
197

Acidic polymers, use as cocatalysts, 27
Acyclic diene metathesis (ADMET) polymeriza-

tion, 28, 29
Advanced ceramics, polymeric precursors for, 265
Advanced materials, boron- and nitrogen-

containing polymers for, 103–120
AIBN (azobisisobutylonitrile), 155, 156
Air-stable organoboron segmented block copoly-

mers, 9
Alcoholysis, 129
Aldehyde reduction, 30
Alkoxyboration polymerization, 140–141
Alkylaluminoxane (MAO) cocatalyst, 25, 27
B-Alkylaminoborazines, 166

asymmetric, 165
Alkylborane polymer electrolytes, 193
Alkylborane-type polymers, 186

ionic conductivity of, 179
Alkyl-substituted B-chloroborazines, as monomers,

157–158
Allylcarborane-containing polymers, 99
�-olefin polymerization, supported catalysts for,

26
Alternating boration copolymerization, 139
Alternating poly(m-carborane-disiloxane-

diacetylene)s, 43–45
Amine-modified polyborazylene, 154
B-Aminoborazines, display of amino groups by, 162
Aminosilane reaction, 6
Ammonolysis process, 162
Anion sensors, organoboron polymers as, 

137–138
Anion-trapping-type electrolytes, 193
Anion-trapping-type organoboron polymer 

electrolytes

ion-conductive properties of, 178–179
via hydroborane monomer, 177–179

Antimony pentachloride, 84
Aromatic acetylene bonds, haloboration of, 139–140
Aromatic ethers, condensation of, 97
Aromatic organoboron compounds, 130
Atomic emission spectroscopy (AES) studies, 90–91
Atomic Weapons Establishment (AWE) studies, 84

B-alkylaminoborazines, 166
asymmetric, 165

B-aminoborazines, display of amino groups by, 162
9-BBN dimer, 24. See also 9-Borabicyclo[3.3.1]

nonane (9-BBN)
9-BBN-modified allylhydridopolycarbosilane

polymers, 36
B-chloroborazine, polymers derived from, 156–169
10B enriched compounds, 96
Benzocyclobutadiene carborane analog, 40
5-Benzyl-2-phenyl-5-(4-vinylbenzyl)-[1,3,3]-

dioxaborinane, 31, 32
Bernard, Samuel, v, 103
�-elimination process (retrohydroboration), 141
Bifunctional monomers, hydroboration polymer-

ization of, 177
Bi-ionic systems, 176
1,12-Bis-(4-chlorophenyl)-1,12-dicarbado-

decaborane, polycondensation of, 41
Bis-adduct decaborane, 79
l,7-Bis-(di-methylmethoxysilyl)-m-carborane, 

85
l,2-Bis(N-nitroso-acetylaminophenyl)-o-carborane

(NAFC), 100
Bisphenol-A resins, boron-containing, 31
Bisureidosilane monomers, 6
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Bis(ureido)silanes, condensation reaction with m-
carborane di-hydrocarbyl-disilanol, 86–87

Blocky poly(m-carborane-disiloxane-diacetylene)s,
43–45

11B MAS NMR spectra, 94. See also 11B-NMR
spectra; Boron; Nuclear magnetic resonance
(NMR) spectroscopy

BN/BN composites, 118. See also Boron nitride
(BN)

B�N bond, 151
BN-coated fibers, 118
BN fiber elaboration, polymeric precursor for, 

159
B(NHMe)3 boranes, 105–106, 113, 115
B�N linkages, 109, 152
11B-NMR spectra, 190–191. See also 11B MAS

NMR spectra; Boron; Nuclear magnetic reso-
nance (NMR) spectroscopy

9-Borabicyclo[3.3.1]nonane (9-BBN), 182. See also
9-BBN entries

9-Borabicyclo[3.3.1]nonane–poly(propylene oxide)
dehydrocoupling reaction, 182–183

Boranediyl-bridged poly(ferrocenylene)s, 20, 21
Borane monomer tetrahydrofuran solution, adding

a diene monomer to, 124
Borane-terminated isotactic polypropylene (I-PP),

preparing, 25
Boration copolymerization, between bisallene and

diyne, 140
Boration reactivities, between diynes and diiso-

cyanates, 139
Borazanaphthalene, 152
Borazine, 33–34

polymers derived from, 151–156
as a precursor of boron nitride, 151
precursors, 36
reactions with olefins, 155
thermolysis of, 153

Borazine-based polymers, 105
Borazine-containing organoboron polymers, 34–37
Borazine polymer systems, SiC-producing, 34–36
Borazine structures, formation of, 133
Borazinic ring, 151
Boron. See also 10B enriched compounds; 11B MAS

NMR spectra; 11B-NMR spectra; Boron atoms
characteristics of, 8
historical perspective on, xi, 2–8
in “inorganic benzene-like” ring systems, 3
inorganic polymers of, 150
sources of, 3

Boronate-functionalized polymers, 28
Boron atoms

in polymer backbone or pendent groups, 8–33
synthesis of unsaturated polymers containing, 10

Boron-bridged [1]ferrocenophanes, polymeriza-
tion of, 19–20

Boron chromophore-containing polyurethanes, 12
Boron cluster compounds, 78

for neutron capture applications, 96
Boron clusters, in polymer backbone or pendent

groups, 38–71
Boron cluster systems, monomeric and polymeric

organic analogs of, 38–42
Boron-containing advanced ceramics, preparation

of, 104
Boron-containing polymers, xi

advances in, 8–33
chemistry of, 8
preceramic, 104–105

Boron-delivery agents, 55
Boron hydrides, 3
Boronic acid-containing polyanilines, 14
Boronic acids, 33
Boron isotopes, 54, 78
Boron ligands/polymers, used in olefin polymer-

ization reactions, 22–29
Boron main-chain polymers, 9
Boron neutron-capture therapy (BNCT), 54

drug-delivery platforms for, 55–57
Boron nitride (BN). See also BN entries

preparation of, 118
properties of, 104

Boron nitride fibers
mechanical properties of, 112
microtexture differences in, 111–112
polymeric precursors of, 105

Boron nitride materials, preparing pure, 171
Boron nitride microtubes, 106
Boron–nitrogen-containing polymers, 151
Boron oxide/boron carbide crust, 94
Boron polymers

containing organometallic moieties, 17–22
containing P atoms, 15–17
formation of, 3
p-conjugated, 21
silicon-containing, 17

Boron-rich dodeca(carboranyl)-substituted
closomers, 55–57

Boron ring systems
alternative, 38
planar structures of, 33
in polymer backbone or pendent groups, 33–38

Boron–ruthenium conjugated system, 131
Boron–silicon–diacetylene polymers, linear, 17
Boron-stabilized carbanions, 190
Boron-stabilized imidoanion (BSI), 190–193
Boroxine, 33–34
Boroxine ring systems, 37
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Borylaminoborazine, thermal conversion into
poly(borylaminoborazine), 168

Borylborazine derivatives, chemistry of, 167
Borylborazine route, 119
B-trialkylaminoborazine, ammonolysis of, 162
B-tri[bis(methylamino)boryl(methyl)amino] 

borazine, 113
B-trichloroborazine

nucleophilic attack on, 161
reaction with trialkylaminoborane, 116–117

B-tri(dimethyl)-N-trimethylborazine, conversion to
polymers, 159–160

B-vinylborazine, 155

Cancer therapy research, 10B nucleus in, 54. See also
Tumor treatment

Carbanions, boron-stabilized, 199
Carboracycles, examples of, 64
Carboracycle systems, 63–64, 65
m-Carborane, 39, 40
o-Carborane, 39, 40

enthalpy of formation of, 99
polymer-supported, 62

p-Carborane, 39, 40
Carborane cages, 78, 91

electron-deficient, 93
impact of heat and ionizing radiation on, 94–95

Carborane clusters
conducting polymers containing, 52–54
grafted onto organometallic dendrimers, 62

Carborane cluster systems, 39
Carborane-containing grid-shaped polymers,

molecular-size construction kit for, 66–67
Carborane-containing polymers, other than poly-

siloxanes, 97–98
Carborane polyhedra, 78
Carborane polymers, 5

in catalytic reactions, 61–63
in high-performance fiber production, 57–60
in medicine, 54–57
of polyetherketones, 60–61

Carborane polymer systems, energetic, 99–100
Carboranes, characteristics of, 39–40. See also

o-Carborane
Carborane-siloxane polymers, 93
Carborane supramolecular chemistry, 63–71
Carborane units, bearing energetic groups, 99–100
p-Carborane units, 5
Carboranophanes, synthesis of, 41
Carboranosiloxane rubbers, 4
Carboranylenesiloxane polymers, 5–6

incorporation of smaller carboranes in, 7
Carboranyl polymer systems, elastomeric behavior

in, 82

Carboranyl units, polyphosphazene incorporating,
98

Carbosilane dendrimers, 17, 18
Catalytic reactions, carborane polymers in, 61–63
Ceramic fibers, 105

production of, 150
Ceramic yield, 114

increasing, 113
Chain scission, 129
Chain-transfer strategy, 25
Chemosensors, 137
B-Chloroborazine, polymers derived from, 156–169
Chujo, Yoshiki, v, 121
closo-dicarbaboranes, 39, 78
Cobaltabisdicarbollide {Cs[Co(C2B9H11)2]�}, 

52
Cocatalysts, industrial, 27
Comblike organoboron polymer/boron stabilized

imidoanion hybrids, synthesis of, 190–193
Comblike organoboron polymer electrolytes,

180–181
Comblike organoboron polymers, temperature

dependence of ionic conductivity for, 181
Condensation polymerization, 86–87
Conducting polymers, containing carborane clus-

ters, 52–54
Conjugated organoboron polymers, 122–123,

130–132
Conjugated poly(cyclodiborazane)s, 134–137
Coordination-driven carborane-containing self-

assembled polymers, 67–69
Coordination polymers, xiv

construction of, 67–68, 70
Cornu, David, v, 149
Corriu/Douglas polymers, 10
Covalently attached carborane-containing polypyr-

role, 53–54
Covalently carborane-bound polymer, 52–53
Cross-coupling reactions

poly(cyclodiborazane)s via, 142–143
poly(pyrazabole)s via, 143–145

Cross-linking, 84, 85, 86
Cyclodiborazane structures, 132
Cyclooctaphane, 41–42
Cyclopentadienylmolybdenum tricarbonyl dimer, 

45
Cyclophane, carboranophane analogs of, 41

Decaborane-based polymeric material, 57–58
Decaborane-based polymer systems, 79–80
Decaborane carboranes, properties of, 82
Decaborane complexes, 79–80
Decaborane polymer, 4
Dehydrocoupling polymerization, 177, 178
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Dehydrocoupling reactions, 16–17
control of, 153
organoboron polymer electrolyte preparation via,

182–183
1,2-Dehydro-o-carborane, 40
Density Functional Theory (DFT), 39
DEXSIL 200, 5
DEXSIL 201, 5
DEXSIL polymers, 4, 82
Diacetylene–carboranylenesiloxane block polymers,

synthesis of, 45
Diacetylene-diluted alternating poly(m-carborane-

disiloxane-diacetylene)s, 43–45
Diacetylene group, in poly(carboranylenesiloxanes),

42, 43
Diacetylene–silarylene block polymers, synthesis

of, 45
Dialkenylboron bromide, 138
Dialkylamine-modified polyborazylenes, 153–154
Dialkylaminoborylamine, 167
Dialkylamino groups, attached to boron atoms,

166
Diborane adducts, 3
l,2�-Diborazine, 152
Diborylated ferrocene polymers, 18–19
Dibromoborylated PS (PS-BBr), 27. See also

Polystyrene (PS)
Di-chlorobenzyl peroxide, 86
Dichloromethyl methyl ether (DCME), in

poly(alcohol) preparation, 126
1,9-Dicyanoanthracene (DCA), hydroboration

polymerization with mesitylborane, 135
Dicyano monomers, hydroboration polymerization

of, 132–134
Diethylborazine, 35
Dilithiocarborane, salt elimination reaction with

dichlorosiloxane, 88
6-Dimethylamino-2,4-dichloroborazine, reaction

with disilazane, 158–159
Dioxobenzene dianion, 39
Dioxoborane tetraanion, 39
Dipentylamine-modified polyborazylenes, 154–155
Direct synthesis, of poly(lithium organoborate)s,

188–190
Diyne monomers, hydroboration polymerization

of, 129–130
Diynes, phenylboration polymerization of, 

139–140
Donor–acceptor conjugated polymers, 131
Donor–acceptor type p-conjugated poly(cyclodib-

orazane)s, 142–143

Elastomeric materials, producing, 43–45
Elastomeric networked polymers, 48–49

Elastomers, glass-transition temperature of, 90
Electrophilic substitution, 40
Ene reaction, 40
Energetic carborane polymer systems, 99–100
Enthalpy of combustion, 99
Enthalpy of formation, 99
Ethylenediamine-borane reagent, polymer-bound, 30
Ethynyl monomer, 48
Exopolyhedral B�O bond lengths, 39

FeCl3-catalyzed condensation reaction strategy,
46–47. See also Ferric chloride-catalyzed
bulk condensation copolymerization

57Fe Mössbauer studies, 91, 92
Ferric chloride-catalyzed bulk condensation copoly-

merization, 82. See also FeCl3-catalyzed con-
densation reaction strategy

Ferrocene-bridged tris(1-pyrazolylborate) oligomeric
systems, 20, 37

Ferrocene [33-bipy]n polymer, 18–19
Ferrocene compound chemistry, 18
[1]Ferrocenophanes, ring-opening reactions of,

19–20
Ferrocenyl–carboranylenesiloxyl–diacetylene

polymers, 43
Fire-resistant carborane-containing polyetherke-

tones, 60
Flame-retardant materials, organoboron polymers

as, 31–33
Fluorescent chemosensors, 137
Fluorescent organoboron polymers, 37, 38
Foamed polysiloxanes, 92

synthesis of, 91

Gas chromatography/mass spectroscopy(GC/MS),
during thermolysis, 109

Gel-permeation chromatography (GPC), 89
Glass-transition temperature, 89–90
Glyme, 153
Green fibers, 114–115
Grignard chemistry, 11
Grignard reagents, 141

Haloboration, 10
Haloboration-phenylboration polymerization,

138–139
Haloboration polymerization, 138–139
Heteroaromatic diynes, hydroboration polymeriza-

tion of, 131
6-Hexynyl-decaborane, 58
High molecular-weight polyphosphinoborane

polymer, 16–17
High-performance fiber production, carborane

polymers in, 57–60
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High-performance fibers, borazine-containing
organoboron polymers in, 34–37

High-temperature polymers, 5
1H-NMR spectra, 178. See also Nuclear magnetic

resonance (NMR) spectroscopy
Homogeneous fluorescein-labeled nido-carboranyl

oligomeric phosphate diesters (nido-OPDs),
54–55

1H spin-echo decay measurements, 95
1H spin-echo NMR relaxation techniques, 88–89.

See also Nuclear magnetic resonance (NMR)
spectroscopy

1H spin-echo relaxation profile, 95–96
Hückel molecular orbital (MO) theory, 130
Hybrid Density Functional Theory (DFT), 39
Hydroborane monomer, anion-trapping-type

organoboron polymer electrolytes via, 177–179
Hydroborane reagent, 182–183
Hydroboration polymerization, 123–138, 177

of dicyano monomers, 132–134
of diyne monomers, 129–130
between mesitylborane and triethyleneglycol

diallylether, 177–178
reactions of organoboron polymers prepared by,

124–129
Hydroboration reaction, 8–11

of polystyrene with thexylborane terminal double
bond, 126–127

Hydrogen. See 1H entries; Hydro- entries
Hydrogen-bond interaction-driven coordination,

68–69
Hydrosilated network polymers, 48
Hydrosilation reactions, 47–48

Icosahedral carborane cages, 96
Icosahedral carboranes, 78

properties of, 82
thermal and radiation stability from, 93–97

Icosahedral closo-dicarbaborane units, polymers
incorporating, 77–102

Imidazole–borane complexes, physical properties
of, 186

Imidoanion, boron-stabilized, 190–193
Immunoconjugates, boron-rich, 54
Industrial SiC fibers, 34
Infusible polymers, 162
Inorganic benzenes, 33
Inorganic polymer electrolytes, 176
Inorganic polymers, rheology of, 159
Intramolecular charge-transfer (ICT) interaction,

135
Ionic conductivity

of lithium borate polymers, 188–189
of polymer/salt hybrids, 192–193

temperature dependence of, 181, 184, 187,
191–192

Ionic liquids, 183
Iron. See Fe entries; Ferric entries; Ferro-entries
Isocyanates, 87

haloboration and phenylboration of, 140

Karstedt catalyst, 48, 49
Kekule-like structures, 34
Keller, Teddy M., v, 1
Kolel-Veetil, Manoj K., v, 1

Lewis acidic organoboron compounds, 177
Lewis acids, polymeric, 28
Linear boron–silicon–diacetylene polymers, 17
Linear toluene swell, 90
Liquid imidazole-borane complexes, 185
LiTFSI, 179, 181, 185, 193
Lithium borate polymers, ionic conductivity of,

187, 188–189
Lithium borate-type polymers, via polymer reac-

tions, 186–187
Lithium ion conducting borosiloxane polymers, 17
Lithium mesitylhydroborate, 188
Lithium salt dissociation, 190
Lithium secondary battery, 176
Lithium transference numbers, 176–177, 179, 181,

183, 185, 193
improving, 193

Lowest unoccupied molecular orbital (LUMO),
extending, 13

Luminescent organoboron quinolate polymers, 13
Lysine dendrimers, carborane-containing, 57

Macromolecules, containing metal and metal-like
elements, xiii–xiv

Main-chain boronate polymers, 28
Main-chain-type organoboron polymers, 122, 145
Mass loss

dimethylsiloxane groups and, 94
of poly(ether-ketone-carbaborane), 98

Matsumi, Noriyoshi, v, 175
Medicine, carborane polymers in, 54–57
Melting temperature, 89–90
Melt-spinnable poly[B-aminoborazine], boron

nitride fibers from, 162
Melt-spinnable poly[B-trimethylaminoborazine]s,

163
structure of, 164–165

Melt spinning, 114–115
Mercuracarborands, 66, 67
Mesitylborane

hydroboration polymerization with 1,9-
dicyanoanthracene, 135
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Mesitylborane (Continued)
hydroboration polymerization with adiponitrile,

133
hydroboration reaction with acetylene bond, 130

Metal-containing polymers, xiii
Metal–halogen interchange reaction, 7
Metallacarborane oligomers, 64, 66
Metal-like elements, xiv
Metallocene catalysts, polymer-supported, 26
Methylvinylsiloxane, 87
Miele, Philippe, v, 103, 149
� Mo2C superconducting nanoparticles, 45–46

Mobile electronic devices, lithium secondary battery
for, 176

Molecular borylaminoborazinic derivatives, 168–169
Molecular orbital (MO) theory, 130
Molecular precursors, thermal condensation of,

166–167
Molecular tools, carborane-containing, 68
Molybdenum (Mo) metathesis catalyst, 28, 29. See

also Cyclopentadienylmolybdenum tricarbonyl
dimer; � Mo2C superconducting nanoparticles

Monoanionic boron clusters, 53
Monomeric organic analogs, of boron cluster 

systems, 38–42
Mössbauer studies, 91, 92
“Motorized nanocar” structure, 69, 71

NaBH4/(NH4)2SO4, reaction in tetraglyme, 153
Nagata, Yuuya, v, 121
Nanostructured boron carbide materials, 57–58
�N�B�N� bridges, 117, 119
�N(CH3)� bridges, 109, 111
�N(CH3)� bridge units, 166
Networked polymers, synthesis of, 47–48
Neutron capture approach, 96
Neutron scintillator materials, 145
Neutron shields, 96
New materials, synthesis of, 118–119
nido-carboranyl oligomeric phosphate diesters

(nido-OPDs), 54–55, 56
nido-carboranylporphyrins, metal-free, 57
9-BBN dimer, 24. See also 9-Borabicyclo[3.3.1]

nonane (9-BBN)
9-BBN-modified allylhydridopolycarbosilane

polymers, 36
NLO materials, from polyurethanes, 11–13
�NMe� bridges, 109
NMR relaxation measurements, 95. See also Nuclear

magnetic resonance (NMR) spectroscopy
Nonoxide precursor route, 104
Nonpolyether-type polymer electrolyte, 193–194
Norbornene monomers, ring-opening metathesis

polymerization of, 28–29

Novolac resins, boron-containing, 31, 32
n-type conjugated polymers, 130
Nuclear magnetic resonance (NMR) spectroscopy,

88–89. See also 11B MAS NMR spectra; 11B-
NMR spectra; 1H-NMR spectra; 1H spin-echo
NMR relaxation techniques; NMR relaxation
measurements

Nucleophilic reaction route, two-step, 165

Ohno, Hiroyuki, v, 175
Olefinic monomers, functionalizing, 22
Olefin polymerization reactions, boron ligands/

polymers used in, 22–29
Olefin protection strategy, 25
Olefin reactions, 155
Oligo(ethylene oxide) grafted polyphosphazene,

180
Oligomeric boron-bridged (1-pyrazolyl)borate 

systems, 7–8
Olin polymers, 4–5
One-step poly(B-amino)borazine process, 156–159
One-step poly(B-borylamino)borazine process,

159–161
One-step polycondensation, 116–118
Optical/sensing applications, p-conjugated

organoboron polymers used in, 8–15
Organic transformations, organoboron polymers

used as catalysts in, 22–30
Organoboron compounds, 122
Organoboron main-chain polymers, 123–124
Organoboron polymer electrolytes

comblike, 180–181
design of, 194
ion-conductive properties of, 194
lithium transference number of, 179
preparation via dehydrocoupling reaction,

182–183
reactions with organolithium reagents, 186
reaction with aryllithium reagents, 188
for selective lithium cation transport, 175–196

Organoboron polymer reactions
prepared by hydroboration polymerization,

124–129
via ring opening of pyridine or furan moieties,

126
Organoboron polymers, 121–147

as anion sensors, 137–138
conjugated, 130–132, 141
containing alternative boron ring systems, 38
containing borazine- or 9-BBN, 34–37
containing boroxine or triphosphatriborin ring

systems, 37
containing polypyrazolylborate or pyrazabole

ring systems, 37–38

202 Index

Index.qxd  4/19/07  5:41 PM  Page 202



containing pyrazaboles, 143
as flame-retardant materials, 31–33
formed by hydroboration route, 9–11
formed by synthetic routes, 11–15
reaction with aryllithium reagents, 186
used as catalysts in organic transformations, 

22–30
used in organic transformations, 29–30

Organoboron quinolate polymers, luminescent, 13
Organolithium reagents, 141
Organometallic dendrimers, 62–63
Organometallic macromolecules, xiv
Organometallic moieties, boron polymers containing,

17–22
Organometallic routes, 141–145
ortho-carborane, preparation of, 79
ortho-oligomeric phosphate diesters (ortho-OPDs),

55, 56
Overoxidation resistance limit (ORL), 53

Palladium(0) catalysts, 30
Patel, Mogon, v, 77
Pendant carborane groups, polymers with, 80–81
Phenylboration, 10

polymerization via, 139–140
Phenyl-modified poly(m-carborane-siloxane), 90
Phosphine-borane adduct studies, 16–17
Phosphorus-containing boron polymers, 15–17
p-conjugated boron polymers, 131–132. See also

p-conjugated organoboron polymers
p-conjugated dendritic polymers, 12
p-conjugated organoboron polymers, 21, 22, 134.

See also p-conjugated boron polymers
in optical and sensing applications, 8–15
as selective fluoride ion sensors, 137

p-conjugated poly(p-phenylene-boranes), 11
p-conjugation length, 138
p-extended conducting polymeric system, 13
Pinacolborane-modified PVS polymers, 35
Polar solvents, 153
Poly(1-pyrazolyl)borate synthesis, 7–8
Poly(alcohol)s, preparation from organoboron

polymers, 125–126
Poly(aniline boronic acid)-based conductimetric

sensor, 14
Poly(aryletherketone-carborane)s, synthesis of, 

97
Poly(azophenylene-o-carborane), 100
Poly[B-(alkylamino)borazine-derived fibers

curing and pyrolysis of, 111
stretchability of, 110

Poly[B-(alkylamino)borazines], 156
bridge-type bonds in, 166
as fiber precursors, 105

glass-transition temperatures and ceramic yields
for, 110

melt-extrusion of, 111
tris(alkylamino)borane-derived, 105–107
tris(B-alkylamino)borazine-derived, 107–112
viscoelastic and thermal stabilities of, 

110
Poly[B-aminoborazines], 151, 156

one-step process for, 156–159
studies of, 162
two-step process for, 161–166

Poly(B-borylamino)borazines
one-step process for, 159–161
two-step process for, 166–169

Polyborazine additive, 35
Polyborazylene polymer, 152
Polyborazylenes, 151

alternative synthesis route for, 153
structure of, 152

Poly(boronic carbamate)s, 140
Polyborylaminoborazines, polymeric structure for,

169
Polyborylborazine, thermal route to, 116
Poly[B-(trianilino)borazine], 165
Poly[B-(trimethylamino)borazine], 162
Poly-B-vinylborazine homopolymer, 155
Poly(carboranedimethylsiloxane) elastomer, 90
Poly(carboranylenesiloxanes), 42–52
Polycarbosilane-based polymers, incorporation of

decaborane into, 60
Polycarbosilane polymers, modification with 

9-borabicyclo[3.3.3]nonane, 36
Polycarbosilanes (PCS), 34–35
Polycondensation

calculating the degree of, 113, 114
one-step, 116–118
two-step, 112–116

Poly(cyclodiborazane)s
charge-transfer complex with 7,7,8,8- tetra-

cyanoquinodimethane, 137
conjugated, 134–137
containing a dithiafulvene unit, 136–137
containing oligothiophene units, 136
containing palladium and platinum, 137
electronic state of, 135
prepared by hydroboration polymerization of

dicyano monomers, 132–134
via cross-coupling reactions, 142–143

Poly(cyclooctenyl-decaborane), 59
Poly(dioxaboralane)s, 38
Poly(ether-ketone-carbaborane), 97–98
Polyetherketones, carborane polymers of, 60–61
Polyethylene (PE), high molecular weight, 62
Poly(ethylene oxide) (PEO) derivatives, 176

Index 203

Index.qxd  4/19/07  5:41 PM  Page 203



Poly(ethynylene-phenylene–ethynylene–borane)s,
11

Poly(ethynylene-p-phenylene-ethynylene-
borane)s, 141–142

Poly(ferrocenylphosphines), 20
Polyhexenyldecaborane, 57–58, 59
Poly(isobutylphosphinoborane)s, 15–16
Poly(lithium mesitylhydroborate), reaction with

fluorinated alcohols, 189
Poly(lithium organoborate)s, direct synthesis of,

188–190
Poly(m-carborane-siloxane) elastomers, character-

ization of, 88–92
Poly(m-carborane-siloxane) rubbers, 46, 47, 81–82

polymerization method for, 85–86
synthesis of, 82–88

Poly(m-carborane-siloxane)s, 82
with carborane units, 93
phenyl and vinyl modified versions of, 86

Polymer backbone/pendent groups
boron ring systems in, 33–38
containing boron clusters, 38–71

Polymer derived ceramics (PDCs) method/route,
104, 156

Polymer electrolytes, 176
Polymer fibers, properties of, 115
Polymeric B�N derivatives, 150
Polymeric organic analogs, of boron cluster sys-

tems, 38–42
Polymeric precursors, derived from tris(bory-

lamino)borazines, 112–118
Polymeric sensing systems, 13
Polymerization. See also Polymerization reactions;

Polymers
alkoxyboration, 140–141
haloboration, 138–139
hydroboration, 123–138
phenylboration, 139–140

Polymerization reactions, improvements in the
control of, 171–172

Polymer reactions, lithium borate-type polymers
via, 186–187

Polymers. See also Polymer reactions
B-chloroborazine-derived, 156–169
borazine-derived, 151–156
boron- and nitrogen-containing, 149–172
carborane-containing, 97–98
incorporating icosahedral closo-dicarbaborane

units, 77–102
organic solvent solubility of, 157–158
organoboron, 121–147
with pendent carborane groups, 80–81
prepared from thexylborane and diene

monomers, 124–125

spinning parameters for, 110
thermal and chemical properties of, 89–92
transition temperatures of, 90
tris(alkylamino)borane-derived, 169–171

Polymer/salt hybrids, 176–177, 190–193, 194
ionic conductivity of, 192–193
VFT parameters for, 193

Polymer-supported organoboron catalysts, 29
Polymer-to-ceramic conversion, 115

monitoring of, 111
steps in, 106

Poly(methylmethacrylate) (PMMA), production
from methylmethacrylate monomer, 24

Poly(norbornenyl-decaborane), 59
Poly(o-carboranyl-organo-siloxane)s, synthesis of,

80–81
Polyolefin diblock copolymers, 25
Poly(organoboron halide), 183
Poly(organoboron halide)–imidazole complexes,

183–186
VFT parameters for, 185

Poly(oxydimethylsilanediyl)s, 84
Poly(phenyl-carboranyl-di-trifluoroethoxy- 

phosphazene), 81
Poly(phenylphosphinoborane), syntheses of, 15
Poly( p-phenylene-borane)s (PPBs), 141
Poly( p-phenylene) carborane-based analog,

40–41
Polyphosphazenes

containing alkyl- or phenyl-carborane, 81
incorporating carboranyl units, 98

Polyphosphinoborane polymer, high molecular-
weight, 16–17

Polyphosphinoboranes, 4
Polypropylene (PP), hydroboration strategy of

chain end olefinic unsaturation in, 23. See
also PP/maleic anhydride (MA) copolymers

Polypropylene-b-polymethylmethacrylate (PP-
b-PMMA), synthesis of, 22–23

Poly(pyrazabole)/perylene/polymethylmethacry-
late (PMMA), 145

Poly(pyrazabole)s
containing an electron withdrawing moiety,

144–145
as a neutron scintillator material, 145
via cross-coupling reactions, 143–145

Polypyrazolylborate ring systems, 37–38
Polypyrrole (PPy), boronate-functionalized, 10.

See also (PPy)-Cs[Co(C2B9H11)2]
� polymer

Polypyrrole–Cs[Co(C2B9H11)2]
� polymer, 52

Polypyrrole materials, overoxidation resistance
limit of, 53

Polypyrrole precursor reaction scheme, 11
Polypyrroles, development of, 29–30
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Polysiloxanes (silicones), xiii
double comblike, 180

Polystyrene (PS), organoboron polymers of, 28.
See also Dibromoborylated PS (PS-BBr)

Poly(styrene-co-B-vinylborazine), 155–156
Polythiophenes, p-conjugated, 10
Poly vinyl chloride (PVC), 62
Polyvinylstyrene polymers, diethylborazine- and

pinacolborane-modified, 35
Porphyrins, carboranylated, 57
Potential gradient, 176
Potentiometric sensors, boronic acid-containing

polyaniline-based, 15
PP/maleic anhydride (MA) copolymers, synthesis

of, 23. See also Polypropylene (PP)
(PPy)-Cs[Co(C2B9H11)2]

� polymer, 52. See also
Polypyrrole (PPy)

Preceramic polymer route, 105
Preceramic polymers, 104

meltability of, 115
pyrolysis of, 119

Precursors-to-ceramic route, 150
Propellant binders, polymers and copolymers used

as, 99
Pyrazabole ligands, 37
Pyrazabole polymers, 37
Pyrazabole ring systems, 37–38
Pyrazaboles, 143

Radiation stability, from icosahedral carboranes,
93–97

Residual catalyst content, 91
Retrohydroboration (�-elimination) process, 141
RhH(CO)(PPh3)3 catalyst, 155
Rhodium (Rh)-catalyzed dehydrocoupling proce-

dure, 16
“Rigid-rod”-type polymers, 81
Ring-opening metathesis polymerization (ROMP),

28–29
Ring-opening polymerization (ROP) strategy, 19
(RNBNHR)3 alkylaminoborazines, 170
Ruthenium (Ru) metathesis catalyst, 28, 29

Salt elimination reaction, 88
Segmented block poly(alcohol)s, preparation of,

128–129
Selective lithium cation transport, organoboron

polymer electrolytes for, 175–196
Self-condensation, carboranedisilanol, 6
Semi-metal-containing polymers, xiii
Si/B/C/N-producing systems, 36–37. See also

Silicon-containing boron polymers
SiC-producing borazine polymer systems, 34–36
SiC-producing resins, introducing boron into, 35

Side-chain-type organoboron polymers, 122
s–p conjugation, using the disilanylene structure,

135–136
Silicon-containing boron polymers, 17. See also

Si/B/C/N-producing systems; SiC entries
Silicones (polysiloxanes), xiii

double comblike, 180
Siloxane-carborane ratio, 82
Siloxane content, glass transition as a function of,

83
Siloxane units, incorporation of, 82
Silyl-carborane hybrid diethynylbenzene-silylene

polymer, 50–52
Size exclusion chromatogram (SEC), 109
Sodium. See NaBH4/(NH4)2SO4

Sonogashira–Hagihara coupling, 142, 143
Speier’s catalyst, 47
Spinnable polymers, properties of, 105
Spin–spin (transverse) relaxation time, 95
Styrenic monomer, boron-containing, 31–33
Superaromatic carboranes, 49
Supported catalysts, 26
Supramolecular architectures, 70
Supramolecular chemistry, carborane, 63–71
Supramolecular structure assembly, 54
Swain, Anthony C., v, 77
Symmetric oligomers, 64, 66
Syndiotactic polystyrene (PS) polymers, 24

7,7,8,8-Tetracyanoquinodimethane (TCNQ), 137
Tetraethylene glycol (TEG) side chain, 193
Tetrahydrofuran (THF), 153
Tetrahydrofuran soluble fraction, GPC on, 89
l,2,3,5-Tetramethyl-4,6-dichloroborazine, reaction

with hexamethyldisilazane, 158
Thermal degradation pathway, influence of steric

congestion on, 98
Thermal neutron attenuation properties, 96
Thermal stability, from icosahedral carboranes,

93–97
Thermal transition temperatures, 90
Thermoplastic polyborazine, 170–171
Thexylborane, 122, 126–127

reaction with 1,7-octadiene, 123
Three-dimensional (3D) X-ray microtomography, 

92
Toury, Bérangère, v, 149
Transamination reactions, 159–160
Transamination reaction, 171
Transition metal-catalyzed synthetic methodology,

16
Transverse (spin–spin) relaxation time, 95
B-Trialkylaminoborazine, ammonolysis of, 162
2,4,6-Trialkylaminoborazines, 167
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Trialkylboranes, polymer homologues of, 124
2,4,6-Tri[bis(isopropylamino)boryl(isopropyl) 

amino]borazine, 112–113
B-Tri[bis(methylamino)boryl (methyl)amino]

borazine, 113
B-Trichloroborazine

nucleophilic attack on, 161
reaction with trialkylaminoborane, 116–117

2,4,6-Trichloroborazine chlorine atoms, exchange
by a dialkylamino group, 162

2,4,6-Trichloroborazine–hexamethyldisilazane
reaction, polymer formation from, 157

B-Tri(dimethyl)-N-trimethylborazine, conversion
to polymers, 159–160

Trifluoroborate-substituted polythiophene system,
conjugated, 13

Trifluoromethanesulfonic acid (TFSA)-promoted
polycondensation reaction, 60–61

2,4,6-Trimethylaminoborazine, self-condensation
of, 163

2,4,6-Trimethylaminoborazine-laurylamine cocon-
densate, 163

N-Trimethyl-B-tri(amino)borazine, 106
Trimethylsilylamino-substihited oligomer, 157
Triphosphatriborin, 33–34

ring systems of, 37
Tris(alkylamino)borane-derived poly[B-(alky-

lamino)borazines], 105–107
Tris(alkylamino)boranes, 160, 167

polymers derived from, 169–171
thermal process for, 170

Tris(B-alkylamino)borazine-derived poly[B-(alky-
lamino)borazines], 107–112

Tris(B-alkylamino)borazines, thermolysis of,
108–109

Tris(borylamino)borazines, polymeric precursors
derived from, 112–118

Trisiloxyl groups, 45
Tris(isopropylamino)borane, 170
Tris(methylamino)borane, 160, 170
Tumor treatment, neutron capture approach in, 96.

See also Cancer therapy research
2 � 2 reaction, 40
“Two-point polymers,” 158
Two-step poly(B-amino)borazine process,

161–166
Two-step poly(B-borylamino)borazine process,

166–169
Two-step polycondensation, 112–116

Ultra-high molecular weight carboranylenesilox-
ane polymers, 6

Ureidosilane reaction, 6. See also Bisureidosilane
entries

Valence bond (VB) theory, 34
VFT equation, 189. See also Vogel–Fulcher–

Tamman (VFT) plot
VFT parameters

for lithium borate polymers, 190
for polymer/salt hybrids, 193

Vinylborane units, hydroboration of, 129
B-Vinylborazine, 155
Vinylcarborane-containing polymers, 99
Vinylcarboranylenesiloxane, 48
Vinyl group, conjugative interaction with boron

atom, 139
Vinyl-phenyl-modified polymer, boron content of,

91
Vogel–Fulcher–Tamman (VFT) plot, 179. See also

VFT entries

Ziegler–Natta (Z-N) polymerization, 22
Zwitterionic molten salts, 183
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