
 

 

 

 

 

Synthesis and Characterization of conjugated Silsesquioxanes (SQs) 

and their Beads on a chain (BoC) polymers 

 

by 

 

Jae Hwan Jung 
 

 

A dissertation submitted in partial fulfillment 

Of the requirements for the degree of  

Doctor of Philosophy 

(Macromolecular Science and Engineering) 

In the University of Michigan 

2014 

 
 

 

 

 

 

Doctoral Committee: 

 

            Professor Richard M. Laine, Chair 

            Professor Theodore Goodson III 

            Associate Professor Jinsang Kim 

            Associate Professor Anne McNeil 

     



 

 

 

 

 

 

 

 

 

 

 

 

 

©  Jae Hwan Jung 

 

2014



ii 

 

 

 

Acknowledgements 

 

I would like to thank the following people for their generosity, assistance and friendship, without 

all of which this dissertation would not have been possible: 

 

My wife Myung Ju and daughter Yeon Woo 

My Grandmother, Parents, Parents in-low, and Sister 

My Cousins, In-laws and Relatives 

 

My advisor, Professor Richard M. Laine 

And the entire Laine research group, past and present 

 

My committee: 

Professor Theodore Goodson III 

Professor Jinsang Kim 

Professor Anne McNeil 

 

For their contributions in fabrication and evaluation of organic photovoltaic cells: 

Mr. Jojo Amonoo and Mr. David Bilby 

 

For their support and assistance: 

Dr. Mark Roll, Dr. Min Kim, Dr. Santy Sulaiman, Mr. Joseph Furgal, Professor Timothy Scott  

and Professor Tomonobu Mizumo 

 

The undergraduate students who have contributed to this dissertation: 

Ms. Sarah Clark, Mr. Matthew Schwartz, Ms. Kathleen Chou 

 

For their friendship: 

Yoon Jin’s family, Seo Yeong’s family and many Korean Macro, MSE, CHE students 

 

Special thanks to: 

Ms. Nonna Hamilton 

 

 



iii 

 

 

 

Table of Contents 

 
Acknowledgements……………………………………………………………………. ii 

List of Figures…………………………………………………………………………. vi 

List of Schemes………………………………………………………………………... x 

List of Tables……………………………………………………...…………………... xii 

List of Appendices………………,,,…………………………………………………... xiv 

Abstract ………………………………………...……………………………………... xv 

Chapter 1 – Introduction…………………….……………………………………….. 1 

     1.1 Silsesquioxanes (SQs)……………………………………………………….. 1 

        1.1.1 Nomenclatures and structures of polyhedral silsesquioxanes…………. 1 

        1.1.2 Synthesis of polyhedral oligosilsesquioxanes…………………………. 3 

        1.1.3 Organic/inorganic hybrid polymers containing SQs…………………... 8 

        1.1.4 Electron delocalization involving SQ core (3-D conjugation)………… 12 

     1.2 Pd catalyzed cross coupling reactions……………………………………….. 17 

        1.2.1 Heck coupling………...……………………………………………….. 17 

        1.2.2 Sonogashira coupling...………………………………………………... 18 

     1.3 Organic photovoltaic (OPV) cells…………………………………………… 19 

        1.3.1 Brief history…………………………………………………………… 20 

        1.3.2 Operation principle of OPV cells……………………………………… 22 

        1.3.3 OPV cell parameters…………………………………………………... 24 

     1.4 Project goals and objectives…………………………………………………. 25 

Chapter 2 - Experimental Techniques and Syntheses……………………..……….. 38 

     2.1 Materials……………………………………………………………………... 38 

     2.2 Analytical Techniques……………………………………………………….. 38 



iv 

 

     2.3 Syntheses…………………………………………………………………….. 41 

 

2.3.1 

 

 

Beads on a Chain (BoC) polymers formed from 

[NH2PhSiO1.5]x[PhSiO1.5]10-x and [NH2PhSiO1.5]x[PhSiO1.5]12-x 

mixtures (x = 2-4)…………………………………………………….. 

 

 

41 

 
2.3.2 

 

Synthesis and characterization of conjugated BoC polymers from 

octaiodophenylsilsesquioxane (I8OPS)……………………………….. 

 

42 

 
2.3.3 

 

Synthesis and characterization of second generation (GEN2) 

derivatives by functionalization of vinyl T10/12 silsesquioxanes……… 

 

48 

 
2.3.4 

 

Functionalization of Br16OPS for bulk heterojunction (BHJ) organic 

photovoltaics………………………………………………………….. 

 

50 

 
2.3.5 

 

Synthesis and characterization of hydroxyl terminated 

silsesquioxanes and their use for crosslinked polyesters……………... 

 

52 

Chapter 3 - Beads on a Chain (BoC) polymers formed from 

[NH2PhSiO1.5]x[PhSiO1.5]10-x and [NH2PhSiO1.5]x[PhSiO1.5]12-x 

mixtures (x = 2-4)………………………………………………………... 

 

 

59 

    3.1 Introduction…………………………………………………………………… 60 

    3.2 Results and Discussion………………………………………………………... 62 

 3.2.1 Synthesis of [NH2PhSiO1.5]x[PhSiO1.5]10/12-x (x = 2-4)…..…………… 63 

 
3.2.2 

 

Polymerization of [NH2PhSiO1.5]x[PhSiO1.5]10/12-x (x = 2-4) and 

DGEBA……………………………………………………………….. 

 

70 

    3.3 Conclusions…………………………………………………………………… 75 

Chapter 4 - Synthesis and characterization of conjugated BoC polymers from 

Octaiodophenylsilsesquioxane (I8OPS)………… ……………………... 

 

79 

    4.1 Introduction…………………………………………………………………… 80 

    4.2 Results and Discussion………………………………………………………... 81 

 4.2.1 Synthesis of BoC polymers from I8OPS and DVB…………………… 82 

 4.2.2 Synthesis of BoC polymers from diiodophenyl SQ monomers………. 81 

  4.2.2.1 Preparation of di- and triiodophenyl SQ……………………… 85 

  4.2.2.2 Polymerization of diiodophenyl SQs with DVB……………… 88 



v 

 

  
4.2.2.3. Polymerization of diiodophenyl SQs with 1,4- 

diethynylbenzene (DEB) ……………………………..……... 

 

89 

 4.2.3 Photophysical properties……………………………………………… 90 

    4.3 Conclusions…………………………………………………………………… 94 

Chapter 5 - Synthesis and characterization of second generation (GEN2) 

derivatives by functionalization of vinyl T10/12 silsesquioxanes……….. 

 

98 

    5.1 Introduction…………………………………………………………………… 99 

    5.2 Results and Discussion………………………………………………………... 100 

    5.3 Conclusions…………………………………………………………………… 123 

Chapter 6 - Functionalization of Br16OPS for bulk heterojunction (BHJ) organic 

photovoltaics (OPV)…………….......…………………………………… 

 

129 

    6.1 Introduction…………………………………………………………………… 130 

    6.2 Results and Discussion………………………………………………………... 132 

 
6.2.1 

 

Synthesis and characterization of functionalized [2,5-Br2PhSiO1.5]8 

(Br16OPS) derivatives………………………………………………… 

 

132 

 6.2.2 Photophysical properties of Br16OPS derivatives…………………….. 135 

 6.2.3 Application of 5FSty16OPS in Organic photovoltaic (OPV) cells……. 137 

    6.3 Conclusions…………………………………………………………………… 141 

Chapter 7 - Synthesis and characterization of hydroxyl terminated 

silsesquioxanes and their use for crosslinked polyesters………….……. 

 

145 

    7.1 Introduction…………………………………………………………………… 146 

7.2 Results and Discussion………………………………………………………... 147 

 7.2.1 Synthesis of p-acetoxy Silsesquioxanes………………………………. 148 

 7.2.2 Synthesis of p-hydroxy Silsesquioxanes……………………………… 149 

 7.2.3 Polymerization of p-hydroxy silsesquioxanes and adipoyl chloride…. 150 

    7.3 Conclusions…………………………………………………………………… 152 

Chapter 8 – Future Work………………………………………….…………………. 156 

Appendices…………………………………………………………………………….. 162 

 



vi 

 

 

 

List of Figures 

 

Figure 

1.1 Silsesquioxane nomenclature …………………………………………………... 2 

1.2 Different structures of silsesquioxanes (RSiO1.5)n……………………………… 2 

1.3 Various completely condensed polyhedral silsesquioxane cage structures ……. 3 

1.4 The three main types of SQ-based hybrid polymers………………………..…... 8 

1.5 

 

 

Normalized absorption (empty symbols) and photoluminescence (full symbols) 

spectra of 4-vinylbiphenyl-3,5-dimethanol (square) and SQ molecules 

(triangle)………………………………………………………………………… 

 

 

12 

1.6 

 

UV-Vis absorption and emission spectra of methylstilbeneOPS and trans-

methylstilbene for comparison…………………………………………………. 

 

13 

1.7 LUMO and HOMO of [XSiO1.5]8 and stilbene…………………………………. 13 

1.8 (a) Me2NStil-corner, (b) Me2NStil-half, and (c) Me2NStil8OS………...……….. 15 

1.9 

 

 

(a) SQ-based BoC oligomers, (b) Si(OEt)3 end-capped model compounds and  

(c) Absorption and emission spectra of SQ-based BoC oligomers and model 

compounds………………………………………………………………………. 

 

 

16 

1.10 General mechanism of Heck coupling..………………………………………… 18 

1.11 Catalytic cycle for the Sonogashira coupling...…………………………………. 19 

1.12 Schematic diagram of (a) a bilayer and (b) a bulk heterojunction OPVs……….. 21 

1.13 

 

From light absorption to photocurrent in a BHJ OPV cell. Left: from a kinetic 

point of view, right: simplified energy diagram………………………………… 

 

23 

1.14 

 

Photoinduced processes in the donor-acceptor system. (a) charge transfer,  

(b) photoluminescence and (c) recombination………………………………….. 

 

23 

1.15 

 

Current-voltage characteristics of an OPV cell under illumination (red) and in 

the dark (blue)…………………………………………………………………… 

 

24 

3.1 

 

MALDI-ToF spectrum of 3:1 OPS:OAPS reaction with TBAF (RT/72 

h)………………………………………………………………………………… 

 

63 



vii 

 

3.2 MALDI-ToF of Fraction 1……………………………………………………. 66 

3.3 MALDI-ToF of Fraction 2……………………………………………………. 66 

3.4 MALDI-ToF of Fraction 3……..……………………………………………... 67 

3.5 

 

TGA of [NH2PhSiO1.5]x[PhSiO1.5]10/12-x (x = 2-4) (Fraction 3) and OPS, OAPS 

for comparison………………...………………………………………………… 

 

68 

3.6 

 

1
H-NMR of [NH2PhSiO1.5]x[PhSiO1.5]10/12-x (x = 2-4) (Fraction 3) in DMSO-

d6……………………………………………………………………………..….. 

 

69 

3.7 

 

GPC (THF) of the starting compounds, the crude reaction mixture and  

fraction 3………………………………………………………………………... 

 

69 

3.8 Progress of fraction 3 and DGEBA polymerization, monitored by GPC……….. 71 

3.9 

 

GPC trace of fraction 3 and DGEBA mixture, BoC polymer after 24 h, 

separated low and high molecular weight BoC polymers………………………. 

 

71 

3.10 General Epoxy coupling reaction……………………………………………….. 72 

3.11 
1
H-NMR for (a) DGEBA, and (b) BoC polymer in DMSO-d6…..……………. 73 

3.12 IR spectra of monomers and synthesized polymers for comparison……………. 74 

3.13 

 

TGA of the synthesized polymer and starting materials for comparison in air 

(10°C/min)………………………………………………………………………. 

 

74 

3.14 (a) First (b) Second DSC of BoC polymer, high Mw part and low Mw part…… 75 

4.1 

 

GPC trace of I8OPS and polymer I before and after purification for 

comparison……………………………………………………………………… 

 

83 

4.2 General BoC structure of Polymer I…………………………………………….. 83 

4.3 GPC traces for polymers I–IV after purification……………………………….. 84 

4.4 TGA of monomers A, B and C and I8OPS for comparison (air, 10°C/min)……. 86 

4.5 MALDI-ToF for (a) Monomer A and (b) B…………………………………… 87 

4.6 GPC traces for Polymers V-VII………………………………………………… 88 

4.7 GPC traces for Polymers IX-XII……………………………………………….. 90 

4.8 

 

Proposed structures of (a) monomers, (b) DVB polymers and (c) DEV 

polymers………………………………………………………………………… 

 

91 

4.9 

 

UV-vis and emission spectra of monomer, DVB polymer, DEB polymer in 

THF for comparison. (a) R=H, (b) R=OMe, (c) R=NH2………………...……… 

 

91 



viii 

 

4.10 

 

 

UV-vis and emission spectra of methoxystilbene polymers, aminostilbene 

polymers and their copolymers in THF for comparison. (a) DVB polymers,  

(b) DEB polymers………………………………………………………………. 

 

 

93 

4.11 

 

UV-vis and emission spectra of (a) Polymer XI, (b) Polymer XII in two good 

solvents (THF, AN)……………….…………………………………………….. 

 

93 

5.1 

 

Representative FTIR for GEN1 p-MeOStyrenylSQ and GEN2 C6F5 

stilbenevinylSQ…………………………………………………………………. 

 

104 

5.2 

 

GPC traces of vinylSQ and styrenylSQs (different reaction conditions) and  

stilbenevinylSQ (GEN2)………………………………………………………... 

 

105 

5.3 DSC traces of selected styrenylSQs and stilbenevinylSQ (GEN2), second scan 105 

5.4 UV-vis absorption and PL spectra for GEN1 T10/12 R = S-Ph, and D-Ph (THF).. 106 

5.5 UV-vis absorption and PL spectra of GEN1 T10/12 R = S-NP and D-NP (THF).. 107 

5.6 UV-vis absorption and PL spectra of GEN1 T10/12 R = S-An and D-An (THF).. 107 

5.7 

 

Solvent study of GEN1 T10/12 R = S-An by sequential dilution with  

THF to reduce the amount of acetonitrile and the overall concentration… 

 

109 

5.8 

 

GEN1 T10/12 R = S-An emission spectra at different acetonitrile:THF ratios  

(1 M)…………………………………………………………………………… 

 

110 

5.9 

 

UV-vis absorption spectra of selected GEN2 R-stilbenevinylSQ compounds in 

THF……………………………………………………………………………... 

 

111 

5.10 PL emission spectra of selected GEN2 R-stilbenevinylSQ compounds in THF... 111 

5.11 UV/vis absorption and PL spectrum of T10/12 4-aminostilbenevinylSQ………… 112 

5.12 

 

Emission studies of T10/12 stilbenevinylSQ in acetonitrile/THF mixtures 

(serial dilution study)……………………………………………………………. 

 

114 

5.13 

 

Emission studies of T10/12 stilbenevinylSQ in hexane/THF at constant 0.86 M 

concentration……………………………………………………………………. 

 

114 

5.14 

 

T10/12 stilbenevinylSQ emission in 10:1, 20:1 and 30:1 of hexane:THF at 

various concentrations, suggesting “aggregate” formation……………...……… 

 

116 

5.15 

 

Emission spectra of T10/12 stilbenevinylSQ in 10:1, 20:1 and 30:1 of 

MeOH:THF at various concentrations, showing “aggregate” formation……...... 

 

116 

5.16 

 

Possible aggregation or exciplex formation between two GEN2 stilbene- 

vinylSQs………………………………………………………………………… 

 

117 



ix 

 

5.17 Two-photon absorption spectra of selected GEN2 compounds in THF………… 120 

5.18 

 

 

Cyclic voltammetry studies of GEN2 compounds, with published data for 

P3HT (poly-3-hexylthiophene) and PCBM ([6,6]-phenyl-C61-butyric acid  

methyl ester) added……………………………………………………………... 

 

 

123 

6.1 FTIR spectra of compounds I – IV………………………..……………………. 133 

6.2 MALDI-ToF of spectra of (a) Br16OPS and (b) compound I…………………… 134 

6.3 TGA of compounds I – IV………………………………..…………………….. 135 

6.4 

 

(a) UV/vis absorption and (b) photoluminescence spectra of compounds I-IV 

in THF…………………………………………………………………………... 

 

135 

6.5 

 

UV-vis absorption and PL spectra of (a) compound III and (b) IV in THF and 

acetonitrile (AN)………………………………………………………………… 

 

136 

6.6 Possible aggregation of compound III………………………………………….. 137 

6.7 HOMO and LUMO energy levels of Br16OPS and compounds I – IV……..….. 138 

6.8 

 

 

I-V curves of OPV devices fabricated by mixture of P3HT, PCBM, and 

compound I with the device configuration of glass/ITO/PEIE/active 

layer/MoO3/Ag………………………………………………………………….. 

 

 

139 

6.9 PCE, JSC, VOC, and FF of OPV devices depending on the compound I contents. 140 

7.1 MALDI-ToF spectrum of (a) vinyl T10/12 and (b) GEN1 p-acetoxy T10/12............ 148 

7.2 FTIR of GEN1 T8 p-acetoxySQ, p-hydroxySQ and cross-linked polyester…..... 149 

7.3 
1
H NMR (DMSO) of GEN1 T8 p-Hydroxy SQ………………………………… 150 

7.4 

 

TGA of GEN1 T8 p-acetoxySQ, p-hydroxySQ and cross-linked polyester 

(air, 10 
o
C/min)………………………………………………………………….. 

 

151 

8.1 Representative chemical structures of polymeric ionic liquids (PILs)………….. 159 

8.2 Example of SQ molecule with ionic liquid groups……………………..………. 159 

 

 

 

 

 

 



x 

 

 

 

List of Schemes 

 

Scheme 

1.1 Hydrolytic condensation reaction of RSiX3…………………………………….. 4 

1.2 General pathway for the synthesis of OPS……………………………………… 5 

1.3 Synthesis of ONPS and OAPS………………………………………………….. 6 

1.4 Bromination of OPS…………………………………………………………….. 7 

1.5 Synthesis of I8OPS……………………………………………………………… 7 

1.6 Synthesis of SQ-g-PDMAEMA by ATRP……………………………………… 9 

1.7 Polyimide resin produced by the reaction of OAPS and PMDA……………….. 10 

1.8 

 

Synthesis of mono-methacrylate by corner-capping reaction and its polymer by 

radical polymerization………………………………………………………...… 

 

11 

1.9 Heck coupling of vinyl2Phx T10/12 SQs with BrStyr2Phx T10/12 SQs (x = 8, 10)... 11 

1.10 General scheme of Heck coupling………………………………………………. 17 

1.11 General scheme of Sonogashira coupling………………………………………. 18 

3.1 

 

Examples of Difunctional SQs and examples of polymerization via Si-OH 

bonds of “beads on a chain” (BoC) polymers (R= Cy = cyclohexyl)…………... 

 

61 

3.2 Polymerization of difunctional SQs to BoC polyimides………………………... 61 

3.3 

 

F
-
 catalyzed formation of T10 and T12 SQs from polymeric SQ resins or T8 

cages…………………………………………………………………………….. 

 

62 

3.4 Synthesis of [NH2PhSiO1.5]x[PhSiO1.5]10/12-x (x = 2-4) from OAPS and OPS….. 62 

3.5 

 

BoC polymerization of [NH2PhSiO1.5]x[PhSiO1.5]10/12-x (x = 2-4) with 

DGEBA…………………………………………………………………………. 

 

70 

4.1 Heck coupling of polymer I…………………………………………………….. 83 

4.2 Synthesis of monomers A, B and C…………………………………………….. 85 



xi 

 

4.3 Polymerization of diiodophenyl SQs and DVB via Heck coupling…………..… 88 

4.4 Polymerization of diiodophenylSQs and DEB via Sonogashira coupling……… 89 

5.1 Heck coupling reaction of vinylT10/12 (GEN1)………………………………….. 101 

5.2 Metathesis reaction of vinylT10/12 (GEN1)……………………………………… 102 

5.3 Heck coupling reaction of p-BrStyrenylT10/12 (GEN2)…………….…………… 103 

6.1 Heck coupling of o-Br8OPS, 2,5-Br16OPS and Br24OPS……………………….. 131 

6.2 Functionalization of [2,5-Br2PhSiO1.5]8 (Br16OPS)……………………………... 132 

7.1 General scheme for reaction of GEN1 Hydroxy T8 and adipoyl chloride……… 147 

8.1 Synthesis of BoC polymers via F
-
 rearrangement reaction……………………... 157 

8.2 Synthesis of optically active SQs……………………………………………….. 158 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 

 

 

 

List of Tables 

 

Table 

1.1 DFT HOMO-LUMO calculations for various [XSiO1.5]…………………..…..... 14 

1.2 TPA properties of silsesquioxane derivatives and quantum efficiencies……….. 15 

3.1 MALDI-ToF data for 3:1 of OPS:OAPS reaction with TBAF…………….. 64 

3.2 

 

MALDI-ToF peak intensities for several ratio of OPS:OAPS reaction with 

TBAF……………………………………………………………………………. 

 

65 

3.3 MALDI-ToF data (Ag
+
 Adduct) for Fraction 1…………………………….. 66 

3.4 MALDI-ToF data (Ag
+
 Adduct) for Fraction 2……………………………… 67 

3.5 MALDI-ToF data (Ag
+
 Adduct) for Fraction 3……………………………… 68 

3.6 

 

 

 

Decomposition temperatures (Td5%) and ceramic yields of [NH2PhSiO1.5]x-

[PhSiO1.5]10/12-x (x = 2-4) (Fraction 3) and starting materials for comparison. 

(air/10 
o
C/min to 1000 

o
C). Theoretical ceramic yields for compounds detected 

by MALDI are given for reference……………...………………………………. 

 

 

 

69 

3.7 

 

GPC determined molecular weights and polydispersities of Figure 7  

components …….……………………………………………………………….. 

 

70 

3.8 

 

GPC determined molecular weights and polydispersities of Figure 3.9  

components……………………………………………………………………... 

 

71 

3.9 

 

Decomposition temperatures (Td5%, Td50%) and ceramic yields of synthesized 

polymers and starting materials for comparison (air, 10 
o
C/min to 1000 

o
C)…... 

 

75 

4.1 Characterization data for polymers I - IV………………………………………. 85 

4.2 Characterization data for monomers A – C and I8OPS…………………………. 86 

4.3 MALDI-ToF data for Monomer A and B………………………………………. 87 

4.4 Characterization data for polymers V - VIII……………………………………. 89 

4.5 Characterization data for polymers IX - XII……………………………………. 90 



xiii 

 

4.6 Spectral data for monomers, DVB and DEB polymers…………………………. 92 

5.1 

 

Characterization of GEN 1 Mono (S) and Double (D) Heck coupling  

compounds (NP = Naphthalene, An = Anthracene)……………………….... 

 

102 

5.2 

 

Characterization of GEN1 materials produced by metathesis (NP =  

naphthalene)…………………………………………………………………….. 

 

103 

5.3 Characterization of GEN2 compounds………………………………………... 103 

5.4 Absorption and Emission Maxima for GEN1 compounds……………………… 107 

5.5 Photophysical data for GEN1 compounds……………………………………… 108 

5.6 Absorption and Emission Maxima for GEN2 compounds……………………… 111 

5.7 

 

UV/vis absorption and PL for T10/12 4-aminostilbenevinylSQ as a function of 

solvent…………………………………………………………………………... 

 

112 

5.8 Emission (nm) of T8 and T10/12 stilbenevinylSQs ( 2 nm) in acetonitrile:THF... 115 

5.9 

 

Emission (nm) of T8 and T10/12 stilbenevinylSQs ( 2 nm) in hexane: 

THF or MeOH:THF of varying concentrations……………………………… 

 

118 

5.10 

 

Emission (nm) of T8 and T10/12 stilbenevinylSQs ( 2 nm) in hexane:THF 

or MeOH:THF at constant concentrations…………………………..……….. 

 

119 

5.11 Two-photon studies of GEN2 compounds with respective cross-sections given.. 120 

5.12 

 

Two-photon laser wavelengths studied and respective cross-section per 

chromophore on GEN2 SQs…………………………………………………….. 

 

121 

6.1 Characterization of compounds I - IV……………………………...…………… 133 

6.2 Photophysical data for compounds I – IV (THF)……………………..………... 136 

6.3 

 

PCE, JSC, VOC, and FF of OPV device prepared by mixture of P3HT, PCBM 

and compound I (SQ)…………………………………………………………… 

 

139 

7.1 Characterization data for p-acetoxySQs………………………………………… 149 

7.2 Characterization data for the various p-hydroxy SQs…………………………... 150 

7.3 Characterization of cross-linked polyesters…………………………...………… 152 

 

 

 

 

 



xiv 

 

 

 

List of Appendices 

 

Appendix 

1 Characterization Data of BoC polymers from I8OPS……………………………….. 162 

2 

 

Characterization Data of second generation (GEN2) derivatives by 

functionalization of vinyl T10/12 silsesquioxanes………………………………......... 

 

167 

3 

 

Characterization Data of hydroxyl terminated silsesquioxanes and their use for 

cross-linked polyesters……………...………………………………………………. 

 

175 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 

 

 

 

Abstract 

 

Organic/inorganic hybrid materials play a major role in developing high performance and 

high functional materials. Octameric polyhedral silsesquioxanes (SQs), (RSiO1.5)8, are unique 

hybrid materials which indicate that the silsesquioxane cage appears to be involved in electron 

delocalization with conjugated organic tethers in the excited state. This dissertation describes the 

synthesis and characterization of organic/inorganic hybrid beads on a chain (BoC) type polymers 

with SQ cages in the polymer backbones and functionalization of silsesquioxanes to offer 

semiconducting properties for optoelectronic devices and microporous materials. 

This dissertation first discusses the synthetic routes to BoC epoxy resins which were 

synthesized by the reaction of di- and tri-aminophenyl, phenyl T10/12 SQ mixtures. The di- and 

trifunctional SQs were prepared by the F
-
 catalyzed rearrangement reaction of 

octaaminophenylSQs (OAPS) and octaphenylSQs (OPS). Moreover, we present the synthesis 

and characterization of sets of BoC polymers derived from octaiodophenylSQs (I8OPS) via Heck 

or Sonogashira cross coupling with divinylbenzene (DVB) or 1,4-diethynylbenzne (DEB). The 

DEB polymers reveal unique photophysical properties suggesting electronic communication 

along the polymer chains and through the cages via the conjugated linkers. 

The metathesis and Heck cross coupling reactions of vinyl T10/12 and octa(2,5-

dibromophenyl) SQs (Br16OPS) provides a convenient synthetic route to various conjugated SQs. 

The photophysical studies indicate that T10/12 systems also show 3-D conjugation in the excited 

state similar to T8 analogs. Furthermore, cyclic voltammetry studies reveal that the LUMO of 

functionalized Br16OPS offer optimal values to apply as an electron acceptor with P3HT in 

organic photovoltaic (OPV) cells. Nevertheless, a BHJ device of 5FSty16OPS and P3HT showed 

poor power conversion efficiency, partial substitution of PCBM by 5FSty16OPS retained OPV 

performance of reference cell which was fabricated with mixture of P3HT and PCBM (4.1 %) if 

the content of 5FSty16OPS was less than 15 %. 

Lastly, we demonstrated the synthesis of a variety of p-hydroxySQs based on T8 and T10/12 

vinylSQs and explored the application of these SQs as precursors to nanoporous polymeric 



xvi 

 

materials. The cross-linked polyester prepared from GEN1 T8 SQ exhibited up to 25 m
2
/g of 

BET surface area in spite of the flexible C6 linker. 

 


