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ABSTRACT

 

Research in the field of conjugated polymers is of great interest with increase in the need of 

developing cost-effective renewable energy sources. These materials are widely used as active 

materials for various applications in electronic devices. The organic polymers used in 

photovoltaics have the potential of achieving cost-effective and easier methods for energy 

production from light. Since, [6,6]-phenyl-C71-butyric acid ester (PC71BM) is one of the perfect 

electron acceptors, most of the efforts are being focused on the development of donor polymers 

with low band gap for improvement of efficiency in solar cells. Cyclopenta[2,1-b:3,4-

b′]dithiophene (CPDT) and fluorene based conjugated polymers are found to be promising 

materials to be used for polymer solar cells. Most of the conjugated polymers known have 

conjugation in main chain only. Introduction of ethylene bridge at the bridging carbon atom, 

leads to cross-conjugation in the polymeric chains where conjugation is present in main chain as 

well as side chain. These polymers were typically synthesized using traditional carbon-carbon 

coupling methods such as Suzuki, Stille and Kumada type cross-coupling. These conventional 

methods have some disadvantages such as involvement of greater number of steps for monomer 

synthesis; toxicity due to the organotin reagents in Stille cross-coupling; tedious purification 

methods etc. Direct arylation polymerization (DAP) is a newly emerging technique for the 

synthesis of conjugated polymers which overcomes many of the issues associated with the above 

mentioned polymerization methods. In this work, focus is on the development of CPDT and 

fluorene based cross-conjugated polymers with low band gap and high molecular weight. These 

polymers were synthesized by direct arylation polymerization to obtain high molecular weight. 
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The synthesized polymers were then characterized and their efficiency was tested in solar cell 

applications. To achieve this objective, the following approach was used.  

 In the first chapter, optimization studies were done to achieve high molecular weight for 

the poly[2,6-(4,4-bis(2-ethylhexyl)-4H-cyclopenta[2,1-b;3,4-b′]dithiophene)-alt-4,7-(2,1,3-

benzothiadiazole)] (PCPDTBT) by Pd-catalyzed direct arylation polymerization method. 

Optimization studies were done for PCPDTBT synthesis for determining the suitable reaction 

conditions so as to produce high molecular weight polymers are essential which were then 

applied to synthesize more CPDT based conjugated and cross-conjugated polymers. The 

polymerization between alkylated CPDT as donor and benzothiadiazole as acceptor were carried 

out under varying conditions of solvent, base, concentration and temperature to obtain polymers 

P1-P15. The highest number average molecular weight of 69.3 kg mol-1 for PCPDTBT. Bulk 

heterojunction solar cells were fabricated by blending PCPDTBT with PC71BM in different 

ratios and the polymer showed efficiency of 1.94%. The above optimized conditions were used 

to synthesize P16 with CPDT as donor and quinoxaline as acceptor with molecular weight of 

46.1 kg mol-1 which was further characterized and tested in solar cells. 

 In the second chapter, CPDT based conjugated polymers P17 and P18 were synthesized 

with different acceptors based on the above optimized conditions. Also, cross-conjugated 

polymers P19, P20 and P21 were synthesized using cross-conjugated monomer of CPDT (4-

(bis((2-ethylhexyl)thio)methylene)-4H-cyclopenta[1,2-b:5,4-b’]dithiophene) and different 

acceptors. All the polymers were fabricated with acceptor PC71BM in different ratios. Among 

these polymers, P18 and P20, shows better efficiency of 1.86% and 1.37%, respectively.  

 In third chapter, fluorene based cross-conjugated polymers were synthesized, where 

cross-conjugated derivative of fluorene ((2, 7-dibromo-9H-fluoren-9-ylidene)methylene)bis((2-
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ethylhexyl)sulfane) was used as donor and polymerized with different acceptors to obtain various 

donor-acceptor type polymers for application in solar cells and OLEDs. Firstly, for application in 

solar cells, random copolymers P22a and P23a were synthesized by Yamamoto polymerization 

in good yields. Polymers P22b, P22c, P23b and P23c were synthesized by DAP polymerization. 

The polymer P23b was used for fabrication in BHJ solar cells as it has highest molecular weight 

of 43.1 kg mol-1, so that good polymeric films can be formed. In preliminary device testing PCE 

was found to be 1.4 % with P23b:PC71BM. Four more fluorene based cross-conjugated polymers 

were synthesized which were used in OLEDs. Homopolymer P24, random copolymers P25 and 

P26 were synthesized by Yamamoto polymerization while alternating copolymer P27 was 

synthesized by Suzuki polycondensation. These new polymeric materials were used in the 

application for OLEDs. 

 Altogether, a simple, cost-effective and environmentally safe method was used for the 

development of high molecular weight conjugated and cross-conjugated polymers for solar cell 

applications. The concept of cross-conjugated polymers is used here to avoid the unwanted steric 

hindrance by introduction of ethylene bridge between the side chain and the main chain, so that 

the polymers obtained possess coplanarity for smoother charge flow. 
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CPDT   Cyclopentadithiophene 

EL   Electroluminescence 

ITO   Indium Tin Oxide 

EA   Electron Affinity 

IP   Ionization Potential 
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PEDOT-PSS  Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) 

PC71BM  [6,6]-phenyl-C71-butyric acid ester 

DMSO   Dimethylsulfoxide 

DMF   Dimethylformamide 

DCM   Dichloromethane 

THF   Tetrahydrofuran 

NMP   N-methyl-2-pyrrolidone 

CN   Chloronaphthalene 

DIO   Diiodothiophene 

ODT   Octanedithiol 

MT   Methanol Treatment 

NBS   N-bromosuccinimide 

NMR   Nuclear Magnetic Resonance 

AFM   Atomic Force Microscopy 
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LIST OF CHEMICAL FORMULAS

 

K2CO3   Potassium Carbonate 

Cs2CO3  Cesium Carbonate 

NaH   Sodium Hydride 

Na2SO4  Sodium Sulpahte 

KOH   Potassium Hydroxide 

C4H9KO  Potassium tert-butoxide 

NaBH4   Sodium Borohydride 

Et3N   Triethylamine 

EtOH   Ethanol 

CS2   Carbon disulphide 

Pd(OAc)2  Palladium acetate 

Pd2dba3  Tris(dibenzylideneacetone)dipalladium(0)  

Pd(PPh3)4  Tetrakis(triphenylphosphine)palladium(0) 

Ni(COD)2  Bis(cyclooctadiene)nickel(0) 

HCl   Hydrochloric acid 

TBAB   Tetra-n-butylammonium bromide 
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