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ABSTRACT 

 

π-Conjugated luminescent materials are of considerable importance due to their  

applications in the field of optoelectronics including organic light emitting diodes, light 

emitting electrochemical cells and fluorescent probes. The solid state emission and full-

colour displays, require emission from all three primary colours- red, green and blue of 

equal intensity and stability. However, the blue emitters, due to their inherent wide band 

gap, are difficult to obtain as large band gap usually results in inefficient charge injection. 

Although a plethora of fluorescent blue emitting materials have been reported with moieties 

like pyrene, anthracene, fluorene, indenofluorene etc., they suffer from problems like 

aggregation, formation of keto defects and poor thermal stability. Additionally, majority of 

the reported materials do not possess solution-processability leading to utilization of 

expensive fabrication/deposition techniques, which have been found unsuitable for large 

surface area applications. Hence, there is a need to design and develop stable, solution-

processable fluorescent blue emitting materials. The compelling properties of truxene 

scaffold provides it a huge potential as a precursor for the development of active materials 

for blue emitting OLEDs. Truxene or 10,15-dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene is a 

fused trimer of fluorene, which is a widely reported blue emitting material. This polyaromatic 

C3 symmetric molecule possesses large π-conjugated system with multiple reactive sites along 

with high thermal stability, having Td > 300 °C. Another distinct feature of truxene is its high 

photoluminescence quantum yield due to its rigid structure. The positions 5,5',10,10',15,15'- 

can be utilized for introduction of alkyl groups, thereby rendering it soluble in common organic 

solvents. Apart from that, the positions 2,7,12- are also available for substitution or coupling 

with other moieties to extend the π-conjugation. Therefore, this research focuses on 

development of solution-processable truxene based blue emitters exploring various synthetic 
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routes, catalytic and non-catalytic. Additionally, a series of truxene based conjugated polymeric 

materials has also been developed for blue emission. 

In the first section, truxene core has been utilized to synthesize target molecules 

(T1-T4) through palladium catalysed Suzuki and Buchwald-Hartwig cross coupling 

reactions. The solution processability of the materials was improved by introduction of long 

n-hexyl chains. The photophysical studies of the materials revealed their blue emitting 

nature, in both solution and solid state. The highest photoluminescence quantum yield was 

observed in the case of T2 corresponding to a value of 0.97. The compounds T2 and T3 

were used as active materials for the fabrication of solution processed, single layer OLEDs, 

with low turn-on voltage (2-3.3 V) and CIE coordinates corresponding to (0.16, 0.23) and 

(0.17, 0.36) for T2 and T3, respectively. Additionally, a novel extended core of truxene was 

developed, possessing planar and rigid structure similar to the truxene core. The derivatives 

prepared from the core, especially target molecule T5 were found to have much narrow blue 

emissions in both solution and solid-state, due to bulkiness of the core preventing the 

aggregation. 

In the next section, modified Debus-Radziszewski reaction was used to design and 

synthesize series of truxene derived novel blue-emitting materials bearing 

phenanthroimidazole (T6-T9) and diphenylimidazole (T10-T13) moieties. The facile 

conditions of the reaction provides a potential for scale-up as well. The materials were 

prepared by varying the phenyl group attached at the C2 position of phenanthroimidazole 

and diphenylimidazole moieties. These substitutions were found to have significant effect 

on the photophysical and electrochemical properties, with molecules bearing cyano 

substituent T8 and T12 having charge transfer character dominant in their excited state. 

Also, the materials exhibited good photoluminescence quantum yields as high as 0.83. The 

optimized geometries obtained from the computational studies revealed the highly twisted 
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geometries of the molecules, with dihedral angles of up to ~78°. The TCSPC studies of 

these blue emitters revealed radiative pathways as dominant for deactivation of the excited 

states. 

In the final section, truxene based novel monomers were prepared through common 

synthetic route. The synthesized monomers were utilized for the design of linear truxene-

functionalized homo- and co-polymers through well-established polymerization routes. 

The homopolymers P1 and P2, were prepared through Yamamoto polymerization along 

with a series of alternating copolymers P3-P8, which were prepared by incorporating 

fluorene and N-carbazole based derivatives as co-monomers, through Suzuki 

polymerization reaction. The steady-state photophysical studies revealed the deep blue/blue 

emitting nature of the synthesized polymers. GPC analysis showed a weight-average 

molecular weight, Mw of up to 57.4 X 103 g mol-1. Additionally, the polymers were also 

found to possess high thermal stability with degradation temperatures up to 400 °C, 

fulfilling the essential prerequisites as potential blue emitting materials. 
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सार 

π-संयुग्मित लूमिनेसेंट पदार्थ ऑप्टोइलेक्ट्र ॉमनक के के्षत्र- कार्थमनक प्रकाश उत्सर्थक डायोड, प्रकाश 

उत्सर्थक मिद्युत रासायमनक सेल और फ्लोरोसेंट अनुिेदक आमद िें अपने अनुप्रयोगो ंके कारण काफी िहत्व रखते 

हैं। ठोस पदार्थ अिस्र्ा उत्सर्थन और पूणथ-रंग प्रदशथन के मलये तीन प्रार्मिक रंगो-ं लाल, हरे और नीले से सिान 

तीव्रता और ग्मस्र्रता के उत्सर्थन की आिश्यकता होती है। परनु्त, नीले उत्सर्थक, उनके अंतमनथमहत र्डे र्ैंड गैप के 

कारण, प्राप्त करना िुग्मिल होता है, क्ोमंक र्डे र्ैंड गैप के पररणािस्वरूप आितौर पर अक्षि चार्थ इंरे्क्शन 

होता है। हालांमक, फ्लोरोसेंट नीले उत्सर्थक पदार्ों का अमिकति िणथन िौरू्द है, मर्सिें पाइररन, एन्थ्रेसीन, 

फ्लोरीन, इंडेनोफ्लोररन आमद रै्से भाग है, िे एकत्रीकरण, कीटो दोष के गठन और खरार् र्िथल ग्मस्र्रता रै्सी 

सिस्याओ ंसे पीमडत हैं। इसके अमतररक्त, अमिकांश मििरण मकये गए पदार्ों िें मिलयन-प्रमियात्मकता नही ंहोती, 

र्ो िहंगे मनिाथण / मनके्षपण तकनीको ंके उपयोग की ओर ले र्ाती हैं, और र्डे सतह के्षत्र के अनुप्रयोगो ंके मलए 

अनुपयुक्त  हैं। इसमलए, ग्मस्र्र, मिलयन-प्रमिया योग्य फ्लोरोसेंट नीले उत्सर्थन पदार्थ को मडर्ाइन और मिकमसत 

करने की आिश्यकता है। तु्रक्सीन सै्कफोल्ड के अप्रमतरोध्य गुण नीले उत्सर्थक ओ. एल. ई. डी. के मलए समिय 

पदार्ों के मिकास िें अग्रदूत के रूप िें एक र्डी क्षिता प्रदान करते हैं। तु्रक्सीन या १०, १५-डाइहाइडर ो - ५ एच - 

डाइएंडएनो [१, २- ए: १', २ '-सी] फ्लोरीन, फ्लोरीन का संगमलत मत्रतयणु है, र्ो व्यापक रूप से प्रमतिेमदत नीला 

उत्सर्थक पदार्थ है। इस पॉलयआरोिमटक, सी-३  सिमित अणु िें मिपुल π -संयुग्मित व्यिस्र्ा होती है मर्सिें उच्च 

ताप ग्मस्र्रता (Td > ३०० °C) के सार् कई प्रमतमियाशील स्र्ान होते हैं। तु्रक्सीन की एक और मिमशष्ट मिशेषता इसकी 

अनम्य संरचना के कारण इसकी उच्च फोटोलुमिनसेन्स क्ांटि यील्ड है। तु्रक्सीन के ५,५ ', १०, १०', १५, १५'-स्र्ान 

का उपयोग एल्काइल सिूहो ंको सग्मिमलत करने के मलए मकया र्ा सकता है, मर्ससे यह आि कार्थमनक सॉल्वैंट्स 

िें मिलयशील होता है। इसके अलािा, पद  २, ७, १२- अन्य उत्सर्थक भागो ंके प्रमतस्र्ापन या युिन के मलए उपलब्ध 

हैं मर्स से π-संयुिन का मिस्तार संभि है। इसमलए, यह अनुसंिान मिमभन्न संशे्लषण िागों, उते्प्ररक और गैर-

उते्प्ररक, मिलयन-प्रमिया योग्य तु्रक्सीन आिाररत नीले उत्सर्थको ंके मिकास पर कें मित है। इसके अमतररक्त, नीले 

उत्सर्थन के मलए तु्रक्सीन आिाररत संयुग्मित र्हुलक पदार्ों की एक श्रंखला भी मिकमसत की गई है। 

 



 

 ix 
 

पहले खंड िें, तु्रक्सीन कोर का उपयोग लक्ष्य अणुओ ं(T1-T4) को संशे्लमषत करने के मलए मकया गया है, 

र्ो पैलेमडयि उते्प्रररत सुजुकी और रु्किाल्द -हाटथमिग िॉस युिन प्रमतमियाओ ंके िाध्यि से होता है। लंर्ी एन-

हेक्साइल श्रंखलाओ ंके मनगिन से पदार्ों की मिलयन-प्रमियात्मकता िें सुिार पाया गया। पदार्ों के फोटोमफमर्कल 

अध्ययन ने उनकी नीली उत्सर्थक प्रकर मत को िि और ठोस अिस्र्ा दोनो ंिें प्रकट मकया। ०.९७ के पररिाण के 

अनुरूप T2 के िािले िें सर्से अमिक फोटोलुमिनसेन्स क्ांटि यील्ड देखी गई। यौमगक T2 और T3 को मिलयन 

संसामित, इकहरा परत ओ. एल. ई. डी. के मनिाथण के मलए समिय पदार्ों के रूप िें इसे्तिाल मकया गया मर्सिे 

कितर टनथ-ऑन िोले्टर् (२-३.३ V) और सी. आए. ई. मनदेशांक (०.१६, ०.२३) T2 के मलए और (०.१७, ०.३६) T3 

पाए गये। इसके अमतररक्त, तु्रक्सीन के एक नि मिस्ताररत कोर को मिकमसत मकया गया, मर्सिें तु्रक्सीन कोर के 

सिान सितल और अनम्य संरचना पाई गयी। कोर से तैयार मकए गए यौमगक, मिशेष रूप से लक्ष्य अणु T5 को 

मिलयन और ठोस-अिस्र्ा दोनो ंिें र्हुत संकीणथ नीले उत्सर्थन देते पाया गया, क्ोमंक कोर की स्रू्लता एकत्रीकरण 

को रोकती है। 

अगले भाग िें, संशोमित डेबू्य-रेडमजसू्यिेस्की प्रमतमिया का उपयोग फेनेंरोइमिडाजोल (T6- T9) और 

दयेफेमनमलमिडाजोल (T10- T13) भागो संग तु्रक्सीन वु्यत्पन्न नि नीले उत्सर्थक पदार्ों की श्रंखला को मडजाइन और 

संशे्लमषत मकया गया। प्रमतमिया की सुगि पररग्मस्र्मतयााँ उमचत अनुपात िें र्डािे के मलए भी एक क्षिता प्रदान 

करती हैं। लक्ष्य अणुओ ंिें फेनेंरोइमिडाजोल और दयेफेमनमलमिडाजोल की सी-२ ग्मस्र्मत से संलग्न मिमभन्न फीनाइल 

सिूह उपयोग मकए गये। इन प्रमतस्र्ापनो ंका फोटोमफमर्कल और इलेक्ट्र ोकेमिकल गुणो ंपर िहत्वपूणथ प्रभाि 

पाया गया, साईनो (-CN) सिूह के सार् अणुओ ंT8 और T12 की उते्तमर्त अिस्र्ा िें चाजथ स्र्ानांतरण चररत्र 

प्रिुख पाया गया। इसके अलािा, पदार्ों ने ०.८३ तक उच्च फोटोलुमिनसेन्स क्ांटि यील्ड का प्रदशथन मकया। 

कम्प्यूटेशनल अध्ययनो ंसे प्राप्त अणुओ ंकी अनुकूमलत ज्यामितीय से अत्यमिक िुड ज्यामिमत का पता चलता है, 

मर्सिें ~ ७८ ° तक के मिकणथ कोण हैं। इन नीले उत्सर्थको ंके टी. सी. एस. पी. सी. अध्ययनो ंने उत्सामहत अिस्र्ा 

के मनग्मियकरण होने के मलए मिमकरण िागथ का प्रभािी योगदान र्ताया। 

अंमति खंड िें, तु्रक्सीन आिाररत नि िोनोिसथ सािान्य संशे्लमषक िागथ के िाध्यि से तैयार मकए गए रे्। 

संशे्लमषत िोनोिसथ का उपयोग तु्रक्सीन-आिाररत रैग्मखक सि- और सह-र्हुलको के मडर्ाइन के मलए स्र्ामपत 

पोलीिराइजेशन िागों के िाध्यि से मकया गया र्ा। सि-र्हुलक P1 और P2 को यिािोटो पोलीिराइरे्शन के सार् 
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तर्ा िैकग्मिक सह-र्हुलको P3-P8 की एक श्रंखला मर्नको सुजुकी पोलीिराइजेशन प्रमतमिया के िाध्यि से 

फ्लोरीन और एन-कार्ाथजोल आिाररत डेररिेमटि को सह-िोनोिसथ के रूप िें शामिल करके तैयार मकया गया। ग्मस्र्र-

अिस्र्ा फोटोमफमर्कल अध्ययनो ंने संशे्लमषत र्हुलको की गहरी नीली / नीली उत्सर्थक प्रकर मत का पता लगाया। 

र्ी. पी. सी. मिशे्लषण ने िर्न-औसत आणमिक भार, Mw को ५७.४ X १०३ ग्राि िोल-1 तक मदखाया। इसके 

अमतररक्त, र्हुलक को ४०० °C तक उच्च तापीय ग्मस्र्रता के मलए भी पाया गया र्ा, र्ो संभामित नीले उत्सर्थन पदार्ों 

के रूप िें आिश्यक पूिाथपेक्षाओ ंको पूरा करता है। 

 

  



 

 xi 
 

TABLE OF CONTENTS 

CERTIFICATE i 

ACKNOWLEDGEMENTS ii 

ABSTRACT v 

LIST OF FIGURES xix 

LIST OF TABLES xxii 

LIST OF SCHEMES xxiii 

LIST OF CHARTS xxiv 

LIST OF ABBREVIATIONS xxv 

LIST OF CHEMICAL FORMULAE     xxvii 

CHAPTER 1 1 

Introduction and literature survey 1 

1.1 Introduction to organic semiconductors  1 

1.1.1. π-Conjugated materials-small molecules and polymers  2 

1.2 Applications of organic semiconductors: optoelectronic devices 4 

1.2.1 Organic light emitting diodes 5 

1.2.1.1 Device architecture 5 

1.2.1.2 Operating principle of OLEDs: Electroluminescence 8 

1.2.1.3 Electroluminescent materials for OLEDs 10 

1.2.1.4 Mechanism of light emission in OLEDs 12 

1.2.1.5 Device parameters and characterization of OLEDs  16 

1.3 Blue emitting materials 19 

1.3.1 Polycyclic aromatic hydrocarbons as blue emitters 19 

1.3.2 Truxene: a promising scaffold for organic electronics 27 



 

 xii 
 

1.4 Objective 29 

1.5 Format of thesis  29 

References 31 

CHAPTER 2 39 

Synthesis and characterization of truxene and extended truxene core based blue 

emitting materials by palladium-catalyzed cross-coupling reactions and their 

application in OLEDs 39 

2.1 Introduction  40 

2.2 Results and discussion 42 

2.2.1 Synthesis 42 

2.2.1.1 Synthesis and characterization of truxene based blue emitting 

materials through palladium catalysed cross-coupling reactions 42 

2.2.1.2 Synthesis of novel small molecule blue emitters based on extended 

truxene core through palladium catalysed cross-coupling reactions

 45 

2.2.2 Photophysical properties 47 

2.2.2.1 Photophysical properties of target molecules based on truxene 

core 47 

2.2.2.2 Photophysical properties of novel blue emitters based on extended 

truxene core 50 

2.2.3 Theoretical calculations 52 

2.2.3.1 Theoretical calculations of target molecules based on truxene core

 52 

2.2.3.2 Theoretical calculations of novel blue emitters based on extended 

truxene core  53 

2.2.4 Electrochemical properties  55 



 

 xiii 
 

2.2.4.1 Electrochemical properties of target molecules based on truxene 

core 55 

2.2.4.2 Electrochemical properties of novel blue emitters based on 

extended truxene core  56 

2.2.5 Electroluminescent properties 57 

2.3 Conclusions 60 

2.4 Experimental section 61 

2.4.1 Materials 61 

2.4.2 Instrumentation and methods 62 

2.4.3 Synthetic procedures 63 

2.4.3.1 Synthesis of 10,15-dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene (2) 63 

2.4.3.2 Synthesis of 5,5,10,10,15,15-hexahexyl-10,15-dihydro-5H-

diindeno[1,2-a:1',2'-c]fluorene (3) 63 

2.4.3.3 Synthesis of 2,7,12-tribromo-5,5,10,10,15,15-hexahexyl-10,15-

dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene (4) 64 

2.4.3.4 Synthesis of 1-bromopyrene (6) 65 

2.4.3.5 Synthesis of 4,4,5,5-tetramethyl-2-(pyren-1-yl)-1,3,2-

dioxaborolane (7) 65 

2.4.3.6 Synthesis of N-phenylpyren-1-amine (9) 66 

2.4.3.7 Synthesis of bis(4-methoxyphenyl)amine (12) 66 

2.4.3.8 Synthesis of 9,9',9''-(5,5,10,10,15,15-hexahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluorene-2,7,12-triyl)tris(9H-carbazole) 

(T1) 67 

2.4.3.9 Synthesis of 5,5,10,10,15,15-hexahexyl-2,7,12-tri(pyren-1-yl)-

10,15-dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene (T2) 68 



 

 xiv 
 

2.4.3.10 Synthesis of 5,5,10,10,15,15-hexahexyl-N2,N7,N12-triphenyl-

N2,N7-di(pyren-1-yl)-N12-(pyren-2-yl)-10,15-dihydro-5H-

diindeno[1,2-a:1',2'-c]fluorene-2,7,12-triamine (T3) 69 

2.4.3.11 Synthesis of 2,7,12-tris(bis(4-methoxyphenyl)methyl)-

5,5,10,10,15,15-hexahexyl-10,15-dihydro-5H-diindeno[1,2-

a:1',2'-c]fluorene (T4) 70 

2.4.3.12 Synthesis of methyl 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)benzoate (15) 71 

2.4.3.13 Synthesis of trimethyl 2,2',2''-(5,5,10,10,15,15-hexahexyl-10,15-

dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene-2,7,12-

triyl)tribenzoate (16)  72 

2.4.3.14 Synthesis of compound 17 73 

2.4.3.15 Synthesis of compound 18 73 

2.4.3.16 Synthesis of compound 19 74 

2.4.3.17 Synthesis of compound 20 75 

2.4.3.18 Synthesis of compound 21 76 

2.4.3.19 Synthesis of target molecule T5 77 

2.4.4 OLED fabrication 78 

References 79 

CHAPTER 3 85 

One-pot methodology utilizing modified Debus-Radziszewski reaction for 

truxene-phenanthroimidazole and truxene-diphenylimidazole conjugates: 

synthesis and characterization 85 

3.1 Introduction  86 

3.2 Results and discussion  89 

3.2.1 Synthesis 89 



 

 xv 
 

3.2.1.1 Synthesis and characterization of truxene-phenanthroimidazole 

conjugates through Debus-Radziszewski one-pot methodology 89 

3.2.1.2 Synthesis and characterization of truxene-diphenylimidazole 

conjugates by Debus-Radziszewski one-pot methodology 90 

3.2.2 Photophysical properties 91 

3.2.2.1 Photophysical properties of the truxene-phenanthroimidazole 

conjugates 91 

3.3.2.2 Photophysical properties of the truxene-diphenylimidazole 

conjugates 96 

3.2.3 Computational studies 100 

3.2.3.1 Computational studies of truxene-phenanthroimidazole conjugates 100 

3.2.3.2 Computational studies of truxene-diphenylimidazole conjugates 102 

3.2.4 Electrochemical properties 103 

3.2.4.1 Electrochemical properties of truxene-phenanthroimidazole 

conjugates 103 

3.2.4.2 Electrochemical properties of truxene-diphenylimidazole 

conjugates 105 

3.3 Conclusions 107 

3.4 Experimental details 107 

3.4.1 Materials  107 

3.4.2 Instrumentation 108 

3.4.3 Synthetic procedures 109 

3.4.3.1 Synthesis of 5,5,10,10,15,15-hexahexyl-2,7,12-trinitro-10,15-

dihydro-5H-diindeno[1,2-a:1’,2’-c]fluorene (22)  109 

3.4.3.2 Synthesis of 5,5,10,10,15,15-hexahexyl-10,15-dihydro-5H-

diindeno[1,2-a:1’,2’-c]fluorene-2,7,12-triamine (23) 109 

3.4.3.3 Synthesis of T6 111 



 

 xvi 
 

3.4.3.4 Synthesis of T7 111 

3.4.3.5 Synthesis of T8 112 

3.4.3.6 Synthesis of T9 113 

3.4.3.7 Synthesis of T10 114 

3.4.3.8 Synthesis of T11 115 

3.4.3.9 Synthesis of T12 115 

3.4.3.10 Synthesis of T13 116 

References  118 

CHAPTER 4 123 

Synthesis and characterization of truxene based novel monomers and their 

linear polymers as blue emitting materials 123 

4.1 Introduction 123 

4.2 Results and discussion  127 

4.2.1 Synthesis 127 

4.2.2 Photophysical properties 131 

4.2.2.1 Photophysical properties of truxene-functionalized conjugates 

polymers  131 

4.2.2.2 Photophysical properties of truxene-functionalized conjugated 

copolymers  133 

4.2.3 Thermal and structural characterization  135 

4.2.4 Electrochemical properties 136 

4.3 Conclusions 138 

4.4 Experimental details  139 

4.4.1 Materials 139 

4.4.2 Instrumentation 140 



 

 xvii 
 

4.4.3  Synthesis 140 

4.4.3.1 Synthesis of 5,5,10,10,15,15-hexahexyl-2-nitro-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluorene (27) 140 

4.4.3.2 Synthesis of 2,7-dibromo-5,5,10,10,15,15-hexahexyl-12-nitro-

10,15-dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene (28) 141 

4.4.3.3 Synthesis of 2,7-dibromo-5,5,10,10,15,15-hexahexyl-10,15-

dihydro-5H-diindeno[1,2-a:1',2'-c]fluoren-2-amine (29) 142 

4.4.3.4 Synthesis of 7,12-dibromo-N,N,5,5,10,10,15,15-octahexyl-10,15-

dihydro-5H-diindeno[1,2-a:1',2'-c]fluoren-2-amine (30) 143 

4.4.3.5 Synthesis of 1-(7,12-dibromo-5,5,10,10,15,15-hexahexyl-10,15-

dihydro-5H-diindeno[1,2-a:1',2'-c]fluoren-2-yl)-2,5-dimethyl-

1H-pyrrole (31) 144 

4.4.3.6 Synthesis of 2,7-dibromo-9H-fluorene (33) 144 

4.4.3.7 Synthesis of 2,7-bromo-9,9-dihexyl-9H-fluorene (34) 145 

4.4.3.8 Synthesis of 2,2'-(9,9-dihexyl-9H-fluorene-2,7-diyl)bis(4,4,5,5-

tetramethyl-1,3,2-dioxaborolane) (35) 146 

4.4.3.9 Synthesis of 3,6-dibromo-9H-carbazole (37) 146 

4.4.3.10 Synthesis of 3,6-dibromo-9-(2-ethylhexyl)-9H-carbazole (38) 147 

4.4.3.11 Synthesis of 9-(2-ethylhexyl)-3,6-bis(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-9H-carbazole (39) 147 

4.4.3.12 Synthesis of 2,7-dibromo-9-(2-ethylhexyl)-9H-carbazole (41) 148 

4.4.3.13 Synthesis of 9-(2-ethylhexyl)-2,7-bis(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-9H-carbazole (42) 149 

4.4.3.14 Synthesis of poly[N,N,5,5,10,10,15,15-octahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-amine] (P1) 149 

4.4.3.15 Synthesis of poly[1-(5,5,10,10,15,15-hexahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-yl)-2,5-dimethyl-1H-pyrrole] 

(P2) 150  



 

 xviii 
 

4.4.3.16 Synthesis of poly[(N,N,5,5,10,10,15,15-octahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-amine)-alt-(9,9-dihexyl-

fluorene-2,7-diyl)] (P3) 151 

4.4.3.17 Synthesis of poly[(N,N,5,5,10,10,15,15-octahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-amine)-alt-(9-(2-ethylhexyl)-

carbazole-3,6-diyl)] (P4) 152 

4.4.3.18 Synthesis of poly[(N,N,5,5,10,10,15,15-octahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-amine)-alt-(9-(2-ethylhexyl)-

carbazole-2,7-diyl)] (P5) 153 

4.4.3.19 Synthesis of poly[(1-(5,5,10,10,15,15-hexahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-yl)-2,5-dimethyl-1H-

pyrrole)-alt-(9,9-dihexyl-fluorene-2,7-diyl)] (P6) 153 

4.4.3.20 Synthesis of poly[(1-(5,5,10,10,15,15-hexahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-yl)-2,5-dimethyl-1H-

pyrrole)-alt-(9-(2-ethylhexyl)-carbazole-3,6-diyl)] (P7) 154 

4.4.3.21 Synthesis of poly[(1-(5,5,10,10,15,15-hexahexyl-10,15-dihydro-

5H-diindeno[1,2-a:1',2'-c]fluoren-2-yl)-2,5-dimethyl-1H-

pyrrole)-alt-(9-(2-ethylhexyl)-carbazole-2,7-diyl)] (P8) 155  

References  156 

CHAPTER 5 161 

Summary and conclusions 161 

Biodata 

 

  



 xix 
 

LIST OF FIGURES 

Figure 1.1 Mixing of the molecular orbitals in conjugated materials resulting in 

HOMO-LUMO levels 2 

Figure 1.2 The device architecture of the OLEDs: single layered and multiple 

layered 6 

Figure 1.3 Schematic representation of (a.) photoluminescence and (b.) 

electroluminescence 9 

Figure 1.4 Schematic representation of the working of the OLED device showing 

charge transport and the concept of the band gap. 9 

Figure 1.5 Jablonski diagram representing the various possible pathways of 

radiative and non-radiative decay 12 

Figure 1.6 CIE Chromaticity diagram 18 

Figure 2.1 Normalized absorption spectra of the synthesized molecules in dilute 

THF solution (10-5 M) 48 

Figure 2.2 Normalized photoluminescence spectra of the synthesized molecules 

(a) in dilute THF solution (10-5 M) (b) as thin film spin-coated on a 

quartz substrate 48 

Figure 2.3 Normalized absorption spectra of the extended core of truxene derived 

molecules in dilute THF solution (10-5M) 51 

Figure 2.4 Normalized photoluminescence spectra of the synthesized molecules 

based on extended core of truxene (a) in dilute THF solution (10-5 M) 

(b) as thin film spin-coated on a quartz substrate 51 

Figure 2.5 Optimized molecular geometries of the synthesized molecules at 

B3LYP/6-31G level 53 

Figure 2.6 The HOMO and LUMO orbitals of the synthesized target molecules 

based on truxene core 54 



 

 xx 
 

Figure 2.7 Optimized geometries and the HOMO-LUMO levels of the extended 

truxene core based molecules 54 

Figure 2.8 Cyclic voltammograms of the truxene core based target molecules T1-

T4 55 

Figure 2.9 Cyclic voltammograms of the molecules based on extended core of 

truxene 56 

Figure 2.10 Schematic of the energy levels of T2 and T3 molecules in comparison 

with ITO and cathode (Ca/Al) 57 

Figure 2.11 Device characteristics of OLED based on T2 

(ITO/PEDOT:PSS/T2/Ca/Al) and T3 (ITO/PEDOT:PSS/T3/Ca/Al) 58 

Figure 2.12 Normalized EL and PL spectrum of (a) T2 and (b) T3 molecules. Inset 

of (a) and (b) shows OLED in on-state 59 

Figure 2.13 The CIE coordinates of the OLEDs of T2 (circle) and T3 (triangle) 59 

Figure 3.1 Normalized absorbance spectra of the target molecules T6-T9 in THF 

solution (10-5 M) 92 

Figure 3.2 Normalized steady-state emission spectra of truxene-PIM conjugates 

(a.) in THF solution (b.) in thin film 93 

Figure 3.3 Solvatochromism effect in (a.) T6 (b.) T7 (c.) T8 and (d.) T9 94 

Figure 3.4 The time-correlated single photon counting for the synthesized 

molecules T6-T9 in THF solution for the excited state lifetimes 96 

Figure 3.5 Normalized absorption spectra of the target molecules T10-T13 in THF 

solution (10-5 M) 97 

Figure 3.6 Normalized steady-state emission spectra of truxene-DPI conjugates 

(a.) in THF solution (b.) in thin film 97 

Figure 3.7 Solvatochromism effect in (a.) T10 (b.) T11 (c.) T12 and (d.) T13 99 



 

 xxi 
 

Figure 3.8 The time-correlated single photon counting for the synthesized 

molecules T10-T13 in THF solution for the excited state lifetimes 100 

Figure 3.9 The optimized geometries of the synthesized molecules T6-T9, 

obtained from DFT calculations at B3LYP/6-31G (d,p) 101 

Figure 3.10 The HOMO LUMO distributions for the synthesized molecules, T6-T9

 102 

Figure 3.11 The optimized geometries of the synthesized molecules T10-T13, 

obtained from DFT calculations at B3LYP/6-31G (d,p) 103 

Figure 3.12 The HOMO LUMO distributions for the synthesized molecules, T10-

T13 103 

Figure 3.13 Cyclic voltammograms of the synthesized materials T6-T9 104 

Figure 3.14 Cyclic voltammograms of the synthesized materials T10-T13 105 

Figure 4.1 Normalized absorption spectra of the truxene-functionalized 

conjugated polymers P1, P2, P3 and P6 in diluteTHF solution (10-6 M) 131 

Figure 4.2 Normalized emission spectra of the truxene-functionalized conjugated 

polymers P1, P2, P3 and P6 in (a.) dilute THF solution (10-6 M) (b.) 

solid-state as thin film 132 

Figure 4.3 Normalized absorption spectra of the truxene and carbazole based 

copolymers in dilute THF solution (10-6 M) 134 

Figure 4.4 Normalized emission spectra of the truxene and carbazole based 

copolymers in (a.) dilute THF solution (10-6 M) (b.) solid state as thin 

film 

 134 

Figure 4.5 The cyclic voltammograms of the truxene-functionalized conjugated 

polymers P1, P2, P3, and P6 136 

Figure 4.6 The cyclic voltammograms of truxene and carbazole based conjugated 

copolymers P4, P5, P7 and P8 138 



 

 xxii 
 

LIST OF TABLES 

Table 1.1 NTSC and EBU standards of CIE coordinates for colours Red, Green, 

Blue and White 19 

Table 2.1 Photophysical properties of target molecules based on truxene core 49 

Table 2.2 Photophysical properties of the extended truxene core based molecules

 52 

Table 2.3 Summary of electrochemical properties of T1, T2, T3 and T4 56 

Table 2.4 Summary of the electrochemical properties of the extended truxene 

core based molecules 57 

Table 3.1 The optical properties of the synthesized truxene-PIM based materials

 93 

Table 3.2 The optical properties of the synthesized truxene-DPI based materials 98 

Table 3.3 Electrochemical properties of the target molecules, T6-T9 105 

Table 3.4 Electrochemical properties of the target molecules, T10-T13 106 

Table 4.1 The photophysical properties of the truxene-functionalized conjugated 

polymers P1, P2, P3 and P6 133 

Table 4.2 The photophysical properties of the truxene and carbazole based 

copolymers P4, P5, P7 and P8 134 

Table 4.3 Electrochemical properties of the synthesized truxene-functionalized 

conjugated polymers P1, P2, P3, and P6 137 

Table 4.4 Electrochemical properties of the truxene and carbazole based 

conjugated copolymers P4, P5, P7 and P8 138 

  



 xxiii 
 

LIST OF SCHEMES 

Scheme 2.1 Synthesis of the truxene core 43 

Scheme 2.2 Synthesis of the side moieties 44 

Scheme 2.3 Synthesis of the truxene core based target molecules 44 

Scheme 2.4 The synthesis of extended core of truxene and its derivatives 46 

Scheme 2.5 Synthesis of the target molecule T5 based on extended truxene core 47 

Scheme 3.1 Reaction scheme for the synthesis of truxene-phenanthroimidazole 

conjugates (T6-T9) 90 

Scheme 3.2 Reaction scheme for synthesis of truxene-diphenylimidazole 

conjugates (T10-T13) 91 

Scheme 4.1 Synthetic scheme followed for the synthesis of truxene based novel 

monomers, 30 and 31 128 

Scheme 4.2 Synthesis of truxene-functionalized conjugated homopolymers P1 

and P2 128 

Scheme 4.3 Synthesis of the truxene-functionalized conjugated copolymers P3-

P5, through Suzuki polymerization 129 

Scheme 4.4 Synthesis of the truxene-functionalized conjugated copolymers P6-

P8, through Suzuki polymerization 129 

Scheme 4.5 The synthetic route followed for preparation of the fluorene and N-

carbazole derived co-monomers 35, 39 and 42 130 

 

 



 xxiv 
 

LIST OF CHARTS 

Chart 1.1 Some of the commonly used π-conjugated materials for organic 

electronics 4 

Chart 1.2 Chemical structures of commercially used HTMs 7  

Chart 1.3 Chemical structures of commercially used ETMs 8  

Chart 1.4 Examples of the materials for the emissive layer, the colour of the 

material depends on the band gap value. 11 

Chart 1.5 Molecular strucutres of some reported TADF materials 15 

Chart 1.6 Chemical structures of the anthracene-based blue emitting materials 22 

Chart 1.7 Chemical structures of pyrene-based blue emitting materials 24 

Chart 1.8 Chemical structures of fluorene and indenofluorene based blue 

emitting materials 27 

Chart 2.1 Structures of the target molecules based on truxene core  42 

Chart 3.1 Structures of truxene-phenanthroimidazole (T6-T9) and truxene-

diphenylimidazole (T10-T11) conjugates 88 

Chart 4.1 Structures of the synthesized novel monomers and truxene-

functionalized conjugated homopolymers 126 

Chart 4.2 Structures of the synthesized truxene-functionalized conjugated 

copolymers 126 

 

 

  



 xxv 
 

LIST OF ABBREVIATIONS 

CIE Commission Internationale de l'éclairage 

CT  Charge Transfer 

D-A Donor-Acceptor 

DCM  Dichloromethane 

DFT Density Functional Theory 

DMF  Dimethylformamide 

DMSO  Dimethylsulfoxide 

DPI Diphenylimidazole 

𝐸𝑔
𝑜𝑝𝑡

 Optical Band Gap 

EQCM Electrochemical Quartz Crystal Microbalance 

EQE  External Quantum Efficiency 

ESI Electrospray Ionization 

ETL Electron Transporting Layer 

ETM Electron Transporting Material 

GPC Gel Permeation Chromatography 

HOMO  Highest Occupied Molecular Orbital 

HTL Hole Transporting Layer 

HTM Hole Transporting Material 

IQE Internal Quantum Efficiency 

ITO  Indium Tin Oxide 

LEC Light-Emitting Electrochemical Cell 

LUMO  Lowest Unoccupied Molecular Orbital 

MALDI Matrix Assisted Laser Desorption/Ionization 



 

 xxvi 
 

NBS  N-bromosuccinimide 

n-BuLi  Normal-butyl lithium 

NMR  Nuclear Magnetic Resonance 

OFET Organic Field Effect Transistor 

OLED  Organic Light Emitting Diode 

OPV  Organic photovoltaics 

PAH  Polyaromatic Hydrocarbons 

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

PIM Phenanthroimidazole 

PLED  Polymer Light Emitting Diode 

PLQY Photoluminescence Quantum Yield 

PPV Poly(p-phenylene vinylene) 

PSC Polymer Solar Cell 

RISC Reverse Inter-System Crossing 

SMOLED Small Molecule Organic Light Emitting Diode 

TADF Thermally Activated Delayed Fluorescence 

TBAB  Tetra-n-butylammonium bromide 

TCSPC Time-Correlated Single Photon Counting 

TGA Thermogravimetric Analysis 

THF  Tetrahydrofuran 

TLC  Thin layer chromatography 

TPBI  1,3,5-tri(phenyl-2-benzimi-dazolyl)-benzene 

 

 



 

 xxvii 
 

LIST OF CHEMICAL FORMULAE 

KOH  Potassium Hydroxide 

H2SO4  Sulphuric acid 

HNO3  Nitric Acid 

HCl  Hydrochloric acid 

Pd(dppf)Cl2  1,1'Bis(diphenylphosphino)ferrocene]dichloropalladium(II) 

FeCl3  Ferric Chloride 

NaOH  Sodium Hydroxide 

Ni(dppp)Cl2  Propane 1,3-bis(dphenylphosphino) Nickel 

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

K2CO3  Potassium Carbonate 

NaH  Sodium Hydride 

Na2SO4 Sodium Sulphate 

KOH  Potassium Hydroxide 

KOtBu  Potassium tert-butoxide 

EtOH  Ethanol 

Pd2dba3  Tris(dibenzylideneacetone)dipalladium(0) 

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

COD 1,5-Cyclooctadiene 

NH4Cl Ammonium Chloride 

SnCl2.2H2O Tin (II) Chloride Dihydrate 

CCl4 Carbon Tetrachloride 

Br2 Molecular Bromine 

CHCl3  Chloroform 



 

 xxviii 
 

KCl Potassium Chloride 

CsF Cesium Fluoride 

LiF  Lithium Fluoride 

 


	2012PTZ8348.pdf



