with long molecule length properties (see Figure 

3.4), possess a high  fluorescence, and hence they are suitable for laser gain 

media, which is consistent with references [66-67].   

 On the other hand, molecules with a long molecule length have a 

good emission oscillator strength (fem), since they owned fem > 2, and that 

means those structures are promising candidates for laser gain medium. 

      Furthermore, most of molecules have produced the maximum emission 

at wavelengths ranging from 617 to 659 nm, which is in the visible region. 
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These results bring us to an important outcome that those molecules could 

be powerful for the optoelectronic applications such as light emitting                

diodes.                                                                                                                                                                                                                   
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4.1. Conclusions  

 
In conclusion, we described various features of the 

thiophene/phenylene (TP) materials. It includes the characteristics of the 

TP structures and their relevance to the structure/property relationship. 

1- In relation to the important future application, we dealt with 

several features associated with the laser oscillation from the 

organic semiconductors, such as the emission oscillator strength, 

charges distribution and orbitals, Since, the increasing of molecule 

length enhances noticeably some of spectral, optical properties, 

2-  The TP materials are expected to become important to a solar cell 

development. The TPCOs may play a pivotal role in the field of 

organic semiconductor materials and their optoelectronic device 

applications. 

3- Finally, this thesis introduces a successful and powerful strategies 

to develope the organic light-emitting diodes (OLEDs) in a single 

molecule technology, which can greatly simplify the display 

fabrication process and lead to new applications in electrically 

pumped organic lasers, and smart displays 
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4.2. Future Works 

Molecular Nanotechnology is a field that can be consider a source of 

scientific and cognitive inspiration and innovation, so I suggest some of 

ideas for the future work as follows: 

1- Study the phonon transport properties of of the thiophene/phenylene 

(TP) structures, and their applications. 

2- Investigation the electronic and thermoelectric properties of TP 

molecules with different electrodes (carbon nanotubes and 

graphene).  

3- Study the optoelectronics properties of  TP molecules under 

magnetic field effects.  
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 اىخلاطٔ :

 TPCOs)فْٞيِٞ اىَشزشك )/عضٝىبد ىيضٞ٘فِٞ  زضَِ ٕزا اىجحش  دساسٔ خظبئض ٝ  

ىَب ىٖب إَٞٔ خبطٔ ثسجت ٍَٞضارٖب الإىنزشّٗٞخ ٗاىزشمٞجٞخ , ٗاىزٜ رقذً مَششح ٍْبست 

. رٌ اسزخذاً ّظشٝٔ مضبفٔ اىحبلاد ىحسبة اىخظبئض  ىيزطجٞقبد اىجظشٝخ ٗاىنٖشٗحشاسٝٔ

ثبط٘اه عضٝئٞٔ ٍخزيفخ  TPCOs)فْٞيِٞ اىَشزشك )/اىجظشٝخ ٗالإىنزشّٗٞخ ىغضئٞبد اىضٞ٘فِٞ 

( ْٝزظ ػْٖب  T2P-T3Pٍِ ) TPCOs)  فْٞيِٞ اىَشزشك)/حٞش اُ صٝبدٓ ٗحذاد  اىضٞ٘فِٞ  

ب  أُ اط٘ه ط٘ه ٍ٘عٜ ضْب اٝظلاح .  3.80 – 3.14) صٝبدٓ فٜ ق٘ح ٍزثزة الاّجؼبس ٍِ )

(λmax ٍِ ىيغضٝئبد ٝنُ٘ ضَِ  اىَْطقخ اىَشئٞخ , حٞش  ٝززثزة )ّبٍّ٘زش ىـ  617T2P 

أُ رغٞٞش ط٘ه اىغضٝئٜ  لا ٝؤصش  رٌ الاسزْزبط . ثْبءً ػيٚ ٕزٓ اىْزبئظ ,T3P ّبٍّ٘زش ىـ 659إىٚ

٘اه ب إىٚ إصاحخ فٜ الأطق٘ٓ ٍزثزة الاّجؼبس ٗ شذح الاٍزظبص , ثو ٝؤدٛ أٝضً  فقظ ػيٚ

ٕزا  مئ ٝسبػذ فٜ اثزنبس ٍششحبد ٗاػذٓ ىزظٌَٞ اعٖضٓ  , اىَ٘عٞخ ضَِ اىَذٙ اىَشئٜ 

الإىنزشّٗٞخ ىيخظبئض  خْسجبىب رظيح مأٗسبط ىٞضس فؼبىٔ .اٍب ثمٖشٗحشاسٝٔ ثبلإضبفخ اىٚ مّٖ٘

. أظٖشد اىْزبئظ أُ أقو HOMO-LUMOٍضو ر٘صٝغ اىَذاساد اىغضٝئٞخ , ٗفغ٘اد 

( ٗأظٖشد ٍسبَٕخ C-Cٍ٘ضؼٞخ ػيٚ سٗاثظ ) LUMOاىَذاساد اىغضٝئٞخ غٞش اىَشغ٘ىخ 

, ٗاىزٜ رزشمض ػيٚ  HOMOاقو ٍِ ريل اىَ٘ع٘دح فٜ أػيٚ اىَذاساد اىغضٝئٞخ اىَشغ٘ىخ 

ْخ (. ثبلإضبفخ إىٚ رىل , أصجزذ اىحسبثبد الإىنزشّٗٞخ أُ آىٞخ ّقو حبٍلاد اىشحC=Cسٗاثظ )

 . LUMOفٜ ٕزا اىْ٘ع ٍِ اىغضٝئبد ٕٜ آىٞخ اىْقو اىزٜ َِٖٝٞ ػيٖٞب 
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