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ABSTRACT 

Perylene chromophore has an excellent aromatic conjugation and offers numerous 

advantages in many fields of application. One of their greatest advantages is the 

capability to functionalize the chromophore at its core/bay and imide positions with 

various substituents according to the desired application. 

In the present research on perylene dyes, we have synthesized a new core substituted 

perylene diimide in three consecutive steps focusing the application toward solar 

cells. Firstly, the starting raw material perylene dianhydride was brominated at 1,7-

positions of the perylene chromophore  to yield brominated dianhydride (Br–PDA). 

The product was imidized in the second step with a long dodecyl alkyl chain to yield 

brominated perylene diimide (Br-PDI). Finally, the targeted core substituted perylene 

diimide (PDI-m-Cresol) was synthesized upon bay substitution of perylene 

chromophore with m-cresol. The final compound is highly pure and characterized by 

FTIR, UV-vis and Emission measurements. For comparison, photophysics of the 

intermediate products were carried out in parallel. 

The absorption spectra of three perylene derivatives in nonpolar aprotic solvents and 

polar protic solvents show characteristic aromatic π–π* transition absorption peaks. 

In contrary, absorption in dipolar aprotic solvents shows irregular additional 

absorption bands (Br-PDA in NMP; Br-PDI in DMF; and PDI-m-Cresol in DMF and 

NMP) at higher wavelengths which were remained after microfiltering the solution. 
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Interestingly, the emission spectra of the three perylene derivatives have shown 

traditional three characteristic emission peaks and were not influenced by additional 

weak absorption bands.  

Keywords: Perylene dyes, perylene derivatives, Bay-substitution, characterization of 

perylene derivatives.     

   

 

 

 

 

 

 

 



 

v 

 

ÖZ 

Mükemmel bir aromatik konjugasyon yapısına sahip olan perilen boyar maddeleri 

pekçok uygulama alanında kullanılabilecek üstün özellikler sunmaktadırlar. En 

önemli üstünlüklerden biri gerek çekirdek/körfez gerekse imid pozisyonlarında 

çeşitli sübstitüentlerle perilen boyalarının fonksiyonelleştirilebilmesidir. Bu 

çalışmada, güneş hücreleri uygulamalarında kullanılmak amacıyle üç ardışık 

basamaklı reaksiyonlar ile körfez pozisyonunda fonksiyonleştirilen yeni bir perilen 

diimid sentezlenmiştir. İlk basamakta perilen anhidrit 1,7-pozisyonlarında 

bromlanmıştır (Br–PDA). İkinci basamakta dodesil sübsitientli ve bromlanmış diimid 

sentezlenmiştir (Br-PDI). En son basamakta ise perilen diimid körfez pozisyonunda 

m-kresol ile sübstitüe edilmiştir (PDI-m-Cresol). Saflandırılan ürünler FTIR, UV-Vis 

ve emisyon ölçümleri ile karakterize edilmiştir. Karşılaştırma için, ara ürünlerin 

fotofiziksel özellikleri de paralel biçimde incelenmiştir.Üç ayrı perilen türevinin 

apolar aprotik ve polar protik çözgenlerde ölçülen absorpsiyon spetrumlarında 

karakteristik π-π* geçiş absorpsiyon bandları gözlenmiştir. Buna karşın, dipolar 

aprotik çözgenlerde ölçülen absorpsiyon spektrumlarında mikro süzgeçten 

geçirildiğinde dahi yok olmayan düzensiz ve yeni bandlar gözlenmiştir (NMP'de Br-

PDA; DMF'te Br-PDI; ve DMF ile NMP'de PDI-m-kresol).İlginç biçimde, üç ayrı 

perilen türevlerinin emisyon spektrumlarında düzensiz ve yeni absorbsiyon 

bandlarından etkilenmiyen karakteristik üç ayrı emisyon bandları yer almaktadır. 

Keywords: perylene diimid, körfez sübstitüe, fotonik, solar hücre.                         
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Chapter 1 

1. INTRODUCTION 

Perylene-3 4:9, 10-tetra carboxylic acid Diimide derivatives are exceptional 

compounds, which magnetize a great attention owing to their optical and electronic 

features, they have been considered as industrial dyes due to their low cost, high 

color strength and their emission color can be altered by suitable substituent from 

green to red [1-5].  

 
Figure ‎1-1: Chemical structure of Perylene Diimide 

Perylene Diimides are a type of n-type semiconductors showing high electron 

affinity through large band gap compounds, and they are photo active and electro 

active materials [2].  

Perylene Diimide and its derivatives (PDIs) constitute an important part of strongly 

fluorescent, high performance dyes that have superior chemical, photo, thermal and 

environmental stability. PDI derivatives are widely used as effective components in 

modern systems for example organic thin film transistors, fluorescent light 

collectors, organic solar cells and optical power limiters, due to their set of attractive 
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properties such as a very high fluorescence quantum efficiency , a vigorous electron-

acceptor nature and two -photon absorption features[6-8].  

The fundamental source of energy on the earth’s surface is the sun; Sunlight can be 

transformed to electricity by utilizing solar systems, Solar power is renewable, 

superabundant, environmentally safe, and cost-effective way to take advantage of 

that power for homes and businesses, decreasing our reliance on fossil fuels, 

producing  considerable economic, public health and environmental benefits ; people 

have made use of solar energy during history, conspicuously as fountainhead of light 

and heat.  

The most efficient uses of solar power as an alternative energy can be divided into 

Solar Thermal, which has been applied to heat water in more sophisticated cities, and 

solar cells; which provide minimum cost production and sufficient capacity to catch 

the solar energy and transform it to electrical energy. So far, many of the solar 

energy devices are remarkably overpriced compared with the classical choices such 

as engines, gas heaters and grid electricity. Therefore, in order to rival with the 

conventional alternatives, the price, efficiency and accessibility of these devices 

should be improved. Photovoltaic cells which represent the first descent of solar 

technology demand a relatively thick layer of silicon in order to obtain a high 

capacity of photoncapture, and silicon is an overpriced material. Last decade there 

have been many attempts to decrease this cost, significantly the thin-film which is 

the second generation of solar cells approached the target, however, to date limited 

applications have seen because of several practical problems. The trend of 

nanotechnology has lately reached to the field of Photovoltaic energy diversion; new 

photovoltaic materials and devices that would result in realization 
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of low-cost solar cells in the future have produced. These materials comprise various 

types of synthetic organic compounds and inorganic nanoparticles. The solar cells 

based on these materials known as organic photovoltaic cells or inorganic 

photovoltaic cells. OPVs and DSSCs represent the 3rd descent of photovoltaic cells. 

OPVs and DSSCs work on various physical techniques. Organic photovoltaic cells 

utilize organic compounds as semiconductors to transform the solar energy to 

electrical energy, whereas dye sensitized solar cells work just like the photosynthesis 

processes by which dyes produce the photo excited electrons. The dye synthesized 

solar cell, which is the most well-known and studied photovoltaic device, has been 

around for a long time. It inclines to offer good solutions in term of Ease of 

production; low-priced manufacturing in addition to accessibility of compounds 

required [9-18]. 

DSSCs based on PDI derivatives are appealing because of improved light absorption 

owing to their high molar extinction coefficient and perfect electron transport 

features, in addition to these properties; high electron mobility over π-π stacking 

prefers intermolecular charge transfer and increasing the charge separation, due to 

their Novel Donor-π-acceptor structures [19]. 

The dye sensitized solar cell, developed by Prof. Michael Grätzel, is an important 

way for acquiring Energy from the Sun. DSSC based on using dye compounds to 

catch the solar irradiation, recent dye sensitized solar cells contain various layers of 

materials arranged in a series, comprising a substrate which is made of glass, 

diaphanous conducting layer, Titanium dioxide, dye compounds, electrolyte, and 

counter electrode coated by sealing layer [20]. 
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A superior property of the PDI core is that structural alterations at bay sites or/and 

the imide sites  can be easily achieved, the bay substitution causes a twisting of the π-

conjugated system which offers conformational flexibility and gives rise to keep 

producing various new materials.  In general, bay-substitution of Perylene 

chromophore is an efficient strategy to tune both the optical and electrochemical 

properties. Especially, the band gap tenability can be achieved which is very 

advantageous concerning the applications of field effect transistors and photovoltaic 

systems. Additionally, the bay-substituted compounds give rise to interesting 

fluorescence properties near to the fluorescence quantum yields of unity. In many 

cases, the low solubility of perylene diimide is also improved by inserting polar side 

chains on perylene bay-area which could be an additional benefit for easy processing 

of the compounds [21-23]. 

The aim of this thesis is to synthesize a novel bay-functionalized perylene diimide 

namely N,N′-Didodecyl-1,7-diphenoxy- perylene-3,4:9,10-tetracarboxylic acid 

bisimide (PDI-m-Cresol). The synthesis of the product was carried out from 

Perylene-3,4,9,10-tetracarboxylic dianhydride (PDA) in three different steps 

according to the route shown in Scheme 3.1 In the first reaction step, dibromo 

perylene tetracarboxylic anhydride was prepared by the bromination of PDA. The 

second step was imidization, in the course of which N,N′-Didodecyl-1,7-

dibromoperylene-3,4,9,10-tetracarboxylic Acid bisimide (Br-PDI)was formed. 

Finally, N,N′-Didodecyl-1,7-dibromoperylene-3,4,9,10-tetracarboxylic Acid 

bisimide was reacted with m-cresol to produce N,N′-Didodecyl-1,7-di(3-

methylphenoxy)- perylene-3,4:9,10-tetracarboxylic acid bisimide (PDI-m-Cresol) by 

the nucleophilic substitution of two bromine atoms as shown 
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in Scheme 3.3 The products were purified and characterized by spectroscopic 

techniques. The photophysical and photochemical properties of the products were 

investigated and discussed in detail. 
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Figure ‎1-2: The structures of dibromo perylene tetracarboxylic anhydride 
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Figure ‎1-3: The structures of Brominated Perylene Diimide 
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                                    Figure ‎1-4: The structures of Br-PDI 
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Chapter 2 

2. THEORETICAL  

2.1 Properties of Perylene Diimide Dyes 

Perylene Diimide derivatives which represent a class of organic dyes have drawn 

significant attention due to their exceptional properties such as high melting points, 

high photo chemical, weather and thermal stability, excellent visible light absorption, 

strong electron acceptor feature, and high fluorescence quantum yield, in addition to 

their special optical, electro chemical and structural properties. These properties 

make Perylene diimide dyes successful competitor for use in various fields like solar 

cells, fluorescent light collectors and organic thin film transistors [24-30].  

 2.1.1 Optical Characteristics of Perylene Diimide Dyes 

Perylene Diimide dyes are generally red compounds and their color can be changed 

through substitution from green to red. Perylene Diimides present excellent optical 

properties because of their superior chemical and thermal stability; they are 

extremely stable upon solar irradiation and surrounding conditions. PDIs are 

described by their vibronic structure, strong absorption in the visible region around 

(400 – 550 nm) as well as strong fluorescence like mirror image of the absorption in 

various organic solvents and high fluorescence quantum yield [31-33]. Optical 

characteristics of perylene diimide dyes rely on the concentration, polarity of the 

solvent and the temperature; for example high concentration solutions give rise to 

bathochromic shift with broad absorption peak extend to near infrared region [34].   
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2.1.2 Perylene Diimide Dyes; Bay-Substituted Derivatives 

Perylene diimide derivatives are mostly synthesized through functionalizing the 

perylene moiety in the bay region, the substitution in bay positions (1, 6, 7, and 12) 

produce spectacular modification in the electronic and optical properties [1, 34] 

 

Bay substitutions of PDIs with strong electron with drawing or electron donating 

groups have been used to modify the HOMO, LUMO levels by stabilizing the 

LUMO energy level and decreasing the band gap due to intra molecular charge 

transfer, affect the redox potentials which facilitates the reduction process and 

increase the oxidation potentials in addition to significant alteration of absorption and 

emission to longer wavelength (visible-near infrared region) because of the strong 

electronic connection between the π orbitals of perylene diimides and the substituents 

on bay area consequently improved the absorption of solar irradiation. Moreover, the 

solubility of perylene diimides strongly relies on the substitution in the bay positions, 

for example water solubility can be enhanced by introducing polar substituents on 

the perylene bay positions [35-42].   
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2.1.3 Electron Acceptor Properties of Perylene Diimide Dyes for Photovoltaic 

Applications 

Perylene diimides present elevated charge mobility, high electron affinity and 

perform as excellent n-type substances. Intramolecular charge transfer has been 

improved through the substitution in the bay positions of perylene diimides which act 

as acceptors with various donor materials. Perylene diimides derivatives with their 

donor-π-acceptor have drawn a great attention owing to their photo induced charge 

transfer processes, and they have been widely used in solar applications. The reason 

behind designing these compounds is to dominate the energy of π system which 

affects the HOMO and LUMO levels as well as the band gap [45].  

Organic photovoltaic cells based on donor-π-acceptor types of organic dyes such as 

perylene diimide derivatives produce the hetro junction which prefers the division of 

exciton to two carriers. Subsequently these two carriers which are the electrons and 

the positive holes transferred to the electrodes through materials that generate 

exciton, these materials should have special properties such as good light capturing 

and superior carriers transferring features [46]. 

2.1.4 Perylene Diimide Dyes; Conversion Efficiency of Solar Energy into 

Electrical Energy 

The principle of dye sensitized solar cells is to convert the sun light into electrical 

energy, and the most significant functions of these devices are to alter the photons 

that absorbed by dye to carriers in addition to transfer these generated carriers 

through the cells [43-44]. 

Dyes are the key component in dye sensitized solar cell which generate the   photo 

excited electrons ,the performance of  solar cells affected by several  features like the 
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morphology and structure ,the particle size and the porous size of the titanium 

dioxide layer which is acting as a photo electrode in DSSC ,the molar absorptivity, 

absorption range of the dyes, type and quality of the electrolytes , electron 

transformation and reincorporation rates taking place inside the cell [46].  

 
Figure ‎2-1: The structure of DSSC based on Donor-π-acceptor dye 

2.2 The Future and Commercialization of Dye Sensitized Solar Cells 

Dye sensitized solar cells are economical devices that show comparatively high 

energy conversion efficiency, high and long term stability, easy manufacturing in 

addition to their high sensitivity toward visible light that make them labor better than 

silicon photo voltaic cells in more tenebrous conditions these special features should 

improve to keep the quick commercialization of dye sensitized solar cells.  

Presently, dye sensitized solar cells are still in the evolution stage, many laboratory 

researches taking place to improve their energy conversion efficiencies for various 

implementations, these developments include synthesis of more sophisticated dyes 

with superior optical ,electro chemical and structural properties. 
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In addition to improve the performance and the efficiency of dye sensitized solar 

cells, inexpensive materials should be used in order to compete with the traditional 

photovoltaic devices [47, 48]. 

 

 

. 
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Chapter 3 

3. EXPERIMENTAL 

3.1 Materials 

PDA, isoquinoline, dodecyl amine, 2-decyl-1-tetradecanol, acetic acid , iodine , 

bromine and m-cresol were obtained from Sigma Aldrich and used without further 

purification, potassium carbonate obtained from MERCK, dimethyl formamide 

supplied by fluka ,solvents like methanol, acetone and chloroform which obtained 

from Aldrich purified by distillation, m-cresol and isoquinoline stored over 4Å 

molecular sieves.  

Molecular sieves of size 4Å (4-8 mesh) which supplied by sigma Aldrich were 

activated at 500˚C and used for drying liquid reagents.  

For spectroscopic analysis, pure spectroscopic grade solvents were used without 

further purification.  

All the reactions were controlled by Thin Layer Chromatography (TLC aluminum 

sheets 5×10 cm silica gel 60 F254) which visualize by UV light and/or placing the 

plate in acidic vanillin solution. 
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3.2 Instruments 

Infrared spectra were recorded with potassium bromide pellets using JASCO FT/IR-

6200 (Fourier transform infrared spectrometer). 

Ultraviolet Absorption spectra (UV) were measured with Cary-100 UV-Visible 

Spectrophotometer.  

Emission spectra and Fluorescence Quantum yield were measured by Varian Cary 

Eclipse Fluorescence Spectrophotometer.  

3.3 Methods of synthesis 

The aim of this thesis is to synthesize a bay substituted perylene diimide which is N, 

N′-Didodecyl-1, 7-diphenoxy- perylene-3, 4:9, 10-tetracarboxylic acid bisimide; this 

synthesis was achieved by three steps.  

These three steps were explained in this section, step one represent the synthesis of 

dibromo perylene tetracarboxylic anhydride, step two illustrate the Synthesis of 

N,N′-Didodecyl-1,7-dibromoperylene-3,4,9,10-tetracarboxylic Acid bisimide and the 

final step perform the synthesis of Dodecyl-PDI-m-cresol. 
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3.4 Synthesis of Brominated Perylene Bisanhydride (Br-PDA) 

 

A mixture of 7.8503g (20.00 mmol ) of perylene-3, 4:9, 10-tetra carboxylic acid di 

anhydride and 64 ml of 95-97 wt% sulfuric acid ( density =1.84  g/cm
3
).then 

subsequently iodine (I2) 0.1925 g  0.75mmol was added. The reaction mixture was 

heated to 35°C for 1 hour, 45°C for 1 hour then 55°Cfor 16 hours. 2.26 ml (44mmol, 

density 3.119 g/ml) of bromine was added drop wise over a time period of 2 hour at 

room temperature.  The reaction mixture was stirred 48h at room temperature then 

heated to 40 °C for 24h and 85°C for 6h, then cooled to room temperature. The 

excess of bromine was removed by passing a gentle stream of argon gas. The 

reaction mixture was added into a beaker contain 500 ml of water (ratio 1:5) and kept 

overnight in the fridge. The mixture was filtered by a suction filtration. The 

precipitate was washed with a mixture of ( 500 ml water and 75 ml 86% Sulfuric 

Acid ) and kept overnight in a fridge. For purification, the precipitate was purified by 

a water soxhlet for 24 h. Then the sample has been dried by using vacuum oven [49]. 
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3.5 Synthesis of N, N′-Didodecyl-1, 7-dibromoperylene-3, 4, 9, 10-

tetracarboxylic Acid Bisimide (Br-PDI) 

 

A mixture of 1,7-Dibromoperylene-3,4,9,10-tetracarboxylic dianhydride ( 2 g 

,3.6mmol) and dodecyl amine ( 1.5g, 8.1mmol )  and isoquinoline (40 mL) mixed 

under argon gas . Heat up the mixture to 60°C for 2h, 80 °C 2h, 100°C for 4h and 

160°C for 6h. The temperature was raised to 180°c around 8h then the reaction 

completed with continuous stirring at 200°C for more than 10h. 400 mL of methanol 

was refrigerated for 30 minutes then the reaction mixture was poured into it, covered 

with foil paper, refrigerated for 1 day for complete precipitation. The resulting 

precipitate was filtered by suction filtration, and then the precipitate was purified by 

methanol soxhlet around 24h. Then it was dried by a vacuum oven. 
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3.6 Synthesis of N, N′-Didodecyl-1, 7-diphenoxy- perylene-3, 4:9, 

10-tetracarboxylic acid bisimide (BPPDI) 

 

A solution of PDI-Br (0.5 g, 0.56 mmol), 0.146ml (0.15139g, 1.4mmol) m-cresol and 

K2CO3 (0.1972 g, 1.427mmol) are mixed in 100 mL DMF were brought to reflux for 

30 h under argon gas with stirring. The reaction mixture was then poured into a 

mixture of 20 mL cold acetic acid and 50 mL cold water and kept in the fridge 

overnight. The mixture was filtered by using vacuum filtration; then the precipitate 

was purified by a water soxhlet for 24 h, and then dried with vacuum oven [49].3.7 

General Reaction Mechanism of Perylene Dyes:  

 

 

 



 

19 

 

   Step 1: Synthesis of PDA-Br 

 
Scheme 3.1: Synthesis of Br-PDA 

Step 2: Synthesis of Br-PDI  

 
Scheme3.2: Synthesis of Br-PDI 
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Step 3: Synthesis of Dodecyl-PDI-m-cresol 

 
Scheme3.3: Synthesis of Dodecyl-PDI-m-cresol 
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Chapter 4 

4. DATA AND CONCLUSION 

4.1 Calculations of Maximum Extinction Co-efficient (εmax) 

According to beer-lambert law extinction coefficient can be calculated by 

εmax= A/cl 

A: Absorption  

C: concentration 

l: length of the cell 

εmax Calculation of PDI-M-Cresol 
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Figure ‎4.1: Absorption spectrum of PDI-m-Cresol in chloroform at 1×10-5M 

Concentration according to the absorption spectrum of PDI-M-Cresol (figure 4.1) the 

absorption is 0.97 for the concentration of 1×10
-5

M at the wavelength, λmax=525nm. 

     
    

       
 

εmax of PDI-M-Cresol = 97000 L.mole
-1

.cm
-1

  

The molar absorptivities of the synthesized compounds were calculated in the similar 

method and listed below (Table 4.1). 
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Table ‎4-1: Molar Absorptivity Data of Br-PDA, Br-PDI and PDI-M-Cresol in CHL 

Compound Concentration 

(M) 

Absorbance λ max ε max(L M
-1

 cm
-1

)
 

PDA ---------------- ------------ ------- ------------------ 

PDI 1×10
-5

  1.2 526 120000 

PDI-m-Cresol 1×10
-5 

 0.97 525 97000 

 

Table ‎4-2: Molar Absorptivity Data of Br-PDA, Br-PDI and PDI-m-Cresol in DMF 

Compound Concentration Absorbance λmax (nm) εmax(L.M-1 cm-1) 

Br-PDA 1×10
-5

 M 0.8 518 80000 

Br-PDI 1×10
-5

 M 0.9 523 90000 

PDI-m-Cresol 1×10
-5

 M 1.1 525 110000 

 

Table ‎4-3: Molar Absorptivity Data of Br-PDA, Br-PDI and PDI-m-Cresol in NMP 

Compound Concentration Absorbance λmax (nm) εmax(L.M
-1

 cm
-1

) 

Br-PDA 1×10
-5

 M 0.3 515 30000 

Br-PDI 1×10
-5

 M 0.2 523 20000 

PDI-m-Cresol 1×10
-5

 M 1.06 525 106000 
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Table ‎4-4: Molar Absorptivity Data of Br-PDA, Br-PDI and PDI-m-Cresol in EtOH 

Compound Concentration Absorbance λmax (nm) εmax(L.M
-1 

cm
-1

) 

Br-PDA --------------- -------------- ------------ ---------------- 

Br-PDI --------------- -------------- ------------ ---------------- 

PDI-m-Cresol 1×10
-5

 M 0.3 520 30000 

 

Table ‎4-5: Molar Absorptivity Data of Br-PDA, Br-PDI and PDI-m-Cresol in 

Acetone 

Compound Concentration 

(M) 

Absorbance λmax (nm) εmax(L.M
-1 

cm
-

1
) 

Br-PDA --------------- --------------- ------------ --------------- 

Br-PDI --------------- --------------- ------------ --------------- 

PDI-m-Cresol 1×10
-5

  0.4 515 40000 

 

4.2 Calculations of Half-width of the selected Absorption (∆ν½) 

The half-width of the selected maximum absorption is the full width at half 

maximum and can be calculated from the following equation. 

∆ν½=νI-νII 

Where, νI, νII: The frequencies from the absorption spectrum in cm
-1

 

 : Half-width of the selected maximum absorption in cm
-1

½ν∆ 
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Figure ‎4-2: Absorption spectrum of PDI-M-Cresol in chloroform and half-width 

representation 

From the Figure 4.2: 

λI = 510 nm  

     λI = 510×
     

   
×

   

     
 = 5.10×10

-5
 cm  

              νI = 
 

            
 = 19607.8 cm

-1 

       λII = 536 nm  

                 λII = 536nm×
     

   
×

    

     
 = 5.36×10

-5
 cm  

                      νII = 
 

           
 = 186507 cm

-1
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∆ν½=νI-νII = 19607.8 cm
-1

- 18656.7cm
-1

 = 951.1cm
-1

 

It is required to estimate the half-width of the compounds in order to calculate the 

theoretical radiative lifetimes of the compounds. In the similar manner shown above, 

the half-width were calculated and presented below in table 4-6 

Table ‎4-6: Half Width of the Selected Absorptions of PDI-M-Cresol and Measured 

in Different Solvents 

Solvent I(nm)λ II(nm)λ (cm-1) ½ν∆  

DMF 504 547 59.7 

NMP 505 541 1317.7 

NMP/M.f 505 542 1351.8 

Acetone 597 543 1516.3 

Ethanol 500 539 1447.2 

 

Table ‎4-7: Half Width of the Selected Absorptions of Br-PDI and Measured in 

Different Solvents 

Solvent I(nm)λ II(nm)λ (cm
-1

) ½ν∆  

DMF 503 537 1258.73 

DMF/M.F 503 537 1258.73 

NMP 500 534 1273.41 

CHL 502 531 1087.91 

 

Table ‎4-8: Half width of the Selected Absorptions of Br-PDA and Measured in 

Different Solvents 

Solvent λI (nm) λ II (nm) ∆ν½ (cm
-1

) 

DMF 495 533 1440.32 

DMF/M.F 498 529 1176.7 

NMP 498 527 1104.96 

NMP/M.F 498 532 1283.1 

 

4.3 Calculations of Theoretical Radiative Lifetimes (τ0) 

The theoretical radiative lifetime of a molecule refers to the lifetime of an excited 

molecule theoretically measured in the absence of non-radiative transitions. 
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τ0 = 
       

    
          

 

Where, τ0: Theoretical radiative lifetime in ns  

νmax : Mean frequency of the maximum absorption band in cm
-1 

ε
max: The maximum extinction coefficient in L. mol

-1
. cm

-1
 at the maximum 

absorption wavelength, λmax  

∆ν½ = Half-width of the selected absorption in units of cm
-1

.  

Theoretical radiative lifetime of PDI-m-Cresol in chloroform 

With the help of calculated molar absorptivity and half-width of selected absorptions 

of  PDI-M-Cresol:  

From the Figure 4.1 and 4.2, λmax=525nm  

λmax = 525nm × 
     

   
 ×

    

     
 = 5.25×10

-5
cm  

νmax = 
 

          = 19047.6 cm
-1 

ν
2 

max =3.63×10
8 

(cm
-1

)
2 
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τ0 = 
       

                    
 = 1.05×10

-8 
s = 10.5 ns  

With similar method of calculation, theoretical radiative lifetimes were calculated for 

the other synthesized compounds in chloroform and the data was presented below. 

Table ‎4-9: Theoretical Radiative Lifetimes of PDI-M-Cresol Measured in Different 

Solvents 

Solvent λmax (nm) Εmax(L.M
-1

.cm
-1) ν

2
 max(cm

-1
)
2
 ∆ν½ cm

-1 
τ0 ns 

DMF 525 110000 3.63×10
8 

559.7 15.6 

NMP 525 106000 3.63×10
8
 1317.7 6.9 

CHL 525 97000 3.63×10
8
 951.1 10.5 

Acetone 515 40000 3.8×10
8
 1516.3 15.18 

Ethanol 520 30000 3.7×10
8
 1516.3 20.8 

 

Table ‎4-10: Theoretical Radiative Lifetimes of Br-PDI Measured in Different 

Solvents 

Solvent λmax (nm) Εmax(M
-1

.cm
-

1
) 

ν
2 

max(cm
-1

)
2 

∆ν
2 

½(cm
-1

) τ0 (ns) 

DMF 523 25200 3.65×10
8 

1258.73 30.2 

NMP 523 20000 3.65×10
8
 1273.41 37.6 

CHL 526 120000 3.65×10
8
 1087.91 7.54 

 

Table ‎4-11: Theoretical Radiative Lifetimes of Br-PDA Measured in Different 

Solvents 

Solvent λmax(nm) Εmax(M
-1

.cm
-

1
) 

ν
2

max(cm
-1

)
2 

∆ν½(cm
-1

) τ0(ns) 

DMF 515 40000 3.77×10
8 

1440.32 18.2 

NMP 515 30000 3.77×10
8
 1104.96 28 

 

4.4 Calculations of Fluorescence Rate Constant (kf) 

The theoretical fluorescence rate constants for the synthesized perylene derivatives 

are calculated by the equation given below. 
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Kf = 
 

  
 

Where, Kf: Fluorescence rate constant in s
-1

 

τ0: theoretical radiative lifetime in s 

Fluorescence Rate constant of PDI-M-Cresol 

Kf = 
 

         
 = 9.5×10

7 
s

-1
 
 

Table ‎4-12: Fluorescence Rate Constants Data of PDI-M-Cresol in Different 

Solvents 

Solvent τ0 (ns) kf  (s
-1

) 

CHL 1.05×10
-8

 9.5×10
7
 

DMF 1.56×10
-8 

6.4×10
7 

NMP 6.9×10
-9 

1.4×10
8 

Acetone 1.5×10
-8 

6.6×10
7 

ETOH 2.08×10
-8 

4.8×10
7 

 

Table ‎4-13: Fluorescence Rate Constants Data of Br-PDI in Different Solvents 

Solvent τ0 (ns) Kf (s
-1

) 

DMF 3.02×10
-8 

3.3×10
7 

NMP 3.7×10
-8 

2.7×10
7 

CHL 7.45×10
-9 

1.3×10
8 

  

Table ‎4-14: Fluorescence Rate Constants Data of Br-PDA in Different Solvents 

Solvent τ0(ns) Kf (s
-1

) 

DMF 1.82×10
-8 

5.5×10
7 

NMP 2.8×10
-8 

3.5×10
7 
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4.5 Calculations of oscillator strength (f)  

The oscillator strength is a dimensionless quantity infers the strength of an electronic 

transition. It can be estimated by the equation below. 

f= 4.32×10
-9 

∆ν½ εmax  

Where, f: Oscillator strength  

∆ν½: Half-width of the selected absorption in units of cm
-1 

 

Εmax: The maximum extinction coefficient in L. mol
-1

. cm
-1

 at the maximum 

absorption wavelength, λmax  

Oscillator strength of PDI-M-Cresol in DMF 

f = 4.32×10
-9

×559.7×110000 = 0.27  

The following table presents the calculated rate constants of the radiationless 

deactivation for PDI-M-Cresol 

Table ‎4-15: Oscillator Strength Data of PDI-M-Cresol Measured in Different 

Solvents 

Solvent ∆ν½ (cm
-1

) Εmax(M
-1

.cm
-1

) f 

DMF 559.7 110000 0.27 

NMP 1317.7 106000 0.6 

CHL 951.1 97000 0.4 

Acetone 1516.3 40000 0.26 

EtOH 1516.3 30000 0.2 

 



 

31 

 

Table ‎4-16: Oscillator Strength Data of Br-PDI Measured in Different Solvents 

Solvent ∆ν½ (cm
-1

) εmax (M
-1

. cm
-1

) F 

DMF 1258.7 25200 0.14 

NMP 1273.4 20000 0.11 

CHL 1087.91 120000 0.56 

 

Table ‎4-17: Oscillator Strength Data of Br-PDA Measured in Different Solvents 

Solvent ∆ν½ (cm
-1

) εmax (M
-1

.cm
-1

) F 

DMF 1440.32 40000 0.25 

NMP 1104.96 30000 0.14 

 

4.6 Calculations of Singlet Energy 

Singlet energy is the required amount of energy for the electronic transitions of a 

chromophore from ground state to an excited state.  

Es = 
        

    
 

Where, Es: singlet energy in kcal mol 
-1 

λ
max: the maximum absorption wavelength in Å 

Singlet energy of PDI-M-Cresol 

Es = 
        

    
= 54.8 kcal.mol

-1
 

Similarly, the singlet energies of PDI-M-Cresol were calculated and listed in the 

following table.   
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Table ‎4-18: Singlet Energies Data of PDI-m-Cresol in Different Solvents 

Solvent λmax (Å) Es (kcal mol
-1

) 

CHL 5250 54.5 

DMF 5250 54.5 

NMP 5250 54.5 

Acetone 5150 55.5 

EtOH 5200 55 

 

Table ‎4-19: Singlet Energies Data of Br-PDI in Different Solvents 

Solvent λmax (Å) Es (kcal mol
-1

) 

DMF 5230 54.6 

NMP 5230 54.6 

CHL 5260 54.3 

 

Table ‎4-20: Singlet Energies Data of Br-PDA in Different Solvents 

Solvent λmax (Å) Es (kcal mol
-1

) 

DMF 5150 55.5 

NMP 5150 55.5 

 

4.7 Calculations of Optical Band Gap Energies (Eg) 

The optical band gap energy gives important information relating to its HOMO and 

LUMO energy states to be applicable in solar cells and can be calculated from the 

following equation  

Eg = 
          

 
 

Where, Eg: Band gap energy in eV 

λ: cut-off wavelength of the absorption band can be estimated from the maximum 

absorption band in nm  
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Band gap energy of PDI-M-Cresol 

The cut-off wavelength of the absorption band can be estimated from the maximum 

absorption band (0→0 absorption band) by extrapolating it to zero absorbance as 

shown below (Figure 4.3 
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Figure ‎4-3:  Absorption spectrum of PDI-M-Cresol and the cut-off wavelength 

Eg = 
         

     
 = 2.33 eV 

Similarly, the band gap energies of PDI-M-Cresol were calculated in different 

solvents and listed in the following table 
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Table ‎4-21: Band Gap Energies of PDI-M-Cresol Were Calculated in Different 

Solvents 

Solvents λ (nm) Eg (eV) 

DMF 540 2.3 

NMP 542 2.28 

Acetone 537 2.31 

EtOH 576 2.15 

CHL 531 2.33 

 

Table ‎4-22: Band Gap Energies of Br-PDI Were Calculated in Different Solvents 

Solvent Cut-off λ (nm) Eg (eV) 

DMF 552 2.24 

NMP 550 2.25 

CHL 542 2.28 

    

Table ‎4-23: Band Gap Energies of Br-PDA Were Calculated in Different Solvents 

Solvent Cut-off λ (nm) Eg (eV) 

DMF 579 2.14 

NMP 553.8 2.24 
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Figure 4.4 FTIR spectrum of Br-PDA 
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Figure 4.5 FTIR spectrum of Br-PDI 
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Figure 4.5 FTIR spectrum of Br-PDI 

 

 

Figure 4.6 FTIR spectrum of PDI-m-Creso 
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                                                 Figure 4.7 UV-vis absorption spectrum of Br-PDA in DMF  
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Figure 4.8 UV-vis absorption spectrum of Br-PDA in DMF after micro filtration 

 

 



 

40 

 

 

 

 

 

 

 

 

 

Figure 4.9 UV-vis absorption spectrum of Br-PDA in NMP 
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Figure 4.10 UV-vis absorption spectrum of Br-PDA in NMP after micro filtration 
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Figure 4.11 overlap UV-vis absorption of Br-PDA in DMF, in DMF after Micro filtration  
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Figure 4.12 overlap of UV-vis absorption of Br-PDA in NMP, NMP after M.F 
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Figure 4.13 overlap of UV-vis absorption of Br-PDA in DMF, NMP 
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Figure 4.14 UV-vis absorption spectrum of Br-PDI in DMF 
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                                                    Figure 4.15 UV-vis absorption spectrum of Br-PDI in DMF after M.F 
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                                                       Figure 4.16 UV-vis absorption spectrum of Br-PDI in NMP 
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Figure 4.17 UV-vis absorption spectrum of Br-PDI in CHL 
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Figure 4.18 UV-vis absorption spectrum of Br-PDI in DMF and DMF after micro filtration 
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Figure 4.19 UV-vis absorption spectrum of Br-PDI in DMF, NMP and CHL 
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Figure 4.20 UV-vis absorption spectrum of PDI-M-CRESOL IN DMF 
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Figure 4.21 UV-vis absorption spectrum of PDI-M-Cresol in NMP 
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Figure 4.22 UV-vis absorption spectrum of PDI-M-CRESOL IN NMP after micro filtration  
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Figure 4.23 UV-vis absorption spectrum of PDI-m-Cresol in NMP and NMP after micro filtration 
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     Figure 4.24 UV-vis absorption spectrum of PDI-M-CRESOL in CHL 

 

 



 

56 

 

 

 

 

 

 

 

 
Figure 4.25 UV-vis absorption spectrum of PDI-M-CRESOL in Acetone 
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Figure 4.26 UV-vis absorption spectrum of PDI-M-Cresol in Ethanol 
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  Figure 4.27 UV-vis absorption spectrum of PDI-M-Cresol in DMF,NMP,CHL,Acetone and EtOH 
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Figure 4.28 UV-V is absorption spectrum of PDI-m-Cresol, Br-PDI and Br-PDA in DMF  
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Figure 4.29 UV-V is absorption spectrum of PDI-m-Cresol, Br-PDI and Br-PDA in NMP 
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Figure 4.30 UV-V is absorption spectrum of PDI-m-Cresol  Br-PDI in CHL 
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Figure 4.31 Emission spectrum (λexc=485nm) of Br-PDA in DMF 
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Figure 4.32 Emission spectrum (λexc=485nm) of Br-PDA in DMF after micro filtration 
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Figure 4.33 Emission spectrum (λexc=485nm) of Br-PDA in DMF and in DMF after micro filtration 
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Figure 4.34 Emission spectrum (λexc=485nm) of Br-PDA in NMP 
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Figure 4.35 Emission spectrum (λexc=485nm) of Br-PDA in NMP after micro filtration 
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Figure 4.36 Emission spectrum (λexc=485nm) of Br-PDA in NMP and in NMP after micro filtration 
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Figure 4.37 Emission spectrum (λexc=485nm) of Br-PDA in NMP and in DMF 
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Figure 4.38 Emission spectrum (λexc=485nm) of Br-PDI in DMF 
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Figure 4.39 Emission spectrum (λexc=485nm) of Br-PDI in DMF after micro filtration  
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Figure 4.40 Emission spectrum (λexc=485nm) of Br-PDI in DMF and in DMF after micro filtration 
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Figure 4.41 Emission spectrum (λexc=485nm) of Br-PDI in NMP 
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Figure 4.42 Emission spectrum (λexc=485nm) of Br-PDI in CHL 
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Figure 4.43 Emission spectrum (λexc=485nm) of Br-PDI in DMF, NMP and CHL 
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Figure 4.44 Emission spectrum (λexc=485nm) of PDI-m-Cresol in DMF 
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Figure 4.45 Emission spectrum (λexc=485nm) of PDI-m-Cresol in NMP 
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Figure 4.46 Emission spectrum (λexc=485nm) of PDI-m-Cresol in NMP after micro filtration 
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                Figure 4.47 Emission spectrum (λexc=485nm) of PDI-m-Cresol in NMP and in NMP after micro filtration 
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Figure 4.48 Emission spectrum (λexc=485nm) of PDI-m-Cresol in CHL 
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Figure 4.49 Emission spectrum (λexc=485nm) of PDI-m-Cresol in EtOH 
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Figure 4.50 Emission spectrum (λexc=485nm) of PDI-m-Cresol in Acetone 
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Figure 4.51Emission spectrum (λexc=485nm) of PDI-m-Cresol in DMF, NMP, CHL, Acetone and EtOH 
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Figure 4.52 Emission spectrum (λexc=485nm) of Br-PDA,Br-PDI and PDI-m-Cresol in DMF 
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Figure4.53 Emission spectrum (λexc=485nm) of Br-PDA,Br-PDI and PDI-m-Cresol in NMP 
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Figure 4.54 Emission spectrum (λexc=485nm) of Br-PDI and PDI in CHL
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Chapter 5 

5. RESULTS AND DISCUSSION 

5.1 Synthesis of the Compounds 

The core substituted perylene diimide (PDI-M-CRESOL) was successfully 

synthesized in three consecutive steps. 

a) The first step includes bromination of the perylene core with the reaction between 

perylene dianhydride (PDA) and sulphuric acid in presence of iodine. Although 

many research papers discuss the bromination of PDA, careful observation is 

required to avoid the substitution at unwanted 1, 6-positions. 

b) The second step carries the reaction between the product of the first step, 

brominated perylene dianhydride (Br-PDA) and the amine to yield the traditional 

perylene diimide. The reaction is carried out with the carefully calculated mole ratios 

to yield the targeted brominated perylene diimide (Br-PDI) in high yield. 

c) In the final third step, the product of the second step, the brominated perylene 

diimide (Br-PDI) is reacted with the m-cresol to replace the bromines at the bay 

positions. Consequently, the finally targeted m-cresol core substituted perylene 

diimide (PDI-M-CRESOL) was produced. 
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The synthesis of core substituted perylene diimides can be widely found in literature 

[1, 34].The crucial point that determines the successful synthesis of core substituted 

perylene chromophores is the purity of the targeted compound from various other 

possible core substituted perylene dyes. There is a plenty of possibility to remain 

with 1,6-substituted perylene dyes in major instead of targeted 1,7-substituted 

perylene dyes. This needs a careful experimentation with the materials and their mole 

ratios. Furthermore, the purification plays a great role in ending up with the targeted 

material. 

Our targeted m-cresol core substituted (1, 7-substituted) perylene diimide (PDI-m-

Cresol) was synthesized and purified accordingly. 

  



 

78 

 

5.2 Solubility of the synthesized perylene derivatives 

Table 5.1 solubility test (++) soluble at room temperature; (- +) soluble on heating at 

60◦C; the solubility increases upon heating 

 

 

Solvents Br-PDA Br-PDI PDI-m-Cresol 

DMF ( +)Light red ( +)Red ( +)Red 

NMP ( +)Light red (+ +)Red (+ +)Dark red 

CHL ( )  (+ +)Orange (+ +)Red 

ACETONE ( ) ( ) (+ +)Red  

EtOH ( ) ( ) ( +)Red 

DMSO ( +)Red ( ) (+ +)Red 

Dichloromethane ( ) (+ +)Red (+ +) Red 
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Solubility details of compounds in various solvents were presented in table 5.1. 

Obviously, Br-PDA, Br-PDI, and PDI-m-Cresol exhibited differences in solubility 

based on their structures .The solubility of Br-PDA was limited due to their rigidity 

of the planar structure of anhydride. Br-PDI has shown better solubility than Br-PDA 

which could be attributed to the perylene imide with long-chain aliphatic substituent. 

Bay substituted target product has shown perfect solubility in most organic solvent as 

can be seen in the Table 5.1. 

5.3 Analysis of FTIR spectra  

Figures (4.4, 4.5, and 4.6) show FTIR spectra of Br-PDA, Br-PDI and PDI-m-Cresol, 

the spectrum of Br-PDA Figure 4.4 present the following characteristic bands: 

aromatic C-H stretch at 3122 cm
-1

 , anhydride C=O stretches at 1765 and 1724 cm
-1

 , 

aromatic C=C stretch at 1595 cm
-1

 and C-Br stretch at 803 cm
-1

. The spectrum of Br-

PDI figure 4.5 presents the following characteristic bands: aromatic C-H stretches at 

3060 cm
-1

 and aliphatic C-H stretches at 2914 and 2844 cm
-1

 , Imide C=O stretches 

at 1695 and 1656 cm
-1

 and C-Br stretch at 803 cm
-1

. 

The spectrum of PDI-m-Cresol Figure 4.6 presents the following characteristic 

bands: aromatic C-H stretch at 3060 cm
-1

 , aliphatic C-H stretches at 2923 cm-1 and 

2854 cm
-1

, imide C=O stretches at 1705cm
-1

 and 1656 cm
-1

 , aromatic C=C stretches 

at 1596 cm
-1 

, ether C-O at 1251 cm
-1

  and aromatic C-C bend at 804 cm
-1

  

5.4 Analysis of the UV-vis Absorption Spectra  

The method of core/bay substitution of perylene dyes is proved to be one of the great 

opportunities to alter the electronic structure and hence the electronic properties of 

the perylene derivatives. In addition, the imide- substitution with various linear and 

bulky groups provides a chance to functionalize the optical properties of perylene 
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derivatives. Concerning the application of the perylene derivatives toward 

photovoltaic cells, both electronic and optical properties are very important. The 

optical properties are studied via absorption and emission spectra of the synthesized 

compounds. For comparison, the intermediate products are also analyzed. 

The absorption spectrum of brominated perylene dianhydride (Figure 4.7) shows 

major three characteristic absorption peaks at 452, 479, and 516 nm respectively in 

dipolar aprotic solvent, DMF. The three characteristic 0→2, 0→1, and 0→0 peaks 

represent the strong π–π* electronic transitions of aromatic perylene chromophore.    

The absorption spectra of brominated perylene dianhydride in NMP before and after 

microfiltration were shown in Figures 4.9 and 4.10. As can be seen from Figure 4.9, 

before microfiltration there are two dominant absorption peaks noticed in addition to 

the weak and broad absorption peak at 673 nm. This is due to strong solvent and 

solute interactions. The possibility of aggregation is discarded due to the increase in 

absorption intensity of the additional band at 672 nm after microfiltration. Moreover, 

the traditional perylene chromophoric absorption bands are better resolved after 

microfiltration. 

The absorption spectra of brominated perylene dodecyl diimide (Br-PDI) in DMF are 

shown in Figures 4.14 – 4.15. As can be seen from Figure 4.14, the absorption 

spectrum is broad including three traditional perylene aromatic electronic transition 

peaks at 454, 488 and 522 nm followed by a broad absorption shoulder band at 610 

nm, when the solution is micro filtered with a micro filter, the additional shoulder 

band at longer wavelengths is disappeared which indicates the aggregation (Figure 
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4.15). The aggregation at higher concentration is probably due to the presence of 

long aliphatic chains at imide positions. 

For comparison, the absorption of the brominated perylene dodecyl diimide was 

studied in another high polar dipolar aprotic solvent, NMP (Figure 4.16). In contrary, 

the absorption spectrum in NMP has no indications of aggregation. The spectrum 

shows three perylene core absorption peaks at 457, 488, and 523 nm, respectively. 

Similar to the absorption spectra noticed for brominated PDI in NMP, the spectra in 

nonpolar solvent chloroform have no signs of any aggregation concentrations 

(FIGURES 4.17) The spectra show characteristic π–π* absorption peaks of perylene 

chromophore at 457, 488 and 525 nm, respectively. 

The absorption spectrum of core/bay substituted perylene dodecyl diimide (PDI-M-

CRESOL) from Figure 4.21 shows three traditional perylene chromophoric 

absorption peaks at 452, 482, and 525 nm, respectively with a very weak shoulder at 

around 550 nm in high polar dipolar aprotic solvent, DMF. 

The absorption spectrum of PDI-m-Cresol from Figures 4.22 in NMP shows three 

traditional perylene chromophoric absorption peaks at 460, 488, and 525 nm, 

respectively with multiple very weak shoulder absorption bands. These absorption 

bands indicate the extended conjugation due to core substitution and resulting 

bathochromic shift. These absorption bands were not disappeared upon 

microfiltration as can be seen from Figure 4.23. 
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The absorption spectra in nonpolar solvents (Figure 4.25 in chloroform and Figure 

4.26 in acetone) indicate the three characteristic aromatic electronic transition 

absorption peaks at around 450, 481, and 515 nm, respectively 

The absorption spectrum in polar protic solvent methanol (Figure 4.27) indicate the 

three characteristic aromatic electronic transition absorption peaks at around 452, 

484, and 520 nm, respectively. The peaks are similar to the peaks observed in non-

polar solvents. 

5.5 Analysis of the Emission Spectra 

The emission spectra of brominated perylene dianhydride (Figures 4.28 and 4.29) 

show major three characteristic emission peaks at 530, 569, and 622 nm respectively 

in dipolar aprotic solvent, DMF. The three characteristic peaks represent the 0→0, 

0→1, and 0→2 transitions of perylene chromophore which were unchanged before 

and after microfiltration. The emission spectra are mirror images of their absorption 

spectra. 

The emission spectra of brominated perylene dianhydride (Figures 4.31 and 4.32) 

show major three characteristic emission peaks (which were mostly mirror images of 

their absorption spectra) at around 530, 570 nm in dipolar aprotic solvent, NMP. The 

three characteristic peaks were slightly changed after microfiltering the solution. 

Before microfiltration, the peaks were broader. Interestingly, the additional peaks 

found in absorption spectra of the dye in the same solvent have no significance on 

the emission of the perylene derivative. 

The emission spectra of brominated perylene diimide (Figures 4.35 and 4.36) show 

major three characteristic emission peaks (which were mostly mirror images of their 
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absorption spectra) at around 535, 576, and 628 nm, respectively in dipolar aprotic 

solvent, DMF. The three characteristic peaks were unchanged after microfiltering the 

solution. Interestingly, the additional peaks found in absorption spectra of the dye in 

the same solvent have no significance on their corresponding emission of the 

perylene derivative. 

The emission spectra of brominated perylene diimide (Figures 4.38 and 4.ccc) show 

major three characteristic emission peaks (which were mirror images of their 

absorption spectra) at around 536, 575, and 632 nm, respectively in dipolar aprotic 

solvent, NMP. 

The emission spectrum of brominated perylene diimide (Figures 4.39) show major 

three characteristic emission peaks (which were mirror images of their absorption 

spectra) at around 536, 575, and 624 nm, respectively in nonpolar aprotic solvent, 

chloroform. 

The spectrum figure (4.41) show major three traditional emission peaks of 0→0, 

0→1, and 0→2 transitions of perylene chromophore which were mirror images of 

their respective absorption spectra. 

The emission spectra of core substituted perylene diimide in NMP before and after 

microfiltration were reported in Figures 4.42 and 4.43. The figures clearly show no 

differences in their emission spectra in terms of spectral shape and peak positions. 

Moreover, there was no effect of additional absorption bands on the corresponding 

emission spectra. The spectra show major three traditional emission peaks of 0→0, 
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0→1, and 0→2 transitions of perylene chromophore which were mirror images of 

their respective absorption spectra. 

The emission spectrum of core/bay substituted perylene diimide (Figure 4.45) shows 

major three characteristic emission peaks (which were mirror images of their 

absorption spectra) at around 536, 575, and 621 nm, respectively in nonpolar aprotic 

solvent, chloroform. 

The emission spectrum of core/bay substituted PDI-M-CRESOL (Figure 4.46) shows 

major three characteristic emission peaks (which were mirror images of their 

absorption spectra) at around 535, 573, and 625 nm, respectively in polar protic 

solvent, ethanol. 

The emission spectrum of core/bay substituted perylene diimide (Figure 4.47) shows 

major three characteristic emission peaks (which were mirror images of their 

absorption spectra) at around 530, 566, and 619 nm, respectively in nonpolar aprotic 

solvent, acetone. 
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Chapter 6 

6. CONCLUSION  

The preparation of a Bay- Functionalized Perylene Dye N,N′-Didodecyl-1,7-di(3-

methylphenoxy)- perylene-3,4:9,10-tetracarboxylic Acid Bisimide has been 

successfully achieved under special conditions in a high yield , and its structure has 

been characterized by FT/IR spectroscopy ,and the photophysical properties have 

been investigated by UV absorption and  emission spectroscopy . 

The solubility of Br-PDA was limited due to their rigidity of the planar structure of 

anhydride. Br-PDI has shown better solubility than Br-PDA which could be 

attributed to the perylene imide with long-chain aliphatic substituent. Bay substituted 

target product has shown perfect solubility in most organic solvent as can be seen in 

the table 5.1. 

The method of core/bay substitution of perylene dyes is proved to be one of the great 

opportunities to alter the electronic structure and hence the electronic properties of 

the perylene derivatives. In addition, the imide- substitution with various linear and 

bulky groups provides a chance to functionalize the optical properties of perylene 

derivatives. Concerning the application of the perylene derivatives toward 

photovoltaic cells, both electronic and optical properties are very important. 
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