PERIODIC TABLE OF THE ELEMENTS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 2
H He
1.008 4.002
3 4 5 6 7 8 9 10
Li | Be BIC|N|O|F/|Ne
6.941 9.012 10.81 12.01 14.01 16.00 19.00 | 20.18
1 12 13 14 15 18 17 18
Na | Mg Al | Si| P | S|Cl|Ar
2293 | 2430 2698 | 28.09 | 30.97 32.06 35.45 39.95 |
19 20 21 22 23 24 25 26 27 28 29 30 31 32 a3 34 35 36
K|Ca|[Sc|Ti|V|Cr| Mn|Fe|Co|Ni|Cu|Zn|{Ga|Ge|As|Se| Br|Kr
39.10 | 40.08 4496 | 4790 | 50.94 52.00 | 54.38 55.85 58.93 | 68.70 | €3.55 }| £5.39 | 69.72 7259 | 74.52 78.96 79.90 B3.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr|Y | Zr{Nb|Mo | Tc|Ru|Rh|Pd|Ag|Cd| In |[Sn|Sb|Te| I |Xe
8547 87.62 88.91 91.22 92.91 95.94 98 101.1 102.9 106.4 107.9 1124 114.8 118.7 121.8 127.6 127.9 131.3
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|BaflLa|Hf|Ta|W | |Re|Os!| Ir | Pt [Au|Hg| Ti |Pb| Bi [Po! At | Rn
1329 137.3 138.9 1785 181.0 183.8 186.2 180.2 1922 ) 1951 197.0 { 2006 | 2044 207.2 209.0 209 210 222
87 88 89 104 105 | 106 | 107 { 108 | 109 | 110
Fr|Ra|Ac| Rf |Db|Sg|Bh|Hs| Mt|Uun
223 2260 227.0
58 59 60 61 62 63 64 65 66 67 68 89 70 71
Ce|Pr|{Nd{Pm|Sm|Eu|{Gd|Tb|Dy|Ho| Er|Tm|Yb]|Lu
140.1 140.9 144.2 145 150.4 152.0 157.3 158.9 162.5 1849 167.3 168.9 173.0 175.0
90 H 92 ] 94 95 96 97 98 99 100 | 101 102 | 103
Th|Pal U |Np|PufAm{Cm |Bk| Cf|Es|{Fm|Md|No| Lr
2320 231.0 238.0 237.0 244 243 247 247 251 2&[ 257 258 259 260
Representative proton nmr chemical shifts
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13C NMR Approximate Chemical Shift Ranges
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IR CORRELATION CHART

Frequency
Group Range (cm™") Intensity?

. Alkyl
C—H (stretching) 2853-2962 (m-s)
Isopropyl, —CH(CHy3), 1380-1385 (s)
1365-1370
tert-Butyl, —C(CHj3)3 1385-1395
~ 1365

. Alkenyl
C—H (stretching) 3010-3095
C==2C (stretching) 1620-1680
R—CH=CH, 985-1000
(Out-of—plane 905-920
R,C=CH, C—H bendings) 880-900

H,SO,
H,O*
H,PO,
CH,CO,H
H,CO,

cis-RCH=CHR 675-730
trans-RCH=CHR 960-975
. Alkynyl
=C—H (stretching) ~ 3300
C=C (stretching) 2100-2260
. Aromatic
Ar—H (stretching) ~ 3030
Aromatic substitution type
(C—H out-of-plane bendings)
Monosubstituted 690-710 (very s)
o-Disubstituted 730-770 (very s)
m-Disubstituted 735-770 (s)
680-725 (s)
750-810 (very s)
p-Disubstituted 800-860 (very s)
. Alcohols, Phenols, and Carboxylic Acids
O—H (stretching)
Alcohols, phenols (dilute solutions) 3590-3650 (sharp, v)
Alcohols, phenols (hydrogen bonded) 3200-3550 (broad, s)
Carboxylic acids (hydrogen bonded) 2500-3000 (broad, v)
. Aldehydes, Ketones, Esters, and Carboxylic Acids
C==0 (stretching) 1630-1780
Aldehydes 1690-1740
Ketones 1680-1750
Esters 1735-1750
Carboxylic acids 1710-1780
Amides 1630-1690

. Amines

N—H 3300-3500
. Nitriles

C=N 2220-2260

NH,*
HCO,
H,0
CH,CH,OH
CH,C=OMe
HC=CH

H,

NH,
CH,=CH,
CH,CH,

AAbbreviations: s = strong, m = medium, w = weak, v = variable, ~ = approximately.
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