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4.4 Nuclear Magnetic Resonance Spectroscopy 

4.4.1 Common NMR Solvents
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1. Melting and boiling points (in ºC) are those of the corresponding light compounds. (except 

2. Chemicals shifts in ppm relative to TMS. 
3. The multiplicity br indicates a broad peak without resolvable tine structure, while m

4. Note that chemical shifts can be dependent on solute, concentration and temperature. 

4.4.2

for and are intended only to indicate the useful liquid range of the materials. 

indicates one with fine structure. 

Reference Standards for Proton NMR

1. The functional group which produces the observed band. The multiplicity of the band is 
indicated in parenthesis; s = singlet; m = complex multiplet. 

2. Primary reference standard for room temperature and below. 
3. Can be used as reference up to 180º C. 
4. Reference for water solutions. The 
5. Reference for water solutions. 

bands can interfere with weak sample bands. 
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4.4.3 NMR Proton Chemical Shift Chart
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4.4.4 NMR Chemical Shift Tables 

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 

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

2. For masses above 150 the only compositions included are those for which a corresponding 
composition differing by a 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 

169
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5.2 Units

5.2.1 Base SI Units

5.2.2 Derived SI Units

5.2.3 Non SI Units
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5.3 Prefixes

5.3.1 SI Prefixes 

5.3.2 Greek Prefixes
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5.4 Conversion Factors 

5.4.1 Linear Conversion 

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

1 centimeter = 0.3937 inch 
1 meter = 3.281 feet 
1 meter = 1.0936 yards 
1 kilometer = 0.62137 miles 

5.4.2 Area Conversion 

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

1 sq. centimeter = 0.155 sq. inch 
1 sq. meter = 10.764 sq. feet
1 sq. meter = 1.196 sq. yards 
1 sq. kilometers = 0.3861 sq. mile

5.4.3 Cubic Conversion

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

1 cu. centimeter = 0.0610 cu. inch 
1 cu. decimeter = 0.0353 cu. foot 
1 cu. meter = 1.3079 cu. yards 

5.4.4 Capacity Conversion 

1 fluid ounce = 29.5730 milliliters 
1 liquid pint = 0.4732 liter 
1 liquid quart = 0.9463 liter 
1 gallon = 3.7853 liters 
1 dry quart = 1.1012 liters 

1 milliliter = 0.0338 fluid ounce 
1 liter = 2.1134 fluid pints 
1 liter = 1.0567 liquid quarts 
1 liter = 0.2642 gallon 
1 liter = 0.908 1 dry quart

5.4.5 Weight Conversion 

1 ounce = 28.350 grams 
1 pound = 0.4536 kilograms 

1 gram = 0.0353 ounce 
1 kilogram = 2.2046 pounds 

5.4.6 Temperature Conversion 
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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

6.1.2 Laws of Logarithms

6.1.3 Quadratic Equation

(Where and a, b, and c are real numbers)

173
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If the roots of are represented by then: 

5. If is zero or positive, the roots are real. 
6. If is negative, the roots are imaginary. 
7. If is zero, the roots are equal. 
8. If is not zero, the roots are unequal. 
9. If is a perfect square, the roots are rational numbers. 

10. If is positive and not a perfect square, the roots are irrational 
numbers.

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

1. The slope of a line that passes through two points and 

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

3. Equation of a parabola: 
c or 

4. Equation of a circle: =
where the center is (h, k) and the radius is r, r >0.

5. Equation of a circle: where the center is at the origin and 
the radius is r, r > 0.
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6. Equation of an ellipse: where the center is at the origin; a,
b, and c are positive; 

7. Equation of a hyperbola: 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 x = - b/2a

9. The graph of the parabola opens upward and has a 
minimum turning point when a is positive, a > 0.

10. The graph of the parabola 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

Perimeter P = 2 (a + b)

If a = b then it is a square 

6.2.2 Parallelogram

Perimeter P = 2 (a + b)
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6.2.3 Trapezoid 

6.2.4 Equilateral Triangle 

a = all sides equal

6.2.5 Circle 
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6.2.6 Ellipse

6.2.7 Parabola

Area ABCA =2/3 a b 

6.3 Solid Figure Formulas 

6.3.1 Parallelpiped

Surface area A = 2 (ab + bc + ca)

Volume V = abc

In the case of a cube, a = b = c then;

Surface

Volume

Diagonal
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6.3.2 Right Cylinder

6.3.3 Right Cone

6.3.4 Sphere
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Amines, 107 
—A— preparation, 107 

reactions, 108 

Acid anhydrides, 100 Angular momentum quantum number, 3 
preparation, 100 Anti-Markovnikov addition, 65 
reactions, 101 Arrhenius acid, 24 

Aryl halides, 79 
preparation, 98 preparation, 79 
reactions, 99 reactions, 80 

Acid dissociation constant, 32 
Acids, 24 Atomic number, 2 

Arrhenius, 24 Atomic orbitals, 4 
Bronsted-Lowery, 25 Atomic radius, 15 

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

Alcohols, 81 

Acid chlorides, 98 

Atomic mass unit, 2 

Atomic weights, 17 
Avogadro’s law, 22 

Avogadro’s number, 3 

preparation, 81 —B—
reactions, 83 

preparation, 92 
reactions, 93 - 94

Aldehydes, 92 Base dissociation constant, 33 
Base SI units, 170 
Bases, 24 

Algebraic formulas, 173 Benzene, 69 
Alicyclic compounds, 104 preparaton, 69 

preparation, 104 reactions, 70 
reactions, 104 Bidentate ligands, 56 

Alkali metals, 42 Born exponent, 55 
Alkaline earth metals, 43 Born-Haber cycle, 54 
Alkanes, 62 Boron group, 44 

Boyles law, 21 preparation, 62 
reactions, 62 Bronsted-Lowery acid, 25 

Alkenes, 63 

preparation, 63 —C—
reactions, 64 

Carbon group, 45 
Alkenylbenzenes, 74 

Carboxylic acids, 96 preparation, 74 

preparation, 96 
reactions, 74 

reactions, 97 
Alkyl halides, 75 

preparation, 75 Catalysis, 39 

Charles law, 21 reactions, 76 

Chelation, 56 
Alkylbenzenes, 71 

preparation, 71 Chirality, 117 

Chromophoric groups, 137 
reactions, 72 

Classification of organic compounds, 60 
preparation, 68 

Collision theory, 37 reactions, 68 

Common ion effect, 36 
Common molecular ions table, 163 preparation, 104 

Common nmr solvents, 151 reactions, 106 

Alkynes, 68 Circle, 176 

Amides, 104 
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Configurational isomers, 122 —F—
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 

First law of thermodynamics, 25 
First-order reactions, 36 
Functional group, 60 
Fundamental physical constants. 169 

—G—

Gases. 2 1 
Gay-Lussac’s law. 22 
Geometric isomers, 119 
Gibbs free energy. 27 
Graphs. 174 
Greek prefixes, 171 
Group IA, 42 
Group IIA, 43 
Group IIIA, 44 
Group IVA, 45 Dalton's law of partial pressures, 22 

Derived SI units, 170 Group VA, 45 
Diastereomers, 117 Group VIA, 46 
Dienes, 66 Group VIIA, 46 

preparation, 67 Group VIIIA, 47 
reactions, 67 

—D—

—H—Dipole-dipole bond, 19 

Halogens, 46 
Hess’ law, 27 
Heterocyclic compounds. 111 

—E—

Electron, 2 
Electron spin quantum number. 3 

Electronegativity. 13 isoquinoline, 113 
Electronic configuration of elements. 8 

Ellipse, 177 thiophene, 111
Enantiomers. 116 

Enthalpy, 26 isoquinoline. 114
Entropy, 26 
Epoxides. 9 1 

preparation of pyridine. quinoline. and 

preparation of pyrrole, furan, and 

reactions of pyridine, quinoline. and

reactions of pyrrole, furan. and 
thiophene. 1I2 

preparation. 91 Heterogeneous catalysis, 39 
reactions. 91 Heterogeneous equilibrium. 30 

Hexadentate ligands. 57 Equation of state, 22 
Equilateral triangle. 176 Hexagonal close-packed. 51 
Equilibrium. 28 Homogeneous catalysis, 39 

Homogeneous equilibrium. 29 Equilibrium constant, 29 

Hund’s rule, 4 Esters, 102 

preparation, 102 Hybrid orbital, 6 
reactions, 103 Hybridization. 6 

preparation, 89 Hydrogen bond, 20 
reactions, 90 

Ethers, 89 Hydration, 19 
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Hydrolysis, 33 Molarity. 24 
Hydronium ions. 24 Mole, 2 
Hydroxide ion. 24 Mole fraction. 23 

Molecular mass, 2 

—I—
—N—

ldeal gas. 21 
Infrared absorption frequencies, 139 
Infrared media. 138 
Infrared spectroscopy. 138 
Ion-&pole bond. 19 
Ionic bonding, 19 NMR spectroscopy, 151
Ionic character. 19 
Ionic crystal systems. 50 
Ionic equilibrium. 32 
Ionic solids, 49 

Isomers. 115 

Neutron, 2 
Nitrogen group, 45 
NMR chemical shift chart, 153 
NMR chemical shift tables, 155 

NMR reference standards. 152 
Noble (inert) gases, 47 
Non SI units. 170 

Ionization energy. 11 —O—

Optically active compounds, 115 
Oxygen group, 46 

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

—P—

—K—
Parabola, 177 
Parallelogram, 175 
Parallelpiped, 177 
Partial pressures. 22 
Pauli exclusion principle. 3 
Pentadentate ligands, 57 
Periodic table, 10 

Ketones. 92 
preparation. 92 
reactions. 94 

Kinetics, 36 

—L— Phenols. 84 
preparation. 84 
reactions, 85 Laws of exponents. 173 

Laws of logarithms. 173 Plane figure formulas, 175 
Le Chatelier’s principle. 30 Plane-polarized light, 116 
Lewis acid. 25 Polar covalent bond, 18 
Ligand, 56 Polymer structures: 123

Positional isomers, 118

Proton, 1 
—M— Principal quantum number. 3 

Madelung constant, 55 

Markovnikov addition, 65 
Mass number. 2 
Mass percent. 23 
Mass spectroscopy. 163 
Meso compounds. 117 
Molarity, 24 

Magnetic quantum number. 3 —Q—

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

Racemic mixture, 117
Rectangle, 175
Right cone, 178
Right cylinder, 178

Woodward’s rules, 136

—Z—

Zero-order reactions, 36
—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

—T—

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
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