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Abstract: In this paper, we have carried out the synthesis of a newly synthesized symmetrical PTCDI 

namely N,N′-Bis(3-butoxypropyl)perylene-3,4,9,10-tetracarboxylic diimide and is represented as BP-

PTCDI respectively. Compound BP-PTCDI was characterized by using different spectroscopic 

measurements such as FT-IR, 
1
H NMR, 

13
C NMR, 2D NMR and mass spectral analysis.  The optical 

properties at various concentrations were carried out by using UV-vis spectroscopy and fluorescene 

spectroscopy techniques. The absorption maximum for the synthesized compound was observed in the 

range 400-600 nm, whereas the emission spectrum was observed at approximately 525 nm. The self-

assembly of the synthesized compound showed remarkable formation of aggregates due to π-π stacking. 

The aim of this work is to understand the optical properties as well as to determine the structure of the 

synthesized compound at the molecular level using theoretical studies such as NMR shielding, Mulliken 

charge transfer, molecular electrostatic potential (MEP) and natural bonding order (NBO) analysis.  
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1. INTRODUCTION  

  Organic semiconductors are known to have fuelled a lot of interest spanning over three decades 

due to its low cost and ease of availability. n-type organic semiconductors are of prominent importance in 

the organic electronic industry. Among all the n-type organic semiconductors used, perylene 

tetracarboxylic diimides (PTCDIs) are known to be largely studied due to its good π-π stacking 

configuration. PTCDIs also show many other interesting properties such as good optical, thermal, 

photoluminescent and photophysical properties. They are also known to exhibit high yields of 

fluorescence and also show charge transport properties [1-8]. Besides, they are also known to exhibit 

excellent tinctorial strength and relative chemical inertness along with strong absorption in the visible 

region and also help facilitate good electron mobilities [9,10]. Another fascinating property of PTCDI 

derivatives is that they favour charge transfer due to large intermolecular coupling which may lead to the 

formation of charge transfer excitons [2].         
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Figure 1. 
1
H NMR spectra of BP-PTCDI 

 

                            

Figure 2. NMR shielding of BP-PTCDI 

  However, a major drawback with PTCDIs is their instability in air due to its low charge carrier 

motilities that arises due to weak intermolecular interactions and also because of its insolubility in most of 
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the organic solvents. Most organic materials are prone to degradation by exposure to oxygen and water 

vapour. Thermodynamic studies suggest that lower the LUMO energies are capable of demonstrating 

greater stability to an organic radical anion attack by water and oxygen, which has delivered a series of 

useful air-stable, n –type devices. Another serious drawback with n-type organic devices is stabilizing the 

radical anion during device operation. Many n-type organic devices develop large positive threshold 

voltage shifts and decreased mobility during operation which indicates the presence of trapped charge [2]. 

The transport of charges in organic layers is hence important in the design of organic electronics. 

  These drawbacks has driven many researchers and scientist alike to create novel, high 

performance, soluble n-channel materials for developing stable organic and opto-electronic devices by 

increasing the solubility of PTCDIs by modifying the structure of the two side chains at the two N- 

positions of the imide or substitution at the bay positions. Introduction of electron-withdrawing groups at 

either the ortho / bay-position shift the reduction potential of PTCDIs to more positive values which helps 

to increase the electron affinities [11].   Modification of the side chains do affect the conformation and 

strength of molecular stacking of PTCDI molecules when assembled into crystalline materials [12]. The 

choice of side chain substituents plays an important role in the solubility. Balakrishnan et al. in their work 

reported that the side chain substituents does have a strong impact on the morphological and electronic 

features of the synthesized compounds [13] It in turn also has a strong impact on the molecular packing of 

the compounds due to strong intermolecular interactions such as π-π stacking configurations.  

  Thus PTCDIs finds its way for applications in OFETs, fluorescent solar collectors, electro-

photographic devices, dye lasers, organic photovoltaic cells (OPVs) and optical power limiters [14-19]. 

Another interesting feature of n- type PTCDIs is that their reversible n-type property makes them 

arguably suitable for organic electronic applications in electro-chromic and super capacitor devices [20].  

The main objective of this work is the synthesis of a new PTCDI which will help to serve as useful 

applications in the organic electronic industry. Here in this paper, we present the synthesis, optical 

properties and the computational studies for the synthesized compound BP-PTCDI respectively. 

2. MATERIALS AND METHODS 

2.1 Materials used  

  Perylene-3,4,9,10-tetracarboxylic dianhydride, 3-butoxypropylamine and imidazole were 

purchased from Sigma Aldrich, India having a purity grade of 98%. All chemicals were used as such 

without any further purification.  

2.2 Instrumentation 

  The Fourier transform- infra red (FT-IR) measurements were carried out in the regions ranging 

from 4000-400 cm
-1

 on a NICOLET AVATAR 360 instrument using KBr pellet. The 
1
H NMR and 

13
C 

NMR spectra in CDCl3 were recorded on a BRUKER 400/100 MHz NMR spectrometer. All the chemical 

shifts were measured in parts per million (ppm). The UV–Vis spectra were recorded with UV-1650 PC 

double beam UV-Visible spectrophotometer. Emission spectra were measured using a Varian 

fluorescence spectrophotometer ((λexci = 460 nm). Mass spectra were recorded on a JEOL GCMATE 11  
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Figure 3. a)  UV-vis spectra of BP-PTCDI in CHCl3 b) Fluorescence spectra of BP-PTCDI in CHCl3 

GC Mass spectrometer. SEM image was recorded using a JEOL INDIA Pvt. Ltd., JSM-6610LV 

instrument. The sample was prepared by casting a drop of the self-assembly solution onto a clean glass 

slide, followed by annealing it in an oven for about half hour at 45°C. The sample was then coated with 

platinum prior to the SEM measurement. Fluorescence microscopic image was captured on a LEICA DM 

2500 fluorescence micrsocope. Optical microscopic images were obtained using a MAGNIUS MLX 

model, MAGNIUS MICROSCOPE.  Phase contrast microscopic images were obtained using a NIKON 

TYPE 120c, NIKON ECLIPSE TS 100 microscope. Differential scanning calorimetry was carried out on 

a NETZSCH STA 449F3 instrument. The sample was recorded upto 350°C and heated at 5 K min
-1

 in 

nitrogen. 

2.3 Experimental section 

  The starting compound used is the commercially available perylene tetracarboxylic dianhydride 

(PTCDA). BP-PTCDI was synthesized by carrying out a condensation reaction of PTCDA (0.395 g, 1 

mmol), imidazole (~6 g) and 3-butoxypropylamine (0.307 mL, 2 mmol)/ in a 50 mL round bottom flask 

for a period of 8-12 h at 140-160°. A nitrogen gas environment was developed for the reaction to proceed. 

The completion of the reaction was determined by carrying out thin layer chromatography (TLC) using 

suitable eluents such as hexane and ethyl acetate (3:2 ratios). The reaction mixture was then treated with 

100 mL of ethanol and 300 mL of 2N HCl. The reaction mixture was left to stir overnight after which it 

was washed with copious amount of distilled water till the washings turned neutral. The synthesized 

compound was then purified by subjecting the red-maroon precipitate to a vigorous solvent wash 

(methanol) and dried again under normal atmospheric conditions. The dried compound was then used for 

further characterizations.  

BP-PTCDI: 
1
H NMR (400MHz, CDCl3): δ 8.50-8.52 [(d, 4H, (H-4, H-7, H-11, H-14)], 8.34-8.36 [(d, 

3H, (H-5, H-6, H-12, H-13)], 4.28-4.32 [(t, 4H, H-3′(3′′)], 3.57-3.60 [(t, 4H, H-1′(1′′)], 3.40-3.44 [(t, 4H, 

H-5′(5′′)], 2.04-2.07 [(t, 4H, H-2′(2′′)], 1.46-1.50 [(m, 4H, H-6′(6′′)], 1.28-1.34 [(m, 4H, H-7′(7′′)], 0.83-

0.86 [(t, 6H, H-8′(8′′)]; 
13

C NMR (100 MHz, CDCl3): δ 163.2 (C=O), 134.1-122.8 (perylene C), 70.7 [(C-

5′(5′′)], 68.8 [(C-1′(1′′)], 38.4 [(C-3′(3′′)], 31.8 [(C-6′(6′′)], 28.2 [(C-2′(2′′)], 19.3 [(C-7′(7′′)], 13.9 [(C-

a b 
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8′(8′′)]; IR (KBr, cm
-1

): υ 2958-2865(aliphatic C-H stretching), 1700 and 1661 (C=O stretching), 1348 (C-

N stretching); Mass C40H42N2O6: 618.2 (calcd), 614.2 (found); UV-vis (CHCl3): λmax (nm) 459, 488, 525; 

fluorescence (CHCl3): λmax (nm) 534, 576 (λexc=460 nm); yield: 70% 

 

 

 

Scheme 1 

                                       

Figure 4. DSC thermogram of BP-PTCDI 

 

                         

 

Figure  5. a) Self assembly image of BP-PTCDI obtained in MeOH/ CHCl3 b) SEM image of the self-

assembly of BP-PTCDI obtained in CHCl3 
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3. RESULTS AND DISCUSSION 

  Self assembly of π conjugated systems such as PTCDIs is of immense interest in both academic 

and industrial areas owing due to their excellent properties and potential applications. They exhibit 

remarkable electronic properties and demonstrate high molar absorption coefficients in the visible region 

of the electromagnetic spectrum. Moreover, they are known to be thermally stable, and can form ordered 

nanostructures conducive to charge transport [21]. 

3.1. NMR studies 

The 1D and 2D NMR data of compound BP-PTCDI are shown in Tables 1 and 2 respectively. 

Table1.
 1
H and 

13
C chemical shifts (ppm) for compound BP-PTCDI 

Proton  
1
H Chemical shift 

(δ, ppm) 

13
C Chemical shift 

(δ, ppm) 
1,3,8, 10 - 163.2 

4,7,11,14 8.51 (d) 131.1 

5,6,12,13 8.35 (d) 122.8 

1′-1″ 3.58 (t) 68.8 

2′,2″ 2.05 (m) 28.2 

3′, 3″ 4.30 (t) 38.4 

5′, 5″ 3.42 (t) 70.7 

6′, 6″ 1.48 (m) 31.8 

7′, 7″ 1.31 (m) 19.3 

8′, 8″ 0.84 (t) 13.9 

Others (aromatic) - 134.1 

  129.1 

  126.0 

  123.1 

 

  From Fig 1, the perylene protons recorded as two doublets for BP-PTCDI were observed at a 

higher chemical shift of 8 ppm experimentally. The distribution of the protons is well spread as seen from 

the 
1
H NMR spectrum. The methyl protons of the butyloxy groups appear as a triplet in the shielded 

region at 0.84 ppm corresponds to 6 hydrogens. In the 
1
H-

1
H COSY spectrum, these protons show cross 

peaks with the 
1
H signal at 1.31 ppm (m) and the latter are assigned to H7′- H7″ methylene protons of the 

butyloxy moieties. These methylene protons show correlation with another multiplet at 1.48 ppm which is 

due to the resonance of H6′-H6″ methyl protons of the butyloxy group. A triplet at 3.42 ppm 

corresponding to the four hydrogens is assigned to H5′-H5″. Methylene protons based on their 

correlations with the proton signals are due to H6′-H6″.  
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  Of the two triplets at 4.30 and 3.58 ppm, the deshielded one at 4.30 ppm is assigned to H3′ and 

H3″ methylene protons as they exhibit correlation with the multiplet 2.05 assignable for H2′ and H2″ 

methylene protons. Likewise the signal at 3.58 ppm is assigned to H1′ and H1″ protons attached to the 

imide nitrogen atoms in line with their correlation in the 
1
H-

1
H COSY spectrum.   

Table 2. 
1
H-

1
H COSY and 

1
H-

13
C COSY CORRELATIONS for compound BP-PTCDI 

1
H chemical shift 

(δ, ppm) 

Correlations in 
1
H-

1
H COSY 

(
1
H chemical shift in ppm) 

Correlations in 
1
H-

13
C COSY 

(
13

C chemical shift in ppm) 8.51 (d) (H4, H7, H11, H14) 8.35 (d) 131.1 

8.35 (d) (H5, H6, H12, H13) 8.51 (d) 122.8 

3.58 (t) (H1′, H1″) 2.05 (m) 68.8 

2.05 (m) (H2′, H2″) 3.58 (t), 4.30 (t) 28.2 

4.30 (t) (H3′, H3″) 2.05 (m) 38.4 

3.42 (t) (H5′, H5″) 1.48 (m) 70.7 

1.48 (m) (H6′, H6″) 1.31 (m), 3.42 (t) 31.8 

1.31 (m) (H7′, H7″) 1.48 (m), 0.84 (t) 19.3 

0.84 (t) (H8′, H8″) 1.31 (m) 13.9 

 

  In the aromatic regions of the spectrum, the deshielded signal at 8.51 ppm (d) is attributed to the 

H4, H7, H11 and H14 hydrogens and the shielded signal at 8.35 ppm (d) is due to the H5, H6, H12 and 

H13 protons. These assignments are in accordance with their spectral correlations observed in the 
1
H-

1
H 

COSY spectrum.   

3.1.2. 
13

C NMR spectrum 

  In the 
13

C NMR spectrum of the compound, the deshielded signal at 163.2 ppm is assigned to the 

carbonyl carbons (C1, C3, C8 and C10) of the imide moiety. The signals at 13.9, 19.3, 28.2, 31.8 and 38.4 

ppm are assigned to C8′ & C8″, C7′ & C7″, C2′ & C2″, C6′ & C6″, C3′ & C3″ methylene carbons res 

based on the correlations observed in the 
1
H-

13
C COSY spectrum.  

  The deshielded signals around the signal of CDCl3 at 70.7 and 68.8 ppm are assigned to C5′ & 

C5″ and C1′ & C1″ methylene carbons attached to negative oxygen and nitrogen atoms as per observed 

from the 
1
H-

13
C COSY correlations. In the aromatic region of the spectrum, the resonance of C4, C7, C11 

and C14 carbons are observed at 131.1 ppm. The signal of C5, C6, C12 and C13 carbons are observed at 

122.8 ppm. The remaining quaternary carbons show their resonance between 123.1 and 134.1 ppm as less 

intense signals. These signals assignment of signals are in accordance with the observed 
1
H-

13
C COSY 

correlations. 

  The aromatic perylene ring clearly existed as two doublets at a higher chemical shift of 8 ppm 

experimentally. 
13

C NMR spectrum showed the presence of carbonyl carbon at 163.2 ppm (Fig S1). 

Signals at 134.1 to 131.1 ppm indicated the presence of aromatic carbons of the perylene and benzyl 

rings.  From Fig.2, it can be implied that due to π-stacking interactions, the chemical shifts of the 



 

Borderless Science Publishing                                                                                                                                  274 

  

 

 

               

                Canadian Chemical Transactions                  Year 2016 | Volume 4 | Issue 3 | Page 267-283 

perylene protons are highly shielded in the NMR diagram. The recorded 
13

C, 2D NMR (
1
H-

1
H, 

1
H-

13
C) 

spectra of BP-PTCDI are given in Fig S1 to S3 (Supplementary data).  

3.2. Optical studies 

  PTCDIs show strong absorption band in the visble region [22]. Kazmaier et al. reported that the 

PTCDIs, which exhibited larger valence and conduction band broadened by aggregation were also those 

with the higher photosensitvities [23]. In this work, we have carried out the UV-vis absorption spectral 

studies of BP-PTCDI in chloroform at various concentrations and are shown in Fig.3a. Compound BP-

PTCDI showed monomeric π-π transition bands with three well defined peaks at 525, 488 and 459 nm 

      

Figure 6. a) Optical microscopic images of the self-assembly of BP-PTCDI obtained in CHCl3 b) 

Fluorescence microscopic image of the self-assembly of BP-PTCDI obtained in CHCl3 

marked as 0-0, 0-1 and 0-2 vibrational coupled electronic transitions of perylene diimide core in the 

monomeric state [24]. The maximum absorbing wavelength (λmax) did not shift on changing the 

concentration. In simple words, we can say that the position of the maxima remained unaffected by the 

change in alkyl chain length of the substituent. However the observed bands were reminiscent with the 

absorption band of pure perylene and correspond to the S0→S1 transition and the dipole moment were 

directed parallel to the long axis of the molecule [25, 26]. 

  In their studies, Kaur et al. mentioned that the introduction of both N-alkyl and N-aryl 

substituents have a minor effect on the charges of the diimide groups. And hence, the conformations and 

charge distributions of the terminal substituents are found to play a very important factor in determining 

the dipole moment of these molecules [27]. 

  Mizuguchi et al. too reported that the resonance interactions of transition dipoles are responsible 

for the band splitting of the absorptions that appeared in perylene diimide (PDI) films [28].  

 The fluorescence spectra of the compound in chloroform at varied concentrations (λmax = 460 nm) 

are shown in Fig.3b. Emission spectra are known to be more sensitive compared to the absorption 

spectra [29]. The emission peaks for compound BP-PTCDI appeared at 534 and 576 nm respectively. 

From the fluorescence figures, we observe that the fluorescence spectrum is a mirror image of the 

a b 
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absorption spectrum [30]. Since the two nitrogen positions of the diimides are at node of the π-orbitals 

[31], it can be seen that the substitution of the side chain does not change the electronic structure of the 

PTCDI molecule. Photon absorption in organic materials usually leads to the formation of a Frenkel 

exciton [32]. The formation of weak absorption bands at longer wavelength implies the weak or distorted 

π-π interaction in the aggregates.  

 

3.3. Thermal studies  

  Differential scanning calorimetry (DSC) technique was used to study the morphological 

behaviour of compound BP-PTCDI under nitrogen atmosphere (heating rate 5 K min
-1

) and is shown in 

(Fig.4). The DSC thermogram of BP-PTCDI exhibited no glass transition temperature (Tg) during the 

DSC run (heating) up to 300°C. Compound BP-PTCDI with increasing temperature showed two 

endothermic peaks at ~ 80°C and 130°C. The first peak is due to the transition and second as the melting 

peak. 

 

 

 

 

 

 

Figure 7. Phase contrast microscopic images of the self-assembly of BP-PTCDI obtained in CHCl3 

3.4. Self-assembly 

              Molecular level self-assembly includes supramolecular interactions for example hydrophobic and 

hydrophilic effects, electrostatic interactions, hydrogen bonding, micro phase segregation, and shape 

effects etc [33-36]. But it also makes use of kinetically labile covalent bonds [37-38]. Self-assembly 

formation can be performed by various techniques such as the solution-based self-assembly method, rapid 

solution dispersion method, phase transfer method, vapour diffusion technique, seeded growth, sol-gel 

processing technique, surface-supported self-assembly method and so forth [39,40]. In our work, we have 

used the conventional method in which the self-assembly of the molecule occurs at the interface between 

a poor (methanol) and rich (chloroform) solvent [41]. Such a technique has the advantage of strong 

intermolecular π-π interaction, which is enhanced in a solvent where the molecule has minimum 

interactions.  The self-assembly of synthesized compounds in solution phase as well as at surfaces and 

interfaces are found to be difficult as they are largely dependent on kinetics and thermodynamics. 

Kinetics and thermodynamic studies are known to play a key role in the nucleation process [42,43].
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   But then organic semiconductors, especially those capable of forming crystalline 

nano/microstructures by solution-based self-assembly, have developed greatly and rapidly [44].
 
 From 

literature studies, we observe that by increasing the alkyl chain length at the imide position helps to 

decrease the intermolecular aggregation of the perylene core by the decrease in the π-π stacking [42]. 

Long alkyl chains are known to import hydrophobic, steric and electronic interference during the self- 

assembling process which in turn are known to affect the nature of the self-assembly [45].
 
This can be 

attributed to the side chain of PTCDI which plays a majo rrole in controlling the molecular packing. 

Changes in the side chain are known to affect the colour and other physico-chemical properties of the 

PTCDI aggregates [46].
 
Substitution at the perylene core can bring about a deformation from planarity 

which causes hypsochromic shifts [47].  

                              

Figure 8. Optimized molecular structure of BP-PTCDI 
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Figure 9. a) HOMO-LUMO energy gaps of BP-PTCDI b) Molecular electrostatic potential (MEP) image 

of BP-PTCDI c) Mulliken population analysis of BP-PTCDI  

  Also, self- assembly play a very important role in the formation and development of highly well 

ordered structures and also their helicity [42]. The formation of aggregates of compound BP-PTCDI is 

displayed in Fig.5a. The SEM image of the molecular assembly drop-casted onto a clean glass slide 

showed a chain like structure as seen in Fig.5b. The optical microscopic image revealed the formation of 

molecular rods as shown in (Fig.6a). Dark brown emission was clearly observed from fluorescence 

microscopy Fig.6b. Phase contrast microscopy images (Fig.7) exhibited varying rod like morphologies 

such as bright red molecular rods/bundles, small short red rods, thin and long black rods, small short red 

and green rods, V-shaped rods. The short formed molecular rod and aggregates were found to be 

consistent with the distorted π-π stacking, which prevents the molecules from assembling along one 

dimension [6]. Thus the electronic properties of the organic materials depend upon the morphology and 

supramolecular packing [48].  

3.5. Computational details 

  A complete computational study for the synthesized compound were performed with B3LYP/6–

31G (d,p) as a basis set using Gaussian 09W [49] program package. Images were visualized using the 

GaussView 5.0 visualization program [50]. NBO calculations were carried out using NBO 3.1 program 

[51] as implemented in the Gaussian 09W. Optimized molecular structure for the synthesized compound 

BP-PTCDI is displayed in Fig.8. 

3.5.1. HOMO-LUMO studies 

  PTCDI core is fairly electron deficient and thus easy to reduce and 

difficult to oxidize [52]. The planarity of the perylene core is generally affected by the introduction of 

long greater substituents at the bay position. A shift or a slight change in planarity can disturb the multi -

dimensional electron transfer processes [53].  PTCDIs central core are usually held responsible for the π 

to π stacking and for the electronic structure of the material. It is generally known that the frontier 

molecular orbitals are in this region [13].  

c 
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  In our study, the optimized geometry of compound BP-PTCDI showed the presence of the 

HOMO and LUMO orbitals and is represented in Fig.9a. The frontier molecular orbitals are very useful 

for the characterization of organic compounds in both the ground and excited state. HOMO and LUMO 

calculations reveal the charge transfer within the molecule. Besides this the energy difference between the 

two orbitals is considered to be very important to determine the molecular electron transport properties. 

The energy gap values also helps to predict the global chemical reactivity descriptor of molecules such as 

hardness, chemical potential, softness, electronegativity and electrophilicity index as well as local 

reactivity have been determined [54]. The molecules which have a small energy gap are known as soft 

molecules, whereas molecules which have a large energy gap difference are referred to as hard molecules 

[55]. The ideal reason for performing the structural studies is to study the relationship between the optical 

properties and the structural modifications by using different substituents. Fig.9a show that the perylene 

(central) π system is the region where the π electrons are delocalized and which are influenced by the 

terminal substituents. This is indicated by the π-π transitions. The energy band gap values for compounds 

BP-PTCDI is found to be 2.53 eV respectively. The large band gap values indicate that this compound 

have strong intermolecular π-π interactions which in turn is responsible for their notable photochemical 

and photophysical stability, thereby making it suitable to be used as a suitable material in the application 

of organic electronics. 

3.5.2. MEP analysis 

  Molecular electrostatic potential (MEP) deals with the study of electronic density and also helps 

to determine H-bonding interactions [56]. From Fig.9b, we can see that the core regions of the central 

aromatic region is positive as compared to the other regions. The red coloured region contains the oxygen 

atom and is found to influence the neighbouring atoms with yellow tinges. This observation also gives us 

a clear idea about the region from where the compound can undergo non-covalent interactions. Thus this 

method is found to be beneficial in elucidating the molecular structure of the synthesized compound.  

3.5.3. Mulliken charge transfer 

   Mulliken population analysis is a powerful technique to investigate the charge transfer of 

quantified charges per atom in the molecules. In compound BP-PTCDI, the nitrogen and oxygen atoms 

are having negative charge due to more electro-negativity environment according to MEP. The oxygen 

bonded carbon atoms are only having more positive charge due to the charge transfer. The Mulliken 

charge transfer according to colour differentiation is represented in Fig.9c. 

  3.5.4. Natural bond orbital (NBO) analysis  

  NBO analysis is an efficient tool in elucidating the stereo electronic interactions on the reactivity 

and dynamic behavior of chemical compounds [57]. NBO helps us analyze the interactions between the 

intra and intermolecular bonding as well as provides a solid platform for investigating charge transfer or 

conjugative interactions in molecular system. In NBO analysis, the hyperconjugative σ→σ* interactions 

play a very important role. These interactions represent the weak departures from a strictly localized 

natural Lewis structure that constitutes the primary “non-covalent” effects. In compound BP-PTCDI, the 

strong intramolecular hyper conjugative interactions of π-electrons are derived as π (C1-C2) to π* (C21- 
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O29) is 22.35 kJmol
-1

, π (C3-C4) to π* (C5-C6) is 18.18 kJmol
-1

, π (C5-C6) to π* (C1-C2) is 20.48 

kJmol
-1

, π (C7-C8) to π* (C28- O30) is 22.35 kJmol
-1

. 

4. CONCLUSIONS 

  Here in this paper, a newly synthesized compound was studied for its UV-vis and fluorescence 

properties and its molecular geometry was optimized. It was found that the observed absorption and 

emission spectra of the synthesized compound BP-PTCDI were in accordance with respect to their 

readings. There was not much difference in their absorption or emission wavelength. HOMO-LUMO 

studies revealed that charge transfer does take place in the molecule. The Mulliken charge analysis also 

explains the confirmation of charge transfer of atoms in the molecule. MEP diagram reveal the difference 

between the chemically active and inactive sites and hence the reactivity of atoms can be compared. NBO 

studies revealed the stability of the molecules arising from hyper-conjugative interaction and charge 

delocalization. Thus from both experimental and theoretical studies, it can be confirmed that this 

compound is found to be suitable for potential applications in the organic electronic industry.  
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