
�
ABS resin 207–208
– synthesis 208
– uses 208
acetaldehyde 6, 210, 221–248, 258
– acetic acid from 244
– chemicals from acetylene 258–259
– condensation 224
– conversion to acetic acid 222
– formation by Wacker reaction 235
– history 234–235
– mercuric ion-catalyzed addition of water to

acetylene 234
– via oxidation of ethanol 238
– production 150, 234
– reactions of 210
– Wacker reaction 222, 235–238
acetic acid 221–223, 238, 260
– BASF process 244
– conversion to acetaldehyde 222
– by fermentation of carbohydrates 243
– by hydrocarbon oxidation 243
– by methanol carbonylation 244
– modern processes for production 222
– parallels to hydroboration 240–241
– synthesis 222
acetone 56, 223, 243
– from cumene 59
– hemiketal from phenol and acetone 62
– reaction
– – with HCN 139
– – with phenol 56
acetonitrile 207, 213
– byproduct 213
– industrial solvent 213
acetylene 6–7, 234–237, 249–260, 268–271
– acidity 252–253
– – role of s-character of C-H bond 253
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– 1,4-butynediol 268
– calcium carbide 254
– carbanion, acetylenic 269
– – nucleophilic character 252
– chemicals from 258–260
– – acetaldehyde 258–259
– – acrylic acid from 211–212
– – acrylonitrile 6, 258–259
– – 1,4-butanediol 6, 258–259
– – vinyl acetate 6, 258–264
– – vinyl chloride 6, 258–259
– commercial importance 254
– – uses 259, 268
– complexation with mercuric ion 237
– cost of production 251
– cylinders 250
– danger 236, 249–251
– decomposition 256
– derivatives 6
– electric arc process 257
– history 251
– Huels’ process 256–257
– hydration 234, 236–238
– instability 259
– lamps 254–255
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– – caving lamps 255
– large exotherm 254
– manufacture 256
– mechanism of formation 257
– mercuric ion-catalyzed hydration 234
– methylacetylene 152–153
– nucleophilic attack activated by metal ion coor-
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– �-bond 214
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– – coordinate bond 214
– positive energy formation 250
– production 254–258
– – in Eastern Europe 258
– – electric arc 255
– – in Japan 258
– – large-scale production 255–258
– reaction with formaldehyde 268, 270
– Reppe, Walter 211, 270, 285
– stability 256–257
– structure 250
– – structural source of instability 250
– synthetic preparation 7
– transport 250
– welding 254
acetylide
– anion 252–253
– – reactive characteristics 253
– dianion 271
– rate constant for reaction with formalde-

hyde 271
acid of salt (hydrochloric acid) 273
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– Brønstead acidity 11–12, 16–17, 52
– carbamic acid 91, 95
– carbon-bound hydrogen 225
– carbon-hydrogen bonds 224
– carbonic acid 96
– carboxylic acid 96
– chloride 96
– conjugate acid 76
– fatty acids (see also there) 81–82, 129,

162
– hypochlorous acid (HOCl) 76–78
– organic molecules 123
– phenols, acidity 97–98
AcrilanTM 206
acrolein 198, 209–210
– to acrylic acid 214, 243
– – catalysts for 214
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– – Mo12V3W1.2Ce3 214
– – Mo12V4.6Cu2.2W2.4Cr0.6 214
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– typical catalysts 214
acrylic acid 205, 209–217, 221
– from acetylene 211–212
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243

– – air oxidation 209
– – industrial intermediate 210
– – methacrylic acid/methacrylate (see also

there) 138, 140, 144, 153
– – oxidations of propylene 212–217
– – poly(acrylic acid) (see also there) 107–108,

204–206
– – polymerization 205
– – produced in the “old days” 209–210
– – Reppe process 270
– esters 204–206
acrylamide 294
acrylate esters (see also there) 139, 204, 206
– Ineos 152
– methyl methacrylate (see also there) 137–156
– poly(alkyl methacrylate) (see also there) 138–

139
acrylonitrile 122–125, 133, 205–210, 212–217,

294
– adiponitrile from 124
– from acetylene 258–259
– export 206
– fibers 206
– hydrocyanation 122–123
– polyacrylonitrile (see also there) 206–209
– polymerization 206
– – copolymerization with butadiene 208
– propylene, conversion to

acrylonitrile 212–217
– synthesis, early 209–210
acyl carbon (see also there) 140, 225, 275, 278
– carbonyl, substitution reactions 225
– displacement 80–85
– substitution 83–84, 277
– transfer reaction 276
addition of reactions
– aromatic rings, resistance to addition reac-

tions 71
– 1,3-butadiene (see also there) 120
– carbonyl carbon, nucleophilic addition 139
– chlorine (see also there) 120
– cyanide to carboxyl, catalyzed addition of

water 139
– double bond 76
– – 1,2-addition to double bonds 164
– HBr addition (see also there) 129–131
– HCN addition across the double bond in

1,3-butadiene 285
– Markovnikov addition 5, 131, 133, 151
– nucleophilic addition (see also there) 139–141,

227, 275
– polar addition 129
– polymers (see also there) 23–24, 92, 107
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– water, addition 201
adipic acid 116–118, 125, 132–133
– synthesis of 116–118
adiponitrile
– electrochemical synthesis 124
– synthesis with HCN 285
aerobic fermentation 243
aircraft wings, de-icing 203
alcohol
– aldol, alcohol production 225
– allylic 79, 282
– isocyanate reaction with alcohol 91
– pentaerythritol 229
– polyhydric 226
– poly(vinyl alcohol) (see also there) 263–264
– vinyl alcohol (see also there) 234–235, 238
aldehydes 127, 210
– acetaldehyde (see also there) 6, 150, 210,

221–248, 260
– aldol, aldehyde production 225
– butyraldehyde (see also there) 228, 232, 238,

263–264
– formaldehyde (see also there) 107, 210,

226–228, 230, 264, 268, 271
– group 150
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– isobutyraldehyde (see also there) 150, 228, 231,

240
– propionaldehyde 238–239
aldol
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– condensation 210, 222, 224–232
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– – mechanism 225, 227
– – mixed 210, 226
– – problems 226
– – single product produced in an aldol 226
alkali carbonates 86
alkane, functionalization 294
alkene 8
alkoxide 76
– anion 202
alkyd resins 80–85, 231, 276
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– mechanism of cure 81
– nucleophilic acyl displacement 82–85
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– synthesis 81
alkylate 54
– multialkylation 63

alkyne
– carbanion formed with strong bases 252
– terminal 252
allyl /allylic
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– alcohol 79, 282
– carbon-hydrogen bond, strength 216
– chloride 76–79, 282
– hydrogens in propylene 204–205
– – advantages 204
– radicals, resonance stabilization 27–28, 147
�-hydroxyisobutyramide 144
�-hydroxyisobutyric acid 144
aluminum trichloride 10, 49, 52
amides
– functional group 111–112
– nitriles from amides 117
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– attempted polymerization 128, 131
– cyclization 127
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– bisulfate 142–143
– – disposal 143
– – ICI process for recycling 143
– imine formation 284
– sulfate 283–287
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ammoxidation 206, 213
– of propylene 147
amorphous polymers 179
animals, unsaturation in fatty acids 162
anion radical 124
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anti-conformation 158, 162, 167
anti-elastic polymers 177–178
anti-elastomers 177
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antioxidants 119
antiozonants 119
aprotic solvents 207
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204
– from steam cracking 5
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– – molecular rigidity 71
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Arpe, H.-J. 241
Arrhenius equation, pre-exponential factor A 164
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aspirin 222
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Aztecs 157
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Baizer, Emmanuel 124
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Balfour, A.J. 223
Banks, R. 40
Barton reaction 30
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288–291
– methanol from acetic acid, pioneered by

BASF 244
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BAYER Co. 92, 99, 187
Bayer, Otto 92
Beckmann, Ernst 127
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tar 116
– cost 46
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– from steam cracking 45
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Bischoff, C.A. 274
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177, 275, 278
– cost 46
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– preparation 56–59
– reaction
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– separation of isomers 59
– uses 95–96
block copolymers 181–183
– 1,3-butadiene-derived block 181
– copolymer 181–183
– – temperature dependent behavior 183
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bond energy 250
– dissociation energies 195
British
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Brønstead acidity 11–12, 16–17, 52, 123
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Brunelle, Daniel J. XVI
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– addition 120–121
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– – HCN addition 285
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– carbonylation 286
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butane 2
butanol
– n-butanol 221–226, 238
– – aldol condensation 224–226
– – modern processes for production 222
– – produced directly from propylene 238
– – synthesis 222, 224–226
– tertiary 199
butene
– 1,3-butadiene, separation from 1- and

2-butenes and isobutene 207
– isobutene (see also there) 147–149, 207, 209, 244
butyl
– acrylate 221
– bromide, relation with methylacetylene 253
– ether, methyl tertiary (see MTBE) 148–150
– hydroperoxide, tertiary 199–200
– n-butyl
– – acetate 221, 224
– – acrylate 221
– – methacrylate 221
– rubber 170–171
– – manufacture 173
1,4-butynediol 6, 268–272
– from acetylene 268
– mechanisms of formation from

acetylene 271, 275–276
butyraldehyde 263–264
– acetal, poly(vinyl alcohol) 264
– n-butyraldehyde 228, 232
– – produced directly from propylene 238

�
Ca (calcium)
– Ca carbide 7, 251–253
– – reaction with water 252, 254
– Ca chloride 197
– – byproduct from ethylene oxide produc-

tion 197
– Ca oxide (lime, CaO) 252
– hard water, calcium ions 205
CaCl2 197
Ca(OH)2 79
– aqueous 229
calcium (see Ca) 7, 79, 197, 205, 251–254
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Canary, James W. XVII
Cannizzaro, S. 229
– Cannizzaro reaction 229–230
– – mechanism 230
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– synthesis 283
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carbanion 150, 225
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carbenium ion 16–17
carbocation 2, 9, 12–13, 15–17, 152, 164–166
– difference from free radicals 19
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– tertiary stability 164, 166
carbon/carbonic/carbonyl
– acid/acidity 96
– acyl carbon 140, 225, 275
– – exchange groups 275
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atoms 229
– electron deficient character of carbonyl car-

bon 85
– fiber 67, 71, 208
– functional group, situated for nucleophilic

attack 225
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– – difference in reactivity 227
– – electron-deficient 227
– – nucleophilic attack 278
– – reformation 280
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– metal-carbon bond 285
– monoxide 147, 151–152, 238–239
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239
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– nucleophilic attack 140, 278
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– radicals 168
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– reactivity pattern
– – of carbonyl compounds 225
– – steric and electronic effects 227
– sp-hybridized carbon 104
– transition metal bound to carbon 237
carbonate
– alkali carbonates 86
– diethyl carbonate (see also there) 99, 275
– dimethyl carbonate 275, 280
– diphenyl carbonate (see also there) 99, 275,

280
– linkage 277
– polycarbonate (see also there) 46–49, 56, 92,

95–102, 177, 225, 274–285
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carbon-carbon bonds 13, 225
carbon-hydrogen bond 13, 199
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127–129
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catalyst /catalyzes/catalytic
– acid 9
– antimony 215
– chemists 214
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– stretched chains 159
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– bonds 13
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– size of chemical industry 293
chemists
– Pierre E.M. Berthelot, father of organic chemis-

try 256
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– displacement 74
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– history 273
– polyethylene, reaction with sulfur dioxide and

chlorine gases 168
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citric acid 273, 295
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– corrosion-resistant 80
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coke 4, 6, 18, 252
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condensation polymerization 84, 111
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copolymers 31–32
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– HCN 286
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153, 236
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linking 177
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– physical crosslinking 177–185
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ing 176
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– silicone rubber 175–176
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– solid 127
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– crosslinks from crystallization 161
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– hydrogen bonding 185
– polymers 179
– strain-induced 162
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Cu2C2 272
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– cost 46
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– salt, reoxidation by air 260
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diaminoethane in spandex synthesis 187
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diglyceride 83, 275
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– in polycarbonate synthesis 275
dimethyldichlorosilane 175–176
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– in polycarbonate synthesis 275
dipolar/dipole
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– DuPont/BASF route, mechanism 285
– DuPont/DSM synthesis of caprolactam

283–284
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– silicone rubber, peroxide crosslinking of
elastomers 175
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185, 188–189
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– �-elimination 237–238
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225
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– economics of manufacture 282
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– polymers from 109
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– polymerization 23, 25
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– byproduct of oxidation 243
5-formyl methylvalerate 284
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– – with toluene diisocyanate 92
– synthesis 81
– viscosity 87
glycol
– diethylene glycol 203
– ethylene glycol (see also there) 129, 202–204
– neopentyl glycol (see also there) 226–228, 231
– propylene glycol (see also there) 202–205

golf club shafts 67
Goodyear, Charles 163
GTL (gas-to-liquids) 294
gutta percha 25, 160–162
– crystalline regions 161
– physical crosslinks 162

�
H2O, entropy change, release of HCN and H2O

from formamide 145
Haas, Otto (Rohm and Haas) 137–139, 221
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hydrochloric acid (acid of salt) 273
hydrocyanic acid/hydrocyanation (see HCN)
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– cracking 294
– industrial catalyst competition 244
methyl
– acetates 243, 263
– acetylene 152–153
– chloride 77

– ethyl ketone 243
– formate 144
– group
– – hydrophobic character 232
– – more reactive 77
– – resonance-activated methyl group in

propylene 198
– methyl methacrylate 137–156, 225, 239, 244,

269, 280–283
– – Asahi process 148, 150
– – from acetone 281
– – BASF process 150
– – costs of production 281
– – ethylene-based process 150–151
– – from HCN 281
– – isobutene/ isobutylene oxidation 147–148,

281
– – Mitsubishi route 148
– – nucleophilic attack 140
– – polymerization 138
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– – compare aliphatic and acyl groups 140
– – formaldehyde susceptible to 268
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Index312



– reactivity 85
– substitution 101, 140
nylon (polyamide) 24, 107–136
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– ammoxidation (see also there) 206, 213
– antioxidants 119
– carboxylic acids, nitriles, same oxidation

state 210
– of ethylene (see also there) 197–198, 207–209
– hydroperoxide/hydroperoxidation (see also
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176
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– history 273
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pi
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137–138
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– mechanism 164
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poly(butylene terephthalate) 269
poly(cis-1,3-butadiene) 173
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poly(dimethylsiloxane) 175–176
– glass transition temperature (Tg) 180
– peroxide crosslinking 176
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poly(ethylene terephthalate) 202–203
– preparation 202
poly(lactic acid) 295
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– military use 137–138
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poly(trimethylene terephthalate) 295
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poly(vinyl acetate) 107, 222, 262–263
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poly(vinyl alcohol) 263–264
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– uses 264
poly(vinyl chloride) PVC 107–108, 196, 233, 265
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– uses 265
polyacrylamide 294
polyacrylonitrile (see also acrylonitrile) 206–209
– dying of 207
– fiber formation 207
polybenzimidazole, uses 178
polybutadiene
– cis-1,3-polybutadiene 171
– glass transition temperature (Tg) 180
– rubber 170–171
polycarbonate 46–49, 56, 92, 95–102, 177, 225,

274–285
– from bisphenol A 275
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280–281
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– history 274
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– phase transfer process 100
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– phosgene 272, 275
– – phosgene process 281
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280–285
– – with diphenyl carbonate 276
– – via transesterification 275
– – without phosgene 99–100, 274
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– crosslinking 168
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40
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polymers/polymerization
– acrylic acid 205
– acrylonitrile 206–209
– addition polymers 23–24, 92, 107
– – thermodynamics 23–24
– advance polymerization process 277
– aggregates or colloids 263
– from amides 109
– of 6-aminocaproic acid, attempted 128, 131
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– anti-elastic polymers 177–178
– biodegradable 295
– bonding forces 108–109
– condensation polymerization 84, 92, 111
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– crystallization 179
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– ethylene 23, 25
– free radicals 14, 24–27
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– interfacial 98
– melting points 112
– methyl methacrylate 138
– miscible/miscibility 181–182, 194
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(Tg) 180
polypropylene 2, 23–43, 107, 196
– atactic 34, 37, 41
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– glass transition temperature (Tg) 180

– helical arrangement 32
– isotactic 33–34, 41
– patents 40
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– syndiotactic 34, 41
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polystyrene 46–49, 107–108
– cost 46
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polyurethane 85, 89–97, 184, 226
– crosslinked 91–94
– foams from 89, 95
– – structure 91
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pot life 68
potassium carbide 251
prehistoric
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– life 45
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production costs 46
profitability, impeded by competition 287
propane 2
– vinyl chloride from propane 294
1,3-propanediol 295
propanol 150
– 1,2-dichloro-2-propanol 79
– isopropanol 5, 8, 241
– n-propanol 241
propionaldehyde 238–239
– from ethylene 239
propionic acid, byproduct of oxidation 243
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tion 126
propyl acetate 79
propylene 2, 8, 27–28, 45–46, 77–79, 93–94,

122, 147, 195–220
– �-bond 214
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– carbon-hydrogen bond strength 195
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– chemistry 217–220
– chirality 36
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– cost 46
– difference from ethylene 195
– ethylene-propylene, elastomers 159
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– enantiotopic faces 35
– glycol 202–205
– – allylic hydrogens 204–205
– – mechanism of formation 202
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