Table of Contents I

Table of Contents

ADSTEACT..ccuutiiiiiiiniticiiittieiintieciintttesisstttessssttessssseeeesssssesessssstsesssssassesssssssesssssssssssssanssssssassesssnas 1
KurzzusammenfasSung........cooueeeeiiinieeiiinneecninnieinnssieesssssseecssssseesssssssecssssssessssssssessssssssssssssssses 2
1. INErOAUCEHION . .ucieeiieiieiiittiieiisntteciintteciineteessssateesssssnesssssssessssssseesssssssesssssssesssssssnsesssssasssss 3
1.1  Organic Light-Emitting Diodes ..........ccccciiiiiiiiiiieiiiiiie ittt ee s evree s snaee s 3
1.1.1 The Route to a New Lighting and Display Technology ...........cccccevvrveiiieevccierennnnnnnn. 3
1.1.2  Architecture and Working Principle of an Organic Light-Emitting Diode ................... 6
1.2 Copper(I) Complexes as Emitting Materials ............cccceevreiiieiiiiiiieeniiie e 17
1.2.1 Structural Diversity of Copper(l) CompleXes........c.ceocurieereiireeriiiieeeriieeeeeieee e 18
1.2.2 Thermally Activated Delayed FIuorescence..........c.occuvevevviiieeiniiieeeeiieeeeiiee e 20

1.2.3 Photophysical Characterization of Thermally Activated Delayed Fluorescence
N Copper(l) COMPIEXES ......everieriieeiiiiee ettt e eereee e et eeeeebreeeesbreeesssnreeesensseeessnnnes 22
2. AImS aNd ODJECLIVES ceeeeriruennerrrrieiiissscsnnniiiissssssssnsssrtisssssssssssssssssssssssssssssssssssssssssssssssssss 26
3.  Results and Discussion...... 28

3.1 Development of Mononuclear Neutral Copper(I) Complexes based on various

ANIONIC NN LAGANAS ..eeiieniiiiieiiiiiie ettt ettt et e e eeere e e setaeeessnsbeeesensnaeessnsnaeenans 28
3.1.1 Synthesis of Ligands and CompPIeXeS..........ccevevirreriiriieeriiiiieeeiiieeeesiieeeeeireeeeeeneeeens 29
3.1.2 SHructural STUAIES.....ccouviiiiiieiie et 32
3.1.3 Photophysical CharacteriZation.............ccccuveeerriiiererriiiieeeriiieeeeieeeesreeeserreeesenneeens 52
3.2 Mononuclear Neutral Copper(I) Complexes based on Tetrazolate Ligands ..................... 65
3.2.1 The Model Complex [(PyrTet)Cu(DPEPhOS)] .....ccoocviiiiiiiiiieeiiiieeeeee e 65
3.2.2 Synthesis of Ligands and CompPIeXeS..........ceeverirreriiiiieeiriiieeeriieeeesiieeeseireeeseeneeeens 71
3.2.3 Copper(l) Complexes [(PyrTet)Cu(P”P)] with different Bis(phosphine) Ligands ...... 85
3.2.4 Copper(I) Complexes [(D-Tet)Cu(DPEPhos)] with different Tetrazolate Ligands.....97

3.2.5 Copper(I) Complexes [(R-PyrTet)Cu(P”P)] with different Substituents
on the Pyridine-Tetrazolate Ligand............c.ccooceiiiiiiiiiiiniiiiicececceeee 115

3.3 Investigation of the Thermally Activated Delayed Fluorescence by

Time-1eS0lVed SPECITOSCOPY ..uvvvrrieeiiiiieeiiiiieeertitee ettt e e et ee e et ee e e s tbeee s enbaeesenneeeens 129
3.3.1 Intersystem Crossing in the Copper(I) Complex [(PyrTet)Cu(DPEPhos)] ............... 130

3.3.2 The TADF Mechanism in Mononuclear Neutral Copper(I) Complexes
based on Tetrazolate Ligands............ccccueeiiriiiiiiiriiiieeeriiiiee et eieee e 138



Table of Contents

3.4 OptoCleCtrONIC DEVICES ....ieeiuvrireiiiiiieeiiiiiee ettt e esieeeeerteeessbreeessnnreeesssraeessnssaeessnsees 146
3.4.1 Quenching Processes in Copper(l) CompleXes.......cccvvererriiiiieenciireeiiiieeeeieee e 146
3.4.2 Application of the Model Complex [(PyrTet)Cu(DPEPhos)] in an OLED............... 148

CONCIUSION couuueeriiiineiieiiinitieiisntieciinteiesisneteesssseeessssseescsssssesessssseesesssssesssssssassssssssesssssnne 153
Experimental Part ..........ccoovvvvvmniiiiiciiiiinnnniiiiccissscsnsniiiscsssssssnsssniissssssssssssssssssssssssssssns 158

T B € 1< 1 T 1 O PTTPRRTP 158
5.1.1 Analytical Methods and Instrumentation..............cceecueeerieeriiiiniee i 158
5.1.2 Photophysical Methods and Instrumentation..............cceeeeereieeenieeiiieenieeeniee e 160
5.1.3  CyClOVORAMMELIY .. .eeeeiiiiieeiiiieeeeiiee e et ee e et e et eee s eebeeesenbaeeessnnreeesennneeesennseas 163
5.1.4 Thermogravimetric ANALYSIS ........ccccvieirriiireiriiiieerciieeeeieeeeesrreeeesnreeeseereeeeennees 163
5.1.5 Differential Scanning Calorimetry ..........cccvevevriiirerriiireeiiiieeeeiieeeerireeeeeireee e 163
5.1.6 Fabrication and IVL-Characterization of OLEDS.............ccccceevviiiieiniiiieeeieee e, 164
5.1.7 Density-functional theory calculations.............cccceevevieieriiiiieeniciee e 164
5.1.8 Synthetic Methods and Materials.............ccceevreiiieeriiiiiee e 165

5.2 Synthetic Procedures and Analytical Characterization .............ccceeeveeevieeriieenieeenieenane. 166
5.2.1 General ProCeAUIES .......cccuiiiiiiiiiiiiiiii ettt 166
5.2.2 Synthesis of LiZands .........ccceerciiiiiiiiiiieeiiiie et ee e 168
5.2.3 Synthesis of COMPIEXES ....ceevrouriieeriiiieeiiiiie ettt et ee e erre e s rrre e e s enreee e enenees 186

5.3 Supplemental Data..........cccoeciiieiiiiiieeiiiiie e s enrae e e 203
5.3.1 Photophysical Characterization..............eccvveeeeriiireeriiieeeeiieeeeieeeeesireeeseereeeeeenees 203
5.3.2 Theoretical CalCulations ..........ccoouueiiiiiiiriieeiiie ittt ettt 211
5.3.3 Electrochemical Data ..........ccceeeiiiiiiiiiniiiiiie ittt 213
5.3.4 Thermogravimetric Data.........cccceeeviiiieiiiiiiiee et ee e 214

5.4 CrystallographiC Data .........cccuiiiiiiiiieiiiiie et e e s e 215

ADDIeviationsS......cccoovvvevreeeiiiiciissscnsnneeiiiesissssssssstiiscssssssssssstsssssssssssssssssssssssssssssssssssssssssnns 249
S 3 ) 1 L . 253
APPENAIX.auueiiiiiiiureeisssreecsssneecsssseeeessssansesssssssessssssesssssssessssssssssssssssasssssssasssssssassssssssssssss 267
5.1 CUITICULUIT VIEAC ...eeiutiieiiitiiiie ittt ettt st sttt ettt e s e e 267
5.2 Publications, conference contributions, Patents............eccvveeeerriurererriireeeerireeesenreeessnnens 268

5.3 AcCKNOWIEAZEMENTS.......uiiiiiiiiiie ettt ettt e et e et e e st e e s enre e e s enreee e eneees 270



