
 Egypt J. Chem. Vol. 65, No. SI:13, pp. 1187 - 1198 (2022) 

 

   
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: ta.khattab@nrc.sci.eg; (Tawfik A. Khattab). 

Receive Date: 12 July 2022, Revise Date: 24 July 2022, Accept Date: 01 August 2022, First Publish Date: 01 August 2022 

DOI: 10.21608/EJCHEM.2022.150082.6501 

©2022 National Information and Documentation Center (NIDOC) 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

946 
 

Overview of Perylene Bisimide Dyestuff: Synthesis and Properties 

Tawfik A. Khattab* and Meram S. Abdelrahman 

Dyeing, Printing and Auxiliaries Department, National Research Centre, Cairo 12622, Egypt. 

Abstract 

Perylene-3,4,9,10-tetracarboxylic acid diimides (PDI) have been widely considered as efficient industrial colorants. Perylene-

3,4,9,10-tetracarboxylic dianhydride (PDA) has been used as starting material for the synthesis of PDI colorants. PDI dyes 

have been distinguished with various colorimetric shades, photostability, and good physical and chemical properties. A 

variety of perylene bisimide derivatives with different characteristics have been developed by tuning the functional groups at 

the four bay and two imide positions in the PDI structure. 
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1. Introduction  

Dyes are compounds that have been employed to 

impart color to various materials, such as paper, 

textile and leather [1-8]. Functional dyes can be 

defined as colorants that provide a new function upon 

exposure to external stimuli, such as light and heat 

[9-17]. Functional dyes have been used in various 

fields, such as sensors and biosensors, bioimaging, 

UV protection, and antimicrobial agents [18-33]. 

Rylene dyes exhibit rylene molecular skeleton of 

naphthalene units connected in peri-positions. The 

addition of extra naphthalene moieties forms 

poly(peri-naphthalene)s, such as perylene dyes [34-

41]. Perylene dyes have been useful for a variety of 

applications due to their intense absorption in the 

visible light spectrum, excellent quantum yield and 

high stability [42-50]. The four bay positions in 

perylene bisimide derivatives are displayed in Figure 

1, Perylene bisimide colorants are distinguished by 

their high performance as pigments.  

They are available in various colorimetric shades 

ranging between red and violet, in addition to their 

shades of black [51, 52]. They exhibit very good 

physical and chemical properties such as their 

outstanding resettlement stability in plastic based 

products, simple over-painting, chemical stability, 

higher thermal stability, and admirable photostability 

[53]. Numerous perylene bisimide colorants (Figure 

2) have accordingly found their way to industry. 

Economically, applying perylene bisimide pigments 

in disposable commercial items is relatively restricted 

because of their relatively high cost [51]. Nowadays, 

perylene bisimides have been used mainly in fiber 

technologies and industrial coatings, especially in 

carpets and vehicles industries [53]. 
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Figure 1. Molecular structures of PDA (left) and the 

corresponding perylene bisimide (right); the bay 

positions include the 1, 6, 7, and 12 positions. 

 

In addition to their use as significant industrial 

colorants, PDI have combined a high absorbance 

coefficient in the visible light range with 

approximately unity emission quantum yield. PDI are 

also characterized by elevated photo-chemical 

stability, and numerous attractive physical and 

chemical characteristics [54, 55]. Perylene bisimides 

have a comparatively low reduction potential 

allowing their function as electronic acceptors for 

organic photoelectric applications [56]. Both perylene 
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mono-imide and bisimide have been used in a variety 

of optical purposes like dye synthesized solar cells, 

heterojunction solar cells, transistors, electro-

photographic devices, laser dyes, light emitting 

diodes. This could be attributed to their attractive 

optical, photophysical, and photo-electric 

characteristics [57-61]. In addition to the research 

work of perylene mono-imide and perylene bisimide 

derivatives in photovoltaics, functionalized perylene 

bisimides have also been widely considered in 

essential investigation of photo-induced electron and 

energy transfer operations as a result of their simply 

recognizable excited state and anion absorption. This 

research work affords facts to understand the electron 

and energy transfer interactions. It also profits 

numerous connected research fields especially in the 

area of organic photovoltaics that have benefited 

from investigating the light-induced charge transfer. 

The research considerations have recently paying 

attention on utilizing perylene bisimide derivatives as 

energetically interactive semiconductors for organic 

photoelectric applications [62, 63]. Perylene bisimide 

pigments are still considered as one of the high 

potentially active electron transport compounds with 

a low electron affinity (–3.9 eV) for unmodified 

perylene bisimides, which is comparable to that of 

Carbon-60 (C60) and its different derivatives, the 

possibility for high quality packing of molecules, and 

simple chemical functioning in comparison to 

fullerenes-based acceptors [64]. 

 

N

N

O O

O O

N

N

O O

O O

 
 

Figure 2. Molecular structures of industrially used 

perylene bisimides; Pigment Red 149 (left), and 

Pigment Red 179 (right). 

 

2. Synthesis of perylene bisimides 

2.1. Imide-positions substitution 

The key start material for the preparation of PDI 

materials is PDA, which undergoes a condensation 

reaction with alkyl amine or aromatic amine to afford 

the corresponding perylene bisimide derivatives in 

high yield. PDA was synthesized on industrial scale 

by oxidizing acenaphthene using air to provide 

naphthalic anhydride. The provided product is 

consequently subjected to NH3 to afford the imide 

form of 1, 8-naphthalene dicarboxylic acid, which 

has been fused with a strong base at 190-200 ºC, and 

then air-oxidized to obtain the corresponding 

perylene bisimide derivatives as shown in Figure 3. 

PDA can be obtained by acid hydrolyses of the 

prepared perylene bisimide using concentrated 

sulfuric acid at 220 ºC [51-53]. 
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Figure 3. Synthesis of perylene bisimide with 

different imide substituents. 

 

In addition to the preparation of insoluble and high 

melting point perylene bisimide pigments for coating 

and other related applications, the majority of the 

present research work on perylene bisimides is 

correlated to organic photo-electric applications, 

photo-induced operations, and supramolecular 

chemistry, which necessitate the preparation of 

perylene bisimide materials with rational solubility in 

regular known solvents. Accordingly, different 

synthetic techniques to prepare high solubility 

perylene bisimide derivatives were reported. In the 

1990s, Langhals and coworkers reported an approach 

that is successful in the preparation of soluble 

symmetrical PDI by the use of solubilizing alkyl 

imide substituents. Another successful approach has 

been reported by means of using aromatic 

substitution at the bay sites of the PDI core, leading 

to twisting and consequently the rupture of the strong 

π–π interaction toward improved solubility. 

Additionally, water-soluble perylene bisimides were 

synthesized by means of water soluble substituents, 

such as carboxylates, phosphates, polyglycerols and 

cyclodextrins, at the imide positions via strategy 

equal to that explained by Langhals [65, 66]. 

As shown in Figure 4, a number of methods have 

been reported to produce soluble perylene bisimide 

pigments by adding functional groups at the imide 

sites. The most familiar process for the preparation of 

symmetrical PDI is the condensation of PDA with 
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aromatic amine derivatives and alkyl primary amines 

in high boiling point solvents such as quinoline or 

imidazole, and using anhydrous zinc acetate (~10-

30%) as a catalytic agent. The produced yield of this 

reaction reaches 95%, with comparatively 

straightforward purification process [64]. Another 

significant technique for symmetrical perylene 

bisimide derivatives is by reacting PDA with active 

amines in a refluxed mixture of butanol, propionic 

acid and acetic acid, or in a mixture of butanol and 

distilled water to afford high yields higher than 90%. 

In contrast to the first synthetic approach, the second 

is further appropriate for the preparation of dibromo 

or tetrachloro substituted perylene bisimides, as less 

side reactions were detected, including nucleophilic 

substitutions at the halogenated sites of PDA. 

Moreover, it was established that perylene 

benzoimidazole materials could be gained by the 

analogous condensation of PDA with the 

corresponding o-phenylenediamine derivatives. 

Commonly, a combination of two isomers could be 

afforded in the preparation of perylene 

benzoimidazoles. The separation of the produced 

isomeric forms is difficult with ordinary purification 

techniques like recrystallization and column 

chromatography [65]. 
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Figure 4. Synthesis of perylene bisimides with a 

variety of substituents at imide areas. 

 

Asymmetrical perylene bisimides with diverse 

substituents at the two imide sites have been 

investigated. Efforts to one-pot synthesis of 

asymmetrical perylene bisimide derivatives by 

running the reaction process with either concurrent or 

sequential addition of two different organic amines 

are frequently ineffective due to the small distinctions 

in reactivity of the employed amines with PDA. 

Generally, traces of the targeted product are obtained, 

with the main product being the corresponding 

symmetrical perylene bisimide derivatives. There are 

presently two common synthetic techniques to afford 

perylene bisimide materials with different functional 

groups at the imide sites [65]. As shown in Figure 5, 

the first approach for asymmetrical perylene 

bisimides essentially begins from the synthesis of the 

corresponding symmetrical derivatives. Hydrolysis of 

symmetrical PDI affords the corresponding perylene 

mono-imide-mono-anhydride product in a yield of 

~50%. Additional imidization of the produced 

perylene mono-imide-mono-anhydride derivative 

with another alkylamine or aromatic amine was 

utilized to establish the other substituent in producing 

the aimed asymmetrical PDI. It has been a challenge 

to prepare perylene mono-anhydride-mono-imide 

derivatives from PDA using the corresponding 

primary amine since it has been difficult to guarantee 

that the condensation reaction takes place at one of 

the two anhydride sides. Commonly, symmetrical 

PDI are usually the main product as soon as only one 

equivalent or less of the corresponding amine is used 

to the reaction system [67]. An additional convenient 

method to asymmetrical perylene bisimides was 

initially established by Tam-Chang et al., in which 

the target asymmetrical perylene bisimides were 

obtained through the perylene mono-anhydride salt 

from the hydrolysis of PDA, followed by additional 

imidization reactions as shown in Figure 5 [68]. 
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Figure 5. Two synthetic approaches for asymmetrical 

perylene bisimides. 

 

The asymmetrical perylene bisimides synthesized 

using the synthetic methods (Figure 5) by the 

addition of different substituents at the imide 

positions typically display the same absorbance and 

emission characteristics from the corresponding 

symmetrical bisimides, especially in solutions at low 

contents when the molecular aggregates is restricted. 

This could be due to the nodes in the HOMO and 

LUMO energy levels at the imide sites of PDI 

decrease the electronic coupling of the imide groups 

with the perylene bisimide aromatic core to a least 

value [53]. The main electronic effect from the imide 

moiety is only inductive. Thus, there is a slight 

alteration in the electronic characteristics of PDI with 

a variety of imide functional groups. It has been 

valuable to manage the solubility and solid state 

molecular packing by including various side chains at 

the imide sites of perylene bisimides without 

considerably affecting on their electronic and optical 

characteristics [64]. Wurthner et al. reported recently 
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efficient, three-steps, multigram-scale synthetic 

methodology to perylene bisimides with sensitive 

substituents like aldehyde, which are not reachable by 

conventional imidization approaches. Two new 

functional dibromo-substituted perylene bisimides 

have been prepared employing Suzuki coupling, 

establishing non-aggregating, high solubility and 

highly luminescent (near unity quantum yield) bay 

unsubstituted perylene bisimide derivatives [69].  

Centore et al. described the preparation of two 

thiadiazole-bearing perylene bisimide derivatives by 

the inclusion of 1, 3, 4-thiadiazole at the imide 

nitrogen of the perylene core (Figure 6). The 

produced perylene bisimides were employed to 

develop n-type organic thin-film transistors [70].          
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Figure 6. Synthesis perylene bisimides 

functionalized with N-thiadiazole substituents. 

 

Recently, Gao et al. described the design, preparation 

and properties of fluorescent and water soluble 

perylene bisimide probes with a dendritic 

polyethylene glycol substituents. The produced dyes 

were divided into two categories, namely, head–tail 

and core–shell PDI dyes. Both categories are water 

soluble with similar aggregation, optical, and cyto-

compatibility characteristics. Increasing the dendron 

generation was observed to suppress the aggregation 

of PDI in aqueous solution due to the hydrophilic 

effect of the bulky dendritic polyethylene glycol 

moieties. Higher dendron generation also increased 

the fluorescence quantum yield from 4% to 93%. The 

improved fluorescence quantum yield, water 

solubility, photostability and low cytotoxicity make 

these dyes excellent probes for live cell imaging [71]. 

Raj el al. reported the design and synthesis of 

conjugated n-type PDI-based copolymer comprising 

5,5’-bis(4-aminophenyl)-2,2’-bifuryl fragment as an 

active agent for heterojunction photovoltaic devices. 

The produced acceptor low molecular weight 

copolymer displays extended UV-Vis absorption 

from the near-infrared region with relatively high 

extinction coefficient. The experimental findings and 

theoretical calculation for the produced copolymer 

indicates low-lying LUMO and high-lying HOMO 

energy levels leading to lowered HOMO and LUMO 

energy gap able to deliver high open circuit voltage 

(0.92 V) for the fabricated bulk-heterojunction 

photovoltaics with a power conversion efficiency 

(PCE) of 0.34% [72]. Wang et al. reported one-pot 

synthesis of asymmetric tetrachlorinated PDI by 

reacting tetrachlorinated PDA with admixture of 2-

amino-ethanol and dodecanamine or 2-decyl-1-

tetradecanamine. Then, the hydroxyl group of the 

produced perylene bisimide was reacted with 

methacryloyl chloride to afford the corresponding 

methacrylate derivatives bearing long alkyl tails 

(Figure 7). A series of functionalized homopolymers 

were prepared via radical polymerization [73].    

 

O

O

O O

O O

Cl

Cl

Cl

Cl

RNH2

Toluene/110oC

H2N
OH

N

N

O O

O O

Cl

Cl

Cl

Cl

OH

R

Cl

O

Triethylamine

THF/room temp.

N

N

O O

O O

Cl

Cl

Cl

Cl

O

R

O

n

 
Figure 7. Structures of perylene bisimide based 

polymers from tetrachloro perylene bisimide; R is an 

alkyl group. 

 

2.2. Bay-positions substitution 

An additional approach for the preparation of soluble 

PDI is to set up substituents at the bay sites. The 

chemistry of establishing functional groups at the bay 

region of perylene bisimides was originally reported 

by Seybold and coworkers. [74] According to the 

work reported by Seybold et al., four phenoxy groups 

were built-in onto the tetrachlorinated perylene 

bisimide through nucleophilc substitution. Recently, 

Wurthner and coworkers have recently reported the 

preparation of the tetrafluoro-substituted perylene 

bisimide in practical yields from the corresponding 

tetrachlorinated start material [53, 75]. However, 

introducing numerous other nucleophilic substituents 

on the perylene bisimide aromatic core were verified 

to be difficult. Despite the process toward four folds 

of chlorination of PDA had previously been 

identified since 1985, only recently it was revealed 

that the bromination process of PDA could introduce 

dibromo-substituted PDA, which can be transformed 

into dibrominated perylene bisimides [76]. 

Nonetheless, the extracted material from the 

bromination process is highly complicated compared 

to that of the chlorination process of PDA, because of 

one- and three-fold bromination products, in addition 

to formation of considerable amounts (10-20 %) of 

another dibrominated perylene bisimide regio-isomer 

(1,6-dibromo-perylene bisimide). Moreover, each of 

these dibromo-substituted perylene bisimide regio-

isomers from the latter dibromo-substituted PDA 

cannot be easily isolated from the crude mixture [77]. 

Yu et al. described the preparation of novel furan 

functionalized PDI as efficient building blocks for 
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supramolecular structures to build one dimensional 

micro- and nano-structures via controlling employed 

solvents. Different structural aggregates were 

produced including nanospheres, nanorods, and 

nanovesicles supramolecular architectures displaying 

attractive optical properties for potential micro-scale 

photonic applications [78]. Weissman et al. reported 

the synthesis of an oligoarylacetylene bearing 

amphiphilic perylene bisimide as shown in Figure 8. 

This oligomer is able to self-assemble into 2D porous 

networks in both of aqueous solution and casted films 

with 4 nm thickness. They were able to cast the 2D 

porous networks on a variety of solid surfaces, while 

maintaining its solution phase structure [79].        
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Figure 8. Synthesis of perylene bisimide 

phenylacetylene oligomer. 

 

2.3. Other-positions substitution 

A simple bromination reaction of perylene bisimides 

under controlled conditions has been reported as a 

promising reaction method, despite mono-, di- and 

tri-brominated products were also afforded together 

with two isomeric products of the dibrominated 

bisimide. Harsh reaction conditions permit the 

bromination to introduce the bay-dibrominated 

derivatives as the main product with high yield and 

lower reaction time. Wurthner and coworkers have 

recently reported that a number of isomerically pure 

1, 7-dibrominated perylene bisimides can be 

produced in low yields after multiple crystallizations 

[80]. Substitution of the halogen atoms at the 

aromatic cores by means of nucleophilic substitution 

on those dibrominated or tetrachlorinated perylene 

bisimides is comparatively simple, and usually 

products can be isolated in comparatively high yields. 

Fluorides, cyanides, thiophenols, alcohols, phenols, 

and amines have been incorporated at the perylene 

bisimide bay regions to afford a variety of perylene 

bisimides dyes with attractive optical and 

photoelectric properties [53, 55, 57, 65, 75]. 

Furthermore, metal-catalyzed C-C coupling reactions 

have been reported in the synthesis of functionalized 

perylene bisimides from the dibromo-substituted 

perylene bisimides [81, 82]. Moreover, Mullen and 

coworkers have also described that from the perylene 

bisimide ethynyl derivatives obtained by Sonogashira 

coupling reaction, corenene bisimide derivatives, 

with extended conjugated scaffolds, can be prepared 

by straightforward reactions [83]. 

Another synthetic method for the preparation of 2, 5, 

8, 11-substituted perylene bisimides has been 

reported. Ruthenium-catalyzed C–H bond activation 

has been an efficient reaction for arylation or 

alkylation of perylene bisimides at the 2, 5, 8, 11-

positions as shown in Figure 9. Introducing an alkyl 

group at the 2, 5, 8, 11-positions considerably 

improves the solid state fluorescence and solubility in 

different known organic solvents without causing any 

severe distortions in the produced perylene bisimide 

aromatic core. Both of electron donating and 

withdrawing aryl moieties can be included in PDI 

with reasonable yields. The electronic properties of 

the aryl moieties has an important effect on their 

electrochemical characteristics since both HOMO 

and LUMO energy levels are considerably affected 

by those aryl moieties at the 2,5,8,11-sites of PDI 

structure [84].  

1, 2, 5, 6, 7, 8, 11, 12-Octachloroperylene-3, 4:9, 10-

tetracarboxylic bisimide has been prepared in a good 

yield through chlorination process of PDI using 

chlorosulfonic acid as a solvent at 80 ºC. However, 

because of the low solubility of the introduced 

product, multiple crystallizations in a mixture of 

acetic acid and N-methylpyrrolidone followed by 

sublimation are necessary to guarantee enough purity 

for different photoelectric purposes [53]. The 

solubility of perylene bisimides is affected mainly by 

both of imide and bay substituents. It was established 

that PDI with long tails or o-substituted phenyl 

moieties usually demonstrate high solubility. The 

common interpretation is that the bulk functional 

groups are pushed out of the perylene bisimide 

molecular plane; thus hampering the face-to-face π–π 

molecular stacks, leading to better solubility. In the 

same way, substituents at the bay position of the 

aromatic core could force the molecular structure to a 

propeller like twisting of both naphthalene half 

fragments. This has been also established to be an 

effective technique to avoid the face-to-face π–π 

molecular stacks, and enhancing solubility [85].  

 

3. Physical characteristics of perylene bisimides 

Perylene bisimides display a mixture of attractive 

absorbance, physical, emission and redox 

characteristics, resulting in important research work 

on this type of materials for a variety of photoelectric 

applications [57-62]. 
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Figure 9. Synthesis of perylene bisimide with 

substitution at the 2,5,8,11-positions. 

 

3.1. Optical characteristics  

The majority of perylene bisimide pigments are red 

solid materials with high melting point, and high 

thermal and photostability. Nonetheless, other 

perylene bisimide derivatives with orange, maroon, 

blue-black, and black colors were recognized as a 

result of the aggregation effect, leading to differences 

in the absorbance spectra and their extinction 

coefficients. Perylene bisimides have been reported 

as a collection of superb organic colorants with high 

extinction coefficient in the visible spectrum ranging 

from 400 nm to 600 nm with approximately unity 

quantum yield, and longer excited state lifetime 

which reaches four nanoseconds in many ordinary 

organic solvents [64]. In general, perylene bisimides 

are distinguished by a vibronic structural band with 

high absorbance coefficient with a powerful yellow-

green fluorescence. Moving the absorption and 

emission by about 5 nm can be experienced by 

varying the N-terminal substituent. On the other 

hand, groups at the bay regions demonstrate an 

apparent effect on the absorbance and emission 

spectra as a result of high electronic coupling of 

perylene bisimide π-orbitals and the bay-substituted 

groups. This property is obvious in many cases; for 

example, two phenoxy groups at the bay regions of 

perylene bisimide results in a 20-40 nm red shift in 

the absorbance and emission spectra producing a 

change in color of the orange emission [86]. More 

obvious spectral variations take place upon the 

addition of electron rich substituents to the bay 

positions to produce perylene bisimides with dark 

green colors as a result of the 150 nm bathochromic 

shift. As a result of a high spectral shift related to the 

amino to perylene bisimide internal charge transfer 

property, some solvatochromism characteristics are 

displayed with reduced fluorescence quantum yield. 

Restricted spectral variations and solvatochromism 

effects are indicated if electron deficient groups are 

added into perylene bisimides at the bay position due 

to the inductive effect of these σ-acceptors reducing 

both LUMO and HOMO energy levels in the same 

style which also leads to stabilization of the LUMO 

to some extent higher than the HOMO, and therefore 

decreasing the energy gap [81-83]. 

The optical properties of perylene bisimides are 

extremely reliant on their concentration and the 

surrounding conditions like temperature and polarity 

of solvent. UV-Vis absorbance spectra depend on 

concentration of these dyes with less polar solvents 

showing major variations of the absorption spectra 

[53, 64]. Comparable remarks were established for 

perylene bisimide emission spectra as a function of 

growing concentration. The activity of PDI was 

studied in toluene to indicate that the aggregation-

induced emission and reduced quantum yields were 

indicated with higher concentrations in toluene. 

Aggregation of PDI was extensively investigated and 

used for a variety of photoelectric applications [86]. 

As referred previously, functionalized perylene 

bisimides are frequently applied for essential photo-

induced charge transfer applications due to the 

simply known perylene bisimide radical anion 

absorption spectra. The absorbance of PDI and its 

corresponding chemically produced anions were 

studied. Substituent groups at the imide regions 

demonstrate restricted affects on the anion 

absorbance spectra, whereas the bay-located 

substituent groups produce a significant change in the 

shape and position of the absorbance band. The 

distinct absorption properties simplify the 

establishment of the electron transfer reaction rate in 

functionalized perylene bisimides [87]. 

 

3.2. Redox characteristics  

The electrochemical characteristics of perylene 

bisimides were extensively studied [88]. Perylene 

bisimides with no substituents at the bay sites are 

excellent electron acceptors with a simple reduction 

and hard oxidation in solution. In general, perylene 

bisimides display the first reduction potential similar 

to Carbon-60 and its analogues making them 

interesting acceptors in place of fullerenes in 

photoelectric applications with a comparatively lower 

cost and higher light harvesting [88]. Similar to the 

optical performance of perylene bisimide dyes, 

moderately little effects on redox characteristics of 

PDI in solutions are indicated from changing of the 

substituent groups at the imide regions. However, the 

substituent groups at the bay regions have marked 

effects on the redox potentials as a result of the 

induction effects from the electron-withdrawing 

substituents, which can stabilize these perylene 

bisimide derivatives by reducing the energy of 

HOMO and LUMO molecular orbitals to the same 

extent. In the case of electron-donating groups at the 

bay regions, a quasi reversible oxidation wave can be 

indicated [64]. Perylene bisimides with conjugated 
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substituent groups at the bay regions are usually 

easier to be subject for reduction in comparison to 

perylene bisimides with free bay region. This is most 

likely to be a result of the extended conjugation. 

Because substituent groups at the imide area 

demonstrate only little effect on both of the optical 

and redox characteristics, a variety of imide groups 

have been involved to adjust the solubility and solid 

state molecular packing. However, much more 

research work on introducing perylene bisimides with 

a variety of photoelectric properties have been 

reported using different substituents at the bay 

regions [89]. 

 

3.3. Molecular self-assembly  

The molecular self-assembly performance of 

perylene bisimides in the solid state has been 

extensively studied to control colors for different 

industrial purposes. Perylene bisimide crystal 

configurations usually display flat parallel π-

arrangements, similar to that in graphite [90]. The 

imide substituent groups can have an effect on the 

stacking distance, which affects on the intermolecular 

interactions of these π-arrangements in the crystal 

lattice, producing a variety of colors of perylene 

bisimide powders ranging from red to dark. However, 

the bay substitution can produce distortion of the flat 

π–arrangements as a result of steric strain. Materials 

with attractive photoelectric characteristics have been 

established by Mullen, Wurthner, and Meijer through 

controlling the spatial arrangements of perylene 

bisimides via molecular stacking methods such as 

metal coordination and H-bonding driven stacking to 

produce meso and nanoscopic supramolecular 

architectures. The ease of this approach to build a 

range of different size structures is attractive with 

lower needs for multistep organic synthesis [91]. 
 

3.4. Liquid crystals and photodynamic therapy 

Lee and co-worker demonstrated the preparation of 

the first green and optically active lyotropic liquid 

crystal based on perylene bisimides. The color tuning 

of the produced perylene bisimides was accomplished 

by the bulk and electron-donor dipyrrolidine 

fragments at the bay position. The optical activity 

was achieved by introducing chiral amine periphery 

as proved by circular dichroism spectroscopy. The 

resulting materials display high thermal stability with 

reasonable solubility in water and different organic 

solvents. The aqueous solutions of the hydrochloride 

salts of the produced perylene bisimides display 

liquid crystal phases as proved by Polarizing Optical 

Microscopy at room temperature [92]. Gao et al. 

reported the synthesis of perylene bisimides as 

columnar liquid crystals via introducing dendritic 

peptide terminals at the two imide positions. The 

mesomorphic behavior displayed an ordered 

columnar mesophases at room temperature [93]. 

Highly luminescent core twisted perylene bisimides 

were reported by Wurthner et al. These dyes are 

distinguished by distortion of the perylene plane with 

dihedral angle ranging between 15° and 40° as 

indicated by crystallography. The aggregation of this 

PDI group is limited to π-π stacked dimers in apolar 

solvents as a result of the distorted aromatic core. 

Numerous perylene bisimide dyes have luminescence 

and mesogenic phase behavior. Thus, they display 

thermotropic columnar mesophases. The twisted 

aromatic core exhibits a considerable impact on the 

π-π stacking style in both of solution and columnar 

stacking of the liquid crystal phases. The highly 

twisted tetra-substituted perylene bisimides favor 

longitudinal slipped stacks, while for the less twisted 

di-substituted perylene bisimides, the property of 

rotational displacement accomplished among 

molecules in cofacial aggregations. The relation 

between the distortion level of the aromatic core and 

self-assembly feature that established for those 

perylene bisimides introduces helpful explanation for 

the supramolecular controlling of optical 

characteristics of their aggregations [94]. Akkaya et 

al. demonstrated the preparation of a series of water 

soluble green perylene bisimides as potential 

sensitizers in photodynamic therapy (Figure 10). 

When excited by red-light, PDI were able to 

efficiently generate singlet oxygen in cell culture 

medium, displaying photo-induced cytotoxic effect 

on the human cell line of erythroleukemia [95].       
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Figure 10. Water soluble perylene bisimide as 

potential sensitizers in photodynamic therapy. 

 

4. Conclusion and future outlook 

Perylene bisimide pigments have established 

significant consideration in both research and 
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industrial work. They were primarily used for 

industrial applications as red vat pigments. Numerous 

members of perylene bisimides have found high 

technology industrial applications particularly in 

automotive coatings as a result of their preferred 

combination of properties such as low solubility, 

chemical and weather stability, thermal and photo-

stability and high extinction coefficient. Current 

applications of perylene bisimides are in the field of 

photoelectric purposes as they are considered as the 

best n-type semiconductor accessible. The precedent 

years have witnessed an increasing attention to this 

group of chromophores as a result of their favorable 

characteristics.  
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