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S0 ground state to the T1 excited state is impossible, due to it being a spin forbidden process. 

Since the lifetime of the T1 state is longer than that of the S1 state and the relaxation T1 to S0 

is slower, the energy level of the T1 state is lower than that of the S1 state. Therefore, the 

phosphorescence happens at a longer wavelength compared to fluorescence. 

Phosphorescence displays the typical feature of slow emission where the emission carries 

on after the excitation source is detached (see Figure 1.9). 

 

 
Figure 1.9: Jablonski diagram (phosphorescence emission). 

 

1.4 Applications of conjugated polymers 

In the past two decades, conjugated polymers have found a wide range of applications in the 

field of electronics.22,10 In 1989 Friend et al., at the Cavendish Laboratory in Cambridge, 

discovered that a thin film of poly(p-phenylenevinylene) (PPV), when sandwiched between 

two electrodes and a voltage applied, started to emit a green light through 

electroluminescence effect (conversion of the energy of electrons into the energy of 

photons).23,24 This discovery opened a new era of electroluminescent organic materials for 

use in a new generation of displays, screens and light-emitting sources. Since then, 

conjugated polymers have been widely studied as a new class of promising materials in a 

range of electronic applications such as organic light emitting diodes (OLEDs),30 

photovoltaic devices,25 transistors, batteries, and photo-sensors.8  

According to development in OLED and its wide range of applications in full colour 

displays (Figure 1.10), people need to study the molecules which emit the three primary 
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colours (red, green, and blue) and white colour.26,27 Materials emitting a blue colour are still 

a challenge because materials emitting red and green colours are more stable due to the low 

band gap (HOMO-LUMO) and their slower degradation during the device operation.28,29 

 

   

Figure 1.10: Flexible displays. 

 

1.4.1 Organic Light Emitting Diodes (OLEDs)  

OLEDs consist of a thin film of organic semiconductors sandwiched between two electrodes 

(e.g. indium-tin oxide as an anode and magnesium, calcium, barium or aluminium as a 

cathode). One of the electrodes should be transparent, and the electricity is applied to emit 

light as shown in Figure 1.11.30 On applying the electricity, the device starts to emit the 

light with an energy close to the band gap of the material in the light-emitting layer. The 

advantages of OLED technology is that it does not require a white-light background panel 

as in LCD, but the material emits the light via the application of a small current through the 

material. Nowadays, people have OLEDs (2 to 5 inch) in many devices for daily use such 

as mobiles, smartphones, tablets, car audio and video systems, cameras etc. There are also 

many companies, which deal with the production of devices based on OLEDs, for example 

Sony, LG, Philips, Samsung, etc. Other advantages of OLEDs are their faster response times 

compared to LCD, lower power, higher image quality, high brightness and contrast, lower 

weight and lower prices etc. Flexibility of the devices represents the most important 

advantages of OLEDs.  
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Figure 1.11: Schematic diagram of OLED.30 

 

1.5 Polyfluorenes 

Polyfluorenes (1.3) are considered as one of the most important common conjugated 

polymers. The possibilities of structural alterations and property relationships of homo and 

co-polymers of polyfluorenes made them very attractive as unique functional materials.31,32 

Fluorene is a polycyclic aromatic molecule and it is called fluorene because it has violet 

fluorescence. The two hydrogen atoms at position 9 are weakly acidic and can be easily 

substituted with e.g. alkyl groups which allows an increase in the solubility of the compound 

without affecting the photoluminescence properties and planarity of the polymer 

structure.33,34 Fluorene undergoes electrophilic substitutions at position 2 and 7, allowing 

easy functionalisation through these conjugated sites to access fluorene-based conjugated 

polymers (Figure 1.12). 

 

Figure 1.12: Polyfluorene showing the IUPAC enumeration of carbon atoms in the 

fluorene moiety.  

 

Monomers for the synthesis of poly(9,9-dialkylfluorenes) PF8 can be prepared either 

by bromination of fluorene at the 2,7-positions followed by alkylation at position 9 or by 
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Figure 1.15: PL emission spectra of PF8 before and after thermal annealing of the 

polymer film at 200 °C in ultra-high vacuum (10-4 mbar) and after annealing on air (the 

last one quickly results in disappearance of the blue emission from PF8 and an appearance 

of new green emission band).47 

 

Originally, this phenomenon was attributed to the formation of the excimers (excited 

state dimers) in polyfluorenes and an emission from the lower energy state of the 

excimers.48,49 However, later (in 2003), Moses et al. proved that this green emission is due 

to the oxidative formation of a keto group (C=O) at position 9 which leads to long 

wavelength emission from the fluorene-fluorenone charge transfer state (Scheme 1.4).50 

 

 

Scheme 1.4: Formation of keto defects on the polyfluorene chain. While it can occur on 

the dialkylfluorene moieties as well, the oxidation is most efficient on traces of 

monoalkylated fluorene sites presented in the polymer (even in amounts of <0.1%).50 
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Poly(9,9-dialkylfluorene) co-polymers prepared with other conjugated building 

blocks can emit at all wavelengths of the visible region. Leclerc et al. described the colour 

emitting tuning of fluorene co-polymers with thiophenes, phenylene, and phenylenevinylene 

segments (Figure 1.16).51,52,53 They showed that changing the nature of the co-monomers 

leads to a change in the band gap of the polymers thus tuning the emitting colours to the 

entire visible spectrum. Therefore, polyfluorenes are considered as promising blue emitting 

polymers and many researchers have been using them to fabricate electronic devices such 

as polymeric light emitting diodes (PLEDs).54,55,56 

 

 

Figure 1.16: Various fluorene-containing co-polymers 1.13-1.16 with tuneable PL and EL 

colours.51,52,53 

 

1.6 Dibenzothiophene-S,S-dioxide as an electron-deficient building block for organic 
electronics 

Dibenzothiophene-S,S-dioxide (1.17) has been shown to be a strong electron-deficient 

building block with materials that incorporate this heterocyclic unit into the backbone having 

highly efficient photo- and electroluminescence. In 2005, Perepichka et al. published the 

first paper, which demonstrated the incorporation of the dibenzothiophene-S,S-dioxide 
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Figure 1.28: PL spectra of co-polymers 1.45-1.47 (PFSO, PSSOBT, and PFSOTHDBT)  

in toluene.82 

 

The PLQY values of solid films of these co-polymers have been found to be quite 

high: PLQY = 53% (for the blue light emitting polymer), 67% (for the green light emitting 

polymer), 56% (for the red emitting polymer). So, it was suggested that they might be 

suitable materials for the fabrication of white-light emitting devices by blending them in 

WPLEDs.82 

Recently (in 2018), Yong et al. have synthesized bipolar blue light-emitting 

polyfluorenes 1.48 containing electron-deficient dibenzothiophene-S,S-dioxide and an 

electron-rich carbazole moiety (see Figure 1.29).83 All the co-polymers presented a great 

thermal stability with decomposition temperatures above 400 °C and higher 

photoluminescence quantum yields. The highest occupied molecular orbital HOMO energy 

levels somewhat improve and the lowest unoccupied molecular orbital LUMO energy levels 

moderately reduce with the increase of carbazole ratio in the co-polymers. PL spectra of the 

polymers display a significant bathochromic shift and broadening with an increase in solvent 

polarity, indicating a substantial intramolecular charge transfer (ICT) effect in the polymers. 

Electroluminescence (EL) spectra of the co-polymers showed a broadening tendency with 

increasing carbazole moiety content in the co-polymers.  

Green light-emitting polyfluorenes (1.49) having a 3,7-bis(4-hexylthiophene) 

dibenzothiophene-S,S-dioxide (DHTS) moiety were designed and synthesised (see 

Figure 1.29).84 The polymers showed improved highest occupied molecular orbital energy 




































































































































































































































































































































































































































































