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ABSTRACT

This research involved the synthesis and characterisation of a range of optically

active polyhedral oligomeric silsesquioxane (POSS) compounds.

POSS precursor compounds containing functional groups required for subsequent
attachment of the desired functional groups have been synthesised. Examples of such
precursor compounds include mono-functionalised POSS compounds with periphery

aldehyde, azide, amino and pyridyl functional groups.

A variety of POSS compounds, functionalised with a range of optical functionalities,
including optical limiters such as fulleropyrrolidine and iminofullerene, and dyes and
pigments, including naphthalene, biphenyl, perylene, pyrene and porphyrin have

been synthesised.

The reaction of mono-functionalised POSS aldehydes with fullerene (Cg) in the
presence of N-methylglycine yielded the desired POSS fulleropyrrolidines, whilst
reaction of mono-functionalised POSS azide with Cg yielded POSS iminofullerenes.
All POSS fullerene compounds were characterised by power limiting measurements,

exhibiting comparable power limiting to that of parent Cq.

The microwave condensation of mono-amino POSS with a range of mono- and bis-
anhydrides yielded the POSS imide compounds, which were characterised by UV-
Vis and fluorescence spectrophotometry. The perylene POSS imide derivative was
further characterised by single crystal x-ray crystallography. The naphtha and
biphenyl POSS imides exhibited extremely weak fluorescence, whilst the perylene



POSS imide displayed particularly strong fluorescence, with a quantum yield

approaching unity.

The incorporation of a pyridyl group on the periphery of a mono-functionalised
POSS cage allowed for the synthesis of the first porphyrin functionalised POSS
compound. Mono-porphyrin POSS exhibited comparable absorption properties to
other pyridyl ligated ruthenium porphyrins.

Mono-functionalised pyrene POSS compounds were prepared through the reaction of
I-pyrene acid chloride with mono(3-aminopropyl)POSS. This synthetic pathway
offered a convenient route to mono-functionalised pyrene POSS, in preference to the
multi-substitution associated with Heck coupling. Mono-pyrene POSS was
determined to be strongly fluorescent, exhibiting a high quantum yield of

fluorescence.



ACKNOWLEDGEMENTS

I would like to thank my supervisors Prof. Janis Matisons and Assoc. Prof. George
Simon for the opportunity to undertake this project and their support and assistance.
Additionally, I would like to express gratitude to Dr Mark Fisher for his support in
the latter stages of the project and the opportunity to work on the biodiesel program,
which taught me about chemistry in the real world. I must also thank Dr Stephen
Clarke for always making me focus the final hurdle and providing part or my

scholarship towards the latter stages the project.

Thanks to Dr Marek Samoc and Dr Anna Samoc at ANU for their help in obtaining
the power limiting data and also to Dr Brian Skelton for the x-ray crystallography

measurement.

I would also like to thank all the past and present members of the Nanomaterials
group at Flinders University. Special thanks must go to Simon Mathew for all his
help, ideas and encouragement over my time at Flinders, and for proving that the best
ideas are often borne at the pub over a drink. I would also like to say cheers to
Rachel Pillar for her help in editing parts of this thesis; it was much appreciated,

even if she is a physical chemist.

To my family and Fee, it’s been a rough time these past few years but you guys
helped me through it, without your love and support there is no way I could have

finished this thesis.

Finally, I’d like to dedicate this thesis in part to my late brother in law, Darren.
Thanks for the memories mate, I wish you were here to see me finally finish this; it’s
been a constant source of amusement between us over the years and life isn’t the

same without you.



‘I certify that this thesis does not incorporate without acknowledgement
any material previously submitted for a degree or diploma in any
university; and that to the best of my knowledge and belief it does not
contain any material previously published or written by another person

except where due reference is made in the text’

(D. J. CLARKE)



TABLE OF CONTENTS

LIST OF FIGURES ...ttt e e s a e e nree e e Xi
LIST OF TABLES. . ...ttt e e e arae e e s snbaeeeeenns XV
LIST OF ABBREVIATIONS. ... ..ot XVi
1 INTRODUCTION. . ..ottt ettt e e s earae e e s e arae e e s earaaeeeans 1
1.1 OULIINE & AIMS ..ottt bbb 1
1.2 SIISESUIOXANES. ...ttt ettt 3
1.2.1 Synthesis of POSS Compounds .........cceeveieriiieciieeiieesiee et sreeeeeeesevee e 4
1.2.1.1  Synthesis of OctahydridoSilSESqUIOXANE........c.cccververieriieieeieereeeeseere e ere e seeenees 7

1.2.1.2  Synthesis of Octakis(hydridodimethylsiloxy)octasilsesquioXane.............c.cceeevererenee. 8

1.2.1.3  Tetrabutylammonoium Fluoride Catalysed Synthesis of POSS.........cccooiviiervennnee. 9

1.2.1.4  Synthesis of Incompletely Condensed SilSEeSqUIOXANES.........ccovverereveevereenerereeenenns 10

1.3 Functionalisation 0f POSS ... s 14
1.3.1  HydroSilylation.........cceeeuieviiiniieiieiie e et eseesresre v e eeveesaesraessaesenessneenses 14
1.3.2  Functionalisation of POSS by Hydrosilylation............cccecevvvvevienieneeniennenen. 18

1.4 Functionalisation of POSS by Other Reactions............cccocceeviieiveinne. 20
1.4.1  Monosubstituted POSS DerivatiVes........cccccveeevierrierieeriieriesiesreereeveeseeseeesenns 20
R I Y (<11 Vo Yo N SRR PURUR 21

LA T2 IMEHOA 2 oo 22

L1413 MEEhOA 3 ..ottt ettt e et e e beeesbeeebaeenbeeebaeenseeensaeenseeans 24

1.4.2  Subsequent Reactions of the R” Group ..........cccoevieviiniiniiniiiieeeeeeeeee e, 25
1.4.3  Reaction of the Trisilanol with Mono-Or Dihalide Organosilanes................... 26
1.4.4  Metal SilSESQUIOXANES......cccuierieiierieeriientesieereeseeseesseeseaesssesssessseesseesseesseessees 28
1.4.5 Octa-substituted POSS DerivatiVes......c..c.coevviiieiiiieeeeieee e 28

1.5 POSS POIYMEIS ...ttt 36
1.6 SUMIMATY .o 36
1.7 RETEIENCES ... 37

2 POSSBOUND FULLERENES..........coo et 43
2.1 OULIINE ..t be b s 43
2.2 FUITEIENES ... et 43
2.3 FUNCtionalisation OF Cap ...vevvveieiiiiiiiisicee e 44
2.3.1 Addition of Diazomethane and Alkyl Azides to Cgp...ooovrrverrveerieerieervenneenennn, 45
2.3.2  Addition of Stabilised a-Halomalonate Anions t0 Ceg ...eeeeveveeveneeeeeeeeereeennneen. 47
2.3.3 Cycloaddition of Azomethine Y1ides to Cgp ..ooveeveerveereenierieeiieieeeeseeeeee, 48

2.4 Optical LIMITING c..oocviieiic et 49
2.5 FUEropyrrolidinesS...... ..o 53
2.6 SYNENESIS ...ttt e nre s 58
2.7 Synthetic Pathway 1 ... 59
2.8 CharaCteriSAtION ........ccveiieiieieiiceeee e 60
2.9 RESUITS & DISCUSSION ....evevviiieiiieiesiie sttt ens 60
2.9.1  THINMR oot 60
2.9.1.1  MONO-VINYL POSS.....coiiiiiiiiiiet ettt es 60
2.9.1.2  [2-(4-dimethylsilyl)phenyl]-1,3-dioX0lane ........c.ccceevierireierierieeeeee e 62

2.9.1.3  Mono-dioXolane POSS .......c.ooiiriiieieieeee ettt 62
2.9.1.4  Mono-aldehyde POSS ..ottt 64

2.9.1.5  POSS Fulleropyrrolidines .........cceeoueeeerienieniieieeieeie et 65

292 BONMR w.coiee et 67
2.9.2.1  Mono-vinyl POSS ... .o e 67
2.9.2.2  [2-(4-dimethylsilyl)phenyl]-1,3-dioxalane............cccccerveerienienieeieeiecieieeie e 67
2.9.2.3  Mono-dioXolane POSS .......c.oooiiiiioieiieieeeeeeee ettt ebe s s 69
2.9.2.4  Mono-aldehyde POSS.........coooiiiiiiieiieeeeeeeee ettt 69

vi



2.9.2.5  POSS Fulleropyrrolidines ..........ceeevievieieeiieniieireeieeteseeseesieesseesessseeseessaesseeseessens 71

293 PISENMR oottt 72
2.9.4  High Resolution ESI Mass Spectrometry ..........cccceeveereerirrieniieeie e 73
2.9.5  Elemental Analysis of POSS Fulleropyrrolidines...........cccceeeveerciieecieencieeennenns 74
2.9.6  Optical Properties of POSS Fulleropyrrolidines..........c.ccceevvvevvievieenieesieereeenen. 74
2.9.6.1 UV-Vis Spectra of POSS Fulleropyrrolidings ............ccceevereveriervenieieeiesieieenens 74
2.9.6.2  Steady State Spectrofluorometric Emission Studies of POSS Fulleropyrrolidines.. 75
2.9.6.3  Power limiting of POSS Fulleropyrrolidines ...........cccceeveiereinienieeeeeeeeeeene 77
2.10  Synthetic Pathway 2...........cccooiiiiiiiiiicce s 79
2.11  RESUIS & DISCUSSION ..ottt 80
21101 FTIR ettt ettt ettt s bt e e st e st eesateesabeeens 80
2.11.2 0 THINMR oottt 80
2.11.2.1 Mono-benzyl Chloride POSS.........ccoooiiiieeeeeeet e 80
2.11.2.2 Mono-aldehyde POSS ........coo i 82
2.11.2.3 POSS Fulleropyrrolidines ..........ccecveeierienienienieerieeee e eeeseeeie e eeesae e seee e 84
2.11.3 PONMR Lot 85
2.11.3.1 Mono-benzyl Chloride POSS........ccooiiiiieeeeee e 85
2.11.3.2 Mono-aldehyde POSS ..o 85
2.11.33 POSS Fulleropyrrolidines ...........ccouerueruerereeieieiee et 87
2,114 PISENMR oottt 88
2.11.5 High Resolution ESI Mass Spectrometry ..........cocceevvereervereenvenieereeeeneeens &9
2.11.6 Elemental Analysis of POSS Fulleropyrrolidines.............cccceeveveveeriereniennnnns 74
2.11.7  Optical Properties of POSS Fulleropyrrolidines...........c.cccceevvvevivevreerieesieeseeenen. 90
2.11.7.1 UV-Vis Spectra of POSS Fulleropyrrolidines............ccoecververieeiesieneeeee e 90
2.11.7.2 Steady State Spectrofluorometric Emission Studies of POSS Fulleropyrrolidines.
............................................................................................................................. 91

2.11.7.3 Power Limiting of POSS Fulleropyrrolidines ............cceceeeerieneenenieneceeeenee 92
212 IMINOTUIIEIENES ... 94
2.13  RESUIS & DISCUSSION .....eeviiiiieiieieieste sttt 95
21301 FTIR ettt ettt et e ettt e sabe e sabeeenabeesabeeens 95
2.13.2 THINMR oottt 95
2.13.2.1 Mono-benzyl Chloride POSS.........ccoooiiiieieeeet e 96
2.13.2.2 Mono-azide POSS ... 96
2.13.23 POSS IMINOfUllErene .......cc.eeiiieiieiieieeieee et 96
2.13.3 PONMR .ot 98
2.13.3.1 Mono-benzyl Chloride POSS........ccooiiiiieeeee e 98
2.13.3.2 MoOn0-azide POSS ...t 99
2.13.33 POSS IMinofullerenes.........ccooeeieieriiriniiieeeee e 99
2134 PISENMR oottt 101
2.13.5 High Resolution ESI Mass Spectrometry ..........ccceecueeeiierieenieeneeneesiesieeeenne 101
2.13.6  Elemental Analysis of POSS Iminofullerene..........ccccceoervueeninnccinnnenne. 102
2.13.7 Optical Properties of POSS Iminofullerene ...........cccccevvvevevercieecriecreeseeneenennns 102
2.13.7.1 UV-Vis Spectrum of POSS Iminofullerene ............ccocevveiiiiiniineeiieieeieeee 102
2.13.7.2 Steady State Spectrofluorometric Emission Studies of POSS Iminofullerene .. 103
2.13.7.3 Power Limiting of POSS Iminofullerene ...........coccooeeoiniiniiniinncieneeene 104
2.14  Conclusions and FUuture WorK ..., 105
2.15  RETEIEINCES ... 107
3 POSS IMIDES ... oottt 111
3.1 OULIINE ... 111
3.2 PEIYIENES. ... s 111
3.2.1  Perylenes Incorporated into Sol-gel Matrices ..........ceeverververerreenienieenneenns 112
3.2.2  Other ANhYdrides......c.oocuieiiieiiiiiieiiiee ettt 114
3.3 POSS IMITES ..ot et 115
3.4 SYNTNESIS ... 117
3.5 CharaCteriSation ...........coeoviiieeeser e 118

vii



3.6 RESUILS & DISCUSSION ...ttt 118
3.6.1 FTIR .ottt et e e e tee e e e bae e s e tre e e e enbaeeeennaaaeeennees 118
3.6.2  THINMR oottt 118

3.6.2.1  Mono-(3-aminopropyl) POSS ......cooi ittt 120
3.6.2.2  Mono-phthalic POSS IMide..........ccceeeiirierieiieiieiecieeeeeteeee e e 120
3.6.2.3  Bis-phthalic POSS ImMide .......ccoooiriiiiieiieiee et 122
3.6.2.4  Octa-(3-chloroammoniumpropyl)POSS .......c.cccvriiiiiirieieeeeeeeeee e 123
3.6.2.5  Octa-phthalic POSS Imide.......cccooiieiiriiiiiiieee e 123
3.6.2.6  Mono-naphthalic POSS Imide .........ccceeiieiiiiiiiiiiieeeeeeeeee e 124
3.6.2.7  Bis-naphthalic POSS Imide .........cccoiiiiiiiiiiiee e 125
3.6.2.8  Biphenyl POSS IMIde ......cccceeieiriiieiirieieiesieteteet ettt st ese s 126
3.6.2.9  Perylene POSS IMIdE.......ccooiiiiiiiiiieie ettt 127
3.6.3 PO NMR oottt 128
3.6.3.1  Mono-(3-aminopropy)POSS .......cooiriieieeieieeee e e 128
3.6.3.2  Mono-phthalic POSS IMide..........cccereierierieiieii ettt 128
3.6.3.3  Bis-phthalic POSS IMide .......cccoviiiiiiirieiee et 130
3.6.3.4  Octa-(3-chloroammoniumpropyl) POSS ... 131
3.6.3.5  Octa-phthalic POSS Imide........ccooiiiiiiiiiieieeee e 131
3.6.3.6  Mono-naphthalic POSS Imide .........cccoeririiiriiiiiiiieieeeeeeeee e 132
3.6.3.7  Bis-naphthalic POSS IMide .......c..ccoeeiiiiiiiiiieie ettt 132
3.6.3.8  Biphenyl POSS IMIde ......c.cceoveiriiieiiieieiesieeeieeteieee ettt 133
3.6.3.9  Perylene POSS IMide......c..ccceviiiiiiieiieiieiecieeeteee ettt 133
3.64  PISINMR ..ottt 134
3.6.5  High Resolution ESI Mass Spectrometry .........ccccceeeverveecreeciieneereeseesnesnenns 135
3.6.6  Elemental Analysis of POSS ImMides.......ccccoceveieereeinieiieirieeeeeeieeevenes 135
3.6.7  UV-Vis Spectra of POSS IMides .......cccevvvevierieniieiieiieeeeesee e 136
3.6.7.1  UV-Vis Spectra of Phthalic POSS Imides ..........ccccveviiriirieiieieiee e 136
3.6.7.2  UV-Vis Spectrum of Mono-naphthalic POSS Imide ...........ccooceiineniniince. 137
3.6.7.3  UV-Vis Spectrum of Bis-naphthalic POSS Imide ...........cccccerieiiiiinieieieee. 138
3.6.7.4  UV-Vis Spectrum of Biphenyl POSS Imide...........cccoeviriiiiiiieieeeeeeeeee, 140
3.6.7.5 UV-Vis Spectrum of Perylene POSS Imide.........cccooeriiiiiniiniiniiieece, 142
3.6.8  Steady State Spectrofluorometric Emission Studies of POSS Imides ............ 145
3.6.8.1  Emission Spectrum of Mono-naphtha POSS Imide...........ccccoeevveiinienieiiciene, 145
3.6.8.2  Emission Spectrum of Bis-naphtha POSS Imide ............ccceevieiinienieieieeieee, 146
3.6.8.3  Emission Spectrum of Biphenyl POSS Imide.........ccccoovveiiiciiiienieececeeee, 147
3.6.8.4  Emission Spectrum of Perylene POSS Imide .........cccceevveierieiiienieieeeeee, 148
3.6.9  Single Crystal X-ray Structure of Perylene POSS Imide..........c.cceecerrnrnnnenn. 149
3.7 Conclusions and Future WOork ... 159
3.8 RETEIENCES: ... i 161
4 POSS BOUND PORPHYRIN ....oiiiiiiiiiiiiiie i 165

4.1 OULIINE ... 165

4.2 POIPRYFINS. ..o 165

4.3 @ RS I T =g o OSSR 168

4.4 SYNENESIS ...ttt e 171

45 (08 g T 1 = (03 =] g 157=1 A 0] o [ 172

4.6 RESUILS & DISCUSSION ...ttt 172
4.6.1 FTIR ..ttt et e et e et e s s e e s 172
4.6.2  THINMR ..ottt 172

4.6.2.1  (3-aminopropyl)POSS.... o e e 172
4.6.2.2  Mono-phenyl POSS ......oooiiiieece ettt s 174
4.6.2.3  Isonicotinic Acid ChIOTIAE ........coerieiiriiieriirese s 175
4.6.2.4  Mono-pyridyl POSS......oo oottt 176
4.6.2.5  Mono-porphyrin POSS ......ocioiiieiiecieeee ettt 177
463 PONMR ..ottt sttt 178
4.6.3.1  (3-aminopropYD)POSS.... .o e 178
4.6.3.2  Mono-phenyl POSS ...t ettt 180
4.6.3.3  Isonicotinic acid ChlOTide..........cceoueiiiiiriiiiieiee e 180



4.6.3.4  Mono-pyridyl POSS.......oci oottt et 180

4.6.3.5  Mono-porphyrin POSS ......ccoioiiiiiiiecteeee ettt 181
4,64 PSTNMR ..ottt 182
4.6.5  High Resolution ESI Mass Spectrometry ..........ccceeeueeeieerieenieeneeneesiesieeeenne 183
4.6.6  Elemental Analysis of Mono-porphyrin POSS and Precursor Compounds....183
4.6.7  Optical Properties of Mono-porphyrin POSS .........cccoooviviiiiiiicieieeeeee 184

4.6.7.1  UV-Vis Spectrum of Mono-porphyrin POSS ..........cccooviriiriinieieeee e 184

4.7 Conclusions and FULUre WOIK ... 185
4.8 RETEIENCES: ... 187

5 POSS BOUND PYRENE........ciii ittt 189
5.1 OULIINE .. 189
5.2 PYIENE ..o 189
5.3 Silsesquioxane Bound PYFeNe.........ccccooevveieiiieie e ee e 189
5.4 CharaCteriSAtiON ...........coeiiiiiiiiee e 191
SAT FTIR ettt ettt et ae et e e eeeees 191
542 THNMR oottt 191

5421  (3-aminopropyl)POSS. ...t 191

54.2.2  1-Pyrene Acid ChIOTide .......cc.cooiiiiiiiiiiiieiecee e 191

5423  Mono-pyrene POSS ... e 193
543 PONMR Lottt 194

54.3.1  (3-aminopropyl)POSS......c.oo oottt 194

54.3.2  1-Pyrene Acid ChIOTide ........c.oeovieiieieeiecieieieeie et 196

5433  Mono-pyrene POSS ...ttt 196
544 PSINMR ..ottt 197
5.4.5  High Resolution ESI Mass Spectrometry ..........cccceeeeveeenieeecieeenieenvee e 198
5.4.6  Elemental Analysis of Mono-pyrene POSS.........cccccoeeviieriiiienieniesie e 198
5.4.7  Optical Properties of Mono-pyrene POSS ........cccevievievieniinieeieeieeie e, 198

5.4.7.1  UV-Vis Spectrum of Mono-pyrene POSS ..., 198

5.4.7.2  Steady State Spectrofluorometric Emission Studies of Mono-pyrene POSS......... 199

55 Conclusions and Future WOork ... 201
5.6 RETEIENCES: ... i 202
6 EXPERIMENTAL ..ottt 203
6.1 INSErUMENTATION ..ot 203
6.1.1  Nuclear Magnetic Resonance (NMR) SpectroSCopy .....cccceeeveeecreeenveenveennnen. 203
6.1.2  Fourier Transform Infra-Red (FTIR) SpectroscCopy.......cccvevververveeveerveennenn. 203
(T I T Y TSN o T o 0 0011 1 OSSR 203
6.1.4  Elemental ANALYSIS ..c.ccccviieeiiiiiieiiieeieeeiee ettt e eveeeseveesreeeraeesreeeaaeesaneas 204
6.1.5  UV-Vis Spectrophotmetry .......ccceevviriiiiieiieiierieere e ere e seeesenessveesneenns 204
6.1.6  Fluorescence SpectrOPhOtMELIY ........ccveveerieeieeiiieieeieeieesere e seee e eeee e 204
6.1.7  POWET LIMItING ..eocviiieiiiiieiieiiesiie ettt ettt ettt eteeteesaeesneeens 204
6.1.8  Single Crystal X-ray Crystallography..........cccccceveivieviieniiieiieecieeevee e, 205
6.1.9  Chromatography........cccecierieriiiieeiieie et esee e ere e e s e eseesseesraessnessseenseenns 205
6.2 ChEMICAIS ... 205
6.3 SYNENESIS ..ttt nes 206
6.3.1  POSS Fulleropyrrolidines: Synthetic Pathway 1 .........ccocceviiviiiiiniiieiee 206
6.3.2  POSS Fulleropyrrolidines: Synthetic Pathway 2 ..........cccocoevviiviiieciienieenen. 212
6.3.3  POSS IMinOfullerenes.........cceveeiiriieieiieiee sttt 216
6.3.4  POSS IMIAES -.ouveiieiieiieieseeee ettt e 218
6.3.5  POSS POIPRYIIN c..veiiiiiiiiiieiieeciie ettt e e e eae e e sree e 225
6.3.6  POSS PYTONEC ....couiiiiiieeiieeee ettt ettt e s tee e e st e s saeesnseeennas 228
6.4 RETEIENCES: ... e 231
7 CONCLUSIONS & FUTURE WORK .......oiiiiiiiiie e 232
7.1 POSS Fulleropyrrolidings...........ccooooiiiiiiiicieiees e, 232
1l CONCIUSIONS....eiutieiiiiie ettt ettt et st 232



7.1.2
7.2
7.2.1
7.2.2
7.3
7.3.1
7.3.2
7.4
7.4.1
7.4.2

FULUIE WOTK ..o 232
POSS TMIAES ...ttt e st e s s 233
CONCIUSIONS ...ttt e e e e e e e e e e e e e ee et eeeeeeesseennsaaaneeeeeeas 233
FULUIE WOTK ..ot 233
POSS POrPRYFIN ..o s 234
CONCIUSIONS ...ttt et e e e et e s e ente e e s eetaeeeeesnaeeessrnaeeesennees 234
FULUIE WOTK ..o e 234
POSS PYIENE ...ttt 235
CONCIUSIONS ...ttt e e e s eenae e e s eerae e e s eraaeeessrnareesennees 235
FULUIE WOTK ..o e 235



LIST OF FIGURES

Figure 1.1. Random, ladder, partial and cage conformations of silsesquioxanes..................... 3
Figure 1.2. M, D, T, and Q type SIliCONE UNILS ........ccveerrierieriieriesieaireesieeseeseeesreseneesnesseesseens 4
Figure 1.3. Synthesis of POSS through Hydrolytic Condensation ............c.ccoecvevveecirerreenieennnnns 5
Figure 1.4. Proposed mechanism of POSS SYNthesis .........ccccceevviiiiiiiiniieiiie e 5
Figure 1.5. SYNthesis 0 Ts' ... ... 8
Figure 1.6. Synthesis of QgMgH ................................................................................................. 9
Figure 1.7. ORTEP representation of tetrabutylammonium octaphenyl ............ccccceeveenneenee. 10
Figure 1.8. Examples of incompletely condensed POSS cages........ccceeeevveeeiiieviienveeeneeenen. 11
Figure 1.9. Hydrolysis of aCCtONIIile .........ccvevierieriieiieiieiceeeriee e 12
Figure 1.10. Silsesquioxane isomers formed in the hydrolytic condensation of CySiCl; in
ACETOMIEITIE ..ottt ettt et et b e sae e sat e sttt enteebeenbee s 13
Figure 1.11. Acid-mediated cleavage and rearrangement of CysSigOo......coeevveevrierrvervenenennnn. 13
Figure 1.12. Synthesis of incompletely condensed POSS through base-mediated cleavage of
fully cONAENSEd T CAZE....eeeueeeuiieiieiieiiete ettt ettt ettt bt e st e et e saee s 14
Figure 1.13. Two possible isomers formed from the hydrosilylation reaction........................ 15
Figure 1.14. Chalk-Harrod mechaniSm...........cccvecvieriierierienieeieeiceieesee e see e 15
Figure 1.15. Original hydrosilylation mechanism proposed by Lewis ........cccccceceevveviennnnnee. 16
Figure 1.16. Improved hydrosilylation reaction mechanism proposed by Lewis................... 17
Figure 1.17. Hydrosilylation of alkenes onto Ts' ...........c.coiveurieeeeeeeeeeeee oo 19
Figure 1.18. Hydrosilylation of vinylferrocene onto QgMs" ...........cccvveviiviverieseeieseeenans 20
Figure 1.19. Synthesis of mono-functionalised POSS derivatives (Method 1) ...................... 21
Figure 1.20. Synthesis of mono-functionalised POSS derivatives (Method 2) ...................... 22
Figure 1.21. Synthesis of mono-functionalised POSS derivatives .........c..ccccevervevcneneenenne. 22
Figure 1.22. Synthesis of mono-octene POSS ...........ccccoiiiiiiiiieeee e 23
Figure 1.23. Synthesis of mono-oligo(ethylene oxide) hydridosilsesquioxane...................... 24
Figure 1.24. Corner capping of incompletely condensed silsesquioxane (Method 3)............ 25
Figure 1.25. Free radical addition of 3-mercaptopropyl POSS to poly [3-hydroxyalkanoate-
CO-3-hydroXyalKeNOAte ........ccccviiiriiieiiieeiieeciee ettt e ee e e er e e e eaeesebeeebeeeeaeesnreeenes 26
Figure 1.26. Mono-functionalised incompletely condensed POSS ..........ccooevvveviiiieenieennnenne, 27
Figure 1.27. Synthesis of multi-substituted incompletely condensed silsesquioxane
OTIVATIVES ...ttt ettt ettt e b e sht e s et st e bt e bt e bt e bt e sbeesbtesaeeenteenteenbeens 27
Figure 1.28. Synthesis of disubstituted incompletely condensed silisesquioxane.................. 28
Figure 1.29. Synthesis of octa(nitrophenyl)POSS ........c.cccveriiiiiriiriiieee e 29
Figure 1.30. Synthesis of octa(aminophenyl)POSS...........ccooviiiiiiiiiireee e, 29
Figure 1.31. Bromination of octa(phenyl)POSS and subsequent Suzuki coupling ................ 30
Figure 1.32. Radical bromination of octa(vinyl)POSS..........ccoeierierieniecie e 31
Figure 1.33. Methoxycarbonylation of octa(vinyl)POSS ........ccccooiiiiiiiiieeee e, 31
Figure 1.34. UV addition of phosphanes to octa(vinyl)POSS .........cccoeeeiiiviiiiiiiieeieee, 31
Figure 1.35. Diels Alder polymerisation of dodeca(cyclopentadienyl)POSS ........................ 32
Figure 1.36. Coordination of platinum through phosphine-functionalised POSS .................. 32
Figure 1.37. Radical addition of thiols to octa(vinyl)POSS ........ccccoiiiviiiiiiieeeeee 33
Figure 1.38. Heck coupling of bromoaromatics with octa(vinyl)POSS .........c...cccevvevvennnnee. 33
Figure 1.39. Arylation and dichlorocarbene addition to octa(vinyl)POSS .........cccoceviriennne. 34
Figure 1.40. Silylative coupling and cross-metathesis of octa(viny)POSS ...........ccceevreennee. 35
Figure 1.41. 1,3-dipolar cycloaddition of nitrone and nitrile oxides to mono(vinyl) and
MONO(SEYTYI)POSS ...ttt st s a e s b e e sb e esbe e beestaessrenenas 35
Figure 2.1. Cg, cyclohexatriene and radialene subunits of Cgp ....oveeveeererriieeiiieniienienieeienee, 44
Figure 2.2. Pyrazoline, fulleroid and methanofullerene derivatives of Cep....ooovvvveeveeennrennee. 45
Figure 2.3. Possible isomers of iminofullerenes...........covevverververreniieieenieesreesee e seve e 46
Figure 2.4. Addition of alkyl azides t0 Cgp..veeevrrrrrereeriiniieiieiierieeree e sre e ereesreesseesenesnnes 46
Figure 2.5. Addition of stabilised oi-halomalonate anions to Cgp ....covvereverveerreerieereervenenennne 47

Xi



Figure 2.6. Addition of ai-halomalonate t0 Cep......eerrrrvrerieenierienieeie et 48
Figure 2.7. Addition of azomethine ylides t0 Ceg..vvvevvreeririeriieiiiiecieeeee e 49
Figure 2.8. Five-level reverse saturable absorption mechanism.........c..ccoceeeeevenerceenencenienne. 51
Figure 2.9. Modified reverse saturable absorption mechanism ...........c.ccecceeveerieneeneennennee. 52
Figure 2.10. Synthesis of 3-(cyclopentadienyl)alkyltriethoxysilane fullerene' ...................... 54
Figure 2.11. Synthesis of N-[3-(triethoxysilyl)propyl]-2-carbonethoxy fulleropyrrolidine ...55
Figure 2.12. Synthesis of trimethoxysilyl undecyl fulleropyrrolidine............cccecvveevvecrvennnnnee. 55
Figure 2.13. Synthesis of N-(triethoxysilyl)propyl functionalised fulleropyrrolidine............ 56
Figure 2.14. Synthesis of N-triethoxysilyl functionlised fulleropyrrolidine...............cccc........ 57
Figure 2.15. Synthesis of silica grafted methanofullerene............c.coceviniiieninnicninene. 58
Figure 2.16. Numbering scheme of pyrrolidines ...........ccocceevieeiieniiniinieeieeieeeeeesee e 59
Figure 2.17. Synthesis of mono-vinyl POSS (2.1, 2.2)...cccviiiiiiiiecie et 60
Figure 2.18. Synthesis of [2-(4-dimethylsilyl)phenyl]-1,3-dioxalane (2.3).......cccceecvereveennennn. 62
Figure 2.19. Synthesis of mono-dioxalane POSS (2.4) ......cccccoviiiiiienieienieee e 63
Figure 2.20. Synthesis of mono-aldehyde POSS (2.5, 2.6) ..ccvvveiiieiiieeieeieeeeeee e, 64
Figure 2.21. Synthesis of POSS-fulleropyrrolidines (2.7, 2.8) .....cccevveriierieeriereereereeveenenn 65
Figure 2.22. Pyrrolidine resonances in the 'H NMR spectrum of POSS fulleropyrrolidine
2.7 I CDCL3uuuiieiteieie ettt ettt ettt et e b et et e es e essessesseensanseeseenseesaenseseennensenns 66
Figure 2.23. Resonance structures of silyl-substituted benzaldehyde ............ccccovevvveivennnnnee. 70
Figure 2.24. *C NMR spectrum of POSS fulleropyrrolidine 2.7 in CDCls ...........c...coouee..... 71
Figure 2.25. *Si NMR spectrum of POSS fulleropyrrolidine 2.7 in CDCls........cooveeveeuenan.. 73
Figure 2.26. UV-Vis spectra of POSS fulleropyrrolidines 2.7 and 2.8 in toluene.................. 75
Figure 2.27. Fluorescence and phosphorescence of fullerenes...........ccoevvevveeieevieenieeneennnenne, 76
Figure 2.28. Fluorescence spectra of POSS fulleropyrrolidines 2.7 and 2.8 in toluene
(Pexe = 335 M) oottt ettt e et e et e e st e e e tbeesebeeestaeessbaeessaeessaesssaeensseessseeenseens 76
Figure 2.29. Power limiting plot fOT Cgp....eevvierriirierieriiirieiieriesieesieesnesneereesseesseessnessnenenes 78
Figure 2.30. Power limiting plot for POSS fulleropyrrolidine 2.7 .........coccoverieiinieneninene 78
Figure 2.31. Power limiting plot for POSS fulleropyrroldine 2.8............ccocevviiiiiiiiienieenne, 79
Figure 2.32. Synthesis of mono-benzyl chloride POSS (2.9, 2.10) .....ccccveevvieiiieiieeieeee, 80
Figure 2.33. Synthesis of mono aldehyde POSS (2.11, 2.12).ccccccviiviievierienieeieeieereeeeenenn 82
Figure 2.34. "H NMR of mono-aldehyde POSS 2.11in CDCl5 ....ooovvveeeeeeeeeeeeeeeeeeen. 83
Figure 2.35. Synthesis of POSS fulleropyrrolidines (2.13, 2.14) ....ccooveeeeiiciiiiiecieeeeeee, 84
Figure 2.36. °C NMR of POSS fulleropyrrolidine 2.13 in CDCls.........cooveveevvieeeeereeeeeens 88
Figure 2.37. *Si NMR of POSS fulleropyrrolidine 2.12 in CDCl .......cc.oveoveevereeeeeeeeeeee. 89
Figure 2.38. UV-Vis absorption spectra of POSS fulleropyrrolidines 2.13 and 2.14 in toluene
.......................................................................................................................................... 91
Figure 2.39. Emission spectra of POSS fulleropyrrolidines 2.13 and 2.14 in toluene............ 92
Figure 2.40. Power limiting plot of POSS fulleropyrrolidine 2.13.........cccceeiieiiienieieeee. 93
Figure 2.41. Power limiting plot of POSS fulleropyrrolidine 2.14.........c.ccccovveviierciieeireennen. 93
Figure 2.42. Synthesis of literature POSS azides .........cccoeeveveriiiiiiienieniecie e 94
Figure 2.43. Synthesis of POSS azide (2.160)......ccoeiiiiiiiiiiiieieeie ettt 95
Figure 2.44. Synthesis of POSS iminofullerene (2.16).......cccccvevvieevieeniieeiieeie e 97
Figure 2.45. "H NMR of POSS iminofullerene 2.16 in CDCl3.....ovoveveeeeeeeeeeeeeeeeeeeerereeereneennn 98
Figure 2.46. °C NMR of POSS iminofullerene 2.16 in CDCls.............ccccoorvueerrrrrrerennens 100
Figure 2.47. Open [5,6] and closed [6,6] iminofullerenes ..........ccccoeeveveeriieeneeneeneenieeiene 100
Figure 2.48. #Si NMR of POSS iminofullerene 2.16 in CDCl5....vvveveveeeeeeeeeeeeererererernan 101
Figure 2.49. UV-Vis spectra of POSS iminofullerene 2.16 in toluene..........cccccceeceeveennennee. 103
Figure 2.50. Fluorescence spectrum of POSS iminofullerene 2.16 in toluene...................... 104
Figure 2.51. Power limiting plot of POSS iminofullerene 2.18..........c.cccoovveeiieecieeniieeieens 105
Figure 3.1. Benzene, naphthalene, biphenyl and perylene functional groups.............c.cc...... 111
Figure 3.2. Ethoxysilane substituted perylene derivatives..........ccocceeeveeeveerieereeneeneesvesnenns 112
Figure 3.3. Structure of Perylene Orange ............ccocveeeviiieeieieniie e ecie e eieeesveesveeeene e 113
Figure 3.4. Synthesis of bis-(propyltriethoxysilyl)perylene diimide.........c...cceeeveevreerreennnne. 113
Figure 3.5. Self-assembly of bis(propyltriethoxysilyl)perylene diimide.............cccecvervennne 114
Figure 3.6. Synthesis of bis(propyltriethoxysilyl)phthalic diimide ............ccccceevievinrinnnnns 114

Xii



Figure 3.7. Synthesis of mono(3-aminopropyl)POSS .........cccoeovieoiiiiiniiniecece e 115
Figure 3.8. Synthesis of octa(chloroammoniumpropyl)POSS..........cccccovvviiirieriienienieenn, 115
Figure 3.9. Synthesis of octa(propylsuccinimide) POSS.........cccooiiiiiiiiiiieeeeeee 116
Figure 3.10. Synthesis of mono-phthalic POSS imide (3.2)....ccccovvveviencieiieiiieieeneesieeenees 120
Figure 3.11. Structure of N-[3-(isobutylPOSS)propyl|bis(benzyloxybenzamide) ............... 121
Figure 3.12. "H NMR of mono-phthalic POSS imide 3.2 in CDCly..........cooovvvevererrenann. 122
Figure 3.13. Synthesis of bis-phthalic POSS imide (3.3) .....ccoovveiiiiiiiiieeieeee e, 123
Figure 3.14. Synthesis of octa-phthalic POSS imide (3.5) ...cccoveevieviiiiiiieeeeeeeecie s 124
Figure 3.15. Synthesis of mono-naphthalic POSS imide (3.6) ........ccccevivieneneniieneneeenen. 125
Figure 3.16. Synthesis of bis-naphthalic POSS imide (3.7)....ccccceevveiieiiiiiieciieeieeeieeeieens 126
Figure 3.17. Synthesis of biphenyl POSS bis-imide (3.8) .....cccccevvverrinciiiiierieniesee e 127
Figure 3.18. Synthesis of POSS perylene bis-imide (3.9) ....ccecvveevverienienienienieeeeie e, 128
Figure 3.19. °C NMR of mono-phthalic POSS imide 3.2 in CDCls.........cooovvveveereerennne. 130
Figure 3.20. Succinimide, maleimide and phthalic imide functional groups............c..cc....... 132
Figure 3.21. *Si NMR of mono-phthalic POSS imide 3.2 in CDCls ..........ccooevverververrnenes 135
Figure 3.22. UV-Vis spectra of phthalic POSS imides 3.2, 3.3 and 3.5 in toluene............... 137
Figure 3.23. UV-Vis spectrum of mono-naphtha POSS imide 3.6 in toluene...................... 137
Figure 3.24. Literature examples of mono-naptha imides ............cceeeeveeriereenrenireereeneenn, 138
Figure 3.25. Naphthalic imide used for absorption calculations.............ccccceeerereeneneneenne. 138
Figure 3.26. UV-Vis spectrum of bis-naphtha POSS imide 3.7 in toluene .......................... 139
Figure 3.27. Bis-naphtha diimide eXamples .........ccccvverierireeirierieiieriesreesee e seeseresreesne e 139
Figure 3.28. Literature examples of bis-naphtha imides...........ccccooceeveriniiininienineeeee 140
Figure 3.29. UV-Vis spectrum of biphenyl POSS imide 3.8 in toluene........c.cccceeverereennens 141
Figure 3.30. Literature biphenyl bis-imides...........cccueeieriiiiiiiiiiieeiie et ecree e eaee s 142
Figure 3.31. UV-Vis spectrum of perylene POSS imide 3.9 in toluene ...........ccceevveveennnnn. 142
Figure 3.32. HOMO (top) and LUMO (bottom) of perylene bisimides ........c..ccccceceeruenuenee. 143
Figure 3.33. Emission spectrum of mono-naphtha POSS imide 3.6 in toluene.................... 145
Figure 3.34. Examples of mono-naphtha imides ..........ccccceeevieviierienienieiieceeeesee e 146
Figure 3.35. Emission spectrum of bis-naphtha POSS imide 3.7 in toluene............cc........... 147
Figure 3.36. Emission spectrum of biphenyl POSS imide 3.8 in toluene............cccceeeurenene 148
Figure 3.37. Emission spectrum of perylene POSS imide 3.9 in toluene............ccccceeueneee. 148
Figure 3.38. Single crystal x-ray structure of perylene POSS imide 3.9 .......cccoceviniennen. 151
Figure 3.39. Unit cell diagram of perylene POSS imide 3.9 .....c..ccccooeviiiiiininiiiniiens 152
Figure 3.40. Numbering scheme used for perylene POSS imide 3.9.......ccccovvvevvieecirinnnns 152
Figure 3.41. Empirical variation of perylene absorption maximum..............cceevveerreervennnenns 157
Figure 3.42. Transverse and longitudinal displacements of perylenes ..........cccccceevvvrveennennn. 158
Figure 3.43. Overlay of perylene réZions .........cccuveevieeciieriieiieeerieecieeeite e e eree e e sreeens 158
Figure 4.1. The unsubstituted porphyrin macroCycle .........ccccvevierierierierienienreere e 165
Figure 4.2. Synthesis Of TPP ........cooviiiiiiiiiiecect et 166
Figure 4.3. Porphyins employed in solid MatriCes.......ccceeveerierieriiieieeieeeeseeeee e 167
Figure 4.4. Synthesis of ruthenium functionalised POSS...........ccoieiiiiiciiiiiieeeeeeiee, 168
Figure 4.5. Synthesis of platinum functionalised POSS ...........c.ccoveiiiiiniinireeee, 169
Figure 4.6. Synthesis of octa- terpyridyl functionalised POSS...........coccoriiiiiiniiininieees 169
Figure 4.7. Synthesis of POSS based ruthenium metallodendrimers ............c.c.ccceevveeennnnns 170
Figure 4.8. Synthesis of RU(TPP)(CO)(RPY)..coveeriirieiieeieeiieieereertereesieeseeeseresevesve e ene 171
Figure 4.9. Synthesis of octa-(phenyl amide) POSS...........cccovevierienieniieceeeee e 171
Figure 4.10. Synthesis of mono-phenyl POSS amide (4.1) ....ccceeevieiieniinienienieeieeeee 174
Figure 4.11. Structure of N-[3-(isobutylPOSS)propyl|bis(benzyloxybenzamide) ............... 175
Figure 4.12. Synthesis of isonicotinic acid chloride (4.2) .....ccccooervierininieninieenenceees 175
Figure 4.13. Synthesis of mono-pyridyl POSS (4.3) ..ccooiieiiiiieee e 176
Figure 4.14. Synthesis of mono-porphyrin POSS (4.3) ...cccviiiiieiiieeieeieeceeeee e 177
Figure 4.15. Non-equivalence in isobutyl resonances in '"H NMR spectrum of mono-
porphyrin POSS 4.4 i CDClj c..eeiieiiiiiiiieiiecie ettt 178
Figure 4.15. Non-equivalence in isobutyl resonances in ?C NMR spectrum of mono-
pOorphyrin POSS 4.4 i CDC3 ...uviviiiiiiiiiiiesie ettt e e ve e seneseneensaesnes 181



Figure 4.16. Aromatic region in ?C NMR spectrum of mono-porphyrin POSS 4.4 in CDCl;...

....................................................................................................................................... 182
Figure 4.17. *Si NMR of mono-porphyrin POSS (4.4) ........covveemeeeeeeeeeeeeeeeeeeeeeereeeenn. 183
Figure 4.18. UV-Vis spectrum of POSS porphyrin 4.4 in dichloromethane ........................ 184
Figure 5.1. Synthesis of octa-pyrene substituted POSS...........cccoeviierienieniinere e 190
Figure 5.2. Synthesis of pyrene acid chloride (5.1) ....cooveiieiieiienieee e 193
Figure 5.3. Synthesis of mono-pyrene POSS (5.2) ....ccociiiiiiiiiiieiiieciee et 193
Figure 5.4. '"H NMR of mono-pyrene POSS 5.2 (pictured) in CDCls ..........coccovvveererrernene. 194
Figure 5.5. ?C NMR of mono-pyrene POSS 5.2 (pictured) in CDCls .........ccccovrverveerenene, 197
Figure 5.6. 2Si NMR of mono-pyrene POSS 5.2 in (pictured) CDCls........cooovveeeeereennnne. 197
Figure 5.7. UV-VIS spectrum of mono-pyrene POSS (5.2) and pyrene in toluene.............. 199
Figure 5.8. Emission spectrum of mono-pyrene POSS 5.2 in toluene (Aex. = 365nm).......... 200
Figure 5.9. Oligo-ether functionaliSed PYTene ...........cceoceerierieriieeiieeieeeeeeee e 200
Figure 6.1. Structure of 4-BromophenyldioXalane .............ccccccveeeciieiiieiiiierieeciee e 206
Figure 6.2. Structure of 2-(4-(Dimethylsilyl)phenyl)-1,3-dioxalane (2.3).........ccceevvrvrennenne. 207
Figure 6.3. Structure of mono-vinyl POSS (2.1, 2.2) eecuieoiieiieieieceee ettt 208
Figure 6.4. Structure of mono-dioxalane POSS (2.4) ......coovvviiiiiiciieeie et 209
Figure 6.5. Structure of mono-aldehyde POSS (2.5, 2.6) ...ccovverieiieiieieeeceecie e 210
Figure 6.6. Structure of POSS fulleropyrrolidines (2.7, 2.8) ....cccveveeviierierieeieeieereeieeieens 211
Figure 6.7. Structure of mono-benzyl chloride POSS (2.9, 2.10).....cccceeviieiiieeiieieeeiees 213
Figure 6.8. Structure of mono-aldehyde POSS (2.11, 2.12) c..oooieviiiiiiiicieeieeeeieesee e 214
Figure 6.9. Structure of POSS Fulleropyrrolidines (2.13, 2.14) ...ccccvevievienieeieeieeieeieeeenn 216
Figure 6.10. Structure of mono-benzyl azide POSS (2.17) c.cooovveiieiieieieieeeee e 217
Figure 6.11. Structure of POSS iminofullerene (2.16) ......cccccccvvevciiieeieeeiieeie e 218
Figure 6.12. Structure of (3-aminopropyl)POSS (3.1) cvvevrievrierieriecieereereeeeeesee e 219
Figure 6.13. Structure of octa(3-chloroammoniumpropyl)POSS (3.4) .covvevviirivriiiiienne 219
Figure 6.14. Structure of mono-phthalic POSS imide (3.2)...cccceeeiiiviieiiieeiiieciee e 220
Figure 6.15. Structure of bis-phthalic POSS imide (3.3)...ccccvevieriiiiiiiiiciieiesieeee e 221
Figure 6.16. Structure of octa-phthalic POSS imide (3.5) ....ccccvveirvienierienieeiecieeieeeeenn 222
Figure 6.17. Structure of mono-naphthalic-POSS imide (3.6) .......cccceevievirniiniiiiieieeen 223
Figure 6.18. Structure of bis-naphthalic-POSS imide (3.7).....cccceeevirciieriiiirieniecre e 223
Figure 6.19. Structure of biphenyl POSS imide (3.8)....cccccvevieriierienienierierie e 224
Figure 6.20. Structure of perylene POSS imide (3.9) ...c.cooveiiieiieiieieieieeeee e 225
Figure 6.21. Structure of mono-phenyl POSS (4.1)...cccoiiviiiiciiieieeiieee e 226
Figure 6.22. Structure of isonicotinic acid chloride (4.2) ......ccccceveverriecrieniieiieriesee e 226
Figure 6.23. Structure of mono-pyridyl POSS (4.3) ...ccoeiriiiiieeieeieeieeeeeeee e 227
Figure 6.24. Structure of mono-porphyrin POSS (4.4)....cccviiviieiiiieieeieeeeeeee e 228
Figure 6.25. Structure of pyrene acid chloride ...........cccceevvieviievienieniesiecrece e 229
Figure 6.26. Structure of mono-pyrene POSS (5.2).c..ccviiiiiiiienieeieeieiteieeeesee e 230

Xiv



LIST OF TABLES

Table 1.1. Yields of Ty silsesquioxane cages obtained from the corresponding trilkoxysilane

with tetrabutylammonium flUOTIAE..........cccveiiiiiiiiieciie e 9
Table 2.1. '"H NMR resonances of POSS fulleropyrrolidines and precursor compunds
(Synthetic PAthWAY 1) ...oooiiiiieie ettt ettt et et be e bt e saee 61
Table 2.2. *C NMR resonances of POSS fulleropyrrolidines and precursor compounds
(SYNthetiC PAtIWAY 1) c.uviiiiiiiiii ettt st stresebeesbeesbeesseesseesseesenens 68
Table 2.3. 2Si NMR of POSS fulleropyrrolidines and precursor compounds ....................... 72
Table 2.4. High resolution ESI mass spectrometry results of POSS fulleropyrrolidines and
PIECUISOT COMPOUNS. ..euviieiiieiiiieriieeieeestteeteeesereesreeetaeessseessseeessseessseessseessseesssseessses 73
Table 2.5. Elemental analysis of POSS fulleropyrrolidines.............ccceeevvereeneeneenvescvennennne. 74
Table 2.6. "H NMR of POSS fulleropyrrolidines and precursor compounds (synthetic
PALNWAY 2) 1oiiiiiiiiiiie ettt ettt et e et e e et e e tee et e e esbee e tbeeesbeeesbbeessbeeebaeesbaeenbaeensraennreas 81
Table 2.7. °C NMR of POSS fulleropyrrolidines and precursor compounds (synthetic
PALAWAY 2) 1ottt sttt ettt e st e et e et e et e e st e s st e enbeenbees s e eseessaennsennreenseenreenns 86
Table 2.8. *Si NMR of POSS fulleropyrrolidines and precursor compounds ....................... 89
Table 2.9. High resolution ESI mass spectrometry results of POSS fulleropyrrolidines and
precursors (Synthetic PAthWaY 2) .......ccvecierieriiiiesie et esee e see s ereeseessaesreessnesnseans 90
Table 2.10. Elemental analysis of POSS fulleropyrrolidines...........cccccovveeviiriieeneeneenienenne, 90
Table 2.11. "H NMR of POSS iminofullerenes and precursor compounds...............c..o....... 95
Table 2.12. *C NMR of POSS iminofullerenes and precursor compounds........................... 99
Table 2.13. *Si NMR of POSS iminofullerenes and precursor compounds ........................ 101
Table 2.14. ESI mass spectrometry of POSS iminofullerenes and precursor compounds ...102
Table 3.1. FTIR 0f POSS TMides ......cceeoiiiieieiiiieeee et 118
Table 3.2. 'H NMR 0f POSS IMAES......vouurvermrermrireriineeiseesseessesssesssessssesessesssesssessssans 119
Table 3.3. °C NMR 0f POSS FMIAES ......uuvvreiernrirnrirriieeesssesseeeseseseeesesesssessssesesesesnaes 129
Table 3.4. Si NMR 0f POSS iMIAES ....vouvveureerriereeiieeiseeeseseesseeseessesseessssessesesessssseens 134
Table 3.5. ESI mass spectroscopy of POSS imides ..........ccevvveriercieeciieniienierienie e eve e 135
Table 3.6. Elemental analysis of POSS imides.........cccooueriiiiiiiiieiieieieiee e 136
Table 3.7. UV-Vis data of bis-naphthalic imides ...........cccccueeviieriiiieciiiciiecee e, 140
Table 3.8. UV-Vis data of various N-substituted perylenes in CHCl;.........ccccoevvrvrevranenne. 144
Table 3.9. Fluorescence data of various N-substituted perylenes in chloroform.................. 149
Table 3.10. X-TAY PATAIMELELS ....ccvvreerieeirrierieeetieesteeereeesteeesseeesseeessseessseeessseesseesssseessseeanes 150
Table 3.11. Bond distances of POSS perylene and literature perylene bis-imides................ 153
Table 3.12. Bond Angles of bis(POSS)perylenediimide ...........cccoververierirnienienieeieeienn, 154
Table 3.13. Bond distances and angles of POSS crystal structures .........c.cccocceeveerierieeenens 155
Table 4.1. '"H NMR of POSS porphyrin and precursor compounds ................ococoeeeveuenene.. 173
Table 4.2. *C NMR of POSS porphyrin and precursor compounds ..................cooooeeeeuen... 179
Table 4.3. ?Si NMR of POSS porphyrin and precursor compounds.................cocoeveeeuen... 182
Table 4.4. ESI mass spectrometry of POSS porphyrin and precursor compounds............... 183
Table 4.5. Elemental analysis POSS porphyrin and precursor compounds................cveevenn. 183
Table 5.1. '"H NMR of mono-pyrene POSS (5.2) and precursor compounds....................... 192
Table 5.2. *C NMR of mono-pyrene POSS (5.2) and precursor compounds..................... 195

XV



ABBREVIATIONS AND PARAMETER DEFINITIONS

€ (epsilon) molar extinction coefficient
A (lambda) wavelength

A Angstrom

) (delta) chemical shift in ppm

ppm parts per million

*JaB coupling constant between nuclei A and B over X bonds in Hz
FTIR Fourier Transform InfraRed

NMR Nuclear Magnetic Resonance
UV-VIS Ultraviolet visible

HOMO Highest Occupied Molecular Orbital
LUMO Lowest Unoccupied Molecular Orbital
Ph Phenyl

Cy Cyclohexyl

Cp Cyclopentyl

Amax wavelength of maximum absorption
Aexc wavelength of excitation

Op quantum yield

K dielectric constant

M, mean molecular weight

0 ortho

m meta

p para

Vs very strong

S strong

m medium

w weak
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