142 Chapter 4
Table 4.9, (Continued)
para 1225-1175 1219 | p-Xylene
1125-1090 1120
1070-1000 1043
855-790 796 (s)
Tri-substitution
1.2,3- 1175-1125 1162 1.2.3-Trimethylbenzene
1110-1070 1095
1000-960 1009
800-735 765 (s)
740-695 710 (s)
1.2.4- 1225-1175 1156 1,2,4-Trimethylbenzene
1130-1090 1130
1000-960 1000
900-865 873 (s)
855-800 805 (s)
1,3,5- 1175-1125 1165 1,3.5-Trimethylbenzene
1070-1000 1039
860-810 836 (s)
705-685 690 (s)
Table 4.10. Alcohol Compounds
Functional Group Absorption Range Exam?le Example Compound
(cm™) (cm™)
ALCOHOLS
General
OH unbridged group 3650-3590 sp
OH inter- and intra- 3570-3450
molecularly H - bonded
OH intermolecularly 3400-3200 br
H-bonded
Primary alcohols
1350-1260 1339
1065-1020 1028 1-Pentanol
Secondary alcohols
1370-1260 1369
1120-1080 1111 2-Pentanol
Tertiary alcohols
1410-1310 1379
1170-1120 1124 | 2-Methylbutanol
Aromatic ring hydroxy compounds
OH unbrided 3617-3599 sp
OH dimer 3460-3322 br
OH polymer 3370-3322 br
1410-1310 1350
1225-1175 1225 Phenol
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Table 4.11. Peroxide Compounds

Functional Group Absorption Range | Example Example Compound
(em'1) (eml)

PEROXIDES
Aliphatic

1820-1810

1800-1780

890-820
Aromatic

1805-1780

1785-1755

1020-980

Table 4.12. Ether Type Compounds

Functional Group Absorption Range | Example Example Compound
(em™) (em™)
ETHERS
Aliphatic
0-CH; 2830-2815
C-0-C 1150-1060 1140
O-(CHy)4 742-734 Diethyl ether
0O-CHy 1455
Aromatic
=C-0-C 1275-1200 1247
C-0-C 1075-1020 1038 | Anisol
Cyclic
C-0-C 1140-1070
Epoxides
general 1260-1240 1261 1;2-Epoxybutane
trans compounds 890
¢is compounds 830 826 1,2-Epoxybutane
Tetrahydrofuran derivatives
1098-1075 1076 | Tetrahydrofuran
915-913 912
Trioxans
1175 1172 Trioxan
958 957
Tetrahydropyran derivatives
1120-1080
1100-900
! 825-805
Dioxan derivatives
1125 1122 Dioxan
KETALS, ACETALS
R,-C-(0-C); 1190-1158
1143-1124

1098-1063
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Table 4.13. Ketone and Aldehvde Compounds
Functional Group Absorption Range | Example Example Compound
(cmh) (em™)
KETONES
Aliphatic
1725-1705 1727 Butanone
1325-1215 1269
1200 1215
Unsaturated
C=C 1650-1620 1618 Methyl vinyl ketone
C=0 1685-1665 1684
Aromatic
Aryl, alkyl 1700-1680 1694 Acetophenone
Aryl, aryl 1670-1660
Cyclic
4- & 5-membered rings 1775-1740 1739 Cyclopentanone
6- & 7-membered rings 1725-1700 1703 Cycloheptanone
Diketones
a-Diketones 1730-1710 1721 Diacyl ketone
B-Diketones 1640-1540
y-Diketones 1725-1705
Halogen substituted
o,a-Dihalogen substitution 1765-1745
a-Dihalogen substitution 1745-1725
ALDEHYDES
General
CH 2900-2700 2 band
2720-2700
975-780
Aliphatic
Cc=0 1740-1720 1735 | Butyraldehyde
CH 1440-1325 1390
Unsaturated
Cc=0 1650-1620 1637 | Crotonaldehyde
C=0 o.p unsaturated 1690-1650
Table 4.14. Carboxylic Acid Compounds
Functional Group Absorption Range Exam?]e Example Compound
(em!) (em™)
CARBOXYLIC ACIDS
General
OH 3200-2500 br
CH 1440-1396
1320-1210
OH dimer 950-900 br
C=0 halogen substitution 1740-1720
C=0 aliphatic 1720-1700 1718 | Acetic acid
C=0 unsaturated 1710-1690 1698 Crotonic acid
C=0 aromatic 1700-1680 1695 Benzoic acid
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Table 4.14. (Continued)
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Cc=C 1660-1620 1655 Crotonic acid

Carboxylic Ions

Cc=0 1610-1560

C=0 1420-1300

Table 4.15. Ester Compounds
Functional Group Absorption Range | Example Example Compound
(em]) (em™!y

ESTERS

C=0 unsaturated, aryl 1800-1770

C=C unsaturated, aryl 1730-1710 1718

C-O acrylates, fumarate 1300-1200 1282 Ethyl acetate

C-0 1190-1130

C=0 electronegatively

substituted 1770-1745

C=0 a,y keto 1755-1740

C=0 saturated 1750-1735 1744 | Methyl acetate

C=0 B keto 1660-1640

C-0O benzoates, phthalates 1310-1250 1277 Methyl benzoate
1150-1100 1108

C-0 acetates 1250-1230 1246 Propy! acetate
1060-1000 1047

C-O phenolic acetates 1205

C-O formate 1200-1180 1190 Propy! formate

LACTONES

B-Lactones 1840-1800

y-Lactones 1780-1760 1776 | Butyrolactone

&-Lactones 1750-1730
1280-1150 1168

Table 4.16. Anhydride Compounds
Functional Group Absorption Range | Example Example Compound
(eml) (cm™!)

ANHYDRIDES

Aliphatic

C=0 1850-1800 1842 Acetic acid anhydride

Cc=0 1785-1760 1783

Cc-0 1170-1050 1134

Aromatic

C=0 1880-1840 1866 Phthalic acid anhydride

C=0 1790-1770 1773

c-0 1300-1200 1267

Cyclic

C=0 1870-1820 1818 | Glutaric acid anhydride

C=0 1800-1750 1772
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Table 4.17. Amide Compounds
Functional Group Absorption Range | Example Example Compound
(em™!) (em'!)
AMIDES
Primary
NH free 3500
NH free 3400
NH bridges 3350 3346 Butyramide
NH bridged 3190 3191
C=0 1660-1640 1660
1430-1400 1430
Secondary
NH free trans 3460-3400
NH free cis 3440-3420
NH bridged trans 3320-3270 3280 N-Methylacetamide
NH bridged cis 3180-3140
bridged cis. trans 3100-3070 3090
c=0 1680-1630 1652
NH 1570-1510 1564
720 br 725
Tertiary
C=0 1670-1630 1670 N,N-Dimethyl formamid
Table 4.18. Amino Acid Compounds
Functional Group Absorption Range | Example Example Compound
(cm!) (cm!)
AMINO ACIDS
NH 3130-3030 br
2760-2530
2140-2080
c=0 1720-1680
ionized form 1600-1560
1300
C=0 a-amino acids 1754-1720
C=0 B.y-amino acids 1730-1700
Amino acid HCI 3030-2500
NH amino acid HC's 1660-1590
NH amino acid HCl's 1550-1490
Table 4.19. Amine Compounds
Functional Group Absorption Range | Example Example Compound
(em!) (cm'!)
AMINES
General
N-CHj 2820-2730
N-CH;j 1426
C-N 1410




Instrumental Analysis 147
Table 4.19. (Continued)
Aliphatic, primary
NH free 3500-3200 3350 | Ethylamine
(2 bands) 3210
NH 1650-1590 1630
1200-1150
1120-1030 1100
Aliphatic, secondary '
NH free 3500-3200 1 band 3230 | Dipropylamine
NH 1650-1550
C-N 1200-1120 1126
C-N 1150-1080 1090
Aliphatic, tertiary
C-N 1230-1130 1175 | Ethyldimethylamine
C-N 1130-1030 1070
Aromatic, primary
3510-3430 3460 Aniline
3420-3380 3413
1630-1600 1621
Aromatic, secondary
Free 3450-3430
Bridged 3400-3300 3400 N-Methylaniling
Table 4.20. Unsaturated Nitrogen Compouds
Functional Group Absorption Range | Example Example Compound
(em™") (cm™)
UNSATURATED NITROGEN COMPOUNDS
Imines
NH 3400-3300
C=N 1690-1640
Oximes
Liquid 3602-3590
Solid 3250
Solids 3115
Aliphatic 1680-1665
Aromatic 1650-1620
1300
900
Table 4.21. Cyanide and Isocyvanide Compounds
Functional Group Absorption Range | Example Example Compound
(eml) (em™)
CYANIDES, ISOCYANIDES |
C=N unconjugated 2265-2240 2256 | Ethvl cvanide
C=N conjugated or aromatic 2240-2220 2222 Benzyl cyanide
C=N cvanide,
thiocyanide complex 2200-2000
N=C alkyl isocyanide 2183-2150 2166 | Methyl isocyanide
N=C aryl isocyanide 2140-2080 2100 | Phenyl isocyanide
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Table 4.22. Cyclic Nitrogen Compounds .
Functional Group Absorption Range Exam?le Example Compound
(em’) (em™)
Cycric NITROGEN COMPOUNDS
Pyridines, quinolines
CH 3100-3000 3030 | Pyridine
C=C,C=N 1615-1590 1590
1585-1550
1520-1465 1490
1440-1410
920-690 707
Pyrimidines
CH 3060-3010
C=C,C=N 1580-1520
Ring 1000-900
Table 4.23. Unsaturated Nitrogen-Nitrogen Compounds
Functional Group Absorption Range E.um?le Example Compound
(em'!) (em™)
UNSATURATED NITROGEN-NITROGEN COMPOUNDS
Azo compounds 1630-1575
N=N azides 2160-2120 2130 | Phenylazide
N=N azides 1340-1180 1297
Table 4.24. Nitro Compounds
Functional Group Absorption Range | Example Example Compound
(cm™!) (cm’!)
N1TRO COMPOUNDS
Aliphatic
1570-1500 1546 | 2-Nitrobutane
1385-1365 1362
880 879
Aromatic
1550-1510 1527 | Nitrobenzene
1370-1330 1351
849 853
Table 4.25. Phosphorus Compounds
Functional Group Absorption Range le Example Compound
(emh) (em™)
PHOSPHORUS COMPOUNDS
O-H phosphoric acids 2700-2560 br
P-H 2440-2350 sp
P=0 1350-1250
P=0 1250-1150
P-O-C 1240-1190
P-O-R 1190
P-0-C 1170-1150
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Table 4.25. (Continued)
P-O-C 1050-590
P-O-P 970-940
P-F 885
P=S 840-600
O-P-H 865-840
0-P-0 590-520
0-P-0 460-440
PHOSPHORUS-CARBON COMPOUNDS
P-C aromatic 1450-1435
P-C aliphatic 1320-1280 1298 | Trimethylphosphine
P-C 750-650 707
PO,4~3 aryl phosphates 1080-1040
PO, alkyl phosphates 1180-1150
PO43 alkyl phosphates 1080
Table 4.26. Deuterated Compounds
Functional Group Absorption Range | Example Example Compound
(cm'l) (cm'!)
DEUTERATED COMPOUNDS
0-D deuterated aleohols 2650-2400
O-D deuterated
carboxylic acids 675
Table 4.27. Sulfur Compounds
Functional Group Absorption Range Exam?le Example Compound
(em) (em))
SuLFUR COMPOUNDS
C=S 1400-1300 1357 Dithioacetic acid
S=S 1200-1050
P=S 840-600
SH mercaptans 2600-2550 2580 | Ethyl mercaptan
C-S mercaptans 700-600 665
C-8-C dialky! sulfides 750-600 726 Methyl ethyl sulfide
710-570 676
660-630 654
Aliphatic sulphones 1410-1390 1407 Dimethylsulphone
1350-1300 1316
Sulphonic acids 1210-1150
1060-1030
650
Table 4.28. Silicon Compounds
Functional Group Absorption Range Exam?le Example Compound
(em’!) (em!)
SiLicoN COMPOUNDS
SiH alkylsilanes 2300-2100 2175 Dimethylsilane
Si(CH3)» 1265-1258 1262
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Table 4.28. (Continued)
814-800
800
Si(CH3)3 1260-1240 1259 Methoxytrimethvlsilane
850-830 844
760 763
Si-C aromatic 1429
1130-1090
Si-C 860-715
S8i-O siloxanes 1100-1000
$i-O-C open-chain 1090-1020
Si-O-8i open-chain 1097
8i-0-8i cyclic 1080-1010
Table 4.29. Halogen Compounds
Functional Group Absorption Range | Example Example Compound
(em!) (em!)
HALOGEN COMPOUNDS
Todine Compounds
500
Bromine Compounds
700-500
Chlorine Compounds
Monochloro 800-600
750-700
Fully chlorinated compounds 780-710
Fluorine Compounds
1400-1000
1100-1000
Fully fluorinated compounds 745-730
Table 4.30. Inorganic Compounds
Functional Group Absorption Range Exam?le Example Compound
(cm™) (em™!)
INORGANIC COMPOUNDS
Sulfates
1200-1140 1143 Potassium sulfate
1130-1080 1117
680-610 617
Nitrates
1380-1350 1370 Potassium nitrate
840-815 825
Nitrites
840-800
750
Water of Crystallization

1630-1615
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Table 4.30. (Continued)

Halogen-Oxygen salts
Chlorates 980-930 978 Potassium chlorate
930-910 932
Bromates R10-790 793 Potassium bromate
lodates 785-730 756 Potassium iodate
Carbonates
1450-1410 1410 | Calcium carbonate
880-860 875
4.4 Nuclear Magnetic Resonance Spectroscopy

4.4.1 Common NMR Solvents

Table 4.31. NMR Solvents

Compound MW. | d204 | mp! | bp!l | 82y(muit)d | 82c(mult)’
Acetic Acid-dg 64.078 | 1.12 17 118 11.53 (1) 178 (br)
2.03 (5) 20.0(7)
Acetone-dg 64.117 | 087 | -94 57 2.04 (5) 206.0 (13)
29.8(7)
Acetonitrile-d3 44071 | 084 | -45 82 1.93 (5) 118.2 (br)
Benzene-dg 84.152 | 095 | 5 80 7.15 (br) 128.0 (3)
Chloroform-d 120384 | 150 | -64 62 7.24 (1) 77.0 (3)
Cyclohexane-d| 96.236 | 089 6 81 1.38 (br) 26.4 (5)
Deuterium Oxide 20.028 | 1.11 38 | 1014 | 4.67 (TSP)

| 2-Dichloroethane-dy | 102.985 | 1.25 | -40 84 3.72 (br) 436 (5)

Diethyl-d g Ether 84.185 082 | -116 35 3.34 (m) 65.3 (5)
1.07 (m) 14.5(7)

Dimethylformamide<d; | 80.138 | 1.04 | -61 | 153 | 801®n | 16273
291(5) 352(7)
274 (5) 302(7)
Dimethyl-dg Sulphoxide | 84.170 | 118 | 18 | 189 | 249(5) 39.5(7)
p-Dioxane-dg 96.156 | 1.13 | 122 | 101 | 3.53(m) 66.5 (5)
Ethyl Aloohol-dg 52106 | 091 | <130| 79 5.19 (1) 56.8(5)

3.55 (br) 17.2(7)
111 (m)
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Table 4.31. (Continued)
Hexafluoroacetone 198.067 1.71 21 5.26 (1) 122.5(4)
Deuterate 929 (7)
HMPT-d|g 197314 | 114 | 7 106 | 25302x5) | 358(7)
Methyl Aleohol-d4 36.067 | 089 | 98 | 65 478 (1) 49.0(7)
Methylene Chloride-dy 86.945 1.35 -95 40 532(3) 53.83(5)
Tetrahydrofuran-dg 80.157 099 | -109 66 3.58 (br) 67.4 (5)
1.73 (br) 253 (br)
Trifluoroacetic Acid-d 115030 | 1.50 -15 72 11.50 (1) 164.2 (4)
116.6 (4)
1. Melting and boiling points (in °C) are those of the corresponding light compounds. (except
for D»0)) and are intended only to indicate the useful liquid range of the materials.
2. Chemicals shifts in ppm relative to TMS.
3. The multiplicity br indicates a broad peak without resolvable tine structure, while m
indicates one with fine structure.
4. Note that chemical shifts can be dependent on solute, concentration and temperature.
44.2 Reference Standards for Proton NMR
Table 4.32. NMR Reference Standards
m.p. b.p. Hydrogen bands
Compound (Abbrev.) Formula °C % Group! B 1
Tetramethylsilane (CH3)4Si 265 | CHs(s) | 0.00 | 10.00
(TMS)2
Hexamethyl siloxane [(CH3)38i],0 | -39 | 1004 | CHi(s) | 0.04 | 996
(HMDS)3
Sodium-3-trimethylsilyl- | (CHj3)3Si- Solid CHj (s) 0.00 | 10.00
1-propane sulfonate CH,-CHy- Salt 1-CHy(m) | 0.6 | 94
(DSS)* CH;-S03-Na 2-CHy(m) | 18 | 82
3-CHy(m) | 29 7.1
Sodium 3-trimethylsilyl | (CH3)3Si- Solid CH3(s) | 0.00 | 10.00
propionate-ds (TSP)5 CD,-CD;- Salt
COO-Na
1. The functional group which produces the observed band. The multiplicity of the band is

ERE NSNS

indicated in parenthesis;

s =

. Can be used as reference up to 180°C.
Reference for water solutions. The CHZ bands can interfere with weak sample bands.
Reference for water solutions.

singlet; m = complex multiplet.
. Primary reference standard for room temperature and below.
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NMR Proton Chemical Shift Chart
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NMR Chemical Shift Tables
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The data in all of the tables are for the compound in dilute carbon
tetrachloride or deuteriochloroform relative to internal TMS where such data
were available. It is important to remember that solvent effects, especially in
the case of aromatics, can cause significant variation in the observed
chemical shifts. All chemical shifts listed are in ppm or 8.

Table 4.34. 'H Chemical Shifts of Paraffinic Compounds with a Single Functional Groups

Group X | CH3-X | C-CHy-X | (C)3-CH-X | CH3-C-X | C-CHy-C-X | (C)2CH-C-X
-H 0.233 0.86 1.33 0.86 1.33 1.56
-CH=CR» 1.73 2.00 1.73 1.55 1.35 1.00
-C=CR 1.75 2.15 2.7 1.15 1.50 1.80
-C=N 1.98 2.35 28 1.30 1.6 2.00
-Ph 2.34 2.60 2.87 1.18 1.6 1.8
-CHO 217 24 24 113 1.63 -
-COR 2.10 24 2.55 1.05 L5 1.7
-COPh 25 29 3.4 1.18 1.6 2.0
-CO5R 2.1 2.3 25 1.15 1.7 1.8
-CONR; 2.05 2.23 2.4 1.1 1.6 1.8
-l 2.16 3.17 4.25 1.8 1.8 2.1
-Br 2.68 3.36 42 1.8 1.9 2.0
-Cl 3.05 3.44 4.1 1.5 1.8 2.0
-F 4.26 44 4.8 1.4 1.8 2.1
-OR 3.38 34 36 1.2 ne -
-OPh 3.82 3.95 4.6 1.3 15 1.7
-OCOR 3.65 4.1 50 1.25 1.6 1.8
-OCOPh 382 4.2 5.1 1.5 1.7 1.9
-OCOCF3 | 3.95 4.3 1.4 1.6
-ONO ——- 4.75 - 14 -e- -
-NR; 23 2.6 29 1.05 1.45 1.7
-N*tR3 ~3.2 ~3.1 ~3.6 1.4 1.7 2.0
-NRPh ~2.7 ~3.1 ~3.6 1.1 1.5 1.8
-NHCOR 28 33 38 1.1 1.5 19
-NO3 4.30 44 4.6 1.6 2.05 235
-N=C 2.85 - 48 1.6 - .
-SR 2.09 25 3.0 1.25 1.6 1.9
-SSR 2.30 2.7 — 13 1.7 .
-SOR 2.5 3.0 28 1.35 1.7 -
-SO5R 2.8 2.9 3.1 1.35 1.7 -

(From The Chemist’s Companion, Gordon & Ford, Copyright © 1972 John Wiley & Sons, Inc.
Reprinted with permission of John Wiley & Sons, Inc.)
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Table 4.35. H Chemical Shifts of Paraffinic Compounds with Two Functional Groups

YX CN CF3 Ph C=C C=C CH;
CH; 231 (1.84) 2.63 2.14 1.97 1.34
c=C 3.15 (2.69) 3.30 3.39 2.73

C=C (3.37) (2.81) (3.52) (3.11)

Ph 3.68 3.50 3.92

CF; (3.07) (2.51)

CN 4.13

X COPh CONR, | COOR COR

COR (G.17) 3.52 332 3.62

COOR (3.62) (4.95) 4.22

CONR, (3.66) 3.30

COPh (3.91)

Y'X OCOR OPh OR OH

OH (5.92) (6.02) | (5.15) (5.35)

OR (5.72) (5.82) 4.49

OPh (6.59) (6.69)

OCOR (6.49)

X I Br Cl

Cl 4.99 5.16 5.28

Br (4.38) 4.94

1 3.89

X NHCOR Ns NR,

NR, (4.07) G.17) 310

N3 (4.47) (.17)

NHCOR (4.77)

Values in parentheses were calculated by the emperical method of Shoolery. All values refer to

methylene {CHj) protons in X-CHj-Y.

Table 4.36. H Chemical Shifts of Olefinic Compounds

Compound X= a b c

HyC=CH, 533

R 5.70 488 4.96

H">=<Ha F 617 403 437

5 % cl 6.30 5.44 5.52

Br 6.49 5.88 6.03

CeHs 6.69 521 571

CCly 641 530 578

CN 5.53 6.05 5.78

CH,OH 6.00 5.13 525

OCH; 643 3.90 4.04
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Table 4.36. (Continued)
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H,C=C=CH; 4.55
it e cl 5.76 5.05
Ne=c=¢’ Br 5.85 4.82
1’ X I 5.62 4.46
et 5.20 501
2===<=<H'h
Ha
[>=cH, 5.38
,CH; 4.70
O"’Cﬂz 482
CH3-CHO 9.72
Ph-CHO 9.96
CHy=CH-CHO 9.48
(CH3);N-CHO 7.84
CH30-CHO 8.08
Table 4.37. 'H Chemical Shifts of Acetylenic Compounds
Compound 5 Compound 8
H-C=C-H 1.80 OHC-C=C-H 1.89
CH;3;-C=C-H 1.80 HOCH;-C=C-H 2.33
CH3CH,-C=C-H 1.76 Cl-CH,-C=C-H 2.40
Ph-C=C-H 3.05 Br-CH;-C=C-H 233
CH,=CH-C=C-H 292 I-CH;-C=C-H 2.19
CyH;5-C=C-C=C-H 1.95 CH;0-C=C-H 1.33
CH3(C=C),C=C-H 1.87 CH,=CH-0-C=C-H 1.89

(From The Chemist's Companion, Gordon & Ford, Copyright © 1972 John Wiley & Sons, Inc.
Reprinted with permission of John Wiley & Sons, Inc.)
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Table 4.38. 1H Chemical Shifts of Cycloparaffinic Compounds
Compound 8 Compound & Compound )
Cyclopropane 0.22 | Cylcobutane 1.96 | Cyclopentane 1.51
Cyclohexane 1.44 | Cycloheptane 1.54 | Cyclooctane 1.54
Adamantane 1.78
(>< 0.02 | *'.il 237
Ha  alsl al56 Ha al2l
b~2.1 Ha  po87 b 1.49
C 2 49 b Cc l‘ 18
e e g1ss | A d220
He
1.65 a3.03 9 i a2.06
[>=—o b 1.96 &( b2.02
b
0 CH,
2.25 a2.70
- / J:ﬁ b1.92
Hb Ha
G a2.70 G 1.5
&Ha b 192 Ha
Hb
Table 4.39. 1H Chemical Shifts Of Cycloolefinic Compounds
Compound [ Compound 5 Compound 8
a0.92 Fa a2.57 He 5228
J>—H3 b7.01 ; | b597 b 5.60
Hb Hb

Hb
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Table 4.39, (Continued)

Ha

159

H 6.42 a1.96 H 2.15
b5.57
H Hb
Ha alos ' 5.95 H 666
b 3.53
Hb
6.25 6.27 6.70
H H
Table 4.40. "H Chemical Shifts Of Monosubstituted Benzenes

Substituent Ortho Meta Para
H 7.27 7.27 7.27
CH; 7.07 7.07 7.07
CH,CH; 7.13 7.13 7.13
CH,O0H 7.28 7.28 7.28
CH,Cl 7.32 7.32 7.32
CHCly 7.42 7.42 7.42
CCls 7.9 7.40 737
CH=CHj, 75 75 75
CHO 7.83 7.49 7.56
COCH; 7.89 7.41 7.56
CO;H 8.12 7.43 7.51
CO,CH3 7.98 7.38 7.48
COcCl 811 7.49 7.63
COBr 8.07 7.48 7.64
CONH, 7.8 75 7.5
CN 7.63 7.45 7.55
F 6.99 7.24 7.08
Cl 7.30 7.25 7.18
Br 745 7.19 7.23
i 7.67 7.06 7.27
NH» 6.52 7.02 6.62
NHCH; 6.47 7.05 6.59
N(CH3), 6.61 7.09 6.60
NHCOCH; 7.7 7.1 7.0
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Table 4.40. (Continued

NH3* 77 75 75

NO 7.81 7.55 7.61
NO, 8.22 7.53 7.65
OH 6.68 7.15 6.82
OCH; 7.77 7.15 737
OCOCH; 6.79 7.18 6.83
SCH; 7.4 T2 7.1

SO4Cl 8.04 7.62 772
SO3CH3 7.87 7.53 7.60

(From The Chemist’s Companion, Gordon & Ford, Copyright © 1972 John Wiley & Sons, Inc.
Reprinted with permission of John Wiley & Sons, Inc.)

Table 4.41. 'H Chemical Shifts Of Heteroaromatic Compounds

Compound 3] Compound &
o M a738 S\__Ha a719
Q Z b6.30 (I b 7.04
Hb Hb
pey 8.19 ASa 8.58
N 26.62 HoerNa_Ha 2888
N Ha b 6.05 7 b7.41
c7.98
Hb
Hb
H a7.55 He a7ll4
B N, b6.25 H_ b7.14
i ¢7.55 N ¢7.70
Hb I
N_ M8 28.50 H a6.57
b 7.06 Hd N b7.26
- ¢7.46 ¢6.15
N He Ha d7.13
Hb
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Table 4.41. (Continued)

N S
N
Ha
Hb
ENj
N
H
N
Ha
b
He
Hd N/' }
Y
He
m e
H
o Ha
HE.
Hb
He
He
Hd
HE
Ha
Hd
He

a9.17
b7.68

8.5

a6.54
b6.34

a8.03
b7.77
c7.12
d734
e7.58

a7ll4
b 6.64
¢6.28
d7.25
e 6.50
£6.35
g7.76
a752
b 6.66
c7.49
d7.13
e7.19
£7.42

He

He Hd

a9.l15
b 8.60
c7.09

9.18

8.95

a8.63
b9.16
c895

a8.8l
b7.26
¢ 8.00
d7.68
e7.43
761
g8.05
a 820
b 7.69
c7.39
d7.80
€853

(From The Chemist’s Companion, Gordon & Ford, Copyright © 1972 John Wiley & Sons, Inc.
Reprinted with permission of John Wiley & Sons, Inc.)

Table 4.42. TH Chemical Shifts Of Heterocyclic Compounds

Compound 8 Compound & Compound
O 2.54 N 1.48 S 227
£ [\ VAN
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Table 4.42. (Continued)
ad.73 N,H a3.54 $ a2.82
b2.72 b2.23 b 1.93
Hb Ha Hb Ha
Hb Ha
O\ _Ha 2363 i a2.74 S\__Ha 282
(_Z' b1.79 Cz,m b 162 Q’ b1.93
Hb
D Hb
0 a3.56 i a2.69 o 22.57
b 1.58 N__H  p149 b 1.60
Hb Hb
Hb b yib
Hb
o O 2348 O a23l Q a227
i | b4.22 b 2.08 o)H/“" b 1.62
9 c4.28 ¢ 4.06
Hb Ha Hc' Hb
He Hb i
”j\ ad77 j\ 24.82 0 3.59
5 b3.77 6 S b 3.80 [ ]
(\_( c 168 o
Hb Hb
He
0" 500 H 369 s 48
) A LJ
$O: e 2292 O M a357 Ot ,388
(_( b2.16 [ I b 283 (/]\ b2.57
Hb N]!] Hb 5 Hb

(From The Chemist’s Companion, Gordon & Ford, Copyright © 1972 John Wiley & Sons, Inc.
Reprinted with permission of John Wiley & Sons, Inc.)
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Table 4.43. 1H Chemical Shifts of Hvdrogen Bonded To Oxygen, Nitrogen, Sulfur

163

Compound 8 Compound &
ROH (monomeric)? 0.3 Oximes 7-11
ROH (hydrogen bonded) 0.5-5.0 | RNH; 1.1-18
ArOH (monomeric)2 4.5 RoNH 1.2-2.]
ArOH (hvdrogen bonded) 4.5-9 ArNH; 3340
Enols (intramolecular bonded) 15-19 ArNHR 3.1-38
Carboxylic acids 10-13 RCONHj,, ArCONH; 5-6.5
Sulfonic acids 11-12 RCONHR, ArCONHR 6-8.2
RSH 1-2 RCONHATr, ArCONHAr 7.8-9.4
ArSH 3-4 R3N*H (R Crivd

(From The Chemist’s Companion, Gordon & Ford, Copyright © 1972 John Wiley & Sons, Inc.
Reprinted with permission of John Wiley & Sons, Inc.)

4.5 Mass Spectroscopy

4.5.1 Common Molecular Ions Table
Table 4.44. Common Elemental Compositions of Molecular fons!
m/z Composition
16 CHy
17 NH3
18 Hy0
26 CsH2
27 CHN

28 CoHy, CO, N;

30 CyHg. CH70, NO

31 CHsN

32 CH40, NoHy, SiHy, Oz
34 CH;F, PH3, HpS

36 HCI

40 CiHy

41 C,H3N

42 C3Hg, C2H20, CHaN>
43 CoHsN, N3H

44 C,H;0, C3Hg, CHF, CO,, N;O

45 C,H7N. CH;NO

46 C,HgO, CoH3F, CHg.S1. CH,07, NO»

48 C,HsF, CH4S, CHsP
50 C4H;, CH3Cl

52 CsHy4, CHyF»
33 C3H3N, HF;N
54 C4Hg, F20

55 C3HsN

56 C4Hg, C3H40, C;H4N>»
57 C;H4N, C2H3NO
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Table 4.44. (Continued)

58 C3HgO, C4H)o, CaH70;, CaHgN,

59 C3HgN, C,H35NO, CH5N3

60 C3HgO, C3HsF, Ca;HgN2, C;H404, CoHgSi, CoHyS, C>HCI, CHyN» 0, COS

61 C3H7NO, CH3NO;, CCIN

62 C3H7F, C;H9P, CyHgO4, CoHgS, C2H5Cl

64 C;H;yF2 CoHsFO, CyH5CL, SO,

66 CsHg, CoHyF3, CF50, FaNsy

67 C4H;5N, CH3F3N, CiO;

68 CsHg, C4H40, C3H4N,, C305, CH,CIF

69 C4H7N, C3H3NO, C;H3N;

70 CsHjg, C4HgO, C3HgN> CH;Ny4, CHF;

71 C4HgN, C3H3sNO, F3N

72 C4HgO, CsHs, C3H407, C4HsF

73 C4H1 N, C3H7NO, C,H3NS, CoH7N3

74 C4H100, C3Hg03, C3H) N7, C3HgS, CoHNO, C3H)0Si, C3H3Cl, CHgNy,
CyHgN,0, C2H,03,
75 C3HgNO, C,HsNO;, C;H,CIN
76 C3HgO;, C3HgS, C3H;5Cl, C4HoF, C4N3, C3HgP, C3HsFO, C2H403,
C,H408, CHgSiz, CH4N,S, CS»

77 CH3NO;

78 CgHg, C3H7Cl, C4HSN,, CoHgOS, C7H3Cl10, CoH3FO;, CFaNy, CHgN, O,
79 | CsHsN

80 CgHg, C4H4N», C3HgF,, C3H5CIO, CoH,CIF, CH4 058, HBr

81 CsH7N, C3H3N3, CoHsFoN

82 CgHjo, C4HgN;, CsHgO, CoH4CIF, C;H)Ny, CoHF3, CCIFO

83 CsHoN, C3HsN3, C4HsNO

84 CgHja. CsHgO, C4HgN3, C4H407, CoHaNy, C4H4S, CoH3F3, CH,Cly

85 CsHjiN, C4H7NO, C3H3NS, CH3N;

86 CsHj00, C4HgO3, CgHy4, C4HigN2, C4HgS, C4H3Cl, C3HgN,O, CaHoN,S,
CHCIF,, HF,0, C1,0, F,08

87 CsHj3N, C4HyNO, C3HgN3, C3HsNS, C3H,CIN, CIFoN, F3NO

88 CsH 20, C4HgO,, C4H aN3, C4HgS, C3HgN>0, C3H403, C4H;58i, C4H5Cl,
CF,

89 C4H11NO, C3H7NO,, C3H4CIN

90 C4H1003, C4H oS, C4H7ClL, C3HgO4, C3H9081, C3HgOS, CyH3CIO,
C3HgN703, C3HgN3 S, CoH704, C4H (P

91 C4HsNO3, CHsN3S, C3HgCIN

92 C7Hg, C4HyCl, C3H5C10, CoH40;8, C3HgO3, C3HgESI, CsHyN3, CgH4O
93 CeH7N, CsH3NO, C4H3N3

94 CsHgNa, C7H o, CeHgO, C3H7CIO, CH383, CaHgO2SC3HF3, CaH3ClO,
C,Cl;, CH3Br

95 Cs5HsNO, CgHgN, C4HsN3, CoF3N

96 C7H 13, CgHgO, CsHgNy, CsH40,, C4H4N;0, CaH,Clp, C3H3F3, CaHgF;2Si
97 CsH7NO, CgHj N

98 C7H14, CeH100, CsHgOy, C4HgO2, C4HgN20, C3HgN4, CsH N2, CsHgS
C4H3,03, C2H4Cly, C,HCIF,, CCLI,0

99 CgH3N, CsHoNO, C4HsNS, C4HsNO,, CH3F5NS
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Table 4.44. (Continued)

100 CeH 120, CsHgOy, C7H 6, C4H403, C3H4N,S, CsHypN,, CeHgF, CsH2Si,
C4H408, C3H4N>0,, CaH3F30, CoF
101 CgHsN, CsHyNO, C4H7NO;, C4H7NS, C;H3N3S
102 CeH140, CsH 0z, CsHy S, C4H oN,0, C4HgO3, CaH2F4, C3HgN,S, CgHg,
CHCI;F, CHF3S, HF;,PS, C138
103 C4HgNO;, C7HsN, CsH3NO, C4Hy3N3, C4HgCIN, CoH,CINg
104 CsH120;. CsHj 38, CsHoCl, C4HgO4, C4HgO3, C4HOS, CgHg, CgH;3F,
CgH4N3, C4H)2N20, C4H 2081, C4H5ClO, C3HgN,S, CCIF;, SiFy
103 C7H7N, C3H7NO3, C4HNO,, C4HgCIN, CBrN
106 CgHjg, CsHjCl, CgHgN3, C7HgO, C4H 03, C4H7ClO, C4H 08,
C3HgO;S, C,H3Br
107 C7HoN, CgH35NO. C2HsNO4
108 CgHgNy, CgHj2, C7HgO, C4HgClO, C3HgCISi, C3H3Cl0;5, CgH407, C3HgSs,
CyHsBr, CoH4048S, SF4
109 CgH7NO, C7H1 1N, CaH4CINO,
110 CgHj4, CsH g0, CsHeN>O, C3H4Cly, C7HAF, CgHgO7, C4HgNy4, CoHg O3S,
C,H503P, C3H7CIO;, CgHigN2
111 C7H3N, CgHgNQ, CsH5NOj, C4HsN3O, C,CIF;N, CgHgFN, CsHgN3,
C5H5NS
112 | CgHye, C7H 20, CeHgOy, CeHiaN2, CeH aNa, CeHgS, CsHgN,O, CsHqO3,
C4H4N;05, C3HgCly, CgHsFO, CgHsCl, C5H40S, C3F4, C3H3F30, CHyBrF
113 C7H 5N, CgHpINO, CsH7NO,, CsHNS, CsH4CIN, C3H3NO;, CoHgFaNP
114 C7H,40, CgH 002, CgHig, CgH14Np, C4HgN2Og, CsHgN2O). CsHgOS,
CgHy4F3, CsH,03. CgHACl, C4HgN3S, C2H4Cl20, CoHCLLF, CoHCIF,0,
C,HF;0;
115 CgH3NO, C7H 9N, C5HgNO,, CsHoNS, C4HsNOS, C3HsN3S, CsHyaN3
116 CgH1203, C7H 40, CgH 38, CoHg, CgH N2, CgH16Si, CgHgCl, CsH N> 0,
CsHgO3, C4HgN»07,C4H404, C4HgN,S, C4H4S;, CoH3CloF, CHCIF
17 CgH7N, CgHsNO, CsH{NOj, CsHgCIN, C4H7NO3, C3H4CIN
118 CeH140;. CgH148, CsHyg03, CoHyg, C7H N2, CsHygOS, CgH)sP, CoHysF,
CgH 1 Cl, CsH 14084, C4H1oN205. C4HgO4, C4H3CIS, C4HoN3S, C4H 4517,
C3H3Br, C;H,CIF3, CHCly
119 C7HsNO, CgHyN3, CgHoN, C4HgNO3, C4HgNOS
120 CgH 5. CgHgO, C4HgO5S, C4HgS;. C7HgS;, C7HgN3, CgH 3Cl CsH 203,
CeH4N20O, CsHyNy, C4HgO4, CsHoOCI, C4H 120,854, C3HsBr, CChF;
121 CgH N, C7H7NO, CgHN3, C4H3N;5, C7H3FN
122 CgH 100, C7H N2, C7Hg0;, C4H7CIO,, C4H10S2, CoH 14, C3H7Br, CgHAF,
CgHgN,0, C4H 028, C4H4Clp, C1Hg038, CaHgN3S,, C3H4BrO
123 C7HgNO, CgHsNO;, CgHj3N, CgHgN3, C4H4F3N, C3HgNO;S
124 C3Hg038. CgHoF, C7H|2N3, CsHsFO, CsH4N203, C4HgF20;, C3HsCl0;,
CyHsBrO, C2HyS3
125 CgH 5N, CgHy N3, CgHINS, C7HNO, CgH7NO,, CoHgNO3P, CoH4CINO;
126 CoH g, CgH 140, C4HgClp, C7H100;, CsHeN20,, C7H7Cl, CeH N0,
CgHgO3, C7H ¢S, C3H4Clp, CaHgS3. C7H14N3, C7H7FO, CgHgOS,
C4HgN40, C4HsF30, C3HaNg, C2CIO;
127 C7H3NO, CgH 7N, CgHaCIN, CsHgN3O, CsHsNO3, CgHgNO3, C4HsN3S,
C-CILFN
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Table 4.44. (Continued)

128 CgH)60, CgHyg, C7H 207, C7H|20,, C7H) 28, CgHyNa, CgHgO3, CeHeOS,
CgH;5ClO, C4H4N>OS, C3HgCl,0, CgHg., CaHgCl5S1, C2H5Cl05. CH;BrCl
,C2HsCl0,8, CgHsF, HI
129 CgH 9N, C7H5NO, CgH11NO3, CgH7N, C7H3N3, CgHsN3, CsH7NO;3,
CsH7NOS, C4H7N38, C4H4CIN3, C4HiNO5S
130 C7H1403. CgH180. CgH 1003, CgHgNa. C1oH 1. CoHgO, C7H | 4S.
CeH1aN20, CeHCIF, CsHgOy, CsHgS7, C3HsCloF, CsHigN2O7, C3HgNYS,
C3H,CIFy C3HaN»20;8, CoHCl3, CHBrF,

131 CgHgN, C7H|7NO, C5sHgNO3, C7HsN3, CgH17N3, CgH | 3NO,, C4HgN3S,
CF3NOS

132 C7H602. CcH1203, C1oH |2, CoHgO, C7H 68, CgHgNy, CeH)608i,
CsHgO4, CeH) 208, CcHyClO, CsHjaN207, CsH1aN3S, CsHgO,S,
CsH;5Cl0,, C4H4083, C3H 2813, C3HgNSS,, CoHiCls, CoClhFa, CoF 40,
133 | CoH| N, CsHsNO, C7H7N3, CsH|NO3, C4H7NO,S, C3HsBrN, CoH3CIF;3N
134 CoH 10, C1gH14, CeH 403, CgHgNg, CsH 90,8, CgHeO3, CgHgO3,
CgH;oN3. CgHgS, C7H5Cl, C7HgN,O, CgH 408, CgH 1 CIO, CsHy 1 ClSh,
Cs5H10S7, CsH7Cl10;, C3H3F5, C3C13N3, CoHZCLhF,

135 CgH 13N, CgHgNO, C7H;5NS, CsH;5N;5, C7HsNO;, CgHsN3 O, C4HgNO5S,
C3HgBrN, C3F3N;

136 CoH 70, CjgH1g. CgHgOy. C4HoBr, CgHaN», CgH12Si, CgHgS. CgHsCl,
C7HgN,0, C7H403, CsH 283, CgHaN2 O, CgHyN2O2, CeHyN3S, CsH 204,
CsH;,08, CsHoClO,, CsH4N4O, CoHCIF,, CCIsF

137 CgH{NO, CgHysN, C7H7NOj, C7H7NS, C7H4CIN, CgHN30, CsHgF3N,
CsH3N3S, C3H7NOs

138 CioH1s, CoH140, CgH 902, CgHjoS, C7Hg03, C¢HgN, O, CgH7Cl,
C7HoN20, C7HgOS, CgHgNyg, CsHgN4O, C4H;103P, C4H 0038,
C3H7BrO, C3HgS3, CoH3Br0O;, CoFg

139 CyHgNS, CgH 7N, CyH13N3, C7HgNO;, CgHsNO3, CsHsN30;, CgHsNOS
140 CgH 0, C1oHz0. CgHgCl, CgH120,, CgH 138, C7HgO3. CsHgClp, C7HROS,
CgHgFO, CgH N3, CgHeF2, C7H5CIO, CgHgN2 O, CeHgN; S, CoHyOy,
CgH485, C4HgCL,0, C2H,BrCl

141 CgHsNO, C7HNO,, CgH N30, CgH7NO3z, CoHgN, C7H 5Ny,
CsH7N3S, C4HgF3NO, C4H3FyN

142 | CgH140,. CoH;80, C1oHaa, CsHgO4, CgH14S, C3H4Ch03, C7HACIO,
Cy1Hj0, CoHjsF, CgH gNo, C7H14N20, C7H 003, CeH 10Nz 03, CeHg03S,
CsHgN,08, C4HgCl,0, C4HsCIF,0, CaHyBrCl, CoHBrF;, CH3l

143 CoHgN, CgH17NO, C7H13NO;, CoHy 1N, C7HoCIN, CgH3N30,
CgHgNO3, C4HgNOS, CsHgN3S, C)CI3N

144 | CgH 602, CoHp00, CoHgNy, C7H 303, CgHgO4, C1oHgO, Cy1H)2, CgHi6S,
CgH13Cl, C7H1gN20, C7H 1208, CgHoCINy, CsHgN203, C3H3Cl3

145 | CyoH1 N, CoH7NO, CgHyN3, C7H sNO;, CgHNO3, CsH iNsS,
C3H3N30,8

146 | CgHjg02, C7H 403, CgH1gS, CeH 904, CeH 10028, Cy1Hy4, C1oH 100,
CoHjgNj, C1oH7F, CgHgN,0, C7H,g08i, C7H1408, C7HgNy, CgH14N2 03,
CgH4Cly, CsHg0S4, C3H5CH, C3H3BrN,, CoHCI0, CHBLCIF

147 CjoH3N, CoHgNO, CgHgN3, CgHsNO;, C7HsN30, CgH 3NO3, CsHgNOy,
C>H5BrN3 :
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Table 4.44. (Continued)

148 Ci11Hi6. C1oH 120, CoHgOy, C7HgNy4, CoH 12Ny, CeH120,8, CgHy7Cl,
CgHgN20, CgH403. CoHgS. C7H 1603, C7H 608, C7H4N703. CeH 1204,
CgH4N40, CsHgO3S. C3HF 5O, C3H3Cl30, C5ClsF, CBrFs

149 CIUHISNa CgH] INO, C7H7N30. C3H1 1N3. C3H7N02

150 C10H140. CoH 03, CeH 1452, CgH1oN20, CeHy1ClO2, CsHy Br, €y Hs,
CgH14N3, CoH 1S, CgHgO3, C7HgN2S, CgH 404, CsH 4028, CsHgN4O,
CgHyF4, CaFg, CoH,CIF

1512 | (see m/z 137) C7HsNO3

152 (see m/z 138) CgH5ClO, CgH1oCly, CCly

153 (see m/z 139) CgHsNO, C7H5CINO

154 (see m/z 140; CoHgO has highest occurrence of data base) CgH7ClO, C>CI0,
C,ClIFs, CgH1p08

155 (see m/z 14])C3H]3NS

156 (see m/z 142) C7HsClO,, CgHsBr, CgHsO0s5

157 (see m/z 143) C5HyBrN

158 (see m/z 144) CFgS

159 (see m/z 145) CgHgNS,, CsHgCIN3O

160 (see m/z 146) C7H»(Si5, C¢HgBr, CsH¢Si3

161 | (seem/z 147) CgHsCILN

162 (see m/z 148) CjoH7Cl, CgHgN3S, CgHyBr, C4Fg, CgH4Cl, O, CHBrCly
163 (see m/z 149) C7HgN5, C3H,BrNS, CCI;NO,

164 (see m/z 150) C9HgOS, CgHgN; 07, CgHsCIN,, C7H 604, CgH4N4O7,
CsHgBrO, CsHg058;, C7Cly, CBrCIF,

165 (see m/z 137, 151) CgH7N5O

166 (see m/z 138, 152) Cj3H g, CgHgOy4, CgHgO38, CgHgS7, CgHgN4 O3,
CgHgNy4S, C3HgN2Og, C5CIFs, C3FgO

167 (see m/z 139, 153) C7H;3Ns, C7HsNO4. C7H5NS,

168 (see m/z 140, 154) C13H13, CoH1gN70. CaHgQy, CgHgO1S, CgHgSa,
CgH4N704, CgHF 5, C3Hsl, CoHCL3F,, C1ySi

169 | (seem/z 141, 155) CgHgCINO, C7H7NO,S

170 (see m/z 142, 156) CgHgNO3. CgH|S2, C3HgS4, CaClaFy, CoFgS

171 (seem/z 143, 157) C7HoNO;S, CgHgN3 03, CsH,CINSS

172 (see m/z 144, 158) CaHgF, CgHgCla, CgHgClO,, C7HgO3S, CgHgN20,S,
CgHsBrO, CgH40g, CH2Brs

(see m/z 145, 159) CgH4CINOS, CsHgCIN3

173 (see m/z 146, 160) CH 08, C1gHgO3, C1oHe0S. CoHgN20;, CgHyBrF,
174 CsFg

175 {see m/z 147, 161) CgH5N305, CsHoN3S, C7HCINO,

1.

Compositions are listed by m/z value, ranked in decreasing order of Occurrence probability
for compounds in the Registry of Mass Spectral Data (Stenhagen et al. 1974). Only the
more probable combinations of the elements H, C, N, O, F, Si, P, S, Cl, Br and I are
included. Note that these are odd-electron ion compositions; many common even-electron
fragment ions have compositions differing by + 1 hydrogen atom, and can therefore be found
+]1 mass unit from those listed. The above table can also be used to suggest possible
elemental compositions of fragment ions

For masses above 150 the only compositions included are those for which a corresponding
composition differing by a CHz less unit.
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Units and Measurements

5.1 Fundamental Physical Constants
5.2 Units

5.3 Prefixes

5.4 Conversion Factors

5.1 Fundamental Physical Constants
Table 5.1. Physical Constants
Symbol Name Value Units
amu Atomic Mass Unit 1.6605655 x10°4 g
No Avogadro's Number 6.022045 x1023 units/mole
K Boltzman's Constant 1.380663 x1016 | erg/°K
e Electron Charge 1.6021892 x10°19 coulomb
m, Electron Rest Mass 9.109534 x1028 | g
5.485803 x10* amu
eV Electron Volt 1.60 x10717 | joule
F Faraday's Constant 9.648456 x10% coulombs/equiv
2.8925342 x10 cal/volt
R Gas Constant 82056  x1072 latm/°K-mole
83144 joules/°K-mole
83144  x107 erg/°K-mole
1.9872 cal/°K-mole
my Neutron Rest Mass 16749543 x1024 | g
1.0086650 amu
h Planck's Constant 6.626176 x1027 | erg/sec
my Proton Rest Mass 1.6726485 x1024 g
1.0072674 amu
R* Rydberg Constant 1.0973718 x10° cm
c Speed of Light (in vacuum) 2.9979246 x100 cm/sec
atm Standard Pressure 101.3 kPa
760 mmHg
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5.2 Units
5.2.1 Base SI Units
Table 5.2. Base SI Units
Symbol Physical Quantity Name of Base Unit
m Length Meter
kg Mass Kilogram
s Time Second
A Electric Current Ampere
K Thermodynamic Temperature Kelvin
mol Amount of Substance Mole
cd Luminous Intensity Candela
5.2.2 Derived SI Units
Table 5.3. Common Derived SI Units
Symbol Physical Quantity Name of Unit Definition of Unit
A length Angstrom 10" 1%m
m length Micron 106m
dyn force Dyne 105N
bar pressure Bar 105N - m2
erg energy Erg 1073
Table 5.4. Derived S1 Units with Special Names
Symbol Physical Quantity Name of Unit Definition of Unit
Hz frequency Hertz I/s
] energy Joule N-m
N force Newton kg - m/s?
W power Watt Is
Pa pressure Pascal. N/m?
C electric charge Coulomb As
v difference Volt W/A
Ohm electrical resistance Ohm V/A
523 Non SI Units
Table 5.5. Non SI Units
Symbol Physical Quantity Name of Unit Definition of Unit
in length inch 254-10%m
b mass pound 0.45359237 kg
kef force kilogram-force 9.80665 N
atm pressure atmosphere 101.325 N - m2
torr pressure torr (101.325/760)N - m™2
BTU energy British Thermal Unit 1055.056 1
kW energy kilowatt-hour 36x106]
calp energy thermochemical caloric | 4.184 J
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Table 5.5. (Continued)
eV energy electron Volt 1.60219- 107193
amu mass atomic mass unit 1.6605655 - 10727 kg
D clectric dipole moment | Debye 3.3356-1030A -m-s
F charge per molecule Faraday 9.648456 - 104 C mol"!
53 Prefixes
5.3.1 SI Prefixes
Table 5.6. SI Prefixes
Factor Prefix Symbol
104> penta P
1012 tera T
109 giga G
106 mega M
103 kilo k
102 hecto h
10! deka da
10~} deci d
10°2 centr ¢
10-3 milli m
106 micro T
10-9 nano n
10-12 pico p
10-13 femto f

5.3.2

Greek Prefixes

Table 5.7. Greek Prefixes

Value Prefix

mono

tetra

penta
hexa
hepta
octa
ennca
deca

E\DQO‘-JO\LA-I‘-“-!...IM-—-
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54

54.1

5.4.2

543

1 cu.
1 cu.
1 cu.

5.44

1 fluid ounce =

sq.
sq.
sq.
sq.

Conversion Factors

Linear Conversion

inch = 2.5400 centimeters
foot = 0.3048 meter
yard = 0.9144 meter
mile = 1.6093 kilometers

Area Conversion

inch = 6.4516 sq. centimeters
foot = 0.0929 sq. meter
yard = 0.8361 sq. meter
mile = 2.59 sq kilometers

Cubic Conversion

inch = 16.3872 cu. centimeters
foot = 28.3 17 cu. centimeters
yard = 0.7645 cu. meter

Capacity Conversion

29.5730 milliliters

1 liquid pint = 0.4732 liter
1 liquid quart = 0.9463 liter
1 gallon = 3.7853 liters

1 dry quart =

5.4.5

1.1012 liters

Weight Conversion

1 ounce = 28.350 grams
1 pound = 0.4536 kilograms

—_— = =

sq.
sq.

—_— - = e

—_

sq.

sq.

Chapter 5

centimeter = 0.3937 inch
meter = 3.281 feet

meter = 1.0936 yards
kilometer = 0.62137 miles

centimeter = 0.155 sq. inch
meter = 10.764 sq. feet
meter = 1.196 sq. yards

kilometers = 0.3861 sq. mile
. centimeter = 0.0610 cu. inch
. decimeter = 0.0353 cu. foot

. meter = 1.3079 cu. yards

milliliter = 0.0338 fluid ounce
liter = 2.1134 fluid pints

liter = 1.0567 liquid quarts
liter = 0.2642 gallon

liter = 0.908 1 dry quart

gram = 0.0353 ounce
kilogram = 2.2046 pounds

5.4.6 Temperature Conversion
Temperature To Convert to
given in 9@ K OF
oC °C °C +273.15 1.8°C + 32
K K-273.15 K 1.8K -459.4
OF 0.556°F-17.8 0.556 OF + 2553 oF
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Mathematical Concepts
6.1 Algebraic Formulas

6.2 Plane Figure Formulas
6.3 Solid Figure Formulas

6.1 Algebraic Formulas
6.1.1 Laws of Exponents

x™ - x"=x"+"

(e e

(iy)" = X"y

x V=9
6.1.2 Laws of Logarithms

log (A‘B)=log A +log B

log Ab=blog A

6.1.3 Quadratic Equation

n m-n

xR =%

(eyyn = xmym

x’ =

x'm

1

=1/x"

log 4 =log A -log B

log%_=

logA _ 1
b —glogA

ax2+bx +¢c=0 (Where a#0 and a, b, and ¢ are real numbers)
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If the roots of ax2 + bx + ¢ = 0 are represented by r; and T2, then:

_~b+Vb2—4ac ~b - Vb® - 4ac

l. l'] = 3nd r2=
2a 2a

2.ry+rp=-b/a

3.nrp=cla

4. x2-(r+r)x+rrn=0
Using the discriminant to determine the nature of the roots of
ax?+bx+c=0:

5. Ifb2 - 4ac is zero or positive, the roots are real.

6. Ifb? - 4ac is negative, the roots are imaginary.

7. Ifb? - 4ac is zero, the roots are equal.

8. Ifb? - 4ac is not zero, the roots are unequal.

9. Ifb2 - 4ac is a perfect square, the roots are rational numbers.

10. Ifb? - 4ac iis positive and not a perfect square, the roots are irrational
numbers.

6.14 Graphs (a,b,c,m, and r are real numbers)

1. The slope of a line that passes through two points Py(x;,y;) and
Py(x2,y2), x1 # x2:

yE—yl=ﬂ h
X2 - X1  Ax

m = slope of PP, =

2. Equation of a straight line: y = mx + b
where m = slope of the line and b =y
intercept.

3. Equation of a parabola: y = ax* + bx + ; X
corx=ay?+by=c,a®0. 0 Xt x2

4. Equation of a circle: (x-h)? + (y-k)? =
r2 where the center is (h,k) and the radius is r, r >0.

5. Equation of a circle: x2 + y2 = r2 where the center is at the origin and
the radius is r, r > 0.
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6. Equation of an ellipse: ax? + by? = ¢ where the center is at the origin; a,
b, and ¢ are positive; ¢ # 0.

7. Equation of a hyperbola: ax? - by2 = ¢, ay? - bx2 = ¢ where the center is
at the origin; a and b are positive. Also xy =k, k is a constant.

8. At the turning point of the parabola y = ax? + bx + ¢,x = - bl2a

9. The graph of the parabola y = ax? + bx + ¢ opens upward and has a
minimum turning point when a is positive, a > 0.

10. The graph of the parabola y = ax? + bx + ¢ opens downward and has a
maximum turning point when a is negative, a < 0.

6.2 Plane Figure Formulas

6.2.1 Rectangle

Area A =ab

b Perimeter P =2 (a + b)

Diagonal d = Va’ + b’

If a="b then it is a square

6.2.2 Parallelogram

- Area A = ah, = bhy, = ab sin 6

[ b Perimeter P = 2 (a +b)
' ha Diagonal:
dl =va? +b2 —2abcos 8

d2 L'Jaz +b? +2ab cosd



176 Chapter 6

6.2.3 Trapezoid

<> Area A = 13%
o R |
: Perimeter P=a+b+c+d
b
Diagonal = d, = ,/ab + 2.=bd"
adi_ 2
d2=1!3b+ a_lbjc

T e - —¢) (s-—
Height=h= %5 Js(s—a+b)(s—c)(s—d)

wheres=%(a-b+c+d)

6.2.4 Equilateral Triangle

a = all sides equal

AreaA=az—"§ =0.433 a2

A
)

Perimeter P=3 a

§-4

h=" a=0866a

6.2.5 Circle

Area of circle A =7 12 =3.14159 2

2
= =0. 9
. n 4 =0.785394d
y Area of sector AsBOA = —"%%%2—
B

d=2r 0 Areaofscg:ncntAsBlA=i"3%%9—i%“—Q

Circumference =2 nr=6.28318 1
=nd=3.141594d

Length of chord AIB =2 r sin g Length of arc AsB = zlis%?
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6.2.6 Ellipse

AreaA=mab=23.14159ab

2 2
P Circumference ~ 2 7 §_42-L

6.2.7 Parabola
C Area ABCA =2/3ab

Length of arc ABC = b {% (1 +16 (a/b)?)” +

B b L m[4n+Q+ 16 @R
8(%)

A

6.3 Solid Figure Formulas

6.3.1 Parallelpiped

Surface area A =2 (ab + bc + ca)
c Volume V = abc

: o
gt Diagonal d = Va? + b* + ¢

In the case ofa cube, a=b = ¢ then;

Surface = 6 a?
Volume V = a}

Diagonal d = aV3
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6.3.2 Right Cylinder

Surface area of convex surface A,=2nth
=6.283rh
Total surface area A=2 ntr (r + h)

Volume V=nr1rh

6.3.3 Right Cone
Surface area of convex surface Ac=T7rl
(1= slant height = ¥r* - h?)

L Total surface area A=7r(r+1)

Volume V=1/3nr*h

- 634  Sphere

' Surface area A =4 7t r2= 1 d2

Volume V=43 =1/6 n d3
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Acid anhydrides, 100
preparation, 100

reactions, 101
Acid chlorides, 98
preparation, 98
reactions, 99
Acid dissociation constant, 32
Acids, 24
Arrhenius, 24
Bronsted-Lowery, 25

Lewis acid, 25
Activated complex, 38
Activation energy, 38
Alcohols, 81

preparation, 81

reactions, 83
Aldehydes, 92

preparation, 92

reactions, 93 - 94
Algebraic formulas, 173
Alicyclic compounds, 104

preparation, 104

reactions, 104
Alkali metals, 42
Alkaline earth metals, 43
Alkanes, 62

preparation, 62

reactions, 62
Alkenes, 63

preparation, 63

reactions, 64
Alkenylbenzenes, 74

preparation, 74

reactions, 74
Alkyl halides, 75

preparation, 75

reactions, 76
Alkylbenzenes, 71

preparation, 71
reactions, 72

Alkynes, 68
preparation, 68
reactions, 68

Amides, 104
preparation, 104
reactions, 106
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Amines, 107
preparation, 107
reactions, 108

Angular momentum quantum number, 3

Anti-Markovnikov addition, 65
Arrhenius acid, 24
Aryl halides, 79
preparation, 79
reactions, 80
Atomic mass unit, 2
Atomic number, 2
Atomic orbitals, 4
Atomic radius, 15
Atomic weights, 17
Avogadro’s law, 22
Avogadro’s number, 3

—B—

Base dissociation constant, 33
Base SI units, 170
Bases, 24
Benzene, 69
preparaton, 69
reactions, 70
Bidentate ligands, 56
Born exponent, 55
Born-Haber cycle, 54
Boron group, 44

Boyles law, 21
Bronsted-Lowery acid, 25

—C—

Carbon group, 45

Carboxylic acids, 96
preparation, 96
reactions, 97

Catalysis, 39

Charles law, 21

Chelation, 56

Chirality, 117

Chromophoric groups, 137

Circle, 176

Classification of organic compounds, 60

Collision theory, 37

Common ion effect, 36

Common molecular ions table, 163
Common nmr solvents, 151
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Configurational isomers, 122
Conformational isomers, 119

Conjugate acid-base pairs, 25
Conjugated chromophoric groups. 137
Conversion factors, 172
Coordinate covalent bond, 18
Coordination complexes, 56
Coordination number, 49
Covalent bond, 18

Covalent bonding, 18
Crystal lattice, 49

Crystal lattice energy. 53
Crystal lattice packing, 51
Crystal lattice types, 52
Cubic close-packed, 51

—D—

Dalton's law of partial pressures, 22
Derived SI units, 170
Diastereomers, 117

Dienes, 66

preparation, 67
reactions, 67

Dipole-dipole bond, 19

—FE—

Electron, 2
Electron spin quantum number. 3

Electronegativity. 13
Electronic configuration of elements. 8

Ellipse, 177
Enantiomers. 116

Enthalpy, 26
Entropy, 26
Epoxides. 9 1
preparation. 91
reactions. 91
Equation of state, 22
Equilateral triangle. 176
Equilibrium. 28
Equilibrium constant, 29
Esters, 102

preparation, 102
reactions, 103
Ethers, 89

preparation, 89
reactions,

Index

—F—

First law of thermodynamics, 25
First-order reactions, 36

Functional group, 60

Fundamental physical constants. 169

—G—

Gases. 21
Gay-Lussac’s law. 22
Geometric isomers, 119
Gibbs free energy. 27
Graphs. 174

Greek prefixes, 171
Group IA, 42

Group IIA, 43

Group 1IIA, 44
Group IVA, 45
Group VA, 45

Group VIA, 46
Group VIIA, 46
Group VIIIA, 47

Halogens, 46
Hess’ law, 27
Heterocyclic compounds. 111
preparation of pyridine. quinoline. and
isoquinoline, 113
preparation of pyrrole, furan, and
thiophene, 111
reactions of pyridine, quinoline. and
isoquinoline. 114
reactions of pyrrole, furan. and
thiophene. 112
Heterogeneous catalysis, 39
Heterogeneous equilibrium. 30
Hexadentate ligands. 57
Hexagonal close-packed. 51
Homogeneous catalysis, 39
Homogeneous equilibrium. 29
Hund’s rule, 4
Hybrid orbital, 6
Hybridization. 6
Hydration, 19
Hydrogen bond, 20
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Hydrolysis, 33
Hydronium ions. 24
Hydroxide ion. 24

S

Ideal gas. 21

Infrared absorption frequencies, 139

Infrared media. 138

Infrared spectroscopy. 138

Ion-&pole bond. 19

Ionic bonding, 19

ITonic character. 19

Ionic crystal systems. 50

Ionic equilibrium. 32

Tonic solids, 49

Ionization energy. 11

Isomers. 115
configurational isomers, 122
conformational isomers, 119
geometric isomers, 119
positional isomers. 118

—K—
Ketones. 92
preparation. 92
reactions. 94
Kinetics, 36
N

Laws of exponents. 173
Laws of logarithms. 173
Le Chatelier’s principle. 30
Lewis acid. 25

Ligand, 56

— M—

Madelung constant, 55
Magnetic quantum number. 3
Markovnikov addition, 65
Mass number. 2

Mass percent. 23

Mass spectroscopy. 163
Meso compounds. 117
Molarity, 24
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Molarity. 24
Mole, 2

Mole fraction. 23
Molecular mass, 2

— N—

Neutron, 2

Nitrogen group, 45

NMR chemical shift chart, 153
NMR chemical shift tables, 155
NMR spectroscopy, 151

NMR reference standards. 152
Noble (inert) gases, 47

Non SI units. 170

— 00—

Optically active compounds, 115
Oxygen group, 46

—P—

Parabola, 177
Parallelogram, 175
Parallelpiped, 177
Partial pressures. 22
Pauli exclusion principle. 3
Pentadentate ligands, 57
Periodic table, 10
Phenols. 84
preparation. 84
reactions, 85
Plane figure formulas, 175
Plane-polarized light, 116
Polar covalent bond, 18
Polymer structures: 123
Positional isomers, 118
Principal quantum number. 3
Proton, 1

7Q7

Quadratic equation. 174
Quadridentate ligands, 57
Quantum numbers, 3
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—R—

Racemic mixture, 117
Rectangle, 175

Right cone, 178
Right cylinder, 178

S

Second-order reactions, 36
SI prefixes, 171

Solid figure formulas, 177
Solubility product, 34
Solutions, 23

Solvation, 19

Sphere, 178

Standard state, 27
Stereoisomers, 115

.,

Thermodynamics, 25
Transition metal, 48
Transition state, 38
Transition state theory, 38
Trapezoid, 176

Tridentate ligands, 57

—U—

Uv  spectroscopy, 135
Unidentate ligands, 56
Unit cells, 50
cubic, 50
hexagonal, 50
monoclinic, 50
orthorhombic, 50
rhombohedral, 51
tetragonal, 50
triclinic, 51
Uv-vis solvents, 135

—V—

van der Waals, 20

Index
—W—
Woodward’s rules, 136
7

Zero-order reactions, 36



	5Units and Measurements
	6Mathematical Concepts
	back-matter

