Table of Contents Vil

Table of Contents

1 INtroduction ..o
1.1  Scope and Organization................covvviiiiiiiiirrmiiiennnnnnrannenennes
1.2 Abbreviations and SYMbOIS ...........covvvriiiiiiiiirrerieeeniieeeieens

2 Summary Tables..........c...cc.oooiiiiiiiiie e
2.1 General Tables.....occoiiiiiiriiiiiirieieiee e

2.1.1  Calculation of the Number of Double Bond Equivalents
from the Molecular Formula...........ccc.ccooconennenninn
2.1.2  Properties of Selected Nuclei........coovivniivniiiniinnnnn, 6]
2.2 I3C NMR SPECIIOSCOPY ..vveviirveereeeriiiianieaire ettt
2.3 TH NMR SPECLIOSCOPY ...vvevvviiveerveanreieanieasrenirerieeeenieeneanieas
2.4 IR SPECITOSCOPY v.vnvvvrinririnirriernniriiniiereiin e rrtinerer e raaaes
2.5 Mass SPECITOMELTY....c.cceieiiiiiiiiiiiiiiiiiiiiin e enreeeesrannns 18]

2.5.1  Average Masses of Naturally Occurring Elements with
Exact Masses and Representative Relative Abundances of

ISOLOPES - cevvveeriir et siie et
2.5.2  Ranges of Natural Isotope Abundances of Selected
ElEMENES...oiiiiiiiiiiiiieaeiiieeeiiee et e e s e [24]
2.5.3  Isotope Patterns of Naturally Occurring Elements ......... 23]
2.5.4  Calculation of Isotope Distributions...........cccoovreeene 26]
2.5.5  Isotopic Abundances of Various Combinations of
Chlorine, Bromine, Sulfur, and Silicon....................... 28]
2.5.6  Isotope Patterns of Combinations of Cl and Br............. 30
2.5.7 Indicators of the Presence of Heteratoms..............c..c.... z
2.5.8  Rules for Determining the Relative Molecular Weight
(M) et
2.5.9 Homologous Mass Series as Indications of Structural
TYPE oot
2.5.10 Mass Correlation Table..........cconiininiiiiinn,
2.5.11 References.........ccoviviiiiiiiiiiiiiiniii
2.6 UV/VIS SPECIIOSCOPY .evunevvnreinriiiiiiiiiiiiinieenneesn e rsenas
3 Combination Tables..................cccoiii
3.1  Alkanes, Cycloalkanes...........c.coovevriiiiiiininiiinii e,
3.2  Alkenes, Cycloalkenes...........coovvvviiiiiiiiiiniinin e,
3.3 ALKYNES coviniiiiiii et e e
3.4  Aromatic Hydrocarbons..............ccoooviiiiiiiiiiiiini
3.5 Heteroaromatic Compounds .........coeeevuniiiiiieiiiniiinn.




\all Table of Contents

3.6 Halogen Compounds..........cooooviiiiiiiiiinininiiiiinii e [54]
3.7 Oxygen Compounds.........ccoovieiiiiiiiiiiininniiiiiiii e | 56
3.7.1  Alcohols and Phenols........c....cccccoiriririineiiinnnnininnn, | 56

372 Ethers...oooiiiciiiiiiiiiiiii i, |57

3.8 Nitrogen Compounds.........cccoeeiiiiiiiiiiiiiiiiiiiiire e | 59
381 AMUDES.uiviiiiiiiiieee it ee et e e siitee e et [ 59]

3.8.2  Nitro Compounds.........cccooveviiiiiiiiiiiiriiiniiinn,

3.9 Thiols and Sulfides......cccooiiiriirirriieiiiie e [67]
3.10 Carbonyl Compounds..........ocoeviiviiiiiiiiiiniiiniiic, E
3.10.1  Aldehydes....couuiiiiieceeniiini 63
3.10.2 KELONES .....vveeevvieeiieie et e eevieerirteerivee s eiveeenieeeereee e 64]
3.10.3  Carboxylic ACidS.....c.coevvmmieriiiiiiiiiiiii i, 65 |
3.10.4 Carboxylic Esters and Lactones ..............ccc...cocevnnnnin 66 ]
3.10.5 Carboxylic Amides and Lactams..............cc..ocoevvnrnnn |68

4 13C NMR SPeCtrOSCOPY ......ocoovoveviiieriereiiiereieeneseiereeesienns
4.1 ALKANES....cvviiiiiiiiiiii e 71
4.1.1  Chemical Shifts ............ccooovviiiniii (71

4.1.2  Coupling Constants.............oeeevvvivreiriiiererinninneinn, [ 80

4.1.3  References......oooivvviiiriiiiiieni s 81

4.2 ALKENES...oiiiiiiiiiiii i [ 82
4.2.1  Chemical Shifts.........c.ocooiiviiiinnii [ 82

4,22  Coupling Constants.............coveevvivreimmiinerininnnniinn... | 86

4.2.3  References......cccoeveiiiiiieiiiiniiiii e, [ 87

4.3 ALKYNES ..covviiiiiiiiiii e | 88|
43,1  Chemical Shifts ..o | 88

4.3.2  Coupling Constants............cooeeervviriririnniiiiinaenieinnn [ 89

433 References.......cccocoevvriiiiiniiii [ 89

4.4 ALCYCHCS....cvviiiiiiii [ 90
4.4.1  Chemical Shifts..............oooooi | 90}

4.42  Coupling ConstantS......c.ccevevmnririniiinininniiennnanns [ 95

4,43  References............ooiviviiiiiiiiiiii e, [ 95|

4.5  Aromatic Hydrocarbons. ..o | 96
4.5.1  Chemical Shifts ..........c.ceeriiiiiiiini 96

4.5.2  Coupling ConstantS........c.coceeveiriiiiiieienererininniinnn., 102 |

4.5.3  References......cccceververiiiiiininiviiii 103

4.6 Heteroaromatic Compounds ............c.cevviiiniiiiiiiniiiiinininnn, 104
4.6.1 Chemical Shifts ............ccoovvrvrireriririreriiieeeiins 104

4.6.2  Coupling Constants.............cccoevvirvinniriiiiinienniienenenin 111

4.7 Halogen Compounds ........cccooieiiiiiiiiiiiiinnniniiriii e 112
47.1  Fluoro Compounds..........ccooeriviririiiiiinisivorensnononnnns [112]

4.7.2 Chloro Compounds..........ccccciuviiimiiiniiiiciinrrenmiinmiinn, 114

4.7.3  Bromo Compounds...........c.coervvriiiiiiiiniiiiiniein. 115

4.7.4  Todo Compounds ..........ccooveivinreriiiiininiiiinieeriieeenin 116

4.7.5  References.......c..coevierriuiiereriiiiiiiiinn i 116

4.8  Alcohols, Ethers, and Related Compounds............c...ccoeeiinnninnn, 117
4.8.1  AlICONOIS....uuvvirereriiiiiiii e 117

4,82 Ethers.....ccccoooiiiiiiiiiiiiiiiii 119




Table of Contents 1X
4,9 Nitrogen Compounds.......ccccoovviiiiiirniiiiiniiieeiir e 12
4.9.1  AMIDES.iuiiiiiiiieeii e e l%
49.2 Nitro and Nitroso Compounds...........c.coevvierivenrrinnnnes 123
4.9.3  NItrOSAMINES . c.uevnniiinieiiiiiiniiiiieirrr e 124
494 Iminesand OXIMES .........ccovvrviiiiiiniiiineiinniirenran, 124
4.9.5 Hydrazones and Carbodiimides..........cccooiiiiniinicnnnn 125
4.9.6  Nitriles and ISOMItEIES ......v.vvveeerirrereneieieenienininn. [126]
4.9.7 Isocyanates, Thiocyanates and Isothiocyanates.............. 127
4.9.8  References.......coccvviiiniiiiiniiiiiiiiiiiiie i eeen e 127
4.10 Sulfur-Containing Functional Groups.............cccooeeeiiiiinniniinnnn. 128
4.10.1  THIOIS coevvvitieeeiii et 128
4.10.2  Sulfides ......oevvivnereiiiii e 128
4.10.3 Disulfides and Sulfonium SaltS........c....coooviiiviinninnnnn. 130
4.10.4 Sulfoxides and Sulfones............cccoeeeiviiiiiiiiieninnnnn. 130
4.10.5 Sulfonic and Sulfinic Acids and Derivatives................. 131
4.10.6  Sulfurous and Sulfuric Acid Derivatives...................... 131
4.10.7 Sulfur-Containing Carbonyl Derivatives ..................... 132
4.11 Carbonyl Compounds..........covovveririiimeniiininn 133
4.11.1 Aldehydes......ccccoorrvrrrviiviiiiiiiiiiii e 133
4.11.2  KEONES cvvnvvnivrnrennreneeneiineiitinreneeeneraeraeiraaenarnnes 134
4.11.3 Carboxylic Acids and Carboxylates ..............ccoeeeeeiinnns 136
4,11.4 Esters and LactOnes.........c.ocoviunveneeniiiiiiiiinieiiieinn 38
4.11.5 Amides and LactamsS.......ccccocccienercriiiniiiiiiinn. 140 |
4.11.6 Miscellaneous Carbonyl Derivatives......c...ccoccoveeeennnn 147
4.12 Miscellaneous Compounds .........cocovvueriiiiinniiiriiinneienn. 144
4.12.1 Derivatives of Group IV Elements ..............ccooeeeiinnnnn. 144 |
4.12.2 Phosphorus Compounds ............cccovieeeirimniiiineneeeninn 145
4.12.3 Miscellaneous Organometallic Compounds.................. 147
4.13 Natural Products .........oveeviieeiiiiii e 148
4.13.1 AmINO ACIdS ...ovvvnereriiriiii 148
4.13.2 Carbohydrates ............coeviiviiriiiiiniiini e 152
4.13.3 Nucleotides and Nucleosides............ccccrniiiiniininniien 154
4.13.4  StErOIAS ......vveeiieiriree et eni e 156
4.14 Spectra of Solvents and Reference Compounds .........cocoeveiiinnnn. 157
4.14.1 1!3C NMR Spectra of Common Deuterated Solvents...... 157 |
4.14.2 13C NMR Spectra of Secondary Reference Compounds . [159]
4.14.3 13C NMR Spectrum of a Mixture of Common
Nondeuterated SOIVENES........c.cvvvevireiiiiiiiriniinenns [160]
TH NMR SPECIIOSCOPY .....oovovvvrvieieareraieseieseseieieeenenenne 161
5.1 ALKANES. .oiiirereiiiereiii et e e aa s 161
5.1.1  Chemical Shifts .........c.ccoveiiiiivieriiriiiiiii i 161
5.1.2  Coupling Constants........cccocoeerriiiriieininiennricrinonnnenns 166
5.1.3  References.....occooeviriiiiiiiiiiiiiiii e 167
5.2 ALKEINES. ... iiiuiiiitieii et e et e 168
5.2.1  Substituted Ethylenes..............cccoooiviiiniiiiiiiniineiienns 168
IR b T 1= ST OO PUP PRSI 174 |
5.3 ALKYNES cooooeeieee 175



Table of Contents

5.8

5.9

5.10

512

5.13

5.14

5.3.1  Chemical Shifts and Coupling Constants...........c........
ALCYCHCS ..o
Aromatic Hydrocarbons.............coeeeiinini
Heteroaromatic Compounds .........coovvvveviiiiininiiiinen,
5.6.1  Non-Condensed Heteroaromatic Rings ................cccoeee
5.6.2  Condensed Heteroaromatic Rings................cooeeeininn,
Halogen Compounds .........coovereiiiiieiiii
5.7.1  Fluoro Compounds.........cccovvvririmniriinnrenoninineneens,
5.7.2  Chloro Compounds........ccccccooimmiiiimiinierininnnneninnen.
5.7.3  Bromo Compounds..........cccovvernieiiininiiereninci,
5.7.4  lodo Compounds ........ccoeereriniiimiinnerininnnen
Alcohols, Ethers, and Related Compounds...........ccooeiviieeicnnnnne.
5.8.1  AlICOROIS .. ouviiiiiiii e
5.8.2  Ethers..oiiiiiiiiiii et
Nitrogen COmMPOUNAS......ooviiiiiiimrinimieenie
S.9.1  AMINES...iiiiiiriiiiiee e e
5.9.2 Nitro and Nitroso Compounds .......ccceeiiiviriniencennn
5.9.3  Nitrosamines, Azo, and Azoxy Compounds.................
5.9.4  Imines, Oximes, Hydrazones, and Azines ....................
5.9.5  Nitriles and Isonitriles ............cooeeiiniiiinniiiiinnnnn,
5.9.6  Cyanates, Isocyanates, Thiocyanates, and Isothiocyanates
Sulfur-Containing Functional Groups..........cccoeereieeeirceiinnnn
5.10.1  ThIOIS ..ivuviiiieeieceiriii e
S.10.2  SUlfIdES ...ovvvniiiiiieie e
5.10.3 Disulfides and Sulfonium Salts...........c.ooeeiiiiieniennnnn.
5.10.4 Sulfoxides and Sulfones..........co.oovviiiiiiiiiii
5.10.5 Sulfonic, Sulfinic, Sulfurous, and Sulfuric Acids and
DETIVALIVES ..vvcvvteveeeeeriecreenrens i iaeinireeraareanaan
5.10.6 Thiocarboxylate Derivatives........ccocviviiiiniiiinnnecnnnne
Carbonyl Compounds............cceevieriiiiviiiianierreni
5.11.1  Aldehydes......ccccoviiiiiiiiiiiiiiniiiiii e
5.11.2  KEOMES .ovvvvinieiiiiiereniineiirine et reri s e e
5.11.3 Carboxylic Acids and Carboxylates .........c.cccoeevereierien.
5.11.4 Esters and Lactones........ccoccovviiiiiniiiniinniininrnnn,
5.11.5 Amides and Lactams..........ccccveeriiiiinicriennianiniiiinn,
5.11.6 Miscellaneous Carbonyl Derivatives............cccocvviennns
Miscellaneous Compounds .......ooovviiriiiiiiinnn
5.12.1 Silicon Compounds ..............oouirmiiiiererermniiereneion
5.12.2 Phosphorus Compounds .............cceieiiirermieiiinnnnininin
5.12.3 Miscellaneous Compounds...........ccooeuivrininiiienennnen
Natural ProdUCES ......cuvvvnivrerenire i e
5.13.1  AmIno ACAS .oovvvveennei
5.13.2 Carbohydrates .........ooovvevriimiiiiiiiiiiii e,
5.13.3 Nucleotides and Nucleosides..........cocoviriiiniiiniennnn,
5.13.4  ReEfEreNCES ...vuuivuneeineieiieiiiiiiie e e ar e
Spectra of Solvents and Reference Compounds ...............cooeene.
5.14.1 H NMR Spectra of Common Deuterated Solvents.......

5.14.2 1H NMR Spectra of Secondary Reference Compounds...

73]
176

180
186
186
193
198
198
199
200
201
202
202
204
207
207
210
210
211
212
213
214
214
215
216
216

217
217
218
218
219
220
221
223

228
228
229
232
233

233
236
237

230
240
240
242




Table of Contents

Xi

6.3
6.4
6.5
6.6
6.7

6.8

6.9

6.10

6.11

6.12

5.14.3 1H NMR Spectrum of a Mixture of Common
Nondeuterated Solvents............ccoeiiveiiiniiiiniiin
SPECIrOSCOPY.. ..ot
ALKANES . .ouviivi et
ALKENES. . evviniiiieiineiieeiis it e
6.2.1  MOMNOBNES ....cevunviriiiiiiiiiieiii e
6.2.2  AllBNES..ccovviiiiiiieee e
ALKYNES .veeereriiriniinerereiettii et eera e e e a e eniie
ALCYCHES .cevenveeiiii e
Aromatic Hydrocarbons............o.oviinniin
Heteroaromatic Compounds ...........cccovviviiinririninnenciiinerin..
Halogen Compounds ..........oovvvviierireiiiiiiiiiiiieiiee e
6.7.1  Fluoro Compounds..........cccoovvvriirnnneiiiinnniniiinieriinnes
6.7.2 Chloro Compounds.......coovviiiiviiniiiiiiiiinenenneinne.
6.7.3  Bromo Compounds..........ccoeovniiiiiiiiiinniiiierinenenas
6.7.4  Todo Compounds .......c....cocviiiviiiiinenniiiinnieiiiinenninn..
Alcohols, Ethers, and Related Compounds............ccocooeiiinninnnn.
6.8.1  Alcohols and Phenols............cooovvvvvinniiiiinininnninneenn.
6.8.2  Ethers, Acetals, Ketals.........cccccocovnmnnniiinnininiinnne.
6.8.3  EPOXIES..ouiieeriiiiiiiiiiiin et
6.8.4  Peroxides and Hydroperoxides.........c.cccooccenvnnninniinnne
Nitrogen Compounds......ccccvviiiieeemiiiiiiniiiiiiee e
6.9.1 Amines and Related Compounds...........ccoovvvvivverinnnn,
6.9.2  Nitro and Nitroso Compounds.........ccoevieerianiiniiiienan
6.9.3 Imines and OXiMES .....c..coevvnviirnieiiiiiiiiniiiiiniirinen
6.9.4 Azo Compounds............oeeimiriireiciiieicninnn
6.9.5  Nitriles and Isonitriles ..............ccoovviiiininniin
6.9.6 Diazo Compounds ...........ccoveiiiiiinniiiiniiiioniineene.
6.9.7 Cyanates and ISOCYanates...........cccvivveiinrnnivnnirnniecins
6.9.8  Thiocyanates and Isothiocyanates................oeeeininnnn.
Sulfur-Containing Functional Groups..............cccoeieeiiiiinnnninnnn.
6.10.1 Thiols and Sulfides .........ccoooevivviiiiiiiniiiie,
6.10.2 Sulfoxides and Sulfones...........cccooveiiiiiininn i,
6.10.3 Thiocarbonyl Derivatives .............coeeeiiiiiiiieiinnniiinnnne.
6.10.4 Thiocarbonic Acid Derivatives........cccoveeiiieeiiiiiiennn
Carbonyl Compounds...........ccceviiviiiiiiiiiiinnnnrriri e
6.11.1 Aldehydes.......oooiiiiiiiiiinnii e
6.11.2  KEIOMES .vuvvveiiviueennieeeineeiiiiiiiiieiene e eib s e eaaaeenes
6.11.3  Carboxylic ACIdS......c.ceuvvviiiiiniiiiiinieiii e
6.11.4 Estersand Lactones............coooevvvviiiniiiiniiiiininiinniiens
6.11.5 Amides and Lactames ............coouuvvimiinirnnirinnmenineiienene
6.11.6  Acid Anhydrides ..............cccoevviiinininiiii e
6.11.7 AcidHalides .........cccoeveviriiiiiiiiiiiii e
6.11.8 Carbonic Acid Derivatives............cooevivnniiiiiniiinniinens
Miscellaneous Compounds .............cuviivniviiiniinnnniinerninnanees
6.12.1  Silicon Compounds ...........cceevrviiiiieeiiiiinininin..
6.12.2 Phosphorus Compounds ..............cceieiviniireeriniiinnnenn

283

286

286
287

290

292

295

298

300

301

304

304

305




Xl

Table of Contents

6.12.3  Boron Compounds............coovviiiiiiiiiiiieriiiiinniii
6.13 AmMIN0O ACIAS..covviiiiiiiie e
6.14 Solvents, Suspension Media, and Interferences.........c..cccccoovenn
6.14.1 Infrared Spectra of Common Solvents.............cccocvnns
6.14.2 Infrared Spectra of Suspension Media.............ocooieis
6.14.3 Interferences in Infrared Spectra.........cccoeiiiin
Mass Spectrometry.........cc.coooooiiiiiiiiiii
Tl ALKAMES. ittt
7.1.1  Unbranched Alkanes...............cooccoiiiiinnn
7.1.2  Branched AlKanes............coooeeiiiiiiiiiii,
713 RefErenCes ... .ocevvviriiiiiiciniiiii e
7.2 ALKEIMES.....overiiieeiiiie ettt
7.2.1  Unbranched AIKenes.........c.ccoooviiiiiiiiiinoini,
7.2.2  Branched AlKenes...........coooiiiiiiiiiiii.
7.2.3  Polyenes and Polyynes ............co.ccoviinniiiin
7.2.4  RefErenCes.....cccvunviriiiiiinciiiiii e
7.3 ALKYNES oot
7.3.1  Aliphatic AlKYNes.......cccccoviimiiiniiiiiiiniiiniiiniiiinee
7.3.2  ReferenCes......cccoeviriieiiiieiiiiiiiiiiinci e
7.4 Alicyclic Hydrocarbons ...............ccooerimiiiiiiininiineriiinieniiees
7.4.1  CyclOpropanes ............ccooivveiriiiiiiiiiniiirciiceeiaar
7.4.2  Saturated Monocyclic Alicyclics........coooviviiiinii.
7.4.3  Polycyclic Alicyclics......coooviiiiiiniiiiiii
7.4.4  CycloheXenes.....ccccoovrvvvniiiiiiiiiiiniiiiiiiienis
7.4.5  References........ccooovivereiiniiiiiiiiiiiiii
7.5 Aromatic Hydrocarbones..........c.coooviiiiniiiiiiiiiiino,
7.5.1  Aromatic Hydrocarbons.........cccocooininniiniiniinnniicn.
7.5.2  Alkylsubstituted Aromatic Hydrocarbons.....................
7.5.3  References......c.covviiiviiiiiniiiiiiii i
7.6 Heteroaromatic Compounds .............oocoviiiiiiniiienniniiniie
7.6.1  General CharacteristiCS.........ccvvvvieieiviniiiiiiniiiiiiinienn.
7.6.2  FUMANS.....ciiii e
7.6.3  Thiophenes.........cocovieriiiiiiininniiii
7.6.4  Pyrroles.....cccoooiiiiiiiiiiiiiii
7.6.5  Pyridines........cccccciiiiiiiniiiii
7.6.6  N-Oxides of Pyridines and Quinolines.................c......
7.6.7  Pyridazines and Pyrimidines...........cc..ocoviiiiniis
7.6.8  Pyrazines.............ccoiiiiiii
7.6.9  Indoles......ciiiiiiiiiiiei
7.6.10  QUINOHNES ....vveveeiiiiiii e
7.6.11  CInNOlNE...cooiiiiiieiiiiiinn i
7.6.12  References..........cocccovviiiiiiiiniiiiniiiini
7.7 HalOgen .......viiviiiiiiiiiiii e e
7.7.1  Saturated Aliphatic Halides...................cooooi
7.7.2  Polyhaloalkanes .........cccocccovreiiiniiiiniiiniiiin s
7.7.3  Aromatic Halides..........cc..coooviiiniiiii .
7.7.4  RefereNCeS......cccvivniiiiiiiiiiiiinii

308
309
310
310
311
312




Table of Contents Xl

7.8 AlICOROIS oot it 330
7.8.1  Aliphatic Alcohols........coocviviiiiiiiiiiiic 330
7.8.2  Alicyclic Alcohols......coooeviiiiiiiiiiii 33]
7.8.3  Unsaturated Aliphatic Alcohols .......ooivviiiiiiiniiennnnne. 331
7.8.4  Vicinal GlycolS........oovviiiiiiiiiiiiiiiiiie e 331
7.8.5  Aliphatic Hydroperoxides ............cccooeiveeriecninnnnnnn 332
7.8.6  Phenols.......cooiviiiiiiieiie 332
7.8.7  BenZYl...oiioiiiiiiiiieiii e 332
7.8.8  Aliphatic Ethers .........cccccooiiiiiiiiiniiiin, 333
7.8.9  Unsaturated Ethers .........c.c.cooeiiiiiiiiniiininnini . 334
7.8.10  Alkyl Cycloalkyl Ethers ...........cocooieiiiiinninnnn, 335
7.8.11 Cyclic Ethers.........coiiviiviiiiiiii 335
7.8.12 Aliphatic Epoxides.......cccocconniiieiniiinn 336
7.8.13  Methoxybenzenes ..........o.cooviiiieiiiiiiiiieiin 337
7.8.14  Alkyl Aryl Ethers......coooooviiini 337
7.8.15 Aromatic Ethers .........ccoocovviiiiiiiiniiiinins 337
7.8.16  Aliphatic Peroxides...............cccviininnnnrcriieni. 337
7.8.17 ReferenCes....ovvvevvrirniiriiiiiiiiii e 338
7.9 Nitrogen Compounds..........covveiiiiiiininiiiiinie e 339
7.9.1  Saturated Aliphatic AMINES ..........ccooviviineieriiiiinieninen. 339
7.9.2  Cycloalkylamines........cccoooiiiiiemiiiionnnnnciiin. 339
7.9.3  Cyclic AMINES....cvvvviiiiiiiiiiiiiiiiie i 340
7.9.4  PIperazines............cccocoviiiiiiiiiiiiiiininiere e 341
7.9.5  Aromatic AMINES ......c.eevmerinernniiiiiiiiiinnieiiieienienes 341
7.9.6  Aliphatic Nitro Compounds.........ccoviveereneeneininiiinn 341
7.9.7 Aromatic Nitro Compounds..........cc.cooviniiiiiiiiiienennens 342
7.9.8  DHAZO cvvvvviveeeiiii et 342
7.9.9  AZODENZENES........iivviivriiiieriieiiiii e 342
7.9.10 Aliphatic Azides.............oooiiiiiiiniinnii 342
7.9.11 Aromatic AZIAeS........cccoveiimiiiiiiiiiii e 343
7.9.12  Aliphatic Nitriles........ccconiiiiiiniii 343
7.9.13 Aromatic Nitriles........c..ccrveriiiiiniiiiiiiiin, 344
7.9.14 Aliphatic Isonitriles (R-NC).....cooooiiiieiiinniinnnn 344
7.9.15 Aromatic Isonitriles (R=NC)...covvvvvivroniniinniiininnn, 344
7.9.16 Aliphatic Cyanates (R—OCN).........coceniniinnnininn, 345
7.9.17 Aromatic Cyanates (R—OCN).......iciiiiininn. 345
7.9.18 Aliphatic Isocyanates (R-NCO).....c.ccecininininnennnn 345
7.9.19 Aromatic Isocyanates (R-NCO).......cccovviviiiviiiininnnns 346
7.9.20 Aliphatic Thiocyanates (R—SCN).........ccocevcerniniinnn 346
7.9.21 Aromatic Thiocyanates (R—SCN).......cceociiiiiiinninn 347
7.9.22 Aliphatic Isothiocyanates (R-NCS)......cccocconiinees 347
7.9.23 Aromatic Isothiocyanates (R-NCS) .............o.iieniiin 347
7.9.24  RefereNCeS ... .ivvuiviirireririeiniaeiiiiiiniieren e 348
7.10 Sulfur-Containing Functional Groups............cccooeeviinnereriiniin 349
7.10.1  Aliphatic Thiols............coiiiiiiiiiiiiii i, 349
7.10.2 Aromatic Thiols........cccovviiiiniiiniiie 349
7.10.3  Aliphatic Sulfides............oooooiiniii 350
7.10.4  Alkyl Vinyl Sulfides...........ooooeiiiiiiiiin 350
7.10.5 Cyclic Sulfides.......coooiiiiiiiinniiii, 351




XV Table of Contents

7.10.6  Aromatic Sulfides............coooiiiiiiiiniiiini 351
7.10.7 Disulfides......coovvvimimimimiiiiii 351
7.10.8 Aliphatic Sulfoxides.........ccccoeiiiiiiiiiinnininn, 352
7.10.9 Alkyl Aryl and Diaryl Sulfoxides.......c.ccooooenininn 352
7.10.10 Aliphatic Sulfones...............ccovvviinnieccnn 353
7.10.11 Cyclic Sulfones.......cccooiviiivrninniii 354
7.10.12 Alkyl Aryl Sulfones.........ccovmiiiiiiiiinn, 354
7.10.13 Diaryl Sulfones..........ccooorviiiiimiiiiiiin 355
7.10.14 Aromatic Sulfonic Acids..........c.ooovviiiieiiiiiiiiin 355
7.10.15 Alkylsulfonic Acid ESters.........cocooviennniin 355
7.10.16 Arylsulfonic Acid EStErs ......uuuvvemuiiiiiiiiiiiini 356
7.10.17 Aromatic Sulfonamides............cccoviniiiniiiinnniinnne 356
7.10.18 Thiocarboxylic Acid S-Esters...........cooooviniiiiinnnncnins 357
7.10.19 RefErENCeS ... .cvvuniiriniiiiiiiiniieineriie et arn e 357
7.11 Carbonyl Compounds.........ccoovverriiiiiiiiionierireiii 358
7.11.1 Aliphatic Aldehydes ... 358
7.11.2  Unsaturated Aliphatic Aldehydes...................coooeeens 358
7.11.3  Aromatic Aldehydes ............coooviiiiiiin 358
7.11.4  Aliphatic Ketones...........o..ovvieriiiiininii, 359
7.11.5 Unsaturated Ketones.............ocoeviiiiiiiiinninnn 359
7.11.6  Alicyclic Ketones ...........oovviiiiiiiiiiiiiiiiniiiininniiienes 359
7.11.7  Aromatic Ketones.........ccooevvvviiieiiiiniinneriineninnen 360
7.11.8 Aliphatic Carboxylic Acids.........cccoovnieninnnicinnn 360
7.11.9 Aromatic Carboxylic Acids..........ccccoiiiiciiiniiininnn 361
7.11.10 Carboxylic Acid Anhydrides..........ccoiiiiinniinnnnn, 361
7.11.11 Saturated Aliphatic Esters..........cceccccmiiiiiinniieennn 361
7.11.12 Unsaturated ESters..........cccocovviiiiininineiniiinine 362
7.11.13 Esters of Aromatic AcCidS.......cccocivviirvvniiininniicinnn 363
71114 LaClONES ...ovvenevineeenieiitiiiiiee it eai e 364
7.11.15 Aliphatic Amides........ccccoienniiiiniinein 364
7.11.16 Amides of Aromatic Carboxylic Acids............c.ccoevenne 365
TAL L7 ANAES ..o 365
71118 LaCtamS...u.vcveneiinieiiniiiie it e i 365
74119 TMEAES ovviiiiiiie et 367
7.11.20 REfEIENCES......uieiriiiieeriiiieeiiii et e e e 368
7.12 Miscellaneous Compounds ..........c.oovviviiviineiiiiinnnniee 369
7.12.1  Trialkylsilyl Ethers............coooooiinn 369
7.12.2  Alkyl Phosphates ..........ccooooiiiiiiiiiiiii 369
7.12.3  Aliphatic Phosphines ............oooiiiiiiiiiin s 369
7.12.4  Aromatic Phosphines and Phosphine Oxides................ 370
7.12.5  REEIeNCES...ccuniiiieiiiiiiiiiiicii e 370
7.13 Mass Spectra of Common Solvents and Matrix Compounds....... 371

7.13.1 Electron Impact Ionization Mass Spectra of Common
SOIVENLS Lovviieiiiii et 371

7.13.2  Spectra of Common FAB MS Matrix and Calibration
ComPOoUNdS .......uivvriiiiiiiiii i 374
7.13.3  Spectra of Common MALDI MS Matrix Compounds ... [380
7.13.4  REEreNCES...ceuviviniiiiiiiiiiiiiii e 383




Table of Contents XV

8 UV/Vis SpectroSCopy.......cccooooeiiiiiiiiiiiiiie e 385
8.1 Correlation Between Wavelength of Absorbed Radiation and

Observed Color.. oot 1385

8.2 UV/Vis Absorption of Simple Chromophores.......................... 385

8.3 UV/Vis Absorption of Conjugated Alkenes............coceeevvvviennnn, 387

8.3.1 UV Absorption of Dienes and Polyenes ...................... 387

8.3.2 UV Absorption of o,B-Unsaturated Carbonyl Compounds |388

8.4 UV/Vis Absorption of Aromatic Compounds.............c.c.ccu.n.e. 390

8.4.1 UV Absorption of Monosubstituted Benzenes.............. 390

8.4.2 UV Absorption of Substituted Benzenes...................... 397

8.4.3 UV Absorption of Aromatic Carbonyl Compounds....... 392

8.5 UV/Vis Reference Spectra.......ccccccceivvviiiiiiiieiniiiiiiiiiiirinirinnnns 393

8.5.1  UV/Vis Spectra of Alkenes and Alkynes..................... 393

8.5.2  UV/Vis Spectra of Aromatic Compounds.................... 394

8.5.3  UV/Vis Spectra of Heteroaromatic Compounds ............ 399

8.5.4  UV/Vis Spectra of Miscellaneous Compounds.............. 401

8.5.5  UV/Vis Spectra of Nucleotides.................cccoeernninnnnn. 403

8.6 UV/Vis Absorption of Common Solvents.............c...ccoeeennni. 404

Subject Index...............o.oii 406



	Front Matter
	Preface
	Table of Contents
	1. Introduction
	1.1 Scope and Organization
	1.2 Abbreviations and Symbols

	2. Summary Tables
	2.1 General Tables
	2.1.1 Calculation of the Number of Double Bond Equivalents from the Molecular Formula
	2.1.2 Properties of Selected Nuclei

	2.2 ^13 C NMR Spectroscopy
	2.3 ^1 H NMR Spectroscopy
	2.4 IR Spectroscopy
	2.5 Mass Spectrometry
	2.5.1 Average Masses of Naturally Occurring Elements with Exact Masses and Representative Relative Abundances of Isotopes
	2.5.2 Ranges of Natural Isotope Abundances of Selected Elements
	2.5.3 Isotope Patterns of Naturally Occurring Elements
	2.5.4 Calculation of Isotope Distributions
	2.5.5 Isotopic Abundances of Various Combinations of Chlorine, Bromine, Sulfur, and Silicon
	2.5.6 Isotope Patterns of Combinations of Cl and Br
	2.5.7 Indicators of the Presence of Heteroatoms
	2.5.8 Rules for Determining the Relative Molecular Weight (M_r)
	2.5.9 Homologous Mass Series as Indications of Structural Type
	2.5.10 Mass Correlation Table
	2.5.11 References

	2.6 UV/Vis Spectroscopy

	3. Combination Tables
	3.1 Alkanes, Cycloalkanes
	3.2 Alkenes, Cycloalkenes
	3.3 Alkynes
	3.4 Aromatic Hydrocarbons
	3.5 Heteroaromatic Compounds
	3.6 Halogen Compounds
	3.7 Oxygen Compounds
	3.7.1 Alcohols and Phenols
	3.7.2 Ethers

	3.8 Nitrogen Compounds
	3.8.1 Amines
	3.8.2 Nitro Compounds

	3.9 Thiols and Sulfides
	3.10 Carbonyl Compounds
	3.10.1 Aldehydes
	3.10.2 Ketones
	3.10.3 Carboxylic Acids
	3.10.4 Carboxylic Esters and Lactones
	3.10.5 Carboxylic Amides and Lactams


	4. ^13 C NMR Spectroscopy
	4.1 Alkanes
	4.1.1 Chemical Shifts
	4.1.2 Coupling Constants
	4.1.3 References

	4.2 Alkenes
	4.2.1 Chemical Shifts
	4.2.2 Coupling Constants
	4.2.3 References

	4.3 Alkynes
	4.3.1 Chemical Shifts
	4.3.2 Coupling Constants
	4.3.3 References

	4.4 Alicyclics
	4.4.1 Chemical Shifts
	4.4.2 Coupling Constants
	4.4.3 References

	4.5 Aromatic Hydrocarbons
	4.5.1 Chemical Shifts
	4.5.2 Coupling Constants
	4.5.3 References

	4.6 Heteroaromatic Compounds
	4.6.1 Chemical Shifts
	4.6.2 Coupling Constants

	4.7 Halogen Compounds
	4.7.1 Fluoro Compounds
	4.7.2 Chloro Compounds
	4.7.3 Bromo Compounds
	4.7.4 Iodo Compounds
	4.7.5 References

	4.8 Alcohols, Ethers, and Related Compounds
	4.8.1 Alcohols
	4.8.2 Ethers

	4.9 Nitrogen Compounds
	4.9.1 Amines
	4.9.2 Nitro and Nitroso Compounds
	4.9.3 Nitrosamines and Nitramines
	4.9.4 Imines and Oximes
	4.9.5 Hydrazones and Carbodiimides
	4.9.6 Nitriles and Isonitriles
	4.9.7 Isocyanates, Thiocyanates and Isothiocyanates
	4.9.8 References

	4.10 Sulfur-Containing Functional Groups
	4.10.1 Thiols
	4.10.2 Sulfides
	4.10.3 Disulfides and Sulfonium Salts
	4.10.4 Sulfoxides and Sulfones
	4.10.5 Sulfonic and Sulfinic Acids and Derivatives
	4.10.6 Sulfurous and Sulfuric Acid Derivatives
	4.10.7 Sulfur-Containing Carbonyl Derivatives

	4.11 Carbonyl Compounds
	4.11.1 Aldehydes
	4.11.2 Ketones
	4.11.3 Carboxylic Acids and Carboxylates
	4.11.4 Esters and Lactones
	4.11.5 Amides and Lactams
	4.11.6 Miscellaneous Carbonyl Derivatives

	4.12 Miscellaneous Compounds
	4.12.1 Derivatives of Group IV Elements
	4.12.2 Phosphorus Compounds
	4.12.3 Miscellaneous Organometallic Compounds

	4.13 Natural Products
	4.13.1 Amino Acids
	4.13.2 Carbohydrates
	4.13.3 Nucleotides and Nucleosides
	4.13.4 Steroids

	4.14 Spectra of Solvents and Reference Compounds
	4.14.1 ^13 C NMR Spectra of Common Deuterated Solvents
	4.14.2 ^13 C NMR Spectra of Secondary Reference Compounds
	4.14.3 ^13 C NMR Spectrum of a Mixture of Common Nondeuterated Solvents


	5. ^1 H NMR Spectroscopy
	5.1 Alkanes
	5.1.1 Chemical Shifts
	5.1.2 Coupling Constants
	5.1.3 References

	5.2 Alkenes
	5.2.1 Substituted Ethylenes
	5.2.2 Dienes

	5.3 Alkynes
	5.3.1 Chemical Shifts and Coupling Constants

	5.4 Alicyclics
	5.5 Aromatic Hydrocarbons
	5.6 Heteroaromatic Compounds
	5.6.1 Non-Condensed Heteroaromatic Rings
	5.6.2 Condensed Heteroaromatic Rings

	5.7 Halogen Compounds
	5.7.1 Fluoro Compounds
	5.7.2 Chloro Compounds
	5.7.3 Bromo Compounds
	5.7.4 Iodo Compounds

	5.8 Alcohols, Ethers, and Related Compounds
	5.8.1 Alcohols
	5.8.2 Ethers

	5.9 Nitrogen Compounds
	5.9.1 Amines
	5.9.2 Nitro and Nitroso Compounds
	5.9.3 Nitrosamines, Azo and Azoxy Compounds
	5.9.4 Imines, Oximes, Hydrazones, and Azines
	5.9.5 Nitriles and Isonitriles
	5.9.6 Cyanates, Isocyanates, Thiocyanates, and Isothiocyanates

	5.10 Sulfur-Containing Functional Groups
	5.10.1 Thiols
	5.10.2 Sulfides
	5.10.3 Disulfides and Sulfonium Salts
	5.10.4 Sulfoxides and Sulfones
	5.10.5 Sulfonic, Sulfinic, Sulfurous, and Sulfuric Acids and Derivatives
	5.10.6 Thiocarboxylate Derivatives

	5.11 Carbonyl Compounds
	5.11.1 Aldehydes
	5.11.2 Ketones
	5.11.3 Carboxylic Acids and Carboxylates
	5.11.4 Esters and Lactones
	5.11.5 Amides and Lactams
	5.11.6 Miscellaneous Carbonyl Derivatives

	5.12 Miscellaneous Compounds
	5.12.1 Silicon Compounds
	5.12.2 Phosphorus Compounds
	5.12.3 Miscellaneous Compounds

	5.13 Natural Products
	5.13.1 Amino Acids
	5.13.2 Carbohydrates
	5.13.3 Nucleotides and Nucleosides
	5.13.4 References

	5.14 Spectra of Solvents and Reference Compounds
	5.14.1 ^1 H NMR Spectra of Common Deuterated Solvents
	5.14.2 ^1 H NMR Spectra of Secondary Reference Compounds
	5.14.3 ^1 H NMR Spectrum of a Mixture of Common Nondeuterated Solvents


	6. IR Spectroscopy
	6.1 Alkanes
	6.2 Alkenes
	6.2.1 Monoenes
	6.2.2 Allenes

	6.3 AIkynes
	6.4 Alicyclics
	6.5 Aromatic Hydrocarbons
	6.6 Heteroaromatic Compounds
	6.7 Halogen Compounds
	6.7.1 Fluoro Compounds
	6.7.2 Chloro Compounds
	6.7.3 Bromo Compounds
	6.7.4 Iodo Compounds

	6.8 Alcohols, Ethers, and Related Compounds
	6.8.1 Alcohols and Phenols
	6.8.2 Ethers, Acetals, Ketals
	6.8.3 Epoxides
	6.8.4 Peroxides and Hydroperoxides

	6.9 Nitrogen Compounds
	6.9.1 Amines and Related Compounds
	6.9.2 Nitro and Nitroso Compounds
	6.9.3 Imines and Oximes
	6.9.4 Azo Compounds
	6.9.5 Nitriles and Isonitriles
	6.9.6 Diazo Compounds
	6.9.7 Cyanates and Isocyanates
	6.9.8 Thiocyanates and Isothiocyanates

	6.10 Sulfur-Containing Functional Groups
	6.10.1 Thiols and Sulfides
	6.10.2 Sulfoxides and Sulfones
	6.10.3 Thiocarbonyl Derivatives
	6.10.4 Thiocarbonic Acid Derivatives

	6.11 Carbonyl Compounds
	6.11.1 Aldehydes
	6.11.2 Ketones
	6.11.3 Carboxylic Acids
	6.11.4 Esters and Lactones
	6.11.5 Amides and Lactams
	6.11.6 Acid Anhydrides
	6.11.7 Acid Halides
	6.11.8 Carbonic Acid Derivatives

	6.12 Miscellaneous Compounds
	6.12.1 Silicon Compounds
	6.12.2 Phosphorus Compounds
	6.12.3 Boron Compounds

	6.13 Amino Acids
	6.14 Solvents, Suspension Media, and Interferences
	6.14.1 Infrared Spectra of Common Solvents
	6.14.2 Infrared Spectra of Suspension Media
	6.14.3 Interferences in Infrared Spectra


	7. Mass Spectrometry
	7.1 Alkanes
	7.1.1 Unbranched Alkanes
	7.1.2 Branched Alkanes
	7.1.3 References

	7.2 Alkenes
	7.2.1 Unbranched Alkenes
	7.2.2 Branched Alkenes
	7.2.3 Polyenes and Polyynes
	7.2.4 References

	7.3 Alkynes
	7.3.1 Aliphatic Alkynes
	7.3.2 References

	7.4 Alicyclic Hydrocarbons
	7.4.1 Cyclopropanes
	7.4.2 Saturated Monocyclic Alicyclics
	7.4.3 Polycyclic Alicyclics
	7.4.4 Cyclohexenes
	7.4.5 References

	7.5 Aromatic Hydrocarbons
	7.5.1 Aromatic Hydrocarbons
	7.5.2 Alkylsubstituted Aromatic Hydrocarbons
	7.5.3 References

	7.6 Heteroaromatic Compounds
	7.6.1 General Characteristics
	7.6.2 Furans
	7.6.3 Thiophenes
	7.6.4 Pyrroles
	7.6.5 Pyridines
	7.6.6 N-Oxides of Pyridines and Quinolines
	7.6.7 Pyridazines and Pyrimidines
	7.6.8 Pyrazines
	7.6.9 Indoles
	7.6.10 Quinolines and Isoquinolines
	7.6.11 Cinnoline, Phthalazine, Quinazoline, Quinoxaline
	7.6.12 References

	7.7 Halogen Compounds
	7.7.1 Saturated Aliphatic Halides
	7.7.2 Polyhaloalkanes
	7.7.3 Aromatic Halides
	7.7.4 References

	7.8 Alcohols, Ethers, and Related Compounds
	7.8.1 Aliphatic Alcohols
	7.8.2 Alicyclic Alcohols
	7.8.3 Unsaturated Aliphatic Alcohols
	7.8.4 Vicinal Glycols
	7.8.5 Aliphatic Hydroperoxides
	7.8.6 Phenols
	7.8.7 Benzyl Alcohols
	7.8.8 Aliphatic Ethers
	7.8.9 Unsaturated Ethers
	7.8.10 Alkyl Cycloalkyl Ethers
	7.8.11 Cyclic Ethers
	7.8.12 Aliphatic Epoxides
	7.8.13 Methoxybenzenes
	7.8.14 Alkyl Aryl Ethers
	7.8.15 Aromatic Ethers
	7.8.16 Aliphatic Peroxides
	7.8.17 References

	7.9 Nitrogen Compounds
	7.9.1 Saturated Aliphatic Amines
	7.9.2 Cycloalkylamines
	7.9.3 Cyclic Amines
	7.9.4 Piperazines
	7.9.5 Aromatic Amines
	7.9.6 Aliphatic Nitro Compounds
	7.9.7 Aromatic Nitro Compounds
	7.9.8 Diazo Compounds
	7.9.9 Arobenzenes
	7.9.10 Aliphatic Azides
	7.9.11 Aromatic Azides
	7.9.12 Aliphatic Nitriles
	7.9.13 Aromatic Nitriles
	7.9.14 Aliphatic Isonitriles (R-NC)
	7.9.15 Aromatic Isonitriles (R-NC)
	7.9.16 Aliphatic Cyanates (R-OCN)
	7.9.17 Aromatic Cyanates (R-OCN)
	7.9.18 Aliphatic Isocyanates (R-NCO)
	7.9.19 Aromatic Isocyanates (R-NCO)
	7.9.20 Aliphatic Thiocyanates (R-SCN)
	7.9.21 Aromatic Thiocyanates (R-SCN)
	7.9.22 Aliphatic Isothiocyanates (R-NCS)
	7.9.23 Aromatic Isothiocyanates (R-NCS)
	7.9.24 References

	7.10 Sulfur-Containing Functional Groups
	7.10.1 Aliphatic Thiols
	7.10.2 Aromatic Thiols
	7.10.3 Aliphatic Sulfides
	7.10.4 Alkyl Vinyl Sulfides
	7.10.5 Cyclic Sulfides
	7.10.6 Aromatic Sulfides
	7.10.7 Disulfides
	7.10.8 Aliphatic Sulfoxides
	7.10.9 Alkyl Aryl and Diaryl Sulfoxides
	7.10.10 Aliphatic Sulfones
	7.10.11 Cyclic Sulfones
	7.10.12 Alkyl Aryl Sulfones
	7.10.13 Diaryl Sulfones
	7.10.14 Aromatic Sulfonic Acids
	7.10.15 Alkylsulfonic Acid Esters
	7.10.16 Arylsulfonic Acid Esters
	7.10.17 Aromatic Sulfonamides
	7.10.18 Thiocarboxylic Acid S-Esters
	7.10.19 References

	7.11 Carbonyl Compounds
	7.11.1 Aliphatic Aldehydes
	7.11.2 Unsaturated Aliphatic Aldehydes
	7.11.3 Aromatic Aldehydes
	7.11.4 Aliphatic Ketones
	7.11.5 Unsaturated Ketones
	7.11.6 Alicyclic Ketones
	7.11.7 Aromatic Ketones
	7.11.8 Aliphatic Carboxylic Acids
	7.11.9 Aromatic Carboxylic Acids
	7.11.10 Carboxylic Acid Anhydrides
	7.11.11 Saturated Aliphatic Esters
	7.11.12 Unsaturated Esters
	7.11.13 Esters of Aromatic Acids
	7.11.14 Lactones
	7.11.15 Aliphatic Amides
	7.11.16 Amides of Aromatic Carboxylic Acids
	7.11.17 Anilides
	7.11.18 Lactams
	7.11.19 Imides
	7.11.20 References

	7.12 Miscellaneous Compounds
	7.12.1 Trialkylsilyl Ethers
	7.12.2 Alkyl Phosphates
	7.12.3 Aliphatic Phosphines and Phosphine Oxides
	7.12.4 Aromatic Phosphines and Phosphine Oxides
	7.12.5 References

	7.13 Mass Spectra of Common Solvents and Matrix Compounds
	7.13.1 Electron Impact Ionization Mass Spectra of Common Solvents
	7.13.2 Spectra of Common FAB MS Matrix and Calibration Compounds
	7.13.3 Spectra of Common MALDI MS Matrix Compounds
	7.13.4 References


	8. UV/Vis Spectroscopy
	8.1 Correlation between Wavelength of Absorbed Radiation and Observed Color
	8.2 UV/Vis Absorption of Simple Chromophores
	8.3 UV/Vis Absorption of Conjugated Alkenes
	8.3.1 UV Absorption of Dienes and Polyenes
	8.3.2 UV Absorption of Alpha,Beta-Unsaturated Carbonyl Compounds

	8.4 UV/Vis Absorption of Aromatic Compounds
	8.4.1 UV Absorption of Monosubstituted Benzenes
	8.4.2 UV Absorption of Substituted Benzenes
	8.4.3 UV Absorption of Aromatic Carbonyl Compounds

	8.5 UV/Vis Reference Spectra
	8.5.1 UV/Vis Spectra of Alkenes and Alkynes
	8.5.2 UV/Vis Spectra of Aromatic Compounds
	8.5.3 UV/Vis Spectra of Heteroaromatic Compounds
	8.5.4 UV/Vis Spectra of Miscellaneous Compounds
	8.5.5 UV/Vis Spectra of Nucleotides

	8.6 UV/Vis Absorption of Common Solvents

	Subject Index



