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PREFACE TO
FIFTEENTH EDITION

This new edition, the fifth under the aegis of the present editor, remains the one-volume
source of factual information for chemists, both professionals and students —the first place
in which to “look it up” on the spot. The aim is to provide sufficient data to satisfy all
one’s general needs without recourse to other reference sources. A user will find this
volume of value as a time-saver because of the many tables of numerical data which have
been especially compiled.

Descriptive properties for a basic group of approximately 4300 organic compounds are
compiled in Section 1, an increase of 300 entries. All entries are listed alphabetically
according to the senior prefix of the name. The data for each organic compound include
(where available) name, structural formula, formula weight, Beilstein reference (or if un-
available, the entry to the Merck Index, 12th ed.), density, refractive index, melting point,
boiling point, flash point, and solubility (citing numerical values if known) in water and
various common organic solvents. Structural formulas either too complex or too ambig-
uous to be rendered as line formulas are grouped at the bottom of each facing double page
on which the entries appear. Alternative names, as well as trivial names of long-standing
usage, are listed in their respective alphabetical order at the bottom of each double page
in the regular alphabetical sequence. Another feature that assists the user in locating a
desired entry is the empirical formula index.

Section 2 on General Information, Conversion Tables, and Mathematics has had the
table on general conversion factors thoroughly reworked. Similarly the material on Statis-
tics in Chemical Analysis has had its contents more than doubled.

Descriptive properties for a basic group of inorganic compounds are compiled in Section
3, which has undergone a small increase in the number of entries. Many entries under the
column “Solubility” supply the reader with precise quantities dissolved in a stated solvent
and at a given temperature.

Several portions of Section 4, Properties of Atoms, Radicals, and Bonds, have been
significantly enlarged. For example, the entries under “Ionization Energy of Molecular
and Radical Species” now number 740 and have an additional column with the enthalpy
of formation of the ions. Likewise, the table on “Electron Affinities of the Elements,
Molecules, and Radicals” now contains about 225 entries. The Table of Nuclides has
material on additional radionuclides, their radiations, and the neutron capture cross sec-
tions.

Revised material for Section 5 includes the material on surface tension, viscosity, di-
electric constant, and dipole moment for organic compounds. In order to include more
data at several temperatures, the material has been divided into two separate tables. Ma-
terial on surface tension and viscosity constitute the first table with 715 entries; included
is the temperature range of the liquid phase. Material on dielectric constant and dipole
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viii PREFACE TO FIFTEENTH EDITION

moment constitute another table of 1220 entries. The additional data at two or more tem-
peratures permit interpolation for intermediate temperatures and also permit limited ex-
trapolation of the data. The Properties of Combustible Mixtures in Air has been revised
and expanded to include over 450 compounds. Flash points are to be found in Section 1.
Completely revised are the tables on Thermal Conductivity for gases, liquids, and solids.
Van der Waals’ constants for gases has been brought up to date and expanded to over 500
substances.

Section 6, which includes Enthalpies and Gibbs Energies of Formation, Entropies, and
Heat Capacities of Organic and Inorganic Compounds, and Heats of Melting, Vaporization,
and Sublimation and Specific Heat at Various Temperatures for organic and inorganic
compounds, has expanded by 11 pages, but the major additions have involved data in
columns where it previously was absent. More material has also been included for critical
temperature, critical pressure, and critical volume.

The section on Spectroscopy has been retained but with some revisions and expansion.
The section includes ultraviolet-visible spectroscopy, fluorescence, infrared and Raman
spectroscopy, and X-ray spectrometry. Detection limits are listed for the elements when
using flame emission, flame atomic absorption, electrothermal atomic absorption, argon
induction coupled plasma, and flame atomic fluorescence. Nuclear magnetic resonance
embraces tables for the nuclear properties of the elements, proton chemical shifts and
coupling constants, and similar material for carbon-13, boron-11, nitrogen-15, fluorine-
19, silicon-19, and phosphorus-31.

In Section 8, the material on solubility constants has been doubled to 550 entries.
Sections on proton transfer reactions, including some at various temperatures, formation
constants of metal complexes with organic and inorganic ligands, buffer solutions of all
types, reference electrodes, indicators, and electrode potentials are retained with some
revisions. The material on conductances has been revised and expanded, particularly in
the table on limiting equivalent ionic conductances.

Everything in Sections 9 and 10 on physiochemical relationships, and on polymers,
rubbers, fats, oils, and waxes, respectively, has been retained.

Section 11, Practical Laboratory Information, has undergone significant changes and
expansion. Entries in the table on “Molecular Elevation of the Boiling Point” have been
increased. McReynolds’ constants for stationary phases in gas chromatography have been
reorganized and expanded. The guide to ion-exchange resins and discussion is new and
embraces all types of column packings and membrane materials. Gravimetric factors have
been altered to reflect the changes in atomic weights for several elements. Newly added
are tables listing elements precipitated by general analytical reagents, and giving equations
for the redox determination of the elements with their equivalent weights. Discussion on
the topics of precipitation and complexometric titrations include primary standards and
indicators for each analytical technique. A new topic of masking and demasking agents
includes discussion and tables of masking agents for various elements, for anions and
neutral molecules, and common demasking agents. A table has been added listing the
common amino acids with their pI and pK, values and their 3-letter and 1-letter abbrevi-
ations. Lastly a 9-page table lists the threshold limit value (TLV) for gases and vapors.

As stated in earlier prefaces, every effort has been made to select the most useful and
reliable information and to record it with accuracy. However, the editor’s 50 years of
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involvement with textbooks and handbooks bring a realization of the opportunities for
gremlins to exert their inevitable mischief. It is hoped that users of this handbook will
continue to offer suggestions of material that might be included in, or even excluded from,
future editions and call attention to errors. These communications should be directed to
the editor. The street address will change early in 1999, as will the telephone number.
However, the e-mail address should remain as “pd105@aol.com.”

Knoxville, TN John A. Dean



PREFACE TO
FOURTEENTH EDITION

Perhaps it would be simplest to begin by stating the ways in which this new edition, the fourth under
the aegis of the present editor, has not been changed. It remains the one-volume source of factual
information for chemists, both professionals and students—the first place in which to “look it up”
on the spot. The aim is to provide sufficient data to satisfy all one’s general needs without recourse
to other reference sources. Even the worker with the facilities of a comprehensive library will find
this volume of value as a time-saver because of the many tables of numerical data which have been
especially compiled.

The changes, however, are both numerous and significant. First of all, there is a change in the
organization of the subject matter. For example, material formerly contained in the section entitled
Analytical Chemistry is now grouped by operational categories: spectroscopy; electrolytes, electro-
motive force, and chemical equilibrium; and practical laboratory information. Polymers, rubbers,
fats, oils, and waxes constitute a large independent section.

Descriptive properties for a basic group of approximately 4000 organic compounds are compiled
in Section 1. These follow a concise introduction to organic nomenclature, including the topic of
stereochemistry. Nomenclature is consistent with the 1979 rules of the Commission on Nomencla-
ture, International Union of Pure and Applied Chemistry (IUPAC). All entries are listed alphabeti-
cally according to the senior prefix of the name. The data for each organic compound include (where
available) name, structural formula, formula weight, Beilstein reference, density, refractive index,
melting point, boiling point, flash point, and solubility (citing numerical values if known) in water
and various common organic solvents. Structural formulas either too complex or too ambiguous to
be rendered as line formulas are grouped at the bottom of the page on which the entries appear.
Alternative names, as well as trivial names of long-standing usage, are listed in their respective
alphabetical order at the bottom of each page in the regular alphabetical sequence. Another feature
that assists the user in locating a desired entry is the empirical formula index.

Section 2 combines the former separate section on Mathematics with the material involving
General Information and Conversion Tables. The fundamental physical constants reflect values rec-
ommended in 1986. Physical and chemical symbols and definitions have undergone extensive re-
vision and expansion. Presented in 14 categories, the entries follow recommendations published in
1988 by the IUPAC. The table of abbreviations and standard letter symbols provides, in a sense, an
alphabetical index to the foregoing tables. The table of conversion factors has been modified in view
of recent data and inclusion of SI units; cross-entries for “archaic” or unusual entries have been
curtailed.

Descriptive properties for a basic group of approximately 1400 inorganic compounds are com-
piled in Section 3. These follow a concise, revised introduction to inorganic nomenclature that
follows the recommendations of the IUPAC published in 1990. In this section are given the exact
atomic (or formula) weight of the elements accompanied, when available, by the uncertainty in the
final figure given in parentheses.

In Section 4 the data on bond lengths and strengths have been vastly increased so as to include
not only the atomic and effective ionic radii of elements and the covalent radii for atoms, but also
the bond lengths between carbon and other elements and between elements other than carbon. All
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xii PREFACE TO FOURTEENTH EDITION

lengths are given in picometers (SI unit). Effective ionic radii are tabulated as a function of ion
charge and coordination number. Bond dissociation energies are given in kilojoules per mole with
the uncertainty of the final figure(s) given in parentheses when known. New tables include bond
dipole moments, group dipole moments, work functions of the elements, and relative abundances
of the naturally occurring elements. The table of nuclides has been shortened and includes only the
more commonly encountered nuclides; tabulations list half-life, natural abundance, cross-section to
thermal neutrons, and radiation emitted upon disintegration. Entries have been updated.

Revised material in Section 5 includes an extensive tabulation of binary and ternary azeotropes
comprising approximately 850 entries. Over 975 compounds have values listed for viscosity, di-
electric constant, dipole moment, and surface tension. Whenever possible, data for viscosity and
dielectric constant are provided at two temperatures to permit interpolation for intermediate tem-
peratures and also to permit limited extrapolation of the data. The dipole moments are often listed
for different physical states. Values for surface tension can be calculated over a range of temperatures
from two constants that can be fitted into a linear equation. Also extensively revised and expanded
are the properties of combustible mixtures in air. A table of triple points has been added.

The tables in Section 6 contain values of the enthalpy and Gibbs energy of formation, entropy,
and heat capacity at five temperatures for approximately 2000 organic compounds and 1500 inor-
ganic compounds, many in more than one physical state. Separate tabulations have enthalpies of
melting, vaporization, transition, and sublimation for organic and inorganic compounds. All values
are given in SI units (joule) and have been extracted from the latest sources such as JANAF Ther-
mochemical Tables, 3d ed. (1986); Thermochemical Data of Organic Compounds, 2d ed. (1986);
and Enthalpies of Vaporization of Organic Compounds, published under the auspices of the [UPAC
(1985). Also updated is the material on critical properties of elements and compounds.

The section on Spectroscopy has been expanded to include ultraviolet-visible spectroscopy,
fluorescence, Raman spectroscopy, and mass spectroscopy. Retained sections have been thoroughly
revised: in particular, the tables on electronic emission and atomic absorption spectroscopy, nuclear
magnetic resonance, and infrared spectroscopy. Detection limits are listed for the elements when
using flame emission, flame atomic absorption, electrothermal atomic absorption, argon ICP, and
flame atomic fluorescence. Nuclear magnetic resonance embraces tables for the nuclear properties
of the elements, proton chemical shifts and coupling constants, and similar material for carbon-13,
boron-11, nitrogen-15, fluorine-19, silicon-29, and phosphorus-31.

Section 8 now combines all the material on electrolytes, electromotive force, and chemical equi-
librium, some of which had formerly been included in the old “Analytical Chemistry” section of
earlier editions. Material on the half-wave potentials of inorganic and organic materials has been
thoroughly revised. The tabulation of the potentials of the elements and their compounds reflects
recent [IUPAC (1985) recommendations.

An extensive new Section 10 is devoted to polymers, rubbers, fats, oils, and waxes. A discussion
of polymers and rubbers is followed by the formulas and key properties of plastic materials. For
each member and type of the plastic families there is a tabulation of their physical, electrical,
mechanical, and thermal properties and characteristics. A similar treatment is accorded the various
types of rubber materials. Chemical resistance and gas permeability constants are also given for
rubbers and plastics. The section concludes with various constants of fats, oils, and waxes.

The practical laboratory information contained in Section 11 has been gathered from many of
the previous sections of earlier editions. This material has been supplemented with new material
under separation methods, gravimetric and volumetric analysis, and laboratory solutions. Significant
new tables under separation methods include: properties of solvents for chromatography, solvents
having the same refractive index and the same density, McReynolds’ constants for stationary phases
in gas chromatography, characteristics of selected supercritical fluids, and typical performances in
HPLC for various operating conditions. Under gravimetric and volumetric analysis, gravimetric
factors, equations and equivalents for volumetric analysis, and titrimetric factors have been retained
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along with the formation constants of EDTA metal complexes. In this age of awareness of chemical
dangers, tables have been added for some common reactive and incompatible chemicals, chemicals
recommended for refrigerated storage, and chemicals which polymerize or decompose on extended
storage at low temperature. Updated is the information about the U.S. Standard Sieve Series. Ther-
mometry data have been revised to bring them into agreement with the new International Temper-
ature Scale—1990, and data for type N thermocouples are included.

Every effort has been made to select the most useful and most reliable information and to record
it with accuracy. However, the editor’s many years of involvement with handbooks bring a realiza-
tion of the opportunities for gremlins to exert their inevitable mischief. It is hoped that users of this
handbook will offer suggestions of material that might be included in, or even excluded from, future
editions and call attention to errors. These communications should be directed to the editor at his
home address (or by telephone).

John A. Dean



PREFACE TO
FIRST EDITION

This book is the result of a number of years’ experience in the compiling and editing of data useful
to chemists. In it an effort has been made to select material to meet the needs of chemists who
cannot command the unlimited time available to the research specialist, or who lack the facilities of
a large technical library which so often is not conveniently located at many manufacturing centers.
If the information contained herein serves this purpose, the compiler will feel that he has accom-
plished a worthy task. Even the worker with the facilities of a comprehensive library may find this
volume of value as a time-saver because of the many tables of numerical data which have been
especially computed for this purpose.

Every effort has been made to select the most reliable information and to record it with accuracy.
Many years of occupation with this type of work bring a realization of the opportunities for the
occurrence of errors, and while every endeavor has been made to prevent them, yet it would be
remarkable if the attempts towards this end had always been successful. In this connection it is
desired to express appreciation to those who in the past have called attention to errors, and it will
be appreciated if this be done again with the present compilation for the publishers have given
their assurance that no expense will be spared in making the necessary changes in subsequent
printings.

It has been aimed to produce a compilation complete within the limits set by the economy of
available space. One difficulty always at hand to the compiler of such a book is that he must decide
what data are to be excluded in order to keep the volume from becoming unwieldy because of its
size. He can hardly be expected to have an expert’s knowledge of all branches of the science nor
the intuition necessary to decide in all cases which particular value to record, especially when many
differing values are given in the literature for the same constant. If the expert in a particular field
will judge the usefulness of this book by the data which it supplies to him from fields other than his
specialty and not by the lack of highly specialized information in which only he and his co-workers
are interested (and with which he is familiar and for which he would never have occasion to consult
this compilation), then an estimate of its value to him will be apparent. However, if such specialists
will call attention to missing data with which they are familiar and which they believe others less
specialized will also need, then works of this type can be improved in succeeding editions.

Many of the gaps in this volume are caused by the lack of such information in the literature. It
is hoped that to one of the most important classes of workers in chemistry, namely the teachers, the
book will be of value not only as an aid in answering the most varied questions with which they are
confronted by interested students, but also as an inspiration through what it suggests by the gaps
and inconsistencies, challenging as they do the incentive to engage in the creative and experimental
work necessary to supply the missing information.

While the principal value of the book is for the professional chemist or student of chemistry, it
should also be of value to many people not especially educated as chemists. Workers in the natural
sciences—physicists, mineralogists, biologists, pharmacists, engineers, patent attorneys, and librar-
ians—are often called upon to solve problems dealing with the properties of chemical products or
materials of construction. For such needs this compilation supplies helpful information and will
serve not only as an economical substitute for the costly accumulation of a large library of mono-
graphs on specialized subjects, but also as a means of conserving the time required to search for
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xvi PREFACE TO FIRST EDITION

information so widely scattered throughout the literature. For this reason especial care has been taken
in compiling a comprehensive index and in furnishing cross references with many of the tables.

It is hoped that this book will be of the same usefulness to the worker in science as is the dictionary
to the worker in literature, and that its resting place will be on the desk rather than on the bookshelf.

Cleveland, Ohio N. A. Lange
May 2, 1934



CONTENTS

For the detailed contents of any section, consult the title page of that section. See also the alpha:
betical index in the back of this handbook.

Preface to Fifteenth Edition
Preface to Fourteenth Edition
Preface to First Edition  [xv]

Acknowledgments

Section
Section
Section
Section
Section
Section
Section
Section

Section

9.
Section 10.
Section 11.

NOARAWN =

Organic Compounds

General Information, Conversion Tables, and Mathematics
Inorganic Compounds

Properties of Atoms, Radicals, and Bonds
Physical Properties

Thermodynamic Properties

Spectroscopy

Electrolytes, Electromotive Force, and Chemical
Equilibrium

Physicochemical Relationships

Polymers, Rubbers, Fats, Oils, and Waxes
Practical Laboratory Information

oIIows Section 11

N [[=
=y =

ol B il B Ed Ead |
= Y Y Y Y| Y

9.1

0.1
1.1




SECTION 1
ORGANIC COMPOUNDS

1.1 NOMENCLATURE OF ORGANIC COMPOUNDS
1.1.1 Nonfunctional Compounds
Table 1.1  Names of Straight-Chain Alkanes
Table 1.2  Fused Polycyclic Hydrocarbons
Table 1.3  Specialist Nomenclature for Heterocyclic Systems
Table 1.4  Suffixes for Specialist Nomenclature of Heterocyclic Systems
Table 1.5 Trivial Names of Heterocyclic Systems Suitable for Use in Fusion
Names
Table 1.6  Trivial Names for Heterocyclic Systems That Are Not Recommended
for Use in Fusion Names
1.1.2 Functional Compounds
Table 1.7  Characteristic Groups for Substitutive Nomenclature
Table 1.8  Characteristic Groups Cited Only as Prefixes in Substitutive
Nomenclature
Table 1.9  Functional Class Names Used in Radicofunctional Nomenclature
1.1.3 Specific Functional Groups
Table 1.10 Retained Trivial Names of Alcohols and Phenols with Structures
Table 1.11 Names of Some Carboxylic Acids
Table 1.12 Parent Structures of Phosphorus-Containing Compounds
1.1.4 Stereochemistry
1.1.5 Chemical Abstracts Indexing System
Table 1.13 Names and Formulas of Organic Radicals
1.2 PHYSICAL PROPERTIES OF PURE SUBSTANCES
Table 1.14 Empirical Formula Index of Organic Compounds
Table 1.15 Physical Constants of Organic Compounds

o e e e

1.1 NOMENCLATURE OF ORGANIC COMPOUNDS

The following synopsis of rules for naming organic compounds and the examples given in exp
nation are not intended to cover all the possible cases. For a more comprehensive and det
description, see J. Rigaudy and S. P. Klesidgmenclature of Organic Chemisti$ections A, B,

C, D, E, F, and H, Pergamon Press, Oxford, 1979. This publication contains the recommendati
of the Commission on Nomenclature of Organic Chemistry and was prepared under the auspice
the International Union of Pure and Applied Chemistry (IUPAC).

1.1.1 Nonfunctional Compounds

1.1.1.1 Alkanes. The saturated open-chain (acyclic) hydrocarb@st,,.,) have names endil
in -ane. The first four members have the trivial namesthang(CH,), ethane(CH,CH, or C,Hy),
propane(C;Hg), andbutane(C,H,o). For the remainder of the alkanes, the first portion of the name
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1.2 SECTION 1

is derived from the Greek prefix (see Table 2.4) that cites the number of carbons in the alk
followed by -ane with elision of the terminal -a from the prefix, as shown in Table 1.1.

TABLE 1.1 Names of Straight-Chain Alkanes

n* Name n* Name n* Name n* Name
1 Methane 11 Undecanet 21 Henicosane 60 Hexacontane
2 Ethane 12 Dodecane 22 Docosane 70 Heptacontane
3 Propane 13 Tridecane 23 Tricosane 80 Octacontane
4 Butane 14 Tetradecane Y0 Nonacontane
5 Pentane 15 Pentadecane 30 Triacontane 100 Hectane
6 Hexane 16 Hexadecane B1 Hentriacontane |110 Decahectane
7 Heptane 17 Heptadecane B2 Dotriacontanne |120 Icosahectane
8 Octane 18 Octadecane 121 Henicosahectane
9 Nonanet 19 Nonadecane 10 Tetracontan

10 Decane 20 Icosane§ 50 Pentacontar{?

* n = total number of carbon atoms.
T Formerly called enneane.

I Formerly called hendecane.

§ Formerly called eicosane.

For branching compounds, the parent structure is the longest continuous chain present in
compound. Consider the compound to have been derived from this structure by replacemen
hydrogen by various alkyl groups. Arabic number prefixes indicate the carbon to which the all
group is attached. Start numbering at whichever end of the parent structure that results in the low
numbered locants. The arabic prefixes are listed in numerical sequence, separated from each
by commas and from the remainder of the name by a hyphen.

If the same alkyl group occurs more than once as a side chain, this is indicated by the prefi
di-, tri-, tetra-, etc. Side chains are cited in alphabetical order (before insertion of any multiplyir
prefix). The name of a complex radical (side chain) is considered to begin with the first letter of
complete name. Where names of complex radicals are composed of identical words, priority
citation is given to that radical which contains the lowest-numbered locant at the first cited point
difference in the radical. If two or more side chains are in equivalent positions, the one to be assig
the lowest-numbered locant is that cited first in the name. The complete expression for the side ¢
may be enclosed in parentheses for clarity or the carbon atoms in side chains may be indicate
primed locants.

If hydrocarbon chains of equal length are competing for selection as the parent, the choice ¢
in descending order to (1) the chain that has the greatest number of side chains, (2) the chain w
side chains have the lowest-numbered locants, (3) the chain having the greatest number of ca
atoms in the smaller side chains, or (4) the chain having the least-branched side chains.

These trivial names may be used for the unsubstituted hydrocarbon only:

Isobutane (CE),CHCH;, Neopentane (ch,C
Isopentane (CH,CHCH,CH;, Isohexane (CE),CHCH,CH,CH,

Univalent radicals derived from saturated unbranched alkanes by removal of hydrogen fror
terminal carbon atom are named by adding -yl in place of -ane to the stem name. Thus the alk
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ethane becomes the radicaéthyl. These exceptions are permitted for unsubstituted radical:
only:

Isopropyl (CH),CH— Isopentyl (CH),CHCH,CH,—
Isobutyl (CH),CHCH,— Neopentyl (CH);,CCH,—
secButyl CH,CH,CH(CH,)— tert-Pentyl CHCH,C(CH,),—
tert-Butyl (CHy),C— Isohexyl (CH),CHCH,CH,CH,—

Note the usage of the prefixes iso-, nese¢; andtert-, and note when italics are employed. Italicized
prefixes are never involved in alphabetization, except among themselvesgttusyl would pre-
cede isobutyl, isohexyl would precede isopropyl, aedbutyl would precedéert-butyl.
Examples of alkane nomenclature are
4 3 2 1
CH3—CH2—(|:H—CH3 2-Methylbutane (or the trivial name, isopentane)

5 4 3
CH,-——CHZ—(IZH—CH3 3-Methylpentane (not 2-ethylbutane)

G,
CH,
8 7 6 5 4 3 2 | 1
CH3—CHZ—CHZ——?H—CHZ—CH2—C——CH3
CH,—CH, CH,

5-Ethyl-2,2-dimethyloctane (note cited order)

8 7 6 5 4 3 2 1
CH3—CH2—(|2H—CH2— CH,—CH—CH,—CH,
CH, CH,—CH,
3-Ethyl-6-methyloctane (note locants reversed)

2

o
1
CH,—C—CH, CH,
8 7 6 5 4| 3 2[ 1
CH,—CHZ—CHZ—CHZ-—-CII—CHZ—-—CH—CH3
CH3—?—CH3
CH,

4,4-Bis(1,1-dimethylethyl)-2-methyloctane
4,4-Bis-1,1'-dimethylethyl-2-methyloctane
4,4-Bistert-butyl)-2-methyloctane

Bivalent radicals derived from saturated unbranched alkanes by removal of two hydrogen atc
are named as follows: (1) If both free bonds are on the same carbon atom, the ending -ane of
hydrocarbon is replaced with -ylidene. However, for the first member of the alkanes it is methyle
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rather than methylidene. Isopropylidersgecbutylidene, and neopentylidene may be used for the
unsubstituted group only. (2) If the two free bonds are on different carbon atoms, the straight-ct
group terminating in these two carbon atoms is named by citing the number of methylene grol
comprising the chain. Other carbon groups are named as substituents. Ethylene is used rather
dimethylene for the first member of the series, and propylene is retain&@Hpr-CH—CH,—
(but trimethylene is—CH,—CH,—CH,—).

Trivalent groups derived by the removal of three hydrogen atoms from the same carbon
named by replacing the ending -ane of the parent hydrocarbon with -ylidyne.

1.1.1.2 Alkenes and Alkynes.Each name of the corresponding saturated hydrocarbon is col
verted to the corresponding alkene by changing the ending -ane to -ene. For alkynes the endir
-yne. With more than one double (or triple) bond, the endings are -adiene, -atriene, etc. (or -adiy
-atriyne, etc.). The position of the double (or triple) bond in the parent chain is indicated by a loc:
obtained by numbering from the end of the chain nearest the double (or triple) bond; th
CH,CH,CH=CH, is 1-butene and C}£=CCH,; is 2-butyne.

For multiple unsaturated bonds, the chain is so numbered as to give the lowest possible loc
to the unsaturated bonds. When there is a choice in numbering, the double bonds are given the Ic
locants, and the alkene is cited before the alkyne where both occur in the name. Examples:

CH,CH,CH,CH,CH=CH—CH=CH, 1,3-Octadiene

CH,=CHC=CCH=CH, 1,5-Hexadiene-3-yne

CH,CH=CHCH,C=CH 4-Hexen-1-yne

CH=CCH,CH=CH, 1-Penten-4-yne

Unsaturated branched acyclic hydrocarbons are named as derivatives of the chain that con
the maximum number of double and/or triple bonds. When a choice exists, priority goes in seque
to (1) the chain with the greatest number of carbon atoms and (2) the chain containing the maxirr
number of double bonds.

These nonsystematic names are retained:

Ethylene CH=CH,

Allene CH=C=CH,

Acetylene HC=CH

An example of nomenclature for alkenes and alkynes is
CH,—CH,—CH,
6 5 3 2 1
I~ICEC—S}=C—-CH=CH2 4-Propyl-3-vinyl-1,3-hexadien-5-yne
CH=CH,

Univalent radicals have the endings -enyl, -ynyl, -dienyl, -diynyl, etc. When necessary, the |
sitions of the double and triple bonds are indicated by locants, with the carbon atom with the fi
valence numbered as 1. Examples:

CH,=CH—CH,— 2-Propenyl
CH,—C=C— 1-Propynyl
CH;—C=C—CH,CH=CH,— 1-Hexen-4-ynyl

These names are retained:
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Vinyl (for ethenyl) CH=CH—
Allyl (for 2-propenyl) CH=CH—CH,—
Isopropenyl (for 1-methylvinyl but for unsubstituted radical only) LSHC(CH,)—

Should there be a choice for the fundamental straight chain of a radical, that chain is selec
which contains (1) the maximum number of double and triple bonds, (2) the largest number
carbon atoms, and (3) the largest number of double bonds. These are in descending priority.

Bivalent radicals derived from unbranched alkenes, alkadienes, and alkynes by removing a
drogen atom from each of the terminal carbon atoms are named by replacing the endings -
-diene, and -yne by -enylene, -dienylene, and -ynylene, respectively. Positions of double and tr
bonds are indicated by numbers when necessary. The viagieneinstead of ethenylene is retained
for —CH=CH—.

1.1.1.3 Monocyclic Aliphatic Hydrocarbons. Monocyclic aliphatic hydrocarbons (with no side
chains) are named by prefixing cyclo- to the name of the corresponding open-chain hydrocar
having the same number of carbon atoms as the ring. Radicals are formed as with the alka
alkenes, and alkynes. Examples:

O Cyclohexane Cyclohexyl- (for the radical)

1

Cyclohexene 1-Cyclohexenyl- (for the radical with the free valence at
°©2 carbon 1)
3

numbers as low as possible, numbering from the carbon

, 1,3-Cyclohexandiene Cyclohexadienyl- (the unsaturated carbons are given
©3 atom with the free valence given the number 1)

For convenience, aliphatic rings are often represented by simple geometric figures: a triangle
cyclopropane, a square for cyclobutane, a pentagon for cyclopentane, a hexagon (as illustratec
cyclohexane, etc. It is understood that two hydrogen atoms are located at each corner of the fi
unless some other group is indicated for one or both.

1.1.1.4 Monocyclic Aromatic Compounds.Except for six retained names, all monocyclic sub-
stituted aromatic hydrocarbons are named systematically as derivatives of benzene. Moreover, i
substituent introduced into a compound with a retained trivial name is identical with one alrea
present in that compound, the compound is named as a derivative of benzene. These name
retained:

CH;—C—CH; CH;, CH;,
1 1 1
6©2 6 2 6 2
s 3 5 3 5 3
Z A CH;, Y CH;
CH;—C—CHj3;
Hs 10
Cumene Cymene (all three Mesitylene

forms; para- shown)
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X l23’ 6H3 CH3
HC=CH, , !
1 6 2 6 2
6 2 s 3
3
5 3 : s 4 CH;,
4
Styrene Toluene Xylene (all three

forms; meta shown)

The position of substituents is indicated by numbers, with the lowest locant possible given
substituents. When a name is based on a recognized trivial name, priority for lowest-numbe
locants is given to substituents implied by the trivial name. When only two substituents are pres
on a benzene ring, their position may be indicatedobyortho-), m- (meta), andp- (para) (and
alphabetized in the order given) used in place of 1,2-, 1,3-, and 1,4-, respectively.

Radicals derived from monocyclic substituted aromatic hydrocarbons and having the free vale
at a ring atom (numbered 1) are named phenyl (for benzene as parent, since benzyl is used fo
radical GHsCH,—), cumenyl, mesityl, tolyl, and xylyl. All other radicals are named as substitute
phenyl radicals. For radicals having a single free valence in the side chain, these trivial names
retained:

Benzyl GHCH,— Phenethyl GH;CH,CH,—
Benzhydryl (alternative to Styryl C,H;CH=CH—
diphenylmethyl) (GHs),CH— Trityl (CeHe)sC—

Cinnamyl GHsCH=CH—CH,—

Otherwise, radicals having the free valence(s) in the side chain are named in accordance with
rules for alkanes, alkenes, or alkynes.

The namephenylendo-, m-, orp-) is retained for the radicat-C,H,—. Bivalent radicals formed
from substituted benzene derivatives and having the free valences at ring atoms are named as
stituted phenylene radicals, with the carbon atoms having the free valences being numbered
1,3-, or 1,4-, as appropriate.

Radicals having three or more free valences are named by adding the suffixes -triyl, -tetrayl,
to the systematic name of the corresponding hydrocarbon.

1.1.1.5 Fused Polycyclic Hydrocarbons.The names of polycyclic hydrocarbons containing the
maximum number of conjugated double bonds end in -ene. Here the ending does not denote
double bond. Names of hydrocarbons containing five or more fixed benzene rings in a linear
rangement are formed from a numerical prefix (see Table 2.4) followed by -acene. A partial list
the names of polycyclic hydrocarbons is given in Table 1.2. Many names are trivial.

Numbering of each ring system is fixed, as shown in Table 1.2, but it follows a systematic patte
The individual rings of each system are oriented so that the greatest number of rings are (1)
horizontal row and (2) the maximum number of rings are above and to the right (upper-right qu:
rant) of the horizontal row. When two orientations meet these requirements, the one is chosen
has the fewest rings in the lower-left quadrant. Numbering proceeds in a clockwise direction, cc
mencing with the carbon atom not engaged in ring fusion that lies in the most counterclockw
position of the uppermost ring (upper-right quadrant); omit atoms common to two or more ring
Atoms common to two or more rings are designated by adding lowercase roman letters to the nun
of the position immediately preceding. Interior atoms follow the highest number, taking a clockwi
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sequence wherever there is a choice. Anthracene and phenanthrene are two exceptions to thi
on numbering. Two examples of numbering follow:

When a ring system with the maximum number of conjugated double bonds can exist in two
more forms differing only in the position of an “extra” hydrogen atom, the name can be ma
specific by indicating the position of the extra hydrogen(s). The compound name is modified w
a locant followed by an italic capité for each of these hydrogen atoms. Carbon atoms that carr
an indicated hydrogen atom are numbered as low as possible. For exakiitelehe is illustrated

in Table 1.2; H-indene would be
17
s 3a 3
4

Names of polycyclic hydrocarbons with less than the maximum number of noncumulative doul
bonds are formed from a prefix dihydro-, tetrahydro-, etc., followed by the name of the correspond
unreduced hydrocarbon. The prefix perhydro- signifies full hydrogenation. For example, 1,2-dit
dronaphthalene is

8 Hz
7 H,
6 3
5 4
Examples of retained names and their structures are as follows:
7 H, H, H, H, H,
O N 8
5 H, 8 3 9 3
4 7 4 8 4
6 5 7 6 5
Indan Acenaphthene Aceanthrene

1 3
10
' ‘ H2
8 H,

Acephenanthrene

Polycyclic compounds in which two rings have two atoms in common or in which one rin
contains two atoms in common with each of two or more rings of a contiguous series of rings &
which contain at least two rings of five or more members with the maximum number of nhoncum
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TABLE 1.2 Fused Polycyclic Hydrocarbons
Listed in order of increasing priority for selection as parent compound.

1. Pentalene g A 9. Acenaphthylene ! 2
Y »

2. Indene 7 H,

8
7
s ’ 10. Fluorene 8 H,
: ! T 1Y)
4
5 4
3. Naphthalene 2 . 11. Phenalene 2
7 2 H, 3
6 3

4. Azulene
12. Phenanthrene* s__10
/ 6 \
O
6 5 4 3
5. Heptalene 5 10 12

©

13. Anthracene* 8
8
7 4

14. Fluoranthene

w
o <
w ~

“
H
>

6. Biphenylene

oo

o <
[ o
o
“w
> -
w ~
©
QOO
ON
’Q
w
»

“

~

7. asymindacene 15. Acephenanthrylene

<
o

oo
V‘O
IS
w
@ ©
Q;
! -
“w »

N

1 16. Aceanthrylene

8. symindacene 7
) COQ ’
5 3

°

IS
oo ©
“O
‘O
V‘O
> w

* Asterisk after a compound denotes exception to systematic numbering.



ORGANIC COMPOUNDS 1.9

TABLE 1.2 Fused Polycyclic Hydrocarbon€6éntinued

2
7
1

17. Triphenylene 19. Chrysene

12 1
11 2
10 3
9 4
8 5
5 7 6
18. Pyrene 10

9 2 11 12 1
9
5 2
8 8 N
7 4 7 6 5 4

6 s

lative double bonds and which have no accepted trivial name (Table 1.2) are named by prefixin
the name of the parent ring or ring system designations of the other components. The parent n
should contain as many rings as possible (provided it has a trivial name) and should occur as fz
possible from the beginning of the list in Table 1.2. Furthermore, the attached component(s) shc
be as simple as possible. For example, one writes dibenzophenanthrene and not naphthophenan
because the attached component benzo- is simpler than napththo-. Prefixes designating atte
components are formed by changing the ending -ene into -eno-; for example, indeno- from inde
Multiple prefixes are arranged in alphabetical order. Several abbreviated prefixes are recognized
parent is given in parentheses:

Acenaphtho- (acenaphthylene) Naphtho- (naphthalene)
Anthra- (anthracene) Perylo- (perylene)
Benzo- (benzene) Phenanthro- (phenanthrene)

For monocyclic prefixes other than benzo-, the following names are recognized, each to repre:
the form with the maximum number of noncumulative double bonds: cyclopenta-, cyclohept:
cycloocta-, etc.

Isomers are distinguished by lettering the peripheral sides of the parent beginnirayferittne
side 1,2, and so on, lettering every side around the periphery. If necessary for clarity, the numt
of the attached position (1,2, for example) of the substituent ring are also denoted. The prefixes
cited in alphabetical order. The numbers and letters are enclosed in square brackets and pl
immediately after the designation of the attached component. Examples are

s cord

Benz[x]anthracene Anthra[2,&]naphthacene
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1.1.1.6 Bridged Hydrocarbons. Saturated alicyclic hydrocarbon systems consisting of two rings
that have two or more atoms in common take the name of the open-chain hydrocarbon contai
the same total number of carbon atoms and are preceded by the prefix bicyclo-. The systel
numbered commencing with one of the bridgeheads, numbering proceeding by the longest pos:
path to the second bridgehead. Numbering is then continued from this atom by the longer remait
unnumbered path back to the first bridgehead and is completed by the shortest path from the
next to the first bridgehead. When a choice in numbering exists, unsaturation is given the low
numbers. The number of carbon atoms in each of the bridges connecting the bridgeheads is indic
in brackets in descending order. Examples are

7 1 2 9 1 2 3
CH,—CH—CH, CH,—CH—CH,—CH,
CH, CH,’ ‘CH,
gHz—(st—-gH2 (83H2—9H—(63H2—(53H2
Bicyclo[3.2.1]octane Bicyclo[5.2.0]nonane

1.1.1.7 Hydrocarbon Ring Assemblies Assemblies are two or more cyclic systems, either single
rings or fused systems, that are joined directly to each other by double or single bonds. For iden
systems naming may proceed (1) by placing the prefix bi- before the name of the corresponc
radical or (2), for systems joined through a single bond, by placing the prefix bi- before the nai
of the corresponding hydrocarbon. In each case, the numbering of the assembly is that of the
responding radical or hydrocarbon, one system being assigned unprimed numbers and the
primed numbers. The points of attachment are indicated by placing the appropriate locants be
the name; an unprimed number is considered lower than the same number primed. Thiphamgd

is used for the assembly consisting of two benzene rings. Examples are

CH;—CH,

>—<] M)

CH,—CH,—CH;
1,1'-Bicyclopropyl or 1,1-bicyclopropane 2-Ethyl“2propylbiphenyl

For nonidentical ring systems, one ring system is selected as the parent and the other sys
are considered as substituents and are arranged in alphabetical order. The parent ring systc
assigned unprimed numbers. The parent is chosen by considering the following characteristic
turn until a decision is reached: (1) the system containing the larger number of rings, (2) the sys
containing the larger ring, (3) the system in the lowest state of hydrogenation, and (4) the hight
order number of ring systems set forth in Table 1.2. Examples are given, with the deciding prior
given in parentheses preceding the name:

(1) 2-Phenylnaphthalene
(2) and (4) 2-(2-Naphthyl)azulene
(3) Cyclohexylbenzene
1.1.1.8 Radicals from Ring SystemsUnivalent substituent groups derived from polycyclic hy-

drocarbons are named by changing the fimaf the hydrocarbon name to -yl. The carbon atoms
having free valences are given locants as low as possible consistent with the fixed numbering o
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hydrocarbon. Exceptions are naphthyl (instead of naphthalenyl), anthryl (for anthracenyl), and ph
anthryl (for phenanthrenyl). However, these abbreviated forms are used only for the simple r
systems. Substituting groups derived from fused derivatives of these ring systems are named
tematically. Substituting groups having two or more free bonds are named as described in Mo
cyclic Aliphatic Hydrocarbons on p. 1.5.

1.1.1.9 Cyclic Hydrocarbons with Side ChainsHydrocarbons composed of cyclic and aliphatic

chains are named in a manner that is the simplest permissible or the most appropriate for the cher
intent. Hydrocarbons containing several chains attached to one cyclic nucleus are generally na
as derivatives of the cyclic compound, and compounds containing several side chains and/or cy
radicals attached to one chain are named as derivatives of the acyclic compound. Examples ar

2-Ethyl-1-methylnaphthalene Diphenylmethane
1,5-Diphenylpentane 2,3-Dimethyl-1-phenyl-1-hexene

Recognized trivial names for composite radicals are used if they lead to simplifications in namit
Examples are

1-Benzylnaphthalene 1,2,4-Tris(Btolylpropyl)benzene

Fulvene, for methylenecyclopentadiene, and stilbene, for 1,2-diphenylethylene, are trivial nan
that are retained.

1.1.1.10 Heterocyclic SystemsHeterocyclic compounds can be named by relating them to the
corresponding carbocyclic ring systems by using replacement nomenclature. Heteroatoms are
noted by prefixes ending & as shown in Table 1.3. If two or more replacement prefixes are require
in a single name, they are cited in the order of their listing in the table. The lowest possible nu
bers consistent with the numbering of the corresponding carbocyclic system are assigned to
heteroatoms and then to carbon atoms bearing double or triple bonds. Locants are cited immedi:
preceding the prefixes or suffixes to which they refer. Multiplicity of the same heteroatom is indicat
by the appropriate prefix in the series: di-, tri-, tetra-, penta-, hexa-, etc.

TABLE 1.3 Specialist Nomenclature for Heterocyclic Systems
Heterocyclic atoms are listed in decreasing order of priority.

Element Valence Prefix Element Valence Prefix
Oxygen 2 Oxa- Antimony 3 Stiba-*
Sulfur 2 Thia- Bismuth 3 Bisma-
Selenium 2 Selena- Silicon 4 Sila-
Tellurium 2 Tellura- Germanium 4 Germa-
Nitrogen 3 Aza- Tin 4 Stanna-
Phosphorus 3 Phospha-* Lead 4 Plumba-
Arsenic 3 Arsa-* Boron 3 Bora-

Mercury 2 Mercura-

*When immediately followed by -in or -ine, phospha- should be replaced by phosphor-, arsa- by arsen-, and stiba-
by antimon-. The saturated six-membered rings corresponding to phosphorin and arsenin arphuapleorinanend
arsenaneA further exception is the replacement of borin by borinane.
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TABLE 1.4 Suffixes for Specialist Nomenclature of Heterocyclic Systems

Number of Rings containing nitrogen Rings containing no nitrogen
ring
members Unsaturation* Saturation Unsaturationf Saturation
3 -irine -iridine -irene -irane
4 -ete -etidine -ete -etane
5 -ole -olidine -ole -olane
6 -inet s -in -anes§
7 -epine ¥ -epin -epane
8 -ocine s -ocin -ocane
9 -onine t -onin -onane
10 -ecine s -ecin -ecane

* Unsaturation corresponding to the maximum number of noncumulative double bonds. Heteroatoms have
the normal valences given in Table 1.3.

T For phosphorus, arsenic, antimony, and boron, see the special provisions in Table 1.3.

T Expressed by prefixing perhydro- to the name of the corresponding unsaturated compound.

8§ Not applicable to silicon, germanium, tin, and lead; perhydro- is prefixed to the name of the corresponding
unsaturated compound.

If the corresponding carbocyclic system is partially or completely hydrogenated, the additior
hydrogen is cited using the appropridie or hydro- prefixes. A trivial name from Tables 1.5 and
1.6, if available, along with the state of hydrogenation may be used. In the specialist nomencla
for heterocyclic systems, the prefix or prefixes from Table 1.3 are combined with the appropri
stem from Table 1.4, eliding aa where necessary. Examples of acceptable usage, including (.
replacement and (2) specialist nomenclature, are

) o A

(1) 1-Oxa-4-azacyclo- (1) 1,3-Diazacyclo- (1) Thiacyclopropane

hexane hex-5-ene
(2) 1,4-Oxazoline (2) 1,2,3,4-Tetra- (2) Thiirane
Morpholine hydro-1,3-diazine Ethylene sulfide

Radicals derived from heterocyclic compounds by removal of hydrogen from a ring are nam
by adding -yl to the names of the parent compounds (with elision of thedjnapresent). These
exceptions are retained:

Furyl (from furan) Furfuryl (for 2-furylmethyl)

Pyridyl (from pyridine) Furfurylidene (for 2-furylmethylene)
Piperidyl (from piperidine) Thienyl (from thiophene)

Quinolyl (from quinoline) Thenylidyne (for thienylmethylidyne)
Isoquinolyl Furfurylidyne (for 2-furylmethylidyne)
Thenylidene (for thienylmethylene) Thenyl (for thienylmethyl)

Also, piperidino- and morpholino- are preferred to 1-piperidyl- and 4-morpholinyl-, respectively.
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TABLE 1.5 Trivial Names of Heterocyclic Systems Suitable for Use in Fusion Names
Listed in order of increasing priority as senior ring system.
Structure Parent name Radical name Structure Parent name Radical nam
§ Thiophene Thienyl rix 2H-Pyrrole H-Pyrrolyl
s 2 \CH
\ o
4 3
10 H
8 9 S 2 Tl\l Pyrrole Pyrrolyl
5 2
YeP! L
<3
Thianthrene Thianthrenyl 11_\} Imidazole Imidazolyl
! F Furyl sg_l A
uran ur
o Y \ N,
\ 7
¢ g Pyrazole Pyrazolyl
AN
! Pyran Pyranyl * \ /N2
6@;42 (2H-shown) 4 3
2
1
NS S. Isothiazole Isothiazolyl
4 N2
\
! 1 Isobenzofuran Isobenzo- ©
¢ - furanyl
©:>0 2 y (‘) Isoxazole Isoxazolyl
s NS ~ )
<7 Wi
4 3
20
7 CH, N Pyridine Pyridyl
6 , 6~ 2
=3 |
5 4 s \ 3
Chromene Chromenyl 4
(2H-shown)
Iil Pyrazine Pyrazinyl
6~ 2
(I D e
N
4
! Pyrimidine Pyrimidinyl
Xanthene* Xanthenyl . /N\|2 y y y
|
s&/N3
4
<j[ D Ill Pyridazine Pyridazinyl
¢~ N?
Phenoxathiin Phenoxa- sl l 3
thiinyl 4

* Asterisk after a compound denotes exception to systematic numbering.
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TABLE 1.5 Trivial Names of Heterocyclic Systems Suitable for Use in Fusion Nafest{nued

Structure Parent name Radical name Structure Parent name Radical narr
8 1 Indolizine Indolizinyl ! Phthalazine Phthalazinyl
17 N= , XN?
) P
SN 6 =N,
s 4 3 4
7 . .
. /1 Isoindole Isoindolyl ]:‘ I:I Naphthyri- Naphthyri-
2NH 17 N2 dine dinyl
s = | s (1,8-shown)
4 3 S
5 4
A r’q 3H-Indole H-Indolyl
6 \ 8 111 Quinoxaline Quinoxalinyl
s 3>2 7 N2
C
4 H, 6 3
5 N
4
7 H Indole Indolyl
N . : . . .
6 1 8 N Quinazoline Quinazolinyl
s Y/ 2 7 \Wz
4 } 6 =N,
5 4
7 ;11 1H-Indazole H-Indazolyl
¢ "N2 s N Cinnoline Cinnolinyl
5 / 7 QNZ
@ 3
6 / 3
5 4
s H. Purine* Purinyl
IN? NS N
N - -
|\ | />l I:I rix Pteridine Pteridinyl
2 \N TN 17~ N2
N | L
AN
N ‘/ 3
9 1 4H-Quin- 4H-Quin- s
8@ Y | 2 olizine olizinyl
8 1
X ]:‘\é } 7 Ij\ 2
6 H,
6 3
s H 4
2 ‘\ , Isoquinoline Isoquinolyl 4aH- 4aH-
’ | N Carbazole* Carbazolyl
6 / 3
s 4
. H
. . 7 9 2
8 1 Quinolone Quinolyl | |
N 3
7 N2 6
@ , :
3 ‘/ : Carbazole* Carbazolyl

* Asterisk after a compound denotes exception to systematic numbering.
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TABLE 1.5 Trivial Names of Heterocyclic Systems Suitable for Use in Fusion Nafest{nued

Structure Parent name Radical name Structure Parent name Radical nam
H 10
8 1 9 1
N
) 19q X N2 8 = 2
6 l I 3 7 NS 3
s 4 6 Isq 4
B-Carboline B-Carbolinyl Phenazine Phenazinyl
2
1 O 3
10 9 10 1
9 ‘ 8 /AS 2
8 N 7 N 3
7 6 6 ]:1 4
Phenanthri- Phenanthri- Phenarsazine Phenarsazinyl
dine dinyl
8 9 1
7 =z 2 . ﬁ .
6 \N 3 8 10 2
s 10 4 , R
Acridine* Acridiny! . S <
s
Perimidine Perimidinyl Phenothiazine Phenothiazinyl

Phenanthroline
(1,10-shown)

Phenanthrolinyl

Furazan
7 N

SN N2

Phenoxazine

Furazanyl

Phenoxazinyl

* Asterisk after a compound denotes exception to systematic numbering.

If there is a choice among heterocyclic systems, the parent compound is decided in the follow

order of preference:

1. A nitrogen-containing component

2. A component containing a heteroatom, in the absence of nitrogen, as high as possible in T:

13

3. A component containing the greater number of rings
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TABLE 1.6 Trivial Names of Heterocyclic Systems That Are Not Recommended for Use in Fusion Name:s

Listed in order of increasing priority.

Structure Parent name Radical name Structure Parent name Radical nan
8 ! . . ﬁ Pyrazoline Pyrazolinyl
6 3 .
s 4 4 3
Isochroman Isochromanyl ﬂ Piperidine Piperidylt
1 6 1 2
__0
7 2 H 3
6@3 ‘
s 4 H Piperazine Piperazinyl
Chroman Chromanyl ‘[N s
Il:lI Pyrrolidine Pyrrolinyl N
s< ! 72 H
4 3 ’ H
6 N
2
H Pyrroline Pyrrolinyl 3
s N (2-shown*) 4 ’
{ /72 Indoline Indolinyl
4 3
1 1
¢ 2
']3 Imidazolidine  Imidazolidinyl| _ NH
X o
\_NH Isoindoline Isoindolinyl
3
l}:}l Imidazoline Imidazolinyl
s ,>2 (2-shown*)
¢
+—N, Quinuclidine  Quinuclidinyl
- o o Morpholine Morpholinyl
. l}j Pyrazolidine Pyrazolidinyl | )
s¢ "NH? slis s
N
3 H

* Denotes position of double bond.
T For 1-piperidyl, use piperidino.

¥ For 4-morpholinyl, use morpholino.

~N O 0o b~

. A component containing the largest possible individual ring
. A component containing the greatest number of heteroatoms of any kind
. A component containing the greatest variety of heteroatoms

. A component containing the greatest number of heteroatoms first listed in Table 1.3
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If there is a choice between components of the same size containing the same number and
of heteroatoms, choose as the base component that one with the lower numbers for the heteroc
before fusion. When a fusion position is occupied by a heteroatom, the names of the compor
rings to be fused are selected to contain the heteroatom.

1.1.2 Functional Compounds

There are several types of nomenclature systems that are recognized. Which type to use is some
obvious from the nature of the compound. Substitutive nomenclature, in general, is preferred bec:
of its broad applicability, but radicofunctional, additive, and replacement nomenclature systems
convenient in certain situations.

1.1.2.1 Substitutive Nomenclature.The first step is to determine the kind of characteristic (func-
tional) group for use as the principal group of the parent compound. A characteristic group is
recognized combination of atoms that confers characteristic chemical properties on the molecul
which it occurs. Carbon-to-carbon unsaturation and heteroatoms in rings are considered nonfi
tional for nomenclature purposes.

Substitutionmeans the replacement of one or more hydrogen atoms in a given compound
some other kind of atom or group of atoms, functional or nonfunctional. In substitutive nomenclatu
each substituent is cited as either a prefix or a suffix to the name of the parent (or substituting radi
to which it is attached; the latter is denoted the parent compound (or parent group if a radical).

In Table 1.7 are listed the general classes of compounds in descending order of preference
citation as suffixes, that is, as the parent or characteristic compound. When oxygen is replace
sulfur, selenium, or tellurium, the priority for these elements is in the descending order listed. T
higher valence states of each element are listed before considering the successive lower val
states. Derivative groups have priority for citation as principal group after the respective parent:
their general class.

In Table 1.8 are listed characteristic groups that are cited only as prefixes (never as suffixes
substitutive nomenclature. The order of listing has no significance for nomenclature purposes.

Systematic names formed by applying the principles of substitutive nomenclature are sin
words except for compounds named as acids. First one selects the parent compound, and thu
suffix, from the characteristic group listed earliest in Table 1.7. All remaining functional groups a
handled as prefixes that precede, in alphabetical order, the parent name. Two examples ma
helpful:

CH, ﬁ
C—O0—C,H;
I
OCH; BrCH,—CH,—C—CH,OH
Structure | Structure Il

Structure | contains an ester group and an ether group. Since the ester group has higher priority
name is ethyl 2-methoxy-6-methyl-3-cyclohexene-1-carboxylate. Structure Il contains a carbo
group, a hydroxy group, and a bromo group. The latter is never a suffix. Between the other two,
carbonyl group has higher priority, the parent has -one as suffix, and the name is 4-bromo-1-hydrc
2-butanone.
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Selection of the principal alicyclic chain or ring system is governed by these selection rules:

1. For purely alicyclic compounds, the selection process proceeds successively until a decisio
reached: (a) the maximum number of substituents corresponding to the characteristic group c
earliest in Table 1.7, (b) the maximum number of double and triple bonds considered togett
(c) the maximum length of the chain, and (d) the maximum number of double bonds. Additior
criteria, if needed for complicated compounds, are given in the IUPAC nomenclature rules.

2. If the characteristic group occurs only in a chain that carries a cyclic substituent, the compot
is hamed as an aliphatic compound into which the cyclic component is substituted; a radi
prefix is used to denote the cyclic component. This chain need not be the longest chain.

3. If the characteristic group occurs in more than one carbon chain and the chains are not dire

TABLE 1.7 Characteristic Groups for Substitutive Nomenclature
Listed in order of decreasing priority for citation as principal group or parent name.

Class Formula* Prefix Suffix
1. Cations: -onio- -onium
H,N~* Ammonio- -ammonium
H;O* Oxonio- -oxonium
H,S* Sulfonio- -sulfonium
H;Se Selenonio- -selenonium
H,CI+ Chloronio- -chloronium
H,Br* Bromonio- -bromonium
H,l* lodonio- -iodonium
2. Acids:
Carboxylic —COOH Carboxy- -carboxylic acid
—(C)OOH -oic acid
—C(=0)O0H -peroxy- - -carboxylic
acid
—(C=0)0O0H -peroxy- - -oic acid
Sulfonic —SOH Sulfo- -sulfonic acid
Sulfinic —SOH Sulfino- -sulfinic acid
Sulfenic —SOH Sulfeno- -sulfenic acid
Salts —COOM Metal- - -carboxylate
—(C)OOM Metal- - -oate
—SOoM Metal- - -sulfonate
—SGoM Metal- - -sulfinate
—SOM Metal- - -sulfenate
3. Derivatives of
acids:
Anhydrides —C(=0)OC(=0)— -carboxylic anhydride
—(C=0)0(C=0)— -oic anhydride
Esters —COOR R-oxycarbonyl- R---carboxylate
—C(OOR) R---oate
Acid halides —CO—halogen Haloformyl -carbonyl halide
Amides —CO—NH, Carbamoyl- -carboxamide
(C)O—NH, -amide
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TABLE 1.7 Characteristic Groups for Substitutive Nomenclat@er{tinued

Class Formula* Prefix Suffix
Hydrazides —CO—NHNH, Carbonyl- -carbohydrazide
hydrazino-
—(CO)—NHNH, -ohydrazide
Imides —CO—NH—CO— R-imido- -carboximide
Amidines —C(=NH)—NH, Amidino- -carboxamidine
—(C=NH)—NH, -amidine
4. Nitrile (cyanide) —CN Cyano- -carbonitrile
—(C)N -nitrile
5. Aldehydes —CHO Formyl- -carbaldehyde
—(C=0)H Oxo- -al
(then their analogs and derivatives)
6. Ketones —=(C=0) ‘ Oxo- -one
(then their analogs and derivatives)
7. Alcohols —OH Hydroxy- -ol
(and phenols)
Thiols —SH Mercapto- -thiol

8. Hydroperoxides —O—OH Hydroperoxy-

9. Amines —NH, Amino- -amine
Imines —NH Imino- -imine
Hydrazines —NHNH, Hydrazino- -hydrazine

10. Ethers —OR R-oxy-
Sulfides —SR R-thio-
11. Peroxides —0O—OR R-dioxy-

* Carbon atoms enclosed in parentheses are included in the name of the parent compound and not in the suffix
or prefix.

TABLE 1.8 Characteristic Groups Cited Only as Prefixes in Substitutive Nomenclature

Characteristic Characteristic
group Prefix group Prefix

—Br Bromo- —IX, X may be halogen or a
radical; dihalogenoiodo-
or diacetoxyiodo-, e.g.,
—ICl, is dichloroido-

—Cl Chloro-

—CIO Chlorosyl-

—CIo, Chloryl- =N, Diazo-

—CIO, Perchloryl- —N,; Azido-

—F Fluoro- —NO Nitroso-

—I lodo- —NO, Nitro-

—I10 lodosyl- —N(=O0)OH aci-Nitro-

—10, lodyl* —OR R-oxy-

—I(OH), Dihydroxyiodo- —SR R-thio-

—SeR (—TeR) R-seleno- (R-telluro-)

* Formerly iodoxy.
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attached to one another, then the chain chosen as parent should carry the largest number ¢
characteristic group. If necessary, the selection is continued as in rule 1.

4. If the characteristic group occurs only in one cyclic system, that system is chosen as the par

5. If the characteristic group occurs in more than one cyclic system, that system is chosen as pe
which (a) carries the largest number of the principal group or, failing to reach a decision, (b)
the senior ring system.

6. If the characteristic group occurs both in a chain and in a cyclic system, the parent is that port
in which the principal group occurs in largest number. If the numbers are the same, that port
is chosen which is considered to be the most important or is the senior ring system.

7. When a substituent is itself substituted, all the subsidiary substituents are named as prefixes
the entire assembly is regarded as a parent radical.

8. The seniority of ring systems is ascertained by applying the following rules successively unti
decision is reached: (a) all heterocycles are senior to all carbocycles, (b) for heterocycles,
preference follows the decision process described under Heterocyclic Systems, p. 1.11, (c)
largest number of rings, (d) the largest individual ring at the first point of difference, (e) th
largest number of atoms in common among rings, (f) the lowest letters in the expression for ri
functions, (g) the lowest numbers at the first point of difference in the expression for ring jun
tions, (h) the lowest state of hydrogenation, (i) the lowest-numbered locant for indicated hydrog
() the lowest-numbered locant for point of attachment (if a radical), (k) the lowest-numbere
locant for an attached group expressed as a suffix, (I) the maximum number of substituents c
as prefixes, (m) the lowest-numbered locant for substituents named as prefixes, hydro prefi
-ene, and -yne, all considered together in one series in ascending numerical order independe
their nature, and (n) the lowest-numbered locant for the substituent named as prefix which is ¢
first in the name.

Numbering of Compoundslf the rules for aliphatic chains and ring systems leave a choice, th
starting point and direction of numbering of a compound are chosen so as to give lowest-numbe
locants to these structural factors, if present, considered successively in the order listed below |
a decision is reached. Characteristic groups take precedence over multiple bonds.

1. Indicated hydrogen, whether cited in the name or omitted as being conventional
2. Characteristic groups named as suffix following the ranking order of Table 1.7

3. Multiple bonds in acyclic compounds; in bicycloalkanes, tricycloalkanes, and polycycloalkane
double bonds having priority over triple bonds; and in heterocyclic systems whose names en
-etine, -oline, or -olene

4. The lowest-numbered locant for substituents named as prefixes, hydro prefixes, -ene, and -
all considered together in one series in ascending numerical order

5. The lowest locant for that substituent named as prefix which is cited first in the name

For cyclic radicals, indicated hydrogen and thereafter the point of attachment (free valency) h
priority for the lowest available number.

Prefixes and Affixes.Prefixes are arranged alphabetically and placed before the parent nan
multiplying affixes, if necessary, are inserted @udnotalter the alphabetical order already attained.
The parent name includes any syllables denoting a change of ring member or relating to the struc
of a carbon chain. Nondetachable parts of parent names include
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. Forming rings; cyclo-, bicyclo-, spiro-

. Fusing two or more rings: benzo-, naphtho-, imidazo-

. Substituting one ring or chain member atom for another: oxa-, aza-, thia-
. Changing positions of ring or chain members: is®¢-, tert-neo-

. Showing indicated hydrogen

. Forming bridges: ethano-, epoxy-

. Hydro-

~N o 0o b~ DN

Prefixes that represent complete terminal characteristic groups are preferred to those represe
only a portion of a given group. For example, for the prefsC(=0)CH,, the name (formylmethyl)
is preferred to (oxoethyl).

The multiplying affixes di-, tri-, tetra-, penta-, hexa-, hepta-, octa-, nona-, deca-, undeca-, anc
on are used to indicate a set identical unsubstituted radicals or parent compounds. The forms
bis-, tris-, tetrakis-, pentakis-, and so on are used to indicate a set of identical radicals or pal
compoundseach substituted in the same wdhe affixes bi-, ter-, quater-, quinque-, sexi-, septi-,
octi-, novi-, deci-, and so on are used to indicate the number of identical rings joined together b
single or double bond.

Although multiplying affixes may be omitted for very common compounds when no ambiguit
is caused thereby, such affixes are generally included throughout this handbook in alphabe
listings. An example would be ethyl ether for diethyl ether.

1.1.2.2 Conjunctive Nomenclature. Conjunctive nomenclature may be applied when a principal
group is attached to an acyclic component that is directly attached by a carbon-carbon bond
cyclic component. The name of the cyclic component is attached directly in front of the name
the acyclic component carrying the principal group. This nomenclature is not used when an un:
urated side chain is named systematically. When necessary, the position of the side chain is indic
by a locant placed before the name of the cyclic component. For substituents on the acyclic ch
carbon atoms of the side chain are indicated by Greek letters proceeding from the principal gr
to the cyclic component. The terminal carbon atom of acids, aldehydes, and nitriles is omitted wt
allocating Greek positional letters. Conjunctive nomenclature is not used when the side chain cat
more than one of the principal group, except in the case of malonic and succinic acids.

The side chain is considered to extend only from the principal group to the cyclic compone
Any other chain members are named as substituents, with appropriate prefixes placed before
name of the cyclic component.

When a cyclic component carries more than one identical side chain, the name of the cy«
component is followed by di-, tri-, etc., and then by the name of the acyclic component, and it
preceded by the locants for the side chains. Examples are

5 6
H,C 5H2—(°‘:H20H 4-Methyl-1-cyclohexaneethanol
3 2

HsC

| H
<:>— (lj_(':_CHz_CH3 a-Ethyl-B, B-dimethylcyclohexaneethanol
H,C OH
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When side chains of two or more different kinds are attached to a cyclic component, only t
senior side chain is named by the conjunctive method. The remaining side chains are name
prefixes. Likewise, when there is a choice of cyclic component, the senior is chosen. Benz
derivatives may be named by the conjunctive method only when two or more identical side cha
are present. Trivial names for oxo carboxylic acids may be used for the acyclic component. If |
cyclic and acyclic components are joined by a double bond, the locants of this bond are place
superscripts to a Greek capital delta that is inserted between the two names. The locant for the ¢
component precedes that for the acyclic component, e.g., indienracetic acid.

1.1.2.3 Radicofunctional Nomenclature. The procedures of radicofunctional nomenclature are
identical with those of substitutive nomenclature except that suffixes are never used. Instead,
functional class name (Table 1.9) of the compound is expressed as one word and the remaind
the molecule as another that precedes the class name. When the functional class name refer
characteristic group that is bivalent, the two radicals attached to it are each named, and when
ferent, they are written as separate words arranged in alphabetical order. When a compound con
more than one kind of group listed in Table 1.9, that kind is cited as the functional group or cle
name that occurs higher in the table, all others being expressed as prefixes.

Radicofunctional nomenclature finds some use in naming ethers, sulfides, sulfoxides, sulfol
selenium analogs of the preceding three sulfur compounds, and azides.

TABLE 1.9 Functional Class Names Used in Radicofunctional Nomenclature
Groups are listed in order of decreasing priority.

Group Functional class names

X in acid derivatives Name of X (in priority order: fluoride, chloride, bromide,
iodide, cyanide, azide; then the sulfur and selenium
analogs)

—CN, —NC Cyanide, isocyanide

—=CO Ketone; then S and Se analogs

—OH Alcohol; then S and Se analogs

—O—OH Hydroperoxide

=0 Ether or oxide

=S, =S0,>=S0, Sulfide, sulfoxide, sulfone

—=Se, >Se0, >SeQ, Selenide, selenoxide, selenone

—F, —CI, —Br, —I Fluoride, chloride, bromide, iodide

—N, Azide

1.1.2.4 Replacement NomenclatureReplacement nomenclature is intended for use only wher
other nomenclature systems are difficult to apply in the naming of chains containing heteroato
When no group is present that can be named as a principal group, the longest chain of carbon
heteroatoms terminating with carbon is chosen and named as though the entire chain were th
an acyclic hydrocarbon. The heteroatoms within this chain are identified by means of prefi
aza-, oxa-, thia-, etc., in the order of priority stated in Table 1.3. Locants indicate the positions
the heteroatoms in the chain. Lowest-numbered locants are assigned to the principal group v
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such is present. Otherwise, lowest-numbered locants are assigned to the heteroatoms consi
together and, if there is a choice, to the heteroatoms cited earliest in Table 1.3. An example is

13 12 11 10 9 8 7 6 5 4 3 2 1
HO—CH,—O0—CH,—CH,—0—CH,—CH,—N—CH,—CH,—N—CH,—COOH
H H

13-Hydroxy-9,12-dioxa-3,6-diazatridecanoic acid

1.1.3 Specific Functional Groups

Characteristic groups will now be treated briefly in order to expand the terse outline of substituti
nomenclature presented in Table 1.7. Alternative nomenclature will be indicated whenever desira

1.1.3.1 Acetals and Acylals. Acetals, which contain the group C(OR),, where R may be dif-
ferent, are named (1) as dialkoxy compounds or (2) by the name of the corresponding aldehyd
ketone followed by the name of the hydrocarbon radical(s) followed by the awmid|.For example,
CH,—CH(OCH;), is named either (1) 1,1-dimethoxyethane or (2) acetaldehyde dimethyl acetal.
A cyclic acetal in which the two acetal oxygen atoms form part of a ring may be name
(1) as a heterocyclic compound or (2) by use of the prefix methylenedioxy for the grot
—O—CH,—O— as a substituent in the remainder of the molecule. For example,

o (1) 1,3-Benzoflldioxole-5-carboxylic acid
CH;
HOOC o (2) 3,4-Methylenedioxybenzoic acid
Acylals, RR?C(OCOR),, are named as acid esters;

O—CO—CH,
CH,—CH,—CH,—CH Butylidene acetate
propionate
O—CO—CH,—CH,

a-Hydroxy ketones, formerly called acyloins, had been named by changing the ending -ic a
or -oic acid of the corresponding acid to -oin. They are preferably named by substitutive nomenc
ture; thus

CH;—CH(OH)—CO—CH,q 3-Hydroxy-2-butanone (formerly acetoin)

1.1.3.2 Acid Anhydrides. Symmetrical anhydrides of monocarboxylic acids, when unsubstitutec
are named by replacing the woettid by anhydride.Anhydrides of substituted monocarboxylic
acids, if symmetrically substituted, are named by prefixing bis- to the name of the acid and replac
the wordacid by anhydride.Mixed anhydrides are named by giving in alphabetical order the firs
part of the names of the two acids followed by the wardhydridee.g., acetic propionic anhydride
or acetic propanoic anhydride. Cyclic anhydrides of polycarboxylic acids, although possessin
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heterocyclic structure, are preferably named as acid anhydrides. For example,

(O QC¢O

\C/ ~
1,8;4,5-Napthalenetetracarboxylic dianhydride (note the use of a
semicolon to distinguish the pairs of locants)
C.__C
07 ~07 X0

1.1.3.3 Acyl Halides. Acyl halides, in which the hydroxyl portion of a carboxyl group is replaced
by a halogen, are named by placing the name of the corresponding halide after that of the
radical. When another group is present that has priority for citation as principal group or when
acyl halide is attached to a side chain, the prefix haloformyl- is used as, for example, in fluol
formyl-.

1.1.3.4 Alcohols and Phenols. The hydroxyl group is indicated by a suffix -ol when it is the
principal group attached to the parent compound and by the prefix hydroxy- when another gr
with higher priority for citation is present or when the hydroxy group is present in a side chai
When confusion may arise in employing the suffix -ol, the hydroxy group is indicated as a pref
this terminology is also used when the hydroxyl group is attached to a heterocycle, as, for exam
in the name 3-hydroxythiophene to avoid confusion with thiopheng{&H). Designations such
as isopropanolsecbutanol, andert-butanol are incorrect because no hydrocarbon exists to whicl
the suffix can be added. Many trivial names are retained. These structures are shown in Table :
The radicals (RG-) are named by adding -oxy as a suffix to the name of the R radical, e.g
pentyloxy for CHCH,CH,CH,CH,O0—. These contractions are exceptions: methoxy {H),
ethoxy (GHsO—), propoxy (GH,O—), butoxy (GH,O—), and phenoxy (gHs0—).

For unsubstituted radicals only, one may use isopropoxy [J&HH—O—], isobutoxy
[(CH3),CH,CH—0O—1], secbutoxy [CH,CH,CH(CH;)—0O—], andtert-butoxy [(CH;);,C—O0—].

TABLE 1.10 Retained Trivial Names of Alcohols and Phenols with Structures

Ally alcohol CH,=CHCH,0OH
tert-Butyl alcohol (CH),COH
Benzyl alcohol GHsCH,OH
Phenethyl alcohol ¢H;CH,CH,OH
Ethylene glycol HOCHCH,OH
1,2-Propylene glycol CECHOHCH,OH
Glycerol HOCHCHOHCH,0OH
Pentaerythritol C(CKDH),
Pinacol (CH),COHCOH(CH),
Phenol GHsOH
(l)H

Xylitol HOCHZ(|:H—CH—C|H—CHZOH

OH OH

Geraniol (CH3)ZC=CHCHZCH2(|:=CHCHZOH
CH,
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TABLE 1.10 Retained Trivial Names of Alcohols and Phenols with Structu@m(inued

G
Phytol CH,CH,CHCH,CH,CH,CH(CHj),
CH,CHCH,CH,CH,C=CHCH,0H
CH, CH,
Menthol éHs Borneol I§I3C , C9H3
0

1
CH;
O H 6 OH
OH 4

H
OH
: : CH,
6 2 6 2
5 3 5 3
¢ 4 CH, 4 10
(:}{3

9 8
(:l{;"'(:""(:}{g
H

Cresol (1,4-isomer Xylenol (2,3-isomer Carvacrol
shown) shown)

8 1
7 2 OH
6 3
5 4
Naphthol (2-isomer shown) Anthrol (9-isomer shown) Phenanthrol (2-isomer shown)
2-Hydroxynaphthalene 9-Hydroxyanthracene 2-Hydroxyphenanthrene
OH OH OH OH
U, OH ! ! U, OH
6 6 2 6, 2 6
5 3 5 5 5 3 s 3
) P OH 7 5 OH
OH
Pyrocatechol Resorcinol Hydroquinone Pyrogallol

1,2-Dihydroxybenzene 1,3-Dihydroxybenzene 1,4-Dihydroxybenzene 1,2,3-Trihydroxybenzene

OH OH OH
. t‘ , 0,N_, NO, 0,N_¢ A\ _NO,
s 3 5
HO™* "’ OH 7 *"OH
PJ(); PJ()Z
Phloroglucinol Picric acid Styphnic acid
1,3,5-Trihydroxybenzene 2,4,6-Trinitrophenol 1,3-Dihydroxy-2,4,6-trinitroben-

zene
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Bivalent radicals of the form 6-Y —O are named by adding -dioxy to the name of the bivalent
radicals except when forming part of a ring system. Examples-a@e—CH,—O— (methylene-
dioxy), —O—CO—0O— (carbonyldioxy), and—O— SO,— O— (sulfonyldioxy). Anions derived
from alcohols or phenols are named by changing the final -ol to -olate.

Salts composed of an anion, R©, and a cation, usually a metal, can be named by citing firsi
the cation and then the RO anion (with its ending changed to -yl oxide), e.g., sodium benzyl ox
for CgHsCH,ONa. However, when the radical has an abbreviated name, such as methoxy, the en
-oxy is changed to -oxide. For example, fNa is named sodium methoxide (not sodium meth-
ylate).

1.1.3.5 Aldehydes. When the group—C(=O0)H, usually written—CHO, is attached to carbon
at one (or both) end(s) of a linear acyclic chain the name is formed by adding the suffix -al {
-dial) to the name of the hydrocarbon containing the same number of carbon atoms. Examples
butanal for CHCH,CH,CHO and propanedial for, OHCGBHO.

Naming an acyclic polyaldehyde can be handled in two ways. First, when more than two aldeh
groups are attached to an unbranched chain, the proper affix is added to -carbaldehyde, w
becomes the suffix to the name of the longest chain carrying the maximum number of aldeh
groups. The name and numbering of the main chain do not include the carbon atoms of the aldel
groups. Second, the name is formed by adding the prefix formyl- to the name of the -dial t
incorporates the principal chain. Any other chains carrying aldehyde groups are named by the
of formylalkyl- prefixes. Examples are

CHO
OHC—CH,—CH,—CH,—CH—CH,—CHO

(1) 1,2,5-Pentanetricarbaldehyde
(2) 3-Formylheptanedial

OHC—CH,—CH,—CH,_ (|?H0
_CH—CH—CH—CH,—CHO
OHC—CH,—CH, CH,—CHO

(1) 4-(2-Formylethyl)-3-(formylmethyl)-1,2,7-heptanetricarbaldehyde
(2) 3-Formyl-5-(2-formylethyl)-4-(formylmethyl)nonanedial

When the aldehyde group is directly attached to a carbon atom of a ring system, the su
-carbaldehyde is added to the name of the ring system, e.g., 2-naphthalenecarbaldehyde. Whe
aldehyde group is separated from the ring by a chain of carbon atoms, the compound is nal
(1) as a derivative of the acyclic system or (2) by conjunctive nomenclature, for exampl
(1) (2-naphthyl)propionaldehyde or (2) 2-naphthalenepropionaldehyde.

An aldehyde group is denoted by the prefix formyl- when it is attached to a nitrogen atom ir
ring system or when a group having priority for citation as principal group is present and part o
cyclic system.

When the corresponding monobasic acid has a trivial name, the name of the aldehyde ma
formed by changing the ending -ic acid or -oic acid to -aldehyde. Examples are

Formaldehyde Acrylaldehyde (not acrolein)
Acetaldehyde Benzaldehyde
Propionaldehyde Cinnamaldehyde

Butyraldehyde 2-Furaldehyde (not furfural)
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The same is true for polybasic acids, with the proviso that all the carboxyl groups must be chan
to aldehyde; then it is not necessary to introduce affixes. Examples are

Glyceraldehyde Succinaldehyde
Glycolaldehyde Phthalaldehyde-( m, p-)
Malonaldehyde

These trivial names may be retained: citral (3,7-dimethyl-2,6-octadienal), vanillin (4-hydroxy-.
methoxybenzaldehyde), and piperonal (3,4-methylenedioxybenzaldehyde).

1.1.3.6 Amides. For primary amides the suffix -amide is added to the systematic
name of the parent acid. For example, £HCO—NH, is acetamide. Oxamide is retained for
H,N—CO—CO—NH,. The name -carboxylic acid is replaced by -carboxamide.

For amino acids having trivial names ending in -ine, the suffix -amide is added after the nal
of the acid (with elision ofe for monoamides). For example ,N—CH,—CO—NH, is glycin-
amide.

In naming the radical R-CO—NH—, either (1) the -yl ending of RC&- is changed to -amido
or (2) the radicals are named as acylamino radicals. For example,

1) 4-Acetamidobenzoic acid
—CO—NH COOH ( ) T
CH, @ (2) 4-Acetylaminobenzoic acid
The latter nomenclature is always used for amino acids with trivial names.

N-substituted primary amides are named either (1) by citing the substitueNtpraixes or (2)
by naming the acyl group as &hsubstituent of the parent compound. For example,

o (1) N-Methylbenzamide
@CO NH—=CH; 5) Benzoylaminomethane

1.1.3.7 Amines. Amines are preferably named by adding the suffix -amine (and any multiplying
affix) to the name of the parent radical. Examples are

CH,CH,CH,CH,CH,NH, Pentylamine
H,NCH,CH,CH,CH,CH,NH, 1,5-Pentyldiamine or pentamethylenediamine

Locants of substituents of symmetrically substituted derivatives of symmetrical amines are ¢
tinguished by primes or else the names of the complete substituted radicals are enclosed in pz
theses. Unsymmetrically substituted derivatives are named similarlyNusabstituted products of
a primary amine (after choosing the most senior of the radicals to be the parent amine). For exarn

/CHZCHZCI_I2F (1) 1,3-Difluorodipropylamine
HN\ (2) 1-FluoroN-(3-fluoropropyl)propylamine
CHF—CH,CH, (3) (1-Fluoropropyl)(3-fluoropropyl)amine

Complex cyclic compounds may be named by adding the suffix -amine or the prefix amino-
aminoalkyl-) to the name of the parent compound. Thus three names are permissible for
N
= . .
1 (1) 4-Pyridylamine
X (2) 4-Pyridinamine
(3) 4-Aminopyridine
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Complex linear polyamines are best designated by replacement nomenclature. These trivial né
are retained: aniline, benzidene, phenetidine, toluidine, and xylidine.

The bivalent radical—NH— linked to two identical radicals can be denoted by the prefix
imino-, as well as when it forms a bridge between two carbon ring atoms. A trivalent nitrogen atc
linked to three identical radicals is denoted by the prefix nitrilo-. Thus ethylenediaminetetraace
acid (an allowed exception) should be named ethylenedinitrilotetraacetic acid.

1.1.3.8  Ammonium Compounds.Salts and hydroxides containing quadricovalent nitrogen are
named as a substituted ammonium salt or hydroxide. The names of the substituting radicals pre
the wordammoniumand then the name of the anion is added as a separate word. For examj
(CH,),N~I- is tetramethylammonium iodide.

When the compound can be considered as derived from a base whose name does not e
-amine, its quaternary nature is denoted by adding ium to the name of that base (with elgion of
substituent groups are cited as prefixes, and the name of the anion is added separately at the
Examples are

CsHsNH{HSGO;, Anilinium hydrogen sulfate
[(CeHNH )1 PtCERs Dianilinium hexachloroplatinate

The namegholineandbetaineare retained for unsubstituted compounds.

In complex cases, the prefixes amino- and imino- may be changed to ammonio- and iminio- :
are followed by the name of the molecule representing the most complex group attached to
nitrogen atom and are preceded by the names of the other radicals attached to this nitrogen. Fi
the name of the anion is added separately. For example, the name might be 1-trimethylammo
acridine chloride or 1-acridinyltrimethylammonium chloride.

When the preceding rules lead to inconvenient names, then (1) the unaltered name of the |
may be used followed by the name of the anion or (2) for salts of hydrohalogen acids only t
unaltered name of the base is used followed by the name of the hydrohalide. An example of
latter would be 2-ethyp-phenylenediamine monohydrochloride.

1.1.3.9 Azo Compounds.When the azo group—CN=N—) connects radicals derived from
identical unsubstituted molecules, the name is formed by adding the prefix azo- to the name of
parent unsubstituted molecules. Substituents are denoted by prefixes and suffixes. The azo ¢
has priority for lowest-numbered locant. Examples are azobenzengHig-EN=N—CgH;, azo-
benzene-4-sulfonic acid forg8;—N=N—C;H;SO,H, and 2,4-dichloroazobenzene-4ulfonic
acid for CIGH,—N=N—CgH,CISO;H.

When the parent molecules connected by the azo group are different, azo is placed betweel
complete names of the parent molecules, substituted or unsubstituted. Locants are placed bet
the affix azo and the names of the molecules to which each refers. Preference is given to the r
complex parent molecule for citation as the first component, e.g., 2-aminonaphthalene-1-z
(4'-chloro-2-methylbenzene).

In an alternative method, the senior component is regarded as substituted=NRN, this
group R being named as a radical. Thus 2-(7-phenylazo-2-naphthylazo)anthracene is the nam
this alternative method for the compound named anthracene-2-ampBthalene-7azobenzene.

1.1.3.10 Azoxy Compounds.Where the position of the azoxy oxygen atom is unknown or im-
material, the compound is named in accordance with azo rules, with the affix azo replaced by az
When the position of the azoxy oxygen atom in an unsymmetrical compound is designated, a pr
NNO- or ONN- is used. When both the groups attached to the azoxy radical are cited in the na
of the compound, the prefildNO- specifies that the second of these two groups is attached direct
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to —N(O)—; the prefixONN- specifies that the first of these two groups is attached directly tc
—N(O)—. When only one parent compound is cited in the name, the pre@d and NNO-
specify that the group carrying the primed and unprimed substituents is connected, respectivel
the—N(O)— group. The prefidNON signifies that the position of the oxygen atom is unknown;
the azoxy group is then written as N,O—. For example,

by N:T 1
@ 0@\ 2,2 ,4-TrichloroNNO-azoxybenzene
Lo Il M ¢l

1.1.3.11 Boron Compounds.Molecular hydrides of boron are called boranes. They are name
by using a multiplying affix to designate the number of boron atoms and adding an Arabic nume
within parentheses as a suffix to denote the number of hydrogen atoms present. Examples are
taborane(9) for BHy and pentaborane(11) for;B,;.

Organic ring systems are named by replacement nomenclature. Three- to ten-membered m
cyclic ring systems containing uncharged boron atoms may be named by the specialist nomencle
for heterocyclic systems. Organic derivatives are named as outlined for substitutive nomenclat
The complexity of boron nomenclature precludes additional details; the text by Rigaudy and Klest
should be consulted.

1.1.3.12 Carboxylic Acids. Carboxylic acids may be named in several ways. FitsCOOH
groups replacing CH— at the end of the main chain of an acyclic hydrocarbon are denoted b
adding -oic acid to the name of the hydrocarbon. Second, wher-@®OH group is the principal
group, the suffix -carboxylic acid can be added to the name of the parent chain whose name
chain numberingloes not includéhe carbon atom of the-COOH group. The former nomenclature
is preferred unless use of the ending -carboxylic acid leads to citation of a larger number of carbc
groups as suffix. Third, carboxyl groups are designated by the prefix carboxy- when attached
group named as a substituent or when another group is present that has higher priority for cita
as principal group. In all cases, the principal chain should be linked to as many carboxyl groups
possible even though it might not be the longest chain present. Examples are

CH;CH,CH,CH,CH, CH, COOH (1) Heptanoic acid
(2) 1-Hexanecarboxylic acid

CeH,,COOH (2) Cyclohexanecarboxylic acid

COOH CH,COOH
CH,—CH,—CH—CH,—CH—CH,—COOH
(3) 2-(Carboxymethyl)-1,4-hexanedicarboxylic acid

Removal of the OH from the—COOH group to form the acyl radical results in changing the
ending -oic acid to -oyl or the ending -carboxylic acid to -carbonyl. Thus the radice
CH,CH,CH,CH,CO— is named either pentanoyl or butanecarbonyl. When the hydroxyl has n
been removed from all carboxyl groups present in an acid, the remaining carboxyl groups are den
by the prefix carboxy-. For example, HOOC@}H,CH,CH,CH,CO— is named 6-carboxyhex-
anoyl.
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TABLE 1.11 Names of Some Carboxylic Acids

Systematic hame Trivial name Systematic nhame Trivial name
Methanoic Formic trans-Methylbutenedioic Mesaconic*
Ethanoic Acetic
Propanoic Propionic 1,2,2-Trimethyl-1,3-cyclopen- Camphoric
Butanoic Butyric tanedicarboxylic acid
2-Methylpropanoic Isobutyric*

Pentanoic Valeric Benzenecarboxylic Benzoic
3-Methylbutanoic Isovaleric* 1,2-Benzenedicarboxylic Phthalic
2,2-Dimethylpropanoic Pivalic* 1,3-Benzenedicarboxylic Isophthalic
Hexanoic (Caproic) 1,4-Benzenedicarboxylic Terephthalic
Heptanoic (Enanthic) Naphthalenecarboxylic Naphthoic
Octanoic (Caprylic) Methylbenzenecarboxylic Toluic
Decanoic (Capric) 2-Phenylpropanoic Hydratropic
Dodecanoic Lauric* 2-Phenylpropenoic Atropic
Tetradecanoic Myristic* trans-3-Phenylpropenoic Cinnamic
Hexadecanoic Palmitic* Furancarboxylic Furoic
Octadecanoic Stearic* Thiophenecarboxylic Thenoic
3-Pyridinecarboxylic Nicotinic
Ethanedioic Oxalic 4-Pyridinecarboxylic Isonicotinic
Propanedioic Malonic
Butanedioic Succinic Hydroxyethanoic Glycolic
Pentanedioic Glutaric 2-Hydroxypropanoic Lactic
Hexanedioic Adipic 2,3-Dihydroxypropanoic Glyceric
Heptanedioic Pimelic* Hydroxypropanedioic Tartronic
Octanedioic Suberic* Hydroxybutanedioic Malic
Nonanedioic Azelaic* 2,3-Dihydroxybutanedioic Tartaric
Decanedioic Sebacic* 3-Hydroxy-2-phenylpropanoic Tropic
Propenoic Acrylic 2-Hydroxy-2,2-diphenyl- Benzilic
Propynoic Propiolic ethanoic
2-Methylpropenoic Methacrylic 2-Hydroxybenzoic Salicylic
trans-2-Butenoic Crotonic Methoxybenzoic Anisic
cis-2-Butenoic Isocrotonic 4-Hydroxy-3-methoxybenzoic Vanillic
cis-9-Octadecenoic Oleic
trans-9-Octadecenoic Elaidic 3,4-Dimethoxybenzoic Veratric
cis-Butenedioic Maleic 3,4-Methylenedioxybenzoic Piperonylic
trans-Butenedioic Fumaric 3,4-Dihydroxybenzoic Protocatechuic
cis-Methylbutenedioic Citraconic* 3,4,5-Trihydroxybenzoic Gallic

* Systematic names should be used in derivatives formed by substitution on a carbon atom.

Note: The names in parentheses are abandoned but are listed for reference to older literature.

Many trivial names exist for acids; these are listed in Table 1.11. Generally, radicals are forrn
by replacing -ic acid by -oyl.* When a trivial name is given to an acyclic monoacid or diacid, th
numeral 1 is always given as locant to the carbon atom of a carboxyl group in the acid or to "
carbon atom with a free valence in the radical REO

* Exceptions: formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, oxalyl, malonyl, succinyl, glutaryl, furoyl,

and thenoyl.
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1.1.3.13 Ethers (R—O—R?). In substitutive nomenclature, one of the possible radicals,
R—O—, is stated as the prefix to the parent compound that is senior from amtan@R Examples
are methoxyethane for GBCH,CH; and butoxyethanol for {1, OCH,CH,OH.

When another principal group has precedence and oxygen is linking two identical parent ca
pounds, the prefix oxy- may be used, as with’ 3%ydiethanol for HOCHCH,OCH,CH,OH.

Compounds of the type R&'Y —OR, where the two parent compounds are identical and contail
a group having priority over ethers for citation as suffix, are named as assemblies of identi
units. For example, HOO€-CH,—O—CH,CH,—O—CH,—COOH is named 2,2(ethylene-
dioxy)diacetic acid.

Linear polyethers derived from three or more molecules of aliphatic dihydroxy compound
particularly when the chain length exceeds ten units, are most conveniently named by open-cl
replacement nomenclature. For example,;CH,—O—CH,CH,—O—CH,CH, could be 3,6-
dioxaoctane or (2-ethoxy)ethoxyethane.

An oxygen atom directly attached to two carbon atoms already forming part of a rin
system or to two carbon atoms of a chain may be indicated by the prefix epoxy-. For examy
CH,—CH—CH,CI is named 1-chloro-2,3-epoxypropane.

\O/

Symmetrical linear polyethers may be named (1) in terms of the central oxygen atom when th
is an odd number of ether oxygen atoms or (2) in terms of the central hydrocarbon group when tt
is an even number of ether oxygen atoms. For examplé;-€ O—C,H;—O—C,H;—O—C,Hg
is bis-(4-ethoxybutyl)ether, and 3,6-dioxaoctane (earlier example) could be named 1
bis(ethoxy)ethane.

Partial ethers of polyhydroxy compounds may be named (1) by substitutive nomenclature or
by stating the name of the polyhydroxy compound followed by the name of the etherifying radical
followed by the wordether. For example,

CH,0—C H, (1) 3-Butoxy-1,2-propanediol
HCOH (2) Glycerol 1-butyl ether; also, O-butylglycerol

CH,0H

Cyclic ethers are named either as heterocyclic compounds or by specialist rules of heterocy
nomenclature. Radicofunctional names are formed by citing the names of the radicaig R
followed by the wordether. Thus methoxyethane becomes ethyl methyl ether and ethoxyethar
becomes diethyl ether.

1.1.3.14 Halogen Derivatives.Using substitutive nomenclature, names are formed by addin
prefixes listed in Table 1.8 to the name of the parent compound. The prefix perhalo- implies
replacement of all hydrogen atoms by the particular halogen atoms.

Cations of the type BR2X* are given names derived from the halonium iopXH, by substi-
tution, e.g., diethyliodonium chloride for {(8;),l*Cl-.

Retained are these trivial names; bromoform (CHBehloroform (CHC}), fluoroform (CHE),
iodoform (CHL), phosgene (COG), thiophosgene (CS@) and dichlorocarbene radicai{CCl,).
Inorganic nomenclature leads to such names as carbonyl and thiocarbonyl halidess{@IG>S %)
and carbon tetrahalides (GX

1.1.3.15 Hydroxylamines and Oximes.For RNH—OH compounds, prefix the name of the rad-
ical R to hydroxylamine. If another substituent has priority as principal group, attach the pref
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hydroxyamino- to the parent name. For examplghi®IHOH would be namedN-phenylhydrox-
ylamine, but HOGH,NHOH would be (hydroxyamino)phenol, with the point of attachment indi-
cated by a locant preceding the parentheses.

Compounds of the type'RH—OR? are named (1) as alkoxyamino derivatives of compound
R'H, (2) asN,O-substituted hydroxylamines, (3) as alkoxyamines (eventifisRhydrogen), or
(4) by the prefix aminooxy- when another substituent has priority for parent name. Examples
each type are

. 2-(Methoxyamino)-8-naphthalenecarboxylic acid for OMH—C,,H,COOH

. O-Phenylhydroxylamine for IN—O—CgH; or N-phenylhydroxylamine for gH.NH—OH
. Phenoxyamine for IN—O—CgH; (not preferred tdD-phenylhydroxylamine)

. Ethyl (aminooxy)acetate for Jl—O—CH,CO—OC,H;

A WODN P

Acyl derivatives, RCO—NH—OH and HN—O—CO—R, are named all-hydroxy deriva-
tives of amides and a®-acylhydroxylamines, respectively. The former may also be named a
hydroxamic acids. Examples axehydroxyacetamide for C-LO—NH—OH andO-acetylhydrox-
ylamine for HN—O—CO—CH,. Further substituents are denoted by prefixes Witand/orN-
locants. For example, 8lsNH—O—C,H; would beO-ethyl-N-phenylhydroxylamine oN-ethox-
ylaniline.

For oximes, the woraximeis placed after the name of the aldehyde or ketone. If the carbony
group is not the principal group, use the prefix hydroxyimino-. Compounds with the grdlip-OR
are named by a prefix alkyloxyimino- as oxirfieethers or a$-substituted oximes. Compounds
with the group=C=N(O)R are named by addiny-oxide after the name of the alkylideneaminc
compound. For amine oxides, add the wardde after the name of the base, with locants. For
example, GH.N—O is named pyridiné&-oxide or pyridine 1-oxide.

1.1.3.16 Imines. The group>C=NH is named either by the suffix -imine or by citing the
name of the bivalent radical’lR?C< as a prefix to amine. For example, ¢®H,CH,CH=NH
could be named 1-butanimine or butylideneamine. When the nitrogen is substituted, as
CH,=N—CH,CH;, the name iN-(methylidene)ethylamine.

Quinones are exceptions. When one or more atoms of quinonoid oxygen have been replace
>NH or >NR, they are named by using the name of the quinone followed by the imime (and
preceded by proper affixes). Substituents on the nitrogen atom are named as prefixes. Example

o

HN:@:NH p-Benzoquinone diimine

NH p-Benzoquinone monoimine

1.1.3.17 Ketenes. Derivatives of the compound ketene, GHC=0, are named by substitutive
nomenclature. For example, J&,CH=C=0 is butyl ketene. An acyl derivative, such as
CH,CH,—CO—CH,CH=C=0, may be named as a polyketone, 1-hexene-1,4-dione. Bisketer
is used for two to avoid ambiguity with diketene (dimeric ketene).

1.1.3.18 Ketones. Acyclic ketones are named (1) by adding the suffix -one to the name of th
hydrocarbon forming the principal chain or (2) by citing the names of the radié¢asdR followed
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by the wordketone.In addition to the preceding nomenclature, acyclic monoacy! derivatives o
cyclic compounds may be named (3) by prefixing the name of the acyl group to the name of
cyclic compound. For example, the three possible names of

(1) 1-(2-Furyl)-1-propanone
o /[ (2) Ethyl 2-furyl ketone

UC——CHzCHJ (3) 2-Propionylfuran

When the cyclic component is benzene or naphthalene, the -ic acid or -oic acid of the a
corresponding to the acyl group is changed to -ophenone or -onaphthone, respectively. For exan
C¢Hs;—CO—CH,CH,CH;, can be named either butyrophenone (or butanophenone) or phenyl pror
ketone.

Radicofunctional nomenclature can be used when a carbonyl group is attached directly to car
atoms in two ring systems and no other substituent is present having priority for citation.

When the methylene group in polycarbocyclic and heterocyclic ketones is replaced by a ki
group, the change may be denoted by attaching the suffix -one to the name of the ring syst
However, wher=CH in an unsaturated or aromatic system is replaced by a keto group, two alte
native names become possible. First, the maximum number of noncumulative double bonds is ac
after introduction of the carbonyl group(s), and any hydrogen that remains to be added is denc
as indicated hydrogen with the carbonyl group having priority over the indicated hydrogen for lowe
numbered locant. Second, the prefix oxo- is used, with the hydrogenation indicated by hydro prefi
hydrogenation is considered to have occurred before the introduction of the carbonyl group. |
example,

(0]

“CH, (1) 1-@H)-Naphthalenone
P (2) 1-Oxo-1,2-dihydronaphthalene

When another group having higher priority for citation as principal group is also present, tl
ketonic oxygen may be expressed by the prefix oxo-, or one can use the name of the carbo
containing radical, as, for example, acyl radicals and oxo-substituted radicals. Examples are

aO=

2 3

(o]
o o |l s e . )
HOOCéHZCHZCHZCCHZCHg 4-(4'-Oxohexyl)-1-benzoic acid
Y

6 5

i i
CH,—C C—CH; 1,2,4-Triacetylbenzene
(|3|—CH3
(o]

Diketones and tetraketones derived from aromatic compounds by conversion of two or fc
—=CH groupsinto keto groups, with any necessary rearrangement of double bonds to a quinon
structure, are named by adding the suffix -quinone and any necessary affixes.

Polyketones in which two or more contiguous carbonyl groups have rings attached at each
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may be named (1) by the radicofunctional method or (2) by substitutive nomenclature. For exam

O O
! N
c=cC X (1) 2-Naphthyl 2-pyridyl diketone
OO \O (2) 1-(2-Naphthyl)-2-(2-pyridyl)ethanedione
Some trivial names are retained: acetone (2-propanone), biacetyl (2,3-butanedione), propiop
one (GHs;—CO—CH,CH,), chalcone (gHs—CH=CH—CO—CH;), and deoxybenzoin
(CHs—CH,—CO—CgH,).
These contracted names of heterocyclic nitrogen compounds are retained as alternatives for
tematic names, sometimes with indicated hydrogen. In addition, names of oxo derivatives of fi

saturated nitrogen heterocycles that systematically end in -idinone are often contracted to en
-idone when no ambiguity might result. For example,

N N N N
ot 0 o O
=
C Z C
Il I
o (0]
2-Pyridone 4-Pyridone 2-Quinolone 4-Quinolone
2(1H)-Pyridone  4(1H)-Pyridone  2(1H)-Quinolone 4(1H)-Quinolone
i o N
C. HzC\/ ) H,c\/ N
©/\/TH s s
1-Isoquinolone 4-Oxazolone 4-Pyrazolone
1(2H)-Isoquinolone  4(5H)-Oxazolone  4(5H)-Pyrazolone
i
g /0\ /S\ C
o:c\’ N H.C /N HC /N
H;CJ CJ C—/
7 7 N
(0] (0) H
5-Pyrazolone 4-Isoxazoline 4-Thiazolone 9-Acridone

5(4H)-Pyrazolone  4(5H)-Isoxazolone  4(5H)-Thiazolone 9(10H)-Acridone

1.1.3.19 Lactones, Lactides, Lactams, and Lactim&Vhen the hydroxy acid from which water
may be considered to have been eliminated has a trivial name, the lactone is designated by st
tuting -olactone for -ic acid. Locants for a carbonyl group are numbered as low as possible, e
before that of a hydroxyl group.

Lactones formed from aliphatic acids are named by adding -olide to the name of the nonhydr
ylated hydrocarbon with the same number of carbon atoms. The suffix -olide signifies the chal
of =CH:++CH;, into =C-:-C=0.

(0]

Structures in which one or more (but not all) rings of an aggregate are lactone rings are nar

by placing -carbolactone (denoting theO—CO— bridge) after the names of the structures that
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remain when each bridge is replaced by two hydrogen atoms. The locart@@— is cited before
that for the ester oxygen atom. An additional carbon atom is incorporated into this structure
compared to the -olide.

These trivial names are permittegtbutyrolactone;y-valerolactone, and-valerolactone. Names
based on heterocycles may be used for all lactones. Hrbsityrolactone is also tetrahydro-2-
furanone or dihydro-2(3)-furanone.

Lactidesjntermolecular cyclic esters, are named as heterocyicdesamsandlactims,containing
a—CO—NH— and—C(OH)=N— group, respectively, are named as heterocycles, but they ma
also be named with -lactam or -lactim in place of -olide. For example,

H
(1) 2-Pyrrolidinone

N
< C=0 (2) 4-Butanelactam

1.1.3.20 Nitriles and Related CompoundsFor acids whose systematic names end in -carboxylic
acid, nitriles are named by adding the suffix -carbonitrile when-th€N group replaces the
—COOH group. The carbon atom of the CN group is excluded from the numbering of a chain
to which it is attached. However, when the triple-bonded nitrogen atom is considered to repls
three hydrogen atoms at the end of the main chain of an acyclic hydrocarbon, the suffix -nitrile
added to the name of the hydrocarbon. Numbering begins with the carbon attached to the nitro
For example, CECH,CH,CH,CH,CN is named (1) pentanecarbonitrile or (2) hexanenitrile.

Trivial acid names are formed by changing the endings -oic acid or -ic acid to -onitrile. Fc
example, CHCN is acetonitrile. When the-CN group is not the highest priority group, theCN
group is denoted by the prefix cyano-.

In order of decreasing priority for citation of a functional class name, and the prefix for subs
tutive nomenclature, are the following related compounds:

Functional group Prefix Radicofunctional ending
—NC Isocyano- Isocyanide
—OCN Cyanato- Cyanate
—NCO Isocyanato- Isocyanate
—ONC — Fulminate
—SCN Thiocyanato- Thiocyanate
—NCSs Isothiocyanato- Isothiocyanate
—SeCN Selenocyanato- Selenocyanate
—NCSe Isoselenocyanato- Isoselenocyanate

1.1.3.21 Peroxides. Compounds of the type R O—OH are named (1) by placing the name of
the radical R before the worttdydroperoxideor (2) by use of the prefix hydroperoxy- when another
parent name has higher priority. For examplgbi{OOH is ethyl hydroperoxide.

Compounds of the type ®—OR? are named (1) by placing the names of the radicals in al-
phabetical order before the woparoxidewhen the group—O—O— links two chains, two rings,
or a ring and a chain, (2) by use of the affix dioxy to denote the bivalent gre@p—O— for
naming assemblies of identical units or to form part of a prefix, or (3) by use of the prefix epidiox
when the peroxide group forms a bridge between two carbon atoms, a ring, or a ring syste
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Examples are methyl propyl peroxide for ¢HO—O—C;H, and 2,2-dioxydiacetic acid for
HOOC—CH,—0O—0—CH,—COOH.

1.1.3.22 Phosphorus CompoundsAcyclic phosphorus compounds containing only one phos-

phorus atom, as well as compounds in which only a single phosphorus atom is in each of sev
functional groups, are named as derivatives of the parent structures listed in Table 1.12. Often tl

TABLE 1.12 Parent Structures of Phosphorus-Containing Compounds

Radicofunctional

Formula Parent name Substitutive prefix ending
HsP Phosphine HP—  Phosphino- Phosphide
HsP Phosphorane JR— Phosphoranyl-

H,P=— Phosphoroanediyl-
H,P= Phosphoranetriyl-

H;PO Phosphine oxide

H4PS Phosphine sulfide

H;PNH Phosphine imide

P(OH), Phosphorous acid Phosphite

HP(OH), Phosphonous acid Phosphonite

H,POH Phosphinous acid Phosphinite

P(O)(OH) Phosphoric acid P(O)= Phosphoryl- Phosphate(V)

HP(O)(OH), Phosphonic acid HP(O)~ Phosphonoyl- Phosphonate
—P(O)OH, Phosphono-

H,P(O)OH Phosphinic acid H,P(O)— Phosphinoyl- Phosphinate

—=P(O)OH Phosphinoco-
Phosphinato-

are purely hypothetical parent structures. When hydrogen attached to phosphorus is replaced
hydrocarbon group, the derivative is named by substitution nomenclature. When hydrogen of
—OH group is replaced, the derivative is named by radicofunctional nomenclature. For examj
C,H:PH, is ethylphosphine; (¢s),PH, diethylphosphine; CH#P(OH),, dihydroxy-methyl-phos-
phine or methylphosphonous acid;Hz—PO(CI)(OH), ethylchlorophosphonic acid or ethylphos-
phonochloridic acid or hydrogen chlorodioxoethylphosphate(V);@H{PH,) COOH, 2-phosphin-
opropionic acid; HP(CKHCOOH),, phosphinediyldiacetic acid; (GHHP(O)OH, methylphosphinic
acid or hydrogen hydridomethyldioxophosphate(V); (OWPO, trimethyl phosphate; and
(CH;0),P, trimethyl phosphite.

1.1.3.23 Salts and Esters of AcidsNeutral salts of acids are named by citing the cation(s) anc
then the anion, whose ending is changed from -oic to -oate or from -ic to -ate. When different aci
residues are present in one structure, prefixes are formed by changing the anion ending -ate to
or -ide to -ido-. The prefix carboxylato- denotes the ionic gret@OO-. The phrase (metal) salt
of (the acid) is permissible when the carboxyl groups are not all named as affixes.

Acid salts include the wortlydrogen(with affixes, if appropriate) inserted between the name of
the cation and the name of the anion (or wesdt).

Esters are named similarly, with the name of the alkyl or aryl radical replacing the name of t
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cation. Acid esters of acids and their salts are named as neutral esters, but the components are
in the order: cation, alkyl or aryl radical, hydrogen, and anion. Locants are added if necessary.
example,

CHZ_CO_OC2H5
HOC—COO~ K+ Ht Potassium 1-ethyl hydrogen citrate
CH,—COO0~

Ester groups in R—CO—OR? compounds are named (1) by the prefix alkoxycarbonyl- or
aryloxycarbonyl- fo—CO—OR? when the radical Rcontains a substituent with priority for ci-
tation as principal group or (2) by the prefix acyloxy- fot-RCO—O— when the radical R
contains a substituent with priority for citation as principal group. Examples are

CHzCHzCHzCO—OCH3
Methyl 3-methoxycarbonyl-2-naphthalenebutyrate

+
[CH;0—CO—CH,CH,N(CHj),]CIF [(2-Methoxycarbonyl)ethyl]trimethylammonium chloride
C¢Hs;—CO—OCH,CH,COOH 3-Benzoyloxypropionic acid

The trivial nameacetoxyis retained for the CkH—CO—O— group. Compounds of the type
R?C(OR?), are named as Festers of the hypothetical ortho acids. For example,GBCH;); is
trimethyl orthoacetate.

1.1.3.24 Silicon Compounds. SiH, is called silane; its acyclic homologs are called disilane, tri-
silane, and so on, according to the number of silicon atoms present. The chain is numbered f
one end to the other so as to give the lowest-numbered locant in radicals to the free valence c
substituents on a chain. The abbreviated form silyl is used for the radicat+-SilMlumbering and
citation of side chains proceed according to the principles set forth for hydrocarbon chains. Cyc
nonaromatic structures are designated by the prefix cyclo-.

When a chain or ring system is composed entirely of alternating silicon and oxygen atoms, |
parent namsiloxaneis used with a multiplying affix to denote the number of silicon atoms present
The parent namsilazaneimplies alternating silicon and nitrogen atoms; multiplying affixes denote
the number of silicon atoms present.

The prefix sila- designates replacement of carbon by silicon in replacement nomenclature. Pr
names for radicals are formed analogously to those for the corresponding carbon-containing ¢
pounds. Thus silyl is used for SiH-, silyene for—SiH,—, silylidyne for —SiH<, as well as
trily, tetrayl, and so on for free valences(s) on ring structures.

1.1.3.25 Sulfur Compounds

Bivalent Sulfur. The prefix thio, placed before an affix that denotes the oxygen-containing grot
or an oxygen atom, implies the replacement of that oxygen by sulfur. Thus the suffix -thiol deno
—SH, -thione denotes-(C)=S and implies the presence of&nS at a nonterminal carbon atom,
-thioic acid denotes [(G=S]OH = [(C)=O0]SH (that is, theD-substituted acid and th&substi-
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tuted acid, respectively), -dithioc acid denotes €C(S)]SH, and -thial denotes-(C)HS (or -car-
bothialdehyde denotes-CHS). When -carboxylic acid has been used for acids, the sulfur analc
is named -carbothioic acid or -carbodithioic acid.

Prefixes for the groups HS and RS— are mercapto- and alkylthio-, respectively; this latter
name may require parentheses for distinction from the use of thio- for replacement of oxygen i
trivially named acid. Examples of this problem are 4G—CiH,—CSOH namedp-
ethyl(thio)benzoic acid and 4,8;,—S—CsH,—COOH namedp-(ethylthio)benzoic acid. When
—SH is not the principal group, the prefix mercapto- is placed before the name of the par
compound to denote an unsubstitutecdSH group.

The prefix thioxo- is used for namirerS in a thioketone. Sulfur analogs of acetals are namec
as alkylthio- or arylthio-. For example, GAH(SCH)OCH; is 1-methoxy-1-(methylthio)ethane.
Prefix forms for -carbothioic acids are hydroxy(thiocarbonyl)- when referring t@tHsebstituted
acid and mercapto(carbonyl)- for tisesubstituted acid.

Salts are formed as with oxygen-containing compounds. For examytle;€S—Na is named
either sodium ethanethiolate or sodium ethyl sulfide. If mercapto- has been used as a prefix, the
is named by use of the prefix sulfido- ferS-.

Compounds of the type'R-S—R? are named alkylthio- (or arylthio-) as a prefix to the name
of R or R?, whichever is the senior.

Sulfonium Compounds.Sulfonium compounds of the typeHRR3S*X - are named by citing in
alphabetical order the radical names followed by -sulfonium and the name of the anion. For hete
cyclic compounds, -ium is added to the name of the ring system. Replacemetbby sulfonium
sulfur is denoted by the prefix thionia-, and the name of the anion is added at the end.

Organosulfur Halides. When sulfur is directly linked only to an organic radical and to a haloger
atom, the radical name is attached to the wamtfur and the name(s) and number of the halide(s)
are stated as a separate word. Alternatively, the name can be formed fro8CRI, a sulfenic acid
whose radical prefix is sulfenyl-. For example, {HH,— S—Br would be named either ethylsulfur
monobromide or ethanesulfenyl bromide. When another principal group is present, a compo
prefix is formed from the number and substitutive name(s) of the halogen atoms in front of t
syllable thio. For example, BrS-COOH is (bromothio)formic acid.

Sulfoxides. Sulfoxides, R—SO—R?, are named by placing the names of the radi-
cals in alphabetical order before the wosdlfoxide. Alternatively, the less senior radical is
named followed by sulfinyl- and concluded by the name of the senior group. For examp
CH,CH,—SO—CH,CH,CHj, is named either ethyl propy! sulfoxide or 1-(ethylsulfinyl)propane.

When an>SO0 group is incorporated in a ring, the compound is named an oxide.

Sulfones. Sulfones, R—SO,—R?, are named in an analogous manner to sulfoxides, using th
word sulfonein place ofsulfoxide.In prefixes, the less senior radical is followed by -sulfonyl-. When
the >SQ0, group is incorporated in a ring, the compound is named as a dioxide.

Sulfur Acids. Organic oxy acids of sulfur, that is;- SO,;H, —SO,H, and—SOH, are named
sulfonic acid, sulfinic acid, and sulfenic acid, respectively. In subordinate use, the respective prefi
are sulfo-, sulfino, and sulfeno-. The groupingSO,—0O—S0O,— or —SO—O0—SO0 is named
sulfonic or sulfinic anhydride, respectively.

Inorganic nomenclature is employed in naming sulfur acids and their derivatives in which sulf
is linked only through oxygen to the organic radical. For examplgH{0),SG, is diethyl sulfate
and GH;0—SO,—OH is ethyl hydrogen sulfate. Prefix€ andS- are used where necessary to
denote attachment to oxygen and to sulfur, respectively, in sulfur replacement compounds.
example, CH—S—S0,—ONa is sodiuntSmethyl thiosulfate.

When sulfur is linked only through nitrogen, or through nitrogen and oxygen, to the organ
radical, naming is as follows: (IY-substituted amides are designated\asubstituted derivatives
of the sulfur amides and (2) compounds of the type-RH—SQO;H may be named as-substituted
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sulfamic acids or by the prefix sulfoamino- to denote the group,$¥6NH—. The groups
—N=S0and—N=SG0, are named sulfinylamines and sulfonylamines, respectively.
Sultones and SultamsCompounds containing the group SO,—O— as part of the ring are
called -sultone. The-SO,— group has priority over the-O— group for lowest-numbered locant.
Similarly, the—SO,—N= group as part of a ring is named by adding -sultam to the name o
the hydrocarbon with the same number of carbon atoms—FB8&,— has priority over—N=for
lowest-numbered locant.

1.1.4 Stereochemistry

Concepts in stereochemistry, that is, chemistry in three-dimensional space, are in the proces
rapid expansion. This section will deal with only the main principles. The compounds discussed v
be those that have identical molecular formulas but differ in the arrangement of their atoms in spe
Stereoisomers the name applied to these compounds.

Stereoisomers can be grouped into three categories: (1) Conformational isomers differ from e
other only in the way their atoms are oriented in space, but can be converted into one anothe
rotation about sigma bonds. (2) Geometric isomers are compounds in which rotation about a dot
bond is restricted. (3) Configurational isomers differ from one another only in configuration aba
a chiral center, axis, or plane. In subsequent structural representations, a broken line denotes a
projecting behind the plane of the paper and a wedge denotes a bond projecting in front of the pl
of the paper. A line of normal thickness denotes a bond lying essentially in the plane of the par

1.1.4.1 Conformational Isomers. A molecule in a conformation into which its atoms return
spontaneously after small displacements is termedrdormer.Different arrangements of atoms
that can be converted into one another by rotation about single bonds are amaifedmational
isomers(see Fig. 1.1). A pair of conformational isomers can be but do not have to be mirror imag
of each other. When they are not mirror images, they are cdlstereomers.

(a) (b)

FIGURE 1.1 Conformations of ethane.
(a) Eclipsed; b) staggered.

Acyclic Compounds.Different conformations of acyclic compounds are best viewed by con:
struction of ball-and-stick molecules or by use of Newman projections (see Fig. 1.2). Both types
representations are shown for ethane. Atoms or groups that are attached at opposite ends of a
bond should be viewed along the bond axis. If two atoms or groups attached at opposite ends o
bond appear one directly behind the other, these atoms or groups are described as eclipsed.
portion of the molecule is described as being in the eclipsed conformation. If not eclipsed, the atc
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H
H H
H H H H
60°
120°
H H
H
H H
(a) (b)

FIGURE 1.2 Newman projections for
ethane. ¢) Staggered;i) eclipsed.

or groups and the conformation may be described as staggered. Newman projections show t
conformations clearly.

Certain physical properties show that rotation about the single bond is not quite free. For eth.
there is an energy barrier of ab@ukcal - mot*  (ka- mol* ). The potential energy of the molecu
is at a minimum for the staggered conformation, increases with rotation, and reaches a maximu
the eclipsed conformation. The energy required to rotate the atoms or groups about the carl
carbon bond is calletbrsional energyTorsional strain is the cause of the relative instability of the
eclipsed conformation or any intermediate skew conformations.

In butane, with a methyl group replacing one hydrogen on each carbon of ethane, there are se
different staggered conformations (see Fig. 1.3). There iartiecconformation in which the methyl
groups are as far apart as they can be (dihedral angle 6f. I8tere are tw@aucheconformations
in which the methyl groups are only 6@part; these are two nonsuperimposable mirror images o
each other. Theanti-conformation is more stable than tlgaucheby about 0.9 kcal - mot*

(4 kJ - mol?! ).Both are free of torsional strain. However, ingaucheconformation the methyl

groups are closer together than the sum of their van der Waals’ radii. Under these conditions
der Waals’ forces are repulsive and raise the energy of conformation. This strain can affect not c
the relative stabilities of various staggered conformations but also the heights of the energy bari

CH, H. CHj CH,
H H CH; H
= y = =
H H H H H H
CH,
CH, H
(a) (b) (c)
H3C CH, CH, n. CHs
H CH,
H CH
H H H H H H
H H
H
(d) (e) ()

FIGURE 1.3 Conformations of butane.a) Anti-staggered; i) eclipsed; ¢) gauchestaggered; d)
eclipsed; €) gauchestaggered;f() eclipsed. (Eclipsed conformations are slightly staggered for convenience
in drawing; actually they are superimposed.)
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between them. The energy maximum (estimated at 4631tdcal - mot* or 226t&J - mot ) i
reached when two methyl groups swing past each other (the eclipsed conformation) rather than
hydrogen atoms.

Cyclic Compounds. Although cyclic aliphatic compounds are often drawn as if they were plana
geometric figures (a triangle for cyclopropane, a square for cyclobutane, and so on), their struct
are not that simple. Cyclopropane does possess the maximum angle strain if one considers
difference between a tetrahedral angle (109ahd the 60 angle of the cyclopropane structure.
Nevertheless the cyclopropane structure is thermally quite stable. The highest electron densit
the carbon-carbon bonds does not lie along the lines connecting the carbon atoms. Bonding elect
lie principally outside the triangular internuclear lines and result in what is knowseasbonds
(see Fig. 1.4).

Cyclobutane has less angle strain than cyclopropane (onl$)1B.5 also believed to have some
bent-bond character associated with the carbon-carbon bonds. The molecule exists in a nonpl
conformation in order to minimize hydrogen-hydrogen eclipsing strain.

Cyclopentane is nonplanar, with a structure that resembles an envelope (see Fig. 1.5). Fol
the carbon atoms are in one plane, and the fifth is out of that plane. The molecule is in contin
motion so that the out-of-plane carbon moves rapidly around the ring.

The 12 hydrogen atoms of cyclohexane do not occupy equivalent positions. In the chair conf
mation six hydrogen atoms are perpendicular to the average plane of the molecule and six are dire
outward from the ring, slightly above or below the molecular plane (see Fig. 1.6). Bonds which ¢
perpendicular to the molecular plane are knowragigl bonds,and those which extend outward

H ”/:,,,'_ / H

C

FIGURE 1.4 The bent bonds (‘tear
drops”) of cyclopropane.

N =0 =N e

FIGURE 1.5 The conformations of cyclopentane.

FIGURE 1.6 The two chair conformations of cyclohexare;= axial hy-
drogen atom ané = equatorial hydrogen atom.
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from the ring are known asquatorial bondsThe three axial bonds directed upward originate from
alternate carbon atoms and are parallel with each other; a similar situation exists for the three &
bonds directed downward. Each equatorial bond is drawn so as to be parallel with the ring cark
carbon bond once removed from the point of attachment to that equatorial bond. At room temg
ature, cyclohexane is interconverting rapidly between two chair conformations. As one chair fo
converts to the other, all the equatorial hydrogen atoms become axial and all the axial hydrog
become equatorial. The interconversion is so rapid that all hydrogen atoms on cyclohexane ca
considered equivalent. Interconversion is believed to take place by movement of one side of
chair structure to produce the twist boat, and then movement of the other side of the twist boa
give the other chair form. The chair conformation is the most favored structure for cyclohexane.
angle strain is encountered since all bond angles remain tetrahedral. Torsional strain is mini
because all groups are staggered.

In the boat conformation of cyclohexane (Fig. 1.7) eclipsing torsional strain is significant,
though no angle strain is encountered. Nonbonded interaction between the two hydrogen at
across the ring from each other (the “flagpole” hydrogens) is unfavorable. The boat conformatiol
about6.5 kcal - mott (27 kJ - mot )higher in energy than the chair form at@5

FIGURE 1.7 The boat conforma-
tion of cyclohexanea = axial hydro-
gen atom aneé = equatorial hydrogen
atom.

FIGURE 1.8 Twist-boat conformation of cyclo-
hexane.

A modified boat conformation of cyclohexane, known as the twist boat (Fig. 1.8), or skew bo
has been suggested to minimize torsional and nonbounded interactions. This particular conforme
is estimated to be about5 kcal - mot* (6 kJ - mol ) lower in energy than the boat form at roor
temperature.

The medium-size rings (7 to 12 ring atoms) are relatively free of angle strain and can easily t:
a variety of spatial arrangements. They are not large enough to avoid all nonbonded interacti
between atoms.

Disubstituted cyclohexanes can existastransisomers as well as axial-equatorial conformers.
Two isomers are predicted for 1,4-dimethylcyclohexane (see Fig. 1.9). Fdratheisomer the
diequatorial conformer is the energetically favorable form. Only deésomer is observed, since
the two conformers of theis compound are identical. Interconversion takes place between th
conformational (equatorial-axial) isomers but not configuratiociatfang isomers.
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H CH,
cmN\cm H
—
— H
H
. . CH
Equatorial-equatorial Axial- axial 3
(a)
H H
CH,
H CH,4
=
H
CH
3 CH
Axial-equatorial Equatorial - axial

(b)

FIGURE 1.9 Two isomers of 1,4-dimethylcyclohexana) ransisomer; p) cis
isomer.

(a) (b)

FIGURE 1.10 Two isomers of decahydronaphthalene, or bicyclo[4.4.0]decane.
(a) Transisomer; p) cisisomer.

The bicyclic compound decahydronaphthalene, or bicyclo[4.4.0]decane, has two fused six-me
bered rings. It exists iwis andtrans forms (see Fig. 1.10), as determined by the configurations a
the bridgehead carbon atoms. Bails- and trans-decahydronaphthalene can be constructed with
two chair conformations.

1.1.4.2 Geometrical Isomerism.Rotation about a carbon-carbon double bond is restricted be
cause of interaction between tipeorbitals which make up the pi bond. Isomerism due to such
restricted rotation about a bond is knowngeometric isomerisnRarallel overlap of the orbitals

of each carbon atom of the double bond forms the molecular orbital of the pi bond. The relative
large barrier to rotation about the pi bond is estimated to be ne68ykcal - mott
(263 kJ - mott ).

When two different substituents are attached to each carbon atom of the doubleisenahs
isomers can exist. In the casea$-2-butene (Fig. 1.1d), both methyl groups are on the same side
of the double bond. The other isomer has the methyl groups on opposite sides and is designats
trans-2-butene (Fig. 1.14). Their physical properties are quite different. Geometric isomerism cat
also exist in ring systems; examples were cited in the previous discussion on conformational isom

For compounds containing only double-bonded atoms, the reference plane contains the dou
bonded atoms and is perpendicular to the plane containing these atoms and those directly atta
to them. It is customary to draw the formulas so that the reference plane is perpendicular to tha
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CHa\C_C/CH3 CHa\\C_C/H
W Sy e ScH,
(a) (b)

FIGURE 1.11 Two isomers of 2-butenea) Cisisomer,
bp 3.8C, mp —138.9C, dipole moment 0.33 Djj trans
isomer, bp 0.88, mp —105.6C, dipole moment O D.

the paper. For cyclic compounds the reference plane is that in which the ring skeleton lies o
which it approximates. Cyclic structures are commonly drawn with the ring atoms in the plane
the paper.

1.1.4.3 Sequence Rules for Geometric Isomers and Chiral Compounddthoughcis andtrans
designations have been used for many years, this approach becomes useless in complex syster
eliminate confusion when each carbon of a double bond or a chiral center is connected to diffel
groups, the Cahn, Ingold, and Prelog system for designating configuration about a double bon
a chiral center has been adopted by IUPAC. Groups on each carbon atom of the double bonc
assigned a first (1) or second (2) priority. Priority is then compared at one carbon relative to |
other. When both first priority groups are on tseme sidef the double bond, the configuration is
designated a2 (from the Germarzusammeritogether”), which was formerlgis. If the first priority
groups are ompposite sidesf the double bond, the designationEgfrom the Germarentgegen,

“in opposition to”), which was formerlyrans. (See Fig. 1.12.)

CcC—C C=—=C

OO @
v e o

(a) (b)

FIGURE 1.12 Configurations designated by priority
groups. &) Z (cis); (b) E (trans).

Jo
O

When a molecule contains more than one double bond, EaclZ prefix has associated with it the
lower-numbered locant of the double bond concerned. Thus (see also the rules that follow)

(2E,42)-2,4-Hexadienoic acid

AN
H COOH

When the sequence rules permit alternatives, preference for lower-numbered locants and forinclu
in the principal chain is allotted as follows in the order stat&dver E groups anctis overtrans
cyclic groups. If a choice is still not attained, then the lower-numbered locant for such a preferi
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group at the first point of difference is the determining factor. For example,

HOOC HH H
\C—C/ \C—C/ 27,5E)-2,5-H dienedioi id
c=C_ c=C (2Z,5E)-2,5-Heptadienedioic aci
H CH, COOH

Rule 1. Priority is assigned to atoms on the basis of atomic number. Higher priority is assign
to atoms of higher atomic number. If two atoms are isotopes of the same element, the atom of hig
mass number has the higher priority. For example, in 2-butene, the carbon atom of each me
group receives first priority over the hydrogen atom connected to the same carbon atom. Around
asymmetric carbon atom in chloroiodomethanesulfonic acid, the priority sequence is I, Cl, S, H.
1-bromo-1-deuteroethane, the priority sequence is Cl, C, D, H.

Rule 2. When atoms attached directly to a double-bonded carbon have the same priority,
second atoms are considered and so on, if necessary, working outward once again from the dc
bond or chiral center. For example, in 1-chloro-2-methylbutene, in @d second atoms are
H, H, Hand in CHCH, they are C, H, H. Since carbon has a higher atomic number than hydroge
the ethyl group has the next highest priority after the chlorine atom.

cl CH

c1\C C/CHZCH3 N s
/7 N\ / N

H CH, H CH,CH,

(2)-1-Chloro-2-methylbutene  E)-1-Chloro-2-methylbutene

Rule 3. When groups under consideration have double or triple bonds, the multiple-bond
atom is replaced conceptually by two or three single bonds to that same kind of ato

A A
Thus,=A is considered to be equivalent to two A'S,Q'I’A =ad equalséA . However, a
A

A
A L . . L
real<A has priority over=A; likewise a reaéA has priority oveeA. Actually, both atoms of
A

a multiple bond are duplicated, or triplicated, so that=0 is treated as| | , that
O C

cC—0O o—C

. . C——N
is | and | , and &N is treated as _/ \ VAN . A phenyl carbon
) (©) Ny (N © (©
CH
becomes_CLC . Only the double-bonded atoms themselves are duplicated, not the aton
CH

groups attached to them. The duplicated atoms (or phantom atoms) may be considered as car
atomic number zero. For example, among the groups OH, CHQOEHand H, the OH group has
the highest priority, and the C(O, O, H) of CHO takes priority over the C(O, H, H) ofG3H

1.1.4.4 Chirality and Optical Activity. A compound is chiral (the tergissymmetrigvas formerly
used) if it is not superimposable on its mirror image. A chiral compound does not have a plane
symmetry. Each chiral compound possesses one (or more) of three types of chiral element, nan
a chiral center, a chiral axis, or a chiral plane.
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Chiral Center. The chiral center, which is the chiral element most commonly met, is exemplifie
by an asymmetric carbon with a tetrahedral arrangement of ligands about the carbon. The lige
comprise four different atoms or groups. One “ligand” may be a lone pair of electrons; another
phantom atom of atomic number zero. This situation is encountered in sulfoxides or with a nitroc
atom. Lactic acid is an example of a molecule with an asymmetric (chiral) carbon. (See Fig. 1.12

(|300H COOH
-C C<
H™ ‘\OH HO/‘ “H
CH, CH,
Mirror plane

FIGURE 1.13 Asymmetric (chiral) car-
bon in the lactic acid molecule.

A simpler representation of molecules containing asymmetric carbon atoms is the Fischer
jection, which is shown here for the same lactic acid configurations. A Fischer projection involv

COOH COOH
H—’—OH H04—-—H
CH, CH,

drawing a cross and attaching to the four ends the four groups that are attached to the asymm
carbon atom. The asymmetric carbon atom is understood to be located where the lines cross.
horizontal lines are understood to represent bonds coming toward the viewer out of the plane of
paper. The vertical lines represent bonds going away from the viewer behind the plane of the p:
as if the vertical line were the side of a circle. The principal chain is depicted in the vertical directio
the lowest-numbered (locant) chain member is placed at the top position. These formulas ma
moved sideways or rotated through 180 the plane of the paper, but they may not be removed
from the plane of the paper (i.e., rotated through) 9 the latter orientation it is essential to use
thickened lines (for bonds coming toward the viewer) and dashed lines (for bonds receding from
viewer) to avoid confusion.

Enantiomers. Two nonsuperimposable structures that are mirror images of each other are kno
asenantiomersEnantiomers are related to each other in the same way that a right hand is rela
to a left hand. Except for the direction in which they rotate the plane of polarized light, enantiome
are identical in all physical properties. Enantiomers have identical chemical properties excep
their reactivity toward optically active reagents.

Enantiomers rotate the plane of polarized light in opposite directions but with equal magnitu
If the light is rotated in a clockwise direction, the sample is said to be dextrorotatory and is desigr
as (+). When a sample rotates the plane of polarized light in a counterclockwise direction, it is sz
to be levorotatory and is designed as)(Use of the designatiordsand| is discouraged.

Specific Rotation. Optical rotation is caused by individual molecules of the optically active
compound. The amount of rotation depends upon how many molecules the light beam encour
in passing through the tube. When allowances are made for the length of the tube that contain:
sample and the sample concentration, it is found that the amount of rotation, as well as its direct
is a characteristic of each individual optically active compound.
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Specific rotation is the number of degrees of rotation observed if a 1-dm tube is used and
compound being examined is present to the extédtgper 100 mL. The density for a pure liquid
replaces the solution concentration.

observed rotation (degrees)
length (dm)X (g/100 mL)

Specific rotation= [a] =

The temperature of the measurement is indicated by a superscript and the wavelength of the |
employed by a subscript written after the bracket; for exaniplé3, implies that the measurem
was made at Z€ using 590-nm radiation.

Optically Inactive Chiral Compounds.Although chirality is a necessary prerequisite for optical
activity, chiral compounds are not necessarily optically active. With an equal mixture of two el
antiomers, no net optical rotation is observed. Such a mixture of enantiomers is saicht@iréc
and is designated as:{ and not agll. Racemic mixtures usually have melting points higher than
the melting point of either pure enantiomer.

A second type of optically inactive chiral compoundgsocompounds, will be discussed in the
next section.

Multiple Chiral Centers. The number of stereoisomers increases rapidly with an increase in tt
number of chiral centers in a molecule. A molecule possessing two chiral atoms should have f
optical isomers, that is, four structures consisting of two pairs of enantiomers. However, if a co
pound has two chiral centers but both centers have the same four substituents attached, the
number of isomers is three rather than four. One isomer of such a compound is not chiral bece
it is identical with its mirror image; it has an internal mirror plane. This is an example of a diaste
eomer. The achiral structure is denoted asessocompound. Diastereomers have different physical
and chemical properties from the optically active enantiomers. Recognition of a plane of symme
is usually the easiest way to detechasccompound. The stereocisomers of tartaric acid are example
of compounds with multiple chiral centers (see Fig. 1.14), and one of its isomarsiseompound.

Mirror plane
COOH COOH COOH
H—C—OH HO——-C|2—H H—C—OH
HO—C—H H—C—OH H—C—OH
COOH (|JOOH COOH
(+)-Tartaric acid (—)-Tartaric acid meso -Tartaric acid

FIGURE 1.14 Isomers of tartaric acid.

When the asymmetric carbon atoms in a chiral compound are part of a ring, the isomerisn
more complex than in acyclic compounds. A cyclic compound which has two different asymmet
carbons with different sets of substituent groups attached has a t@ako#i optical isomers:
enantiometric pair otis isomers and an enantiometric pairtodins isomers. However, when the
two asymmetric centers have the same set of substituent groups attachedjisbener is ameso
compound and only theansisomer is chiral. (See Fig. 1.15.)

Torsional Asymmetry.Rotation about single bonds of most acyclic compounds is relatively free
at ordinary temperatures. There are, however, some examples of compounds in which nonbor
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HOOC H H COOH HOOC COOH

H COOH HOOC H H H

Mirror plane

(a) (b)

FIGURE 1.15 Isomers of cyclopropane-1,2-dicarboxylic acidy) (
Transisomer; ) mesoisomer.

interactions between large substituent groups inhibit free rotation about a sigma bond. In some c
these compounds can be separated into pairs of enantiomers.

A chiral axisis present in chiral biaryl derivatives. When bulky groups are located airthe
positions of each aromatic ring in biphenyl, free rotation about the single bond connecting the t
rings is inhibited because of torsional strain associated with twisting rotation about the central sir
bond. Interconversion of enantiomers is prevented (see Fig. 1.16).

For compounds possessing a chiral axis, the structure can be regarded as an elongated tetral
to be viewed along the axis. In deciding upon the absolute configuration it does not matter fr
which end it is viewed; the nearer pair of ligands receives the first two positions in the order
precedence (see Fig. 1.17). For the meaningpfdee the discussion under Absolute Configuration
on p. 1.49.

A chiral planeis exemplified by the plane containing the benzene ring and the bromine ar
oxygen atoms in the chiral compound shown in Fig. 1.18. Rotation of the benzene ring around
oxygen-to-ring single bonds is inhibited whers small (although no critical size can be reasonably
established).

CH, CH5
O CHs O HOOC_
H;C
HOOC
COOH COOH
Mirror plane

FIGURE 1.16 Isomers of biphenyl compounds with bulky groups attached
at theortho positions.

Viewed from here
(S) configuration \@ @
COOH
CHj3
COOH

CH,

@ \Viewed from here
(S) configuration

FIGURE 1.17 Example of a chiral axis.
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( (CH; )x )
-
Br

FIGURE 1.18 Example of a chi-

ral plane.
OH [RN Viewed OH ! Viewed
1 from here from here
2 3
N34 2
C-__ Cae_
H/ \\ ~~CH,CH, H/ \ ~~CH,
CH, CH,CH,
(a) (b)

FIGURE 1.19 Viewing angle as a means of designating the absolute config-
uration of compounds with a chiral axisa)((R)-2-Butanol (sequence clock-
wise); ©) (S)-2-butanol (sequence counterclockwise).

Absolute Configuration. The terms absolute stereochemistry and absolute configuration are us
to describe the three-dimensional arrangement of substituents around a chiral element. A ger
system for designating absolute configuration is based upon the priority system and sequence r
Each group attached to a chiral center is assigned a number, with number one the highest-pri
group. For example, the groups attached to the chiral center of 2-butanol (see Fig. 1.19) are assi
these priorities: 1 for OH, 2 for C}€Hj,, 3 for CH;, and 4 for H. The molecule is then viewed from
the side opposite the group of lowest priority (the hydrogen atom), and the arrangement of
remaining groups is noted. If, in proceeding from the group of highest priority to the group of seco
priority and thence to the third, the eye travels in a clockwise direction, the configuration is specifi
R (from the Latinrectus, right”); if the eye travels in a counterclockwise direction, the configuration
is specifiedS (from the Latinsinister,“left”). The complete name includes both configuration and
direction of optical rotation, as for exampl&){(+)-2-butanol.

The relative configurations around the chiral centers of many compounds have been establis
One optically active compound is converted to another by a sequence of chemical reactions wt
are stereospecific; that is, each reaction is known to proceed spatially in a specific way. The cor
uration of one chiral compound can then be related to the configuration of the next in sequence
order to establish absolute configuration, one must carry out sufficient stereospecific reaction
relate a new compound to another of known absolute configuration. Historically the configurati
of b-(+)-2,3-dihydroxypropanal has served as the standard to which all configuration has be
compared. The absolute configuration assigned to this compound has been confirmed by an X
crystallographic technique.

1.1.5 Chemical Abstracts Indexing System

When compounds of complex structure are considered, the number of name possibilities grt
rapidly. To avoid having index entries for all possible names, Chemical Abstracts Service has
veloped what might be called the principle of inversion. The indexing system employs invert
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entries to bring together related compounds in an alphabetically arranged indérd&kdeading
parentfrom the Chemical Substance Index appears in the Formula Index in lightface before |
“comma of inversion.” Thesubstituentsollow the “comma of inversion” in alphabetical order. Any
name modificatiomppears on a separate line. If necessary, the chemical description is comple
by citation of an associated ion, a functional derivative, a “salt with” or “compound with” term
and/or a stereochemical descriptor.

Quite naturally there is a certain amount of arbitrariness in this system, although the 1UP/
nomenclature is followed. The preferr€hemical Abstractindex names for chemical substances
have been, with very few exceptions, continued unchanged (since 1972) as set forttNintthe
Collective Index Guidand in a journal article.* Any revisions appear in the updatetex Guide;
new editions appear at 18-month intervals. Appendix VI is of particular interest to chemists. Repri
of the Appendix may be purchased from Chemical Abstracts Service, Marketing Division, P.O. B
3012, Columbus, Ohio 43210.

* J. Chem. Doc14(1):3-15 (1974).
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TABLE 1.13 Names and Formulas of Organic Radicals

For more comprehensive lists, see the various lists of radicals given in the subject indexes of the annual ar

decennial indexes @@hemical Abstracts.

151

Name Formula Name Formula
Acenaphthenyl CHo— Azido N;—
Acenaphthenylene —CHg— Azino =N—N=
Acenaphthenylidene CHg= Azo —N=N—
Acetamido CH;—CO—NH— Azoxy —N(O)—N—
Acetimidoyl CH,C(=NH)— Azulenyl CyH—

Acetoacetyl CH;—CO—CH,—CO— Benzamido CeHs—CO—NH—
Acetohydrazonoyl CH;—C(=NNH,)— Benzeneazo CeHs—N=N—
Acetohydroximoyl CH;—C(=NOH)— Benzeneazoxy CgHs—N,O0—
Acetonyl CH;—CO—CH,— 1,2-Benzenedicarbonyl,
Acetonylidene CH,—CO—CH= seePhthaloyl
Acetoxy CH,—CO—0— 1,3-Benzenedicarbonyb( —CO—CgH,—CO— (m")
Acetyl (not ethanoy)l CH,—CO— isophthaloy)
Acetylamino CH;—CO—NH— 1,4-Benzenedicarbonyb( —CO—CiH,—CO— (p>)
Acetylhydrazino CH;—CO—NH—NH— terephthaloy)
Acetylimino CH;,—CO—N= Benzenesulfinyl CeHs—SO—
Acridinyl (from acriding NCHg— Benzenesulfonamido CeHs—SO,—NH—
Acroyloyl (or propenoy) CH,=CH—CO— Benzenesulfonyl CeHs—SO,—
Adipoyl (or hexanedioyl —CO—[CH,],—CO— Benzenesulfonylamino CeHs—SO,—NH—
Alanyl CH;—CH(NH,)—CO— Benzenetriyl CeHs—
B-Alanyl H,N—CH,—CH,—CO— Benzhydryl fr diphenyl- (CeHs),CH—
Allyl (or 2-propeny) CH,=CH—CH,— methy)
Allylidene CH,=CH—CH= Benzidino p-H,N—C¢H,—CcH,—
Allyloxy CH,=CH—CH,—0— NH—
Amidino H,N—C(=NH)— Benziloyl (or 2-hydroxy- (CgHs).C(OH)—CO—
Amino H,N— 2,2-diphenylethanoy!
Aminomethyleneamino H,N—CH=N— Benzimidazolyl N,CHs—
Aminooxy H,N—O— Benzimidoyl CsHs—C(=NH)—
Ammonio *HN— Benzofuranyl OCHs—
Amyl, seePentyl Benzopyranyl OCH,—
Anilino CeHs—NH— Benzoquinonyl (1,2- or (0=),CH;—
Anisidino (0-, m-, or CH;0—CsH,—NH— 1,4-)
p-) Benzoplthienyl SGHs—
Anisoyl (0-, m-, or CH,0—CsH,—CO— Benzoyl CeHs—CO—
p-; or methoxyben- Benzoylamino CeHs—CO—NH—
zoy) Benzoylhydrazino CeHs—CO—NH—NH—
Anthraniloyl 0-NH,—CH,—CO— Benzoylimino CsHs—CO—N=
Anthryl (from anthraceng | C,Hs— Benzoyloxy C¢Hs—CO—0O—
Anthrylene —CHg— Benzyl CeHs—CH,—
Arginyl H,N—C(=NH)—NH— Benzylidene CgHs—CH=
[CH,];—CH(NH)— Benzylidyne CiHs—C=
CO— Benzyloxy C¢Hs—CH,—O0—
Asparaginyl H,N—CO—CH,— Benzyloxycarbonyl C¢Hs—CH,—0O—CO—
CH(NH,)—CO— Benzylthio CeHs—CH,—S—
Aspartoyl —CO—CH,— Biphenylenyl CH,—
CH(NH,)—CO— Biphenylyl CeHs—CeH,—
a-Aspartyl HO,C—CH,CH(NH,)— Bornenyl CiHis—
Atropoyl (or 2-phenylpro- | C¢Hs—C(=CH,)—CO— Bornyl (not camphyl or CiHi—
penoy) bornylyl)
Azelaoyl,seeNonane- Bromo Br—
dioyl Bromoformyl Br—CO—
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Name

Formula

Bromonio

Butadienyl (1,3- shown)
Butanedioyl,seeSuccinyl
Butanediylidene

Butanediylidyne

Butanoyl,seeButyryl

cis-Butenedioyl,seeMa-
leoyl

trans-Butenedioyl seeFu-
maroyl Butenoylsee
Crotonoyl and Isocroto-
noyl

1-Butenyl

2-Butenyl ot croty)

2-Butenylene

Butenylidene 2- shown

Butenylidyne 2- shown

Butoxy

secButoxy (unsubstituted
only)

tert-Butoxy (unsubstituted

only)
Butyl

secButyl (unsubstituted
only)

tert-Butyl (unsubstituted
only)

Butylidene

secButylidene (insubsti-
tuted only

Butylidyne

Butyryl (or butanoy)

Camphoroyl

Carbamoyl

Carbazolyl

Carbazoyl

Carbonimidoyl

Carbonohydrazidopfe-
ferred to carbohydazido
or carbazidg

Carbonyl

Carbonyldioxy

Carboxy

Carboxylato

Chloro

ChlorocarbonylseeChlo-
roformyl

Chloroformyl

Chlorosyl

Chlorothio

Chloryl

+*HBr—
CH,~CH—CH=CH—

=CH—CH,—CH,—
CH=
=C—CH,—CH,—C=

CH;—CH,—CH=CH—
CH,—CH=CH—CH,—
—CH,—CH=CH—
CH,—
CH,CH=CH—CH=
CH,—CH=CH—C=
CH;—[CH,],—0—
CHs—CH(CH)—0—

(CHy),C—0—

CH;—[CH,];— or
C,Ho—
C,Hs—CH(CHy)—

(CHy)sC—

CH;—CH,—CH,—CH=
C.HsC(CHy)=

CH,—[CH,],—C=

CH;—CH,—CH,—CO—

CiH1.0,—

H,N—CO—

NC,Hg—

H,N—NH—CO—

—C(=NH)—

H,N—NH—CO—NH—
NH—

—CO— or =C(0)
—0—CO—0—
HO,C—

—OZC—

Cl—

Cl—C(0)—
ocl—
cls—
0,Cl—

Cinnamoyl! 6r 3-phenyl-
propenoy)

Cinnamyl

Cinnamylidene

Citraconoy! (insubstituted
only)
Crotonoyl

Crotyl, see2-Butenyl

Cumenyl -, m-, or p)

Cyanato

Cyano

Cyclobutyl

Cycloheptyl

Cyclohexadienyl (2,4-
shown)

Cyclohexadienylidene
(2,4- shown)

Cyclohexanecarbonyl
Cyclohexanecarbothioyl
Cyclohexanecarboxamido
Cyclohexanecarboximidoyl
Cyclohexenyl
2-Cyclohexenylidene

Cyclohexyl
Cyclohexylcarbonyl
Cyclohexylene
Cyclohexylidene

Cyclohexylthiocarbonyl
Cyclopentadienyl
Cyclopentadienylidene
Cyclopentag]phenanthryl
1,2-Cyclopentenophenan-
thryl
Cyclopentenyl
Cyclopentyl
Cyclopentylene
Cyclopropyl
Cysteinyl

Cystyl

Decanedioyl

Decanoyl

Decyl

Diacetoxyiodo
Diacetylamino
Diaminomethyleneamino

CeHs—CH=CH—CO

CeHs—CH=CH—CH,—
CeHs—CH=CH—CH=
TC—CO—

CH,—C—CO—
CH;—CH=CH—CO—
(trang)

(CHs),CH—C¢H,—

NCO—

NC—

CH—

CHiz—
CH=CH—(‘3H—
CH=CH—CH,
(H:H—CHZ—‘C<
CH—CH=CH
C¢H;,—CO—
CeH,,—CS—

C¢H;;— CO—NH—
CeHy;—C(=NH)—
CeHo—
cH=cH—c{
H,C—CH,—CH,
CeHy—
CeH;;—CO—
—CeHyo—

cH,—cH,—cZ

~
CH,—CH,—CH,
CeH,;—CS—

CoHs—
CH=CH—CH=CH—C=
CiHy—

CiHy—

CsH,—
CHo—
—CgHg—
CeHs—
HS—CH,—CH(NH,)—
CO—
—CO—CH(NH,)—
CH,—S—S—CH,—
CH(NH,)—CO—
—CO—[CH,];—CO—
CH,—[CH,];—CO—
CH;—[CH,lo—
(CH;—CO—0),l—
(CH;—CO),N—
(NH,),C=N—
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Name Formula Name Formula
Diazo =N, Fluorenyl CyHo—
Diazoamino —N=N—NH— Fluoro F—
Dibenzoylamino (CeHs—CO)N— Fluoroformyl F—CO—
Dichloroiodo Cl,l— Formamido OCH—NH—
Diethylamino (C,Hs),N— Formimidoyl CH(=NH)—
3,4-Dihydroxybenzoylsee Formyl (not methanoyl OCH— or —C(O)H
Protocatechuoyl Formylamino H—CO—NH—
2,3-Dihydroxybutanedioyl, Formylimino H—CO—N=
seeTartaroyl Formyloxy H—CO—0O—
Dihydroxyiodo (HO),l — Fumaroyl 6r transbutene- | —CO—CH=CH—CO—
2,3-Dihydroxypropanoyl, dioyl) (trang
seeGlyceroyl FurancarbonylseeFuroyl
3,4-Dimethoxybenzoyl, /CH:C—CHZ—
seeVeratroyl Furfuryl (2- only; pre- HC\
3,4-Dimethoxyphenethyl | 3,4- ferred to 2-furyimethyl g:_g cH”
. (CH;0),CeH;CH,CH— Furfurylidene 2- only) o >~
3,4-Dimethoxyphenylace- | 3,4- NCcH—0
tyl (CH;0),CeHCH,CO— Furoyl (3- shown; pre- _CH=C—CO—
Dimethylamino (CHg),N— ferred to furancarbonyl | OZ_
Dimethylbenzoyl (CHy),CeHeHs—CO— CH=CH
Dioxy —0—0— Furyl OCH,—
Diphenylamino (CeHg),N— 3-Furylmethyl _CH=C—CH,—
Diphenylmethylene (CsHs).C= O\CH:CH
Dithio —S—S—
Diethiocarboxy HSSC— Galloyl (or 3,4,5-trihy- 3,4,5-(HO)CH,—CO—
Dithiosulfo HOS,— droxybenzoyl
Dodecanoyl CH,[CH,],,—CO— Geranyl from geranio) CyHy—
Dodecyl CH,[CHj],,— Glutaminyl H,N—CO—CH,—CH,—
Elaidoyl (or trans9-octa- CH,[CH,],CH=CH— CH(NH,)—CO—
decenoy) [CH,],—CO— Glutamoyl —CO—CH,—CH,—
Epidioxy (as a bridge) —0—0— CH(NH,)—CO—
Epidiseleno (as bridge) —Se—Se— a-Glutamy! HOOC[CH,],CH(NH,)—
Epidithio (as a bridge) —S—S— CO—
Epimino (as a bridge) —NH— y-Glutamyl HOOC—CH(NH,)—
Episeleno (as a bridge) —Se— [CH,],—CO—
Epithio (as a bridge) —S— Glutaryl (or pentanedioyl —CO—[CH,],—CO—
Epoxy (as a bridge) —0— Glyceroyl or 2,3- dihy- HO—CH,—CH(OH)—

Ethanesulfonamide
Ethanoyl,seeAcetyl
Ethenyl,seeVinyl
Ethoxalyl

Ethoxy
Ethoxycarbonyl
Ethyl

Ethylamino
Ethylene
Ethylenedioxy
Ethylidene
Ethylidyne
Ethylsulfonylamino
Ethylthio

Ethynyl

Ethynylene
Fluoranthenyl

C,Hs—SO,—NH—

C,Hs—O0OC—CO—
C,Hs—O—
C,H;—O0—CO—
C,Hs— or CH;—CH,—
C,Hs—NH—
—CH,—CH,—
—0O—CH,—CH,—0—
CH;—CH=

CH,—C=
C,Hs—SO,—NH—
C,Hs—S—

HC=C—

—C=C—

CieHo—

droxypropanoy)l
Glycoloyl (or hydroxy-
ethanoy)
Glycyl
Glycylamino
Glyoxyloyl
Guanidino
Guanyl,seeAmidino
Heptanamido
Heptanedioyl
Heptanoyl!
Heptyl
Hexadecanoyl
Hexadecyl
Hexamethylene
Hexanamido
Hexanedioy! ¢r adipoyl)

co—
HO—CH,—CO—

H,N—CH,—CO—
H,N—CH,—CO—NH—
OHC—CO—
H,N—C(=NH)—NH—

CH,—[CH,]s—CO—NH—
—CO—[CH,],—CO—
CH,—[CH,]s—CO—
CHy—[CH,Js—CH,—
CH,—[CH,],,—CO—
CHy—[CH,l,,—CH,—
—[CHls—
CH,—[CH,],—CO—NH—
—CO—[CH,],—CO—
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Hexanimidoyl CH;—[CH,],—C(=NH)— lodonio tHI—
Hexanoyl CH;—[CH,],—CO— lodosyl Ol—
Hexanoylamino CH;—[CH,],—CO—NH— lodyl O,l—
Hexyl CH;—[CH,],—CH,— Isobutoxy (nsubstituted (CH,),CH—CH,—0—
Hexylidene CH;—[CH,],—CH= only)
Hexyloxy CH;[CH,]s—0O— Isobutyl unsubstituted (CH,),CH—CH,—
Hippuroyl C¢Hs—CO—NH—CH,— only)

CO— Isobutylidene @nsubsti- (CH,),CH—CH=
Histidyl N,C;H;—CH,—CH(NH,)— tuted only

Homocysteinyl
Homoseryl
Hydantoyl

Hydratropoyl or 2-phenyl-
propanoy)
Hydrazi

Hydrazino
Hydrazo

Hydrazono

Hydroperoxy

Hydroseleno

Hydroxy

Hydroxyamino

o-Hydroxybenzoyl ¢r sal-
icyloyl)

m-Hydroxybenzoyl

p-Hydroxybenzoyl

Hydroxybutanedioylsee
Maloyl

2-Hydroxy-2,2-diphenyl
ethanoyl,seeBenziloyl

HydroxyethanoylseeGly-
coloyl

Hydroxyimino

4-Hydroxy-3-methoxy-
benzoyl 6r vanilloyl)

3-Hydroxy-2-phenylpropa-
noyl (or tropoyl)

Hydroxypropanedioyldr
tartronoyl)

2-Hydroxypropanoy! ¢r
lactoyl)

Icosyl

Imino

Iminomethylamino

lodo

lodoformyl

co—
HS—CH,—CH,—
CH(NH,)—CO—
HO—CH,—CH,—
CH(NH,)—CO—
H,N—CO—NH—CH,—
co—
CeHs—CH(CH;)—CO—

—NH—NH— (to single
atom)

H,N—NH—

—NH—NH— (to different
atoms)

H,N—N=

HO—O—

HSe—

HO—

HO—NH—

0-HO—C¢H,—CO—

MHO—C4H,—CO—
p-HO—CH,—CO—

HO—N=

4-HO,3-CHO—
CeHs—CO—

CeHs—CH(CH,0H)—CO—

—CO—CH(OH)—CO—
CH,—CH(OH)—CO—

CH;—[CH,],s—CH,—
—NH—, HN=
HN=CH—NH—

|_

I—co—

Isobutylidyne @nsubsti-
tuted only

Isobutyryl unsubstituted
only; or 2-methylpropa-
noy)

Isocarbonohydrazido

Isocrotonoyl

Isocyanato

Isocyano

Isohexyl (nsubstituted
only)

Isoleucyl

Isonicotinoyl or 4-pyridi-
necarbony)
Isopentyl (insubstituted
only)
Isophthaloyl ér 1,3-
benzenedicarbonyl
Isopropenyl gnsubstituted
only; or 1-methylviny)
Isopropoxy (nsubstituted
only)
Isopropyl (nsubstituted
only)
p-Isopropylbenzoyl
Isopropylbenzyl
Isopropylidene
Isoselenocyanato
Isosemicarbazido
Isothiocyanato
Isothioureido

Isoureido

Isovaleryl (insubstituted
only; or 3-methylbutan-
oyl)

Lactoyl

Lauroyl (unsubstituted

only)

(CH,),CH—C=

(CH5),CH—CO—

H,N—N=C(OH)—NH—
NH—

CH;—CH=CH—CO—
(cis)

OCN—

CN—

(CHy),CH—[CH,]s—

C,Hs—CH(CHy)—
CH(NH,)—CO
NCH,—CO— (4-)

(CH,),CH—CH,—CH,—

—CO—CgH,—CO—
(m-)
CH,=C(CHy,)—

(CH,),CH—O—
(CH,),CH—

p-(CH,),CH—CH,—CO—
(CH,),CH—CH,—CH,—
(CHy),C=
SeCN—
H,N—NH—C(OH)=N—
SCN—
HN=C(SH)—NH—,
H,N—C(SHF=N—
HN=C(OH)—NH—,
H,N—C(OH)=N—
(CH,),CH—CH,—CO—

CH;—CH(OH)—CO—
CH;—[CH,];,;—CO—
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Leucyl (CH,),CH—CH,— 5-Methylhexyl (CH;),CH—[CH,],—
CH(NH,)—CO— Methylidyne HC=
Lysyl H,N—[CH,],— Methylsulfinimidoyl CH;—S(=NH)—
CH(NH,)—CO— Methylsulfinohydrazonoyl | CH;—S(ENNH,)—
Maleoyl —CO—CH=CH—CO— Methylsulfinohydroxi- CH;—S(=N—0H)—
Malonyl —CO—CH,—CO— moyl
Maloyl —CO—CH(OH)—CH,— Methylsulfinyl CH;—SO—
CO— Methylsulfinylamino CH;—SO—NH—
Mercapto- HS— Methylsulfonohydrazo- CH;—S(O)(NNH,)—
Mesaconoyl ¢nsubstituted | —CO—CH noyl
only) CH—C—CO— Methylsulfonimidoy! CH;—S(O)=NH)—
3 Methylsulfonohydroxa- CH;—S(O)(N—OH)—
Mesityl 2,4,6-(CH),CeH,— moyl
Mesoxalo HOOC—CO—CO— Methylsulfonyl CH;—SO,—
Mesoxalyl —CO—CO—CO— Methylthio CH,S—
Mesyl CH;—SO,— (Methylthio)sulfonyl CH;S—SO,—
Methacryloyl fr 2-methyl- | CH,=C(CH,;)—CO— 1-Methylvinyl, seelsopro-
propenoy) penyl _CH,—CH,__
Methaneazo CH;—N=N— Morpholino @- only) Y _N—
Methaneazoxy CH,—N,O— g:z_g:z
Methanesulfinamido CH;—SO—NH— ’ PG RN
Methanesulfinyl CH,—SO— Morpholiny! (3- shows NCH—CH ~ NH
Methanesulfonamido CH,—SO,—NH— 2 I

Methanesulfonylsee

Mesyl
Methanoyl,seeFormyl
Methionyl

Methoxalyl
Methoxy
Methoxybenzoyl ¢-, m-,
or p)
Methoxycarbonyl
Methoxyimino
Methoxyphenyl
Methoxysulfinyl
Methoxysulfonyl
Methoxy(thiosulfonyl)
Methyl
Methylallyl
Methylamino
Methylazo
Methylazoxy
a-Methylbenzyl
Methylbenzyl
3-Methylbutanoyl
cis-Methylbutenedioyl

trans-Methylbutenedioyl

Methyldithio

Methylene

Methylenedioxy

3,4-Methylenedioxyben-
zoyl

CH;—S—CH,—CH,—

CH(NH,)—CO—
CH00C—CO—
CH,0—

CH,0—CgH,—CO—

CH,0—CO—
CH,O0—N=
CHO—CeH,—
CH,0—SO—
CH,0—S0,—
CH,0—S,0—
CH,—
CH,—C(CHy)—CH,—
CH;—NH—
CH,—N=N—
CH;—N,0—
CeHs—CH(CHy)—
CH;—CgH,—CH,—
(CHy),CH—CH,—CO—
HC—CO—

CH,—C—CO—
—CO—CH

CHg—g—CO—
CH,—S—S—
—CH,—, HC=
—0—CH,—0—
3,4-CH0,: CHa—

co—

Myristoyl (unsubstituted
only)

Naphthalenazo

Naphthalenecarbonysee
Naphthoyl

Naphthoyl

Naphthoyloxy

Naphthyl

Naphthylazo

Naphthylene

Naphthylenebisazo

Naphthyloxy

Neopentyl gnsubstituted
only)

Nicotinoyl

Nitrilo

Nitro

aci-Nitro

Nitroso

Nonanedioyl

Nonanoyl

Nonyl

Norbornyl

Norbornylyl, seeNorbor-
nyl

Norcamphyl,seeNorbor-
nyl

Norleucyl

Norvalyl

Octadecanoyl!

CH;—[CH,],,—CO—

CigH—N=N—

Cy,H,—CO—
C,H,—CO—0—
CiHi—
CyH—N=N—
—CyHe—
—N=N—C,H—
N=N—
CyH,—O0—
(CHy):C—CH,—

NC4H,—CO— (3-)
N=

ON—
HO—(O=)N=

ON—
—CO—[CH,],—CO—
CH,—[CH,],—CO—
CH;—[CH,],—CH,—
CHu—

CH,—[CH,]s—CH(NH,)—
co—

CH,—CH,—CH,—
CH(NH,)—CO—

CH;—[CH,],¢—CO—
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Name

Formula

cis-9-Octadecenoyl

Octadecyl
Octanedioyl
Octanoyl
Octyl
Oleoyl

Ornithyl
Oxalacetyl
Oxalaceto

Oxalo

Oxalyl

Oxamoyl

Oxido

Oxo

Oxonio

Oxy

Palmitoyl unsubstituted
only)

Pentafluorothio

Pentamethylene

PentanedioylseeGlu-
taryl

PentanoylseeValeryl

Pentenyl 2- shown

Pentyl

Pentyloxy
Perchloryl
Phenacyl
Phenacylidene
Phenanthryl
Phenethyl
Phenetidino¢-, m-, or p)
Phenoxy

Phenyl
Phenylacetyl
Phenylazo
Phenylazoxy
Phenylcarbamoyl
Phenylene
Phenylenebisazo

Phenylimino
2-Phenylpropanoyl!
3-Phenylpropenoykee
Cinnamoyl
3-Phenylpropyl

H[CH,]s—CH=CH—
[CH,],—CO—
CHai[CHz]m*CHzi
—CO—[CH,l,—CO—
CH;—[CH,]s—CO—
CH;—[CH,],—CH,—
H[CH,]s—CH=CH—
[CH,],—CO—
H,N—[CH,],—
CH(NH,)—CO—
—CO—CH,—CO—
COo—
HOOC—CO—CH,—
Co—
HOOC—CO—
—CO—CO—
H,N—CO—CO—
~O— (ion)
O=
*H,0—
—0—
CH;—[CH,],,—CO—

FeS—
—CH,—CH,—CH,—
CH,—CH,—

CH;—CH,—CH=CH—
CH,—
CH;—CH,—CH,—CH,—
CH,—
CH,—[CH,],—0—
O,Cl—
CeHs—CO—CH,—
CeHs—CO—CH=
CiHo—
CoHs—CH,—CH,—
C,H;0—C¢H,—NH—
CeHs—O—
CeHs—
CeHs—CH,—CO—
CeHs—N=N—
CegHs—N,O—
CeHs—NH—CO
_CGH4_
—N=N—CH,—
N=N—
CeHs—N=
CeHs—CH(CH;)—CO—

CeHs—CH,—CH,—
CH,—

Phenylsulfamoyl
Phenylsulfinyl
Phenylsulfonyl
Phenylsulfonylamino
Phenylthio

3-Phenylureido
Phthalamoyl

Phthalidy!

Phthalimido

Phthaloyl

Picryl

Pimeloyl unsubstituted
only)

Piperidino (- only)

Piperidyl @-, 3-, 4)

Piperonyl

Pivaloyl (unsubstituted
only)

Polythio

PropanedioylseeMa-
lonyl

PropanoylseePropionyl

Propargyl,see2-Pro-
pynyl

PropenoylseeAcryloyl

1-Propenyl

2-PropenylseeAllyl

Propenylene

Propioloyl

Propionamido

Propionyl

Propionylamino

Propionyloxy

Propoxy

Propyl

Propylene

Propylidene

Propylidyne

Propynoyl,seePropiolyl

1-Propynyl

2-Propynyl

Protocatechuoyl

3-Pyridinecarbonyl

4-Pyridinecarbonyl

Pyridinio

Pyridyl

2-Pyridylcarbonyl

Pyridyloxy

Pyruvoyl

Salicyl

Salicylidene

Salicyloyl

Sarcosyl

CeHs—NH—SO0,
CeHs—SO—
CeHs—SO,—
CeHs—SO,—NH—
CeHs—S—
CeHs—NH—CO—NH—
H,;N—CO—CH,—CO—
(o)
CH,—CO—O0—CH—
e — |

CO—CH,—CO—N—
S — |
—CO—CgH,—CO— (09

2,4,6-(NQ)sCcH,—
—CO—[CH,]s—CO—

CsHiN—

NCsHyo—

3,4-CHO,: CsH;—CH,—
(CH,),C—CO—

—S,—
CH;—CH=CH—
—CH,—CH=CH—
CH=C—CO—

CH,—CH,—CO—NH—
CH,—CH,—CO—
CHy—CH,—CO—NH—
CH,—CH,—CO—0—
CH,—CH,—CH,—0
CH,—CH,—CH,—
—CH(CH,)—CH,—
CH,—CH,—CH=
CH,—CH,—C=

CH;—C=C—
HC=C—CH,—
3,4-(HO)LCeH;—CO—
NC;H,—CO— (3-)
NC;H,—CO— (4-)
"NCsHs— (ion)
NCH,—
NC;H,—CO— (2-)
NC;H,—O—
CH;—CO—CO—
0-HO—C¢H,—CH,—
0-HO—CH,—CH=
0-HO—CH,—CO—
CH;—NH—CH,—CO—
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Sebacoyl @nsubstituted —CO—[CH,];—CO— (Terthiophen)yl SCH;—SCH,—SCH,—
only) Tetradecanoyl CH;—[CH,],,—CO—
Seleneno HOSe— Tetradecyl CH;—[CH,],,—CH,—
Selenino HO,Se— Tetramethylene —CH,—CH,—CH,—
Seleninyl OSe= CH,—
Seleno —Se— _CO—
Selenocyanato NC—Se— Thenoyl - showd CH=C_
Selenoformyl HSeG— CH=cH"~
Selenonio +H,Se— (ion) Thenyl SCHy—CH,—
Selenono HO,Se— Thienyl SCH,—
Selenonyl 0O,Se— Thio 5
Selenoureido H,N—CSe—NH— Thioacetyl CH,—CS—
Selenoxa (€)=se Thiobenzoy! CoHs—CS—
Sem!carbaﬂdo H,N—CO—NH—NH— Thiocarbamoyl HN—CS—
Semicarbazono H.N—CO—NH—N= Thiocarbazono HN=N—CS—NH—
Seryl HO—CH,—CH(NH,)— NH—
. Cco— Thiocarbodiazono HN=N—CS—N=N—
Stearoyl nsubstituted CH,—[CH,l,e—CO— Thiocarbonohydrazido H,N—NH—CS—NH—
only) NH—
Styryl ) CeHs—CH=CH— Thiocarbonyl —CS—, SC=
Suberoyl @nsubstituted —CO—[CH,]¢—CO— Thiocarboxy HSOC—, HS—CO—
on!y) Thiocyanato NCS—
Succinamoyl H,N—CO—CH,—CH,— Thioformyl SHC—, HCS—
Co— Thiophenecarbonykee
CH— /O Thenoyl
Succinimido | 2 >N— Thiosemicarbazido H,N—CS—NH—NH—
CH,— S Thiosulfino HOS,—
0 Thiosulfo HO,S,—
Succinimidoyl —C(=NH)—CH,— Thioreido H,N—CS—NH—
CH,C(=NH)— Thioxo S=
Succinyl —CO—CH,—CH,—CO— || Threonyl CH;—CH(OH)—
Sulfamoyl H,N—SO,— CH(NH,)—CO—
Sulfanilamido p-H,N—C4H,—SO,— Toluenesulfonyl ¢-, m) CH;—C¢H,—SO,—
NH— Toluidino (0-, m-, or p) CH;—CgH,—NH—
Sulfanilyl p-H,N—CH,—SO,— Toluoyl (0-, m-, or p) CH;—CsH,—CO—
Sulfenamoyl H,N—S— Tolyl (o-, m-, or p) CH;—CgH,—
Sulfeno HO—S— Tolylsulfonyl CH;—C4H,—SO,—
Sulfido ~S— (ion) Tosyl (p- only) p-CH,—C¢H,—SO,—
Sulfinamoyl H,N—SO— Triazano H,N—NH—NH—
Sulfino HO,S— Triazeno HN—N=N—
Sulfinyl —SO0— Trichlorothio Cl;S—
Sulfo HO—SO,— Tridecanoyl CH;—[CH,],,—CO—
Sulfoamino HO,S—NH— Tridecyl CH;—[CH,],,—
Sulfonato ~0,S— (ion) Trifluorothio F:S—
Sulfonio +*H,S— (ion) 3,4,5-Trihydroxybenzoyl 3,4,5-(HO)CH,—CO—
Sulfonyl —SO,— Trimethylammonio (CH;);N+— (ion)
Sulfonyldioxy —0—S0O,—0— Trimethylanilino @ll iso- (CHg)3:CeH,—NH—
Tartaroyl —CO—CH(OH)— merg
CH(OH)—CO— Trimethylene —CH,—CH,—CH,—
Tartronoyl —CO—CH(OH)—CO— Trimethylenedioxy —O—CH,—CH,—
Tauryl H,N—CH,—CH,—S0O,— CH,—O—
Telluro Te replacing O Triphenylmethy! (CeHs)s:C—
Terephthaloyl —CO—CH,—CO— (p) Trithio —S,—
Terphenylyl CeHs—CeH,—CH,— Trithiosulfo HS—S,—
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SECTION 1

TABLE 1.13 Names and Formulas of Organic Radical®tinued

Name Formula Name Formula
Trityl (CeHs):C— Vanilloyl 3,4-CHO(HO)GH;—
Tropoyl C¢Hs—CH(CH,OH)— CO—
co— Vanillyl 3,4-CHO(HO)GH,—
Tyrosyl p-HO—C4H,—CH,— CH,—
CH(NH,)—CO— Veratroyl 3,4-(CH,0),CeH;—
Undecanoyl CH;—[CH,],—CO— CO—
Undecyl CH;—[CH,]¢—CH,— Veratryl 3,4-(CH,0),CeH,—
Ureido H,N—CO—NH— CH,—
Ureylene —NH—CO—NH— Vinyl CH,=CH—
Valeryl CH;—[CH,];—CO— Vinylene —CH=CH—
Valyl (CH,),CH—CH(NH,)— Xylidino (all isomerg (CH,),CsH;—NH—
co— Xylyl (all isomer$ (CHy),CeHz—

1.2 PHYSICAL PROPERTIES OF PURE SUBSTANCES

TABLE 1.14 Empirical Formula Index of Organic Compounds
The alphanumeric designations are keyed to Table 1.15.

Br,0OS: t149
CIHO,S: c248
CIH,NO: h139
Cl,0S: 1150
Cl,H,Si: d270a
CI3HSi: t249
Cl;PS: t158
H;NO;S: s23
H,N,: h85
HeSi,: d791

G

CBr,: c13
CBrCIF,: b301
CBrCl;: b432
CBrF;: b434
CBrN: c325
CBr,F,: d93
CBr,: c13
CCIF;: c264
CCING;S: c249
CCLF,: d218
CCl,D: c146
CCLF: t237
CCl,: cl4
CCI,S: t240
CD,Cl,: d236
CD,0: m36
CD;0: m40
CFCL: f30
CF,: c15
CHBrCl,: b316
CHBr,Cl: d88

CHBr,F: d104a
CHBr;: 1204
CHCIF,: c101
CHCLF: d233
CHCl;: c145
CHF;: t307
CHF;0;S: t308
CHI;: i33
CH,BrCl: b305
CH,Br,: d110
CH,Cl,: d235
CH,F,: d409
CH,l,: d452
CH,N,: c318, d63
CH,N,: t131
CH,0: f32
(CH,0),: p1
CH,0,: f36
CH,O;: g29
CH,S;: t451
CH,Br: b354
CH;Br;Ge: m260
CHLCI: c157
CH,CIO,S: m36
CH,CI;Si: m450, t242
CH;DO: m39
CH,F: f18

CH,l: i37
CH;NO: 33
CH,NO,: m325, n56
CH;NO;: m324
CH;Ng: 2294
CH,: m33
CH,CI,Si: d240

CH,N,0: 38, ul6
CH,N,S: t161
CH,N,O,: n54
CH,0: m38
13CH,0: m41
CH,0,: m279
CH,O,S: m34
CH,S: m37
CHsASO;: m137
CHgN: m127
CHs;NO,S: a201
CH;gN3: g30
CH;N,S: t160
CHgCIN,O: s3
CHgN,: m274
CHgN,: a180
CHgN,O: c9
Cl,: cl16

CN,Og: 1123
CS;: c10

CO: cl1

COsS: c12

&

C,Br,ClIF;: d90
C,Br,Cl,: d129
C,Br,F,: d130
C,Br,0,: 054

C,CIF;: c263

C,Cl,F,: d270b, d271
C,Cl,0,: 055

C,Cl3F;: 1256, t257
C,CI5N: t222
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C.Cl,: t38

C,Cl,F,: d411, d412, t36
C,Cl,0: 1224

C,Clg: h27

C,D;N: a30
C,D,0,: a21
C,D0S: d698
C,F,: t65

C,Fg: h42
C,Fs0OsS,: t309
C,HBrCIF;: b308
C,HBr,F;: d133
C,HBr,N: d77
C,HBr;: 1203
C,HBr;0: 1199
C,HBr;0,: t200
C,HCIF,: c100a
C,HCIF,0,: c98
C,HCl;: 1235
C,HCI;0: d186, t218
C,HCI,0,: t219
C,HCls: p7
C,HF;0,: t300
C,H,: a4l
C,H,BrCIO: b255
C,H,Br,: d99, d100
C,H,Br,F,: d92
C,H,Br,0: b254
C,H,Br,0,: d76
C,H,Br,: t16
C,H,CIF;: c262
C,H,CIN: c30
C,H,Cl,: d227, d228, d229
C,H,Cl,0: c34
C,H,Cl,0,: d182
C,H,CI;NO: t217
C,H.Cl,: t36a, t37
C,H,F,: d408
C,H,F;NO: t299
C,H,F,: t64
C,H,N,S;: d488
C,H,0: k1

C,H,0,: g28
C,H,04: g29
C,H,0,: 052, 053
C,H,Br: b336
C,H4Bro: a35
C,H;BrO,: b249
C,HBr,Cl;Si: d101
C,H;Br;0: t202
C,H,Cl: c129
C,H4CIF,: ¢c100
C,H,CIO: a37, c23a
C,H,ClO,: c27, m194
C,HsClg: 1231, t232

C,H,Cl;0: t233
C,H;CI,Si: t258
C,H;DO,: a20
C,H;FO: a43
C,H;FO,: 15

C,H;F;0: t305
C,H;F;0,S: m453
C,H,4l0: a48

C,H;l0,: i21

C,H;N: a29

C,H;NO: m288
C,H;NS: m294, m440
C,H5N;: t197
C,H;N,S,: a284

C,H, el131
C,H,BrCl: b303
C,H,BrNO: b247
C,H,Br,: d96, d97
C,H,CINO: c24
C,H,CIO: b165a
C,H,Cl,: d225, d226
C,H,Cl,0: d237
C,H,ClsSi,: b227
C,H,F,: d407
C,H,INO: i20

C,H,l,: d451

C,H,N,: a1l09
C,H,N,0O,: 058
C,H,N,S,: d795
C,H,N,: a289, d281
C,H,N,O,: a314
C,H,0: e147
C,H,0S: t147
C,H,0,: al9, h87, m257
C,H,0,S: m16
C,H,O;: h88, p60
C,H,OS: s26

C,H,S: e148
C,H:AICI,: e61
C,HsBr: b329
C,HsBrNaG,S: b330
C,HsBrO: b331, b369
C,H:Cl: c121
C,H:CIHg: €198
C,HsCIO: ¢122, c156, c173
C,HsCIS: c174
C,H;Cl,OPS: e124
C,HsCl,0O,P: €123
C,HsCl;Si: c171, e269, t236
C,H;DO: e28

C,HgF: f17

C,Hgl: i31
C,H;l0:i32

C,HsN: el146
C,HsNO: a5, a6, m255, m291

C,HsNO,: €225, g26, m187,
n52

C,HsNO;: e224

C,HsNS: 1138

C,HN;0,: b238, 057

C,Hg: €20

C,HGAICI: d533

C,H¢BrN: b333

C,HqCd: d578

C,HCIN: c126

C,HCINO,S: d692

C,H¢CIO,PS: d582

C,HCL,Si: d222

C,HgHg: d631

C,HgN,: a8

C,HgN,O: m460, n78

C,HgN,O,: m275

C,HgN,S: m444

C,HgN,O: 056

C,HsO: d603, e27

C,Hs0S: d697, m20

C,HO,: e21a, el35

C,Hg0,S: d696

C,HgO5S: d695, e25, m301

C,HO,S: d693

C,HgOsS,: m35

C,HgS: d694, e26a

C,H¢S,: d600, e24

C,HTe: d700

C,HgZn: d709

C,H,AsO,: d560

C,H.CISi: c111

C,H,N: d534, e63

C,H,NO: al162, al63, e29

C,H,NO,S: al60

C,H,NO,S: a169

C,H/NS: al61

C,H;Ng: b137

C,H,O4P: d625

C,HgN,: d623, d624, e21, €133

C,HgN,O: h125

C,HoBD: b243

C,H,;BN: b242

C,

C,Br,Fs: d105
C,Cl3Ng: t255
C,CLN,0;: t239
CClg: h30
C,ClO: a27, h2
C,Fs: h44
C;HCIO: p5
C,H,CIN: ¢35
C;H,Cl,0,: m6
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The alphanumeric designations are keyed to Table 1.15.

C;H.Cl,O: t31

C;H,Cl,0,: 1234

C;H,FO: h43

C;H,N,: m5

C;H,0,: p248

C;H,Br: b415

C;H,Br,N: d126

C;H,Cl: c241

C;H,CIO: a63a

C;H,Cl,0: e18, t221

C;HCl;0,: m449

C;H;F;0: t302

C;H;F;0,: m452

C;H;N: a63

C;H;NOS;: r7

C;H;NO,: €320

C;H;NS: t136

C;H3N;O,S: a244

C;H;N;O4: 2289, ¢332

C;H, a72, p246

C;H,BrClO: b410, b411

C;H,BrN: b408

C;H,Br,: d124

C;H,Br,0: b409

C;H,Br,0,: d125

C;H,CIN: c233

C;H,Cl,: d265, d266

C;H,Cl,0: 235, c236, d183,
dig4

C;H,CLL,0,: m227

C;H,F,O: t66

C;H,N,: i3, m241, p254

C;H,N,O: c287

C;H,N,O,: h84

C;H,N,S: a285

C;H,N;NaS: ¢326

C;H,O: p203, p249

C;H,O,: a62, 064

C;H,O;: €132, 065, p210

C;H,O, m3

C;HsBr: b314, b404, b405

C;HsBrO: b328, b403

C;HsBrO,: b406, b407, m143

C;HBr;: t206

C;HsCl: c236a

C;HsCIO: €120, ¢232, p216

C;HsCIO,: €228, c229, e109,
m188

C;HsCl,: t247

C;HsCl;Si: a98

C;HsF;0,S: m453

C;Hgl: a87, i50

C;HsN: p215

C;HsNO: €323, h172, h173,
vlil

C;HsNO,: 059

C;HsNS: €193, m435

C;HsNS,: m26

C;HsN;O: ¢321

C;HsN;Oq: 922

C;HsN,S: ¢293

C;Hg: c406, p204

C;H¢BrCl: b307

C;HgBrNO;: b381

C;HgBr,: d120, d121

C;HgBr,0: d122, d123

C;HCII: c155

C;HCINO: d578

C;HqCl,: d262, d263

C;HCI,N,O,: d173

C;HeCl,0: d231, d264

C;H(Cl,Si: d241

C;HgCL,Si: t230

C;Hgl,: d454

C;HgNO: a61

C;HgN,: d583

C;HN,O: i5

C;HgN,O5: m4

C;HgN,OS: a58

C;HgN,O,: m4, m270

C;HgN,S: a286, i4

C;HO: a26, a78, el5, m462,
p211, p232

C;H,0S: t159

C;HgO,: d734, el6, el54, h90,
m122, p213

C;HgO,S: m22, m23, m298

C;HgO4: d445, d580, L1, L2,
m43, m265, t407

C;HgO5S: p197

C;HgS: p205, p233

C;HgS;: 1450

C;H,Br: b400, b401

C;H,BrO: b402

C;H,Cl: c172, c225, c226

C;H,CIO: ¢132, 153, c230,
c231

C;H,CIOS: c156

C;H,CIO,: c227

C;H,CIO,S: p196

C;H,Cl,OP: p241

C;H,Cl;Si: d214, p242

C;H/l: 48, 149

C;H;N: a76, p231

C;H,NO: a28, d606, m120,
p212

C;H,NO,: a68, a69, a70, €102,
i125, m264, n73, n74

C;H,NO,S: c411

C;H,NO;: 1124, n75, p238, s4

C;H/NS: d704

C;Hg: p188

C;HgBrCISi: b366

C;HgCIN: ¢225

C;HgClI,Si: c88, d232

C,HgN,O: d708, e274

C;HgN,0O,: €103

C;HgN,S: d705

C;HgO: €10, €210, p201, p202

C;Hg0S,: d485, m315

C;HgO,: d507, m71, p191,
p192

C;Hg0,S: m21

C;HgO4: g19

C;HgS: €221, p198, p199

CsHgS,: p195

C;HGAI: 1352

C;H,BO;: 338

C;HgB;0g: 1339

C;H BrGe: b437

C;H,BrSi: b438

C;H,ClGe: c265

C;H,CISi: c266

C;HqlOS: 400

C;HqlS: t399

C;H,ISi: i56

C;HgN: 1100, p223, t354

C;HNO: a263, a264, a265,
a266, m77, m131

C;HNO,: a262

C5HgN;Si: a309

C;H,O4P: d635, t390

C;H,O,P: t389

C;H,oN,: d54, d55, m254,
p189, p190

C3H,N,O: d56

C3H,40;Si: 1343

C;H,,BrN,S: al171

Cs

C,Cls h23
C,ClsO4: t220
C,Dg0;: a23
C,FsO4: t301
C,HBrO;: b352
C,HCI;N,: t248
C,HF,0,: h2
C,H,: b452
C,H,Br,S: d131
C,H,CI,N,: d267
C,H,Cl,0,: 143
C,H,Cl,S: d272
C,H,F0,: t306
C,H,05: m2
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C,H,O,: g42

C,H,lS: i52

C,H;N;O,: n88

C,H,: b489

C,H,BrNO,: b422

C,H,Br,0,: d86

C,H,Br,0,: d128

C,H,CINO,: c247

C,H,CIO;: c28

C,H,Cl,: d213

C,H,Cl,0,: s19

C,H,CLLO;: c25

C,H,N,: b456, p251, p256,
p277, s18

C,H,N,O,: d448, p278

C,H,N,O,S: d437

C,H,N,O; bl

C,H,N,Os: a73

C,H,N,: d50

C,H,O: f45

C,H,O,: d483

C,H,0;: s16

C,H,0,: f42, m1

C,H,S: t151

C,HBrO,: b283

C,HsBrO,: b421

C,H:Cl: c74, c74a, c83

C,HsCIN,O,: c184

C,HsCIO: ¢310, c408, m31

C,H:CIO,: a82

C,HsClO;: 194, e232

C,HsCl;0,: €268

C,HN: b482, 309, c407,
m30a, p279

C,HsNO: m47, m295

C,HsNO,: m201, s17

C,HNO,S: e39

C,HsNO;: h183

C,HsNS: a88, m432

C,HsN;: a278, i8

C,HsN;O: al94

C,HsN;OS: a187

C,HsN;O,: a152, al153, c322,
m338

C,HsN,O: d49

C,Hg b448, b449, b610a,
b610b

C,HgBr,0: b374

C,HgBr,N,0O,: d95

C,HgBr,0,: d87

C,HCIN: c86

C,HqCl,: c89, d211, d212

C,HCL,O: c87

C,HCl,0,: m229

C,HcCI5NSI: t250

C,HeN,: a149, m284, m285,
m286

C,HgN,O,: 121, m273

C,HgN,S: a225

C,HeN,S,: d584

C,HeN,O: d39

CHeN,O;: a71

C,HO: b488, c306, d421,
m27, m407

C,HeO,: b466, b483, b484,
b485, b611, b616, b617,
¢307, c409, m29, m126, v5

C,HO,S: b4a50

C,HO4: a22, a24, m355, 060,
p230

C,HsO,: d652, s15

C,HsO,S: m25, 1143

C,HsOs: d690, h186, h187, 067

C,HeOg: t1, t2, 13, t4

C,H,Br: b276, b277, b278

C,H,BrO,: b282, b332, b368,
b373, €83, m156

C,H,Cl: ¢79, c80, ¢81, c181,
c182, c312

C,H,CIO: b620, c78, c136, i85

C,H-CIO,: c84, ¢85, €105,
m196, p228

C,H.Cl;0: t241

C,H,FO,: e153

C,H,N: b618, i83

C,H,NO: h153, i115, m28,
m99a, m352, p236, p285

C,H,NO,: b467, h146, m351

C,H,NO;: a46, €233, s13

C,H,NO,: a304, i7

C,H,NS: m434

C,H-N;O: c302

C,Hg: b477, b478, b479, c333,
m399

C,HgBrCl: b298, b306

C,HgBr,: d81, d82, d83, d84

C,HgBr,0O: b148

C,HgBr,0,: d85

C,HgCl,: d210

C,HgCl,0: b163, d230

C,Hgl,: d450

C,HgN,: d535

C,HgN,O: a102

C,HgN,O,: d610, s14

C,HgN,O4: 2313, g27

C,HgN,S: a97, t85

C,HgO: b475, b486, b487,
b612, c311, €3, 276,
i79, m106, m389, m400,
t69

C,Hs0,: b480, b481, b614,
d732, d733, e57, h107,
h108, i81. m64, m401,
p234

C,Hg0,S: €196, m299, t107

C,Hg0;: €24, e153, h120,
h138, m70, m296, m302

C,HgS: a90, t87

C,HgS,: d792

C,HqBr: b274, b275, b371,
b372

C,H,BrO: b337

C,H,BrO,: b319

C,HCl: ¢75, ¢76, ¢179, c180

C,H,CIO: a64, c77, c131, m74

C,H,CIO,: €105, c123, m67

C,H.CISi: c112

C,HoCI;Si: b604, b603, d215

C,HqCl;Sn: b600

C,HgF: f21

C,Hql: 126, i27, 138, i39

C,HoN: e53, p280

C,H,NO: a311, b476, b613,
d526, i80, m110, m463

C,H,NO,: a133, al33a, al34,
b578, b579, h119, i73, n48

C,H,NO,S: a200

C,HgNO;: al185, al86, i72,
m341, n49

C,HoNOq: t442

C,HoNSi: ¢331

C,HoN;0O,: ¢301

C,H,o b454, m390

C,H,AICI: d320, e62

C,H,,CIO,PS: d351

C,H,,CIO,P: d350

C,H,Cl,Si: b165

C,H,Cl,Si,: b174

C,H,oN,: p178

C,H;N,0: a227

C,H;N,0,S: a8

C,H,0: b4a73, b474, d365,
m397, m398, m404

C,H,,0S: e180

C,H,,0S,: b208

C,H,0,: b457, b457a, b457b,
b458, b563, d504, d505,
e40, e141, m105, m393

C,H,0,S: t144

C,H,,0,S,: d484, h123

C,H,,05: b198, b472, d361,
062, t378

C,H,,0,S: d399

C,H,0,: el9

C,H,,0,S: d397
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C,H,0S: b4a70, b471, d398, i104,
m394, m395, m396, m406

C,H,,S;: b468, d356

C,H,0Ss: b209

C,H,oZn: d405

C,H,,CISi: c183

C,H,:N: b453, b509, b510,
b511, d323, d604, i66, m293

C,H,,NO: al135, al64, a203,
a216, d376, d539, e44, e67,
m112

C,H,;NO,: a215, d297, d506

C,H,;;NO;: 1439

C,H,,OP: d390

C,H,,0,PS;: d358

C,H,,04P: d375

C,H,,BrN: t93

C,H,,CIN: d324, t94

C,H.,Ge: t109

C,H,IN: 195

C,H.,N,: b455, b560, b562,
d41, d605, m391, m392

C,H.;,N,O: al65

C,H.,N,S,: b183

C,H,,0Si: m119

C,H,,0,Si: d502

C,H,,0Si: m455

C,H,,Pb: t112

C,H,,Si: 1118

C,H.;,Sn: t121

C,H;3N5: d362

C,H,,BN: b239

C,H,,OSi;: 1106

C,H,s0,Si,: 1104

Cs

CsClgN: p10

CsClg: h25

CsDsN: p258
CsH4BrS: b426, b427
CsH4Br,N: d127
CsH;CIOS: t153
CsH,CIO,: f55
CsH4CIS: c251
CsH4CI,N: d268, d269
CsH3Ng: p252
CsH,BrN: b416, b417
CsH,CIN: c242
CsH,FN: f26
CsH,F0: 020
CsH,N,O,: p253
CsH,N,O;5: n76
CsH,N,O;: ul?
CsH,0S: t154

CH,0,: f44

CsH,O,S: t155

CsH,0;: c285, 54

CsHsCIN,: 2148

CsH:CIN,O,: c168

CgHsN: p257

CsHsNO: h179, h180, h181,
p271

CsHsNO,: d448, h183

CsHsN;O,: a243

CsHsN;O,: 2158

CsHsNs: a6l

CsHg: €395, m174

CsHgBrCIN,O,: b302

CsH¢Br,N,O,: d76

CsHgCILNO,: d220

C:HCLL,0,: g18

CsHgN,: a275, a276, a277,
gl7, m408, v12

CHgN,O: a47, a193

CsHgN,OS: h140, h141

CsHgO: m259

CsHgOS: f48, m443

CHO,: 50

CsHgO4: g15, h156

CsHgO,: 284, m253

CsHgO,S;: b156

CHeS: m441, m442

CH,BN: b244

C;H/BrO;: e91

C;H,CIO,: c205, d581

CsH,ClO;: m189, m190, m195

CsH/N: m417, p51, p52

CsH,NO: e31, 51

C;H,NO,: c324, el15

CsH,N3: a224, d58

C;H,N;O: a188

CsHg: €401, d424, m157,
m178, p15, pl6, p17, pl8,
p58

CsHgBr,0,: €122

CsHgN,: d626, d684, e191,
p283

CsHgN,O,: d622

CsHgN,O,,: p22

CsHgO: €399, ¢410, d364, e6,
m179

CsHgO,: a74, c334, d532, e60,
g16, 195, m65, m168, m169,
m170, m200, m225, m300,
p33, p34, p207, v2, v3, v10,
v14

CHgOs: €237, h121, m123,
063

CsHgO,: d547, g14, m278

CsHyBr: b313, b365

C;H BrO,: b364, €93, €94,
m155

CsHoCl: c93

CsH,CIO: c206, d681, m186,
p45, t75, t351

CsH,CIOS: c238

CsH,CIO,: b538, c237, 110,
elll, i68, 107, m193

CsHgN: d683, m185, p35

CsHgNO: b565, b566, c400,
d531, e53, €234, m419,
m461

CsHgNO,: d523, 39, m130,
p187

CsHgNO,: g12

CsH,o €396, m165a, m166,
ml167, p48, p49, p50

CsH,Br,: d117, d118

CsH,CINO: d348

CsH,Cl,: d209

CsH,Cl,: d251

CgHyol,: d453

CsH,oNO4P: d293a

CsHyoN,: d548

CsH,N,O: d627

CsH N0 g13

CsH,N,O,S,: c412

CsH,4O: a85, ¢398, d653,
d677, e252, m165, m171,
m172, m173, m180, m181,
m429, p28, p42, p43, t83

CsH,,0S: m439

CsH,4O,: b557, ¢398, d521,
d679, €252, h147, h164, i69,
i99, m86, m182, m183,
m184, m237, m290, m353,
p38, p222, t71, t349

CsH,,0,S: €197, €222, m316,
m431

CsH, 005 d349, d520, €194,
m75, m282, m307

CsH,0,: b201, m72

CsH,0s: @300, r9, x8

CgH,,Br: b362, b363, b387,
b388

CsH,,BrO: b322

CzH,,BrO,: b320

CsH,,Br,0: b148

CgH,,Br,0,: b150

C;H,,Cl: c109, c150, c169a,
€170, c204a

C;H,,ClO: c110

CsH,,Cl,N: b164

CgHy4l: 147
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CsHy;N: a85, c404, m418,
p180

CsH,,NO: b558, d369, d678,
m317, t72

CsH,,NO,: a248, a249, b133,
b532, €275, 192, m310a, v4

CsH,;NO,S: m42

CsH,;,NO;: n58

CsH.;NS,: d357

CsH,,05P: 1391

CsH,,: d673, m155, p29

CsH,,Cl,0,Si: b162

CsHyN,: a261, m381, m382

CsH,.N,0O: b608, d702, t122

CsH,N,0,: b533, 046

CsHN,S: 1119

CsHN,S;: p282

CsH,,0: b572, d676, e254,
m161, m162, m163, m164,
p31, p32, p39, p40, p4l

CsH,,0,: b504, d307, d518,
d519, d675, 197, m64, p218

CsH,,0,Si: d509, t395, v18

CsH,,05: m73, t340, t377, t440

CsH,,0,S: p36

CsH,,0,: p19

CsHy 050 X7

CsH,,S: b577, €255, m159,
m160, p37

CsH,,Si: 1401

CH,,CIOSi: c125

CsH,3N: @246, a247, d380,
d628, d682, m175, m176,
p54

CsH,sNO: a209, a250, d546,
d547, e54, p224

CsH,.NOS:I: t394

CH,NO,: al76, d508, d545,
d607, m230

CsHy N5 1110

CsH.,.CIN;O: g5

CsHN,: d549, d674, p30,
t105, t113

CsH,,N,O: al50, al66

CsH,,O: b560, b561

CsH,,0OSi: e56

CsH,NSi: d707

CsHyNg: 2175

Ce

C¢BrDs: b263
C¢BrFs: b386
C,Cl,0, 134, 135
CsCIsNO,: p8

CeClg: h22
CsDg: b11
CiD,, €348
CgFs: 41
CoFa t42
CgHBr:0: p4
CeHCI,NO,: t39
CHCls: p6
CsHCIsO: p9
C¢H,BrFN,0O,: b324
CgH,Br,: t14
C¢H,CI;NO,: 1243
C¢H.Cl,: t32, t33
CeH4Br,F: d103, d104
CgH4Br,NO,: d115
CsH4Br;0: 1211
C¢H,CIFNO,: c141
CsHsCIF,: ¢99
C¢H4CIN,O,: €114, c115
C¢HsCIN,0,S: d712
C¢H4CI,NO,: d245, d246,
d247, d248
CsHsCILNO;: d249
C¢H4Cly: 1227, 1228, 1229
CsHsCl;0: t244, t245
C¢H4Cl;0,S: d201
CsHsD3: b9
CeHsFN,O,: d718
CgH3F,NO,: d410
CgHF5: 303
CgH3N;Og: 1403, 1404
CsH3N;O7: p174
CeH,BrCl: b287, b288, b296
CsH,BrClO,S: b264
C¢H,BrF: b340, b341, b342
CsH,BrNO,: b378
C¢H,BrN;O,: b323
CgH,Br,: d79, d112
CsH,Br,N,O,: d114
CgH,Br,0: d119
CgH,BrsN: t201
CH.CIF: c137, c138
C¢H,CIFO: c142
CH,CII: c154
CsH,CINO,: 192, ¢193, c194
CsH,CINO;: c201
C¢H,CINO,S: n33
CsH,Cl,: d198, d199, d200
C¢H,CI,N,O,: d244
CsH,Cl,0: d252, d253, d254,
d255
CeH,Cl,0,S: c50
CeH,CI3N: 1225, 1226
C¢H,FNO,: 23
CgH,4F,: d406

CeH,INO,: 40, i41

CgHyl,: d449

CeH.N,: @267, ¢328, ¢329,
€330

CsH4N,O,: b43

CeH.N,O,: d711

CgH.N,O5: d720

CgH,N,Og: 1402

C¢H,O,: b58

CgHsBO,: c22

C¢HsBr: b262

CgHsBro: b392, b393, b394

CsHsBrS: b428

CeHsCl: c47

CHsCIHg: p129

C¢HsCIN,O,: ¢188, ¢189, ¢190,
c191

CeHsCIN;O,: c113

CgHsCIO: c208, c209, c210

CsH:CIO,: 102, c103, c244

CgHsCIO,S: b24

CsH:CIO;S: c49

CsHsCIS: c252

C¢HsCI,N: d187, d188, d189,
d190, d191, d192

CeHsCIl,OP: p140

C¢HsCl,O,P: p100

CgHsCl,P: d260

CgHsCl;Si: p159

CgHsF: f11

CeHsFNLO,: f22

CeHsFO: 128

CgHsFO,S: b25

CeHsl: b28, 123

C¢HsNO: n77, p261, p262,
p263

CgHsNOS: t148

CsHsNO,: n30, n82, p265,
p266, p267

CgHsNO;: h182, n59, n60

CeHsNO,: c288

CgHsNg: b61

CgHsN;O: h104

CgHsN;O,4: d710

CgHg: b8

13CHq: b10

CsHeASNO,: h162

CeHgBrN: b256, b257, b258

CeHCIN: 38, c39, c40

CeHsCINO: al47, c162

CHeCINO,S: c48

CsHClg: h24

CgHgFN: {7, 18

CgHFsO5P: t447

CgHgHgO: p130
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CsHgIN: i22

CsHgNOg: n20

CeHgN,O: e49, p259, p260,
p264

CeHeN,O,: n23, n24, n25

CsHeN,O4: 2238, a239, a240,
m94

CsHeN,O,: d721, n53

CsHeO: p65

CsHsOS: a57, m443

CsHeO,: a44, c21, d428, d429,
d430, h86, m258, r2

CsHeO,S: b21, t152

CeHgOs: b34, m259a, t317,
t318

CsHeO5S: b23

CsHeO,: d529

CsHeOs: p206

CsHeS: t156

CsH,AsO;: b12

CsH-BO,: b13

CsH,CIN,: c216, c217

CsH-N: a293, a294, m409,
m410, m411

CsH,NO: a252, a253, a254,
h155, m113, p273, p274

CH,NO,: m414

CsH,NO,S: b22

CsH,NO,S: al15, al16, al1l7,
s25

CsH,NS: a287

CeH;N3O,: n65, n66, n67

CsH,O,P: p138

CsH,O4P: p139

Ce¢HgASNO;: a113

CsHgBr,0,: d107

CeHgBr;0: t205

CsHgCIN;O,S,: a137

CsHgClL,O,: m228

CsHgN,: a218, a219, a220,
a221, a222, a223, d284,
m263, p104, p105, p106,
pl17

CeHgN,0O: a204, 069

CsHgN,O,S: b26, s24

CsHgN,O4: d561a

CsHgO: c371, d609, d620, h38

CsHgO,: b451, ¢360, h40,
m223

CsHgOs: @36, a311, d599, f47

CsHgO,: d598, d608, d629,
d630

CeHgOg: @302, gl1, i61

CsHgO;: c289

CsHoBr: b312

CsHyBrO;: b285

CsHoClO;: €106, €107

CsHgF30,: b605

Ce¢HgNO: 062, v17

CeH,NOS: m433

CsHgNO,: b540

CeHoNO;: m78, n49

CsHoN3: 2156

CsHoN3O,: 2157, €317, h83

CgH,o: €368, d566, h39, h82,
m356

CgH,Br,: d89

CsHioN,: €211, 1114, p181

CeH1oN,O,: €361

CsH1oN,0,: d338

CeH1oN,Os: al4

CeH1oN,: p27

C¢H,0: €366, c370, d31,
d362, el2, h77, m224,
m368, m370, m372

CeH100,: @91, ¢397, d422,
elil4, el19, el42, €199, h60,
h69, h74, h75, m369

CgH,04: d501, €58, 143,
h126, h177, m402, p214

C¢H,0,: d385, d634, d691,
e22, e137, h54, m276,
m303

CsH,0,S: t146

CeH100,S,: d794, 136

CsH,Os: d386

CeH1Og: d699, g7

CgHy0S: d34

CeH,,Br: b311

CgH,,BrO: b424

CsH.,BrO,: b279, b347, b529,
e85, e86, €89

C¢H,,BrO,: d346

CgH..Cl: c91

C¢H,,CIO: h72

C¢H,.ClO,: b535, c82, €98

CgHyql: 128

CsHy;N: d30, h61, m361

CsH.:NO: c367, €260, f40,
m388, 061, t379

CsH.1:NO,: 66

CgH,p: €347, d572a, d573,
d574, e95a, h73, m222

CgHy,Br,: d94, d106

CeH,.CINO: ¢133

CeH..Cly: d217, d219, d234

CsH,,Cl,0: b166

CsH..Cl,0,: b161, d169

C¢H,,Cl;O4P: 1437

C¢H,,Cl;O,P: 1436

CeH1,F:NOSi: m457

CeH NO,P: d294

CsH.N,: d61, d325, t279

CeH1.N,S: b183, t119

CsH1N,S,: t120

CeH1,N,Si: 396

CeH.N,Zn: d601

CeH1N,: h49

CsH,,0: a96, b609, ¢365,
d572, ell, €98, h51, h70,
h71, h76, i78, m367, m430

CsH,,0,: b465, b501, b502,
b503, ¢359, d576, d577, €99,
€100, e192, €209, e213, h64,
h150, i63, m235, m312,
m362, m363, m456, p244,
t84

CsH,,04: d525, e42, 179,
el82, i116, p2, p237, t70

CeH1,0,: €149

CsH,,0,Si: d27

CeH.,0q: 41, g1, g8, i19, m11,
s6

Ce¢H .00, g6

CsH,,S: c364

C¢H,Br: b346

CeH,4BrO,: h317

CeHq:Cl: c149

CeH,:CIO: c150

C¢H:ClO,: c96

CeH,:ClO;: c124

CeH14l: 136

CeH1aN: c375, €202, h48,
m383, m384, m385, m386

CsH,sNO: d314, d637, €223,
h133, h152

C¢HsNO,: a182, a183, h127,
i88, L5, L6, m233

CsH1aNO,: b199

CeH1NO.: t441

CeH,4: d567, d568, h52, m357,
m358

CeH,CIN: d328

CsH,,Cl,0Si: b175

CeH..NO,: b213

CeH.N,: @214, ¢354, d43, d44,
d671, e245

CeH.N,0: 172, h129

CeH1N,0,: L13

CeH1N,O,: a301

C,H,,0: b554, d476, d570,
d570a, d571, d786, €95, h66,
h67, h68, m364, m365,
m366

Ce¢H,,0Si: a93
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CeH140,: b493, d303, d304,
d569, e138, €219, h55, h56,
h57, m82, m360, p220

CsH,,0,S: d789

CeH140;: b204, b214, d305,
d779, e41, e183, h63, h176,
t321, t341

CeH,,0,: 1280

CsH,,0,S: d788

Ce¢H140,S,: b459

CsH1,06: d824, m10, s5

CeH140,S,: b210

CeH,,S: b557, h62

C¢Hy.Si: 2101

CeH,Al: 1273

CsHysAll: d322

CgH1AIO: d321

CgH sAS: 1276

CgH,sB: 1277

C¢H,sClGe: c260

CgH1:CIO;Si: €240

CeH,<CISi: b551, c261

CsH,sGa: t286

CgH,sln: t288

CsH,sN: d468, d575, d777,
e97, h81, m371, t274

CeHsNO: 2184, a211, a212,
b513, b553, d327, d364,
i98

CeH1sNO,: d306, d540, e125

CeH1sNO;: 1266

CeHyNg: al74

CgH,:0;B: 1268

CgH,s05P: d480, t294

CgH1:04PS: 1298

CgH,O,P: 1292

CeH15P: 1293

CgH,sSh: 1275

CgH,¢Br,OSi,: b149

CgH1(Cl,OSL: b167

CsHyeN,: d367, h53, m359,
t108

Ce¢H,c0Si: p221

CgH10,Si: d301

CeH1c0;SSi: m24

CsH,¢05Si: 1269, t342

CeH,6Si: 1297

CsH,/NO,Si: a274, t344

CeH17N5: 19

CeH1sCIN,Si: c268a

CeH1gN,Si: b179

CgH1gN;OP: h50

CeH1gN,: 1285, 1434

CgH140Sh: h47

CeH150,Siy: h45
CeH1NOS,: b233
CeH1NSiy: h46

G

C,H,BrCIF;: b297

C,H;BrF;NO: b380

C,H;CIF;NO,: 199, c200

C,H;CIN,O;: d714

C,H;Cl,F;: d206, d207

C,H,CI,NO: d259

C,H;CI;0: d208, d209

C,H,BrF;: b268, b269

C,H,Br,O: t15

C,H,CIFO: f14, f15

C,H,CIF;: ¢c60, c61, c62

C,H,CIN: c54, c55

C,H,CINO: c219, c220

C,H,CINO;: n39, n40

C,H,CINO,: 195, c196, c197

C,H,Cl,0: c64, c65, d194,
d195

C,H,Cl,0,: d202, d203, d204

C,H,CI;F: t238

C,H,Cl,: c58, c59

C,H,F;NO,: n86, n87

C,H,1,05 h113

CH.N,0,: n38

C,H,N,Oq: d713

C,H,N,O;: d722, h114

C,H,05S: h105

C,H,0,S: s27

C,HBrO: b65

C,H:BrO,: b266, b265

C,HgBrO;: b419

C,HsCIF;N: a142, a143

C,HsCIO: b66, c43, c44, c45

C,HCIO,: c51, c52, c53, p99

C,HsClO;: 207, 245, c246

C,HsCl,F: 139

C,H;CI,NO: d196, d197

C,HsCl;: 1251, 1252, 1253, 1254

C,HsFO: b68, f9, f10

C,HFO,: f12, f13

C,HsF; t311

C,HsF;N,O,: a237

C,HsF;0: t304

C,H;F,N: a179

C/HglO,: i25

C,H5105: 151

C/Hgl,NO,: a154

C,HsN: b51

C,H;NO: b62, p124

C,H;NO;: n26, n27

C,H;NO,S: s1

C,HsNO,: n35, n36, n37, p268,
p269, p270

C,HsNOg: h163

C,H:NS: b59, p125

C,HsNS,;: m17, m19

C,HsN;O,: a234, n34, n55

C,HsN;0,S: a236

C,HsN;Og: t405

C,HBrCIO: b300

C,HsBrNO,: n44

C,HBrNO;: h156

C,H¢Br,: b271, d132

C,HgBr,0: d111

C,HCIF: c143, c144, f16

C,H,CINO: c46

C,H,CINO,: a138, a139, c202,
c203, n45

C,HgCl,: c69, c70, d273, d274,
d275, d276

C,HgF;N: al26, al27, al128,
t310

C,H,FNO,: f24

C,HgINO,: a199

C,H¢N,: @121, al22, al23, b39

C,HgN,Og: n28, n29

C,HgN,O,: @233, d723, d724

C,HgN,Og: d715, d716

CHgN,S: a125

C,HgN,O,: 1134

C,HgO: b3

C,H,0S: t139

C,HgO,: bd4, h94, h95, h96,
m251

C,Hs0,S: m18

C,HO4: d427, 146, h99, h100,
h101

C,HsO,: d431, d432, d433,
d434

C,HgOs: t319

C,HgOgS: s31

C,H,Br: b85, b429, b430,
b431

C,H,BrO: b259, b260, b270,
b357, b358, b359

C,H.BrS: b425

C,H.CI: b90, c255, ¢256, c257

C,H,CINNaG,S: ¢258

C,H,CIN,O,: c253

C,H,CIO: c66, c160, c176,
cl77

C,H.CIO,S: t177

C,H,CIO;S: m56
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C,H,CIS: c73

C,H,CI,Si: b128

C,H,F: 127, 128, 29

C,H,FO: f19, 20

C,H,FO,S: t178

C,H,I: i53, i54, i55

C,H,N: v15, v16

C,H,NO: a53, a54, a55, b4,
f35

C,H,NO,: a118, al19, al120,
h97, h98, m412, m413, n83,
n84, n85

C,H,NO;: a280, a281, m92,
m339, m340, n41, n42, n43

C,H,NO,S: c17

C,H;N5: a197, a198

C,Hg: b134, c344, t166

C,HgBrN: b360

C,HgCIN: ¢c37, c67, c68, c163,
c164, c165, c166, c167

C,HgCINO: c158, c159

C,HgCINO,: c19

C,HgCINO,S: c248

C,HgCL,Si: d239

C,HgN,: h102

C,HgN,O: al12, b71, p167

C,HN,O,: d40, h149, h170,
m326, m327, m328, m329,
m330, m415

CgHgN,O5: m89, m90, m91

C,HgN,S: p158

C,HgN,O,: 1133

C,HgO: b78, 303, c304, c305,
m55

C,HgO,: d438, h106, m97,
m98, m99, m280

C,HgO,S: 1172

C,HgO;: e155, f49, m314

C,Hg0,S: m139, t176

C,HgS: b106, m379, t142

C,HsBrO,: e84

C,HgN: b79, d685, d686, d687,
d688, d689, 256, €257,
€258, m134, 1180, 1181, 1182

C,H/NO: a213, b101, h132,
m48, m49, m50

C,H,NO,: d524

C,HNO,S: t173, 1174

C,H NO,S: a205, a206, a288

C,HgNS: m436

C,H,y b135

C,H,,CIN;O: g4

C,H,N,: @177, a178, d59, d60,
d287, d551, t167, t168, t169,
t170

C,H;N,0O: 066

C,H,oN,O,: €212, m242

C,H,N,0,S: t175

C,H,,0: d294, m67, n108, t67

CH,0,: a40, c402

C,H,,04: €17, e144, m354,
t367

C,H,,0,: d29, d596, p208

C,H,0s: d528

C,H,,Br: b383

C,H,,BrO,; d346

C,H,,ClO: c351

C,H,;N: ¢350

C,H,;NO: ¢c381, h112

C,H,;;NO,: a52, b539

C,H;;NO;: m83

C,H,;;NOg: a45

C,H,;NS: ¢382

C,H,,: 345, h20, m215, m216,
n107

C,H.,N,O: m464

C,H,,0: b506, c348, c352,
€369, m212, m213, m214

C,H,,0,: a80, b507a, b508,
¢353, d420, el126, i65

C,H,,0;: €43, e201, e226,
h178, t73

C,H,,0,: d378, d379, d636,
d656, h7, m76, m277,
t125

C,H,,0,Si: m448

C,H,;Br: b310, b367

C,H,3BrO,: b390, €92

C,H,,CIO: h17

C,HoN: a245

C,H,;sNO: a307, b507, ¢380

C,H,sNO,: d541

C,H,;sNO;: d418

C,H,, c341, e118a, h18, h18a,
h18b, m202

C,H,,CIN: c134

C,H.N,: d475

C,H.,N,0O: a272

CH_N,O,: e246

C,H,,0: 342, c384, d655,
d658, h3, h14, h15, h16,
m205, m206, m207, m208,
m209, m210, m211, m271

C,H,,0,: b559, b593, b594,
d312, e128, e207, €208,
e239, h9, i74, 191, i106,
m270, p53, p228

C,H,,0,S: b569

C,H,,04: b567, €130, e151

C,H,,O4 m262

C,H,sBr: b343, b344

C,H,Cl: c147

C,H,ClO,: c97

C,H,4l: i34

C,H;N: ¢362, d672, €247,
€248, m218, m219, m220

C,H,sNO: 186, h131, h134,
m387, p182, p183

C,H.;sNO,: p286

C,H,;sNO;: m467

C,H,s0sP: t296

C,H,s d654, €238, h6, t361

C,H,BrNO,: a38

C,H,;,CINO,: a39

C,H,eN,: @210, a271, m308,
t392

C,H,eN,S: d482

C,H,¢O: d657, h10, h11, h12,
t362

C,H,¢0,: b498, b499, d311,
d393, m405

C,H,¢0,Si: d310

C,H,¢O4: d784, t290

C,H,O,: 192, 1284

C,H.6S: h8

C,H,;N: h19, m272

C,H,;;NO: b500, d332, d333

C,H,,NO,: b515, d331

C,H,;,NOg: m261

C,HgN,: d334, d392, t116

C,H;gN,O: b180

C,H.N,0,: a270

C,H,N,0O,Si: t348

C;H,¢0,Si: b607

C,H,¢0,Si: b606, i77, m451

C,H,;,NOSi;: b232

C,H,NSi: d404

C,H;oN5: d52

C,H,N,OSi,: b236

C,H,,0,Sis: h5

G

C¢Br,0O;: t17
CCl,O4: t40

CgD,o €73
CgF140,S: p59
CgHCI,NO,: t39
CgH3;NOg: n72
CgH,BrNO,: b348
CgH,Cl,0,: b15, b16, p172
CgH,Cl,0,: d261
CgH,Clg: b225
CgH,Fe: b229
CgH,N,: d282, d283
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CgH,N,O,: p107

CgH,O4: p169

CgHsBrN: b272

CgHsCIO,: 224

CgHsCl;0: 1223

CgH:Cl;0;: t246

CgHsD;0: a32

CgHsF;0,S: 1132

CgHsFeN: b228

CgHsNO: b67

CgHgNO,: 117, p171

CgHsNO;: h171, i60

CgHsNOg: n31, n32, n70, n71

CgHe: p84

CgH¢BrCIO: b286

CgHgBIN: b397

CgHgBr,0: d78

CgHgBr,: 118, t19, t20

CgHeCIN: c71, c72, c215

CgHgCINO;: c187

CgHsCl,0: 168, d185

CgHCl,05: d256

CgHgN,: g4

CgHeNLO: g5

CgHeN,O,: n64

CgHgO: b42

CgHgO,: b14, p170, t6

CgHeO5: b69, 37, m250

CgHeO,: b17, b18, p168

CgHeS: b60

CgH,Br: b420

CgH,BrO: b251, b253

CgH,BrO,: b356, b396

CgH,BrO;: b355

CgH,CIO: ¢31, 32, ¢33, p83,
t187, t188, 1189

CgH,CIOS: b92

CgH,CIO,: b91, c214, m60,
m191, m192, p69

CgH.CIO;: c161, c211

CgH,FO: 16

CgH;N: 115, p82, 1183, 1184,
t185

CgH,NO: m9, m147, 1192

CgH,NS,: m438

CgH,NO4: n21, n22

CgH,NO,S: 1179

CgH,NO,: a114, m331, m332,
m333, m334, m335, m336,
m337, n61, n62, n63

CgH,NOg: m93

CgH;NS: b126, m146

CgH/N;O,: a151

CgHg: s11

CgHgBrNO: b248

CgHgBr,: d98, d134, d135

CgHgCINO: ¢c25, c26, c26a

CgHCINO;: al46

CgHgCINO;S: al10

CgHgCl,: d277, d278, d279

CgHgHgO: p128

CgHgN,: @255, m140

CgHgO: a31, e9, m138, p77, s12

CgHgOS: m437

CgHgO,: b41l, b99, h91, h92,
h93, m51, m52, m53, m141,
m142, m143, m144, p80,
p81l

CgHgO,S: p156, t157

CgHgO5: d425, h142, h165, m8,
m57, m58, m59, m281,
m424, p68, r4, t81

CgHgO,: d25, h143

CgHgO,S: a33

CgHgOs: m454

CgHgBr: b334a, b335, b443,
b444, b445, b446

CgHyBrO: b321, b338, b361

CgHgBrO,: b318

CgHoCl: €127, c128, c269,
€270, c271, c272, c273

CgHoCIO: c108, c218

CgHCIO,: c104

CgHgN: b104, i18

CgHNO: al8, al05, al06,
al07, b98, m256

CgHNO,: al5, al6, al7, a207,
a208, b89, d638, d639,
d640, d641, e226, e259,
m54, m129, pl114, t77

CgHgNO4: @202, h167, h168,
m95

CgHgNO,: d511

CgHgNO,S: m133

CgH, o €74, x4, x5, X6

CgH,CIN: c107

CgH1oN,O: d642

CgH1oN,O5: m85

CgH;N,O5S: m343

CgH, oN,O,: 1, d286

CgH,¢O: b136, d659, d660,
d661, d662, d663, d664,
€36, e240, e241, e242,
m116, m117, m118, m149,
m150, p109, p110

CgH,¢0,: b19, d493, d494,
d495, e51, m61, m84, p72,
pl08

CgH,,04: €308, ¢356, d512,
h118, h145, m30, m234

CgH,0;S: €75, m447

CgH,0,: d668, d669, d670

CgH10g: b469

CgH,0S: b110

CgHy;N: b108, d553, d554,
d555, d556, d557, d558,
d559, e68, e69, e70, e220,
i130, m151, m152, p112,
t393

CgH;;,NO: al73, a251, a256,
a257, a295, d544, e32, h122,
m62, m80, m81, pl01, p275,
p276

CgH1;,NO,: d488, d489, d490

CgH.1:NO,S: m446

CgH,;NO;: €150

CgH,»: €387, ¢388, v9

CgH1,N,: d288, d665, t117, x9

CgH1oN,0,: d461

CgH1N,0;5: d339

CgH N, a313

CgH,,0: €278

CgH,,0,: d589, €262, n109

CgH,,0;: €135, t74

CgH,,0,: €355, d28, d370,
d377, m36

CgH,,0s: d530

CgH1,06Si: t194

CgH,aN: €238

CgH,sNO,: m342

CgH, 4 €393, 019, 049, v8

CgHuN,: p185, p281

CgH1uNO,: d472

CgH,,0: b576, ¢392, d592,
d621, m217, m269, 050

CgH1,0,: b464, b570, c373,
€374, c405, d620, h78, i71,
m203, n31

CgH,,04: b505, b615, e45,
el01, i64, i82

CgH.,0,: b197, b460, d381,
d396, d617, €139, el77, 025

CgH.,0,S: d703

CgH1,0,S,: d793

CgH,,0¢: d400, d401

CgH,BrO,: €88

CgH,:ClO: €163, 039

CgH.sN: 028

CgHsNO: p243

CgH1NO,: d543, e249, e250,
pl84

CgH,6 €389, d585, d586, d587,
d587a, d588, e117, 040, t384

CgH,¢Br,: d116

CgH1N,0,S: h130
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CgH,¢0: €378, ¢391, d500,
d590, d591, e118, e158,
m268, 036, 037, 038, 043

CgH,¢0,: b531, ¢357, 390,
el60, el161, h79, i70, m266,
030, p239

CgH,604: b497, €181

CgH,¢O,: c313, e37, t124

CgH,-Br: b385

CgH,,Cl: c204

CgH,Cl;Si: 048

CgH,l: 144

CgH,,N: b597, ¢394, d593,
d594

CgH,;,NO;: €173

CgH,,OgP: t295

CgH,g d616a, e158a €214,
e215, 023, t100, t380, t381,
t382

CgH,6AICI: d455

CgH1sCINO,: 249

CgH,¢Cl,Sn: d177

CgH,gFNOSK,: b235

CgH,gN,: €349

CgH,gN,O,S: h130

CgH1gN206S,: p179

CgH,50: d148, d458, €162,
m267, 032, 033, 034, 035,
o66a

CgH,gOSh: d799

CgH,g0Sn: d180

CgH150,: b494, d159, d618,
el59, 026, 027, t383

CgH,50,S: d173

CgH,¢04: b186, b495, t289

CgH,40,S: d172

CgH,40,Si: 1272

CgH,¢0,: b211, t282

CgH,¢0,S: d169

CgH, 405 t51

CgH,S: d170, d171, 029

CgH 1S, b154, b155, d146,
d147

CgH4gSip: b231

CgH,Al: d456

CgHyoN: d139, d140, d457,
d477, d619, el166, 044, t103

CgH NO: d413

CgH;NO,: b549, d299, d300

CgH,0O4P: d164

CgH,oBrN: t49

CgH,oCIN: t50

CgH,Ge: t58

CgH,oN,: 024, 1101, t102

CgH,oNL0O,S: 161

CgH,0;Si: €270
CgH,,0,Si: t48

CgH 0, Ti: 1163
CgH,oPb: t59

CgH,0Si: t60

CgH,oSN: 163
CgH,;,NOSL;: b230
CgH,NO,Si: @269, d308
CgH,B: b241
CgH2N,0;Si: al66, t346
CgH N, b145
CgH»,0,Si,: b234
CgH,aNs: t56
CgH,,Cl,05Si,: d250
CgH,,0,Si;: 022
CgH,,0,Si,: 021

CgH3sN: d728

G

C,H,ClcO5: h28
CyH5Cl;05: b33
CyH,Os: b32
C,HsBrCINO: b304
C,HsBr,NO: d108
C,HsCIINO: ¢152
C,HsCI,N: d270
CoH¢BrN: b418
C,HCINO: 153
CyHgINO,S: h137
CoHNLO,: 1171
CoHgO,: b55, c292
CyHgO4: h111
CoHgO,: 113

CyHeOg: b29, b30, b31
C,H,BrO: b309
C,H,CIO: c280
C,H,CIO,: c90
CoH,N: i133, g3
CyH,NO: h184
CoH,NO;: h151, m289
CyH,NO,: n50
C,H,NO,S: h185
CoH;N;O,S,: a242
CoHg: 114

CyHgCl,05: d258
CgHgN,: m423, p120
CoHgN,Og: €129
CyHgO: €278, i12
CoHgO,: €279, d417, v6
CyHgO4: h109
CoHgOsS: p247
CHgO,: p127
CyHBrO: b412

CyH BrO,: b86

CoHoCl: v7

CoH,CIO: c234

CoHyClO;: 213, d498

CoHgN: d564, m287

CyHsNO: m103, m104, p134

CyHNO,: a9

CyHoNO4: all, al2, b70

CsHoNO,: €227

CoHgN;0: a260

CoHgN;0,S,: t137

CoHgNs: d53

CgH, a78, 110, m425, m426

CoH,Br,: d109

CoH,FNO,: m135

CoH,oN: 2196, a197

CoH,oN,: @296, p121

CoH,oN,O: p151

CoH,oN,O,: p85

CoH1oN,O5 @129

CyH,0: a94, a95, c282, el4,
e72,il11, m124, pl47, p148,
p149, p209, p217

CoH,40,: b63, b76, d563, 33,
e34, e76, h174, h175, m44,
m45, m46, m309, m310,
m311, m375, p103, p150,
t190

CoH,4O5: d491, d492, e37, e38,
e46, e55, el78, e261, 52,
m101, m283, m297, m304,
m305, p74

CoH,4O,: d496, d492, h135,
m292

CqH,,Br: b350, b353, b399,
b435, b436

CoH,,BrO: b413, p75

CyHy,Cl: c222

CoH,,CIO;S: c135

CoH,:N: a77, 333, m288, t78,
t86

CoH,,NO: d536, d562, m121,
m374, m445

CoH,;NO,: d537, d538, e35,
€64, e65, i126, p86

CoH,;NO;: 1455

CoH,,: €190, i103, p225, t357,
t358, t359, v13

CoH..N,O,: a241

CoH1,N,Og: ul8

CoHN,S: b111

CoH,,0: b98, d632, d633, i127,
i128, 1129, m373, p145,
p146, p240, t385, 1386, t387

CoH,,0,: b115, ¢316, c358,
e48, p73, p148, t365, t374
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CoH,,05: d499, m204, t332,
t333, t334

CyH,,05S: €263

CoH,,S: pl44

CoH,aN: b595, d565, d706,
€80, €203, e264 €265, €266,
i101, t355

CyH5NO: b80, m96, n110

CyH,sNO,: 8258, b596

CoHygNs: 1191

CoH,,BrN: p162

CoH,BrsN: p165

CH,,CIN: p163

CH4IN: p164

CoHuN,: n92, 388

C,H,,O: d611, d613, 93, t364

CyH,,0,: m350

CyH,,0,Si: d510

CoH,,05: b215, t76

CoH,,O,Si: p161

CoH,,Os: d315, d382

CyH,,Of: p200

CyH,,Si: p166

CoHygN: t195

CyH,sNO: 362

CoHysN3: 1439

CyH,e m348

CoH, 6N, d62

CyH,c0: d612, n103

CoH,¢0,: b571, ¢363, h80,
n97

CoH,¢05: b568, b582

CoH,60,: d368, d371, d478,
d614, n93

CoH,¢Os: d345

CH,,BrO,: e87

CyH,Cl: c92

C,H,,ClO: n102, t372

C,H,,ClO,: e167

CyH,;N: a83, n95

CyH.;NO,: €216, e217

CyH, g 1108, p229, t363

CH; gNO: 1115

CoH,gN,O: d550

CyH,50: €385, d616, n99,
n100, n101, n104, t370

CoH10,: €156, m349, n96

CoH,¢05: d144

CyH,0,: d785

CyH,oBr: b382

CyH,4Bro,: €90

CoHdl: 142

CoH,;NO: d151

CyH NO,;Si: 1270

CoH1oN,S: d175

CgH,: d386a, d613a, €210a,
n90, t370a
C,H,oCl,Si: d238
CoH,oN,: @136, a290
CoH,oN,S: d136
CyH,q0: d615, n98, t371
CyH,00,: b556, n94
CyH,q0,Si: c377
CoH,O4: d783, 1291
CyH,q0,Si: @99
CoH,O,: 1430
CoH,Al: 1428
C,H,,BO;: t427, t326
CyH,,BOg: t445
CyH,,CIO;Si: c239
CoH,:N: n105, t429
CyH,,NO,: d470, d778
CoH,:NO;: 1325
CoH, N5 1287
C,yH,,04P: t329
CgH,,N,: d387, n91
CyH,,04: d780, d781
CqH,,Si: 1330
CoH,3N3: p26
CoH,uN,: b147
CyH,,0,Si;: m153
CoH,,BO;Siz: 1449
CyH5,CIO;Ti: c254

ClO

C,oH,0q: b28
C,H,Cl,0,: d243
C,HeBr,0: d113
C,oHeCl,0: d242
C,oHgN,: b103
C,oHeN,0,: d719
C,oHeN,0,S: d64
C,oHgOs: nl11
C,0HgO4: h161
C,oHgOg: b27
C,oH-Br: b376
C,oH-BrO: b377, b378
C,H,Br,NO: d112
C,H-Cl: c185, c186
C,H;NO,: n57, n80, p126
C,H/NGgS,: n81
C,Hg: @316, d1, n2
C,oHsBrNO,: b339
C,oHgN,: d790
C,oHsN,0,: b205, 53
C,oHgO: n9, n10
C,oHsO,: d439, d440, d441,
d442, m199
C,oHgO4: h148

C,oHgO5S: n6, n7

C,HgO,: d443, d444

C,0HgN: @228, a229, m420,
m421, m422, n17

C,HgNO: ab1, a232

C,HoNO,: 116

C,HsNO;: h128

C,HoNO,S: a230

C,HsNO,S: a189, a190, al91,
alo2

C,HsNOg: d643

C,oHyo d423

C,H;,BrCIO: b299

C,H;CIFO: c121

C;H1CINO,: c29

C,H1Cl,O4: d257

C,oH1oN,: @279, n4, n5

CyoH10N,O: m378

C,H,0N,O,S: s21

C,oH,00: d363, m197, p94,
p95

C;oH100,: b63, m66, m198, s2

C,H105: b72, m345

C,oH100,: d590, d591, d592,
m125, p155, r3

C,H,,BrO: b375

C,H1,CIO;: c212

C,H,,CIO,: t336

C,Hq,10,: i24

C,oH1:N: p98

C,H;NO,: a24, d514

C,H1:NO,: €8, d552a

C,oH1,0,S: b94

C,Hyp: d292, t80

C,H1oN,: 2170, b81

C,H;;0: a89, b77a, b619, €59,
e279, i84, 1102, m107,
m403, p96

C,oH1,0,: d419, e204, e205,
€206, €243, h154, h166,
m79, m102, m108, m109,
m111, m148, p79, p97,
pl1l, p226

C,H,,04: d487, €47, €195,
m306, p71, p102, p235

C,H1,0,: d26a, d513, m231,
m232, t331

C,H1,0s: p245, t335

C,H,3Br: b280, b351

C,H,3BrO: b281

C,H,3Bro,: b395

C,oH,:Cl: b536, c178

C,HgNO: d527, p131

C,oH15NO,: m380

C,H1sNS,: b95
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C,oH1aN:O,: a67

C,oH130,S: b94

C,oH.4: 521, b522, b523,
d340a, d341, d342, i67,
i118,i119, i120, t97, 198,
t99

C;oH14CIN: ¢130

C,oH..NOsPS: p3

CiH14N,: n19, p141

C,oH1N,0: d383

C,oH1N,0,: b206

C,oH1N,O,: d446

C,oH.40: ¢20, 1104

C,oH140: b585, b586, b587,
b588, b591, c20, i104, i121,
i122, 1123, k2, m376, t162a,
t260

C,oH140,: b534, d516, p78

CyoH1404: €7

C,oH140,: b461, €23, €140,
m100, t337

C,oH1405PS: p3

C,H:Bro: b284

C,oHqsN: b516, b517, b518,
b519, d336, d278, e2, e277,
i105, i117, m377, p96

C,oH1sNO: b490, ¢403, d330,
e2, p219

C,oH1sNO,: d517

C,oH1sNO,: d309

C,H.¢ @65, c2, d595, d648,
d736, L7, L8, m467, p25,
pl75, p176, t10, t11, t259,
t400a

C,oH1CIN: b131

C,0H:CLLO,: d13

C,oH16N,: d388

CioH:16N,0,: d35

CioH16N,05: €134

C,oH,¢0: €3, c4, c286, d416,
d614, d645, L9, L10, p177,
p250, t376

C10H1¢0,: €383, m344

C,H1¢0,: ¢4, d319

C,0H160,S: €5

C,oH1¢0s: d317, d366

C,oH16Si: b132

C,oH.7N: ab4, p284

C,oH1/NO: c386, m465

CioHig d2, d3

C,oH:1gNO,: b514

C,oH1eN,07: h124

C,oH140: b245, b545, b546,
€277, d4, g2, i62, 1132, L11,
m13, t12, t13, t375

C,H,¢0,: €379, d17, d650

C,oH140;5: d680, t77, t350, v1

C,0H,¢0,4: b185, d10, d158,
d318, d394, d651, t283

C,oH1¢04: d481

C,H,6S:: b154

C,H,CIO: d21

C,HoN: d13, d13a, t356

C,oH1gNO,: d329, e251

C,oH,0: b541, b542, ¢335, d22

C,oH,0Br,: d91

C,H,Cl,: d216

C,oH,0N,S,: 162

C,oH,40: b543, b544, 290, d7,
d18, d19, d20, e7, el75,
ml12, m313

C,H,00,: d15, el64, e231,
ml77, 042

C,0H»00,4: b496, b530

C,0H>Os: p46

C,oH,0sSi: t347

C,H,,Br: b315

C,H,,Cl: c94

C,oH,il: 129

C,oH,;N: d353

C,H,NO: a226

C,oH,;NO,: e218

C,H,:NO,Si: 1271

C,H,,: d8

CyoH,oN,: d51

C,H,,0: d16, d646, d647,
d738, t79

C,H»,0,: d11, d12, d137

C,H,,05: d699, 1433

C,H»,0,: 1432

C,H,.0s: b212, p47, t55

C,H,0,: d735

C,H,eN: d23, d649, d737

C,H,NO: d141

C,H»NO,: d313

C,oH24N,: d9, 157, 1111

C,H2N,0,: d731

C,H,4N,: b146, t89

C,oH,40;Si: i76

C,oHogNg: p23

C,oH3005Si,: d6

C,H30sSis: d5

Cll

C,;H;N: c327

C,;;H,NO: n18

C,;HgO: nl

C,;Hs0,: h157, m321, n3
C,;,HgO4: h158, h159, h160

C,;H4Br: b370

C,HoCl: c175

CiiHgN: p152

CyHip m318, m319

C,H;00: m87, m88

C,;H.,CIF: c140

C,H:N,0: a299

C,H N0, t454

Cy;H.,0,: b107, c281, el112,
m115

C,;H:,04: b77, b200, e77,
el45, e244

C,;H,4CIO: b527

C,;H,ClO;: c259

C,;H.;sNO: b124, d666

C,;H,sNO,: b580

C,;H.aN;0: a110

C;;H.,O: p44, m114

C,;H.40,: a84, b524, b526,
d522, e52, el76, p113

C,;H..05 b491, b584, b590,
€200

C,,H.,0,: €158

C,HiN: p142

C,H:sNO: b121, d326

C,;H:1sNO,: b512, d542, e127

C,;H;e b602, p24, p55

CiHiN,: b119

C,;H,¢0: b87, b573, b574,
b575, d667, p57

C,;H,¢0,: d800

C,,H,;N: b538, d403

C,;H;NO: e267

C,;H;NO,: b109, m416

C,;H,,04P: d344

C,;H:N,0O,: t366

C,;H,40: d372, n106

C,;H,¢0s: d316

C,;H,4CIO: u15

C,;H,sNO,: €168, 045

CyiH,0: ul2

C,1H,00,: €165, i89, ul3

C,;H,0,: d155, d347, d354,
d373

C,;H,,Bro,: b442

C,,H,;N: u3

C,;H,,0,: c287

CyiH,, ul2a

CyH,N,: d776

C,H,,0: ul, u9, ulo, ull, uld

CH,,0,: €171, €228, m69,
m226, u4, u5, ub

C,1H,3Br: b441

C,Hy4l: i57

CiiHys u2




TABLE 1.14 Empirical Formula Index of Organic Compound3ontinued

ORGANIC COMPOUNDS

The alphanumeric designations are keyed to Table 1.15.

1.71

C,H,,0: u7, u8
CH,,06Si: 1444
C11H,sNO,: a292
CH,N,: b555, d166
C11H,6N,0g: b237

C12

C,,H,CleS,: b226

C,,H¢Br,0,S: s28

C,HgO5: n8

C,,HgO,,: b20

C,H,ClsO: d296

C,Hg: a3

C,,HgBr,: d80

C,,HsCl,0S: b172

C,,HsCl,0,S: b171, c223

Cy,HgN,: p63

C;,HgN,O,S: b216

C,HgO: d66

C,,HgS: d67

C,,HsBr: b273

C,,HBrO: b325, b398

C,,H,CIO,S: c221

C,,HgN: ¢6, d751, n16

C,HNO: b73, b74, b75

C,-HNO,: n46, n47

C,-HgNO;: n68, n69

C,HgNS: p67

C,HgN;O,: d717

C,H,o a2, b138

C,.H;CIN: a145

C,H;CIO;P: c748

C,,H,CIP: c118

C,.H,Cl,Si: d223

C,,H,,Hg: d758

C HigN,: a312

C,H;0N,O: n79, p90

C.o.H10N,0,: n51

C,,H;oN;O4P: d764

C,,H;,0: d753, m322, m323,
p135, p136

C,,H,0S: d772

C,,H,0,: d436, h89, n14, n15

C.,H;0,S: d771, t145

C,H104: n12

C,H;005S: b142

CiHi04 g1

C.,H;,0,S: s30

Cy,Hy0S: d770

C,,H10S,: d750

C,,H,0Se: d749

C,,H;;N: a130, al31, b122,
b123, d743

C,,H;;NO: h115, n13, p70

C,,Hq; N4 p88

C,,H,,04P: d763

C.,H N, b140, d757, p137

C,H1:N,0: 068

C,H1:N,0,: b40

C,,H.N,0,S: d47, d48

C,,H,0: e50

C,,H,,0,Si: d769

C,H,,05: €78

C,,H,,0¢: 1193, t360

C,Hq3N: t68

C,,Hq Ny d34

C,,H,sNO;S: p272

C,,H,4 d467

C,,H N, d46

C;,H1N,O,S: 522

C,,H,40: b525

C,H.045 €179

C,;H.40,: d391

C,,H;sNO: b121

C,H1N;O5: 1196

C,,H,sN;0,S: d42

C,,H,¢ b598, c376, m221

C.,H160,: p64

C,,H,¢05: d298

C,,Hq;N: b120

C,,H,;NO: d402

C,,H,g €338, d473, d474,
pl16, t453

C,,H,CI,N,0OS: 1135

C,HqgN,: p186

CH1gN,0O,: 194

C,,H,¢0: b552, d479, e4

Cy,H140,: b550

CoH 04 041

C,,H.0,: b463, h58

C,HqgN: d471

C,,H,40,: b202, b296, 112,
g3, L12

C,,H,40;Si: p160

C,,H,0,: d154

Cy.H,0,Sn: d179

C,,H,0;: 1278

C,H,:N: 1446

C,,H,,NO;Si: t345

CH,iNg: 1429

C,,H,,: ¢339, d288

C,,H,,BCI: c95

C,,H,N,05: d45

C,,H,,0: €337, e5

C,,H,,0,: d811, €172, m14

C,,H,,05: h65

C,,H,,0,: d168, d384, d597,
d787, d805

C,,H,,0q: d174

C,,H,;0,:: L3, L4, m7, s20
C,,H,:N: d289
C,,H,:NO: a308, 047
C,,H,, d813
C..H,.Cl,: d224
C,,H,,0: c326, d817, e8, m459
C,,H,,0,: d809, €120
C,,H,0q: 314
C,,H,Br: b327
C,,H,Cl: 119
C,,H,:Cl;Si: d821
C,H,4l: i30

C,,H,sN: ¢340
CHoeNg: 16

C,,H,s d803

C,,H,¢0: d414, d810
C,,H,s0,: d806, d807
C,H,¢05: b151
C,,H,¢0,: d460, t91
C,,H,s0,S: d820
C,H,0s: 153

C,,H,S: d808
C,,H,/Al: t322
C,,H,,B: t209
C,,H,,BO;: 1207
C,,H,,CISn: 1213
C,,H,;N: d413, d818, t208
C,,H,,0,P: 1212
C.,H,,0,P: t211
C,,H,gBrN: t130
C,H,N,: d804
C,,H,s0,Si: 1129
C,,H,s0,Ti: t164, t165
C,,H,eSn: 1215
C,H,oN: t323

C . H,oNg: b196

Cl3

C,3HCl,0,: h29
C,HsCINO;: ¢198
C,3HsCl,O: d205
C,HgO: 13
C,Hg0S: 1162
C,3HgO,: X3
C,sHBrO: b267
C,3H,CIO: ¢56, ¢57
C,sHCIO,: c151
C;HgN: a60

CiHyo 12
C,3H,CINO: a140, a141, d745
CH,Cl,: d221
C,3H,CLO,: m243
C,H R, b195
CysHioN,: p91
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CsH:oN,05: @235
C,sH,0: b53, x1
C,3H:0,: b139, h103, m68,
p92
C,3H,05: d435, d747, p154,
r5
C,sH.0,4: 1320
C,sH,0s: 188
C,sH,,Br: b326
C,;H,,Cl: c116
C,sH.:N: b102
C.5H1,NO: al124, b5
C,sHNO;: p87
CysHyp d759
C,sH,NO,: b112
CysHiN,: b54, d754
C,sH.N,0: d775
CisHNLS: d774, 1141
C,sH..N,O: d746, p89
CisHN,S: d773
C,sH,,0: d760, h116, h117,
m63, p76
C,5H:,0,: m320
C,3H,,0,: d32
C,sH.,S: b118
C,H.CISi: c117
CysH1aN: d761, m238, p93
C,sH.aNO,: 1187
CysH1Ng: d755
C,3H14N,: d35, m249
CisH.1N,O5: a59
C,sHiN,O: d746
C,sH:NO: 196
CisH.05: €79
C,3H,¢0,: d389
C,sH.,NO,: 82
CysH1405: b117
C,sH,40s: 1267
CisHoo p115
C,;H,0: i58, i59
C,5H,,CIN: b130
Cy3H,:N,: d290
C,5H,,05Si: b129
C,H,.0,: €273, 186
C,sH,40,: d337
C,sHoe 1265
Ci3H,N,: m246, t369
C,sH,0: 1263, t264
C,3H,0,: €232, 1262
C,3H,,Br: b433
C,H,g 1261
CisH,¢0,: 1431
C,3H,oCl: €250
C,sH,oNO,: b176
C,sH;0Sn: t216

Cl4

C,.HeCl,0,: d193

C,H,ClO,: ¢c41, c42

C,.HsO,: a298

C,HgO,: d426

C,HyBr: b391

C,HClO;: c63

C.HCls: b173

C,.HNO,: a108, a109

C,H,o @297, d742, p62

C..H,CINO;: al44

C.H,ClL,O,: b168

C,.H,Cl,: b169

C.H1oN,O,: d36, d37, d38, d39

C.H10,: b35

C,,H,05: b45, b64, x2

C.H,04: b141, d69, b71a

C,.H,0,S,: d796

C,Hy;N: d741, p123

C,.H,;NOS: a50

CyHy,: d415, s9

C,,H,,CL,O: b170

C,.H:N,O: b38

C,H1:N,0,: b36

C,,H;,0: a34, d26, m145

C.H1,0,: b46, b83, b84, b113,
d740

C,,H1,05: b37, b100, b125,
h144

C,,H,:CIO: c169

C,H.5N: €104, i9

C,,H,sNO: b82, d739

C,,HsNO,: b50

C,H,g d752

C.HN,: 2168

C,.H..N,O: m240

C.H1N,O5: @315

C,H,,0:d73

C,,H,,0S: b223

C.H.0,: b114

C,.H,,0,: d33

C.H.,S: b222, d72

C.HyN: d71

C.H16N,0,: b207

C,.H,¢0,Si: d503

C,.H;s0,: d340

C,H1gN,0,: m132

C,,H,g0: p56

C.H,60,: d343

C,H.50;: p21

C,H,405: d293

C,.H,,0: d160, d161, d162,
d163

CoH,,0,: d145
C.H,,05 d153
CpH,0,: h59
CHo0: 1281
CoH,,05: 152
CoH,aN: d142
C1HosNsO, 5 299
CoH,0,: 187
CyHo05 h10
CoH,60,: d152, d395, d459
C,Ho-CIO: t46
CoHos 147
CuH,s0: d822
CoH,50,: 0815, €272, t44
CoH,oBr: b423
CHo04: 156
CoHso 143
CHsO: t45
CyHao0,5n: d136
CoHaN: d602
CH5oN,0,: t90
C.H5,08n: 1214

Cis

CisH10NL0,: m247
CysH10,: b105, m136, p122
Cy5H.1:NO: d762
C;sH.1:NO,: m128
C1eH1,N,0,: d756
C,sH,,0: 23
CysH1,0,: d68
C;sH;aNO: al3
C,sH,,0: d767
C15H140,: b49, d768, h169
CsH.1405 b116, m239
C,sH160: c316a
CisH,0,: €189, 1113
C,sH;-N: b96a

CysHi N5 d797
C,sH,0¢ €184
CsH,,05: d117, el74
C,sH,,0s: 046
CysH2aN: b583

CisHya 1327

C,eH,,0: d156
C,sH,606: 920
C,sH,40,: d816, i112
C.sHogN: pl12
CisH3oN,: 368
CysH30: pl13
C1sH300,: m428
CisHao pll
C1sH3,0,¢: 1409
Ci5H3aNOg: 1443
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ClG

C,¢Hyo b52, f1, p255
C,eH1:NO,: p153
CieH1N,O0pS,: 15
C,¢HygN: p132, p133
CieHia d744, €71
CigH140,: b93
C16H1406S: 29
CieH160,: ba7
C,eH:104: d515
C,6H1sCINSS: m248
C,¢H,CISi: b537
CieHooN,: d74
CygH,0N,O: b178
C,6H200,Si: d302
C,¢H,,0,: d165, d410
CieH2:011 99
C,¢H,aN,: d150
C,H,s05: d814
C,¢H,c0;: 154
C,¢H,s0: c346
C,6H300,: d819
C,eH30,: b158, d157, d167,
d360
C,¢Hsp h37
C,eH3,0: €10
C,¢H3,0,: h34
C,¢H33Br: b345
C,¢H3Cl: c148
CygHs3l: 135
C,6H3aNO: d359
C,¢Hsq h4, h31, h36
C,eH340: d729, h35
C¢H3,0,: h32
C,H3,0,: b157
C,¢H3,S: d720, h33
CgH3sN: d728, h37
C,6H3:04P: b192
C,¢H3sBF,N: 125
C,eH3sBIN: t21
C,¢H3BrP: t29
C,eHzeBrsN: t26
C,6H3CIN: 122
CgH36IN: 124
C,6H30,Si: 128
C,gH3eSN: t30
C,eHs,NO,S: 123

C,-H,0,: d75, p194
C,H1gN,0,: p193
C,H.40,: b589
C,H1405: b592
C,H1404: b203
C,H,oN,O: b178
C,H,N,Og: 18
C,H,,NO,: b291
C,H,N,: m245
C,-H,:NO;: a305
C,H,.0¢6 b492
C,7H,NO,: m15
C,-H,:NO,: €170
C,/H,gNO: d149
C,/H,0;: d181
C,H30,: m269a, i131
C,H3.0,: b160
C,Hse h1

C,/H;0: hla
C,HsN: m236

ClB

C:17

C,;H,04: p118, p119
C,H3N;OsS,: p173
C,/H.N,0: d355

CygHyz b6, b7
C.gH1.NsOg: d766
CigHy4 7,18, 19
C,gH140g: d70
C,gHisAs: 1412
C,gH,sB: 1414
C,¢H,CISn: c268, t425
CygHisN: t410
C,gHsNO,: €116
C,gH1sN;Si: a310
C,gH,0P: 1421
CygH1s05P: 1422
C,gH1:0,P: t419
CygH1sP: 1420
C,gHysSh: t411
C,gH,60SN: 1426
C.gH160,: b520, d280
CygH16Si: 1423
C,gH,504: €81
CigH,0N,0,: €152
CygH,,0: b548
C1gH,00,: b48
CygH,z: b182
CygH,606: €185
C,gH50: 1210
C,gH3,0,: 07
CigH3N,O, 4 d364
C,gH3,0,: 01
CiaH3046 11
C,gH3:CIO: 013
C,gH3,0,: 010, 011
CygH3,04: d143

C,gHse 08
C,gH3sO: €13, 012
C,H50,: €157, 05
C,gHs/Br: b384
C,¢H3,Cl: c203a
C,gH3,Cl;Si: 017
CygHg/l: 143
C,gHs/N: 09
C,gH3NO: 02
CygHsg 03
C,gH30: 06
C,gH3eS: 04
CgH3CISi: t315
C,gH3oN: 015, t313
CygH3s0,P: 1435
CigHa0Si: t316

C19

C,gHysBr: b440, t417
C,H,Cl: c267, t418
C,oH, 6 t415
C,H,O: t416
C,oH1gBrP: m458
CioH1N;Og: 131
C,¢H,0Br,0,: i110
CyigH,00,: b88
C,H,N,0: €276
CigH300s: m252
C,gHs;N: d24
C,H3,CIN: b127
C,gH360,: m347
C,H4/,NO: 016
C,gH350,: 1109, m346
C,H40: N89, 1114

CZO

C,oH,0Br,0s: d105
C,oH,: b56, b57, d65
C,H,.0q 4
C,oH140,: d765, p66
C,oH,sBr: b439
C,oH150,Sn: 1424
C,oH1gNg: b2
C,H,0BrOP: h136
C,H3,0s5: d782
CooH2aN:0;1 g2
C,oH,s0,: d291
C,oH,,04P: 190
C,oH30,: al
C,H3.06: b184
C,oH5;N: d20
C,H340,: b159
C,oH3s0,: €229
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TABLE 1.14 Empirical Formula Index of Organic Compound3ontinued

SECTION 1

The alphanumeric designations are keyed to Table 1.15.

C,oH340,: €230
C,oH30,4: b187
CogHaor 12
C,oH,0: 018
CooHaz i1

CyaHgN50,: b447
C,H.:0,: b581a

Couto Gy

Cauto Gy

C,H,NO: b143
C,H,N: 1198
C,HpO,P: 1452
CoHyN,0,: 510
CHoOy: b144
CoHyaN,0: b177
C,1H30: pl4
C,H,400,: 014
C,H.N-0,,Sis: 1448
C,,H,3N;0,: 2306
CoH,0: b181
C,,H3,0,S: 1140
C,,H3,0,: b547, d463
C,H,,0s: b152
C,H.0, b581, i75
C,Ha d801
C,,H,0: d802
CoHaN,: 127
C,aH,BrOP: c18

C,H 6N,0,: b218
C,H.g t413
C,,H,,BNa: t126
C,H,Sh: 1128
C,,H,:NO,: €169

C,.H30,: b193, d374, d466,

d466a
CoHaOs: €275
CoHaeO4: 4725, d812
CoHeo t41

C,Hs,N: 1406
C,Hs,04P: 1438
C,Hs,0Sny: b224
CosHaCINg: €315
CysHsCleO,: b189
CogHasO4: 0465
CoeHaeN,0,S: b153
CyoeHa05: d138
CoeHa0,: 4464
CyeHi705P: d462
CoeHaeOs: 1312
CyeHssO4: b190

C,H,,0: c274
C,HsCIN: b96
C,gH3;,CIN,O;: 16
C,gHq,: 1127
C,gH5Og: 1314
C,gH5,0Sn: b601
C,oH440,: m244
CoeHs007: p20

Csoto G

C;oH43sFO,P: €188
C3oH40,: €187
CyoHso: S8
C;Hs¢0,S: d295
CyoHsx S7
CyHe304P: t324
C;,Hs0,Sn: d178
C,Hge d823
C3gH704P: d726
C3eH,,06: 921
CoH5,06P,: b217
C,,Hg,0,S: d727
CusHgsO6: 925
Cs1HosO6: 924
CssHogOgP,: 111
CsH1006 923

TABLE 1.15 Physical Constants of Organic Compounds
See also the special tables of polymers, rubbers, fats, oils, and waxes.

Namesof the compounds in the table starting on p. 1.76 are arranged alphabetically. Usually substitutive

menclature is employed; exceptions generally involve ethers, sulfides, sulfones, and sulfoxides. Each comp
is given a number within its letter classification; thus compound c209 is 3-chlorophenol. Section 1.1, Nom:
clature of Organic Compounds, should be consulted to familiarize oneself with present nomenclature syste

Synonyms or Alternate Namase found at the bottom of each spread in their alphabetical listing; the numbe
following the same refers to the numerical place of this compound in the table. For example, epichlorohyd
€120, indicates that this compound is found listed under the name 1-chloro-2,3-epoxypropane.

Formulasare presented in semistructural form when no ambiguity is possible. Complicated systems are dr:
in complete structural form and located at the bottom of each page and keyed to the number of the entry.

Beilstein Referencén this column is found the reference to the volume and page numbers of the fourth editic
of Beilstein, Handbuch der Organischen Chenf@pringer-Verlag, New York, 1918). Thus the entry 9, 202

refers to an entry in volume 9 appearing on page 202. When the volume number has a superscript attac
reference is made to the appropriate supplementary volume. For exantkQ4ndicates that the compound

will be found listed in the second supplement to volume 12 on page 404. The earliest Beilstein entry is list
Supplementary information may be found in the supplements to the basic series; such coordinating refere
(series number, volume number, and page number of the main edition) along with the system number are f
at the top of eaclodd-numbered pag&imilarly, a back reference such as H93; E Il 64; E 11l 190 in a volume
of Supplementary Series IV means that previous items on this compound are found in the same volume of
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GENERAL INFORMATION, CONVERSION TABLES, AND MATHEMATICS 2.3

2.1 GENERAL INFORMATION AND CONVERSION

TABLES

TABLE 2.1 Fundamental Physical Constants

E. R. Cohen and B. N. Taylor, CODATA BiB:1—-49 (1986); J. Res. Nat. Bur. Standar@g;85 (1987).

A. Defined values

Name of Symbol for
Physical quantity Sl unit Sl unit

Definition

1. Base Sl units

Amount of substance mole mol
Electric current ampere A
Length meter m
Luminous intensity candela cd
Mass kilogram kg
Temperature kelvin K
Time second S

2. Supplementary Sl units
Plane angle radian rad

Solid angle steradian sr

Amount of substance which contains as man
specified entities as there are atoms of car-
bon-12 in exactly 0.012 kg of that nuclide.
The elementary entities must be specified
and may be atoms, molecules, ions, elec-
trons, other particles, or specified groups

of such particles.

Magnitude of the current that, when flowing
through each of two straight parallel con-
ductors of infinite length, of negligible
cross-section, separated by 1 meterin a
vacuum, results in a force between the two
wires of 2X 10-7 newton per meter of
length.

Distance light travels in a vacuum during
1/299 792 458 of a second.

Luminous intensity, in a given direction, of a
source that emits monochromatic radiation
of frequency 540 10*? hertz and that has

a radiant intensity in that direction of

1/683 watt per steradian.

Mass of a cylinder of platinum-iridium alloy
kept at Paris.

Defined as the fraction 1/273.16 of the ther-
modynamic temperature of the triple point
of water.

Duration of 9 192 631 770 periods of the ra-
diation corresponding to the transition be-
tween the two hyperfine levels of the
ground state of the cesium-133 atom.

The plane angle between two radii of a circle
which cut off on the circumference an arc
equal in length to the radius.

The solid angle which, having its vertex in
the center of a sphere, cuts off an area of
the surface of the sphere equal to that of a
square with sides of length equal to the ra-
dius of the sphere.
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TABLE 2.1

SECTION 2

Fundamental Physical Constan@ofitinued

B. Derived Sl units

Name of Symbol for Expression in terms
Physical quantity Sl unit Sl unit of Sl base units
Absorbed dose (of radiation) gray Gy J kg
Activity (radioactive) becquerel Bq $=m?-s?
Capacitance (electric) farad F C-V=m2.-kgt g:A?
Charge (electric) coulomb C A-s
Conductance (electric) siemens S Q1t=m2.kgt A2
Dose equivalent (radiation) sievert Sv J kg m? - s2
Energy, work, heat joule J N-mm?-kg-s?
Force newton N m - kg 8
Frequency hertz Hz 3
llluminance lux Ix cd-sr-m?
Inductance henry H V-A-s=m?2-kg-s?-A2?
Luminous flux lumen Lm cd - sr
Magnetic flux weber Wb V-sm?-kg-s?-A?
Magnetic flux density tesla T V-s-th=kg -s?2-A?
Potential, electric volt \% J-Ct=m?-kg-s®-A?
(electromotive force)
Power, radiant flux watt w J5=m?-kg-s®
Pressure, stress pascal Pa N?m m=-kg-s?
Resistance, electric ohm Q V-Al=m?-kg- s3 A2
Temperature, Celsius degree °C °C = (K — 273.15)
Celsius

C. Recommended consistent values of constants

Quantity Symbol Value*

Anomalous electron moment correction pe— 1 0.001 159 615(15)
Atomic mass constant m,=1u 1.660 540 2(10x 102" kg
Avogadro constant L, Ny 6.022 136 7(36)x 10 mol-*
Bohr magneton=eh4mm,) Mg 9.274 015 4(31x 10>J - T*
Bohr radius a 5.291 772 49(24)X 10-"'m
Boltzmann constant k 1.380 658(12)x 10-23J - Kt
Charge-to-mass ratio for electron e/ 1.758 805(5)x 1011 C - kg*
Compton wavelength of electron Ae 2.426 309(4)x 1072 m
Compton wavelength of neutron Aen 1.319 591(2)x 10-**m
Compton wavelength of proton Acp 1.321 410(2)x 10-**m
Diamagnetic shielding factor, spherical water 1+ o(H,0) 1.000 025 64(7)

molecule
Electron magnetic moment Me 9.284 770 1(31x 10>4J - T*
Electron radius (classical) re 2.817 938(7)X 105 m
Electron rest mass m, 9.109 389 7(54)x 1031 kg
Elementary charge e 1.602 177 33(49K 10-°C
Energy equivalents:

1 electron mass 0.511 003 4(14) MeV

1 electronvolt 1eW 1.160 450(36)X 10* K

1 eVhc 8.065 479(21)x 10° cmt
1eVh 2.417 970(6)x 10 Hz

1 neutron mass
1 proton mass

939.573 1(27) MeV
938.279 6(27) MeV

*The digits in parentheses following a numerical value represent the standard deviation of that value in terms of the f

listed digits.
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TABLE 2.1 Fundamental Physical Constan@ofitinued

C. Recommended consistent values of constamtstinued

Quantity Symbol Value*
lu 931.501 6(26) MeV
Faraday constant F 96 485.309(29) C - mot
Fine structure constant a 0.007 297 353 08(33)
at 137.035 989 5(61)
First radiation constant [N 3.741 774 9(22)X 1076 W - n?
Gas constant R 8.314 510(70) J - Kt - mol?
g factor (Lande) for free electron Oe 2.002 319 304 386(20)
Gravitational constant G 6.672 59(85)x 10~1*m3- kgt s2
Hartree energy E, 4.359 748 2(26)x 10-18]J
Josephson frequency-voltage ratio 4,835 939(13)0* Hz - V1
Magnetic flux quantum [ON 2.067 851(5)x 10~ Wb
Magnetic moment of protons in water ol g 1.520 993 129(17K 103
Molar volume, ideal gag = 1 bar, 22.711 08(19) L - mot
6 =0cC
Neutron rest mass m, 1.674 928 6(10)< 102" kg
Nuclear magneton M 5.050 786 6(17x 1027J - T+*
Permeability of vacuum Mo 47 X 1077 H - mr! exactly
Permittivity of vacuum € 8.854 187 816x 10 2F - m?
f = hi27 1.054 572 66(63)K 1034J - s
Planck constant h 6.626 0.75 5(40) 103#J - s
Proton magnetic moment Hp 1.410 607 61(47) 10263 - T*
Proton magnetogyric ratio Yo 2.675221 28(81K 1¥st - Tt
Proton resonance frequency per field igCH Yol 21 42.576 375(13) MHz - T
Proton rest mass m, 1.672 623 1(10)x 102" kg
Quantum-charge ratio h/e 4.135 701(11)x 10-%°
J-Hz!-C?

Quantum of circulation h/m, 7.273 89(1)x 104J - s - kg*
Ratio, electron-to-proton magnetic moments e 6.582 106 88(7)x 1(?
Rydberg constant R, 1.097 373 153 4(13X 10" m~?
Second radiation constant [N 1.438 769(12)x 102m - K
Speed of light in vacuum G 299 792 458 m -3 exactly
Standard acceleration of free fall On 9.806 65 m - ¥ exactly
Standard atmosphere atm 101 325 Pa exactly
Stefan-Boltzmann constant o 5.670 51(19)x 108W - m2. K#
Thomson cross section 0. 6.652 448(33)< 1072 m?
Wien displacement constant b 0.289 78(4) cm - K
Zeeman splitting constant uelhc 4.668 58(4)x 10°cmt- Gt

D. Units in use together with SI units

Physical quantity Name of unit Symbol for unit Value in Sl units

Area barn b 1628 m

Energy electronvolt eVg X V) ~1.60218x 10-%°J
megaelectronvolt MeV

Length ‘agstron? A 10-°m; 0.1 nm

Mass tonne t 19kg; Mg

*The digits in parentheses following a numerical value represent the standard deviation of that value in terms of the fi

listed digits.

1 The term million electronvolts is frequently used in place of megaelectronvolts.

2The ‘gstran and bar are approved for temporary use with Sl units; however, they should not be introduced if not usec

present.
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TABLE 2.1 Fundamental Physical Constan@ofitinued

D. Units in use together with SI unitsgntinued

Physical quantity Name of unit Symbol for unit Value in Sl units
unified atomic u[= m,(*2C)/12] ~1.66054X 102" kg
mass unit
daltor? Da
Plane angle degree ° (7/180) rad
minute ! (7/10 800) rad
second " (/648 000) rad
Pressure bér bar 16 Pa= 10° N m=2
Time minute min 60 s
hour h 3600 s
day d 86 400 s
Volume liter (litre) L, I dn? = 103msd
milliliter mL, ml cm3 = 10°%m?3

2The ‘ngstron and bar are approved for temporary use with Sl units; however, they should not be introduced if not usec
present.
2 The name dalton and symbol Da have not been approved although they are often used for large molecules.

TABLE 2.2 Physical and Chemical Symbols and Definitions

Symbols separated by commas represent equivalent recommendations. Symbols for physical and chemical
tities should be printed iitalic type. Subscripts and superscripts which are themselves symbols for physic
quantities should be italicized; all others should be in Roman type. Vectors and matrices should be printe
boldface italic type, e.gB, b. Symbols for units should be printed in Roman type and should remain unaltere
in the plural, and should not be followed by a full stop except at the end of a sentence. References: Internati
Union of Pure and Applied Chemistr@puantities, Units and Symbols in Physical Chemidstpckwell, Oxford,
1988; “Manual of Symbols and Terminology for Physicochemical Quantities and URits¢ Applied Chem.
31:577-638 (1972)37:499-516 (1974)46:71-90 (1976)51:1-41, 1213-1218 (197953:753—771 (1981),
54:1239-1250 (198255:931-941 (1983); IUPAP-SUN, “Symbols, Units and Nomenclature in Phyd$itss-

ica 93A: 1-60 (1978).

A. Atoms and molecules

Name Symbol Sl unit Definition
Activity (radioactivity) A Bq A = —dNg/dt
Atomic mass constant m, kg m, = my(*2C)/12
Bohr magneton Mg J-T? g = eldmm,
Bohr radius 3y m a, = 2e,.h?me?
Decay (rate) constant A st A= ANg
Dissociation energy D, E4 J
From ground state Dy J
From the potential minimum D, J
Electric dipole moment of a molecule P, M C'm E,=-p-E
Electric field gradient q V.-m32 Qo =
—0V/9adB
Electric polarizability of a molecule C-nt-V1? p(induced)= oE

Electron affinity

Electron rest mass

Elementary charge, proton charge
Fine structure constant

g factor

o
(&N

a = €2ehc

«Q Q ('DEATIQ
=
«
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

A. Atoms and moleculecpntinued

Name Symbol Sl unit Definition
Hartree energy E, J E, = h¥4mmaj
lonization energy E J
Larmor circular frequency W, st w,_ = (e2m)B
Larmor frequency I Hz v = w27
Longitudinal relaxation time T, S
Magnetogyric ratio y C- kgt v = ulL
Magnetic dipole moment of a molecule m, p J-T? E,=—-m-B
Magnetizability of a molecule & J-T?2 m=¢&B
Mass of atom, atomic mass m, m, kg
Neutron number N N=A-2Z
Nuclear magneton M J-T? = (MYMy) g
Nucleon number, mass number A
Planck constant h J-s
Planck constant/2 f J-s h = hi2w
Principal quantum number (H atom) n E = —hcRn?
Proton number, atomic number z
Quadrupole interaction X J Xop = €Q0
Quadrupole moment of a molecule Q; 0 C-mt E,=05QV”

=¥V
Quadrupole moment eQ C-nt eQ= 206,
Rydberg constant R, m-? R, = E/2hc
Transverse relaxation time T, S
B. Chemical reactions

Name Symbol Sl unit Definition
Amount (of substance) n mol ng = Ng/L
Atomic mass m, m, kg
Atomic mass constaht m, kg m, = m(*2C)/12
Avogadro constant L, Nu mol-*
Concentration, amount (concentration) c mol - m3 Cg = ngl/V
Degree of dissociation el
Density (mass) Py kg - m3 p=mg/V
Extent of reaction, advancement ¢ mol A¢ = Anglyg,
Mass (molecular or formula unit) m, my kg
Mass fraction w W = mg/Zm
Molality (of a solute) m mol - kgt mg = ng/my
Molar mass M kg - mol?t Mg = ming
Molar volume A/ m? - mol? Vins = VIng
Molecular weight (relative molar mass) M, M, g = mg/m,
Mole fractior?, number fraction X,y X = Ng/Zn;
Number concentration Cn m-3 Cg = Ng/V
Number of entities (e.g., molecules, atoms, ions, N

formula units)
Pressure (partial) Ps Pa Ps = YsP
Pressure (total) p, P Pa
Solubility s mol - nr3 Ss = Cg (saturated
solution)

aIn biochemistry this unit is called the dalton, with symbol Da.
b For condensed phasess used, and for gaseous mixturemay be used.
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

B. Chemical reactionscontinued

Name Symbol Sl unit Definition
Stoichiometric number v
Surface concentration r mol - m2 I's = ng/A
Volume fraction 1) bs = VB2V,

Symbols for particles and nuclear reactions:

Alpha particle  « Muon, positive
Beta particle B, B* Neutron n, A
Deuteron dzH Photon v
Electron e e Proton p, p
Helion h Triton t,°H

Muon, negative u-
The meaning of the symbolic expression indicating a nuclear reaction:
initial incoming patrticles outgoing particlas final
nuclide \ or quanta ' or quanta nuclide

Examples®*N(«, p)’O, 22Na(y, 3nfNa

States of aggregation:

am amorphous solid cd condensed phase (solid or liquid)
ag aqueous solution cr crystalline
as,» agueous solution at fl fluid phase (gas or liquid)
infinite dilution Ic liquid crystal
g gas vit  vitreous substance
| liquid mon monomeric form
S solid pol  polymeric form
sln solution ads species adsorbed on a substance

C. Chromatography

Name Symbol Definition
Adjusted retention time th th =t — tu
Adjusted retention volume Vi Vi =Vg— Vy
Average linear gas velocity " n = Lty
Band variance o?
Bed volume Vy
Capacity, volume Q,
Capacity, weight Q.
Column length L
Column temperature 0
Column volume Vol Vo = mDd2/4

Concentration at peak maximum
Concentration of solute in mobile Cu

phase
Concentration of solute in sta- Cs
tionary phase
Density of liquid phase X
Diffusion coefficient, liquid film Ds
Diffusion coefficient, mobile D

phase
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

2.9

C. Chromatographycpntinued

Name Symbol Definition
Diffusion coefficient, stationary Dg
phase
Distribution ratio D, = [A*1d[AY]u
__amount of A per crh_stationary phase
amount of A per crh of mobile phase
D __amount A per gram dry stationary phase
9 amount A per ci of mobile phase
D _ amount A, stationary phase pertm bed volume
v amount A per crh of mobile phase
D __amount of A per ri_of surface
s amount of A per crh  of mobile phase
Elution volume, exclusion chro- V,
matography
Flow rate, column F. F. = (mdd4) (e (L/ty)
Gas/liquid volume ratio B
Inner column volume V
Interstitial (outer) volume V,
Kovats retention indices RI
Matrix volume \A
Net retention volume Vi Vy = Vi
Obstruction factor y
Packing uniformity factor A
Particle diameter d, d, = L/Nh
Partition coefficient K K =C4dCy = (Vk — VWI/Vs
Partition ratio K’ k' = CV4CyVy = K(V4Vy)
Peak asymmetry factor AF Ratio of peak half-widths at 10% peak height
Peak resolution Rs Rs (tz, — tg1)/0.5W, + W)
Plate height H H = L/Ngg
Plate number Nett Net = L/IH = 16(:/W,)? = 5.54¢W,,,)?
Porosity, column €
Pressure, column inlet o
Presure, column outlet P,
Pressure drop AP
2
Pressure-gradient correction j j = Slp/py) — 11
2[(pi/po)® — 1]
Recovery factor R, Ri=1— (D + 1) "1 = VoVy
Reduced column length A A = L/d,
Reduced plate height h h = H/d,
Reduced velocity v v = ud/Dy = Kdy/tyDy
Relative retention ratio a a = (ky/ky)
Retardation factcr R R = JsoiutdAmobite phase
Retention time tr tr = ty(@ + K) =L/n
Retention volume Vr Vg = tgF¢
Selectivity coefficiert Kas kag = [A][B*)/[B][A*]
Separation factor Qg ans = (DJA/(DYs

¢The distancel corresponds to the movement of solute and mobile phase from the starting (sample spotting) line.

dSubscript t” represents an ion-exchange resin phase. Two immiscible liquid phases might be represented similarly us

subscripts “1” and “2.”
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

C. Chromatographycpntinued

Name Symbol Definition

Specific retention volume A Vg = 273 R/(p° Mw,)
Thickness (effective) of station- o

ary phase
Total bed volume Vot
Transit time of nonretained tw to

solute
Vapor pressure p
Volume liquid phase in column \A
Volume mobile phase in column Vu
Weight of liquid phase W,
Zone width at baseline W, W, = 4o
Zone width at/>2 peak height Wy,

D. Colloid and surface chemistry

Name Symbol Sl unit Definition

Adsorbed amount of B ng mol

Area per molecule a, o m? ag = AING

Area per molecule in a an m? ang = ANy
filled monolayer

Average molar masses:
Mass-average M, kg - mol? M, = ZnM?/ZnM;
Number-average M, kg - mol? M, = =nM;/Zn,
Z-average M, kg - molt M, = SnM3/ZnM?

Contact angle 0 rad

Film tension 3 N-mte¢ 3 = 2y

Film thickness t,h & m

Reciprocal thickness of the  « m-1t Kk = [2F2 JeRT]Y2
double layer

Retarded van der Waals B, B J
constant

Sedimentation coefficient S S s=via

Specific surface area a,s a m?/kg a=Am

Surface coverage 0 0 = Ng/Ng

Surface excess of B ng mol

Surface pressure s, T N-mt 7S =90 — vy

Surface tension, interfacial v, o J-m? v = (0GI0A)+,
tension

Thickness of (surface orin- 1, §,t m
terfacial) layer

Total surface excess con- r mol - m2 I' =3I
centration

van der Waals constant A J

van der Waals-Hamaker A, J

constant

ev is the velocity of sedimentation aradis the acceleration of free fall or centrifugation.
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

E. Electricity and magnetism

Name Symbol Sl unit Definition
Admittance Y S Y=1z
Capacitance C F,C-v1? C=QuU
Charge density p C-m3 p=QIV
Conductance G S G=1R
Conductivity K S-m? k= 1lp
Dielectric polarization (di- P C-m? P=D - ¢E

pole moment per volume)
Electrical resistance R Q R= U/l = AV
Electric current | A | = dQ/dt
Electric current density j,J A-m2 | = f jdA
Electric dipole moment p, m C-m p=Qr
Electric displacement D C-m? D = €E
Electric field strength E V-m? E = F/Q = —gradV
Electric flux v C v = f D dA
Electric potential V, ¢ V,J-C? V = dWdQ
Electric potential difference U, AV \Y, Uu=Vv,-V,
Electric susceptibility Xe Xe=€¢—1
Electromotive force E \% E= J (F/IQ) ds
Impedance z Q Z=R+iX
Loss anglé 8 rad 8= (ml2)+ ¢ — ¢y
Magnetic dipole moment m, p A-n? E,=—mB
Magnetic field strength H A-mt B = uH
Magnetic flux 0] Wb o = f B dA
Magnetization (magnetic di- M A-m?t M = (B/lug) — H

pole moment per volume)
Magnetic susceptibility Xo K x=m—1
Magnetic vector potential A Wb - nrt B =VA
Molar magnetic suscepti- Xm n3/mol Xm = Vix

bility
Mutual inductance M, L, H E, = L,(dl,/dt)
Permeability " H-m? B = uH
Permeability of vacuum Mo H-m?
Permittivity € F-m? D = eE
Permittivity of vacuum € F-nrt € = Mol Cy?
Poynting vector S W . m?2 S=E-H
Quantity of electricity, elec- Q C

tric charge
Reactance X Q X = (UNl)siné
Relative permeability My e = g
Relative permittivity € € = €lg,
Resistivity p Q-m p=FEj
Self-inductance L H E = —L(dl/dt)
Susceptance B S Y=G+iB

f ¢, and ¢, are the phases of current and potential difference.
9This quantity was formerly called the dielectric constant.
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

F. Electrochemistry

Name Symbol Sl unit Definition
Charge density (surface) o C:-n?2 o= QA
Charge number of an ion z z = Qgle
Charge number of electro-  n, (2
chemical cell reaction
Conductivity (specific con- &« S-mt k = jIE
ductance)
Conductivity cell constant Keell m- Keen = kR
Current density (electric) j A-m=2 j=1A
Diffusion rate constant, Ky m-st Kig = |vgllLg/NFCA
mass transfer coefficient
Electric current | A | = dQ/dt
Electric mobility I m2.-V-1t.g1 ug = VGlE
Electric potential difference AV, E, U \% AV =V, — V|
(of a galvanic cell)
Electrochemical potential m J - mol? g = (0G/oang)
Elif;rr]c)tde reaction rate con- | (varies) Ky = | J(”FAHCi"'>
Electrokinetic potential I4 \%
(zeta potential)
Elementary charge (proton e C
charge)
emf, electromotive force E \% E= !m?] AV
emf of the cell E Y E=FE — (RTnF) X 2y In g
Faraday constant F C - mol? F=eL
Galvani potential difference  A¢ \% ABp = P — P
Inner electrode potential ¢ \Y V¢ = —E
lonic conductivity A S . n?¥- mol? Ag = |zg|Fug
lonic strength I, | mol - m3 I, = ¥-5¢2
Mean ionic activity a. a. =m,../m
Mean ionic activity coeffi- Ve yEeEr) = (yr)(yr)
cient
Mean ionic mobility m. mol - kg? mys+v) = (mz+)(me-)
Molar conductivity (of an A S m?2 mot? Ag = kCg
electrolyte)

c(H*)
pH pH pH = —log [mol _ dnr3]
Outer electrode potential V] \% = Qlame,r
Overpotential n \Y n=E -E_, - IR,
Reciprocal radius of ionic K m-1 Kk = (2F2/eRT)Y2

atmosphere
Standard emf, standard po- E° Y E® = —AGYnF = (RTInF) In K
tential of electrochemical
cell reaction
Surface electric potential X \% X=¢— ¢
Thickness diffusion layer 1) m 6g = Dglkys
Transfer coefficient el a, = —RT 3initd
nF JE
Transport number t ts = ja/2j;
Volta potential difference A \% AB = yB — B«
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

G. Electromagnetic radiatiorc@ntinued

Name Symbol Sl unit Definition
Absorbance e a =&, JD,
Absorbance (decaidic) A A= —log(1l - «)
Absorbance (napierian) B B=-In(1- &)
Absorption coefficient:

Linear (decaidic) a, K m-t a= Al
Linear (napierian) a m-1 a = Bl
Molar (decaidic) € m? - mol? e = a/ld = Alcl
Molar (napierian) K m? - mol? k = alc = Blcl
Absorption index k k= aldmv
Angle of optical rotation e rad
Circular frequency ) st rad- st w =27
Complex refractive index f i=mn+ik
Concentration, amount of c mol -
substance
Concentration, mass y kg - n#
Einstein transition probabil-
ities:
Spontaneous emission A st dN,/dt = — AN,
Stimulated absorption Bn s - kg? dN,/dt = ps(7,)BmNm
Stimulated emission Bim s - kgt dN,/dt = p¥ (7, )B N m
Emittance € € = M/IM,,
By blackbody Mgy
First radiation constant C, W - n? c, = 27hcg
Frequency v Hz v=_clA
Irradiance (radiant flux re- E, (1) W . m2 E = dd/dA
ceived)
. . . (-1
Molar refraction R R, m2 - mok R
Path length (absorbing) | m
Optical rotatory power [e]§ rad [al = alyl
Planck constant h J-s
Planck constant/2 f J-s f = hi2m
Radiant energy QW J
Radiant energy density pyW J-ms3 p=QNV
Radiant exitance, emitted W m2 M = dP/dAurce
radiant flux
Radiant intensity | W . srt | = dd/dQ
Radiant power, radianten- &, P W & = dQ/dt
ergy per time
Refractive index n n= cylc
Reflectance p p = D /D,
Second radiation constant ¢, K-m ¢, = hgl/k
Spectral radiant energy
density:
In terms of frequency Dy W, J-m? . Hz?! p, = dp/dv
In terms of wavelength DPrr Wy J-m* py = dpldA
In terms of wavenumber  p;, w; J-m? p; = dpldv
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

G. Electromagnetic radiatiort@ntinued

Name Symbol Sl unit Definition

Speed of light:

In a medium c m-st c=cyn

In vacuum Co m-st
Stefan-Boltzmann constant o W.-m2.K* Mg, = oT#
Transmittance . T 7= ®, /D,
Wavelength A m
Wavenumber:

In a medium o m-? o=1

In vacuum V" m-? v =1cy, = 1A

H. Kinetics
Name Symbol Sl unit Definition

Activation energy E, E J - mol? E,= RT2d In kidT
Boltzmann constant K, Kg J-K?
Collision cross section T m? ops = Tig
Collision diameter d m Oag =Tp + 1
Collision frequency Z, st
Collision frequency factor Zngr Zan m3-mol?! - st Zag = Zpg/LCaCy
Collision number Zpgs Zpa m3.s?
Half-life ti S C(ty) = Col2
Overall order of reaction n n=3ng
Partial order of reaction Ng v = kllcge
Pre-exponential factor A (mol-* - ). gt k = Aexp(—EJ/RT)
Quantum yield, photochem- ¢

ical yield ) )
Rate of change of quantity X (varies) X = dX/dt

X
Rate of concentration g, Vg mol - m3 - s? rg = deg/dt

change (chemical reac-

tion)
Rate constant, rate coeffi- k (mol~* - n)1. gt v = Kllcg

cient
Rate of conversion change mol - st ¢ = dg/dt

due to chemical reaction
Rate of reaction (based on v mol - 3 - st v = IV = 1zt dg/dt

concentration)
Relaxation time T S =1k + k_,)
Standard enthalpy of acti- AH* J - mot?

vation
Standard entropy of activa- ASt J-mot?! - Kt

tion
Standard Gibbs energy of AGt J - mot?

activation
Volume of activation AtV m? - mol? AtV = —RT(dIn Kap);
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

I. Mechanics
Name Symbol Sl unit Definition
Acoustic factors:
Absorption a, a,=1-p
Dissipation 8 d=a,— T
Reflection p p = PJ/P,
Transmission T 7= P,/P,
Angular momentum L J:-s L=rxp
Bulk modulus, compression K Pa K = —V,y(dp/dV)
modulus
Density, mass density p kg - m3 p=mV
Energy E J
Fluidity, kinematic vis- ) m-kg?t-s ¢ =1
cosity
Force F N F = dp/dt = ma
Friction coefficient u, (f) Feict = MFnorm
Gravitational constant G N - n?- kg2 F = Gmmy/r2
Hamilton function H J H(q, p) = T(q, p) + V()
Kinematic viscosity v m?. st v=nlp
Kinetic energy =% J E, = Y2mv?
Lagrange function L J L(g, ) = T(a, ) — V(q)
Linear strain, relative elon- ¢, e e = Al
gation
Mass m kg
Modulus of elasticity, E Pa E = ole
Young’s modulus
Moment of inertia 1,J kg - n? | =3Smr?
Momentum p kg -m-s? p=mv
Normal stress o Pa o= FIA
Potential energy E, J E, = f —F.ds
Power P W P = dwdt
Pressure p, P Pa, N - m? p=FIA
Reduced mass I kg o= mmy/(m, + m,)
Relative density d d = plm°
Shear modulus G Pa G=a1ly
Shear strain y vy = Ax/d
Shear stress T Pa T=FIA
Sound energy flux P, P, W P = dE/dt
Specific volume v md - kgt v=Viup=1lp
Surface density Das Ps kg - m2 pa = MA
Surface tension v, 0 N-m?t J-m? v = dWdA
Torque, moment of a force T, (M) N-m T=rxF
Viscosity (dynamic) n, ® Pa-s T, = AMdu/d2)
Volume (or bulk) strain 0 0 = AVIV,
Weight G, (W, P) N G=m-g
Work W, w J W=fF~ds
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

J. Solid state
Name Symbol Sl unit Definition

Acceptor ionization energy  E, J
Bragg angle 0 rad nA = 2d sin 6
Bloch function u,(r) m-32 Y(r) = u(r) expik - r)
Burgers vector b m
Charge density of electrons p C.-m3 p(r) = —ef*(r)y(r)
Circular wave vector:

For particles k) k, q m-1 k = 27n/A

For phononsd)
Conductivity tensor T S.-mt o=pt
Curie temperature Te K
Debye circular frequency wp st
Debye circular wavenumber gy m-1
Debye-Waller factor B, D
Density of states Ne Jt.ms3 Ne = dN(E)/dE
Density of vibrational N, 9 s-m3 N, = dN(w)/dw

modes (spectral)
Diffusion coefficient D m?. st dN/dt = — DA dn/dx
Diffusion length L m L = (D72
Displacement vector of an u m u=R-R,

ion
Donor ionization energy Ey J
Effective mass m* kg
Equilibrium position vector R, m

of an ion
Fermi energy E- J
Gap energy Ey
Grineisen parameter v, T y = aVIkC,
Hall coefficient Ay Ry mé.C1 E=p-:j+RyB x}j)
Lattice plane spacing d m
Lattice vector R, Ry m
Lorenz coefficient L V2. K2 L = MoT
Madelung constant a oul = Nz, 2 &

4R,

Mobility n m?-V-t.st = vy E
Mobility ratio b b= wn/u,
Neel temperature Ty K
Number density, number n m-3

concentration
Order parameters:

Long range S

Short range T
Order of reflection n
Particle position vector:

Electron r m

lon position R m
Peltier coefficient II Y
Reciprocal lattice vector G m-? G-R=2mm

(circular)
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

J. Solid statedontinued

Name Symbol Sl unit Definition
Relaxation time T S =1
Residual resistivity Pr m
Resistivity tensor p Q-m E=p-j
Temperature 0 K
Thermal conductivity tensor A W.m?t.K? Jy=—A-gradT
Thermoelectric force E \%

Thomson coefficient " V- K1

Translation vectors for the b,; b, b, m-1 a; - b, = 2w
reciprocal lattice (circu- a*, b*; c*
lar)

Translation vectors for a,; &y ag m R = na, + n,a, + nza,
crystal lattice a b; c

Work function L] J ®=E, — E

. Space and time

Name Symbol Sl unit Definition
Acceleration a, (9) m-s?2 a = du/dt
Angular velocity ) rad - st, st w = d¢/dt
Area A A, S m?

Breadth b m

Cartesian space coordinates x,y, z m

Circular frequency, angular rad - st, st w = 27
frequency

Diameter d m

Distance d m

Frequency v, Hz v=1UT

Generalized coordinate q, g (varies)

Height h m

Length | m

Length of arc S m

Path length S m

Period T S T=1tN

Plane angle a, B, 7, rad,| a=9dr

0, ¢

Position vector r m r=x +y +z

Radius r m

Relaxation time, time con- 7 T S 7= |dt/d In X|
stant

Solid angle w, O sr, | Q= Alr?

Speed v, U, W, C m-st v= |y

Spherical polar coordinates r, 6, ¢ m, |, |

Thickness d, m

Time t S

Velocity v, u,w,C m-s v = dr/dt

Volume V, (v) m?
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

L. Spectroscopy

Name Symbol Sl unit Definition

2B-A-C
Asymmetry parameter K K=

Centrifugal distortion con-

stants:
A reduction Ay Ay Ag 85 8¢ m-1
S reduction D, Dy Dk d, d,
Degeneracy, statistical g, d B
weight
Electric dipole momentofa p, u C-m E,=—-p-E
molecule

Electron spin resonance
(ESR), electron paramag-
netic resonance (EPR):
Hyperfine coupling con-

stant:
In liquids a A Hz Fu/h = a5+ 1
In solids T Hz A /h=5-T-I

g factor g hy = gugB
Electronic term Te m-1 T. = EJhc
Harmonic vibration wave- W O m-?

number
Inertial defect A kg - n? A=lc—1la—lg
Interatomic distances:

Equilibrium distance le m

Ground state distance ro m

Substitution structure dis-  rg m

tance

Zero-point average dis- r, m

tance
Longitudinal relaxation T, S

time
Nuclear magnetic resonance & 5= 10(v — )y,

(NMR), chemical shift,s

scale

Coupling constant, direct D,g Hz

(dipolar)

Magnetogyric ratio y C-kgt? y = 2zpllh

Shielding constant oa B, =(1—- 0,)B

Spin-spin coupling con- VNS Hz Hh = Jagla - lg

stant
Principal moments of iner- Ias lg; lc kg - n? Ia=lg=I¢

tia
Rotational constants:

In frequency A B; C Hz A = h/8x2l,

In wavenumber A B C m-1 A = h/8w2,
Rotational term F m-t F = E/hc
Spin orbit coupling constant A m-1 Teo.=A(L-3)
Total term T m-? T = E/hc
Transition dipole moment . - I

of a molecule M. R c-m M f y'py” dr
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

L. Spectroscopydontinued

Name Symbol Sl unit Definition
Transition frequency v Hz v=(E'"-E")h
Transition wavenumber v, v) m-1 v=T -T"
Transverse relaxation time T, S
Vibrational anharmonicity WeXer Xis: m-t

constant Ow
Vibrational coordinates:
Internal coordinates R, 1, 6;,
etc.
Normal coordinates, di- o
mensionless
Mass adjusted Q,
Vibrational force constants:
Diatomic f, (K J-m? f = 92Vior?
Polyatomic
Dimensionless normal ¢ ... m-1
coordinates Kt
Internal coordinates f (varies) fy = a3Vior;ar;
Symmetry coordinates  F; (varies) F; = 02VI0S0§
Vibrational guantum num- v, I
bers
Vibrational term G m-t G = E,,/hc
Quantum number symbol
Operator
Angular momentum types  symbol Total Z axis z axis
Electron orbital L L M, A
One electron only i I m, A
Electron orbital+ spin L+5 Q=A+3
Electron spin S S M o
One electron only 8 s m p3
Internal vibrational:
Spherical top i 1(12) K,
Other I, & 110
Nuclear orbital (rotational) R R Kg, Kg
Nuclear spin i I M,
Sum ofJ + | = F Me
SumofN + S J J M, K, k
Sum ofR + L(+j) N N K, k
M. Thermodynamics

Name Symbol Sl unit Definition
Absolute activity A Ag = exp(ug/RT)
Activity (referenced to

Henry’s law):
— *
Concentration basis a, a.g = exp [%}
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

M. Thermodynamicsdontinued

Name Symbol Sl unit Definition
Molality basis an Ang = EXp [L’ué]
' RT
— *
Mole fraction basis a, ag = exp [%]
Activity (referenced to Mg — ME
Raoult’s law) a 8 = exp [T]
Activity coefficient (refer-
enced to Henry’s law):
Concentration basis Ve Acg = YcaCs/C?
Molality basis Y ang = YmpsMe/M’
Mole fraction basis Yy g = YupXs
Activity coefficient (refer- f fg = aglXg
enced to Raoult’s law)
Affinity of reaction A J - mol? A= —(0Gld§), 1
Celsius temperature 0,1 °C 0/°C = T/IK — 273.15
Chemical potential I J - mol?t e = (9G/ang)r ,n
Compressibility:
Isentropic Kg Pat ks = — (INV)(aVIop)g
Isothermal Kt pPa? kr = — (AN)(0V/Iop)+
Compressibility factor z Z = pV,/RT
Cubic expansion coefficient «, a, ¥y K-t a = (IN)(aVIaT),
Enthalpy H J H=U+ pV
Entropy S J-K? dS= dg'T
Equilibrium constant Ko, K K°® = exp(— A,G°/RT)
Equilibrium constant:
Concentration basis K. (mol - nr3)*» K.=1lc
Molality basis Km (mol - nri)*» Kn=ITm
Pressure basis Ko pav K, =1l p*
Fugacity f Pa fg = Ag LITO (Pe/As)r
Fugacity coefficient 1) dg = fa/ps
Gibbs energy G J G=H-TS
Heat q,Q J
Heat capacity:
At constant pressure C, J. K1 C, = (aH/aT),
At constant volume Cy J-K? Cy = (0U/aT),
Helmholtz energy A J A=U-TS
Internal energy U AU=q+w
lonic strength:
Concentration basis Ie, | mol - kg2 I, = ¥225mg A
Molality basis I | mol - kgt I, = ¥25mg 2
Joule-Thomson coefficient  u, uyr K- Pat? w = (0T/op)y
Linear expansion coeffi- a, K-t a, = (IM)(al/T)
cient
Massieu function J J-K? J=-AT
Molar quantityX X (varies) Xm = XIn
Osmotic coefficient:
Molality basis b b = (Wh — wa)(RTM, 2mg)
Mole fraction basis by by = (ua — pDI(RTIN Xxy)
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TABLE 2.2 Physical and Chemical Symbols and Definitio@®tinued

M. Thermodynamicsgontinued

Name Symbol Sl unit Definition
Osmotic pressure (ideal di- 11 Pa II = cgRT
lute solution)
Partial molar quantityX Xg (varies) X = (aX/Ng)r pn
Planck function Y J-Kt Y=-GIT
Pressure coefficient B Pa - K? B = (aPIIT)y
Ratio of heat capacities y v = C,Cy
Relative pressure coeffi- ap, K-1 a, = (1p)(ap/aT)y
cient
Second virial coefficient B m?2 - mok? pVm, = RTA + BV, + - -+)
Specific quantityX X (varies) X = X/Im
Standard chemical potential —u° J - mof?
Standard partial molar en- He° J - mol? HO = u®+ TS
thalpy
Standard partial molar en- S J-mot?! - Kt L = —(9u%T)
tropy
Standard reaction enthalpy ~ A/H° J - mot? AHO = 3pH0°
Standard reaction entropy A& J-mot?t - K? AS =31
Standard reaction Gibbs en- A.G° J - molt AGO = Svul
ergy
Surface tension v, o J-m2, v = (0G/0A)r
N-mt
Thermodynamic tempera- T K
ture
Work w, W J

Symbols used as subscripts to denote a chemical reaction or process:

ads adsorption mix mixing of fluids

at  atomization r reaction in general

c combustion reaction sol  solution of solute in solvent
dil  dilution of a solution sub sublimation (solid to gas)

f formation reaction trs  transition (two phases)

fus melting, fusion (solid to liquid)

Recommended superscripts:
+  activated complex, transition state o« infinite solution
E  excess quantity * pure substance
id ideal ° standard

N. Transport properties

Name Symbol Sl unit Definition
Coefficient of heat transfer  h, (k, K) W.m?2.K? h = J/AT
Diffusion coefficient D m?. st D = J./(dcdl)
Flux (of a quantityX) Jy, J (varies) Jy = At dXdt
Heat flow rate ) W ¢ = dog/dt
Heat flux Jq W m2 J, = ¢IA
Mass flow rate Oy M kg - st O, = dnvdt
Mass transfer coefficient Ky m-st
Thermal conductance G W . K1t G = ¢IAT
Thermal conductivity Ak W.mt.K? A = J/(dT/dl)




2.22 SECTION 2

TABLE 2.2 Physical and Chemical Symbols and Definitio@®ftinued

N. Transport propertieéntinued

Name Symbol Sl unit Definition
Thermal diffusivity a m?2-s? a= Alpc,
Thermal resistance R K- w-1 R=1/G
Volume flow rate q,V mi. st g, = dv/dt
Dimensionless quantities:
Alfvén number Al Al = v(pu)2B
Cowling number Co Co= B/upv?
Euler number Eu Eu= Ap/pv?
Fourier number Fo Fo = at/l?
Fourier number for mass  Fo* Fo* = Dt/I?
transfer in binary
mixtures
Froude number Fr Fr = vl(lg)+?
Grashof number Gr Gr = 13 go ATp?/7?

Grashof number for mass Gr*
transfer in binary

Gr* = 139 (9pl9X)r , (Ax7r/m)

mixtures
Hartmann number Ha Ha = BIl(x/n)*?
Knudsen number Kn Kn= M
Lewis number Le Le= a/D
Mach number Ma Ma = vlc
Magnetic Reynolds Rm, Re, Rm= vuxl
number
Nusselt number Nu Nu= hl/k
Nusselt number for mass  Nu* Nu* = Kkyl/D
transfer in binary
mixtures
Peclet number Pe Pe=l/a
Peclet number for mass Pe Pe* = /D
transfer in binary
mixtures
Prandtl number Pr Pr = nlpa
Rayleigh number Ra Ra= I3 ga ATp/na
Reynolds number Re Re= pul/n
Schmidt number Sc Sc= n/pD
Sherwood number Sh Sh= k4/D
Stanton number St St= h/pwc,
Stanton number for mass St St = kylv
transfer in binary
mixtures
Strouhal number Sr Sr= Iflv
Weber number We We= pv?l/y
Symbols used in the definitions of dimensionless quantities:
Acceleration of free fall g Pressure p
Area A Speed v
Cubic expansion coefficienta Speed of sound ¢
Density p Surface tension y
Frequency f Temperature T
Length | Time t
Mass m Viscosity n
Mean free path A Volume \%
X

Mole fraction




GENERAL INFORMATION, CONVERSION TABLES, AND MATHEMATICS

TABLE 2.3 Mathematical Symbols and Abbreviations

Symbol or abbreviation

Meaning

+

X411+

, center dot

a//

sina

cosa

tana

cota

seca

cosa

arcsina, sint a
arccosa, cos'a
arctana, tant a
sinha

cosha

tanha

Plus

Minus

Plus or minus

Minus or plus

Identically equal to
Multiplied bydb, a X b, a - b)

Divided by @b, ab™t)

Not equal to

Approximately equal to

Asymptotically equal to

Greater than

Less than

Much greater than

Much less than

Greater than or equal to

Less than or equal to

Proportional to

Tends to, approaches

Infinity

Magnitude ofa

nth power ofa

nth root ofa

Square root of

Mean value ofa

Product ofa,

Common (or Briggsian) logarithm to the base 10aof
Logarithm to the basa of b

Natural (Napierian) logarithm (to the baggof b
Base (2.718) of natural system of logarithms
Pi (3.1416)

Imaginary quantity, square root of minus one
nfactorial(@! =1-2-3-:n)

Angle

Perpendicular to

Parallel to

a degrees (angle)

a minutes (angle)a prime

a seconds (anglep double prime

sine ofa

cosine ofa

tangent ofa

cotangent ob

secant ofa

cosecant o&

Inverse sine o (angle whose sine ig)
Inverse sine o (angle whose cosine &
Inverse tangent cd (angle whose tangent &
Hyperbolic sine ofa

Hyperbolic cosine o&

Hyperbolic tangent o&

2.23
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TABLE 2.3 Mathematical Symbols and Abbreviatior@dntinued

Symbol or abbreviation

Meaning

cotanha
P(x, y)
P(r, 6)
f(X), F()
AX

dy

dy .,
i or f'(x)

2
g—xz or f"(x)
c')_Z
X
9%z
X 9y

Hyperbolic cotangent oh
Rectangular coordinate of poiRt
Polar coordinate of poirf®
Function ofx

Increment ofx

Total differential ofy

Derivative ofy = f(x) with respect tax

Second derivative of = f(X) with respect tox
Partial derivative of with respect tox

Second partial derivative afwith respect tox andy
Integral of

Integral between the limita andb
limit of f(x) asx tends toa

Summation ofg; between the limits 1 and

TABLE 2.4 Sl Prefixes

Submultiple Prefix Symbol Multiple Prefix Symbol
10t deci d 10 deka da
102 centi c 16 hecto h
103 milli m 103 kilo k
10 micro " 100 mega M
10° nano n 10 giga G
102 pico p 102 tera T
1015 femto f 10° peta P
1018 atto a 108 exa E
102 zepto z 1et zetta z
10 yocto y 164 yotta Y
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TABLE 2.4 Sl Prefixes Continued

Numerical (multiplying) prefixes

Number Prefix Number Prefix Number Prefix

0.5 hemi 19 nonadeca 39 nonatriaconta
1 mono 20 icosa 40 tetraconta
1.5 sesqui 21 henicosa 41 hentetraconta
2 di (bis)* 22 docosa 42 dotetraconta
3 tri (tris)* 23 tricosa 43 tritetraconta
4 tetra (tetrakis)* 24 tetracosa 44 tetratetraconta
5 penta 25 pentacosa 45 pentatetraconta
6 hexa 26 hexacosa 46 hexatetraconta
7 hepta 27 heptacosa 47 heptatetraconta
8 octa 28 octacosa 48 octatetraconta
9 nona 29 nonacosa 49 nonatetraconta

10 deca 30 triaconta 50 pentaconta

11 undeca 31 hentriaconta 60 hexaconta

12 dodeca 32 dotriaconta 70 heptaconta

13 trideca 33 tritriaconta 80 octaconta

14 tetradeca 34 tetratriaconta 920 nonaconta

15 pentadeca 35 pentatriaconta 100 hecta

16 hexadeca 36 hexatriaconta 110 decahecta

17 heptadeca 37 heptatriaconta 120 icosahecta

18 octadeca 38 octatriaconta 130 triacontahecta

*In the case of complex entities such as organic ligands (particularly if they are substituted) the multiplying prefixes bi

tris-, tetrakis-, pentakis-. . .

theses to avoid ambiguity.

TABLE 2.5 Greek Alphabet

are used,e., -kis is added starting from tetra-. The modified entity is often placed within paren-

Lower Lower
Capital case Name Capital case Name
A a Alpha N v Nu
B B Beta =) £ Xi
r y Gamma (6] o Omicron
A ) Delta 11 T Pi
E € Epsilon p p Rho
Z 14 Zeta 3 o Sigma
H n Eta T T Tau
(C] 0 Theta Y v Upsilon
1 L lota [} [ Phi
K K Kappa X X Chi
A A Lambda v 1 Psi
M " Mu QO 1) Omega
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TABLE 2.6 Abbreviations and Standard Letter Symbols

Abampere

Absolute

Absolute activity

Absorbance (decaidic)

Absorbance (napierian)

Absorptance

Absorption coefficient, linear
decaidic

Absorption coefficient, linear
napierian

Absorption coefficient, molar
decaidic

Absorption coefficient, molar
napierian

Absorption index

Acceleration

Acceleration due to gravity

Acetyl

Acoustic absorption factor

Acoustic dissipation factor

Acoustic reflection factor

Acoustic transmission factor

Activation energy

Activity (referenced to
Raoult’s law)

Activity (referenced to
Henry’s law):
Concentration basis
Molality basis
Mole fraction basis

Activity (radioactive)

Activity coefficient (refer-
enced to Raoult’s law)

Activity coefficient (refer-
enced to Henry’s law):
Concentration basis
Molality basis
Mole fraction basis

Adjusted retention time

Adjusted retention volume

Admittance

Affinity of reaction

Alcohol

Alfvén number

Alkaline

Alpha particle

Alternating current

Amorphous

Amount concentration

Amount of substance

Ampere

Amplification factor

Angle of optical rotation

Angstrom

Angular dispersion

abamp
abs

9: On
Ac

m=a ™ &R

o

@

~rppe

Ye
Ym
Yx
tr

alc
Al
alk

ac

PRE IO
>

dé/da

Angular momentum

Angular momentum terms

Angular velocity

Anhydrous

Approximate (circa)

Aqueous solution

Agueous solution at infinite
dilution

Are, unit of area

Area

Area per molecule

Astronomical unit

Asymmetry parameter

Atmosphere, unit of pressure

Atomic mass

Atomic mass constant

Atomic mass unit

Atomic number

Atomic percent

Atomic weight

Average

Average linear gas velocity

Avogadro constant

Axial angular momentum

Axial spin angular momen-
tum

Bandwidth (10%) of a spec-
tral filter

Band variance

Bar, unit of pressure

Barn, unit of area

Barrel

Base of natural logarithms

Becquerel

Bed volume

Beta particle

Bloch function

Body-centered cubic

Bohr

Bohr magneton

Bohr radius

Boiling point

Boltzmann constant

Bragg angle

Breadth

British thermal unit

Bulk modulus

Bulk strain

Burgers vector

Butyl

Calorie, unit of energy

Calorie, international steam
table

Candela

Capacitance

w
i, L LN
w
anhyd
ca.
aq
aq,»

T

cal
cal;

cd
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TABLE 2.6 Abbreviations and Standard Letter Symbdoatinued

Capacity, volume
Capacity, weight
Cartesian space coordi-
nates
Celsius temperature
Centimeter-gram-second
system
Centrifugal distortion con-
stants:
A reduction
S reduction
Charge density of electrons
Charge number of electro-
chemical reaction
Charge number of an ion
Chemically pure
Chemical potential
Chemical shift
Circa (approximate)
Circular frequency
Circular wave vector:
For particles
For phonons
Circumference divided by
the diameter
Citrate
Coefficient of heat transfer
Collision cross section
Collision diameter
Collision frequency
Collision frequency factor
Collision number
Column volume
Compare (confer)
Complex refractive index
Component of angular mo-
mentum
Compressibility:
Isentropic
Isothermal
Compression factor
Compression modulus

Compton wavelength of elec-

tron

Compton wavelength of neu-

tron
Compton wavelength of
proton
Concentration (amount of
substance)
Concentration (mass)
Concentration at peak
maximum
Concentration of solute in
mobile phase

Q
Qw

X, Y, Z

t,0
cgs

A b
D, d

3o~

SNNNag T q

=1

(2]
=

>
X
3
=z

Y
Cmax

Concentration of solute in
stationary phase

Condensed phase (solid or
liquid)

Conductance

Conductivity

Conductivity cell constant

Conductivity tensor

Contact angle

Coordinate, position vector

Coulomb

Counts per minute

Coupling constant, direct di-
polar

Critical density

Critical temperature

Cross section

Crystalline

Cubic

Cubic expansion coefficient

Curie

Cycles per second

Curie temperature

Dalton (atomic mass unit)

Day

Debye, unit of electric dipole

Debye circular frequency

Debye circular wave-number

Debye-Waller factor

Decay constant (radioactive)

Decibel

Decompose

Degeneracy, statistical
weight

Degree of dissociation

Degrees Baume

Degrees Celsius

Degrees Fahrenheit

Density (mass)

Density, critical

Density, relative

Density of liquid phase

Density of states

Density of vibrational modes
(spectral)

Detect, determine (d)

Determination

Deuteron

Diamagnetic shielding factor

Diameter

Dielectric polarization

Differential thermal analysis

Diffusion coefficient

Diffusion coefficient, liquid
film

cd

Y K
KceII

cr, cryst
cub
@, ay, ¥
Ci

Hz
Te

Da

PL
Ne, p
N,
det(d)
detn
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Diffusion coefficient, mobile
phase

Diffusion coefficient, station-
ary phase

Diffusion current

Diffusion length

Diffusion rate constant, mass
transfer coefficient

Dilute

Dirac delta function

Direct current

Direct dipolar coupling con-
stant

Disintegration energy

Disintegrations per minute

Displacement vector of an
ion

Dissociation energy
From ground state
From the potential mini-

mum

Distribution ratio

Donor ionization energy

Dropping mercury electrode

Dyne, unit of force

Einstein transition probabili-
ties
Spontaneous emission
Stimulated absorption
Stimulated emission

Electric charge

Electric current

Electric current density

Electric dipole moment of a
molecule

Electric displacement

Electric field gradient

Electric field strength

Electric flux

Electric mobility

Electric polarizability of a
molecule

Electric potential

Electric potential difference

Electric susceptibility

Electrical conductivity

Electrical conductance

Electrical resistance

Electrochemical transfer co-
efficient

Electrokinetic potential

Electromagnetic unit

Electromotive force

Electron

Electron affinity

Dwu
Ds
i
L
kg

dil

o~

emu
E, emf
e, e

Electron magnetic moment

Electron paramagnetic reso-
nance

Electron radius

Electron rest mass

Electron spin resonance

Electronvolt

Electrostatic unit

Elementary charge

Elution volume, exclusion
chromatography

Emittance
By blackbody

Energy

Energy density

Energy per electron hole
pair of ion pair in detector

Enthalpy

Entropy

Entropy unit

Equilibrium constant
Concentration basis
Molality basis
Pressure basis

Equilibrium position vector
of an ion

Equivalent weight

Erg, unit of energy

Especially

et alii (and others)

et cetera (and so forth)

Ethyl

Ethylenediamine

EthylenediamineN,N,N,N’-
tetraacetic acid

Euler number

Exempli gratia (for example)

Expansion coefficient

Exponential

Extent of reaction

Fano factor

Farad

Faraday constant

Fermi, unit of length

Fermi energy

Film tension

Film thickness

Fine structure constant

Finite change

First radiation constant

Flow rate

Flow rate, column chroma-
tography

Fluid phase (gas or liquid)

Fluidity

Me
EPR

ESR
eV
esu

equiv wt
erg
esp.
etal
etc.
Et
en
EDTA

fl
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2.29

Fluorescent efficiency
Fluorescent power
Flux
Focal length
Foot
For example (exempli gratia)
Force
Force constant (vibrational
levels)
Formal concentration
Fourier number
Franklin, unit of electric
charge
Freezing point
Frequency
Friction coefficient
Froude number
Fugacity
Fugacity coefficient
Gallon
Galvani potential difference
Gamma, unit of mass
Gamma radiation
Gap energy (solid state)
Gas (physical state)
Gas constant
Gauss
g factor
Gibbs energy
Grade
Grain, unit of mass
Gram
Grand partition function
Grashof number
Gravimetric
Gravitational constant
Gray
Grineisen parameter
Half-life
Half-wave potential
Hall coefficient
Hamilton function
Harmonic vibration wave-
number
Hartmann number
Hartree energy
Heat
Heat capacity
At constant pressure
At constant volume
Heat flow rate
Heat flux
Hectare, unit of area
Height
Helion

@
Pe
F.J
f
ft

e.g.

~

Helmholtz energy

Henry

Hertz

Hexagonal

Horsepower

Hour

Hygroscopic

Hyperfine coupling constant

Hyperfine coupling tensor

ibidem (in the same place)

id est (that is)

Ignition

Impedance

Inch

Indices of a family of crys-
tallographic planes

Indirect spin-spin coupling
constant

Inductance

Inertial defect

Infinitesimal change

Infrared

Inner column volume

Inner electric potential

Inner electrode potential

Inorganic

Inside diameter

Insoluble

Interatomic distances:
Equilibrium distance
Ground-state distance
Substitution structure dis-

tance
Zero-point average
distance

Internal energy

Interstitial (outer) volume

In the place cited (loco ci-
tato)

In the same place

In the work cited

lonic conductivity

lonic strength
Concentration basis
Molality basis

lonization energy

Irradiance

Joule

Joule-Thomson coefficient

Kelvin

Kilocalorie

Kilogram

Kilogram-force

Kilowatt-hour

Kinematic viscosity

Hz
hex

hygr
a, A

ibid.
i.e.
ign
in
hkl

o< sobkr

inorg
i.d.
insol

kWh
v, ¢
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Kinetic energy

Knudsen number

Kovats retention indices

Lagrange function

Lambda, unit of volume

Landeg-factor

Larmor circular frequency

Larmor frequency

Lattice plane spacing

Lattice vector

Lattice vectors

Length

Length of arc

Lewis number

Light year

Limit (mathematics)

Linear expansion coefficient

Linear reciprocal dispersion

Linear strain

Liquid

Liquid crystal

Liter

loco citato (in the place
cited)

Logarithm, common

Logarithm, base

Longitudinal relaxation time

Lorenz coefficient

Loss angle

Lumen

Luminous intensity

Lux

Mach number

Madelung constant

Magnetic dipole moment of
a molecule

Magnetic field strength

Magnetic flux

Magnetic flux density

Magnetic moment of protons

in water
Magnetic quantum number
Magnetic Reynolds number
Magnetic susceptibility
Magnetic vector potential
Magnetizability
Magnetization
Magnetogyric ratio
Mass
Mass absorption coefficient
Mass concentration
Mass density
Mass flow rate
Mass fraction
Massieu function

KT, K
Kn
RI

ay

D-1, dA/dx
e e

I, Iq

Ic

L1

loc. cit.

Mass number

Mass of atom

Mass transfer coefficient

Matrix volume

Maximum

Maxwell, unit of magnetic
flux

Mean ionic activity

Mean ionic activity coeffi-
cient

Mean ionic mobility

Melting point

Metallic

Metastable

Metastable peaks

Meter

Methyl

Micrometer

Micron

Mile

Miller indices

Milliequivalent

Millimeters of mercury, unit
of pressure

Millimole

Minimum

Minute

Mixture

Mobility

Mobility ratio

Modulus of elasticity

Molal

Molality

Molar

Molar (decadic) absorption
coefficient

Molar ionic conductivity

Molar magnetic suscepti-
bility

Molar mass

Molar quantityX

Molar refraction

Molar volume

Mole

Mole fraction, condensed
phase
Gaseous mixtures

Mole percent

Molecular weight

Moment of inertia

Momentum

Monoclinic

Monomeric form

Muon, negative

Muon, positive

met
mr

Me
um

mi
h, I, k

mol

mol %
mol wt
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Mutual inductance

Napierian absorbance

Napierian base

Napierian molar absorption
coefficient

Neel temperature

Net retention volume

Neutrino

Neutron

Neutron magnetic moment

Neutron number

Neutron rest mass

Newton

Normal concentration

Normal stress

Nuclear magnetic resonance

Nuclear magneton

Nuclear spin angular mo-
mentum

Nucleon number

Number concentration

Number density

Number of entities

Numerical aperture

Nusselt number

Obstruction factor

Oersted, unit of magnetic
field

Ohm

opere citato (in the work
cited)

Optical speed

Orbital angular momentum:
Quantum number

Series symbol

Orbital angular momentum
(molecules):
Quantum number
Symbol

Orbital angular momenta of
individual electrons

Order of Bragg reflection

Order of reaction

Order of reflection

Order parameters (solid
state), long range
Short range

Organic

Orthorhombic

Osmotic coefficient
Molality basis
Mole fraction basis

Osmotic pressure (ideal di-
lute solution)

Ounce

M, L
B
e
K

NMR

-F
z

Z50>

op. cit.

f/number

Outer diameter
Outer electric potential
Overall order of reaction
Overpotential
Oxalate
Oxidant
Packing uniformity factor
Page(s)
Parsec, unit of length
Partial molar quantity
Partial order of reaction
Particle diameter
Particle position vector:
Electron
lon position
Partition coefficient
Partition function
Partition ratio
Parts per billion, volume
Parts per billion, weight
Parts per million, volume
Parts per million, weight
Pascal
Path length (absorbing)
Peak asymmetry factor
Peak resolution
Peclet number
Peltier coefficient
Percent
Period of time
Permeability
Permeability of vacuum
Permittivity
Permittivity of vacuum
pH, expressed in activity
Expressed in molarity
Phenyl
Phosphorescent efficiency
Phosphorescent power
Photochemical yield
Photoluminescence power
Photon
Pion
Planck constant
Planck constant/2
Planck function
Plane angle
Plate height
Plate number, effective
Poise
Polymeric form
Porosity, column
Positron
Potential energy
Pound

%

—

=

"nE

.U m
g3%

o

B.v. 0, ¢

"gDZIR<KTITIR Vs e

=
o~

V, ®, E,
Ib
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Pounds per square inch

Powder

Power

Poynting vector

Prandtl number

Pressure (partial)

Pressure (total)

Pressure coefficient

Pressure, column inlet

Pressure, column outlet

Pressure, critical

Pressure drop

Pressure-gradient correction

Principal moments of inertia

Principal quantum number

Probability

Probability density

Product sign

Propyl

Proton

Proton magnetic resonance

Proton magnetrogyric ratio

Proton number

Proton rest mass

Pyridine

Quadrupole interaction en-
ergy tensor

Quadrupole moment of a
molecule

Quantity of electricity, elec-
tric charge

Quantum of energy

Quantum yield

Rad, unit of radiation dose

Radian

Radiant energy

Radiant energy density

Radiant energy flux

Radiant exitance

Radiant flux received

Radiant intensity

Radiant intensity at timée
after termination of excita-
tion

Radiant power

Radiant power incident on
sample

Radiofrequency

Radius

Rate of concentration change

Rate constant

Rate of reaction

Ratio of heat capacities

Reactance

Reciprocal lattice

psi
pwd
p
S
Pr
p
p, P
B
p;
Po
Pc
AP

]
Ias g5 Ic
n

P
P
II
Pr
p

pmr
Y
Z
m,
py
X

Q.0

hv

rad
rad

X < X~ =

a*, b*, c*

Reciprocal lattice vector (cir-
cular)
Vectors for

Reciprocal radius of ionic at-
mosphere

Reciprocal temperature pa-
rameter, T

Reciprocal thickness of dou-
ble layer

Reduced column length

Reduced mass

Reduced plate height

Reduced velocity

Reductant

Reference

Reflectance

Reflection plane

Refractive index

Relative permeability

Relative permittivity (dielec-
tric constant)

Relative pressure coefficient

Relative retention ratio

Relaxation time

Rem, unit of dose equivalent

Residual resistivity (solid
state)

Resistivity tensor

Retardation factor

Retarded van der Waals con-
stant

Retention time

Retention volume

Revolutions per minute

Reynolds number

Rhombic

Rhombohedral

Roentgen

Root-mean-square

Rotational constants:
In frequency
In wavenumber

Rotational term (spectros-
copy)

Rotation-reflection

Rydberg, unit of energy

Rydberg constant

Saturated

Saturated calomel electrode

Schmidt number

Second

Second radiation constant

Second virial coefficient

Sedimentation coefficient

Selectivity coefficient

a* b* c*
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Self-inductance

Separation factor

Shear modulus

Shear strain

Shear stress

Sherwood number

Shielding constant (NMR)

Short-range order parameter

Siemens

Sievert

Signal-to-noise ratio

Slightly

Solid

Solid angle

Solid angle over which lumi-
nescence is measured (F,
fluorescence; P, phospho-
rescence; DF, delayed flu-
orescence)

Solid angle over which radi-
ation is absorbed in cell

Solubility

Soluble

Solution

Solvent

Sound energy flux

Spacing between crystal dif-
fracting planes

Species adsorbed on a sub-
stance

Specific gravity

Specific retention volume

Specific surface area

Specific volume

Spectral bandwidth of emis-
sion monochromator

Spectral bandwidth of excita-
tion monochromator

Spectral bandwidth of mono-
chromator

Spectral radiant energy

Spectral radiant energy den-
sity:
In terms of frequency
In terms of wavelength
In terms of wavenumber

Spectral radiant energy flux

Spectroscopic splitting factor

Speed

Speed of light:
In a medium
In vacuum

Spherical polar coordinates

Spin angular momentum

Spin-lattice relaxation time

IS WaAIR ORI
0

(9]

Sv
SN
sl
[
w, O

QF(P,Dl:)

Qn

s
sol

soln, sin
solv

P, P,

d

ads

Sp gr
\
S
Vv, v
Adery
INW
Ah,

Q,, dQ/da

Py W,
Py W,

Spin orbit coupling constant

Spin-spin coupling constant

Spin-spin (or transverse) re-
laxation time

Spin wavefunctions

Square

Standard

Standard enthalpy of activa-
tion

Standard enthalpy of forma-
tion

Standard entropy

Standard entropy of activa-
tion

Standard Gibbs energy of ac-
tivation

Standard Gibbs energy of
formation

Standard heat capacity

Standard hydrogen electrode

Standard partial molar en-
thalpy

Standard partial molar en-
tropy

Standard potential of electro-
chemical cell reaction

Standard reaction enthalpy

Standard reaction entropy

Standard reaction Gibbs en-
ergy

Standard temperature and
pressure

Stanton number

Statistical weight

Statistical weight of atomic
states

Stefan-Boltzmann constant

Steradian

Stoichiometric number

Stokes

Summation sign

Surface charge density

Surface concentration

Surface coverage

Surface density

Surface electric potential

Surface pressure

Surface tension

Susceptance

Svedberg, unit of time

Symmetrical

Symmetry coordinate

Symmetry number

Tartrate

Temperature

A
‘]AB
T,

a, B
sq
std

H:

AHfo

®
AS'

AG!
AGfo

C

P
SHE

HO
S
ED
AHO
AS
AGP

STP

Par Ps

Yo

Sv
sym

S, o
Tart
0,06
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Temperature, thermodynamic T

Temperature at boiling point

Term value spectroscopy

Tesla

Tetragonal

Thermal conductance

Thermal conductivity

Thermal diffusivity

Thermal resistance

Thermoelectric force

Thickness of diffusion layer

Thickness of layer

Thickness (effective) of sta-
tionary phase

Thickness of surface layer

Thickness of various layers &

4
~ 2 z
=

LT oMUY >0 o

9

Thomson coefficient T
Thomson cross section 0%
Time t
Time interval, characteristic T, 7
Tonne t, ton
Torr (mm of mercury) Torr
Torque T
Total bed volume Viot
Total term (spectroscopy)
Transconductance Om
Transfer coefficient a

Transit time of nonretained  t, t,
solute

Transition tr

Transition dipole moment of M, R
a molecule

Transition frequency s
Transition wavenumber v
Translation (circular) b; by; by
Translation vectors for a,; &y a5
crystal lattice a; b; c
Transmission factor T
Transmittance Tr
Transport number t
Transverse relaxation time T,
Triclinic tric
Trigonal trig
Triton (tritium nucleus) t
Ultrahigh frequency uhf
Ultraviolet uv
Unified atomic mass unit u
United States Pharmacopoeia  USP
Vacuum vac
van der Waals constant A
Vapor pressure p, vp
Velocity u, w
Versus Vs

Vibrational anharmonicity
constant
Vibrational coordinates:
Internal coordinates
Normal coordinates, di-
mensionless
Mass adjusted
Vibrational force constants:
Diatomic
Polyatomic, dimensionless
normal coordinates
Internal coordinates
Symmetry coordinates
Vibrational quantum number
Vibrational term
Viscosity
Vitreous substance
Volt
Volt-ampere-reactive
Volta potential difference
Volume
Volume flow rate
Volume fraction
Volume in space phase
Volume liquid phase in col-
umn
Volume mobile phase in col-
umn
Volume of activation
Volume percent
Volume per volume
Volume strain
Watt
Wavefunction
Wavelength
Wavenumber (in a medium)
Wavenumber in vacuum
Weber
Weber number
Weight
Weight of liquid phase
Weight percent
Weight per volume
Wien displacement constant
Work
Work function
X unit
Yard
Young's modulus
Zeeman splitting constant
Zone width at baseline
Zone width at one-half peak
height

X

R, 1, 6, etc.
O

yd

E
ue/hc
W,
Wy
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TABLE 2.7 Conversion Factors

The data were compiled by L. P. Buseth for the 13th edition; some entries have been added or modified in v

of recent data and Sl units.

Relations which are exact are indicated by an asterisk (*). Factors in parentheses are also exact. Other fa
are within=5 in the last significant figure.

To convert Into Multiply by
Abampere ampere* 10
Abcoulomb coulomb* 10
statcoulomb 2.99& 10t
Abfarad farad* 10
Abhenry henry* 10°
Abmho siemens* 10
Abvolt volt 108
Acre hectare or square hectometer 0.404 685 64
square chain (Gunter's)* 10
square kilometer* 0.004 046 873
square meter* 4046.873
square mile* (1/640)
square rod* 160
square yard* 4840
Acre (U.S. survey) square meter 4046.873
Acre-foot cubic foot* 4.3560< 10
cubic meter 1233.482
gallon (U.S.) 3.259% 1°
Acre-inch cubic foot* 3630
cubic meter 102.7902
Ampere per square centimeter ampere per square inch* 6.4516
Ampere-hour coulomb* 3600
faraday 0.037 31
Ampere-turn gilbert 1.256 637
Ampere-turn per centimeter ampere-turn per inch 2.540
Angstrtm meter* 1010
nanometer* 0.1
Apostilb candela per square meter 0.318 309 971/
lambert* 104
Are acre 0.024 710 54
square meter* 100
Assay ton gram 29.1667
Astronomical unit meter 1.496 08 10
light-year 1.581 284x 105
Atmosphere bar* 1.013 25.0
foot of water (at 4C) 33.898 54
inch of mercury (at &C) 29.921 26
kilogram per square centi- 1.033 227
meter
millimeter of mercury* 760
millimeter of water (4C) 1.033 227x 10*
newton per square meter* 1.013 25010°
pascal* 101 325.0
pound per square inch 14.695 95
ton per square inch 0.007 348
torr* 760
Atomic mass unit gram 1.6608 1024
Avogadro number molecules per mole 6.022 »320*
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by
Bar atmosphere 0.986 923
dyne per square centimeter* 80
kilogram per square centimeter 1.019 716
millimeter of mercury 750.062
millimeter of water (4C) 1.019 716% 10
newton per square meter 510
pascal* 16
pound per square inch 14.503 77
Barn square meter* 1es
Barrel (British) gallon (British)* 36
liter 163.659
Barrel (petroleum) gallon (British) 34.9723
gallon (U.S.)* 42
liter 158.987
Barrel (U.S. dry) bushel (U.S.) 3.281 22
cubic foot 4.083 33
liter 115.6271
quart (U.S. dry) 104.9990
Barrel (U.S. liquid) gallon (U.S.) 31.5 (variable)
liter 119.2405
Barye dyne per square centimeter* 1
Becquerel curie* 2K 10
Biot ampere* 10
Board foot cubic foot (2/12)
cubic meter 2.359 73% 103
Bohr meter 5291 7K 10°%
Bohr magneton joule per tesla 9.274 821024
Bolt (U.S. cloth) foot* 120
meter 36.576
Boltzmann constant joule per degree 1.3804.0-2
British thermal unit (Btu) calorie 251.996
cubic foot-atmosphere 0.367 717
erg 1.0550%x 10t
foot-pound 778.169
horsepower-hour (British) 3.930 1% 10
horsepower-hour (metric) 3.984 66 104
joule (International table) 1055.056
joule (thermochemical) 1054.350
kilogram-calorie 0.2520
kilogram-meter 107.5
kilowatt-hour 2.930 71x 104
liter-atmosphere 10.4126
Btu per foot kilocalorie per cubic meter 8.899 15

Btu (International table)/t
Btu (thermochemical)/t

Btu (International table)/hour
Btu (thermochemical)/hour
Btu (International table)/pound
Btu (thermochemical)/pound
Btu (thermochemical)/(ft- h)
Btu (thermochemical)/minute
Btu (thermochemical)/pound
Btu per square foot

Bucket (British, dry)

joule per meter
joule per meter
watt
watt
joule per kilogram*
joule per kilogram
watt per metér
watt
joule per kilogram
joule per square meter
gallon (British)*

3.725 895x 10*
3.723 402X 10*
0.293071 1
0.292 8751
2.32610°

2.324 444
3.154 591
17.572 50
2.324 4440°
1.135<680*
4
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by
Bushel (British) bushel (U.S.) 1.032 057
cubic foot 1.284 35
gallon (British)* 8
gallon (U.S.) 9.607 60
liter 36.3687
Bushel (U.S.) barrel (U.S., dry) 0.304 765
bushel (British) 0.968 939
cubic foot 1.244 456
cubic meter 0.035 239 07
gallon (British) 7.75151
gallon (U.S.) 9.309 18
liter 35.239 07
peck (U.S.)* 4
pint (U.S., dry)* 64
Cable length (international) foot 607.611 55
meter* 185.2
mile (nautical)* 0.1
Cable length (U.S. or British) foot* 720
meter 219.456
mile (nautical) 0.118 407
mile (statute) 0.136 364
Caliber inch* 0.01
millimeter* 0.254
Calorie Btu 0.003 968 320
foot-pound 3.088 03
foot-poundal 99.3543
horsepower-hour (British) 1.559 64 10
joule* 4,184
kilowatt-hour 1.163%x 106
liter-atmosphere 0.041 3205
Calorie (18C) joule 4.1858
Calorie (international) joule 4.1868
Calorie per minute foot-pound per second 0.051 467 1
horsepower (British) 9.357 6% 10°°
watt* 0.069 78
Candela Hefner unit 111
lumen per steradian* 1
Candela per square centimeter candela per square foot* 929.0304
candela per square meter* “10
lambert 3.141 593;%)
Carat (metric) gram* 0.2
Celsius temperature Fahrenheit temperature 1©/9) 32
kelvin °C — 273.15
Centigrade heat unit or chu Btu* 1.8
calorie 453.592
joule 1899.10
Centimeter foot 0.032 808 4
inch 0.393 700 8
mil 393.700 8
Centimeter of mercury (C) pascal 1333.22
Centimeter of water (€) pascal 98.063 8
Centimeter per second foot per minute 1.986 50
kilometer per hour* 0.036
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by
Centimeter per second knot 0.019 438 4
(continued mile per hour 0.022 369 4
Centimeter per second squared foot per second squared 0.032 808 4
meter per second squared* 0.01
Centimeter-dyne erg* 1
joule* 107
meter-kilogram 1.020< 108
pound-foot 7.376x 1078
Centimeter-gram erg* 980.665
joule* 9.806 65X 1075

Centipoise

Chain (Ramsden’s)
Chain (Gunter’s)
Circular inch
Circular millimeter
Circumference
Cord

Coulomb

Coulomb per square centimeter
Cubic centimeter

Cubic centimeter-atmosphere

Cubic centimeter per gram
Cubic centimeter per second

Cubic decimeter (df)
Cubic foot

kilogram per (meter-second)*
pascal-second*
pound per (foot-second)
foot*
meter*
foot*
meter*
circular mil*
square centimeter
square inch
square millimeter
degree*
gon (grade)
radian
cord foot*
cubic foot*
ampere-second*
coulomb per square inch*
cubic foot
cubic inch
dram (U.S., fluid)
gallon (British)
gallon (U.S.)
liter*
minim (U.S.)
ounce (British, fluid)
ounce (U.S., fluid)
pint (British)
pint (U.S., dry)
pint (U.S., liquid)
joule*
watt-hour
cubic foot per pound
cubic foot per minute
liter per hour*
liter*
acre-foot
board foot*
cord*
cord foot*
cubic inch*
cubic meter*
cubic yard

0.001
0.001
0.006 72
100
30.48

5.067 075
%/4)
m4)
360
400
(2r)
8
128
1
6.4516
3.531 47 10°5
0.061 023 744
0.270 512 2
2.199 69 104
2.641 7 104
0.001
16.230 73
0.035 195 1
0.033 814 02
0.001 759 75
0.001 816 17
0.002 113 376
0.101 325
2.814 58< 10°5
0.016 018 5
0.002 118 88
3.6
1
2.295 68 105
12
(1/128)
(1/16)
1728
0.028 316 846 592
1/27)
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by
Cubic foot €ontinued gallon (British) 6.228 835
gallon (U.S.) 7.480 519
liter 28.316 847
Cubic foot per hour liter per minute 0.471 947
Cubic foot per pound cubic meter per kilogram 0.062 428 0
Cubic foot-atmosphere Btu 2.719 48
calorie 685.298
joule 2869.205
kilogram-meter 292.577
liter-atmosphere 28.3168
watt-hour 0.797 001
Cubic inch cubic foot (1/1728)
milliliter* 16.387 064
Cubic inch per minute cubic centimeter per second 0.273 118
Cubic kilometer cubic mile 0.239 913
Cubic meter per kilogram cubic foot per pound 16.0185
Cubic yard bushel (British) 21.0223
bushel (U.S.) 21.6962
cubic foot* 27
cubic meter 0.764 554 86
liter 764.555
Cubic yard per minute cubic foot per second* 0.45
gallon (British) per second 2.802 98
gallon (U.S.) per second 3.366 23
liter per second 12.742 58
Cubit inch* 18
Cup (U.S) milliliter; centimetér 236.6
Cup (metric) cubic centimeter* 200
Curie becquerel* 3.K 10w
Cycle per second hertz* 1
Dalton kilogram 1.660 54 10?7
unified atomic mass* 1
Day (mean solar) hour* 24
minute* 1440
second* 86 400
Debye coulomb-meter 3.33564 1030
Decibel neper 0.115 129 255
Degree (plane angle) circumference (1/366)
gon (grade) 111111
minute (angle)* 60
quadrant (1/90)
radian /180)
revolution (1/360)
second (angle)* 3600
Degree (angle) per foot radian per meter 0.057 261 5
Degree (angle) per second radian per second 0.017 453 3
Degree Celsius degree Fahrenheit* 1.8
degree Rankine* 1.8
kelvin* 1
Degree Fahrenheit degree Celsius (5/9)
Degree Rankine kelvin (5/9)
Denier tex (2/9)
Dipole length € cm) coulomb-meter 1.602 18 10
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by

Drachm (British) dram (apothecaries or troy)* 1

Drachm (British, fluid) cubic centimeter 3.551 633
dram (U.S., fluid) 0.960 760
minim (British) 60
ounce (British, fluid) (2/8)

Dram (apothecaries or troy) dram (weight) 2.194 2857
grain* 60
gram* 3.887 934 6
ounce (troy)* (2/8)
pennyweight* 25
pound (troy)* (1/96)
scruple* 3

Dram (weight) grain* 27.343 75
gram 1.771 8452
ounce (weight) (1/16)
pound (weight) (1/256)

Dram (U.S., fluid) cubic centimeter 3.696 691 2
gallon (U.S.) (1/1024)
gill (U.S.) (1/32)
milliliter 3.696 691 2
minim (U.S.)* 60
ounce (U.S., fluid) (1/8)
pint (U.S., fluid) (2/128)

Dyne kilogram (force) 1.019 71& 10°°©
newton* 10°
pound (force) 2.248 0% 107

Dyne per centimeter newton per meter* 0.001

Dyne per square centimeter bar* 20
kilogram per square centimeter 1.019 74610°©
millimeter of mercury (6C) 7.500 617X 104
millimeter of water (4C) 0.010 197 16
newton per square meter* 0.1
pascal* 0.1
pound per square inch (psi) 1.450 3810°°

Dyne-centimeter erg* 1
foot-pound (force) 7.375 6X 108
foot-poundal 2.373 0K 107
joule* 107
kilogram-meter (force) 1.019 718 108
newton-meter* 107

Dyne-second/centimeter poise* 1
pascal-second* 0.1

Electron charge coulomb 1.602 »810-1°

Electron charge-centimeter
(ecm)

Electron charge-centimeter

Electron mass

Electronvolt

Ell
Em, pica

coulomb-meter

coulomb-meter squared
atomic mass unit

gram

erg

joule

kilojoule per mole

inch*

inch

millimeter

1.602 1& 102t

1.602 ¥810-23
0.000 548 6
9.1096x 10-28
1.602 1& 1012
1.602 18x 10-1°
96.4853
45
0.167
4.217 52
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by

EMU? of capacitance farad* 20
EMU of current ampere* 10
EMU of electric potential volt* 108
EMU of inductance henry* 10
EMU of quantity (charge) coulomb 10
EMU of resistance ohm 10
EMU of work joule 107
ESLF? of capacitance farad 1.112 65010 %2
ESU of current ampere 3.335 6411010
ESU of electric potential volt 299.792 5
ESU of inductance henry 8.987 552 101t
ESU of quantity (charge) coulomb 3.335 5%610 11
ESU of resistance ohm 8.987 552101t
ESU of work joule 107
Erg dyne-centimeter* 1

joule* 107

watt-hour 2.777 78 101
Erg per second Btu 5.68 10°

watt* 107
Erg per (crm X second) watt per square meter* 0.001
Erg per gauss ampere-centimeter squared* 10

joule per tesla* 0.001
Fahrenheit scale centigrade scale (5/9)
Fahrenheit temperaturér) Celsius temperaturéQ) (°F — 32)(5/9)
Faraday (based on carbon-12) coulomb 96 487.0
Faraday (chemical) coulomb 96 495.7
Faraday (physical) coulomb 96 521.9
Fathom foot* 6

meter 1.828 8
Fermi meter* 105
Foot centimeter* 30.48

inch* 12

Foot of water (4C)

Foot per minute

Foot-candle

Foot-lambert

mile (nautical)
mile (statute)
yard
atmosphere
bar
gram per square centimeter
inch of mercury (6C)
pascal

centimeter per second*
knot
mile per hour

lumen per square foot*
lumen per square meter
lux

candela per square centimeter
candela per square foot
lambert
meter-lambert

1.645 78% 104
1.893 93% 104
(1/3)
0.029 499 8
0.029 499 8
30.48
0.882 671
2989.067
0.508
0.009 874 73
0.011 363 6
1
10.7639
10.76391
3.426 264

@
0.001 076 39
10.7639

1EMU, the electromagnetic system of electrical units based on dynamics.

2ESU, the electrostatic system of electrical units based on static data.
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by
Foot-pound Btu 0.001 285 07
calorie 0.323 832
foot-poundal 32.1740
horsepower (British) 5.050 5% 107
joule 1.355 818
kilogram-meter 0.138 255
liter-atmosphere 0.013 3809
newton-meter 1.355 818
watt-hour 3.766 161 104
Foot-pound per minute horsepower (British) 3.030X3a0°°
horsepower (metric) 3.07238 105
watt 0.022 597 0
Foot-poundal Btu 3.994 1x 105
calorie 0.010 064 99
foot-pound 0.031 0810
joule 0.042 140 11
kilogram-meter 0.004 297 10
liter-atmosphere 4.158 9% 10+
watt-hour 1.170 56 105
Franklin coulomb 3.335 6K 10°1°
Franklin per cra coulomb per cubic meter 3.335 64104
Franklin per cri coulomb per square meter 3.335 84106
Furlong chain (Gunter’s)* 10
foot* 600
meter* 201.168
mile (1/8)
Gallon (British, imperial) bushel (British) (2/8)
cubic decimeter, liter* 4.546 90
cubic foot 0.160 544
gallon (U.S., fluid) 1.200 95
gill (British)* 32
liter 4.546 09
ounce (British)* 160
quart (British)* 4
Gallon (U.S)) barrel (petroleum) (1/42)
cubic decimeter, liter 3.785 41
cubic foot 0.133 680 56
gallon (British) 0.832 674
liter 3.785 41
ounce (U.S., fluid)* 128
quart (U.S., fluid)* 4
Gallon (U.S.) per minute cubic foot per hour 8.020 83
cubic meter per hour 0.227 125
liter per minute 3.785 412
Gamma microgram* 1
Gas constant calorie per mole-degree 1.987
joule per mole-degree 8.3143
liter-atmosphere per 0.082 057
mole-degree
Gauss tesla* 10
weber per square meter* 10
Gilbert ampere-turn 0.795 775
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by
Gill (British) cubic centimeter, mL 142.065
cubic inch 8.669 36
gallon (British) (2/32)
gill (U.S.) 1.200 95
ounce (British, fluid)* 5
pint (British) (1/4)
Gill (U.S.) cubic centimeter, mL 118.2941
gallon (U.S.) (1/32)
liter 0.118 294 1
ounce (U.S., fluid)* 4
quart (U.S.) (1/8)
Gon (grade) circumference (1/400)
minute (angle)* 54
radian (271400)
Grade radian (2/400)
Grain carat (metric)* 0.323 994 55
milligram* 64.798 91
ounce (weight) 0.002 285 714 3
ounce (troy) (1/480)
pennyweight (1/24)
pound (1/7000)
scruple (2/20)
Gram carat (metric)* 5
dram 0.564 383 39
grain 15.432 358

Gram per (centimeter-second)
Gram per cubic centimeter

Gram per square meter
Gram per ton (long)

Gram (force)

Gram per square centimeter
Gram-centimeter
Gram-square centimeter
Gray

Hartree

Hectare

Hefner unit
Hemisphere

ounce (weight)
ounce (troy)
pennyweight
pound
ton (metric)*
poise*
kilogram per liter*
pound per cubic foot
pound per gallon (U.S.)
ounce per square foot
gram per ton (metric)
gram per ton (short)
dyne*
newton*
pascal*
joule*
pound-square foot
joule per kilogram*
electron volt
hertz
joule
acre
are*
meter squared
candela
sphere*
spherical right angle*
steradian

0.035 273 962
0.032 150 747
0.643 014 93
0.002 204 622 6
10¢
1
1
62.4280
8.345 40
0.327 706
0.984 207
0.892 857
980.665
0.009 806 65
98.0665
9.806 68 105
2.37¥QD ¢
1
27.211 40
6.579 683 9 10
4.359 75x 1018
2.471 054
100
0
0.9
0.5
4
(@)

2.43
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by
Hertz cycle per second* 1
Hogshead gallon (U.S.)* 63
Horsepower (British) Btu per hour 2544.43
foot pound per hour* 1.9& 10°
horsepower (metric) 1.013 87
joule per second 745.700
kilocalorie per hour 641.186
kilogram-meter per second 76.0402
watt 745.70
Horsepower (electric) watt* 746
Horsepower-hour (British) Btu 2544.43
foot-pound* 1.98x 10°
joule 2.684 52x 10¢
kilocalorie 641.186
kilogram-meter 2.737 4% 1P
watt-hour 745.7
Hour (mean solar) day (1/24)
minute* 60
second* 3600
week (1/168)
Hundredweight (long) kilogram* 50.802 345 44
pound* 112
ton (long) (2/20)
ton (metric) 0.050 802 345
ton (short)* 0.056
Hundredweight (short) hundredweight (long) 0.892 857
Inch centimeter* 2.54
foot (2/12)
mil* 1000
Inch of mercury (€C) atmosphere 0.033 421 05
inch of water (4C) 13.5951
millibar 33.863 88
millimeter of water (4C) 345.316
pascal 3386.388
pound per square inch, psi 0.491 1541
Inch of water (4C) inch of mercury (8C) 0.073 5559
millibar 2.490 89
millimeter of mercury (0C) 1.868 32
pascal 249.089
pound per square inch, psi 0.036 1273
Inch per minute foot per hour* 5
meter per hour* 1.524
millimeter per second 0.423 333

Joule

Btu

calorie*

centigrade heat unit, chu
centimeter-dyne*

cubic foot-atmosphere
cubic foot-(pound per &)
erg*

foot-pound

foot-poundal
horsepower-hour (British)
liter-atmosphere

9.478 17 104
0.2390

5.265 65

10

0.000 348 529
0.005 121 959
10
0.737 562
23.7304

3.72506 107

0.009 869 233
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by

Joule €ontinued newton-meter* 1
watt-second* 1

Joule per centimeter kilogram (force) 10.197 16
newton* 100
pound (force) 22.4809

Joule per gram Btu per pound 0.429 923
kilocalorie per kilogram 0.238 846
watt-hour per pound 0.125 998

Joule per second watt* 1

Kilogram (force) dyne* 9.806 6% 10°
newton* 9.806 65
pound (force) 2.204 62
poundal 70.9316

Kilometer astronomical unit 6.684 59 10-°
mile (nautical) 0.539 956 80
mile (statute) 0.621 371 192

Kilowatt Btu per minute 56.8690
foot-pound per second 737.562
horsepower (British) 1.341 02
horsepower (metric) 1.359 62
joule per second* 1000
kilocalorie per hour 859.845

Kilowatt-hour Btu 3412.14
horsepower-hour (British) 1.341 02
joule* 3.6 X 10°
kilocalorie 859.845

Knot foot per minute 101.2686
kilometer per hour* 1.852
mile (nautical) per hour* 1
mile (statute) per hour 1.150 78

Lambda decimeter cubed* 19
microliter* 1

Lambert candela per square meter =LK 10% 3183.099
candela per square inch 2.053 61
foot-lambert 929.030

Langley joule per square meter* 4.18410¢

League (nautical) mile (nautical)* 3

League (statute) mile (statute)* 3

Light-year astronomical unit 6.323 97 10¢
meter 9.460 73< 10%5

Link chain* 0.01

Liter cubic decimeter (dfy* 1
cubic foot 0.035 314 67
gallon (British) 0.219 969
gallon (U.S.) 0.264 1721
quart (British) 0.879 877
quart (U.S.) 1.056 688

Liter per minute cubic foot per hour 2.118 88
gallon (British) per hour 13.198
gallon (U.S.) per hour 15.8503

Liter-atmosphere Btu 0.096 037 6
calorie 24.2011
cubic foot-atmosphere 0.0353147
cubic foot-pound per th 0.518 983
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by

Liter-atmospheredontinued horsepower (British) 3.774 4% 10°5
horsepower (metric) 3.826 7¢¥ 10°°
joule* 101.325
kilogram-meter 10.332 27
watt-hour 0.028 145 8

Lumen per square centimeter lux* 40
phot* 1

Lumen per square meter lumen per square foot 0.092 903 0

Lux lumen per square meter* 1

Maxwell weber* 108

Meter ‘angstran* 100
fathom 0.546 807
foot 3.280 839 895
inch 39.370 078 740

Meter per second

Meter-candle
Meter-lambert

Mho (ohm-1)
Micron
Mil

Mile (nautical)

Mile (statute)

Mile per gallon (British)
Mile per gallon (U.S.)
Mile per hour

Milliliter
Millimeter of mercury (0C)

mile (nautical)
mile (statute)
foot per minute
kilometer per hour*
knot
mile per hour
lux*
candela per square meter
foot-lambert
lambert*
siemen*
meter
inch*
micrometer*
foot
kilometer*
mile (statute)
chain (Gunter’'s)*
chain (Ramsden’s)*
foot*
furlong*
kilometer*
light-year
link (Gunter’s)*
link (Ramsden’s)*
mile (nautical)
rod*
kilometer per liter
kilometer per liter
foot per minute
kilometer per hour*
knot
cubic centimeter*
atmosphere
dyne per square centimeter
millimeter of water (4C)
pascal
pound per square inch (psi)
torr*

5.399 56& 104
6.213 71X 104
196.850
3.6
1.943 844
2.236 936
1
{1/
0.092 903 0
104
1
10°
0.001
25.4
6076.115 49
1.852
1.150 78
80
52.8
5280
8
1.609 344
1.701 11X 10 %*
8000
5280
0.868 976
320
0.354 006
0.425 144
88
1.609 344
0.868 976
1
(1/760)
1333.224
13.5951
133.322
0.019 336 8
1
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by
Millimeter of water (4C) atmosphere 0.009 678 41
millibar* 0.098 066 5
millimeter of mercury (6C) 0.0735559
pascal* 9.806 65
pound per square inch 0.001 422 33
Minim (British) milliliter 0.059 193 9
minim (U.S.) 0.960 760
Minim (U.S.) milliliter 0.061 611 5
Minute (plane angle) circumference 4.629 B310°
degree (angle) (1/60)
gon (1/54)
radian /10,800)
Minute hour (1/60)
second 60
Month (mean of 4-year period) day 30.4375
hour 730.5
week 4.348 21
Nail (British) inch* 2.25
Nanometer °agstran* 10
Neper decibel 8.685 890
Nuclear magneton joule per tesla 5.05049A027
Neutron mass atomic mass unit 1.008 66
gram 1.6749x 10-2*
Newton dyne* 10
kilogram (force) 0.101 971 6
pound (force) 0.224 809
poundal 7.233 01
Newton per square meter Seepascal
Newton-meter foot-pound 0.737 562
joule* 1
kilogram-meter 0.101 9716
watt-second* 1
Nit candela per square meter* 1
Noggin (British) gill (British)* 1
Nox lux* 0.001
Oersted ampere per meter (in practice) (10@0/&9.577 47
Ohm (mean international) ohm 1.000 49
Ohm (U.S. international) ohm 1.000 495
Ohm per foot ohm per meter 3.280 84
Ounce (avoirdupois) dram* 16
grain* 437.5
gram* 28.3495
ounce (troy) 0.911 458 33
pound (1/16)
Ounce (troy) grain* 480
gram* 31.1035
ounce (avoirdupois) 1.097 142 9
pennyweight* 20
pound (avoirdupois) 0.068 571 429
scruple* 24
Ounce (British, fluid) cubic centimeter 28.413 06
gallon (British) (1/160)

milliliter

28.413 06
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by
Ounce (British, fluid) minim (British) 480
(continued ounce (U.S., fluid) 0.960 760
pint (British) (1/20)
quart (British) (1/40)
Ounce (U.S., fluid) cubic centimeter 29.573 530
gallon (U.S.) (1/128)
milliliter 29.573 530
pint (U.S., fluid) (1/16)
quart (U.S., fluid) (1/32)
Ounce (avoirdupois) per cubic kilogram per cubic meter 1.001 154
foot
Ounce (avoirdupois)/gallon gram per liter 7.489 15
(U.S)
Ounce (avoirdupois) per ton gram per ton (metric) 27.9018
(long)
milligram per kilogram 27.9018
Ounce (avoirdupois) per ton gram per ton (metric)* 31.25
(short)
milligram per kilogram* 31.25
Parsec light-year 3.261 636
Part per million milligram per kilogram* 1
milliliter per cubic meter* 1

Pascal

Pascal-second
Peck (British)
Peck (U.S.)
Pennyweight

Phot
Pica (printer’s)

Pint (British)

Pint (U.S., dry)

Pint (U.S., fluid)

atmosphere
bar*

dyne per square centimeter*

inch of mercury
millimeter of mercury
millimeter of water
newton per square meter*
pound per square inch
poundal per square foot
poise*

gallon (British)*
bushel (U.S.)*

grain*
gram*
ounce (troy)
pound

lux*

inch

point*

gallon (British)

liter

pint (U.S., fluid)

quart (British)

bushel (U.S.)

liter

peck (U.S.)

pint (British)

quart (U.S., dry)
gallon (U.S.)

liter

9.869 28310
10°5
10
2.953 0 1074
7.500 6 10-3
0.101 972
1
1.450 3%710-4
0.671 969
10
2
0.25
24
1.555 173 84
(1/20)
0.003 428 571 4
10
0.167
12
(1/8)
0.568 261
1.200 95
0.5
(1/64)
0.550 610 5
(1/16)
0.968 939
0.5
(1/8)
0.473 176 5
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TABLE 2.7 Conversion FactorgQontinued

2.49

To convert Into Multiply by
Pint (U.S., fluid) pint (British) 0.832 674
(continued quart (U.S., fluid)* 0.5
Planck’s constant joule-second 6.626 R8L034
Point (printer’s, Didot) millimeter 0.376 065 03
Point (printer’s, U.S.) millimeter* 0.351 459 8
Poise dyne-second per square centimeter* 1
pascal-second* 0.1
Polarizability volume (4re, cm?) coulomb squared-(meter squared per joule) 1.11X 6816
Pole (British) foot* 16.5
Pottle (British) gallon (British)* 0.5
Pound gram* 453.592 37
ounce (weight)* 16
ton (long) 4.464 285 K 104
ton (short) (1/2000)
Pound (troy) grain 5760
gram* 373.241721 6
ounce (troy)* 12
pennyweight 240
pound (weight) 0.822 857 14
scruple* 288
Pound per cubic foot kilogram per cubic meter 16.018 46
Pound per cubic inch gram per cubic centimeter 27.679 905
pound per cubic foot* 1728
Pound per foot kilogram per meter 1.488 16
Pound per (foot-second) pascal-second 1.488 16
Pound per gallon (U.S.) gram per liter 119.8264
Pound per hour kilogram per day 10.886 22
Pound per inch kilogram per meter 17.857 97
Pound per minute kilogram per hour 27.21554
Pound per square foot kilogram per square meter 4.882 43
Pound (force) kilogram (force) 0.453 592
newton 4.448 222
poundal 32.1740
Pound per square inch atmosphere 0.068 046 0
bar 0.068 948 0
inch of mercury (6C) 2.036 02
millimeter of mercury (6C) 51.7149
millimeter of water (4C) 703.070
pascal 6894.757
pound per square foot 144
Pound-second per square inch pascal-second 6894.76
Poundal gram (force) 14.0981
newton 0.138 255
pound (force) 0.031 0810
Poundal per square foot pascal 1.488 164
Poundal-foot newton-meter 0.0421401
Poundal-second per square foot pascal-second 1.488 164
Proof (U.S.) percent alcohol by volume* 0.5
Proton mass atomic mass unit 1.007 28
gram 1.6726x 104
Puncheon (British) gallon (British) 70
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by
Quad Btu 1&
joule 1.055X% 108
Quadrant circumference* 0.25
degree (angle)* 20
gon (grade)* 100
minute (angle)* 5400
radian @l2)
Quadrupole areeae(cn?) coulomb meter squared 1.602 ¥810-23
Quart (British) gallon (British)* 0.25
liter 1.136 523
ounce (British, fluid)* 40
pint (British)* 2
quart (U.S., fluid) 1.200 95
Quart (U.S., dry) bushel (U.S.) (2/32)
cubic foot 0.038 889 25
liter 1.101 221
peck (U.S.) (1/8)
pint (U.S., dry)* 2
Quart (U.S., fluid) gallon (U.S.)* 0.25
liter 0.946 529
ounce (U.S., fluid)* 32
pint (U.S., fluid) 2
quart (British) 0.832 674
Quartern (British, fluid) gill (British)* 0.5
Quintal (metric) kilogram* 100
Rad (absorbed dose) gray* 0.01
joule per kilogram* 0.01
Radian circumference 13
degree (angle) 57.295 780
minute (angle) 3437.75
guadrant (2h)
revolution (1/27)
Radian per centimeter degree per millimeter 5.729 58
degree per inch 145.531
Radian per second revolution per minute 9.549 30
Radian per second squared revolution per minute squared 572.958
Rankin (degree) kelvin (5/9)
Ream quire* 20
sheet 480 or 500
Register ton cubic foot* 100
cubic meter 2.831 685
Rem (dose equivalent) sievert* 0.01
Revolution degree (angle) 360
gon* 400
guadrant* 4
radian (27)
Revolution per minute degree (angle) per second* 6
radian per second 0.104 720
Revolution per minute squared radian per second squared 0.001 745 33
Revolution per second squared radian per second squared 6.283 185
revolution per minute squared 3600
Reyn pascal-second 6894.76
pound-second per square inch 1
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by
Rhe per pascal-second* 10
Right angle degree* 90
radian @l2)
Rod (British, volume) cubic foot* 1000
Rod (surveyer's measure) chain (Gunter's)* 0.25
foot* 16.5
link (Gunter’s)* 25
meter* 5.0292
Roentgen coulomb per kilogram 2.5810*
Rood (British) acre* 0.25
square meter 1011.714 1
Rydberg joule 2.179 8% 1018
Scruple dram (troy) (2/3)
grain* 20
gram* 1.295 978 2
ounce (weight) 0.045 714 286
ounce (troy) (2/24)
pennyweight (10/12)
pound (1/350)
Second (plane angle) degree 27777304
minute (1/60)
radian 7/6.48 X 10P)
Section square mile* 1
Siemens mho (ohni)* 1
Slug geepound* 1
kilogram 14.593 90
pound 32.1740
Speed of light centimeter per second 2.997 92458010
Sphere steradian ()
Square centimeter circular mil 1.973 531
circular millimeter 127.3240
square inch 0.155 000 31
Square chain (Gunter’s) acre* 0.1
square foot* 4356
square meter 404.686
Square chain (Ramsden’s) square foot* 410
Square degree (angle) steradian 3.046<1704
Square foot acre 2.295 68 10°°
square centimeter 929.0304
square meter 0.092 903 04
square rod 0.003 673 09
Square inch circular mil 1.273 240 10°
circular millimeter 821.4432
square centimeter 6.4516
Square kilometer acre 247.1054
hectare* 100
square mile 0.386 102 16
Square link (Gunter’s) square foot* 0.4356
Square link (Ramsden’s) square foot* 1
Square meter are* 0.01
square foot 10.763 91
square mile 3.861 0K 107
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TABLE 2.7 Conversion FactorgQontinued
To convert Into Multiply by
Square metercontinued square rod 0.039 536 9
square yard 1.195 990
Square mile acre* 640
square kilometer 2.589 988 110
township (1/36)
Square rod acre (1/160)
square foot 272.25
square meter 25.292 853
Square yard square foot* 9
square inch* 1296
square meter* 0.836 127 36
square rod 0.033 057 85
Statampere ampere 3.335 641101
Statcoulomb coulomb 3.335 644 10-%°
Statfarad farad 1.112 650 1012
Stathenry henry 8.987 552 10%
Statmho siemens 1.112 650102
Statohm ohm 8.987 558 101t
Statvolt volt 299.7925
Statweber weber 299.7925
Steradian sphere (13
spherical right angle (2)
square degree 3282.81
Stere cubic meter* 1
Stilb candela/crh 1
Stokes (kinematic viscosity) sguare meter per second* 410
Stone (British) pound* 14
Svedberg second* 1%
Tablespoon (metric) cubic centimeter*; milliter 14.79
Teaspoon (metric) cubic centimeter*; milliliter 4.929
Tesla weber per square meter* 1
Tex denier* 9
gram per kilometer* 1
Therm Btu* 16
joule* 1.054 804x 10¢
Ton (assay) gram 29.166 67
Ton (long) hundredweight (long)* 20
hundredweight (short)* 22.4

Ton (metric)

Ton (short)

Ton (force, long)
Ton (force, metric)

kilogram
pound*
ton (metric)
ton (short)
hundredweight (long)
hundredweight (short)
kilogram*
pound
ton (long)
ton (short)*

kilogram
pound*

newton

newton

1016.046 908 8
2240
1.016 046 9
1.12
19.684 131
22.046 226
1000
2204.6226
0.984 206 53
11023113
907.184 74
2000
1186.553
9806.65
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TABLE 2.7 Conversion FactorgQontinued

To convert Into Multiply by
Ton (force, short) newton 8896.44
Ton (force, long)/ft bar 1.072 518
pascal 1.072 51& 10°
Ton (force, metric)/rh bar 0.098 066 5
pascal 9806.65
Ton (force, short)/&t bar 0.957 605
pascal 9.576 0% 10*
Tonne (metric) kilogram* 1000
Torr atmosphere (1/760)
millibar 1.333 224
millimeter of mercury* (0C) 1
pascal 133.322; (101 325/760)
Township (U.S.) square kilometer 93.2396
square mile* 36
Unified atomic mass unit kilogram 1.660 541027
Unit pole weber 1.256 63% 107
Volt (mean international) volt 1.000 34
Volt (U.S. international) volt 1.000 330
Volt-second weber* 1
Watt Btu per hour 3.412 14
calorie per minute 14.3308
erg per second* 10
foot-pound per minute 44.2537
horsepower (British) 0.001 341 02
horsepower (metric) 0.001 359 62
joule per second* 1
kilogram-meter per second 0.101 972
Watt per square inch watt per square meter 1550.003
Watt-hour Btu 3.412 14
calorie 859.845
foot-pound 2655.22
horsepower-hour (British) 0.001 341 02
horsepower-hour (metric) 0.001 359 62
joule* 3600
liter-atmosphere 35.5292
Watt-second joule* 1
Weber maxwell* 16
Week day* 7
hour* 168
Wey (British, capacity) bushel (British) 40 (variable)
Wey (British, mass) pound 252 (variable)
X unit meter 1.002 02 10-%2
Yard fathom* 0.5
meter 0.9144
Year (mean of 4-years) day 365.25
week 52.178 87
Year (sidereal) day (mean solar) 365.256 36
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TABLE 2.8 Temperature Conversion Table

The column of figures in bold and which is headed “ReadingFnor °C. to be converted” refers to the
temperature either in degrees Fahrenheit or Celsius which it is desired to convert into the other scale. If conve
from Fahrenheit degrees to Celsius degrees, the equivalent temperature will be found in the column he:
“°C.”; while if converting from degrees Celsius to degrees Fahrenheit, the equivalent temperature will be fot
in the column headedF.” This arrangement is very similar to that of Sauveur and Boylston, copyrighted 192(
and is published with their permission.

Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
........ —458 —272.22 e —378 —227.78
........ —456 —-271.11 R —376 —226.67
........ —454 —270.00 e —-374 —225.56
........ —452 —268.89 e —372 —224.44
........ —450 —267.78 e —-370 —223.33
........ —448 —266.67 e —368 —222.22
........ — 446 —265.56 e —366 —-221.11
........ —444 —264.44 R —364 —220.00
........ —442 —263.33 e —362 —218.89
........ —440 —262.22 R —360 —217.78
........ —438 —261.11 e —358 —216.67
........ —436 —260.00 e —356 —215.56
........ —434 —258.89 e —354 —214.44
........ —432 —257.78 e —352 —213.33
........ —430 —256.67 e —350 —212.22
........ —428 —255.56 e —348 -211.11
........ —426 —254.44 e —346 —210.00
........ —424 —253.33 e —344 —208.89
........ —422 —252.22 e —342 —207.78
........ —420 —251.11 . —340 —206.67
........ —418 —250.00 R —338 —205.56
........ —416 —248.89 e —336 —204.44
........ —414 —247.78 R —334 —203.33
........ —412 —246.67 R —332 —202.22
........ —410 —245.56 e —330 —201.11
........ —408 —244.44 e —328 —200.00
........ —406 —243.33 e —326 —198.89
........ —404 —242.22 e —-324 —197.78
........ —402 —241.11 R —322 —196.67
........ —400 —240.00 e —-320 —195.56
........ —398 —238.89 e —318 —194.44
........ —396 —237.78 e —316 —193.33
........ —394 —236.67 e —314 —192.22
........ —392 —235.56 e —-312 —-191.11
........ —390 —234.44 R —310 —190.00
........ —388 —233.33 R —308 —188.89
........ —386 —232.22 e —306 —187.78
........ —384 —231.11 e —304 —186.67
........ —382 —230.00 e —302 —185.56
........ —380 —228.89 e —300 —184.44
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Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
........ —298 —183.33 —342.4 —-208 —133.33
........ —296 —182.22 —338.8 —206 —132.22
........ —294 -181.11 —335.2 —204 —-131.11
........ —292 —180.00 —331.6 —202 —130.00
........ —-290 —178.89 —328.0 —200 —128.89
........ —288 —-177.78 —324.4 —198 —127.78
........ —286 -176.67 —-320.8 —-196 —-126.67
........ —284 —175.56 —-317.2 —194 —125.56
........ —-282 —174.44 —313.6 —-192 —124.44
........ —280 —-173.33 —310.0 —190 —123.33
........ —278 —-172.22 —306.4 —188 —122.22
........ —276 -171.11 —302.8 —186 —-121.11
........ —-274 —170.00 —299.2 —-184 —120.00
—457.6 —272 —168.89 —295.6 —182 —118.89
—454.0 -270 —-167.78 —292.0 —-180 —-117.78
—-450.4 —268 —166.67 —288.4 —-178 -116.67
—446.8 —266 —165.56 —284.8 —-176 —115.56
—443.2 —264 —164.44 —281.2 —-174 —114.44
—439.6 —262 —-163.33 —277.6 —-172 —113.33
—436.0 —260 —-162.22 —274.0 —-170 —-112.22
—432.4 —258 -161.11 —270.4 —168 -111.11
—428.8 —256 —160.00 —266.8 - 166 —110.00
—425.2 —254 —158.89 —263.2 —164 —108.89
—421.6 —-252 —-157.78 —259.6 —-162 —-107.78
—418.0 —250 —156.67 —256.0 —-160 —106.67
—414.4 —248 —155.56 —252.4 —-158 —105.56
—410.8 —246 —154.44 —248.8 —156 —104.44
—407.2 —244 —153.33 —245.2 —-154 —-103.33
—403.6 —242 —152.22 —241.6 —152 —102.22
—400.0 —240 —-151.11 —238.0 -150 -101.11
—396.4 —238 —150.00 —234.4 —148 —100.00
—392.8 —236 —148.89 —230.8 —146 —98.89
—389.2 —234 —147.78 —227.2 —144 —97.78
—385.6 —-232 —146.67 —223.6 —142 —96.67
—382.0 —230 —145.56 —220.0 —140 —95.56
—378.4 —228 —144.44 —216.4 —138 —94.44
—374.8 —-226 —143.33 —-212.8 —-136 —-93.33
—-371.2 —224 —142.22 —209.2 —-134 —-92.22
—367.6 —-222 —-141.11 —205.6 —-132 -91.11
—364.0 -220 —140.00 —202.0 -130 —90.00
—360.4 —-218 —138.89 —198.4 —-128 —88.89
—356.8 —216 —137.78 —194.8 —-126 —87.78
—353.2 —-214 —136.67 —-191.2 —-124 —86.67
—349.6 —212 —135.56 —187.6 —-122 —85.56
—346.0 -210 —134.44 —184.0 -120 —84.44
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TABLE 2.8 Temperature Conversion Tabl€dntinued

Reading in Reading in
°F. or°C. °F. or°C.
to be to be

°F. converted °C. °F. converted °C.
—-180.4 —-118 —83.33 —-18.4 —-28 —33.33
—176.8 —116 —82.22 —14.8 —26 —-32.22
—173.2 —-114 —-81.11 —-11.2 —24 —-31.11
—169.6 —-112 —80.00 -7.6 —-22 —30.00
—166.0 —-110 —78.89 —-4.0 -20 —28.89
—162.4 —108 —77.78 -0.4 —18 —27.78
—158.8 —-106 —76.67 +3.2 -16 —26.67
—155.2 —104 —75.56 +6.8 —14 —25.56
—151.6 —-102 —74.44 +10.4 -12 —24.44
—148.0 —100 —73.33 +14.0 -10 —23.33
—144.4 —98 —-72.22 +17.6 -8 —22.22
—140.8 —96 —-71.11 +19.4 -7 —21.67
—-137.2 —-94 —70.00 +21.2 -6 —-21.11
—133.6 —-92 —68.89 +23.0 -5 —20.56
—130.0 -90 —67.78 +24.8 -4 —20.00
—-126.4 —88 —66.67 +26.6 -3 —-19.44
—122.8 —86 —65.56 +28.4 -2 —18.89
—119.2 -84 —64.44 +30.2 -1 —18.33
—115.6 —-82 —-63.33 +32.0 +0 —-17.78
—112.0 —80 —62.22 +33.8 +1 —-17.22
—108.4 —-78 -61.11 +35.6 +2 —16.67
—104.8 —76 —60.00 +37.4 +3 —-16.11
—101.2 —-74 —58.89 +39.2 +4 —15.56
—-97.6 —-72 —-57.78 +41.0 +5 —15.00
—-94.0 -70 —56.67 +42.8 +6 —14.44
—-90.4 —68 —55.56 +44.6 +7 —13.89
—86.8 —66 —54.44 +46.4 +8 —13.33
—-83.2 —64 —-53.33 +48.2 +9 —-12.78
—79.6 —-62 —52.22 +50.0 +10 —-12.22
—-76.0 -60 -51.11 +51.8 +11 —11.67
—72.4 —58 —50.00 +53.6 +12 -11.11
—68.8 —56 —48.89 +55.4 +13 —10.56
—65.2 —54 —47.78 +57.2 +14 —10.00
—61.6 -52 —46.67 +59.0 +15 —9.44
—58.0 —50 —45.56 +60.8 +16 —8.89
—54.4 —48 —44.44 +62.6 +17 —8.33
-50.8 —46 —43.33 +64.4 +18 —-7.78
—47.2 —44 —42.22 +66.2 +19 —-7.22
—43.6 —42 —-41.11 +68.0 +20 —6.67
—-40.0 —-40 —-40.00 +69.8 +21 -6.11
—-36.4 —38 —38.89 +71.6 +22 —-5.56
—-32.8 —36 —37.78 +73.4 +23 —5.00
—-29.2 -34 —36.67 +75.2 +24 —4.44
—25.6 -32 —35.56 +77.0 +25 —3.89
—-22.0 -30 —34.44 +78.8 +26 -3.33
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Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+80.6 +27 —-2.78 +161.6 +72 +22.22
+82.4 +28 —-2.22 +163.4 +73 +22.78
+84.2 +29 -1.67 +165.2 +74 +23.33
+86.0 +30 -1.11 +167.0 +75 +23.89
+87.8 +31 —0.56 +168.8 +76 +24.44
+89.6 +32 +0.00 +170.6 +77 +25.00
+91.4 +33 +0.56 +172.4 +78 +25.56
+93.2 +34 +1.11 +174.2 +79 +26.11
+95.0 +35 +1.67 +176.0 +80 +26.67
+96.8 +36 +2.22 +177.8 +81 +27.22
+98.6 +37 +2.78 +179.6 +82 +27.78
+100.4 +38 +3.33 +181.4 +83 +28.33
+102.2 +39 +3.89 +183.2 +84 +28.89
+104.0 +40 +4.44 +185.0 +85 +29.44
+105.8 +41 +5.00 +186.8 +86 +30.00
+107.6 +42 +5.56 +188.6 +87 +30.56
+109.4 +43 +6.11 +190.4 +88 +31.11
+111.2 +44 +6.67 +192.2 +89 +31.67
+113.0 +45 +7.22 +194.0 +90 +32.22
+114.8 +46 +7.78 +195.8 +91 +32.78
+116.6 +47 +8.33 +197.6 +92 +33.33
+118.4 +48 +8.89 +199.4 +93 +33.89
+120.2 +49 +9.44 +201.2 +94 +34.44
+122.0 +50 +10.00 +203.0 +95 +35.00
+123.8 +51 +10.56 +204.8 +96 +35.56
+125.6 +52 +11.11 +206.6 +97 +36.11
+127.4 +53 +11.67 +208.4 +98 +36.67
+129.2 +54 +12.22 +210.2 +99 +37.22
+131.0 +55 +12.78 +212.0 +100 +37.78
+132.8 +56 +13.33 +213.8 +101 +38.33
+134.6 +57 +13.89 +215.6 +102 +38.89
+136.4 +58 +14.44 +217.4 +103 +39.44
+138.2 +59 +15.00 +219.2 +104 +40.00
+140.0 +60 +15.56 +221.0 +105 +40.56
+141.8 +61 +16.11 +222.8 +106 +41.11
+143.6 +62 +16.67 +224.6 +107 +41.67
+145.4 +63 +17.22 +226.4 +108 +42.22
+147.2 +64 +17.78 +228.2 +109 +42.78
+149.0 +65 +18.33 +230.0 +110 +43.33
+150.8 +66 +18.89 +231.8 +111 +43.89
+152.6 +67 +19.44 +233.6 +112 +44.44
+154.4 +68 +20.00 +235.4 +113 +45.00
+156.2 +69 +20.56 +237.2 +114 +45.56
+158.0 +70 +21.11 +239.0 +115 +46.11
+159.8 +71 +21.67 +240.8 +116 +46.67
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Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+242.6 +117 +47.22 +323.6 +162 +72.22
+244.4 +118 +47.78 +325.4 +163 +72.78
+246.2 +119 +48.33 +327.2 +164 +73.33
+248.0 +120 +48.89 +329.0 +165 +73.89
+249.8 +121 +49.44 +330.8 +166 +74.44
+251.6 +122 +50.00 +332.6 +167 +75.00
+253.4 +123 +50.56 +334.4 +168 +75.56
+255.2 +124 +51.11 +336.2 +169 +76.11
+257.0 +125 +51.67 +338.0 +170 +76.67
+258.8 +126 +52.22 +339.8 +171 +77.22
+260.6 +127 +52.78 +341.6 +172 +77.78
+262.4 +128 +53.33 +343.4 +173 +78.33
+264.2 +129 +53.89 +345.2 +174 +78.89
+266.0 +130 +54.44 +347.0 +175 +79.44
+267.8 +131 +55.00 +348.8 +176 +80.00
+269.6 +132 +55.56 +350.6 +177 +80.56
+271.4 +133 +56.11 +352.4 +178 +81.11
+273.2 +134 +56.67 +354.2 +179 +81.67
+275.0 +135 +57.22 +356.0 +180 +82.22
+276.8 +136 +57.78 +357.8 +181 +82.78
+278.6 +137 +58.33 +359.6 +182 +83.33
+280.4 +138 +58.89 +361.4 +183 +83.89
+282.2 +139 +59.44 +363.2 +184 +84.44
+284.0 +140 +60.00 +365.0 +185 +85.00
+285.8 +141 +60.56 +366.8 +186 +85.56
+287.6 +142 +61.11 +368.6 +187 +86.11
+289.4 +143 +61.67 +370.4 +188 +86.67
+291.2 +144 +62.22 +372.2 +189 +87.22
+293.0 +145 +62.78 +374.0 +190 +87.78
+294.8 +146 +63.33 +375.8 +191 +88.33
+296.6 +147 +63.89 +377.6 +192 +88.89
+298.4 +148 +64.44 +379.4 +193 +89.44
+300.2 +149 +65.00 +381.2 +194 +90.00
+302.0 +150 +65.56 +383.0 +195 +90.56
+303.8 +151 +66.11 +384.8 +196 +91.11
+305.6 +152 +66.67 +386.6 +197 +91.67
+307.4 +153 +67.22 +388.4 +198 +92.22
+309.2 +154 +67.78 +390.2 +199 +92.78
+311.0 +155 +68.33 +392.0 +200 +93.33
+312.8 +156 +68.89 +393.8 +201 +93.89
+314.6 +157 +69.44 +395.6 +202 +94.44
+316.4 +158 +70.00 +397.4 +203 +95.00
+318.2 +159 +70.56 +399.2 +204 +95.56
+320.0 +160 +71.11 +401.0 +205 +96.11
+321.8 +161 +71.67 +402.8 +206 +96.67
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Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+404.6 +207 +97.22 +543.2 +284 +140.00
+406.4 +208 +97.78 +546.8 +286 +141.11
+408.2 +209 +98.33 +550.4 +288 +142.22
+410.0 +210 +98.89 +554.0 +290 +143.33
+411.8 +211 +99.44 +557.6 +292 +144.44
+413.6 +212 +100.00 +561.2 +294 +145.56
+415.4 +213 +100.56 +564.8 +296 +146.67
+417.2 +214 +101.11 +568.4 +298 +147.78
+419.0 +215 +101.67 +572.0 +300 +148.89
+420.8 +216 +102.22 +575.6 +302 +150.00
+422.6 +217 +102.78 +579.2 +304 +151.11
+424.4 +218 +103.33 +582.8 +306 +152.22
+426.2 +219 +103.89 +586.4 +308 +153.33
+428.0 +220 +104.44 +590.0 +310 +154.44
+431.6 +222 +105.56 +593.6 +312 +155.56
+435.2 +224 +106.67 +597.2 +314 +156.67
+438.8 +226 +107.78 +600.8 +316 +157.78
+442.4 +228 +108.89 +604.4 +318 +158.89
+446.0 +230 +110.00 +608.0 +320 +160.00
+449.6 +232 +111.11 +611.6 +322 +161.11
+453.2 +234 +112.22 +615.2 +324 +162.22
+456.8 +236 +113.33 +618.8 +326 +163.33
+460.4 +238 +114.44 +622.4 +328 +164.44
+464.0 +240 +115.56 +626.0 +330 +165.56
+467.6 +242 +116.67 +629.6 +332 +166.67
+471.2 +244 +117.78 +633.2 +334 +167.78
+474.8 +246 +118.89 +636.8 +336 +168.89
+478.4 +248 +120.00 +640.4 +338 +170.00
+482.0 +250 +121.11 +644.0 +340 +171.11
+485.6 +252 +122.22 +647.6 +342 +172.22
+489.2 +254 +123.33 +651.2 +344 +173.33
+492.8 +256 +124.44 +654.8 +346 +174.44
+496.4 +258 +125.56 +658.4 +348 +175.56
+500.0 +260 +126.67 +662.0 +350 +176.67
+503.6 +262 +127.78 +665.6 +352 +177.78
+507.2 +264 +128.89 +669.2 +354 +178.89
+510.8 +266 +130.00 +672.8 +356 +180.00
+514.4 +268 +131.11 +676.4 +358 +181.11
+518.0 +270 +132.22 +680.0 +360 +182.22
+521.6 +272 +133.33 +683.6 +362 +183.33
+525.2 +274 +134.44 +687.2 +364 +184.44
+528.8 +276 +135.56 +690.8 +366 +185.56
+532.4 +278 +136.67 +694.4 +368 +186.67
+536.0 +280 +137.78 +698.0 +370 +187.78
+539.6 +282 +138.89 +701.6 +372 +188.89




2.60

SECTION 2

TABLE 2.8 Temperature Conversion Tabl€dntinued

Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+705.2 +374 +190.00 +867.2 +464 +240.00
+708.8 +376 +191.11 +870.8 +466 +241.11
+712.4 +378 +192.22 +874.4 +468 +242.22
+716.0 +380 +193.33 +878.0 +470 +243.33
+719.6 +382 +194.44 +881.6 +472 +244.44
+723.2 +384 +195.56 +885.2 +474 +245.56
+726.8 +386 +196.67 +888.8 +476 +246.67
+730.4 +388 +197.78 +892.4 +478 +247.78
+734.0 +390 +198.89 +896.0 +480 +248.89
+737.6 +392 +200.00 +899.6 +482 +250.00
+741.2 +394 +201.11 +903.2 +484 +251.11
+744.8 +396 +202.22 +906.8 +486 +252.22
+748.4 +398 +203.33 +910.4 +488 +253.33
+752.0 +400 +204.44 +914.0 +490 +254.44
+755.6 +402 +205.56 +917.6 +492 +255.56
+759.2 +404 +206.67 +921.2 +494 +256.67
+762.8 +406 +207.78 +924.8 +496 +257.78
+766.4 +408 +208.89 +928.4 +498 +258.89
+770.0 +410 +210.00 +932.0 +500 +260.00
+773.6 +412 +211.11 +935.6 +502 +261.11
+777.2 +414 +212.22 +939.2 +504 +262.22
+780.8 +416 +213.33 +942.8 +506 +263.33
+784.4 +418 +214.44 +946.4 +508 +264.44
+788.0 +420 +215.56 +950.0 +510 +265.56
+791.6 +422 +216.67 +953.6 +512 +266.67
+795.2 +424 +217.78 +957.2 +514 +267.78
+798.8 +426 +218.89 +960.8 +516 +268.89
+802.4 +428 +220.00 +964.4 +518 +270.00
+806.0 +430 +221.11 +968.0 +520 +271.11
+809.6 +432 +222.22 +971.6 +522 +272.22
+813.2 +434 +223.33 +975.2 +524 +273.33
+816.8 +436 +224.44 +978.8 +526 +274.44
+820.4 +438 +225.56 +982.4 +528 +275.56
+824.0 +440 +226.67 +986.0 +530 +276.67
+827.6 +442 +227.78 +989.6 +532 +277.78
+831.2 +444 +228.89 +993.2 +534 +278.89
+834.8 +446 +230.00 +996.8 +536 +280.00
+838.4 +448 +231.11 +1000.4 +538 +281.11
+842.0 +450 +232.22 +1004.0 +540 +282.22
+845.6 +452 +233.33 +1007.6 +542 +283.33
+849.2 +454 +234.44 +1011.2 +544 +284.44
+852.8 +456 +235.56 +1014.8 +546 +285.56
+856.4 +458 +236.67 +1018.4 +548 +286.67
+860.0 +460 +237.78 +1022.0 +550 +287.78
+863.6 +462 +238.89 +1025.6 +552 +288.89




TABLE 2.8 Temperature Conversion Tabl€gntinued
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2.61

Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+1029.2 +554 +290.00 +1191.2 +644 +340.00
+1032.8 +556 +291.11 +1194.8 +646 +341.11
+1036.4 +558 +292.22 +1198.4 +648 +342.22
+1040.0 +560 +293.33 +1202.0 +650 +343.33
+1043.6 +562 +294.44 +1205.6 +652 +344.44
+1047.2 +564 +295.56 +1209.2 +654 +345.56
+1050.8 +566 +296.67 +1212.8 +656 +346.67
+1054.4 +568 +297.78 +1216.4 +658 +347.78
+1058.0 +570 +298.89 +1220.0 +660 +348.89
+1061.6 +572 +300.00 +1223.6 +662 +350.00
+1065.2 +574 +301.11 +1227.2 +664 +351.11
+1068.8 +576 +302.22 +1230.8 +666 +352.22
+1072.4 +578 +303.33 +1234.4 +668 +353.33
+1076.0 +580 +304.44 +1238.0 +670 +354.44
+1079.6 +582 +305.56 +1241.6 +672 +355.56
+1083.2 +584 +306.67 +1245.2 +674 +356.67
+1086.8 +586 +307.78 +1248.8 +676 +357.78
+1090.4 +588 +308.89 +1252.4 +678 +358.89
+1094.0 +590 +310.00 +1256.0 +680 +360.00
+1097.6 +592 +311.11 +1259.6 +682 +361.11
+1101.2 +594 +312.22 +1263.2 +684 +362.22
+1104.8 +596 +313.33 +1266.8 +686 +363.33
+1108.4 +598 +314.44 +1270.4 +688 +364.44
+1112.0 +600 +315.56 +1274.0 +690 +365.56
+1115.6 +602 +316.67 +1277.6 +692 +366.67
+1119.2 +604 +317.78 +1281.2 +694 +367.78
+1122.8 +606 +318.89 +1284.8 +696 +368.89
+1126.4 +608 +320.00 +1288.4 +698 +370.00
+1130.0 +610 +321.11 +1292.0 +700 +371.11
+1133.6 +612 +322.22 +1295.6 +702 +372.22
+1137.2 +614 +323.33 +1299.2 +704 +373.33
+1140.8 +616 +324.44 +1302.8 +706 +374.44
+1144.4 +618 +325.56 +1306.4 +708 +375.56
+1148.0 +620 +326.67 +1310.0 +710 +376.67
+1151.6 +622 +327.78 +1313.6 +712 +377.78
+1155.2 +624 +328.89 +1317.2 +714 +378.89
+1158.8 +626 +330.00 +1320.8 +716 +380.00
+1162.4 +628 +331.11 +1324.4 +718 +381.11
+1166.0 +630 +332.22 +1328.0 +720 +382.22
+1169.6 +632 +333.33 +1331.6 +722 +383.33
+1173.2 +634 +334.44 +1335.2 +724 +384.44
+1176.8 +636 +335.56 +1338.8 +726 +385.56
+1180.4 +638 +336.67 +1342.4 +728 +386.67
+1184.0 +640 +337.78 +1346.0 +730 +387.78
+1187.6 +642 +338.89 +1349.6 +732 +388.89




2.62

SECTION 2

TABLE 2.8 Temperature Conversion Tabl€dntinued

Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+1353.2 +734 +390.00 +1515.2 +824 +440.00
+1356.8 +736 +391.11 +1518.8 +826 +441.11
+1360.4 +738 +392.22 +1522.4 +828 +442.22
+1364.0 +740 +393.33 +1526.0 +830 +443.33
+1367.6 +742 +394.44 +1529.6 +832 +444.44
+1371.2 +744 +395.56 +1533.2 +834 +445.56
+1374.8 +746 +396.67 +1536.8 +836 +446.67
+1378.4 +748 +397.78 +1540.4 +838 +447.78
+1382.0 +750 +398.89 +1544.0 +840 +448.89
+1385.6 +752 +400.00 +1547.6 +842 +450.00
+1389.2 +754 +401.11 +1551.2 +844 +451.11
+1392.8 +756 +402.22 +1554.8 +846 +452.22
+1396.4 +758 +403.33 +1558.4 +848 +453.33
+1400.0 +760 +404.44 +1562.0 +850 +454.44
+1403.6 +762 +405.56 +1565.6 +852 +455.56
+1407.2 +764 +406.67 +1569.2 +854 +456.67
+1410.8 +766 +407.78 +1572.8 +856 +457.78
+1414.4 +768 +408.89 +1576.4 +858 +458.89
+1418.0 +770 +410.00 +1580.0 +860 +460.00
+1421.6 +772 +411.11 +1583.6 +862 +461.11
+1425.2 +774 +412.22 +1587.2 +864 +462.22
+1428.8 +776 +413.33 +1590.8 +866 +463.33
+1432.4 +778 +414.44 +1594.4 +868 +464.44
+1436.0 +780 +415.56 +1598.0 +870 +465.56
+1439.6 +782 +416.67 +1601.6 +872 +466.67
+1443.2 +784 +417.78 +1605.2 +874 +467.78
+1446.8 +786 +418.89 +1608.8 +876 +468.89
+1450.4 +788 +420.00 +1612.4 +878 +470.00
+1454.0 +790 +421.11 +1616.0 +880 +471.11
+1457.6 +792 +422.22 +1619.6 +882 +472.22
+1461.2 +794 +423.33 +1623.2 +884 +473.33
+1464.8 +796 +424.44 +1626.8 +886 +474.44
+1468.4 +798 +425.56 +1630.4 +888 +475.56
+1472.0 +800 +426.67 +1634.0 +890 +476.67
+1475.6 +802 +427.78 +1637.6 +892 +477.78
+1479.2 +804 +428.89 +1641.2 +894 +478.89
+1482.8 +806 +430.00 +1644.8 +896 +480.00
+1486.4 +808 +431.11 +1648.4 +898 +481.11
+1490.0 +810 +432.22 +1652.0 +900 +482.22
+1493.6 +812 +433.33 +1655.6 +902 +483.33
+1497.2 +814 +434.44 +1659.2 +904 +484.44
+1500.8 +816 +435.56 +1662.8 +906 +485.56
+1504.4 +818 +436.67 +1666.4 +908 +486.67
+1508.0 +820 +437.78 +1670.0 +910 +487.78
+1511.6 +822 +438.89 +1673.6 +912 +488.89
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Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+1677.2 +914 +490.00 +1868.0 +1020 +548.89
+1680.8 +916 +491.11 +1886.0 +1030 +554.44
+1684.4 +918 +492.22 +1904.0 +1040 +560.00
+1688.0 +920 +493.33 +1922.0 +1050 +565.56
+1691.6 +922 +494.44 +1940.0 +1060 +571.11
+1695.2 +924 +495.56 +1958.0 +1070 +576.67
+1698.8 +926 +496.67 +1976.0 +1080 +582.22
+1702.4 +928 +497.78 +1994.0 +1090 +587.78
+1706.0 +930 +498.89 +2012.0 +1100 +593.33
+1709.6 +932 +500.00 +2030.0 +1110 +598.89
+1713.2 +934 +501.11 +2048.0 +1120 +604.44
+1716.8 +936 +502.22 +2066.0 +1130 +610.00
+1720.4 +938 +503.33 +2084.0 +1140 +615.56
+1724.0 +940 +504.44 +2102.0 +1150 +621.11
+1727.6 +942 +505.56 +2120.0 +1160 +626.67
+1731.2 +944 +506.67 +2138.0 +1170 +632.22
+1734.8 +946 +507.78 +2156.0 +1180 +637.78
+1738.4 +948 +508.89 +2174.0 +1190 +643.33
+1742.0 +950 +510.00 +2192.0 +1200 +648.89
+1745.6 +952 +511.11 +2210.0 +1210 +654.44
+1749.2 +954 +512.22 +2228.0 +1220 +660.00
+1752.8 +956 +513.33 +2246.0 +1230 +665.56
+1756.4 +958 +514.44 +2264.0 +1240 +671.11
+1760.0 +960 +515.56 +2282.0 +1250 +676.67
+1763.6 +962 +516.67 +2300.0 +1260 +682.22
+1767.2 +964 +517.78 +2318.0 +1270 +687.78
+1770.8 +966 +518.89 +2336.0 +1280 +693.33
+1774.4 +968 +520.00 +2354.0 +1290 +698.89
+1778.0 +970 +521.11 +2372.0 +1300 +704.44
+1781.6 +972 +522.22 +2390.0 +1310 +710.00
+1785.2 +974 +523.33 +2408.0 +1320 +715.56
+1788.8 +976 +524.44 +2426.0 +1330 +721.11
+1792.4 +978 +525.56 +2444.0 +1340 +726.67
+1796.0 +980 +526.67 +2462.0 +1350 +732.22
+1799.6 +982 +527.78 +2480.0 +1360 +737.78
+1803.2 +984 +528.89 +2498.0 +1370 +743.33
+1806.8 +986 +530.00 +2516.0 +1380 +748.89
+1810.4 +988 +531.11 +2534.0 +1390 +754.44
+1814.0 +990 +532.22 +2552.0 +1400 +760.00
+1817.6 +992 +533.33 +2570.0 +1410 +765.56
+1821.2 +994 +534.44 +2588.0 +1420 +771.11
+1824.8 +996 +535.56 +2606.0 +1430 +776.67
+1828.4 +998 +536.67 +2624.0 +1440 +782.22
+1832.0 +1000 +537.78 +2642.0 +1450 +787.78
+1850.0 +1010 +543.33 +2660.0 +1460 +793.33
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TABLE 2.8 Temperature Conversion Tabl€dntinued

Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+2678.0 +1470 +798.89 +3488.0 +1920 +1048.9
+2696.0 +1480 +804.44 +3506.0 +1930 +1054.4
+2714.0 +1490 +810.00 +3524.0 +1940 +1060.0
+2732.0 +1500 +815.56 +3542.0 +1950 +1065.6
+2750.0 +1510 +821.11 +3560.0 +1960 +1071.1
+2768.0 +1520 +826.67 +3578.0 +1970 +1076.7
+2786.0 +1530 +832.22 +3596.0 +1980 +1082.2
+2804.0 +1540 +837.78 +3614.0 +1990 +1087.8
+2822.0 +1550 +843.33 +3632.0 +2000 +1093.3
+2840.0 +1560 +848.89 +3650.0 +2010 +1098.9
+2858.0 +1570 +854.44 +3668.0 +2020 +1104.4
+2876.0 +1580 +860.00 +3686.0 +2030 +1110.0
+2894.0 +1590 +865.56 +3704.0 +2040 +1115.6
+2912.0 +1600 +871.11 +3722.0 +2050 +1121.1
+2930.0 +1610 +876.67 +3740.0 +2060 +1126.7
+2948.0 +1620 +882.22 +3758.0 +2070 +1132.2
+2966.0 +1630 +887.78 +3776.0 +2080 +1137.8
+2984.0 +1640 +893.33 +3794.0 +2090 +1143.3
+3002.0 +1650 +898.89 +3812.0 +2100 +1148.9
+3020.0 +1660 +904.44 +3830.0 +2110 +1154.4
+3038.0 +1670 +910.00 +3848.0 +2120 +1160.0
+3056.0 +1680 +915.56 +3866.0 +2130 +1165.6
+3074.0 +1690 +921.11 +3884.0 +2140 +1171.1
+3092.0 +1700 +926.67 +3902.0 +2150 +1176.7
+3110.0 +1710 +932.22 +3920.0 +2160 +1182.2
+3128.0 +1720 +937.78 +3938.0 +2170 +1187.8
+3146.0 +1730 +943.33 +3956.0 +2180 +1193.3
+3164.0 +1740 +948.89 +3974.0 +2190 +1198.9
+3182.0 +1750 +954.44 +3992.0 +2200 +1204.4
+3200.0 +1760 +960.00 +4010.0 +2210 +1210.0
+3218.0 +1770 +965.56 +4028.0 +2220 +1215.6
+3236.0 +1780 +971.11 +4046.0 +2230 +1221.1
+3254.0 +1790 +976.67 +4064.0 +2240 +1226.7
+3272.0 +1800 +982.22 +4082.0 +2250 +1232.2
+3290.0 +1810 +987.78 +4100.0 +2260 +1237.8
+3308.0 +1820 +993.33 +4118.0 +2270 +1243.3
+3326.0 +1830 +998.89 +4136.0 +2280 +1248.9
+3344.0 +1840 +1004.4 +4154.0 +2290 +1254.4
+3362.0 +1850 +1010.0 +4172.0 +2300 +1260.0
+3380.0 +1860 +1015.6 +4190.0 +2310 +1265.6
+3398.0 +1870 +1021.1 +4208.0 +2320 +1271.1
+3416.0 +1880 +1026.7 +4226.0 +2330 +1276.7
+3434.0 +1890 +1032.2 +4244.0 +2340 +1282.2
+3452.0 +1900 +1037.8 +4262.0 +2350 +1287.8
+3470.0 +1910 +1043.3 +4280.0 +2360 +1293.3
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Reading in Reading in
°F. or°C. °F. or°C.
to be to be
°F. converted °C. °F. converted °C.
+4298.0 +2370 +1298.9 +4964.0 +2740 +1504.4
+4316.0 +2380 +1304.4 +4982.0 +2750 +1510.0
+4334.0 +2390 +1310.0 +5000.0 +2760 +1515.6
+4352.0 +2400 +1315.6 +5018.0 +2770 +1521.1
+4370.0 +2410 +1321.1 +5036.0 +2780 +1526.7
+4388.0 +2420 +1326.7 +5054.0 +2790 +1532.2
+4406.0 +2430 +1332.2 +5072.0 +2800 +1537.8
+4424.0 +2440 +1337.8 +5090.0 +2810 +1543.3
+4442.0 +2450 +1343.3 +5108.0 +2820 +1548.9
+4460.0 +2460 +1348.9 +5126.0 +2830 +1554.4
+4478.0 +2470 +1354.4 +5144.0 +2840 +1560.0
+4496.0 +2480 +1360.0 +5162.0 +2850 +1565.6
+4514.0 +2490 +1365.6 +5180.0 +2860 +1571.1
+4532.0 +2500 +1371.1 +5198.0 +2870 +1576.7
+4550.0 +2510 +1376.7 +5216.0 +2880 +1582.2
+4568.0 +2520 +1382.2 +5234.0 +2890 +1587.8
+4604.0 +2540 +1393.3 +5270.0 +2910 +1598.9
+4622.0 +2550 +1398.9 +5288.0 +2920 +1604.4
+4640.0 +2560 +1404.4 +5306.0 +2930 +1610.0
+4658.0 +2570 +1410.0 +5324.0 +2940 +1615.6
+4676.0 +2580 +1415.6 +5342.0 +2950 +1621.1
+4694.0 +2590 +1421.1 +5360.0 +2960 +1626.7
+4712.0 +2600 +1426.7 +5378.0 +2970 +1632.2
+4730.0 +2610 +1432.2 +5396.0 +2980 +1637.8
+4748.0 +2620 +1437.8 +5414.0 +2990 +1643.3
+4766.0 +2630 +1443.3 +5432.0 +3000 +1648.9
+4784.0 +2640 +1448.9 +5450.0 +3010 +1654.4
+4802.0 +2650 +1454.4 +5468.0 +3020 +1660.0
+4820.0 +2660 +1460.0 +5486.0 +3030 +1665.6
+4838.0 +2670 +1465.6 +5504.0 +3040 +1671.1
+4856.0 +2680 +1471.1 +5522.0 +3050 +1676.7
+4874.0 +2690 +1476.7 +5540.0 +3060 +1682.2
+4892.0 +2700 +1482.2 +5558.0 +3070 +1687.8
+4910.0 +2710 +1487.8 +5576.0 +3080 +1693.3
+4928.0 +2720 +1493.3 +5594.0 +3090 +1698.9
+4946.0 +2730 +1498.9 +5612.0 +3100 +1704.4




2.66 SECTION 2

2.1.1 Conversion of Thermometer Scales

The following abbreviations are usetF, degrees FahrenheRfC, degrees CelsiusK, degrees
Kelvin; °Rg, degrees ReaumutR, degrees RankinéZ, degrees on any scale; (fp)“Z”, the freezing
point of water on the Z scale; and (bp)“Z”, the boiling point of water on the Z scale. Referenc
Dodds,Chemical and Metallurgical Engineering8:476 (1931).

F—32 °C °Re K-—273 °R-492  °Z— (fp)Z
180 100 80 100 180  (bp)“z= (fp)Z”

Examples
(1) To find the Fahrenheit temperature corresponding g8°C:

°F-32 °C o F=82 -20
180 100 180 100
e oo (—20)(180)
F-82="—  —=-36
°F = —4

(2) To find the Reaumur temperature corresponding 20

°F-32 °Re 20-32 °Re
180 80 180 80

ie., 20°F = —5.33Ré

(3) To find the correct temperature on a thermometer readifi§ 80d that shows a reading of
—0.30°C in a melting ice/water mixture and 99@in steam a760 mm pressure of mercury:
°C_ Z—(fp)z7 80 —(—0.30)
100 (bp)Z" — (fp)“Z" 99.0 — (—0.30)

ie., °C = 80.87 (corrected)

2.1.2 Density and Specific Gravity

2.1.2.1 Hydrometers. Various hydrometers and the relation between the various scales.

Alcoholometer. This hydrometer is used in determining the density of aqueous ethyl alcoh
solutions; the reading in degrees is numerically the same as the percentage of alcohol by volt
The scale known as Tralle gives the percentage by volume. Wine and Must hydrometer relati
are given below.

Ammoniameter. This hydrometer, employed in finding the density of agueous ammonia soll
tions, has a scale graduated in equal divisions frono@C. To convert the reading to specific
gravity multiply by 3 and subtract the resulting number from 1000.

Balling Hydrometer. See under Saccharometers.
Barkometer or Barktrometer. This hydrometer, which is used in determining the density of
tanning liquors, has a scale frori @ 8C° Bk; the number to the right of the decimal point of a

specific gravity reading is the corresponding Bk degree; thus, a specific gravity of 1.015
15° Bk.
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BaunieHydrometers. For liquids heavier than water: This hydrometer was originally based or
the density of a 10% sodium chloride solution, which was given the value°oah@ the density

of pure water, which was given the value &f the interval between these two values was divided
into 10 equal parts. Other reference points have been taken with the result that so much confu
exists that there are about 36 different scales in use, many of which are incorrect. In gener
Baunmiehydrometer should have inscribed on it the temperature at which it was calibrated a
also the temperature of the water used in relating the density to a specific gravity. The followi
expression gives the relation between the specific gravity and several of theé Beaales

Specific gravity= m— Baune

m = 145 at 60/60°F (15.56C) for the American Scale
=144 for the old scale used in Holland
= 146.3 at 15C for the Gerlach Scale
= 144.3 at 18C for the Rational Scale generally used in Germany

For liquids lighter than water: Originally the density of a solution of 1 gram of sodium chloride
in 9 grams of water at 12°6 was given a value of 2Bé. The scale between these points was
divided into ten equal parts and these divisions were repeated throughout the scale givin
relation which could be expressed by the formula: Specific gravity45.88/(135.88+ Bé),
which is approximately equal th46/(136+ B&). Other scales have since come into more gene
use such as that of the Bureau of Standards in which the specific gravity°/80°60=
140/(130+ Bé) and that of the American Petroleum Institute (A.P.l. Scale) in which the specifi
gravity at 60/60°F = 141.5/(131.5+ API°).

See also special table for conversion to density and Twaddell scale.

Beck’s Hydrometer. This hydrometer is graduated to show a reading°’ah@ure water and a
reading of 30in a solution with a specific gravity of 0.850, with equal scale divisions above an
below these two points.

Brix Hydrometer. See under Saccharometers.

Cartier’'s Hydrometer. This hydrometer shows a reading of°22hen immersed in a solution
having a density of Z2Baumebut the scale divisions are smaller than on the Bahytzrometer
in the ratio of 16 Cartier to 15 Baume

Fatty Oil Hydrometer. The graduations on this hydrometer are in specific gravity within the
range 0.908 to 0.938. The letters on the scale correspond to the specific gravity of the vari
common oils as followsR, rape;O, olive; A, almond;S, sesameHL, hoof oil; HP, hemp;C,
cotton seedL, linseed. See also Oleometer below.

Lactometers. These hydrometers are used in determining the density of milk. The various scal
in common use are the following:

New York Board of Healthas a scale graduated into 120 equal paftdeihg equal to the
specific gravity of water and 10®eing equal to a specific gravity of 1.029.

Quevenndactometer is graduated from L& 40 corresponding to specific gravities from
1.015 to 1.040.

Soxhletactometer has a scale from°26 35 corresponding to specific gravities from 1.025
to 1.035 respectively.
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Oleometer. A hydrometer for determining the density of vegetable and sperm oils with a sca
from 50 to ® corresponding to specific gravities from 0.870 to 0.970. See also Fatty Oil Hy
drometer above.

Saccharometers. These hydrometers are used in determining the density of sugar solutior
Solutions of the same concentration but of different carbohydrates have very nearly the sé
specific gravity and in general a concentration of 10 grams of carbohydrdat@@enL of soluti
shows a specific gravity of 1.0386. Thus, the wt. of sugat®0 mL soln(ajsfor conc
<129/100 mL: (wt. of 1000 mL soln- 1000) + 0.386; (b) for conc. >12g/100 mL: (wt of
1000 mL soln.— 1000) - 0.385.

Brix hydrometer is graduated so that the number of degrees is identical with the percent
by weight of cane sugar and is used at the temperature indicated on the hydrometer.

Balling’s saccharometer is used in Europe and is practically identical with the Brix hydron
eter.

Batesbrewers’ saccharometer which is used in determining the density of malt worts
graduated so that the divisions express pounds per barrel (32 gallons). The relation betw
degrees Bates=(b) and degrees Balling=(B) is shown by the following formula: B-
260b/(360+ b).

See also below under Wine and Must Hydrometer.

Salinometer. This hydrometer, which is used in the pickling and meat packing plants, is grac
uated to show percentage of saturation of a sodium chloride solution. An aqueous solutior
completely saturated when it contains 26.4% pure sodium chloride. The range from 0% to 26.
is divided into 100 parts, each division therefore representing 1% of saturation. In another ty
of salinometer, the degrees correspond to percentages of sodium chloride expressed in grar
sodium chloride pet00 mL of water.

Sprayometer (Parrot and Stewart) This hydrometer which is used in determining the density
of lime sulfur solutions has two scales; one scale is graduated ffoto 88 Baumeand the
other scale is from 1.000 to 1.350 specific gravity.

Tralle Hydrometer. See Alcoholometer above.

Twaddell Hydrometer. This hydrometer, which is used only for liquids heavier than water, ha:
a scale such that when the reading is multiplied by 5 and added to 1000 the resulting numbe
the specific gravity with reference to water as 1000. To convert specific gravity’/8080to
Twaddell degrees, take the decimal portion of the specific gravity value and multiply it by 20
thus a specific gravity af.032= 0.032X 200 = 6.4’ Tw. See also special table for conversior
to density and Baumscale.

Wine and Must Hydrometer.This instrument has three scales. One scale shows readings of
to 15 Brix for sugar (see Brix Hydrometer above); another scale fréro @5 Tralle is used
for sweet wines to indicate the percentage of alcohol by volume; and a third scale“ftora®
Tralle is used for tart wines to indicate the percentage of alcohol by volume.

2.1.2.2 Conversion of Specific Gravity at 285°C to Density at any Temperature from°Go
4(*C.* Liquids change volume with change in temperature, but the amount of this ch@nge,
(coefficient of cubical expansion), varies widely with different liquids, and to some extent for tt
same liquid at different temperatures.

The table below, which is calculated from the relationship:

_density of water at 2& (=0.99705)
‘ 1- B@25-t)

Fg (2.1)

* Cf. Dreisbach,Ind. Eng. Chem., Anal. EA.2:160 (1940).
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may be used to find!, the density (weightbimL ) of a liquid at any temperatute{ween 0
and 40C if the specific gravity at 2825°C (S and the coefficient of cubical expansiof) (are
known. Substitutions are made in the equations:

d' = SF;, (2.2)
dt
S=— (2.3)
Fﬁt
Factors EB,)
Density tC = sp. gr. 28/25° X Fy,
°C.
0 5 10 15 20 25 30 35 40
*B X 10
1.3 1.0306 1.0237 1.0169 1.0102 1.0036 0.99705 0.99065 0.9843 0.9780
1.2 1.0279 1.0216 1.0154 1.0092 1.0031 0.99705 0.9911 0.9853 0.9794
11 1.0253 1.0195 1.0138 1.0082 1.0026 0.99705 0.9916 0.9963 0.9809
1.0 1.0227 1.0174 1.0123 1.0072 1.0021 0.99705 0.9921 0.9872 0.98234
0.9 1.0200 1.0153 1.0107 1.0060 1.0016 0.99705 0.99262 0.9882 0.9838
0.8 1.0174 1.0133 1.0092 1.0051 1.0011 0.99705 0.9931 0.98918 0.9851
0.7 1.0148 1.0113 1.0077 1.0041 1.0006 0.99705 0.9935 0.99015 0.98672
0.6 1.0122 1.0092 1.0061 1.0031 1.0001 0.99705 0.9941 0.9911 0.9882
0.5 1.0097 1.0072 1.0046 1.0021 0.99958 0.99705 0.9944 0.9921 0.9897
0. 1.0071 1.0051 1.0031 1.0011 0.99908 0.99705 0.9951 0.9931 0.9911

* B = coefficient of cubical expansion.

Examples. All examples are based upon an assumed coefficient of cubical expagsioh,
1.3 X 10°3.

Example 1. To find the density of a liquid at 2Q, d?°, which has a specific gravitys( of
1.250G2 :

From the table abovE,, @0°C = 1.0036.
d?0 = d' = SF; = 1.2500X 1.0036= 1.2545

Example 2. To find the density at 2@ (d?°) of a liquid which has a specific gravity of
1.2506 :

Since the density of water at@ is equal to 1, specific gravity af7°/4° = d'” = 1.2500.

Substitution in Equation 3 witlr,,  at 1€, by interpolation from the table, equal to 1.00756,
gives

Sp. gr. 28/25° = S= 1.2500+ 1.00756

Substitution of this value foBin Equation 2 withF, at 28C, from the table, equal to 1.0036,
gives

d?0 = dt = (1.2500+ 1.00756)X 1.0036= 1.2451
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Example 3. To find the specific gravity at 201°C of a liquid which has a specific gravity of
1.250G7 :

Since the density of water af@, is equal to 1, specific gravit®5°/4° = d25 = 1.2500; and,
specific gravity20°/4° = d°.

Substitution in Equation 3, witl' = 1.2500; and, with,,  at“Z5 from the table, equal to
0.99705, gives

Sp. gr. 28/25° = S= 1.2500+ 0.99705

Substitution of this value foBin Equation 2, withF, at 2TC, from the table, equal to 1.0036,
gives

Sp. gr. 20/4° = d?° = (1.2500+ 0.99705)x 1.0036= 1.2582
Example 4. To find the density at 2& of a liquid which has a specific gravity 4250G2 :
Since the density of water at A5 = 0.99910,
d’s = sp. gr. 18/15° X 0.99910= 1.2500% 0.99910
Substitution in Equation 3, witk;,  at 16, from the table, equal to 1.0102, gives
Sp. gr. 25/25° = S = (1.2500% 0.99910)~+ 1.0102

Substitution of this value foin Equation 2, withF, at 25 from the table, equal to 0.99705,
gives

d26 = dt = (1.2500% 0.99910~+ 1.0102)Xx 0.99705= 1.2326

2.1.3 Barometry and Barometric Corrections

In principle, the mercurial barometer balances a column of pure mercury against the weight of
atmosphere. The height of the column above the level of the mercury in the reservoir can be meas
and serves as a direct index of atmospheric pressure. The space above the mercury in a baro
tube should be a Torricellian vacuum, perfect except for the practically negligible vapor pressure
mercury. The perfection of the vacuum is indicated by the sharpness of the click noted when
barometer tube is inclined. A barometer should be in a vertical position, suspended rather t
fastened to a wall, and in a good light but not exposed to direct sunlight or too near a source
heat. The standard conditions for barometric measurements@rar@ gravity as at 49atitude
and sea level. There are numerous sources of error, but corrections for most of these are re.
applied. Some of the corrections are very small, and their application may be questionable in v
of the probably larger errors. The degree of consistency to be expected in careful measuremer
about0.13 mm with a 6.4-mm tube, increasing @04 mm with a tut2.7 mm in diameter.

In reading a barometer of the Fortin type (the usual laboratory instrument for precision me
surements), the procedure should be as follows: (1) Observe and record the temperature as indi
by the thermometer attached to the barometer. The temperature correction is very important and
be affected by heat from the observer’s body. (2) Set the mercury in the reservoir at zero level
that the point of the pin above the mercury just touches the surface, making a barely noticez
dimple therein. Tap the tube at the top and verify the zero setting. (3) Bring the vernier down ur
the view at the light background is cut off at the highest point of the meniscus. Record the readi

The corrections to be made on the reading are as follows: (1) Temperature, to correct for
difference in thermal expansion of the mercury and the brass (or glass) to which the scale is attac
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This correction converts the reading into the value ®@.0The brass scale table is applicable to the
Fortin barometer. See Tables 2.10 latitude-gravity correction, and 2.11 altitude-gravity correcti
to compensate for differences in gravity, which would affect the height of the mercury column {
variation in mass. If local gravity is unknown, an approximate correction may be made from tl
tables. Local values of gravity are often subject to irregularities which lead to errors even when |
corrections here provided are made. Itis, therefore, advisable to determine the local value of gray
from which the correction can be effected in the following manner:

Bt=Br+<u’) % Br

%
in which Bt andBr are the true and the observed heights of the barometer, respedjislgtandard
gravity (980 665 cm - ¥ )andg, is the local gravity. It may be noted that for most localitigsis
smaller tharg,, which makes the correction negative. These corrections compensate the readin
gravity at 48 latitude and sea level. (3) Correction for capillary depression of the level of th
meniscus. This varies with the tube diameter and actual height of the meniscus in a particular ¢
Some barometers are calibrated to allow for an average value of the latter and approximating
correction. See table. (4) Correction for vapor pressure of mercury. This correction is usually n
ligible, being only0.001 mm at 26C and 0.006 mmat 40C. This correction is added. See table of
vapor pressure of mercury.

The corrections above do not apply to aneroid barometers. These instruments should be calibr
at regular intervals by checking them against a corrected mercurial barometer.

For records on weather maps, meteorologists customarily correct barometer readings to sea |
and some barometers may be calibrated accordingly. Such instruments are not suitable for labor:
use where true pressure under standard conditions is required. Scale corrections should be spe
in the maker’s instructions with the instrument, and are also indicated by the lack of corresponde
between a gauge mark usually placed exagéy2 cm from the zero point and the 76.2-cm sc
graduation.
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TABLE 2.9 Barometer Temperature Correction—Metric Units

The values in the table below are to be subtracted from the observed readings to correct for the differe
in the expansion of the mercury and the glass scale at different temperatures.

A. Glass scale

Observed barometer height in millimeters
700 730 740 750 760 770 800
Temp.

°C. mm. mm. mm. mm. mm. mm. mm.
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.12 0.13 0.13 0.13 0.13 0.13 0.14
2 0.24 0.25 0.26 0.26 0.26 0.27 0.27
3 0.36 0.38 0.38 0.39 0.40 0.40 0.42
4 0.49 0.51 0.51 0.52 0.53 0.53 0.55
5 0.61 0.63 0.64 0.65 0.66 0.67 0.69
6 0.73 0.76 0.77 0.78 0.79 0.80 0.83
7 0.85 0.89 0.90 0.91 0.92 0.93 0.97
8 0.97 1.01 1.03 1.04 1.05 1.07 111
9 1.09 1.14 1.15 1.17 1.18 1.20 1.25
10 1.21 1.26 1.28 1.30 1.32 1.33 1.39
11 1.33 1.39 1.41 1.43 1.45 1.47 1.52
12 1.45 1.52 1.54 1.56 1.58 1.60 1.66)
13 1.58 1.64 1.67 1.69 1.71 1.73 1.80
14 1.70 1.77 1.79 1.82 1.84 1.87 1.94
15 1.82 1.90 1.92 1.95 1.97 2.00 2.08
16 1.94 2.02 2.05 2.08 2.10 2.13 2.21
17 2.06 2.15 2.18 2.21 2.23 2.26 2.35
18 2.18 2.27 2.30 2.33 2.37 2.40 2.49
19 2.30 2.40 2.43 2.46 2.50 2.53 2.63
20 2.42 2.52 2.56 2.59 2.63 2.66 2.77
21 2.54 2.65 2.69 2.72 2.76 2.79 2.90
22 2.66 2.78 2.81 2.85 2.89 2.93 3.04
23 2.78 2.90 2.94 2.98 3.02 3.06 3.18
24 2.90 3.03 3.07 3.11 3.15 3.19 3.32
25 3.02 3.15 3.20 3.24 3.28 3.32 3.45
26 3.14 3.28 3.32 3.37 3.41 3.46 3.59
27 3.26 3.40 3.45 3.50 3.54 3.59 3.73
28 3.38 3.53 3.58 3.63 3.67 3.72 3.87
29 3.50 3.65 3.70 3.75 3.80 3.85 4.00
30 3.62 3.78 3.83 3.88 3.93 3.99 4.14
31 3.74 3.90 3.96 4.01 4.06 4.12 4.28]
32 3.86 4.03 4.08 4.14 4.20 4.25 4.42
33 3.98 4.15 4.21 4.27 4.33 4.38 4.55
34 4.10 4.28 4.34 4.40 4.46 4.51 4.69
35 4.22 4.40 4.47 4.53 4.59 4.65 4.83]
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TABLE 2.9 Barometer Temperature Correction—Metric Uni@oftinued

The values in the table below are to be subtracted from the observed readings to correct for the differe
in the expansion of the mercury and the glass scale at different temperatures.

B. Brass scale

Observed barometer height in millimeters
640 650 660 670 680 690 700
Temp.

°C. mm. mm. mm. mm. mm. mm. mm.
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00]
1 0.10 0.11 0.11 0.11 0.11 0.11 0.11
2 0.21 0.21 0.22 0.22 0.22 0.23 0.23
3 0.31 0.32 0.32 0.33 0.33 0.34 0.34]
4 0.42 0.42 0.43 0.44 0.44 0.45 0.46
5 0.52 0.53 0.54 0.55 0.55 0.56 0.57
6 0.63 0.64 0.65 0.66 0.66 0.67 0.68
7 0.73 0.74 0.75 0.76 0.78 0.79 0.80]
8 0.84 0.85 0.86 0.87 0.89 0.90 0.91
9 0.94 0.95 0.97 0.98 1.00 1.01 1.03
10 1.04 1.06 1.07 1.09 1.11 1.12 1.14
11 1.15 1.16 1.18 1.20 1.22 1.24 1.25
12 1.25 1.27 1.29 1.31 1.33 1.35 1.37
13 1.35 1.38 1.40 1.42 1.44 1.46 1.48
14 1.46 1.48 1.50 1.53 1.55 1.57 1.59
15 1.56 1.59 1.61 1.64 1.66 1.68 1.71
16 1.67 1.69 1.72 1.74 1.77 1.80 1.82
17 1.77 1.80 1.82 1.85 1.88 1.91 1.94
18 1.87 1.90 1.93 1.96 1.99 2.02 2.05
19 1.98 2.01 2.04 2.07 2.10 2.13 2.16
20 2.08 2.11 2.15 2.18 2.21 2.24 2.28
21 2.18 2.22 2.25 2.29 2.32 2.35 2.39
22 2.29 2.32 2.36 2.40 2.43 2.47 2.50
23 2.39 2.43 2.47 2.50 2.54 2.58 2.62
24 2.49 2.53 2.57 2.61 2.65 2.69 2.73
25 2.60 2.64 2.68 2.72 2.76 2.80 2.84
26 2.70 2.74 2.79 2.83 2.87 2.91 2.96
27 2.81 2.85 2.89 2.94 2.98 3.02 3.07|
28 2.91 2.95 3.00 3.05 3.09 3.14 3.18
29 3.01 3.06 3.11 3.15 3.20 3.25 3.29
30 3.12 3.16 3.21 3.26 3.31 3.36 3.41
31 3.22 3.27 3.32 3.37 3.42 3.47 3.52
32 3.32 3.37 3.43 3.48 3.53 3.58 3.63
33 3.42 3.48 3.53 3.59 3.64 3.69 3.75
34 3.53 3.58 3.64 3.69 3.75 3.80 3.86
35 3.63 3.69 3.74 3.80 3.86 3.91 3.97
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TABLE 2.9 Barometer Temperature Correction—Metric Uni@ogtinued

B. Brass scaledpntinued

Observed barometer height in millimeters

710 720 730 740 750 760 770 780
mm mm. mm. mm. mm. mm. mm. mm.

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.12 0.12 0.12 0.12 0.12 0.12 0.13 0.13
0.23 0.23 0.24 0.24 0.24 0.25 0.25 0.25
0.35 0.35 0.36 0.36 0.37 0.37 0.38 0.38
0.46 0.47 0.48 0.48 0.49 0.50 0.50 0.51
0.58 0.59 0.59 0.60 0.61 0.62 0.63 0.64
0.69 0.70 0.71 0.72 0.73 0.74 0.75 0.76
0.81 0.82 0.83 0.84 0.86 0.87 0.88 0.89
0.93 0.94 0.95 0.96 0.98 0.99 1.00 1.02
1.04 1.06 1.07 1.08 1.10 111 1.13 1.14
1.16 1.17 1.19 1.21 1.22 1.24 1.25 1.27
1.27 1.29 131 1.33 1.34 1.36 1.38 1.40
1.39 1.41 1.43 1.45 1.47 1.48 1.50 1.52
1.50 1.52 1.54 1.57 1.59 1.61 1.63 1.65
1.62 1.64 1.66 1.69 1.71 1.73 1.75 1.78
1.73 1.76 1.78 1.81 1.83 1.85 1.88 1.90
1.85 1.87 1.90 1.93 1.95 1.98 2.00 2.03
1.96 1.99 2.02 2.05 2.07 2.10 2.13 2.16
2.08 211 2.14 2.17 2.20 2.22 2.25 2.28
2.19 2.22 2.25 2.29 2.32 2.35 2.38 241
231 2.34 2.37 241 2.44 2.47 2.50 2.54
2.42 2.46 2.49 2.53 2.56 2.59 2.63 2.66
2.54 2.57 2.61 2.65 2.68 2.72 2.75 2.79
2.65 2.69 2.73 2.77 2.80 2.84 2.88 291
2.77 2.81 2.85 2.88 2.92 2.96 3.00 3.04
2.88 2.92 2.96 3.00 3.05 3.09 3.13 3.17
3.00 3.04 3.08 3.12 3.17 3.21 3.25 3.29
3.11 3.16 3.20 3.24 3.29 3.33 3.38 3.42
3.23 3.27 3.32 3.36 341 3.45 3.50 3.54
3.34 3.39 3.44 3.48 3.53 3.58 3.62 3.67
3.46 3.50 3.55 3.60 3.65 3.70 3.75 3.80
3.57 3.62 3.67 3.72 3.77 3.82 3.87 3.92
3.68 3.74 3.79 3.84 3.89 3.94 4.00 4.05
3.80 3.85 3.91 3.96 4.01 4.07 4.12 4.17
3.91 3.97 4.02 4.08 4.13 4.19 4.24 4.30
4.03 4.09 4.14 4.20 4.26 4.31 4.37 4.43

Temp.

©CoO~NOOUL hWNPFEO
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TABLE 2.9 Barometer Temperature Correction—Metric Uni@oftinued

C. Correction of a barometer for capillarit@ihithsonian Tablgs

Height of meniscus in millimeters
Diameter 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
of tube,
millimeters Correction to be added in millimeters
4 0.83 1.22 1.54 1.98 237 . ...
5 0.47 0.65 0.86 1.19 1.45 180 ....
6 0.27 0.41 0.56 0.78 0.98 1.21 143 . ...
7 0.18 0.28 0.40 0.53 0.67 0.82 0.97 1.13
8 0.20 0.29 0.38 0.46 0.56 0.65 0.77
9 C e 0.15 0.21 0.28 0.33 0.40 0.46 0.52
10 e L 0.15 0.20 0.25 0.29 0.33 0.37
11 e A 0.10 0.14 0.18 0.21 0.24 0.27
12 e A 0.07 0.10 0.13 0.15 0.18 0.19
13 C s 0.04 0.07 0.10 0.12 0.13 0.14

TABLE 2.10 Barometric Latitude-Gravity Table—Metric Units
Smithsonian Tables.

The values in the table below are to be subtracted from the barometric reading for latitudes fronf 0 to
inclusive, and are to be added from 46 t5.90

Barometer readings, millimeters
680 700 720 740 760 780
Deg.
Lat. mm. mm. mm. mm. mm. mm.
0 1.82 1.87 1.93 1.98 2.04 2.09
5 1.79 1.85 1.90 1.95 2.00 2.06
10 1.71 1.76 1.81 1.86 1.92 1.97
15 1.58 1.63 1.67 1.72 1.77 1.81
20 1.40 1.44 1.49 1.53 1.57 1.61
21 1.36 1.40 1.44 1.48 1.52 1.56
22 1.32 1.36 1.40 1.44 1.48 1.51
23 1.28 1.31 1.35 1.39 1.43 1.46
24 1.23 1.27 1.30 1.34 1.37 1.41
25 1.18 1.22 1.25 1.29 1.32 1.36
26 1.13 1.17 1.20 1.23 1.27 1.30
27 1.08 1.12 1.15 1.18 1.21 1.24
28 1.03 1.06 1.09 1.12 1.15 1.18
29 0.98 1.01 1.04 1.07 1.10 1.12
30 0.93 0.95 0.98 1.01 1.04 1.06
31 0.87 0.90 0.92 0.95 0.98 1.00
32 0.82 0.84 0.86 0.89 0.91 0.94
33 0.76 0.78 0.80 0.83 0.85 0.87
34 0.70 0.72 0.74 0.76 0.79 0.81
35 0.64 0.66 0.68 0.70 0.72 0.74
36 0.58 0.60 0.62 0.64 0.65 0.67
37 0.52 0.54 0.56 0.57 0.59 0.60
38 0.46 0.48 0.49 0.51 0.52 0.53
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TABLE 2.10 Barometric Latitude-Gravity Table—Metric Unit€ontinued

Barometer readings, millimeters

680 700 720 740 760 780
Deg.
Lat. mm. mm. mm. mm. mm mm.
39 0.40 0.42 0.43 0.44 0.45 0.46
40 0.34 0.35 0.36 0.37 0.38 0.39
41 0.28 0.29 0.30 0.30 0.31 0.32
42 0.22 0.22 0.23 0.24 0.24 0.25
43 0.16 0.16 0.16 0.17 0.17 0.18
44 0.09 0.10 0.10 0.10 0.10 0.11
45 0.03 0.03 0.03 0.03 0.03 0.04
46 0.03 0.03 0.03 0.03 0.04 0.04
47 0.09 0.10 0.10 0.10 0.10 0.11
48 0.16 0.16 0.17 0.17 0.18 0.18
49 0.22 0.23 0.23 0.24 0.25 0.25
50 0.28 0.29 0.30 0.31 0.31 0.32
51 0.34 0.35 0.36 0.37 0.38 0.39
52 0.40 0.42 0.43 0.44 0.45 0.46
53 0.46 0.48 0.49 0.51 0.52 0.53
54 0.52 0.54 0.56 0.57 0.59 0.60
55 0.58 0.60 0.62 0.64 0.65 0.67
56 0.64 0.66 0.68 0.70 0.72 0.74
57 0.70 0.72 0.74 0.76 0.78 0.80
58 0.76 0.78 0.80 0.82 0.85 0.87
59 0.81 0.84 0.86 0.89 0.91 0.93
60 0.87 0.89 0.92 0.94 0.97 1.00
61 0.92 0.95 0.98 1.00 1.03 1.06
62 0.97 1.00 1.02 1.05 1.08 111
63 1.03 1.06 1.09 1.12 1.15 1.18
64 1.08 111 1.14 1.17 1.20 1.23
65 1.13 1.16 1.19 1.22 1.26 1.29
66 1.17 1.21 1.24 1.28 1.31 1.35
67 1.22 1.25 1.29 1.33 1.36 1.40
68 1.26 1.30 1.34 1.37 1.41 1.45
69 1.31 1.34 1.38 1.42 1.46 1.50
70 1.35 1.39 1.43 1.47 151 1.55
72 1.42 1.47 1.51 1.55 1.59 1.63
75 1.53 1.57 1.62 1.66 1.71 1.75
80 1.66 1.71 1.76 1.81 1.86 1.90
85 1.74 1.79 1.84 1.90 1.95 2.00
90 1.77 1.82 1.87 1.93 1.98 2.03
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TABLE 2.11 Barometric Correction for Gravity— Metric Units

The values in the table below are to be subtracted from the readings taken on a mercurial barometer to co
for the decrease in gravity with increase in altitude.

Height Observed barometer height in millimeters

above 400 450 500 550 600 650 700 750 800
sealevel

meters mm. mm. mm. mm. mm. mm. mm. mm. mm.
100 ... 002 0.02 0.02
200 ... 004 0.05 0.05
300 ... 007 0.07 0.07
400 ... 009 0.10 0.10
500 ... 011 0.12 0.13
600 ce. 012 0.13 0.14

700 ... 014 0.15 0.16

800 ... 016 0.18 0.19

900 ... 018 0.20 0.22

1000 . . . 0.18 0.19 0.20 0.22 0.24

1100 0.19 0.21 0.22 0.24

1200 0.21 0.23 0.24 0.26

1300 0.22 0.24 0.26 0.29

1400 0.24 0.26 0.28 0.31

1500 . . 0.24 0.26 0.28 0.30 0.33

1600 . . 0.25 0.28 0.30 0.32

1700 . . 0.27 0.30 0.32 0.34

1800 . . 0.28 0.31 0.34 0.36

1900 . . 0.30 0.33 0.36 0.39

2000 . 0.28 0.31 0.34 0.38 0.41

2100 . 0.30 0.33 0.36 0.40

2200 . 0.31 0.35 0.38 0.41

2300 . 0.32 0.36 0.40 0.43

2400 o 0.34 0.38 0.42 0.45

2500 0.31 0.35 0.39 0.43 0.47

2600 0.33 0.37 0.41

2800 0.35 0.40 0.44

3000 0.38 0.42 0.47

3200 0.40 0.46

3400 0.43 0.48
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TABLE 2.12 Reduction of the Barometer to Sea Level—Metric Units

A barometer located at an elevation above sea level will show a reading lower than a barometer at sea |
by an amount approximately 2.5 mm (0.1 in) for each 30.5 m (100 ft) of elevation. A closer approximation c
be made by reference to the following tables, which take into account (1) the effect of altitude of the statior
which the barometer is read, (2) the mean temperature of the air column extending from the station down to
level, (3) the latitude of the station at which the barometer is read, and (4) the reading of the barometer corre
for its temperature, a correction which is applied only to mercurial barometers since the aneroid barometers
compensated for temperature effects.

Example. A barometer which has been corrected for its temperature reads 650 mm at a station wh
altitude is 1350 m above sea level and at a latitude 6f BBe mean temperature (outdoor temperature) at the
station is 26C.

Table A (metric units) gives for these conditions a temperature-altitude factor.of............. 135.2
The Latitude Factor Table gives for 135.2 af 8. a correction of. ..............ccviiiieiinnnn. +0.17
Therefore, the corrected value of the temperature-altitude factor.is............................. 135.37

Entering Table B (metric units), with a temperature-altitude factor of 135.37 and a barometric
reading of 650 mm (corrected for temperature), the correction is found tabe..................... 109.6
Accordingly the barometric reading reduced to sea level is-6509.6= 759.6 mm.

Latitude Factor—English or Metric Units.For latitudes ©0-45 add the latitude factor, for 459 subtract the
latitude factor, from the values obtained in Table A.

Temp.—Alt. Latitude
Factor
From Table A (0 10 20 3¢ 45°
50 0.1 0.1 0.1 0.1 0.0
100 0.3 0.3 0.2 0.1 0.0
150 0.4 0.4 0.3 0.2 0.0
200 0.5 0.5 0.4 0.3 0.0
250 0.7 0.6 0.5 0.3 0.0
300 0.8 0.8 0.6 0.4 0.0
350 0.9 0.9 0.7 0.5 0.0
9@ 8¢ ¢ 60° 45

A. Values of the temperature-altitude factor for use in Table B.*

Altitude Mean Temperature of Air Column in Centigrade Degrees
in
Meters | —16° -8  —4&° 0° 6° 10 1 18 20 2z 26°
10 12 11 11 11 11 1.0 1.0 1.0 1.0 1.0 1.0
50 5.8 5.6 5.5 5.4 5.3 5.2 5.1 5.0 5.0 5.0 4.9

100 115 112 110 108 106 104 103 101 10.0 9.9 9
150 173 167 165 162 159 156 154 151 150 149 14

200 230 223 220 216 211 208 205 202 200 199 19
250 288 279 2715 270 264 26.0 256 252 250 249 24
300 345 335 330 325 317 312 307 303 301 298 29
350 403 390 385 379 370 364 359 353 351 348 34
400 46.0 446 439 433 423 416 410 404 401 398 39

450 518 513 494 487 476 468 46.1 454 451 448 44
500 575 558 549 541 529 520 512 505 501 49.7 49
550 63.3 614 604 595 581 572 564 555 551 54.7 53
600 69.0 669 659 649 634 624 615 606 601 59.7 58
650 748 725 714 703 687 676 66.6 656 651 646 63

Noowokr Nwhuo N©
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TABLE 2.12 Reduction of the Barometer to Sea Level—Metric UnE®iitinued

2.79

Altitude Mean Temperature of Air Column in Centigrade Degrees
in
Meters | —16° —8&° - o° 6° 1 14 18 20¢° 2z 26°
700 80.6 78.1 76.9 75.7 74.0 72.9 717 70.7 70.1 69.6 68.6
750 86.3 83.7 82.4 81.1 79.3 78.1 76.9 75.7 75.1 74.6 73.5
800 921 892 879 865 846 833 820 808 801 796 784
850 97.8 948 934 920 898 885 871 858 852 845 833
900 103.6 1004 989 974 951 937 922 90.8 902 895 882
950 109.3 106.0 104.4 102.8 100.4 98.9 97.4 95.9 95.2 94.5 93.1
1000 1151 1115 109.8 108.2 1057 104.1 1025 100.9 1002 994 98.0
1050 120.8 117.1 1153 113.6 111.0 109.3 107.6 106.0 105.2 104.4 1029
1100 126.6 122.7 120.8 119.0 116.3 1145 112.7 111.0 110.2 109.4 1Q7.8
1150 132.3 128.3 126.3 1244 121.6 119.7 1179 116.1 115.2 1144 1127
1200 138.1 133.8 131.8 129.8 126.8 1249 123.0 1211 120.2 1193 1176
1250 143.8 1394 137.3 135.2 1321 130.1 128.1 126.2 125.2 124.3 1225
1300 149.6 1450 1428 1406 137.4 1353 133.2 131.2 130.2 1293 127.4
1350 155.3 150.6 148.3 146.0 142.7 1405 1384 136.3 135.2 134.2 1323
1400 161.1 156.2 153.8 1514 148.0 1457 1435 141.3 140.2 139.2 137.2
1450 166.8 161.7 159.3 156.8 153.3 150.9 148.6 146.4 1453 1442 142.1
1500 172.6 167.3 164.8 162.3 1585 156.1 153.7 1514 150.3 149.1 147.0
1550 178.3 1729 170.2 167.7 163.8 161.3 158.8 156.4 155.3 154.1 151.8
1600 184.1 1785 1757 173.1 169.1 166.5 164.0 161.5 160.3 159.1 156.7
1650 189.8 184.0 1812 1785 1744 1717 169.1 166.5 165.3 164.1 161.6
1700 195.6 189.6 186.7 1839 179.7 1769 1742 1716 170.3 169.0 166.5
1750 2014 1952 192.2 189.3 1850 1821 179.3 176.6 1753 174.0 1714
1800 207.1 200.8 197.7 194.7 190.2 187.3 1845 181.7 180.3 179.0 176.3
1850 2129 206.3 203.2 200.1 1955 1925 189.6 186.7 1853 183.9 181.2
1900 218.6 2119 208.7 2055 200.8 197.7 1947 191.8 190.3 1889 186.1
1950 2244 2175 2142 2109 206.1 2029 199.8 196.8 1953 1939 191.0
2000 230.1 223.0 219.7 216.3 2114 208.1 2049 2019 2003 198.8 195.0
2050 2359 228.6 225.1 221.7 216.7 2133 210.1 206.9 205.3 203.8 200.8
2100 241.6 2342 230.6 2271 2219 2185 215.2 2119 2104 208.8 205.7
2150 2474 239.8 236.1 2325 227.2 2237 2203 217.0 2154 213.8 210.6
2200 253.1 2454 2416 2379 2325 2289 2254 222.0 2204 218.7 2155
2250 258.9 250.9 247.1 2434 237.8 2341 2306 227.1 2254 223.7 220.4
2300 264.6 256.5 252.6 248.8 243.1 239.3 2357 232.1 2304 228.7 225.3
2350 2704 262.1 258.1 2542 2483 2445 2408 237.2 2354 2336 230.2
2400 276.1 267.7 263.6 259.6 253.6 249.7 2459 2422 2404 238.6 235.1
2450 2819 273.2 269.1 265.0 2589 2549 251.0 247.3 2454 243.6 240.0
2500 287.6 278.8 2745 2704 264.2 260.1 256.2 252.3 2504 2485 2449
2550 2934 284.4 280.0 2758 2695 2653 2613 257.3 2554 2535 249.8
2600 299.1 290.0 2855 2812 2748 2705 266.4 2624 2604 2585 254.7
2650 3049 2955 291.0 286.6 280.0 275.7 2715 267.4 2654 263.4 259.6
2700 3106 301.1 296.5 292.0 2853 280.9 276.6 2725 2704 268.4 2645
2750 316.4 306.7 302.0 2974 290.6 286.1 2818 277.5 2754 273.4 269.4
2800 3221 3123 3075 3028 2959 291.3 2869 282.6 2804 2783 2743
2850 3279 317.8 313.0 308.2 301.2 2965 2920 287.6 2854 2833 279.2
2900 333.6 3234 3184 313.6 306.4 301.7 297.1 292.6 2904 2883 284.1
2950 3394 329.0 3239 319.0 311.7 306.9 302.2 297.7 2955 293.3 289.0
3000 345.1 3345 3294 3244 317.0 3121 3074 3027 3005 298.2 293.8

* From Smithsonian Meteorological Table3d ed., 1907.
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TABLE 2.12 Reduction of the Barometer to Sea Level—Metric UnE®iitinued

B. Values in millimeters to be added.*

SECTION 2

Temp. Barometer Reading in Millimeters
—Alt.
Factor 790 770 750 730 710 690 670
1 0.9 0.9 0.9 0.8 0.8 0.8
5 4.6 4.4 4.3 4.2 4.1 4.0
10 9.1 8.9 8.7 8.5 8.2 8.0
15 13.8 13.4 13.1 12.7 12.4 12.0
20 18.4 17.9 17.5 17.0 16.5 16.1
25 22.5 21.9 21.3 20.7 20.1
30 27.1 26.4 25.7 25.0 24.2
35 31.7 30.8 30.0 29.2 28.4
40 36.3 35.3 34.4 335 325 31.6
45 39.9 38.8 37.8 36.7 35.6
750 730 710 690 670 650 630
50 44.4 43.3 42.1 40.9 39.7
55 49.0 47.7 46.4 45.1 43.8
60 53.6 52.2 50.8 49.3 47.9
65 58.3 56.7 55.2 53.6 52.1
70 61.3 59.6 57.9 56.2
75 65.8 64.0 62.2 60.4
80 70.4 68.5 66.6 64.6 62.7 60.8
85 75.0 73.0 70.9 68.9 66.8 64.8
90 77.5 75.3 73.1 71.0 68.8
95 82.1 79.7 77.4 75.1 72.8
710 690 670 650 630 610
100 86.6 84.2 81.8 79.3 76.9
105 91.2 88.7 86.1 83.5 81.0
110 95.9 93.2 90.5 87.8 85.1
115 100.5 97.7 94.8 92.0 89.2
120 102.2 99.3 96.3 93.3
125 106.8 103.7 100.6 97.5 94.4
130 111.4 108.2 104.9 101.7 98.5
135 116.0 112.7 109.3 105.9 102.6
140 120.7 117.2 113.7 110.2 106.7
145 121.7 118.1 1145 110.8
670 650 630 610 590 570
150 126.3 1225 118.8 115.0
155 130.9 127.0 123.1 119.2
160 135.5 1315 127.4 1234
165 140.2 136.0 131.8 127.6
170 140.5 136.2 131.9 127.5 123.2
175 145.1 140.6 136.2 131.7 127.2
180 149.7 1451 140.5 135.9 131.3
185 154.3 149.5 144.8 140.0 135.3
190 158.9 154.0 149.2 144.3 139.4
195 158.6 153.5 1485 1435

* From Smithsonian Meteorological Table3d ed., 1907.
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B. Values in millimeters to be added.*

2.81

Temp. Barometer Reading in Millimeters
—Alt.
Factor 630 610 590 570 550 530
200 163.1 157.9 152.8 147.6
205 167.7 162.4 157.1 151.7
210 172.3 166.8 161.4 155.9
215 176.9 171.3 165.7 160.1 154.5 148.9
220 175.8 170.1 164.3 158.5 152.8
225 180.4 174.5 168.5 162.6 156.7
230 184.9 178.9 172.8 166.7 160.7
235 189.5 183.3 177.1 170.9 164.7
240 194.1 187.8 181.4 175.0 168.7
245 198.8 192.3 185.7 179.2 172.7
590 570 550 530 510
250 196.8 190.1 183.4 176.8
255 201.3 1945 187.7 180.8
260 205.9 198.9 1919 185.0 178.0
265 210.5 203.3 196.2 189.1 181.9
270 215.1 207.8 200.5 193.2 185.9
275 219.8 212.3 204.9 197.4 190.0
280 216.8 209.2 201.6 194.0
285 221.4 213.6 205.8 198.1
290 225.9 218.0 210.1 202.1
295 230.5 222.4 214.3 206.3
570 550 530 510 490
300 235.1 226.9 218.6 210.4
305 239.8 231.4 223.0 214.6 206.1
310 235.9 227.3 218.7 210.1
315 240.4 231.7 222.9 214.2
320 245.0 236.1 227.2 218.3
325 249.6 240.5 231.4 222.4
330 254.2 244.9 235.7 226.5
335 258.8 249.4 240.0 230.6
340 263.5 253.9 244.4 234.8
345 258.4 248.7 238.9

* From Smithsonian Meteorological Table3d ed., 1907.
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TABLE 2.13 Viscosity Conversion Table
Centistokes to Saybolt, Redwood, and Engler units.

Poise= cgs unit of absolute viscosity Centipoise0.01 poise
Stoke = cgs unit of kinematic viscosity Centistoke 0.01 stoke
Centipoises= centistokesx density (at temperature under consideration)
Reyn (1 Ib - s per sq iny 69 X 10° centpoises

Cf. Jour. Inst. Pet. TechVol. 22, p. 21 (1936)Reports of A. S. T. M. Committee D-2, 1936 and 1937.

The values of Saybolt Universal Viscosity at 2B@Gnd at 218 are taken directly from the comprehensive
ASTM Viscosity Table, Special Technical Publication No. ¢13%3) by permission of the publishers, American
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa.

Saybolt Universal Viscosity at Redwood Seconds at Engler

Degrees at

Centistokes 100°F. 130F. 210F. 70°F. 140F. 200F. all Temps.
2.0 32.62 32.68 32.85 30.2 31.0 31.2 1.14
3.0 36.03 36.10 36.28 32.7 335 337 122
4.0 39.14 39.22 3941 35.3 36.0 36.3 131
5.0 42.35 42.43 42.65 37.9 38.5 38.9 1.40
6.0 45.56 45.65 45.88 40.5 41.0 415 1.48
7.0 48.77 48.86 49.11 43.2 43.7 44.2 1.56
8.0 52.09 52.19 52.45 46.0 46.4 46.9 1.65
9.0 55.50 55.61 55.89 48.9 49.1 49.7 1.75
10.0 58.91 59.02 59.32 51.7 52.0 52.6 1.84
11.0 62.43 62.55 62.86 54.8 55.0 55.6 1.93
12.0 66.04 66.17 66.50 57.9 58.1 58.8 2.02
14.0 73.57 73.71 74.09 64.4 64.6 65.3 2.22
16.0 81.30 81.46 81.87 71.0 71.4 72.2 243
18.0 89.44 89.61 90.06 77.9 78.5 79.4 2.64
20.0 97.77 97.96 98.45 85.0 85.8 86.9 2.87
22.0 106.4 106.6 107.1 92.4 93.3 94.5 3.10
24.0 115.0 115.2 115.8 99.9 100.9 102.2 3.34
26.0 123.7 123.9 1245 107.5 108.6 110.0 3.58
28.0 132.5 132.8 133.4 115.3 116.5 118.0 3.82
30.0 141.3 141.6 142.3 123.1 124.4 126.0 4.07
32.0 150.2 150.5 151.2 131.0 132.3 134.1 4.32
34.0 159.2 159.5 160.3 138.9 140.2 142.2 4.57
36.0 168.2 168.5 169.4 146.9 148.2 150.3 4.83
38.0 177.3 177.6 178.5 155.0 156.2 158.3 5.08
40.0 186.3 186.7 187.6 163.0 164.3 166.7 5.34
42.0 195.3 195.7 196.7 171.0 172.3 175.9 5.59
44.0 204.4 204.8 205.9 179.1 180.4 183.3 5.85
46.0 213.7 214.1 215.2 187.1 188.5 191.7 6.11
48.0 222.9 223.3 224.5 195.2 196.6 200.09 6.37
50.0 232.1 2325 233.8 203.3 204.7 208.3 6.63
60.0 278.3 278.8 280.2 2435 2453 250.0 7.90
70.0 3244 325.0 326.7 283.9 286.0 291.7 9.21
80.0 370.8 3715 3734 323.9 326.6 3334 10.53
90.0 417.1 417.9 420.0 364.4 367.4 375.0 11.84
100.0* 463.5 464.4 466.7 404.9 408.2 416.7 13.16

* At higher values use the same ratio as above for 100 centistelges]102centistokes= 102 X 4.635 Saybolt seconds at
10C°F.

To obtain the Saybolt Universal viscosity equivalent to a kinematic viscosity determirtéfel ,atultiply the equivalent
Saybolt Universal viscosity at 180. by 1 + (t — 100) 0.000064¢.g., 10 centistokes at 215 are equivalent t058.91x
1.0070,0r 59.32 Saybolt Universal Viscosity at ZEF)
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TABLE 2.14 Conversion of Weighings in Air to Weighings in Vacuo

If the mass of a substance in airns, its densityp,,, the density of weights used in making the weighing

pw, @and the density* of aip,, the true mass of the substance in vaaug,, is
1 1
My = M + pMg | — — —
Pm  Pw,

For most purposes it is sufficient to assume a density of 8.4 for brass weights, and a density of 0.0012
air under ordinary conditions. The equation then becomes

1 1

=m +0.0012m, (= - —
Mc = m + 0.0012m, (- — 2

The table which follows gives the valueslofbuoyancy reduction factor), which is the correction necessary
because of the buoyant effect of the air upon the object weighed; the table is computed for air with the den
of 0.0012;m is the weight in grams of the object when weighed in air; weight of object reduced to “ir
vacuo”= m + knv/1000.

Buoyancy reduction factok
Density of Brass weights, Pt or Pt-Ir Al or quartz weights, Gold weights,
object weighed density= 8.4  weights, density= 21.5 density= 2.7 density= 17
0.2 5.89 5.98 5.58 5.97
0.3 3.87 3.96 3.56 3.95
0.4 2.87 2.95 2.55 2,94
0.5 2.26 2.35 1.95 2.34
0.6 1.86 1.95 1.55 1.93
0.7 157 1.66 1.26 1.65
0.75 1.46 1.55 1.15 1.53
0.80 1.36 1.45 1.05 143
0.82 1.32 141 1.01 1.39
0.84 1.29 1.37 0.98 1.36
0.86 1.25 1.34 0.94 1.33
0.88 1.22 131 0.91 1.29
0.90 1.19 1.28 0.88 1.26
0.92 1.16 1.25 0.85 1.24
0.94 1.13 1.22 0.82 121
0.96 111 1.20 0.80 1.18
0.98 1.08 117 0.77 1.16
1.00 1.06 1.15 0.75 1.13
1.02 1.03 1.12 0.72 111
1.04 1.01 1.10 0.70 1.08
1.06 0.99 1.08 0.68 1.06
1.08 0.97 1.06 0.66 1.04
1.10 0.95 1.04 0.64 1.02
112 0.93 1.02 0.62 1.00
1.14 0.91 1.00 0.60 0.98
1.16 0.89 0.98 0.58 0.96
1.18 0.87 0.96 0.56 0.95
1.20 0.86 0.95 0.55 0.93
1.25 0.82 0.91 0.51 0.89
1.30 0.78 0.87 0.47 0.85

* See Table 5.15, Specific Gravity of Air at Various Temperatures.
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TABLE 2.14 Conversion of Weighings in Air to Weighings in VacuGdntinued

Buoyancy reduction factok
Density of Brass weights, Pt or Pt-Ir Al or quartz weights, Gold weights,
object weighed density= 8.4  weights, density= 21.5 density= 2.7 density= 17
1.35 0.75 0.83 0.44 0.82
1.40 0.71 0.80 0.40 0.79
1.50 0.66 0.74 0.35 0.73
16 0.61 0.69 0.30 0.68
1.7 0.56 0.65 0.25 0.64
1.8 0.52 0.61 0.21 0.60
1.9 0.49 0.58 0.18 0.56
2.0 0.46 0.54 0.15 0.53
2.2 0.40 0.49 0.09 0.48
2.4 0.36 0.44 0.05 0.43
2.6 0.32 0.41 0.01 0.39
2.8 0.29 0.37 —-0.02 0.36
3.0 0.26 0.34 —0.05 0.33
35 0.20 0.29 -0.11 0.27
4 0.16 0.24 -0.15 0.23
5 0.10 0.18 -0.21 0.17
6 0.06 0.14 -0.25 0.13
7 0.03 0.12 -0.28 0.10
8 0.01 0.09 -0.30 0.08
9 -0.01 0.08 -0.32 0.06
10 —-0.02 0.06 -0.33 0.05
12 -0.04 0.04 -0.35 0.03
14 —0.06 0.03 -0.37 0.02
16 -0.07 0.02 -0.38 0.00
18 —0.08 0.01 -0.39 0.00
20 —0.08 0.00 -0.39 -0.01
22 —0.09 0.00 —0.40 —0.02
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TABLE 2.15 Hydrometer Conversion Table

This table gives the relation between density (c.g.s.) and degrees on the Badmievaddell scales. The
Twaddell scale is never used for densities less than unity. See also Sec. 2.1.2.1, Hydrometers.

Degrees Degrees
Degrees Baume Baume Degrees Baume Baume
Density (NIST* scale) (A.P.1.T scale) Density (NIST* scale) (A.P.l.T scale)
0.605 101.40 102.38 0.830 38.68 38.98
0.615 97.64 98.58 0.840 36.67 36.95
0.620 95.81 96.73 0.845 35.68 35.96
0.625 94.00 94.90 0.850 3471 34.97
0.635 90.47 91.33 0.860 3279 33.03
0.640 88.75 89.59 0.865 31.85 32.08
0645 87.05 87.88 0.870 30.92 31.14
0.650 85.38 86.19 0.875 30.00 3021
0.655 83.74 84.53 0.880 29.09 29.30
0.660 8212 82.89 0.885 28.19 28.39
0.665 80.52 81.28 0.890 27.30 27.49
0.670 78.95 79.69 0695 o642 26,60
0.675 rral 78.13 0.900 25.56 25.72
0.680 75.88 76.59 0.905 24.70 24.85
0.685 74.38 75.07 0.910 23.85 23.99
0.690 72.90 7357 0.915 23.01 23.14
0.695 71.43 72.10 J 2217 2230
0.700 70.00 70.64 0.925 21.35 21.47
0.705 68.57 69.21 0.930 20.54 20.65
0.710 67.18 67.80 0.935 19.73 19.84
0.715 65.80 66.40 0.940 18.94 19.03
0.720 64.44 65.03 0045 1615 1604
0.725 63.10 63.67 0.950 17.37 17.45
0.730 61.78 62.34 0.955 16.60 16.67
0.735 60.48 61.02 0.960 15.83 15.90
0.740 59.19 59.72 0.965 15.08 15.13
0.745 57.92 58.43
0.970 14.33 14.38
0.750 56.67 5717 0.975 13.59 13.63
0.755 55.43 55.92 0.980 12.86 12.89
0.760 54.21 54.68 0.985 12.13 12.15
0.765 53.01 53.47 0.990 11.41 11.43
0.770 51.82 52.27
0.995 10.70 10.71
0.775 50.65 51.08 1.000 10.00 10.00
0.780 49.49 49.91
0.785 48.34 48.75
0.790 47 29 4761 DENSITIES GREATER THAN UNITY
0.795 46.10 46.49 Degrees Baurme Degrees
0.800 45.00 45.38 Density  (NIST* scale) Twaddell
0.805 4391 44.28
0.810 42.84 43.19 1.00 0.00 0
0.815 41.78 42.12 1.01 1.44 2
0.820 40.73 41.06 1.02 2.84 4

*NIST, National Institute for Science and Technology (formerly the National Bureau of Standards, U.S.).
T A.P.l. is the American Petroleum Institute.
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TABLE 2.15 Hydrometer Conversion Tabl€6ntinued

Degrees Baume Degrees Degrees Baume Degrees
Density (NIST* scale) Twaddell Density (NIST* scale) Twaddell
1.03 4.22 6 1.52 49.60 104
1.04 5.58 8 1.53 50.23 106
1.05 6.91 10 1.54 50.84 108
1.06 8.21 12 1.55 51.45 110
1.07 9.49 14 1.56 52.05 112
1.08 10.78 16 1.57 52.64 114
1.09 11.97 18 1.58 53.23 116
1.10 13.18 20 1.59 53.80 118
1.11 14.37 22 1.60 54.38 120
1.12 15.54 24 1.61 54.94 122
1.13 16.68 26 1.62 55.49 124
1.14 17.81 28 1.63 56.04 126
1.15 18.91 30 1.64 56.58 128
1.16 20.00 32 1.65 57.12 130
1.17 21.07 34 1.66 57.65 132
1.18 22.12 36 1.67 58.17 134
1.19 23.15 38 1.68 58.69 136
1.20 24.17 40 1.69 59.20 138
1.21 25.16 42 1.70 59.71 140
1.22 26.15 44 1.71 60.20 142
1.23 27.11 46 1.72 60.70 144
1.24 28.06 48 1.73 61.18 146
1.25 29.00 50 1.74 61.67 148
1.26 29.92 52 1.75 62.14 150
1.27 30.83 54 1.76 62.61 152
1.28 31.72 56 1.77 63.08 154
1.29 32.60 58 1.78 63.54 156
1.30 33.46 60 1.79 63.99 158
1.31 34.31 62 1.80 64.44 160
1.32 35.15 64 181 64.89 162
1.33 35.98 66 1.82 65.31 164
1.34 36.79 68 1.83 65.77 166
1.35 37.59 70 1.84 66.20 168
1.36 38.38 72 1.85 66.62 170
1.37 39.16 74 1.86 67.04 172
1.38 39.93 76 1.87 67.46 174
1.39 40.68 78 1.88 67.87 176
1.40 41.43 80 1.89 68.28 178
141 42.16 82 1.90 68.68 180
1.42 42.89 84 1.91 69.08 182
1.43 43.60 86 1.92 69.48 184
1.44 44.31 88 1.93 69.87 186
1.45 45.00 90 1.94 70.26 188
1.46 45.68 92 1.95 70.64 190
1.47 46.36 94 1.96 71.02 192
1.48 47.03 96 1.97 71.40 194
1.49 47.68 98 1.98 71.77 196
1.50 48.33 100 1.99 72.14 198
151 48.97 102 2.00 72.50 200

*NIST, National Institute for Science and Technology (formerly the National Bureau of Standards, U.S.).
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TABLE 2.16 Pressure Conversion Chart

Inches HO Inches Hg mmH,0 mmHg Pascals
psi at £C at 0°C at £C at 0°C atm (N-m?3
0.01 0.2768 0.0204 7.031 0.517 0.0007 68.95
0.02 0.5536 0.0407 14.06 1.034 0.0014 137.90
0.03 0.8304 0.0611 21.09 1.551 0.0020 206.8
0.04 1.107 0.0814 28.12 2.068 0.0027 275.8
0.05 1.384 0.1018 35.15 2.586 0.0034 344.7
0.06 1.661 0.1222 42.18 3.103 0.0041 413.7
0.07 1.938 0.1425 49.22 3.620 0.0048 482.6
0.08 2.214 0.1629 56.25 4.137 0.0054 551.6
0.09 2.491 0.1832 63.28 4.654 0.0061 620.5
0.10 2.768 0.2036 70.31 5.171 0.0068 689.5
0.20 5.536 0.4072 140.6 10.34 0.0136 1379.9
0.30 8.304 0.6108 210.9 15.51 0.0204 2 068.5
0.40 11.07 0.8144 281.2 20.68 0.0272 2 758
0.50 13.84 1.018 3515 25.86 0.0340 3447
0.60 16.61 1.222 421.8 31.03 0.0408 4137
0.70 19.38 1.425 492.2 36.20 0.0476 4 826
0.80 22.14 1.629 562.5 41.37 0.0544 5516
0.90 24,91 1.832 632.8 46.54 0.0612 6 205
1.00 27.68 2.036 703.1 51.71 0.0689 6 895
2.00 55.36 4.072 1072 103.4 0.1361 13790
3.00 83.04 6.108 2 109 155.1 0.2041 20 684
4.00 110.7 8.144 2812 206.8 0.2722 27 579
5.00 138.4 10.18 3515 258.6 0.3402 34 474
6.00 166.1 12.22 4218 310.3 0.4083 41 369
7.00 193.8 14.25 4922 362.0 0.4763 48 263
8.00 221.4 16.29 5625 413.7 0.5444 55 158
9.00 249.1 18.32 6 328 465.4 0.6124 62 053
10.0 276.8 20.36 7 031 517.1 0.6805 68 948
14.7 406.9 29.93 10 332 760.0 1.000 101 325
15.0 415.2 30.54 10 550 775.7 1.021 103 421
20.0 553.6 40.72 14 060 1034 1.361 137 895
25.0 692.0 50.90 17 580 1293 1.701 172 369
30.0 830.4 61.08 21 090 1551 2.041 206 843
40.0 1107 81.44 28 120 2 068 2.722 275 790
50.0 1384 101.8 35 150 2 586 3.402 344 738
60.0 1661 122.2 42 180 3103 4.083 413 685
70.0 1938 142.5 49 220 3620 4.763 482 633
80.0 2214 162.9 56 250 4137 5.444 551 581
90.0 2491 183.2 63 280 4 654 6.124 620 528
100.0 2768 203.6 70 307 5171 6.805 689 476
150.0 4152 305.4 7757 10.21 1034 214
200.0 5536 407.2 10 343 13.61 1378 951
250.0 6 920 509.0 17.01 1723 689
300.0 8 304 610.8 20.41 2 068 427
400.0 27.22 2 757 903
500.0 34.02 3447 379

1 bar= 10° pascal.
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TABLE 2.17 Corrections to Be Added to Molar Values to Convert to Molal

Aqueous solution

Temperature, AG® AH° AS ACe,
°C J-mof? J-mol? J-deg! -motlt J-deg?! -mot*
0 0.4 —42.7 -0.17 55.2
10 0.8 58.1 0.21 45.6
20 4.2 148.1 0.50 38.9
30 10.9 230.5 0.79 35.1
40 20.1 3134 1.09 33.0
50 32.2 397.9 1.34 32.6
60 46.8 482.4 1.59 32.2

TABLE 2.18 Molar Equivalent of One Liter of Gas at Various Temperatures and Pressures

The values in this table, which give the number of moles in 1 liter of gas, are based on the properties of

“ideal” gas and were calculated by use of the formula:

whereP is the pressure in millimeters of mercury afids the temperature in kelvins=t°C + 273).

. P
Moles/liter= — X

760 T

22.40

273 1
— X

To convert to moles per cubic foot multiply the values in the table by 28.316.

Pressure TemperaturéC
mm of
mercury 10° 1z 1€ 16° 18 20¢°
655 0.03712 0.03686 0.03660 0.03634 0.03610 0.03585
660 3731 3714 3688 3662 3637 3612
665 3768 3742 3716 3690 3665 3640
670 3796 3770 3744 3718 3692 3667
675 3825 3798 3772 3745 3720 3695
680 0.03853 0.03826 0.03800 0.03773 0.03747 0.03694
685 3881 3854 3827 3801 3775 3749
690 3910 3882 3855 3829 3802 3776
695 3938 3910 3883 3856 3830 3804
700 3967 3939 3911 3884 3858 3831
702 0.03978 0.03950 0.03922 0.03895 0.03869 0.03842
704 3989 3961 3934 3906 3880 3853
706 4000 3972 3945 3917 3891 3864
708 4012 3984 3956 3929 3902 3875
710 4023 3995 3967 3940 3913 3886
712 0.04035 0.04006 0.03978 0.03951 0.03924 0.03897
714 4046 4018 3989 3962 3935 3908
716 4057 4029 4001 3973 3946 3919
718 4068 4040 4012 3984 3957 3930
720 4080 4051 4023 3995 3968 3941
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TABLE 2.18 Molar Equivalent of One Liter of Gas at Various Temperatures and Presstoasifued

Pressure TemperaturéC
mm of

mercury 1 1z 14 16° 18 20
722 0.04091 0.04063 0.04034 0.04006 0.03979 0.03952
724 4103 4074 4045 4017 3990 3963
726 4114 4085 4057 4028 4001 3973
728 4125 4096 4068 4040 4012 3984
730 4136 4108 4079 4051 4023 3995
732 0.04148 0.04119 0.04090 0.04062 0.04034 0.04006
734 4159 4130 4101 4073 4045 4017
736 4171 4141 4112 4084 4056 4028
738 4182 4153 4124 4095 4067 4039
740 4193 4164 4135 4106 4078 4050
742 0.04204 0.04175 0.04146 0.04117 0.04089 0.04061
744 4216 4186 4157 4128 4100 4072
746 4227 4198 4168 4139 4111 4038
748 4239 4209 4179 4151 4122 4094
750 4250 4220 4191 4162 4133 4105
752 0.04261 0.04231 0.04202 0.04173 0.04144 0.04116
754 4273 4243 4213 4184 4155 4127
756 4284 4254 4224 4195 4166 4138
758 4295 4265 4235 4206 4177 4149
760 4307 4276 4247 4217 4188 4160
762 0.04318 0.04287 0.04258 0.04228 0.04199 0.04171
764 4329 4299 4269 4239 4210 4181
766 4341 4310 4280 4250 4221 4192
768 4352 4321 4291 4262 4232 4203
770 4363 4333 4302 4273 4243 4214
772 0.04375 0.04344 0.04314 0.04284 0.04254 0.04225
774 4386 4355 4325 4295 4265 4236
776 4397 4366 4336 4306 4276 4247
778 4409 4378 4347 4317 4287 4258
780 4420 4389 4358 4328 4298 4269

Pressure TemperaturéC

mm of

mercury 22 28 26° 28 3¢ 32
655 0.03561 0.03537 0.03515 0.03490 0.03467 0.03444
660 3588 3564 3541 3516 3493 3470
665 3614 3591 3568 3543 3520 3496
670 3642 3618 3595 3569 3546 3523
675 3669 3645 3622 3596 3572 3549
680 0.03697 0.03672 0.03649 0.03623 0.03599 0.03575
685 3724 3699 3676 3649 3625 3602
690 3751 3726 3702 3676 3652 3628
695 3778 3753 3729 3703 3678 3654
700 3805 3780 3756 3729 3705 3680
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TABLE 2.18 Molar Equivalent of One Liter of Gas at Various Temperatures and PressLoesifued

Pressure TemperaturéC

mm of

mercury 2z 28 26° 28 30¢° 32
702 0.03816 0.03790 0.03767 0.03740 0.03715 0.03691
704 3827 3801 3777 3750 3726 3701
706 3838 3812 3788 3761 3736 3712
708 3849 3823 3799 3772 3747 3722
710 3860 3834 3810 3783 3758 3733
712 0.03870 0.03844 0.03820 0.03793 0.03768 0.03744
714 3881 3855 3831 3804 3779 3754
716 3892 3866 3842 3815 3789 3765
718 3902 3877 3853 3825 3800 3775
720 3914 3888 3863 3836 3811 3786
722 0.03925 0.03898 0.03874 0.03847 0.03821 0.03796
724 3936 3909 3885 3857 3832 3807,
726 3947 3920 3896 3868 3842 3817
728 3957 3931 3906 3878 3853 3828
730 3968 3941 3917 3889 3863 3838
732 0.03979 0.03952 0.03928 0.03900 0.03874 0.03849
734 3990 3963 3938 3910 3885 3859
736 4001 3974 3949 3921 3895 3870
738 4012 3985 3960 3932 3906 3880
740 4023 3995 3971 3942 3916 3891
742 0.04033 0.04006 0.03981 0.03953 0.03927 0.03901
744 4044 4017 3992 3964 3938 3912
746 4055 4028 4003 3974 3948 3922
748 4066 4039 4014 3985 3959 3933
750 4077 4049 4024 3996 3969 3943
752 0.04088 0.04060 0.04035 0.04006 0.03980 0.03954
754 4099 4071 4046 4017 3991 3964
756 4110 4082 4056 4028 4001 3975
758 4121 4093 4067 4038 4012 3985
760 4131 4103 4078 4049 4022 3996
762 0.04142 4114 4089 4060 4033 4006
764 4153 4125 4099 4070 4043 4017
766 4164 4136 4110 4081 4054 4027
768 4175 4147 4121 4092 4065 4038
770 4186 4158 4132 4102 4075 4048
772 0.04197 0.04168 0.04142 0.04113 0.04086 0.0405%9
774 4207 4179 4153 4124 4096 4070
776 4218 4190 4164 4134 4107 4080
778 4229 4201 4175 4145 4117 4091
780 4240 4211 4185 4155 4128 4101
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TABLE 2.19 Factors for Reducing Gas Volumes to Normal (Standard) Temperature and Pressure (760
mmHg)

Examples: (a0 mL of dry gas at 2Z and 730mm = 20 X 0.8888= 17.78 mL at @ and 760 mm(b) 20

mL of a gas over water at 22nd 730mm = 20 X (factor corrected for aqueous tension; i#30— 19.8 or
710.2mm) = 20 mL of dry gas at 22and 710.2mm= 20 X 0.86475= 17.30 mL at T and 760 mm. Mass

in milligrams of 1 mL of gas at S.T.P.: acetylene, 1.173; carbon dioxide, 1.9769; hydrogen, 0.0899; nitric oxi
(NO), 1.3402; nitrogen, 1.25057; oxygen, 1.42904.

Pressure TemperaturéC

mm of

mercury 1 11° 1z 13 14 15° 16° 17
670 0.8504 0.8474 0.8445 0.8415 0.8386 0.8357 0.8328 0.8299
672 0.8530 0.8500 0.8470 0.8440 0.8411 0.8382 0.8353 0.8324
674 0.8555 0.8525 0.8495 0.8465 0.8436 0.8407 0.8377 0.8349
676 0.8580 0.8550 0.8520 0.8490 0.8461 0.8431 0.8402 0.8373
678 0.8606 0.8576 0.8545 0.8516 0.8486 0.8456 0.8427 0.8398
680 0.8631 0.8601 0.8571 0.8541 0.8511 0.8481 0.8452 0.8423
682 0.8657 0.8626 0.8596 0.8566 0.8536 0.8506 0.8477 0.8448
684 0.8682 0.8651 0.8621 0.8591 0.8561 0.8531 0.8502 0.8472
686 0.8707 0.8677 0.8646 0.8616 0.8586 0.8556 0.8527 0.8497
688 0.8733 0.8702 0.8672 0.8641 0.8611 0.8581 0.8551 0.8522
690 0.8758 0.8727 0.8697 0.8666 0.8636 0.8606 0.8576 0.8547
692 0.8784 0.8753 0.8722 0.8691 0.8661 0.8631 0.8601 0.8572
694 0.8809 0.8778 0.8747 0.8717 0.8686 0.8656 0.8626 0.8596
696 0.8834 0.8803 0.8772 0.8742 0.8711 0.8681 0.8651 0.8621
698 0.8860 0.8828 0.8798 0.8767 0.8736 0.8706 0.8676 0.8646
700 0.8885 0.8854 0.8823 0.8792 0.8761 0.8731 0.8700 0.8671
702 0.8910 0.8879 0.8848 0.8817 0.8786 0.8756 0.8725 0.8695
704 0.8936 0.8904 0.8873 0.8842 0.8811 0.8781 0.8750 0.8720
706 0.8961 0.8930 0.8898 0.8867 0.8836 0.8806 0.8775 0.8745
708 0.8987 0.8955 0.8924 0.8892 0.8861 0.8831 0.8800 0.8770
710 0.9012 0.8980 0.8949 0.8917 0.8886 0.8856 0.8825 0.8794
712 0.9037 0.9006 0.8974 0.8943 0.8911 0.8880 0.8850 0.8819
714 0.9063 0.9031 0.8999 0.8968 0.8936 0.8905 0.8875 0.8844
716 0.9088 0.9056 0.9024 0.8993 0.8961 0.8930 0.8899 0.8869
718 0.9114 0.9081 0.9050 0.9018 0.8987 0.8955 0.8924 0.8894
720 0.9139 0.9107 0.9075 0.9043 0.9012 0.8980 0.8949 0.8918
722 0.9164 0.9132 0.9100 0.9068 0.9037 0.9005 0.8974 0.8943
724 0.9190 0.9157 0.9125 0.9093 0.9062 0.9030 0.8999 0.8968
726 0.9215 0.9183 0.9151 0.9118 0.9087 0.9055 0.9024 0.8993
728 0.9241 0.9208 0.9176 0.9144 0.9112 0.9080 0.9049 0.9017
730 0.9266 0.9233 0.9201 0.9169 0.9137 0.9105 0.9073 0.9042
732 0.9291 0.9259 0.9226 0.9194 0.9162 0.9130 0.9098 0.9067
734 0.9317 0.9284 0.9251 0.9219 0.9187 0.9155 0.9123 0.9092
736 0.9342 0.9309 0.9277 0.9244 0.9212 0.9180 0.9148 0.9117
738 0.9368 0.9334 0.9302 0.9269 0.9237 0.9205 0.9173 0.9141
740 0.9393 0.9360 0.9327 0.9294 0.9262 0.9230 0.9198 0.9166
742 0.9418 0.9385 0.9352 0.9319 0.9287 0.9255 0.9223 0.9191
744 0.9444 0.9410 0.9377 0.9345 0.9312 0.9280 0.9248 0.9216
746 0.9469 0.9436 0.9403 0.9370 0.9337 0.9305 0.9272 0.9240

748 0.9494 0.9461 0.9428 0.9395 0.9362 0.9329 0.9297 0.9265
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TABLE 2.19 Factors for Reducing Gas Volumes to Normal (Standard) Temperature and

Pressure@ontinued

Pressure TemperaturéC

mm of

mercury 1 11° 1z 13 1 15 16° 17
750 0.9520 0.9486 0.9453 0.9420 0.9387 0.9354 0.9322 0.9290
752 0.9545 0.9511 0.9478 0.9445 0.9412 0.9379 0.9347 0.9315
754 0.9571 0.9537 0.9504 0.9470 0.9437 0.9404 0.9372 0.9339
756 0.9596 0.9562 0.9529 0.9495 0.9462 0.9429 0.9397 0.9364
758 0.9621 0.9587 0.9554 0.9520 0.9487 0.9454 0.9422 0.9389
760 0.9647 0.9613 0.9579 0.9546 0.9512 0.9479 0.9446 0.9414
762 0.9672 0.9638 0.9604 0.9571 0.9537 0.9504 0.9471 0.9439
764 0.9698 0.9663 0.9630 0.9596 0.9562 0.9529 0.9496 0.9463
766 0.9723 0.9689 0.9655 0.9620 0.9587 0.9554 0.9521 0.9488
768 0.9748 0.9714 0.9680 0.9646 0.9612 0.9579 0.9546 0.9513
770 0.9774 0.9739 0.9705 0.9671 0.9637 0.9604 0.9571 0.9538
772 0.9799 0.9764 0.9730 0.9696 0.9662 0.9629 0.9596 0.9562
774 0.9825 0.9790 0.9756 0.9721 0.9687 0.9654 0.9620 0.9587
776 0.9850 0.9815 0.9781 0.9746 0.9712 0.9679 0.9645 0.9612
778 0.9875 0.9840 0.9806 0.9772 0.9737 0.9704 0.9670 0.9637
780 0.9901 0.9866 0.9831 0.9797 0.9763 0.9729 0.9695 0.9662
782 0.9926 0.9891 0.9856 0.9822 0.9788 0.9754 0.9720 0.9686
784 0.9952 0.9916 0.9882 0.9847 0.9813 0.9778 0.9745 0.9711
786 0.9977 0.9942 0.9907 0.9872 0.9838 0.9803 0.9770 0.9736
788 1.0002 0.9967 0.9932 0.9897 0.9863 0.9828 0.9794 0.9761

Pressure TemperaturéC

mm of

mercury 18 19 20¢° 2r 2z 23 28 25
670 0.8270 0.8242 0.8214 0.8186 0.8158 0.8131 0.8103 0.8076
672 0.8295 0.8267 0.8239 0.8211 0.8183 0.8155 0.8128 0.8100
674 0.8320 0.8291 0.8263 0.8235 0.8207 0.8179 0.8152 0.8124
676 0.8345 0.8316 0.8288 0.8259 0.8231 0.8204 0.8176 0.8149
678 0.8369 0.8341 0.8312 0.8284 0.8256 0.8228 0.8200 0.8173
680 0.8394 0.8365 0.8337 0.8308 0.8280 0.8252 0.8224 0.8197
682 0.8419 0.8390 0.8361 0.8333 0.8304 0.8276 0.8249 0.8221
684 0.8443 0.8414 0.8386 0.8357 0.8329 0.8301 0.8273 0.8245
686 0.8468 0.8439 0.8410 0.8382 0.8353 0.8325 0.8297 0.8269
688 0.8493 0.8464 0.8435 0.8406 0.8378 0.8349 0.8321 0.8293
690 0.8517 0.8488 0.8459 0.8430 0.8402 0.8373 0.8345 0.8317
692 0.8542 0.8513 0.8484 0.8455 0.8426 0.8398 0.8369 0.8341
694 0.8567 0.8537 0.8508 0.8479 0.8451 0.8422 0.8394 0.8366
696 0.8591 0.8562 0.8533 0.8504 0.8475 0.8446 0.8418 0.8390
698 0.8616 0.8587 0.8557 0.8528 0.8499 0.8471 0.8442 0.8414
700 0.8641 0.8611 0.8582 0.8553 0.8524 0.8495 0.8466 0.8438
702 0.8665 0.8636 0.8606 0.8577 0.8547 0.8519 0.8490 0.8462
704 0.8690 0.8660 0.8631 0.8602 0.8572 0.8543 0.8515 0.8486
706 0.8715 0.8685 0.8655 0.8626 0.8597 0.8568 0.8539 0.8510
708 0.8740 0.8710 0.8680 0.8650 0.8621 0.8592 0.8563 0.8534
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TABLE 2.19 Factors for Reducing Gas Volumes to Normal (Standard) Temperature and

Pressure@ontinued

2.93

Pressure TemperaturéC
mm of
mercury 18 19 2¢° 2r 22 23 28 25
710 0.8764 0.8734 0.8704 0.8675 0.8645 0.8616 0.8587 0.8558
712 0.8789 0.8759 0.8729 0.8699 0.8670 0.8640 0.8611 0.8582
714 0.8814 0.8783 0.8753 0.8724 0.8694 0.8665 0.8636 0.8607
716 0.8838 0.8808 0.8778 0.8748 0.8718 0.8689 0.8660 0.8631
718 0.8863 0.8833 0.8802 0.8773 0.8743 0.8713 0.8684 0.8655
720 0.8888 0.8857 0.8827 0.8797 0.8767 0.8738 0.8708 0.8679
722 0.8912 0.8882 0.8852 0.8821 0.8792 0.8762 0.8732 0.8703
724 0.8937 0.8906 0.8876 0.8846 0.8816 0.8786 0.8757 0.8727
726 0.8962 0.8931 0.8901 0.8870 0.8840 0.8810 0.8781 0.8751
728 0.8986 0.8956 0.8925 0.8895 0.8865 0.8835 0.8805 0.8775
730 0.9011 0.8980 0.8950 0.8919 0.8889 0.8859 0.8829 0.8799
732 0.9036 0.9005 0.8974 0.8944 0.8913 0.8883 0.8853 0.8824
734 0.9060 0.9029 0.8999 0.8968 0.8938 0.8907 0.8877 0.8848
736 0.9085 0.9054 0.9023 0.8992 0.8962 0.8932 0.8902 0.8872
738 0.9110 0.9079 0.9048 0.9017 0.8986 0.8956 0.8926 0.8896
740 0.9135 0.9103 0.9072 0.9041 0.9011 0.8980 0.8950 0.8920
742 0.9159 0.9128 0.9097 0.9066 0.9035 0.9005 0.8974 0.8944
744 0.9184 0.9153 0.9121 0.9090 0.9059 0.9029 0.8998 0.8968
746 0.9209 0.9177 0.9146 0.9115 0.9084 0.9053 0.9023 0.8992
748 0.9233 0.9202 0.9170 0.9139 0.9108 0.9077 0.9047 0.9016
750 0.9258 0.9226 0.9195 0.9164 0.9132 0.9102 0.9071 0.9041
752 0.9283 0.9251 0.9219 0.9188 0.9157 0.9126 0.9095 0.9065
754 0.9307 0.9276 0.9244 0.9212 0.9181 0.9150 0.9119 0.9089
756 0.9332 0.9300 0.9268 0.9237 0.9206 0.9174 0.9144 0.9113
758 0.9357 0.9325 0.9293 0.9261 0.9230 0.9199 0.9168 0.9137
760 0.9381 0.9349 0.9317 0.9286 0.9254 0.9223 0.9192 0.9161
762 0.9406 0.9374 0.9342 0.9310 0.9279 0.9247 0.9216 0.9185
764 0.9431 0.9399 0.9366 0.9335 0.9303 0.9272 0.9240 0.9209
766 0.9456 0.9423 0.9391 0.9359 0.9327 0.9296 0.9265 0.9233
768 0.9480 0.9448 0.9415 0.9383 0.9352 0.9320 0.9289 0.9258
770 0.9505 0.9472 0.9440 0.9408 0.9376 0.9344 0.9313 0.9282
772 0.9530 0.9497 0.9464 0.9432 0.9400 0.9369 0.9337 0.9306
774 0.9554 0.9522 0.9489 0.9457 0.9425 0.9393 0.9361 0.9330
776 0.9579 0.9546 0.9514 0.9481 0.9449 0.9417 0.9385 0.9354
778 0.9604 0.9571 0.9538 0.9506 0.9473 0.9441 0.9410 0.9378
780 0.9628 0.9595 0.9563 0.9530 0.9498 0.9466 0.9434 0.9402
782 0.9653 0.9620 0.9587 0.9555 0.9522 0.9490 0.9458 0.9426
784 0.9678 0.9645 0.9612 0.9579 0.9546 0.9514 0.9482 0.9450
786 0.9702 0.9669 0.9636 0.9603 0.9571 0.9538 0.9506 0.9474
788 0.9727 0.9694 0.9661 0.9628 0.9595 0.9563 0.9531 0.9499
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SECTION 2

TABLE 2.19 Factors for Reducing Gas Volumes to Normal (Standard) Temperature and

Pressure@ontinued

Pressure TemperaturéC
mm of
mercury 26° 27 28 29 3¢ 3r 32z 33
670 0.8049 0.8022 0.7996 0.7969 0.7943 0.7917 0.7891 0.78
672 0.8073 0.8046 0.8020 0.7993 0.7967 0.7940 0.7914 0.78
674 0.8097 0.8070 0.8043 0.8017 0.7990 0.7964 0.7938 0.79
676 0.8121 0.8094 0.8067 0.8041 0.8014 0.7988 0.7962 0.79
678 0.8145 0.8118 0.8091 0.8064 0.8038 0.8011 0.7985 0.79
680 0.8169 0.8142 0.8115 0.8088 0.8061 0.8035 0.8009 0.79
682 0.8193 0.8166 0.8139 0.8112 0.8085 0.8059 0.8032 0.80
684 0.8217 0.8190 0.8163 0.8136 0.8109 0.8082 0.8056 0.80
686 0.8241 0.8214 0.8187 0.8160 0.8133 0.8106 0.8079 0.80
688 0.8265 0.8238 0.8211 0.8183 0.8156 0.8129 0.8103 0.80
690 0.8289 0.8262 0.8234 0.8207 0.8180 0.8153 0.8126 0.81
692 0.8313 0.8286 0.8258 0.8231 0.8204 0.8177 0.8150 0.81
694 0.8338 0.8310 0.8282 0.8255 0.8227 0.8200 0.8174 0.81
696 0.8362 0.8334 0.8306 0.8278 0.8251 0.8224 0.8197 0.81
698 0.8386 0.8358 0.8330 0.8302 0.8275 0.8248 0.8221 0.81
700 0.8410 0.8382 0.8354 0.8326 0.8299 0.8271 0.8244 0.82
702 0.8434 0.8406 0.8378 0.8350 0.8322 0.8295 0.8268 0.82
704 0.8458 0.8429 0.8401 0.8374 0.8346 0.8319 0.8291 0.82
706 0.8482 0.8453 0.8425 0.8397 0.8370 0.8342 0.8315 0.82
708 0.8506 0.8477 0.8449 0.8421 0.8393 0.8366 0.8338 0.83
710 0.8530 0.8501 0.8473 0.8445 0.8417 0.8389 0.8362 0.83
712 0.8554 0.8525 0.8497 0.8469 0.8441 0.8413 0.8386 0.83
714 0.8578 0.8549 0.8521 0.8493 0.8465 0.8437 0.8409 0.83
716 0.8602 0.8573 0.8545 0.8516 0.8488 0.8460 0.8433 0.84
718 0.8626 0.8597 0.8569 0.8540 0.8512 0.8484 0.8456 0.84
720 0.8650 0.8621 0.8592 0.8564 0.8536 0.8508 0.8480 0.84
722 0.8674 0.8645 0.8616 0.8588 0.8559 0.8531 0.8503 0.84
724 0.8698 0.8669 0.8640 0.8612 0.8583 0.8555 0.8527 0.84
726 0.8722 0.8693 0.8664 0.8635 0.8607 0.8579 0.8550 0.85
728 0.8746 0.8717 0.8688 0.8659 0.8631 0.8602 0.8574 0.85
730 0.8770 0.8741 0.8712 0.8683 0.8654 0.8626 0.8598 0.85
732 0.8794 0.8765 0.8736 0.8707 0.8678 0.8649 0.8621 0.85
734 0.8818 0.8789 0.8759 0.8730 0.8702 0.8673 0.8645 0.86
736 0.8842 0.8813 0.8783 0.8754 0.8725 0.8697 0.8668 0.86
738 0.8866 0.8837 0.8807 0.8778 0.8749 0.8720 0.8692 0.86
740 0.8890 0.8861 0.8831 0.8802 0.8773 0.8744 0.8715 0.86
742 0.8914 0.8884 0.8855 0.8826 0.8796 0.8768 0.8739 0.87
744 0.8938 0.8908 0.8879 0.8849 0.8820 0.8791 0.8762 0.87
746 0.8962 0.8932 0.8903 0.8873 0.8844 0.8815 0.8786 0.87
748 0.8986 0.8956 0.8927 0.8897 0.8868 0.8838 0.8809 0.87
750 0.9010 0.8980 0.8950 0.8921 0.8891 0.8862 0.8833 0.88
752 0.9034 0.9004 0.8974 0.8945 0.8915 0.8886 0.8857 0.88
754 0.9058 0.9028 0.8998 0.8968 0.8939 0.8909 0.8880 0.88
756 0.9082 0.9052 0.9022 0.8992 0.8962 0.8933 0.8904 0.88
758 0.9106 0.9076 0.9046 0.9016 0.8986 0.8957 0.8927 0.88

65
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36
59

82
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29
53
76

00
23
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70
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41
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75
99
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46
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34
57
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28
51
75
98
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TABLE 2.19 Factors for Reducing Gas Volumes to Normal (Standard) Temperature and

Pressure@ontinued
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Pressure TemperaturéC

mm of

mercury 26 2r 28 29 30 3r 32 33
760 0.9130 0.9100 0.9070 0.9040 0.9010 0.8980 0.8951 0.8922
762 0.9154 0.9124 0.9094 0.9064 0.9034 0.9004 0.8974 0.8945
764 0.9178 0.9148 0.9118 0.9087 0.9057 0.9028 0.8998 0.8969
766 0.9202 0.9172 0.9141 0.9111 0.9081 0.9051 0.9021 0.8992
768 0.9227 0.9196 0.9165 0.9135 0.9105 0.9075 0.9045 0.9015
770 0.9251 0.9220 0.9189 0.9159 0.9128 0.9098 0.9069 0.9039
772 0.9275 0.9244 0.9213 0.9182 0.9152 0.9122 0.9092 0.9062
774 0.9299 0.9268 0.9237 0.9206 0.9176 0.9146 0.9116 0.9086
776 0.9323 0.9292 0.9261 0.9230 0.9200 0.9169 0.9139 0.9109
778 0.9347 0.9316 0.9285 0.9254 0.9223 0.9193 0.9163 0.9133
780 0.9371 0.9340 0.9308 0.9278 0.9247 0.9217 0.9186 0.9156
782 0.9395 0.9363 0.9332 0.9301 0.9271 0.9240 0.9210 0.9180
784 0.9419 0.9387 0.9356 0.9325 0.9294 0.9264 0.9233 0.9203
786 0.9443 0.9411 0.9380 0.9349 0.9318 0.9287 0.9257 0.9227
788 0.9467 0.9435 0.9404 0.9373 0.9342 0.9311 0.9281 0.9250

Pressure TemperaturéC Pressure TemperaturéC

mm of mm of

mercury 3 35 36° mercury 3 35 36°
670 0.7839 0.7814 0.7789 730 0.8541 0.8514 0.8486
672 0.7863 0.7837 0.7812 732 0.8565 0.8537 0.8509
674 0.7886 0.7861 0.7835 734 0.8588 0.8560 0.8533
676 0.7910 0.7884 0.7858 736 0.8612 0.8584 0.8556
678 0.7933 0.7907 0.7882 738 0.8635 0.8607 0.8579
680 0.7956 0.7931 0.7905 740 0.8658 0.8630 0.8602
682 0.7980 0.7954 0.7928 742 0.8682 0.8654 0.8626
684 0.8003 0.7977 0.7951 744 0.8705 0.8677 0.8649
686 0.8027 0.8001 0.7975 746 0.8729 0.8700 0.8672
688 0.8050 0.8024 0.7998 748 0.8752 0.8724 0.8695
690 0.8073 0.8047 0.8021 750 0.8775 0.8747 0.8719
692 0.8097 0.8071 0.8044 752 0.8799 0.8770 0.8742
694 0.8120 0.8094 0.8068 754 0.8822 0.8794 0.8765
696 0.8144 0.8117 0.8091 756 0.8846 0.8817 0.8788
698 0.8167 0.8141 0.8114 758 0.8869 0.8840 0.8812
700 0.8190 0.8164 0.8137 760 0.8892 0.8864 0.8835
702 0.8214 0.8187 0.8161 762 0.8916 0.8887 0.8858
704 0.8237 0.8211 0.8184 764 0.8939 0.8910 0.8881
706 0.8261 0.8234 0.8207 766 0.8963 0.8934 0.8905
708 0.8284 0.8257 0.8230 768 0.8986 0.8957 0.8928
710 0.8307 0.8281 0.8254 770 0.9009 0.8980 0.8951
712 0.8331 0.8304 0.8277 772 0.9033 0.9004 0.8974
714 0.8354 0.8327 0.8300 774 0.9056 0.9027 0.8998
716 0.8378 0.8350 0.8323 776 0.9080 0.9050 0.9021
718 0.8401 0.8374 0.8347 778 0.9103 0.9074 0.9044
720 0.8424 0.8397 0.8370 780 0.9127 0.9097 0.9067
722 0.8448 0.8420 0.8393 782 0.9150 0.9120 0.9091
724 0.8471 0.8444 0.8416 784 0.9173 0.9144 0.9114
726 0.8495 0.8467 0.8440 786 0.9197 0.9167 0.9137
728 0.8518 0.8490 0.8463 788 0.9220 0.9190 0.9160
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TABLE 2.20 Values of Absorbance for Percent Absorption

SECTION 2

To convert percent absorption (89 to absorbance, find the present absorption to the nearest whole digit i
the left-hand column; read across to the column located under the tenth of a percent desired, and read the
of absorbance. The value of absorbance corresponding to 26.8% absorption is thus 0.1355.

%A .0 1 .2 .3 4 5 .6 N .8

0.0 .0000 .0004 .0009 .0013 .0017 .0022 .0026 .0031 .0035
1.0 .0044 .0048 .0052 .0057 .0061 .0066 .0070 .0074 .0079
2.0 .0088 .0092 .0097 .0101 .0106 .0110 .0114 .0119 .0123
3.0 .0132 .0137 .0141 .0146 .0150 .0155 .0159 .0164 .0168
4.0 .0177 .0182 .0186 .0191 .0195 .0200 .0205 .0209 .0214
5.0 .0223 .0227 .0232 .0236 .0241 .0246 .0250 .0255 .0259
6.0 .0269 .0273 .0278 .0283 .0287 .0292 .0297 .0301 .0306
7.0 .0315 .0320 .0325 .0329 .0334 .0339 .0343 .0348 .0353
8.0 .0362 .0367 .0372 .0376 .0381 .0386 .0391 .0395 .0400
9.0 .0410 .0414 .0419 .0424 .0429 .0434 .0438 .0443 .0448
10.0 .0458 .0462 .0467 .0472 .0477 .0482 .0487 .0491 .0496
11.0 .0506 .0511 .0516 .0521 .0526 .0531 .0535 .0540 .0545
12.0 .0555 .0560 .0565 .0570 .0575 .0580 .0585 .0590 .0595
13.0 .0605 .0610 .0615 .0620 .0625 .0630 .0635 .0640 .0645
14.0 .0655 .0660 .0665 .0670 .0675 .0680 .0685 .0691 .0696
15.0 .0706 0711 .0716 .0721 .0726 .0731 .0737 .0742 .0747
16.0 .0757 .0762 .0768 .0773 .0778 .0783 .0788 .0794 .0799
17.0 .0809 .0814 .0820 .0825 .0830 .0835 .0841 .0846 .0851
18.0 .0862 .0867 .0872 .0878 .0883 .0888 .0894 .0899 .0904
19.0 .0915 .0921 .0926 .0931 .0937 .0942 .0947 .0953 .0958
20.0 .0969 .0975 .0980 .0985 .0991 .0996 .1002 .1007 .1013
21.0 .1024 .1029 .1035 .1040 .1046 .1051 .1057 .1062 .1068
22.0 .1079 .1085 .1090 .1096 1101 1107 1113 1118 1124
23.0 .1135 1141 .1146 .1152 .1158 1163 .1169 1175 .1180
24.0 .1192 .1198 .1203 .1209 1215 1221 1226 1232 .1238
25.0 .1249 1255 1261 1267 1273 1278 .1284 1290 .1296
26.0 .1308 1314 1319 .1325 1331 .1337 .1343 .1349 .1355
27.0 .1367 1373 1379 .1385 1391 1397 .1403 .1409 .1415
28.0 1427 1433 .1439 .1445 .1451 .1457 .1463 .1469 .1475
29.0 .1487 .1494 .1500 .1506 1512 .1518 .1524 .1530 .1537
30.0 .1549 .1555 .1561 .1568 .1574 .1580 .1586 .1593 .1599
31.0 1612 .1618 .1624 .1630 .1637 .1643 .1649 .1656 .1662
32.0 .1675 .1681 .1688 .1694 1701 1707 1713 1720 1726
33.0 .1739 .1746 .1752 .1759 .1765 A772 1778 .1785 1791
34.0 .1805 1811 .1818 .1824 .1831 .1838 .1844 .1851 .1858
35.0 .1871 .1878 .1884 .1891 .1898 .1904 1911 .1918 .1925
36.0 .1938 .1945 .1952 .1959 .1965 1972 .1979 .1986 .1993
37.0 .2007 .2013 .2020 .2027 .2034 .2041 .2048 .2055 .2062
38.0 .2076 .2083 .2090 .2097 .2104 2111 .2118 .2125 .2132
39.0 .2147 .2154 .2161 .2168 .2175 .2182 .2190 .2197 .2204
40.0 .2218 .2226 .2233 .2240 .2248 .2255 .2262 .2269 2277
41.0 .2291 .2299 .2306 .2314 .2321 .2328 .2336 .2343 .2351

.003¢
.008:
.012¢
.017:
.021¢
.026:

.031:
.035°
.040¢
.045
.050:
.055(

.060(
.065(
.070:
.075;
.080:
.085°

.091(
.096:
.101
.107:
112
.118¢

.124
.130:
.136:
.142:
.148:
154!

.160¢
.166'
173
179
.186:
.193!

.200(
.206'
2141
221!
.228:
.235!
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TABLE 2.20 Values of Absorbance for Percent Absorpti@ogtinued

% A .0 1 2 .3 4 5 .6 7 .8 .9

42.0 .2366 .2373 .2381 .2388 .2396 .2403 2411 .2418 .2426 .243¢
43.0 .2441 .2449 .2457 .2464 2472 .2480 .2487 .2495 .2503 251
44.0 .2518 .2526 .2534 .2541 .2549 .2557 .2565 .2573 .2581 .258t
45.0 .2596 .2604 .2612 .2620 .2628 .2636 .2644 .2652 .2660 .266¢
46.0 .2676 .2684 .2692 .2700 .2708 .2716 2725 .2733 2741 274
47.0 2757 .2765 2774 .2782 .2790 .2798 .2807 .2815 .2823 .283:

48.0 .2840 .2848 .2857 .2865 .2874 .2882 .2890 .2899 .2907 .291¢
49.0 .2924 .2933 .2941 .2950 .2958 .2967 .2976 .2984 .2993 .300:
50.0 .3010 .3019 .3028 .3036 .3045 .3054 .3063 .3072 .3080 .308¢
51.0 .3098 .3107 .3116 .3125 .3134 .3143 .3152 3161 .3170 317
52.0 .3188 3197 .3206 .3215 .3224 .3233 .3242 3251 .3261 .327(
53.0 .3279 .3288 .3298 .3307 .3316 .3325 .3335 .3344 .3354 .336!

54.0 .3372 .3382 .3391 .3401 .3410 .3420 .3429 .3439 .3449 .345¢
55.0 .3468 .3478 .3487 .3497 .3507 .3516 .3526 .3536 .3546 .355¢
56.0 .3565 .3575 .3585 .3595 .3605 .3615 .3625 .3635 .3645 .365!
57.0 .3665 .3675 .3686 .3696 .3706 .3716 .3726 3737 3747 375
58.0 .3768 3778 .3788 .3799 .3809 .3820 .3830 .3840 .3851 .386:
59.0 .3872 .3883 .3893 .3904 .3915 .3925 .3936 .3947 .3958 .396¢

60.0 .3979 .3990 4001 4012 4023 4034 4045 4056 4067 407
61.0 .4089 4101 4112 4123 4134 4145 4157 4168 4179 419!
62.0 4202 4214 4225 4237 4248 4260 4271 4283 4295 .430¢
63.0 4318 4330 4342 4353 4365 4377 4389 4401 4413 442t
64.0 4437 4449 4461 4473 4485 4498 4510 4522 4535 A54°
65.0 .4559 4572 4584 4597 .4609 4622 4634 4647 4660 A467:

66.0 .4685 4698 A711 4724 AT737 4750 4763 AT76 4789 .480:
67.0 4815 4828 4841 4855 .4868 4881 4895 4908 4921 493!
68.0 .4948 4962 4976 .4989 .5003 .5017 .5031 .5045 .5058 .507:
69.0 .5086 .5100 5114 5129 .5143 .5157 5171 .5186 .5200 521«
70.0 .5229 .5243 .5258 5272 .5287 .5302 5317 .5331 .5346 .536:
71.0 .5376 5391 .5406 5421 .5436 .5452 .5467 .5482 .5498 .551¢

72.0 .5528 .5544 .5560 .5575 .5501 .5607 .5622 .5638 .5654 .567(
73.0 .5686 5702 5719 5735 5751 .5768 5784 .5800 .5817 .583¢
74.0 .5850 .5867 .5884 .5901 .5918 .5935 .5952 .5969 .5986 .600:
75.0 .6021 .6038 .6055 .6073 .6091 .6108 .6126 .6144 .6162 .618(
76.0 .6198 .6216 .6234 .6253 6271 .6289 .6308 .6326 .6345 .636¢
77.0 .6383 .6402 .6421 .6440 .6459 .6478 .6498 .6517 .6536 .655¢

78.0 .6576 .6596 .6615 .6635 .6655 .6676 .6696 .6716 .6737 .675
79.0 .6778 .6799 .6819 .6840 .6861 .6882 .6904 .6925 .6946 .696¢
80.0 .6990 7011 .7033 .7055 7077 .7100 7122 7144 7167 .719(
81.0 7212 71235 7258 7282 .7305 .7328 .7352 1375 7399 142!
82.0 7447 7471 .7496 .7520 .7545 .7570 .7595 .7620 .7645 767
83.0 .7696 7721 7747 T773 7799 .7825 .7852 .7878 .7905 793¢

84.0 .7959 .7986 .8013 .8041 .8069 .8097 .8125 .8153 .8182 .821(
85.0 .8239 .8268 .8297 .8327 .8356 .8386 .8416 .8447 .8477 .850¢
86.0 .8539 .8570 .8601 .8633 .8665 .8697 .8729 .8761 .8794 .882
87.0 .8861 .8894 .8928 .8962 .8996 .9031 .9066 9101 .9136 917:
88.0 .9208 .9245 .9281 .9318 .9355 .9393 .9431 .9469 .9508 .954°
89.0 .9586 .9626 .9666 .9706 9747 .9788 .9830 .9872 .9914 .995°
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TABLE 2.21 Transmittance-Absorbance Conversion Table
From MeitesHandbook of Analytical Chemistry,963, McGraw-Hill Book Company; by permission.

This table gives absorbance values to four significant figures corresponding to % transmittance values w
are given to three significant figures. The values of % transmittance are given in the left-hand column and in
top row. For example, 8.4% transmittance corresponds to an absorbance of 1.076.

Interpolation is facilitated and accuracy is maximized if the % transmittance is between 1 and 10, by m
tiplying its value by 10, finding the absorbance corresponding to the result, and adding 1. For example, to
the absorbance corresponding to 8.45% transmittance, note that 84.5% transmittance corresponds to an al
ance of 0.0731, so that 8.45% transmittance corresponds to an absorbance of 1.0731. For % transmittance \
between 0.1 and 1, multiply by 100, find the absorbance corresponding to the result, and add 2.

Conversely, to find the % transmittance corresponding to an absorbance between 1 and 2, subtract 1
the absorbance, find the % transmittance corresponding to the result, and divide by 10. For example, an ab
ance of 1.219 can best be converted to % transmittance by noting that an absorbance of 0.219 would corres
to 60.4% transmittance; dividing this by 10 gives the desired value, 6.04% transmittance. For absorbance ve
between 2 and 3, subtract 2 from the absorbance, find the % transmittance corresponding to the result, and c
by 100.

%

Trans-

mittance 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 | ...... 3.000 2.699 2.523 2.398 2.301 2.222 2.155 2.097 2.046
1 2.000 1.959 1.921 1.886 1.854 1.824 1.796 1.770 1.745 1.721
2 1.699 1.678 1.658 1.638 1.62Q 1.602 1.585 1.569 1.553 1.538
3 1.523 1.509 1.495 1.481 1.469 1.456 1.444 1.482 1.420 1.409
4 1.398 1.387 1.377 1.367 1.357 1.347 1.337 1.328 1.319 1.310
5 1.301 1.292 1.284 1.276 1.268 1.260 1.252 1.244 1.237 1.229

6 1.222 1.215 1.208 1.201 1.194 1.18y 1.180 1.174 1.167 1.161

7 1.155 1.149 1.143 1.137 1.131 1.125 1.119 1.114 1.108 1.102

8 1.097 1.092 1.086 1.081 1.074 1.071 1.066 1.060 1.056 1.051

9 1.046 1.041 1.036 1.032 1.027 1.022 1.018 1.013 1.009 1.004
10 1.000 0.9957| 0.9914 0.9872 0.9830 0.9788 0.9y47 0.9706 0.9666 0.96:
11 0.9586| 0.9547| 0.9508 0.9469 0.9481 0.9393 0.9855 0.9318 0.9281 0.92
12 0.9208| 0.9172 0.9136 0.9101 0.9066 0.9031 0.8P96 0.8962 0.8928 0.88!
13 0.8861| 0.8827, 0.8794 0.8761 0.8729 0.8697 0.8665 0.8633 0.8601 0.85
14 0.8539| 0.8508 0.8477 0.8447 0.8416 0.8386 0.8856 0.8327 0.8297 0.82¢
15 0.8239| 0.8210 0.8182 0.8153 0.8125 0.8097 0.8069 0.8041 0.8013 0.79¢
16 0.7959| 0.7932 0.790% 0.7878 0.7852 0.7825 0.7f99 0.7773 0.[7747 0.77:
17 0.7696| 0.7670 0.7645 0.7620 0.7595 0.7870 0.7645 0.7520 0.7496 0.74
18 0.7447| 0.7423 0.7399 0.7375 0.7352 0.7328 0.7805 0.7282 0.7258 0.72
19 0.7212| 0.7190 0.716Y 0.7144 0.7122 0.7100 0.7077 0.7055 0.7033 0.70:
20 0.6990| 0.6968 0.6946 0.6925 0.6904 0.6882 0.6861 0.6840 0.6819 0.67
21 0.6778| 0.6757, 0.673f 0.6716 0.6696 0.6676 0.6655 0.6635 0.6615 0.65
22 0.6576| 0.6556 0.6536 0.6517 0.6498 0.6478 0.6459 0.6440 0.6421 0.64(
23 0.6383| 0.6364 0.6345 0.6326 0.63D8 0.6289 0.6R71 0.6253 0.6234 0.62:
24 0.6198| 0.6180 0.6162 0.6144 0.6126 0.6108 0.6p91 0.6073 0.6055 0.60:
25 0.6021| 0.6003 0.5986 0.5969 0.5952 0.5935 0.5918 0.5901 0.5884 0.58t
26 0.5850| 0.5834 0.581y 0.5800 0.5784 0.5766 0.5/51 0.5735 0.5719 0.57(
27 0.5686| 0.5670 0.5654 0.5638 0.5622 0.5607 0.5591 0.5575 0.5560 0.55
28 0.5528| 0.5513 0.5498 0.5482 0.5467 0.5452 0.5436 0.5421 05406 0.53
29 0.5376| 0.5361 0.5346 0.5331 0.5317 0.5302 0.5p87 0.5272 0.5258 0.52
30 0.5229| 0.5214 0.5200 0.5186 0.51y1 0.5157 0.5043 0.5129 05114 0.51
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TABLE 2.21 Transmittance-Absorbance Conversion Taler{tinued

2.99

%
Trans-
mittance 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

31 0.5086| 0.5072 0.5058 0.5045 0.5031 0.5017 0.5003 0.4989 0.4976 0.49¢
32 0.4949| 0.4935 0.4921 0.4908 0.4895 0.4881 0.4868 0.4855 0.4841 0.482
33 0.4815| 0.4802 0.4789 0.4776 0.4763 0.4750 0.4f37 0.4724 04711 0.46¢
34 0.4685| 0.4672 0.4660 0.4647 0.4634 0.4622 0.4p609 0.4597 0.4584 0.457
35 0.4559| 0.4547 0.4535 0.4522 0.4510 0.4498 0.4486 0.4473 0.4461 0.44¢
36 0.4437| 0.4425 0.4413 0.4401 0.4389 0.4377 0.4365 0.4353 0.4342 0.43:
37 0.4318| 0.4306 0.4295 0.4283 0.42Fy1 0.4260 0.4R48 0.4237 04225 0.42]
38 0.4202| 0.4191 0.4179 0.4168 0.4157 0.4145 0.4134 04123 04112 0.41C
39 0.4089| 0.4078 0.4067 0.4056 0.4045 0.4034 0.4023 0.4012 0.4001 0.39¢
40 0.3979| 0.3969 0.3958 0.3947 0.3936 0.3925 0.3915 0.3904 0.3893 0.38¢
41 0.3872| 0.3862 0.3851 0.3840 0.3830 0.3820 0.3809 0.3799 0.3788 0.377
42 0.3768| 0.3757| 0.3747Y 0.3737 0.3726 0.3716 0.3f06 0.3696 0.3686 0.367
43 0.3665| 0.3655 0.3645 0.3635 0.3625 0.3615 0.3605 0.3595 0.3585 0.357
44 0.3565| 0.3556 0.3546 0.3536 0.3526 0.3516 0.3507 0.3497 0.3487 0.347
45 0.3468| 0.3458 0.3449 0.3439 0.3429 0.3420 0.3410 0.3401 0.3391 0.33¢
46 0.3372| 0.3363 0.3354 0.3344 0.3335 0.3325 0.3316 0.3307 0.3298 0.32¢
47 0.3279| 0.3270 0.3261 0.3251 0.3242 0.3233 0.3R24 0.3215 0.3206 0.31¢
48 0.3188| 0.3179 0.3170 0.3161 0.3152 0.3143 0.3134 0.3125 0.3116 0.31C
49 0.3098| 0.3089 0.3080 0.3072 0.3063 0.3054 0.3045 0.3036 0.3028 0.301
50 0.3010| 0.3002 0.2993 0.2984 0.29Y6 0.2967 0.2958 0.2950 0.2941 0.29:
51 0.2924| 0.2916 0.2907 0.2899 0.2800 0.2882 0.2B74 0.2865 0.2857 0.28/
52 0.2840| 0.2832 0.2823 0.2815 0.2807 0.2798 0.2f90 0.2782 0.2774 0.27¢
53 0.2757| 0.2749 0.2741 0.2733 0.2725 0.2116 0.2f08 0.2700 0.2692 0.26¢
54 0.2676| 0.2668 0.2660 0.2652 0.2644 0.2636 0.2628 0.2620 0.2612 0.26(
55 0.2596| 0.2588 0.2581 0.2573 0.2565 0.2857 0.2549 0.2541 0.2534 0.25Z
56 0.2518| 0.2510 0.25083 0.2495 0.2487 0.2480 0.2472 0.2464 0.2457 0.24¢
57 0.2441| 0.2434 0.2426 0.2418 0.2411 0.2403 0.2396 0.2388 0.2381 0.237
58 0.2366| 0.2358 0.2351 0.2343 0.2336 0.2328 0.2321 0.2314 0.2306 0.22¢
59 0.2291| 0.2284 0.2277 0.2269 0.2262 0.2255 0.248 0.2240 0.2233 0.222
60 0.2218| 0.2211 0.2204 0.2197 0.2190 0.2182 0.2175 0.2168 0.2161 0.21f
61 0.2147| 0.2140 0.2132 0.2125 0.2118 0.2111 0.2104 0.2097 0.2090 0.20¢
62 0.2076| 0.2069 0.2062 0.2055 0.2048 0.2041 0.2034 0.2027 0.2020 0.201
63 0.2007| 0.2000 0.1993 0.1986 0.19Y9 0.1972 0.1965 0.1959 0.1952 0.19¢
64 0.1938| 0.1931 0.1925 0.1918 0.1911 0.1904 0.1898 0.1891 0.1884 0.187
65 0.1871| 0.1864 0.1858 0.1851 0.1844 0.1838 0.1831 0.1824 0.1818 0.181
66 0.1805| 0.1798 0.1791 0.1785 0.17y8 0.1472 0.1f65 0.1759 0.1752 0.17/
67 0.1739| 0.1733 0.1726 0.1720 0.1743 0.1707 0.1f01 0.1694 0.1688 0.16¢
68 0.1675| 0.1669 0.1662 0.1656 0.1649 0.1643 0.1637 0.1630 0.1624 0.161
69 0.1612| 0.1605 0.1599 0.1593 0.1586 0.1880 0.1574 0.1568 0.1561 0.15¢
70 0.1549| 0.1543 0.1537 0.1530 0.1524 0.1318 0.1512 0.1506 0.1500 0.14¢
71 0.1487| 0.1481 0.1475 0.1469 0.1463 0.1457 0.1451 0.1445 01439 0.14
72 0.1427| 0.1421 0.1415 0.1409 0.14p3 0.1397 0.18391 0.1385 0.1379 0.137
73 0.1367| 0.1361 0.1355 0.1349 0.1343 0.1337 0.1331 0.1325 01319 0.131
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TABLE 2.21 Transmittance-Absorbance Conversion Talerftinued

%
Trans-
mittance 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

74 0.1308| 0.1302 0.1296 0.1290 0.1284 0.1278 0.1273 0.1267 0.1261 0.12¢
75 0.1249| 0.1244 0.1238 0.1232 0.1226 0.1221 0.1215 0.1209 0.1203 0.11¢
76 0.1192| 0.1186 0.1180 0.1175 0.1169 0.1163 0.1158 0.1152 0.1146 0.11¢
77 0.1135| 0.1129 0.1124 0.1118 0.1143 0.1107 0.1101 0.1096 0.1090 0.10¢
78 0.1079| 0.1073 0.1068 0.1062 0.1057 0.1051 0.1p46 0.1040 0.1035 0.10¢
79 0.1024| 0.1018 0.1013 0.1007 0.1002 0.0996 0.0091 0.0985 0.0980 0.09°
80 0.0969| 0.0964 0.0958 0.0953 0.0947 0.0942 0.0937 0.0931 0.0926 0.09:
81 0.0915| 0.0910 0.0904 0.0899 0.0894 0.0888 0.0883 0.0878 0.0872 0.08¢
82 0.0862| 0.0857, 0.0851 0.0846 0.0841 0.0835 0.0830 0.0825 0.0820 0.08:
83 0.0809| 0.0804 0.0799 0.0794 0.0788 0.0783 0.0f78 0.0773 0.0768 0.07¢
84 0.0757| 0.0752 0.074Y 0.0742 0.0787 0.0931 0.0r26 0.0721 0.0716 0.07:
85 0.0706| 0.0701] 0.0696 0.0691 0.0685 0.0880 0.0675 0.0670 0.0665 0.06¢
86 0.0655| 0.0650 0.0645 0.0640 0.0685 0.0630 0.0625 0.0620 0.0615 0.06:
87 0.0605| 0.0600 0.0595 0.0590 0.0585 0.0380 0.0675 0.0570 0.0565 0.05¢
88 0.0555| 0.0550 0.0545 0.0540 0.0585 0.031 0.0626 0.0521 0.0516 0.05:
89 0.0506| 0.0501] 0.0496 0.0491 0.0487 0.0482 0.0477 0.0472 0.0467 0.04¢
90 0.0458| 0.0453 0.0448 0.0443 0.0488 0.0434 0.0429 0.0424 0.0419 0.04:
91 0.0410| 0.0405 0.0400 0.0395 0.0391 0.0386 0.0881 0.0376 0.0372 0.03¢
92 0.0362| 0.0357, 0.0353 0.0348 0.0343 0.0339 0.0834 0.0329 0.0325 0.03:
93 0.0315| 0.0311] 0.0306 0.0301 0.0297 0.0292 0.087 0.0283 0.0278 0.02
94 0.0269| 0.0264 0.0259 0.0255 0.0250 0.0246 0.0241 0.0237 0.0232 0.02¢
95 0.0223| 0.0218 0.0214 0.0209 0.0205 0.0200 0.0195 0.0191 0.0186 0.01¢
96 0.0177| 0.0173 0.0168 0.0164 0.0159 0.0155 0.0150 0.0146 0.0141 0.01:
97 0.0132| 0.0128 0.0123 0.0119 0.0144 0.0110 0.0106 0.0101 0.0097 0.00¢
98 0.0088| 0.0083 0.0079 0.0074 0.00y0 0.0066 0.0p61 0.0057 0.0052 0.00¢
99 0.0044| 0.0039 0.0035 0.0031 0.0026 0.0022 0.0p17 0.0013 0.0009 0.00(




GENERAL INFORMATION, CONVERSION TABLES, AND MATHEMATICS

TABLE 2.22 Wavenumber/Wavelength Conversion Table
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This table is based on the conversion: wavenunflmeecm-1) = 10 000/wavelength  u(i). For example,
15.4 um is equal to 649 cnt.

Wavelength

(um)

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0
cm?t
10000 9091 8333 7692 7143 6667 6250 5882 5556
5000 4762 4545 4348 4167 4000 3846 3704 3571
3333 3226 3125 3030 2941 2857 2778 2703 2632
2500 2439 2381 2326 2273 2222 2174 2128 2083
2000 1961 1923 1887 1852 1818 1786 1754 1724
1667 1639 1613 1587 1563 1538 1515 1493 1471
1429 1408 1389 1370 1351 1333 1316 1299 1282
1250 1235 1220 1205 1190 1176 1163 1149 1136
1111 1099 1087 1075 1064 1053 1042 1031 1020
1000 990 980 971 962 952 943 935 926
909 901 893 885 877 870 862 855 847
833 826 820 813 806 800 794 787 781
769 763 758 752 746 741 735 730 725
714 709 704 699 694 690 685 680 676
667 662 658 654 649 645 641 637 633
625 621 617 613 610 606 602 599 595
588 585 581 578 575 571 568 565 562
556 552 549 546 543 541 538 535 532
526 524 521 518 515 513 510 508 505
500 498 495 493 490 488 485 483 481
476 474 472 469 467 465 463 461 459
455 452 450 448 446 444 442 441 439
435 433 431 429 427 426 424 422 420
417 415 413 412 410 408 407 405 403
400 398 397 395 394 392 391 389 388
385 383 382 380 379 377 376 375 373
370 369 368 366 365 364 362 361 360
357 356 355 353 352 351 350 348 347
345 344 342 341 340 339 338 337 336
333 332 331 330 329 328 327 326 325
323 322 321 319 318 317 316 315 314
313 312 311 310 309 308 307 306 305
303 302 301 300 299 299 298 297 296
294 293 292 292 291 290 289 288 287
286 285 284 283 282 282 281 280 279
278 277 276 275 274 274 273 272 272
270 270 269 268 267 267 266 265 265
263 262 262 261 260 260 259 258 258
256 256 255 254 254 253 253 252 251
250

9

5263
3448
2564
2041
1695
1449
1266
1124
1010
917
840
775
719
671
629
592
559
529
503
478
457
437
418
402
386
372
358
346
334
324
313
304
295
287
279
271
264
257
251
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2.2 MATHEMATICAL TABLES

2.2.1 Logarithms

2.2.1.1 Properties and Uses
Definition of Logarithm. Thelogarithm xof the numbeN to the basé is the exponent of the
power to whichb must be raised to givll. That is,

log, N = x or bx=N

The numben is positive andh may be any positive number except 1.
Properties of Logarithms

1. The logarithm of a product is equal to the sum of the logarithms of the factors; thus,
log, M -N = log, M + log, N

2. The logarithm of a quotient is equal to the logarithm of the numerator minus the logarithm |
the denominator; thus,

M
log, N log, M — log, N

3. The logarithm of a power of a number is equal to the logarithm of the base multiplied by tt
exponent of the power; thus,

log, MP = p - log, M

4. The logarithm of a root of a number is equal to the logarithm of the number divided by the inds
of the root; thus

log, VM = :—(: log, M

Other properties of logarithms:
log,b=1 log, ¥/MP = g log, M

log, N
log, 1=10 log, N = log,N - log,a = Io?;?

log, (0) =N booN = N

Systems of LogarithmsThere are two common systems of logarithms in use: (1)nttaral
(Napierian or hyperbolic) system which uses the l®se2.71838 . . . ; (2ydhemon(Brigg-
sian) system which uses the base 10.

We shall use the abbreviatiddg N=1log,, N in this section.

Unless otherwise stated, tables of logarithms are always tables of common logarithms.

Characteristic of a Common Logarithm of a NumbeEvery real positive number has a real
common logarithm such that & < b, loga < log b. Neither zero nor any negative number has
real logarithm.

A common logarithm, in general, consists of an integer, which is calledhheacteristic,and
a decimal (usually endless), which is called thantissaThe characteristic of any number may be
determined from the following rules:
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Rule I. The characteristic of any number greater than 1 is one less than the number of dic
before the decimal point.

Rule Il.* The characteristic of a number less than 1 is found by subtracting from 9 the numb
of ciphers between the decimal point and the first significant digit, and writib@ after the result.

Thus the characteristic of log 936 is 2; the characteristic of log 9.36 is 0; of log 0.936 it®
of log 0.00936 is 7— 10.

Mantissa of a Common Logarithm of a NumbeAn important consequence of the use of base
10 is that the mantissa of a number is independent of the position of the decimal point. Tk
93 600, 93.600, 0.000 936, all have the same mantissa. Hence in Tables of Common Logaritl
only mantissas are given. A five-place table gives the values of the mantissa correct to five ple
of decimals.

Since it is possible to obtain logarithms by using hand calculators, this Handbook contains
logarithm tables.

Helpful Hints

1. When connecting numbers to logarithms, use as many decimal places in the mantissa as t
are significant digits in the number.

2. When finding the antilogarithm, keep as many significant digits as there are decimal places
the mantissa.

Examples: log 10.35= 1.0149;antilog 0.065= 1.16.

* Some writers use a dash over the characteristic to indicate a negative value; for example,

log 0.004657= 7.6681— 10 = 3.6681
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TABLE 2.23 Derivatives and Differentiation
Rules for differentiation.

From Baumeister and Mark§tandard Handbook for Mechanical Engineergh ed., McGraw-Hill Book
Company, New York (1967); by permission.

To find the derivative of a given function at a given point: (1) If the function is given only by a curve
measure graphically the slope of the tangent at the point in question; (2) if the function is given by a mathemat
expression, use the following rules for differentiation. These rules give, directly, the differelytied terms of
dx; to find the derivativedy/dx, divide through bydx.

Hereu, v, w, . . . represents any functions of a variaBleor may themselves be independent variatdes.
is a constant which does not change in values in the same discussioR;71828.

1.d@a+u =du 2. d(au) = adu
.du+v+w+ - )=dut+dv+dw+ -
4. dluy) =udv+vdu
du dv dw
5. dluvw . . )= (uvw . . .)<—+—+—+ )
u v w
u vdu—udv
6.d-=—— 7. d(um = mu™? du
v 7 (um)
Thus,d(u?) = 2u dy, d(u®) = 3u? du, etc.
du 1 du
8. dJu=——= 9.d(-)=—-——
Ju 2\/u <u> P
10. d(e¥) = e du 11. d(@¥) = (In a)av du
du du du
12. dInu= m 13. dlog,o u = (log,o€) m = (0.438 . . ')f
14. d sinu = cosu du 15. d cscu = —cotu cscu du
16. dcosu = —sinu du 17. d secu = tanu secu du
18. dtanu = se¢ u du 19. dcotu = —cs@u du
20. dsintu= du 21. dcsctu= __du
' JI-@ ' Uy — 1
du du
22.dcostu= — 23.dseclu = —=
N uWE-1
24. dtarrlu:& 25.dcottu= — du
1+ w 1+ w
2du
26. dInsinu = cotu du 27.dIntanu = —
sin 2u
2du
28. dIncosu = —tanu du 29.dIncotu = ——
sin 2u
30. d sinhu = coshu du 31. d cschu = —cschu cothu du
32. d coshu = sinhu du 33. d sechu = —sechu tanhu du
34. dtanhu = secR u du 35. d cothu = —cschF u du
du du
36. dsinhrtu = 37.dcschtu= ————
JPT1 u/Z+ 1
du du
38. dcoshlu = 39.dsechtu= ———
JE=1 uJ/I— @
40. dtanhtu = du 41. dcothtu = du
1-w 1-uw

42. d(w) = (W YH(uInudv+ vduy
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TABLE 2.24 Integrals

From Baumeister and Mark§tandard Handbook for Mechanical Engine@ih, ed., McGraw-Hill Book
Company, New York (1967); by permission.

An integral off(x) dxis any function whose differential f¢x) dx, and is denoted by f(x) dx. All the integrals
of f(x) dx are included in the expressignf(x) dx + C, where/ f(x) dx is any particular integral, an@ is an
arbitrary constant. The process of finding (when possible) an integral of a given function consists in recogniz
by inspection a function which, when differentiated, will produce the given function; or in transforming th
given function into a form in which such recognition is easy. The most common integrable forms are collect
in the following brief table; for a more extended list, see Peifi@hle of IntegralsGinn, or Dwight, Table of
Integrals and other Mathematical Datdacmillan.

General formulas

1.Jadu:afdu=au+c 2.f(u+v)dx=fudx+fvdx

3. fudv=uv—fvdu 4. ff(x) dx=ff[F(y)]F’(y) dy, x = F(y)

.Jdyff(x,y)dx:fdxff(x,y)dy

Fundamental integrals

[&)]

n+1
6. fx"dx= X + C,whenn# —1
n+1
dx
7. ;=Inx+C=Incx 8. e dx=e+C
9. Jsinxdx:—cosx+c 10.Jcosxdx=sinx+c
11.f,d—X:—cotx+c 12.f X anx+C
Sire x cog X
dx .
13. =sin'x+C=—cos'x+c
1-—x
d
14.[ X =tan'x+ C= —cot*x+c
1+ x
Rational functions
+ n+1
15.f(a+ b dx = BP0
(n+ 1)b
dx 1 1
16. ==In(a+bx) +C==Inc(a+ b
Ja+ x pn@t p @+ bY
1 1 dx 1
17. | =dx=—-—=+C 18. = — +C
fxz X f(a+ bx)? b(a + bx)
dx 1+x
19. | ——=%1n + C=tanhlx+ C,whenx <1
1-x 1-x
dx -1
20. ¥21n + C = —coth*x + C, whenx > 1
X -1 X +
dx 1 b
21. =—tan?! -x)+C
fa-ﬁ- bx ./ab (\/; )
dx 1 Jab + bx
zz.f = n +C [a>0,b> 0]
a—hb 2/ab . ab— bx

1 b
= ——tanh? -x)+C
Jab (\/:i >
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TABLE 2.24 Integrals Continued

Rational functionsdontinued

23

24

25.

26.

27

28

29

d 1 b +
f X = tan? X +C} [ac — b? > 0]
a+2bx+ce Jac—b? Jac—b?
1 Jb?>—ac—b—cx
= In +C
2?2 —ac B —ac+ b + cx
1 + b? —ac>0
=——tanrrlu+c [ ]
Jvb?—ac ? — ac
1
f dx = - + C, whenb? = ac
a+ 2bx + cx b+ cx
m + nx) d n mc— nb d
ﬂz—ln(aﬁ-be-kcxz)-r J X
a+ 2bx+c 2c c a+ 2bx + cx

In f %, if f(x) is a polynomial of higher than the first degree, divide
by the denominator before integrating.
dx _ 1 b + cx
") (@a+ 2ox+ c@)P - 2@c—b)(p—-1) (a+ 2bx+ cxdp-*
(2p — 3) dx
2@c—b)p —-1)J (@+ 2bx+ cx®p-1
(M+nydx n 1

. = - X
(a + 2bx + )P 2c(p—1) (a+ 2bx+ c¥)r-t

L me- nbf dx
c (a + 2bx + cx)P

.- he XM Ha+ byt (m—1)a 2 N
.fx (a+ bxndx = (m+ b (m+n)bfx (a + bxX)" dx

XM(a + bx)" na
= Xatbyr _na_ f X"~ Y@ + bx)"~1 dx
m+n m+n

Irrational functions

30

32.

33

34

35

36

2 d 2
.fx/a+bxdx=§3\/(a+bx)3+c 31.f -s)-(b =B‘/a+bx+c
a X
+ d 2
M=—(3mb—2an+nbx) a+bx+C
a + bx 3b?
dx
. | ——————————=; substitutey = \/a + bx, and use1 and22
(m + nx) ya + bx &
f(x, Ya+ b .
.fudx substitutel/a + bx =y
F(x, Y/a + bx)
L*sin*13(+077cosl—x+c
' Jaz — x2 a a
dx X
] ——=Ihx+Ja2+x)+C=sinhrt—+c
fw/aZer2 ( ) a

dx X
| ——=InKx+/x—a)+ C=coshl-+c
f\/xzfa2 ( ) a
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TABLE 2.24 Integrals Continued
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Irrational functions ¢ontinued

38. In(b +cx+4/cya+ 2bx+ cx¥) + C, whenc > 0
J\/a+2bx+cx2 Je ( Ve
1 b + cx
= —sinil ———=+ C, whenac — b2 > 0
Jc Jac—p?
b + cx
= — coshi! ———=+ C, whenb?2 —ac> 0
JT: JB2 —ac
b + cx
*—si '1——— + C,whenc <0
J_ VP —ac
+ —
39, [ MM N e 4 T ”bf
Ja+ 2bx + cx2 c Ja+ 2bx + o
40. Xm dx XX (mfl)afxf"zdx (2m71)bem1dx
Ja+ 2bx + o mc

whenX = /a + 2bx + cx
&
41.f\/a2+x2dx— a2+x2+EIn(x+\/a2+x2)+C

\/asz?+%zsmkr1—+c
\/afoer%zsinfngrC

&
\/raz—zln(x+\/ra2)+c

42.f1/a27x2dX*
43. f,/xz—azdx—

Y
|
R
|
|
o
o
)
T
A
|
+
o

NI X I\J|>< I\J|>< I\J|>< l\)l

b+c
44, f\/a + 2bx + cx dx= Xx/a + 2bx + cx

ac — bzf
+ +C
2c Ja+ 2bx+ cx

Transcendental functions

45. | a*dx= a
Ina
ng@ax — |
6. [ weax= XN, 02D L] o
ax &R ax

47. Inxdx=xInx—-x+C

5
x
5
x
.

48.

=
=

x
>

49.

o
X
Il

Nt + C
2 (n%)

x

50. Sifkxdx= —¥1sin & + ¥2x + C= —¥2sinxcosx + ¥x + C

51. cog x dx= Yasin X + ¥2x + C = ¥2sinxcosx + ¥x + C

cosmx

. sin mx
sinmx dx= ——— + C
m

52.

—
%
.
Il
|
x|
|
x|

53. fcosmx dx=
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TABLE 2.24 Integrals Continued

Transcendental functionsgntinued

cosfn + nx  cosfn — n)x

54. fsmmxcosnx dx= — +C
2(m+ n) 2(m—n)

sin(m — i +
55. fsmmxsmnx dx= (m n)x_sm(m n)X+C

2(m—n) 2(m + n)

sin(m — n)x  sin(m + n)x
56. fcosmxcosnxdx— ¢ ) ¢ ) +C

2(m - n) 2(m+ n)
57. ftanxdx— —Incosx + C 58. fcotxdx—ln sinx + C
SQ.IK In tan— +C 60[ dx = Intan 7-r+§ +C

sinx 2 co 4 2
dx X X
1. | ———— =tan=- + 2. = —cot= +
6 f1+cosx ta2 c 6 flfcosx COZ ¢
63. fsmxcosxdx—l/zstx-s- C 64. f =Intanx + C
Sin X cosx
in-1 -1
65.* Jsin”xdx= —COSXT: X, 0 . fsirﬂ*zxdx
sinxcogix n-1

66.* JCOS‘Xd , + p fcos**zxdx

tam-1
67. ftan‘de* iileftan‘*zxdx
cot-tx
68. fcol”xdx—— — —fcot”*zxdx
69f x _ cosX n—2f dx
" J simx (n—1simix n-—1J sim2x
70f dx sinx n—ZJ dx
cos' X (nfl)cost n—1J) co$2x

sinP*ixcogtx q-—1

71.* fsinpxcogxdx= fsinpxco§*2xdx
p+q p+q
sinP-1 x cosi*t -1 .
= — + P fSInp’ZXCOSJ X dx
pt+q p+q
. sinP*1 x cog+1 x -q-2 .
* Jsmﬂ’xcog*x dx= — + P9 J‘smfl“zxcoslxdx
p-1 p-1
sinP+1 x cosa+l x -p—2
fsinpxcosqx dx = a-p fsinpxcosq*zx dx
q-1 g-1

2 a—b
74. tan? / tani# | + C, whena? > b?
fa+bcosx Ja — b? ( a+b ) W

1 b + acosx + sinxy/? — a2

= In +C
JE— a2 a + b cosx [a2 < b7
2 —
= ——— tanh* ( e tanlz$<) +C
0?2 — a2 b+a

cosx dx X a dx
7% | —==-——-| ———+C
fa-s— bcosx b bf a+ bcosx

*If n, p, orgis an odd number, substitute cos= z or sinx = z
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TABLE 2.24 Integrals Continued

Transcendental functionsd@ntinued

a + b cosx b
A + Bcosx + Csinx dy
dx=A

inxd 1
76.JM:7—In(a+ bcosx) + C

77.

a + bcosx + csinx a+ pcosy
. cosyd . siny d
+ (B cosu + Csmu)f# — (Bsinu — Ccosu)f#,
a + pcosy a+ p+ cosy

whereb = p cosu, ¢ = psinu, andx —u =y

78. feaxsinbxdxz Meax+ C
a2 + b2
a cosbx + b sin bx
79. f e coshx dx=————e*+ C
a? + b2
80. fsin*lx dx=xsin"t*x+41-x*+C
81. fcoslde* Xxcosix—1—-x2+C
82. ftarrlxdx xtanmix — ¥%2In(l + x3 + C
83. fcorlde* xcotix+ %In(l+x3) + C
84. fsmhx dx = coshx + C 85. ftanhx dx=Incoshx + C
86. f coshx dx = sinhx + C 87. f cothx dx = In sinhx + C
X

88. fsechx dx=2tan? ) + C 89. fcschx dx = In tanh <§) +C
90. fsmh2 x dx = ¥2 sinhx coshx — ¥x + C
91. fcosﬁx dx = %2 sinhx cosh+ ¥2x + C
92. fsecﬁx dx = tanhx + C 93. f csch x dx= —cothx + C

2.2.2 Surface Areas and Volumes*

Leta, b, ¢, d, ands denote lengthsA denote areas, and denote volumes.

Triangle. A = bh2, whereb denotes the base aihdthe altitude.

Rectangle. A = ab, wherea andb denote the lengths of the sides.

Parallelogram(opposite sides parallel).A = ah = absin §, wheasandb denote the side$,
the altitude, and the angle between the sides.

Trapezoid(four sides, two parallel). A = ¥2h(a + b), whera andb are the sides ant the
altitude.

* Adapted by permission from Buringtomjandbook of Mathematical Tables and Formul8d, ed., McGraw-Hill Book
Company, New York (1959).
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Regular Polygon oh Sides(Fig. 2.1)

A= %, na? ctn@ wherea is length of side

R= ag(:scg whereR is radius of circumscribed circle

r= a%ctn% wherer is radius of inscribed circle

o= ? _ 27 dians FIGURE 2.1

-2 —2
B= (n > -180 = (n > wradians  wherex and 8 are the angles indicated in
" n Fig. 2.1

o o
a=2rtan—- = 2Rsin—
2 2

Circle (Fig. 2.2). Let

C = circumference S = length of arc subtended

R = radius | = chord subtended by a&
D = diameter h = rise
A = area 0 = central angle in radians

C=27R=aD a=3.141% . . .

d
S= R0 = ¥DO = Dcoslﬁ

0 6
| = 2R —d? = 2Rsin§ = 2dtan§

7] 0
d=%J/4R2 — |12 = RcosE = ¥ ctnE

FIGURE 2.2

A (circle) = 7R = YamD?
A (sector)= ¥2Rs= ¥2R?6
A (segment)= A (sector)— A (triangle) = ¥2R? (6 — sin 6)

R—h
R

= R2cost?

— (R—h)J2Rh— 2
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Perimeter of-sided regular polygon inscribed inc&rcle = 2nR sin7—r:

2
Area of inscribed polygors ¥2nRe sin o
Perimeter ofh-sided regular polygon circumscribed aboutiecle = 2nRtan%T

Area of circumscribed polygos nR tan%

Radius of circle inscribed in a triangle of sidash, andc is

S

r:\/(s—a)(s—b)(s—c) s=Ya+b+c)

Radius of circle circumscribed about a triangle is
abc

4/s(s — a)(s— b)(s — ©)

Ellipse (Fig. 2.3). A = mab, where andb are lengths of semimajor

and semiminor axes, respectively.
Parabola(Fig. 2.4)
2ld
A=—
3
FIGURE 2.3

Height ofd, = I% 1213

Width of I, = | d ; 4

_____ [-~—=——>

2 2 2 4
Length of arc= | [1 + §<2Td) = §<2Td) + ] FIGURE 2.4

Area by ApproximatiorfFig. 2.5). Ify,, i, V2, - . . .Y, are thdength of a series of equally
spaced parallel chords, andhfis their distance apart, the area enclosed by the boundary is give
approximately by any one of the following formulae:

Ar=hYalyo +Y) + Y1+ Yo+ -+ Yol (Trapezoidal Rule)

FIGURE 2.5
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Ao = h[0.4Y, + V) + LAY, + Vo) T Vo Yo+ -+ ViJ] (Durand’s Rule)

As=Yah[(Yo + ¥o) + 401 + Yo+ -+ Yood) T 20 + Yot -+ Yool
(n even, Simpson’s Rule)

In general A; gives the most accurate approximation.

The greater the value of the greater the accuracy of approximation.

Cube. V = a3 d = a,/2; total surfacearea= 6a2, whera is length of side and is length of
diagonal.

Rectangular Parallelopiped.V = abg d = \/a? + b? + ¢ total surfacearea= 2(ab + bc +
ca), wherea, b, andc are the lengths of the sides adds length of diagonal.

Prism or Cylinder

V = (area of base) - (altitude)
Lateral area= (perimeter of right section) - (lateral edge)

Pyramid or Cone
V = ¥3(area of base) - (altitude)

Lateral area of regular pyramid ¥z(perimeter of base) - (slant height)

Frustum of Pyramid or Cone.V = ¥3(A, + A, + /A, - Ayh, whereh is the altitude ané, and
A, are the areas of the bases.

Lateral area of a regular figure ¥2(sum of perimeters of base) - (slant height)

Prismoid
h
V=6(A1+A2+4A3)

whereh = altitude,A, andA, are the areas of the bases, #qds the area of the midsection parallel
to bases.
Area of Surface and Volume of Regular Polyhedra of Edge |

Name Type of surface Area of surface Volume
Tetrahedron 4 equilateral triangles 1.73P05 0.1178%°
Hexahedron (cube) 6 squares 6.00600 1.000003
Octahedron 8 equilateral triangles 3.4610 0.47140°
Dodecahedron 12 pentagons 20.64378 7.663123
Icosahedron 20 equilateral triangles 8.66025 2.18170°

Sphereg(Fig. 2.6)
A (sphere)= 47Re = #D?
A (zone)= 27Rh, = #Dh,

V (sphere)= 4:7R® = ¥%s7D?3
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V (spherical sectory 7zmReh, = YewrD%,
V (spherical segment of one base)l/smh,(3r3 + h)

V (spherical segment of two bases)Ys7h,(3r3 + 3r3 + h)

A (lune) = 2R?0 where@ is angle

in radians of lune }, v
2 - ——
¥ - =~
Ellipsoid. V = 4smabg wherea, b, andc are the lengths by E I%
of the semiaxes. le—rs:
Torus(Fig. 2.7) rR
V = 2m°Rr? FIGURE 2.6

Area of surface= S = 47°Rr

2.2.3 Trigonometric Functions of an Angle «

Let x be any angle whose initial side lies on the positivaxis and "

whose vertex is at the origin, ang, () be any point on the termina I"_I"_'{
side of the angle X(is positive if measured alon@Xto the right, from
they axis; and negative, if measured alo®X' to the left from they
axis. Likewisey is positive if measured parallel ©Y, and negative Y
if measured parallel t®Y'.) Let r be the positive distance from the

FIGURE 2.7

.. . . . . . Pz.y)
origin to the point. The trigonometric functions of an angle are defined I 7 !
as follows: PN

a
’, z -\
X X
. . y [

sinea =sina ==

r I v

. X Yy’

cosinea = COSa = -

r FIGURE 2.8

_ _y

tangente = tana =

X
cotangentx = ctna = cota = -

y

r
secanix = seca =

r
cosecank = CsCa =-

y
exsecank = exseca =seca — 1
versinea = versa =1-cosa
coversinex = coversa =1-sina

haversinex = hava = Y2 versa
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2.2.3.1 Signs of the Functions

Quadrant sin cos tan ctn sec csq
| + + + + + +
I + - - - +
i - + + - -
\Y - + - - + -

2.2.3.2 Relations between the Functions of a Single Angle*

SIk X+ cogx=1
sin x
tanx = —
COSX
1 COSX
Cotx = ——=——
tanx sinx
1+ tarfx = se@x =
cog X
1+ coBx=cs@&x= 1
COEX=CSCX= S x FIGURE 2.9

tanx 1
J1I+tarex 1+ cox

sinx =41 —cogx =

_ cotx
J1+tarex 1+ cox

COSX = /1 — SiIE X =

2.2.3.3 Functions of Negative Angles.sin(—x) = —sinX; cos(=X) = cos X; tan(=x) =
—tanx.

2.2.3.4 Functions of the Sum and Difference of Two Angles
sin(x + y) = sinx cosy + cosx siny

cosk + y) = cosx cosy — sinxsiny

tanx + tany

tank + y) = —————
&+y) 1 — tanxtany
cotxcoty — 1

cotx + y) = Y — 2
cotx + coty

sinx — y) = sinx cosy — cosx siny

* From Baumeister and MarkS§tandard Handbook for Mechanical Engineerth ed., McGraw-Hill Book Company, New
York (1967); by permission.
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cosf — y) = cosx cosy + sinxsiny

tanx — tany

tank —y) = —————
k=) 1+ tanxtany
cotxcoty + 1
cot(x—y):7y

coty — cotx
sinx + siny = 2 sin14(x + y) COS4(X — Y)
sinXx — siny = 2 cost4(X + y) sin %(x — Y)
COSX + COSy = 2 COS1Z(X + Y) COSLA(X — )

COSX — COSYy = —2 Sin1A(X + y) sin 4(X — )

sinx +y) sinx + )
tanx + tany = ———= cotx + coty = —=
COSX COSy sinxsiny
sin(x — sinfy — X
tanxftany:ﬁ cotxfcoty=#
COSX COSYy sinx siny

SiP X — sinfy = cofy — COX = sin(Xx + y) sin(x — y)

cog X — sirty = co2y — sin?x = cosk + y) cosk — y)
sin(45 + X) = cos(45 — Xx) tan(45 + x) = cot(45 — X)
Sin(45 — x) = cos(458 + Xx) tan(45 — x) = cot(45 + X)

In the following transformationsa and b are supposed to be positive,= /& + b% A=
the positive acute angle for whigh = b/a:

acosx + bsinx = csin(A + X) = ccosB — X)

acosx — bsinx = csin(A — x) = ccosB + X)

2.2.4 Expansion in Series*

The range of values offor which each of the series is convergent is stated at the right of the serie

2.2.4.1 Exponential and Logarithmic Series

X o X
e=1+—+

T 54‘54‘54‘ oo < X< +x)

m nt n¥
X = X — i — %2 — x3 —
ax=em 1+1!x+2!x+3!x+ @>0,—0<Xx< +x)

wherem = In a = 2.3026 log, a.

* From Baumeister and Mark§tandard Handbook for Mechanical Engineerth ed., McGraw-Hill Book Company, New
York (1967); by permission.
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2 3
X+Z §+i:--- Cl<x<+1)

nNl-x=-x-—--——%S5-—>——=—-"--- Fl<x<+1)

X
+—7+---> Cl<x<+1)

1
+—+---) k<—-lor +1<x)
x—1 1/x—1\3 1/x—1\°

+ = ——) +--- (0< x < )
x+1 3\x+1 5\x+ 1

<2ax+ x)a ! %<2ax+ x)s+ ]

(0<a< +w, —a<x< +x)

+

Series for the Trigonometric Functionsin the following formulasall angles must be expressed
in radians. If D = the number of degrees in the angle, and- its radian measure, then=
0.01745®.

XX X

sinx=x—§+a—ﬂ+--- (—00<X<+00)

D SND S S . N
CosX=1-+ i ete o Cr=x=t)
tanx = x + 5 4 26, IXT 62¢ | ~Tax<+Z

- 3 15 315 2835 2
cotx_l,K,E,E,i, Crm<x<-+m

X 3 45 945 4725 7 7
. ye o 3y5 by’
ly=y+=+== 42 4... (lsy=+1
SY =Y T e T a0 T 112 Ci=y )
¥ ¥y ¥
tanly=y-Z+Z-Z+... (1l=y=+1
anly=y-Z+T -3 Cl=sy )

costly = Yo — sinty cotly = Yor — tamly

Reversing a Seriesf y=x+b@ + o+ dx*+ex®+ - ,then x=y — by?+ (2b2—
c)y® — (5b® — 5bc + d)y* + (14b* — 21b% + 6bd + 3c2— €y 5+ - - - ,provided the latter series
is convergent.

Fourier's Series. Let f(xX) be a function which is finite in the interval from= —c to=
+c and whose graph has finite arc length in that interval.* Then, for any valxebefween—c
andc,

*If X = Xis a point of discontinuity,f(x,) is to be defined a[f,(x) + fAXJ], whefgx) is the limit of f(x) whenx
approaches, from below, andi,(x,) is the limit of f(x) whenx approacheg, from above.
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X 27C 3mX
f(x) = Y28, + &, cos? + a, cosT + ascos—C + .-
. mX . 27X . 37X
+ b, sin— + b, sin— + bgsin— + - - -
c c c
where the constant coefficients are determined as follows:

1(¢c nat 1 (¢ nat
== f —_— == f i
a, CL(t)coscdt b, CL(t)smcdt

In case the curvg = f(X) is symmetrical with respect to the originathare all zero, and the
series is a sine series. In case the curve is symmetrical with respectytastise theb's are all zero,
and a cosine series results. (In this case, the series will be valid not only for valydsetfeen
—candc, but also forx = —c¢ and = ¢ .) A Fourier series can always be integrated term by tern
but the result of differentiating term by term may not be a convergent series.

TABLE 2.25 Some Constants

Constant Number Log,, of Number

Pi (m) 3.14159 26535 89793 23846  0.49714 98726 94133 85435
Napierian Bases€) 2.71828 18284 59045 23536  0.43429 448

M = log,e 0.43429 44819 03251 82765  9.63778 43113 00536 7891D
1+ M =log, 10 2.30258 50929 94045 68402  0.36221 569

180 + 7 = degrees in 1 radian ~ 57.2957 795 1.75812 263

7 + 180 = radians in 1 0.01745 329 8.24187 737 10

7 + 10800= radians in 1 0.00029 08882 6.46372 612 10

7 + 648000= radians in 1 0.00000 48481 36811 095 4.68557 48710

2.3 STATISTICS IN CHEMICAL ANALYSIS

2.3.1 Introduction

Each observation in any branch of scientific investigation is inaccurate to some degree. Often
accurate value for the concentration of some particular constituent in the analyte cannot be de
mined. However, it is reasonable to assume the accurate value exists, and it is important to estil
the limits between which this value lies. It must be understood that the statistical approach is c
cerned with the appraisal of experimental design and data. Statistical techniques can neither d
nor evaluate constant errors (bias); the detection and elimination of inaccuracy are analytical pi
lems. Nevertheless, statistical techniques can assist considerably in determining whether or
inaccuracies exist and in indicating when procedural modifications have reduced them.

By proper design of experiments, guided by a statistical approach, the effects of experimel
variables may be found more efficiently than by the traditional approach of holding all variabl
constant but one and systematically investigating each variable in turn. Trends in data may be so
to track down nonrandom sources of error.
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2.3.2 Errors in Quantitative Analysis

Two broad classes of errors may be recognized. The first dagsrminateor systemati@rrors, is

composed of errors that can be assigned to definite causes, even though the cause may not havi
located. Such errors are characterized by being unidirectional. The magnitude may be constant
sample to sample, proportional to sample size, or variable in a more complex way. An exampls
the error caused by weighing a hygroscopic sample. This error is always positive in sign; it increa
with sample size but varies depending on the time required for weighing, with humidity and tel
perature. An example of a negative systematic error is that caused by solubility losses of a precipi

The second clas#determinateor randomerrors, is brought about by the effects of uncontrolled
variables. Truly random errors are as likely to cause high as low results, and a small random e
is much more probable than a large one. By making the observation coarse enough, random e
would cease to exist. Every observation would give the same result, but the result would be |
precise than the average of a number of finer observations with random scatter.

The precisionof a result is its reproducibility; thaccuracyis its nearness to the truth. A sys-
tematic error causes a loss of accuracy, and it may or may not impair the precision depending u
whether the error is constant or variable. Random errors cause a lowering of reproducibility, |
by making sufficient observations it is possible to overcome the scatter within limits so that t
accuracy may not necessarily be affected. Statistical treatment can properly be applied onh
random errors.

2.3.3 Representation of Sets of Data

Raw data are collected observations that have not been organized numericalyerAges a value

that is typical or representative of a set of data. Several averages can be defined, the most con

being the arithmetic mean (or briefly, the mean), the median, the mode, and the geometric mee
Themeanof a set ofN numbersx,, X, X5, . . . ,Xy, IS denoted byx and is defined as:

Xt X+ Xg+ -+ Xy
N

X = (2.4)

It is an estimation of the unknown true valgeof an infinite population. We can also define the
sample variance?sas follows:

S - R

s N—-1

(2.5)

The values ofx and? vary from sample set to sample set. HoweverNascreases, they may be
expected to become more and more stable. Their limiting values, for very Ngrgee numbers
characteristic of the frequency distribution, and are referred to apdpalation mearmand the
population variancerespectively.

The medianof a set of numbers arranged in order of magnitude is the middle value or tt
arithmetic mean of the two middle values. The median allows inclusion of all data in a set witho
undue influence from outlying values; it is preferable to the mean for small sets of data.

The modeof a set of numbers is that value which occurs with the greatest frequency (the mc
common value). The mode may not exist, and even if it does exist it may not be unique. The empir
relation that exists between the mean, the mode, and the median for unimodal frequency cu
which are moderately asymmetrical is:

Mean — mode= 3(mean— median) (2.6)
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The geometric meawnf a set ofN numbers is théth root of the product of the numbers:
VXXX o . . Xy 2.7)

Theroot mean squaréRMS) or quadratic mean of a set of numbers is defined by:
N
RMS = %2 =, / > %N (2.8)
i=1

2.3.4 The Normal Distribution of Measurements

The normal distribution of measurements (or the normal law of error) is the fundamental starti
point for analysis of data. When a large number of measurements are made, the individual n
surements are not all identical and equal to the accepted yalwhich is the mean of an infinite
population or universe of data, but are scattered apowtwing to random error. If the magnitude
of any single measurement is the abscissa and the relative frequencies (i.e., the probability
occurrence of different-sized measurements are the ordinate, the smooth curve drawn througt
points (Fig. 2.10) is th@ormal or Gaussian distribution curvéalso theerror curveor probability
curve). The termerror curvearises when one considers the distribution of errers (u) about the
true value.
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-
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| Magnitude of measurement, x
|
[ | | | | | J
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| L | | !
|
} | eg2m%or k— 1
I : measurements : |
[ | in this range | :
|
| —9{ 95.45% of measurement k— :
: in this range |
—>{ Only 0.27% of measurements i&*

outside this range

FIGURE 2.10 The Normal Distribution Curve.



2.120 SECTION 2

The breadth or spread of the curve indicates the precision of the measurements and is detern
by and related to the standard deviation, a relationship that is expressed in the equation for
normal curve (which is continuous and infinite in extent):

1 1/x— 2
Y= exp [—— < M) ] (2.9)
oy 27 2 o
whereo is the standard deviation of the infinite population. The population mearpresses the
magnitude of the quantity being measured. In a semseeasures the width of the distribution, and

thereby also expresses the scatter or dispersion of replicate analytical results.Xher)/¢ is
replaced by the standardized variabl¢hen:

Y= e (2.10)
\ 27

The standardized variable (tkestatistic) requires only the probability level to be specified. It mea-
sures the deviation from the population mean in units of standard devixtied.399 for the most
probable valuew. In the absence of any other information, the normal distribution is assumed
apply whenever repetitive measurements are made on a sample, or a similar measurement is |
on different samples.

Table 2.2@ lists the height of an ordinateér) as a distance from the mean, and Table 2126
the area under the normal curve at a distanf®m the mean, expressed as fractions of the total
area, 1.000. Returning to Fig. 2.10, we note that 68.27% of the area of the normal distribution cu
lies within 1 standard deviation of the center or mean value. Therefore, 31.73% lies outside th
limits and 15.86% on each side. Ninety-five percent (actually 95.43%) of the area lies within
standard deviations, and 99.73% lies within 3 standard deviations of the mean. Often the last
areas are stated slightly different; viz. 95% of the area lies withind @@proximately 2) and
99% lies within approximately 2 The mean falls at exactly the 50% point for symmetric normal
distributions.

Example 5 The true value of a quantity is 30.00, andor the method of measurement is 0.30.
What is the probability that a single measurement will have a deviation from the mean greater tl
0.45; that is, what percentage of results will fall outside the range 36.0345?

X—pu 045

_ _2% g
Z= = Tos0 O

From Table 2.26 the area under the normal curve froml.5¢ to +1.50 is 0.866, meaning that
86.6% of the measurements will fall within the range 30:00.45 and 13.4% will lie outside this
range. Half of these measurements, 6.7%, will be less than 29.55; and a similar percentage
exceed 30.45. In actuality the uncertaintyziis about 1 in 15; therefore, the value otould lie
between 1.4 and 1.6; the corresponding areas under the curve could lie between 84% and 89¥

Example 6 If the mean value of 500 determinations is 151 anek 15, how many results lie
between 120 and 155 (actually any value between 119.5 and 155.5)?

119.5- 151
z="———=

15 = -2.10 Area: 0.482
z= %;151: 0.30 0.118

Total area: 0.600
500(0.600)= 300 results
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TABLE 2.26a Ordinates Y) of the Normal Distribution Curve at Values of

z 0 1 2 3 4 5 6 9
0.0 0.3989 0.3989 0.3989 0.3988 0.3986 0.3984 0.3982 0.3980 0.3977
0.1 03970 0.3965 0.3961 0.3956 0.3951 0.3945 0.3939 0.3932 0.3925
0.2 0.3910 0.3902 0.3894 0.3885 0.3876 0.3867 0.3857 0.3847 0.3836
0.3 0.3814 0.3802 0.3790 0.3778 0.3765 0.3752 0.3739 0.3725 0.3712
0.4 0.3683 0.3668 0.3653 0.3637 0.3621 0.3605 0.3589 0.3572 0.3555
0.5 0.3521 0.3503 0.3485 0.3467 0.3448 0.3429 0.3410 0.3391 0.3372
0.6 0.3332 0.3312 0.3292 0.3271 0.3251 0.3230 0.3209 0.3187 0.3166
0.7 03123 0.3101 0.3079 0.3056 0.3034 0.3011 0.2989 0.2966 0.2943
0.8 0.2897 0.2874 0.2850 0.2827 0.2803 0.2780 0.2756 0.2732 0.2709
0.9 0.2661 0.2637 0.2613 0.2589 0.2565 0.2541 0.2516 0.2492 0.2468
1.0 0.2420 0.2396 0.2371 0.2347 0.2323 0.2299 0.2275 0.2251 0.2227
1.1  0.2179 0.2155 0.2131 0.2107 0.2083 0.2059 0.2036 0.2012 0.1989
1.2 0.1942 0.1919 0.1895 0.1872 0.1849 0.1826 0.1804 0.1781 0.1758
1.3 0.1714 0.1691 0.1669 0.1647 0.1626 0.1604 0.1582 0.1561 0.1539
1.4 0.1497 0.1476 0.1456 0.1435 0.1415 0.1394 0.1374 0.1354 0.1334
1.5 0.1295 0.1276 0.1257 0.1238 0.1219 0.1200 0.1182 0.1163 0.1145
1.6 0.1109 0.1092 0.1074 0.1057 0.1040 0.1023 0.1006 0.0989 0.0973
1.7 0.0940 0.0925 0.0909 0.0893 0.0878 0.0863 0.0848 0.0833 0.0818
1.8 0.0790 0.0775 0.0761 0.0748 0.0734 0.0721 0.0707 0.0694 0.0681
1.9 0.0656 0.0644 0.0632 0.0620 0.0608 0.0596 0.0584 0.0573 0.0562
2.0 0.0540 0.0529 0.0519 0.0508 0.0498 0.0488 0.0478 0.0468 0.0459
2.1 0.0440 0.0431 0.0422 0.0413 0.0404 0.0396 0.0387 0.0379 0.0371
2.2 0.0355 0.0347 0.0339 0.0332 0.0325 0.0317 0.0310 0.0303 0.0297
2.3 0.0283 0.0277 0.0270 0.0264 0.0258 0.0252 0.0246 0.0241 0.0235
2.4 0.0224 0.0219 0.0213 0.0208 0.0203 0.0198 0.0194 0.0189 0.0184
2.5 0.0175 0.0171 0.0167 0.0163 0.0158 0.0154 0.0151 0.0147 0.0143
2.6 0.0136 0.0132 0.0129 0.0126 0.0122 0.0119 0.0116 0.0113 0.0110
2.7 0.0104 0.0101 0.0099 0.0096 0.0093 0.0091 0.0088 0.0086 0.0084
2.8 0.0079 0.0077 0.0075 0.0073 0.0071 0.0069 0.0067 0.0065 0.0063
2.9 0.0060 0.0058 0.0056 0.0055 0.0053 0.0051 0.0050 0.0048 0.0047
3.0 0.0044 0.0043 0.0042 0.0040 0.0039 0.0038 0.0037 0.0036 0.0035
3.1 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026 0.0025
3.2 0.0024 0.0023 0.0022 0.0022 0.0021 0.0020 0.0020 0.0019 0.0018
3.3 0.0017 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014 0.0013
3.4 0.0012 0.0012 0.0012 0.0011 0.0011 0.0010 0.0010 0.0010 0.0009
3.5 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007 0.0007 0.0007
3.6 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
3.7 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003 0.0003 0.0003
3.8 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002 0.0002 0.0002 0.0002
3.9 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001

2.3.5 Standard Deviation as a Measure of Dispersion
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Several ways may be used to characterize the spread or dispersion in the original datangehe
is the difference between the largest value and the smallest value in a set of observations. Howe
almost always the most efficient quantity for characterizing variability isthedard deviatiofalso
called theroot mean squarne
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TABLE 2.26b Areas Under the Normal Distribution Curve from 0zo

z 0 1 2 3 4 5 6 7 8 9

0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.03:
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.07
0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.11
0.3 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.15:
0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.18

05 01915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.22
0.6 0.2258 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2518 0.25
0.7 0.2580 0.2612 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.28!
0.8 0.2881 0.2910 0.2939 0.2967 0.2996 0.3023 0.3051 0.3078 0.3106 0.31
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.33

1.0 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.36:
11 03643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.38
1.2 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.40:
1.3 04032 04049 0.4066 0.4082 0.4099 0.4115 0.4131 04147 0.4162 041
1.4 04192 04207 04222 04236 0.4251 0.4265 0.4279 0.4292 0.4306 0.43:

15 04332 04345 0.4357 04370 0.4382 0.4394 0.4406 0.4418 0.4429 0.44
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.45
1.7 04554 04564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.46:
1.8 04641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.47(
19 04713 04719 0.4726 04732 04738 0.4744 04750 0.4756 0.4761 0.47

20 04772 04778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.48:
2.1 04821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.48!
2.2 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.48¢
2.3 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.49:
24 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.49:

25 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.49:
2.6 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963  0.49¢
2.7 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.49
2.8 0.4974 04975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980  0.49¢
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986  0.49¢

3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990  0.49
3.1 04990 0.4991 0.4991 0.4991 0.4992 0.4992 0.4992 0.4992 0.4993 0.49
3.2 0.4993 0.4993 0.4994 0.4994 0.4994 0.4994 0.4994 0.4995 0.4995  0.49
3.3 04995 0.4995 0.4995 0.4996 0.4996 0.4996 0.4996 0.4996 0.4996 0.49
3.4 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997  0.49

3.5 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998  0.49¢
3.6 0.4998 0.4998 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999  0.49
3.7 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999  0.49¢
3.8 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999  0.49
3.9 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.50(

The standard deviation is the square root of the average squared differences between the
vidual observations and the population mean:

(2.11)
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The standard deviatioor may be estimated by calculating the standard deviaidrawn from a
small sample set as follows:

2 L x2 4+ ... — —+ 4+ ..
or s=\/x1 X2 N[(—Xll Xo FIN (2.12)

wherex, — X represents the deviation of each number in the array from the arithmetic mean. Si
two pieces of information, namelyandx, have been extracted from the data, we are left wi
N — 1 degrees of freedorff); that is, independent data points available for measurement of pre
cision. If a relatively large sample of data correspondinglto- 30 is available, its mean can be
taken as a measure pf ands as equal tar.

So basic is the notion of a statistiadtimateof a physical parameter that statisticians use Greek
letters for theparametersand Latin letters for the estimates. For many purposes, one uses tl
variance which for the sample is? and for the entire populations ig. The variances? of a finite
sample is an unbiased estimateodf whereas the standard deviatieis not an unbiased estimate
of o.

Because the standard deviatiarior the universe is a characteristic of the measuring procedure
it is possible to get a good estimate not only from a long series of repeated analyses of the s
sample, but also by taking together several short series measured with slightly different sample
the same type. When a series of observations can be logically arrang&gittgroups, the variance
is calculated by summing the squares of the deviations for each subgroup, and then adding al
k sums and dividing byN — k because one degree of freedom is lost in each subgroup. It is n
required that the number of repeated analyses in the different groups be the same. For two gr
of observations consisting &f, andNg members of standard deviatiogsandsg, respectively, the
variance is given by:

(Na — Dsi + (Ng — 1)s3

R =
N, + Ng — 2

(2.13)

Another measure of dispersion is theefficient of variationwhich is merely the standard de-
viation expressed as a fraction of the arithmetic mean, ¢/iz., . Itis useful mainly to show whett
the relative or the absolute spread of values is constant as the values are changed.

2.3.6 Student’s Distribution or t Test

In the next several sections, the theoretical distributions and tests of significance will be exami
beginning with Student’s distribution étest. If the data contained only random (or chance) errors
the cumulative estimates amsdvould gradually approach the limigs and o. The distribution of
results would be normally distributed with meanand standard deviatiom. Were the true mean
of the infinite population known, it would also have some symmetrical type of distribution centere
aroundu. However, it would be expected that the dispersion or spread of this dispersion about
mean would depend on the sample size.

The standard deviation of the distribution of means equAi8’. Sinceo is not usually known,
its approximation for a finite number of measurements is overcome by the Stuthstt It is a
measure of error betwegnandX. The Studenttakes into account both the possible variation of
the value ofx fromu on the basis of the expected variarne®NY? and the reliability of using in
place ofo. The distribution of the statistic is:

TR S T . (2.14)

sVN VN
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The distribution of the-statistic(X — w)s is symmetrical about zero and is a function of the degree
of freedom. Limits assigned to the distance on either sidg afe calledconfidence limitsThe
percentage probability that lies within this interval is called theonfidence levelThe level of
significanceor error probability (100 — confidence level or 106 «) is the percent probability that

u will lie outside the confidence interval, and represents the chances of being incorrect in stat
that w lies within the confidence interval. Values bére in Table 2.27 for any desired degrees of
freedom and various confidence levels.

An analytical procedure is often tested on materials of known composition. These materials n
be pure substances, standard samples, or materials analyzed by some other more accurate m
Repeated determinations on a known material furnish data for both an estimate of the precision
a test for the presence of a constant error in the results. The standard deviation is found from Equz
12 (with the known composition replacing). A calculated value fot (Eg. 14) in excess of the
appropriate value in Table 2.27 is interpreted as evidence of the presence of a constant error 8
indicated level of significance.

TABLE 2.27 Percentile Values for StudenDistribution

df t0.995 t0.99 t0.975 t0.95 t0.90 t0.80 t0.7’5 t0.70 t0.60 t0.55

63.66 31.82 12.71 6.31 3.08 1.376 1.000 0.727 0.325 0.15¢
9.92 6.96 4.30 2.92 1.89 1.061 0.816 0.617 0.289 0.142
5.84 4.54 3.18 2.35 1.64 0.978 0.765 0.584 0.277 0.137
4.60 3.75 2.78 2.13 1.53 0.941 0.741 0.569 0.271 0.134

1
2
3
4
5 4.03 3.36 2.57 2.02 1.48 0.920 0.727 0.559 0.267 0.132
6 3.71 3.14 2.45 1.94 1.44 0.906 0.718 0.553 0.265 0.131
7 3.50 3.00 2.36 1.90 1.42 0.896 0.711 0.549 0.263 0.130
8 3.36 2.90 2.31 1.86 1.40 0.889 0.706 0.546 0.262 0.130
9 3.25 2.82 2.26 1.83 1.38 0.883 0.703 0.543 0.261 0.129

10 3.17 2.76 2.23 181 1.37 0.879 0.700 0.542 0.260 0.129
11 3.11 2.72 2.20 1.80 1.36 0.876 0.697 0.540 0.260 0.129
12 3.06 2.68 2.18 1.78 1.36 0.873 0.695 0.539 0.259 0.128
13 3.01 2.65 2.16 1.77 1.35 0.870 0.694 0.538 0.259 0.128
14 2.98 2.62 2.14 1.76 1.34 0.868 0.692 0.537 0.258 0.128

15 2.95 2.60 2.13 1.75 1.34 0.866 0.691 0.536 0.258 0.128
16 2.92 2.58 2.12 1.75 1.34 0.865 0.690 0.535 0.258 0.128
17 2.90 2.57 211 1.74 1.33 0.863 0.689 0.534 0.257 0.128
18 2.88 2.55 2.10 1.73 1.33 0.862 0.688 0.534 0.257 0.127
19 2.86 2.54 2.09 1.73 1.33 0.861 0.688 0.533 0.257 0.127

20 2.84 2.53 2.09 1.72 1.32 0.860 0.687 0.533 0.257 0.127
21 2.83 2.52 2.08 1.72 1.32 0.859 0.686 0.532 0.257 0.127
22 2.82 2.51 2.07 1.72 1.32 0.858 0.686 0.532 0.256 0.127
23 2.81 2.50 2.07 1.71 1.32 0.858 0.685 0.532 0.256 0.127
24 2.80 2.49 2.06 1.71 1.32 0.857 0.685 0.531 0.256 0.127

25 2.79 2.48 2.06 1.71 1.32 0.856 0.684 0.531 0.256 0.127
26 2.78 2.48 2.06 1.71 1.32 0.856 0.684 0.531 0.256 0.127
27 2.77 2.47 2.05 1.70 131 0.855 0.684 0.531 0.256 0.127
28 2.76 2.47 2.05 1.70 131 0.855 0.683 0.530 0.256 0.127
29 2.76 2.46 2.04 1.70 131 0.854 0.683 0.530 0.256 0.127

30 2.75 2.46 2.04 1.70 131 0.854 0.683 0.530 0.256 0.127
40 2.70 2.42 2.02 1.68 1.30 0.851 0.681 0.529 0.255 0.126
60 2.66 2.39 2.00 1.67 1.30 0.848 0.679 0.527 0.254 0.126
120 2.62 2.36 2.98 1.66 1.29 0.845 0.677 0.526 0.254 0.126
o0 2.58 2.33 1.96 1.645 1.28 0.842 0.674 0.524 0.253 0.126
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Example 7 A new method for the analysis of iron using pure FeO was replicated with five
samples giving these results (in % Fe): 76.95, 77.02, 76.90, 77.20, and 77.50. Does a systen
error exist?

From Equation 4x is 77.11; and from Equatiorss 0.24 for 4 degrees of freedom. Because
o is not known, the Studeny 4,5 (2.78 for 4 degrees of freedom) is used to calculate the confidenc
interval at the 95% probability level.

p=x S o g7q1. @78 029

VN V5

77.11* 0.30

We used a two-tailed test. Upon rereading the problem, we realize that this was pure FeO wh
iron content was 77.60% so that= 77.60 and the confidence interval does not include the kno
value. Since the FeO was a standard, a one-tailed test should have been used since only rai
values would be expected to exceed 77.60%. Now the Studeitie of 2.13 (for—t, ) should
have been used, and now the confidence interval becdmdd + 0.23. A systematic errol
presumed to exist.

Thet test can be applied to differences between pairs of observations. Perhaps only a single
can be performed at one time, or possibly one wishes to compare two methods using sample
differing analytical content. It is still necessary that the two methods possess the same inhe
standard deviation. An average differemce calculated, and individual deviationslfrom are use«
evaluate the variance of the differences.

Example 8 From the following data do the two methods actually give concordant results?

Sample MethodA MethodB Difference
1 33.27 33.04 d, = 0.23

2 51.34 50.96 d, = 0.38

3 23.91 23.77 d; = 0.14

4 47.04 46.79 d, = 0.25
d=0.25

VX (@d-dp

S = “N=1 0.099
0.25
t= ng\/4 —1=4.30

From Table 2.27f,4,s = 3.18 (at 95% probability) angq.s= 5.84 (at 99% probability). The
difference between the two methods is probably significant.

If the t-value falls short of the formal significance level, this is not to be interpreted as provin
the absence of a systematic error. Perhaps the data were insufficient in precision or in numbe
establish the presence of a constant error. Especially when the calculated valiseoiyy slightly
short of the tabulated value, some additional data may suffice to build up the evidence for a cons
error (or the lack thereof).
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Should there be more than one known material, a weighted average of the individual differen
(X) should be taken. The value sthould be based on the combined estimate from the two or mor
materials (perhaps different primary standards for bases). Should the materials differ marked|
composition, a plot of the individual constant errors against composition should be made. If 1
constant error appear to depend upon the composition, they should not be pooled in a weigl
average.

Thet test is also used to judge whether a given lot of material conforms to a particular spec
cation. If both plus and minus departures from the known value are to be guarded against, a t
tailed test is involved. If departures in only one direction are undesirable, then the 10% level val
for t are appropriate for the 5% level mme direction. Similarly, the 2% level should be used to
obtain the 1% level to test the departure from the known value in one direction only; these constit
a one-tailed test. More on this subject will be in the next section.

Sometimes just one determination is available on each of several known materials similar
composition. A single determination by each of two procedures (or two analysts) on a series
material may be used to test for a relative bias between the two methods, as in Example 2.4
course, the average difference does not throw any light on which procedure has the larger con:
error. It only supplies a test as to whether the two procedures are in disagreement.

2.3.7 Hypotheses About Means

Statistical methods are frequently used to give a “yes” or “no” answer to a particular questi
concerning the significance of data. When performing hypothesis tests on real data, we canno
an absolute cutoff as to where we can expect to find no values from the population against wt
we are testing data, but we can set a limit beyond which we consider it very unlikely to find
member of the population. If a measurement is made that does in fact fall outside the specified ra
the probability of its happening by chance alone can be rejected; something beyond the rand
ness of the reference population must be operating. In other words, hypothesis testing is an atts
to determine whether a given measured statistic could have come from some hypothesized poj
tion.

In attempting to reach decisions, it is useful to make assumptions or guesses about the popula
involved. Such assumptions, which may or may not be true, are catgidtical hypotheseasnd in
general are statements about the probability distributions of the populations. A common procec
is to set up anull hypothesisdenoted byH,, which states that there is no significant difference
between two sets of data or that a variable exerts no significant effect. Any hypothesis which diff
from a null hypothesis is called aiternative hypothesjglenoted byH,.

Our answer is qualified by a confidence level (or level of significance) indicating the degree
certainty of the answer. Generally confidence levels of 95% and 99% are chosen to express
probability that the answer is correct. These are also denoted as the 0.05 and 0.01 level of sig
cance, respectively. When the hypothesis can be rejected at the 0.05 level of significance, but n
the 0.01 level, we can say that the sample results are probably significant. If, however, the hypoth
is also rejected at the 0.01 level, the results become highly significant.

The abbreviated table on the next page, which gives critical value$oofboth one-tailed and
two-tailed tests at various levels of significance, will be found useful for purposes of referenc
Critical values ofz for other levels of significance are found by the use of Tablel2.B6r a small
number of samples we replazeobtained from above or from Table 2I26y t from Table 2.27,
and we replace by:

[VNI(N = D)] s
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Level of significanceq 0.10 0.05 0.01 0.005 0.002

Critical values ofz for —-1.28 —1.645 —-2.33 —2.58 —2.88
one-tailed tests or 1.28 or 1.645 or 2.33 or 258 or 2.88

Critical values ofz for —1.645 —-1.96 —-2.58 -2.81 —-3.08
two-tailed tests and 1.645 and 1.96 and 2.58 and 2.81 and 3.08

Procedures which enable us to decide whether to accept or reject hypotheses or to determine wh
observed samples differ significantly from expected results are dats of hypotheses, tests of
significancepr rules of decisionFor example, a set afvalues outside the range1.96 to 1.96 (at
the 0.05 level of significance for a two-tailed test), constitute what is called the critical region
region of rejection of the hypothesis. The sezaésults inside the range 1.96 to 1.96 could then
be called the region of acceptance of the hypothesis.

Example 9 In the past a method gavg = 0.050%. A recent set of 10 results gave
X = 0.053%ands = 0.003%. Is everything satisfactory at a level of significance of 0.05? Of 0.01’

We wish to decide between the hypotheses:

Ho: . = 0.050% and the method is working properly, and

H,;: u # 0.050% and the method is not working properly.
A two-tailed tests required; that is, both tails on the distribution curve are involved:

_0.053-0.050

0.003 v/10—-1=-3.00

Enter Table 2.27 for nine degrees of freedom under the column heggdetor the 0.05 level of
significance, and the coluntg,gs for the 0.01 level of significance. At the 0.05 level, acceptf

t lies inside the interval-t, ;5 t0 t, 4,5 that is, within —2.26 and 2.26; reject otherwise. Since
t = —3.00, we rejecH,. At the 0.01 level of significance, the corresponding interval 525 to
3.25, whicht lies within, indicating acceptance &f,. Because we can rejekl, at the 0.05 level
but not at the 0.01 level of significance, we can say that the sample results are probably signific
and that the method is working properly.

Let us digress a moment and consider when a two-tailed test is needed, and what a one-t:
test implies. We “assume” that the measurements can be described by the curve shown in Fig. ~
If so, then 95% of the time a sample from the specified population will fall within the indicate
range and 5% of the time it will fall outside; 2.5% of the time it is outside on the high side of th
range, and 2.5% of the time it is below the low side of the range. Our assumption impliesghat if
does not equal the hypothesized value, the probability of its being above the hypothesized valu
equal to the probability of its being below the hypothesized value.

There will be incidences when the foregoing assumptions for a two-tailed test will not be tru
Perhaps some physical situation prevanfsom ever being less than the hypothesized value; it can
only be equal or greater. No results would ever fall below the low end of the confidence interv
only the upper end of the distribution is operative. Now random samples will exceed the upper bot
only 2.5% of the time, not the 5% specified in two-tail testing. Thus, where the possible values
restricted, what was supposed to be a hypothesis test at the 95% confidence level is actually b
performed at a 97.5% confidence level. Stated in another way, 95% of the population data lie wit
the interval belowu + 1.650- and 5% lie above. Of course, the opposite situation might also occu
and only the lower end of the distribution is operative.
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Example 10 Six samples from a bulk chemical shipment averaged 77.50% active ingredie
with s = 1.45%. The manufacturer claimed 80.00%. Can this claim be supported?

A one-tailed test is required since the alternative hypothesis states that the population pararr
is equal to or less than the hypothesized value.

_ 77.50— 80.00

145 6 —1=3.86

Sincety, o5 = —2.01, andt, ., = —3.36, the hypothesis is rejected at both the 0.05 and the 0.0
levels of significance. It is extremely unlikely that the claim is justified.

2.3.8 The Chi-square (x?) Distribution

The x? distribution describes the behavior of variances. Actually there is not a sidistribution
but a whole set of distributions. Each distribution depends upon the number of degrees of freec
(designated variously aff, d.f.,or ) in that distribution. Table 2.28 is laid out so that the horizontal
axis is labeled with probability levels, while the vertical axis is listed in descending order of ir
creasing number of degrees of freedom. The entries increase both as you read down and acro:
table. Although Table 2.28 does not display the values for the mid-range of the distributions, at
50% point of each distribution, the expected valug4i equal to the degrees of freedom. Estimates
of the variance are uncertain when based only on a few degrees of freedom. With the 10 sam
in Example 11, the standard deviation can vary by a large factor purely by random chance alc
Even 31 samples gives a spread of standard deviation of 2.6 at the 95% confidence level.

Understanding thg? distribution allows us to calculate the expected values of random variable
that are normally and independently distributed. In least squares multiple regression, or in calibra
work in general, there is a basic assumption that the error in the response variable is random
normally distributed, with a variance that followsyadistribution.

Confidence limits for an estimate of the variance may be calculated as follows. For each grc
of samples a standard deviation is calculated. These estimategasfsess a distribution called the
X2 distribution:

s?
o?/df

X2 = (2.15)
The upper and lower confidence limits for the standard deviation are obtained by dividil
(N — 1) by two entries taken from Table 2.28. The estimate of variance at the 90% confiden
limits is for use in the entrieg3 s anek s (for 5% and 95%) wittdegrees of freedom.

Example 11 The variance obtained for 10 samples is (0?66} is known to be (0.75) How
reliable iss? as an estimate af??

?(N—1 2(N—-1
SN-1)_ ,_$N-1

X3.975 X%.025
(0.65% (10— 1) c 2 < (0.65% (10— 1)
19.02 2.70

0.20< 02<1.43

Thus, only one time in 40 will &/¢2 be less than 2.70 by chance alone. Similarly, only one time
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TABLE 2.28 Percentile Values for the Chi-squarg?)( Distribution

2 2 2 2 2 2 2 2 2 2 2 2 2
df  XBoes XBoo  XBors  XBes X0.90 X0.75 X0.50 X0.25 X0.10 X0.05 X0.025 Xo.o1 X0.005

7.88 6.63 5.02 3.84 271 1.32 0.455 0.102 0.0158 0.0039 0.0010 0.0002 0.000
10.6 9.21 7.38 5.99 4.61 277 139 0.575 0.211 0.103 0.0506 0.0201 0.010(
12.8 11.3 9.35 7.81 6.25 411 237 121 0.584 0.352 0.216 0.115 0.072
14.9 13.3 11.1 9.49 7.78 539 3.36 1.92 1.06 0.711 0.484 0.297 0.207

1

2

3

4

5 16.7 15.1 12.8 11.1 9.24 6.63 4.35 2.67 1.61 1.15 0.831 0.554 0.412
6 185 16.8 14.4 12.6 10.6 7.84 535 3.45 2.20 1.64 1.24 0.872 0.676
7 203 18.5 16.0 14.1 12.0 9.04 6.35 4.25 2.83 2.17 1.69 1.24 0.989
8 220 20.1 17.5 15.5 13.4 10.2 7.34 5.07 3.49 2.73 2.18 1.65 1.34
9 236 21.7 19.0 16.9 14.7 11.4 8.34 5.90 4.17 3.33 2.70 2.09 1.73

10 25.2 23.2 20.5 18.3 16.0 125 9.34 6.74 4.87 3.94 3.25 2.56 2.16
11 26.8 24.7 219 19.7 17.3 13.7 10.3 7.58 5.58 4.57 3.82 3.05 2.60
12 283 26.2 23.3 21.0 18.5 148 113 8.44 6.30 5.23 4.40 3.57 3.07
13 298 27.7 247 22.4 19.8 16.0 123 9.30 7.04 5.89 5.01 4.11 3.57
14 313 29.1 26.1 23.7 21.1 171 133 10.2 7.79 6.57 5.63 4.66 4.07

15 328 30.6 275 25.0 22.3 18.2 143 11.0 8.55 7.26 6.26 5.23 4.60
16 343 32.0 28.8 26.3 23.5 194 153 11.9 9.31 7.96 6.91 5.81 5.14

17 357 33.4 30.2 27.6 24.8 205 163 12.8 10.1 8.67 7.56 6.41 5.70
18 37.2 34.8 315 28.9 26.0 216 173 13.7 10.9 9.39 8.23 7.01 6.26
19 386 36.2 32.9 30.1 27.2 227 183 14.6 11.7 10.1 8.91 7.63 6.84
20 40.0 37.6 34.2 31.4 28.4 23.8 193 155 12.4 10.9 9.59 8.26 7.43
21 414 38.9 35.5 32.7 29.6 249 203 16.3 13.2 11.6 10.3 8.90 8.03
22 428 40.3 36.8 33.9 30.8 26.0 213 17.2 14.0 12.3 11.0 9.54 8.64
23 44.2 41.6 38.1 35.2 32.0 271 223 18.1 14.8 13.1 11.7 10.2 9.26
24 456 43.0 39.4 36.4 33.2 28.2 233 19.0 15.7 13.8 12.4 10.9 9.89

25 46.9 44.3 40.6 37.7 34.4 29.3 243 19.9 16.5 14.6 13.1 115 105
26 483 45.6 41.9 38.9 35.6 304 253 20.8 17.3 15.4 13.8 12.2 11.2
27 49.6 47.0 43.2 40.1 36.7 315 263 21.7 18.1 16.2 14.6 12.9 11.8
28 51.0 48.3 44.5 41.3 37.9 326 273 22.7 18.9 16.9 15.39 13.6 125
29 523 49.6 45.7 42.6 39.1 33.7 283 23.6 19.8 17.7 16.0 14.3 13.1

30 537 50.9 47.0 438 40.3 348 293 245 20.6 185 16.8 15.0 13.8
40 66.8 63.7 59.3 55.8 51.8 456 39.3 33.7 29.1 26.5 24.4 22.2 20.7
50 795 76.2 71.4 67.5 63.2 56.3 49.3 42.9 37.7 34.8 324 29.7 28.0
60 92.0 88.4 83.3 79.1 74.4 67.0 59.3 52.3 46.5 43.2 40.5 375 355

70 104.2 100.4 95.0 90.5 85.5 776 69.3 61.7 55.3 51.7 48.8 45.4 43.3
80 116.3 112.3 106.6 1019 96.6 88.1 793 71.1 64.3 60.4 57.2 535 51.2
90 128.3 1241 1181 113.1 107.6 98.6 89.3 80.6 73.3 69.1 65.6 61.8 59.2
100 140.2 1358 129.6 1243 1185 109.1 99.3 90.1 82.4 77.9 74.2 70.1 67.3

in 40 will 9s’/a2 be greater than 19.02. Consequently, it is not unlikely shat a reliable estimate
of o2.
Stated differently:

Upper limit: 02 =9%42.7= 3.3
Lower limit: 0?2 = 95%/19.02= 0.48?

Ten measurements give an estimaterdthat may be as much as 3.3 times or only about one-hal
the true variance.
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2.3.9 The F Statistic

The F statistic, along with thez, t, and y? statistics, constitute the group that are thought of as
fundamental statistics. Collectively they describe all the relationships that can exist between me
and standard deviations. To performrtest, we must first verify the randomness and independenc
of the errors. Ifo? = o3, thersf/s3 will be distributed properly as tRestatistic. If the calculated

F is outside the confidence interval chosen for that statistic, then this is evideneg thad3.

The F statistic describes the distribution of the ratios of variances of two sets of samples.
requires three table labels: the probability level and the two degrees of freedom. Sikceishe
bution requires a three-dimensional table which is effectively unknowrk: tadles are presented
as large sets of two-dimensional tables. Fhdistribution in Table 2.29 has the different numbers
of degrees of freedom for the denominator variance placed along the vertical axis, while in e«
table the two horizontal axes represent the numerator degrees of freedom and the probability le
Only two probability levels are given in Table 2.29: the upper 5% poiRtsd and the upper 1%
points , o9. More extensive tables of statistics will list additional probability levels, and they shoul
be consulted when needed.

Itis possible to compare the means of two relatively small sets of observations when the variar
within the sets can be regarded as the same, as indicated Wy tb&. One can consider the
distribution involving estimates of the true variance. W§¢h  determined from a grobp ofser-
vations ands3 from a second group Nf observations, the distribution of the ratio of the sample
variances is given by thE statistic:

_ sflo?

s3lo?

(2.16)

The larger variance is placed in the numerator. For examplé&; tbst allows judgment regarding
the existence of a significant difference in the precision between two sets of data or between
analysts. The hypothesis assumed is that both variances are indeed alike and a measure
sameo.

The fact that each sample variance is related to its own population variance means that the sa
variance being used for the calculation need not come from the same population. This is a signifit
departure from the assumptions inherent inzhig and y? statistics.

Example 12 Suppose AnalysA made five observations and obtained a standard deviation c
0.06, where AnalysB with six observations obtained; = 0.03. The experimental variance
ratio is:

From Table 2.28 with four degrees of freedom foand five degrees of freedom f8; the value
of F would exceed 5.19 five percent of the time. Therefore, the null hypothesis is valid, and co
parable skills are exhibited by the two analysts.

As applied in Example 12, thE test was one-tailed. The test may also be applied as a two-
tailed test in which the alternative to the null hypothesisjs# o3. This doubles the probabili
that the null hypothesis is invalid and has the effect of changing the confidence level, in the ab
example, from 95% to 90%.

If improvement in precision is claimed for a set of measurements, the variance for the set aga
which comparison is being made should be placed in the numerator, regardless of magnitude
experimentalF smaller than unity indicates that the claim for improved precision cannot be suj
ported. The technique just given for examining whether the precision varies with the two differe
analytical procedures, also serves to compare the precision with different materials, or with differ
operators, laboratories, or sets of equipment.



TABLE 2.29 F Distribution
Interpolation should be performed using reciprocals of the degrees of freedom.

Upper 5% pointsK, o)

Degrees of Degrees of freedom for numerator
freedom for
denominator 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 «
1 161 200 216 225 230 234 237 239 241 242 244 246 248 249 250 251 252 253 25
2 18.5 19.0 19.2 19.2 19.3 19.3 19.4 194 194 194 194 194 194 19.5 19.5 195 195 195
3 10.1 955 928 912 901 894 889 88 881 879 874 870 866 864 862 859 857 855
4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 5.77 5.75 5.72 5.69 5.66
5 6.61 5.79 5.41 5.19 505 495 488 4.82 477 474 468 4.62 4.56 453 450 446 443 4.40
6 5.99 514 476 453 4.39 428 421 415 4.10 4.06 4.00 3.94 3.87 3.84 3.81 3.77 3.74 3.70
7 5.59 474 435 412 3.97 3.87 3.79 3.73 3.68 3.64 357 3.51 3.44 3.41 3.38 3.34 3.30 3.27
8 532 446 407 384 369 358 350 344 339 335 328 322 315 312 3.08 3.04 301 297
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.90 2.86 2.83 2.79 2.75
10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 291 2.85 2.77 2.74 2.70 2.66 2.62 2.58
11 484 398 359 336 320 309 301 295 290 28 279 272 265 261 257 253 249 245
12 4.75 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80 2.75 2.69 2.62 2.54 2.51 2.47 2.43 2.38 2.34
13 4.67 3.81 341 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.60 2.53 2.46 2.42 2.38 2.34 2.30 2.25
14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 2.39 2.35 2.31 2.27 2.22 2.18
15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.48 2.40 2.33 2.29 2.25 2.20 2.16 211
16 449 363 324 301 28 274 266 259 254 249 242 235 228 224 219 215 211 206
17 445 359 320 296 281 270 261 255 249 245 2338 231 223 219 215 210 206 201
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 241 2.34 2.27 2.19 2.15 2.11 2.06 2.02 1.97
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.31 2.23 2.16 2.11 2.07 2.03 1.98 1.93
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.28 2.20 2.12 2.08 2.04 1.99 1.95 1.90
21 432 347 307 284 268 257 249 242 237 232 225 218 210 205 201 19 192 187
22 430 344 305 282 266 255 246 240 234 230 223 215 207 203 198 194 189 184
23 428 342 303 280 264 253 244 237 232 227 220 213 205 201 19 191 186 181
24 426 340 301 278 262 251 242 236 230 225 218 211 203 198 194 189 184 179
25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28 2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.77
30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68
40 408 323 284 261 245 234 225 218 212 208 200 192 184 179 174 169 164 158
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.47
120 392 307 268 245 229 218 209 202 19 191 183 175 166 161 155 150 143 135
© 384 300 260 237 221 210 201 194 188 183 175 167 157 152 146 139 132 122

TETC
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TABLE 2.29 F Distribution (Continued

Upper 1% pointsK, o9

Degrees of

Degrees of freedom for numerator

freedom for

denominator 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
1 4052 5000 5403 5625 5764 5859 5928 5982 6023 6056 6106 6157 6209 6235 6261 6287 6313 6339
2 985 99.0 992 992 993 993 994 994 994 994 994 994 994 995 995 995 995 995
3 341 308 295 287 282 279 277 275 273 272 271 269 267 26,6 265 264 263 262
4 212 180 167 160 155 152 150 148 147 145 144 142 140 139 138 13.7 137 136
5 16.3 133 121 114 110 10.7 105 103 10.2 101 989 972 955 947 938 929 920 91
6 13.7 10.9 978 915 875 847 8206 810 798 787 772 756 740 731 723 714 7.06 6.97
7 12.2 955 845 785 746 719 699 684 672 662 647 631 616 607 599 591 582 574
8 11.3 865 759 701 663 637 618 6.03 591 581 567 552 536 528 520 512 503 4.95
9 10.6 8.02 699 642 6.06 580 561 547 535 526 511 496 481 473 465 457 448 4.40
10 10.0 756 655 599 564 539 520 506 494 485 471 456 441 433 425 417 408 4.00
11 965 721 6.22 567 532 507 489 474 463 454 440 425 410 402 394 386 3.78 3.69
12 933 693 595 541 506 482 464 450 439 430 416 401 386 378 370 362 354 345
13 9.07 6.70 574 521 486 462 444 430 419 410 396 382 366 359 351 343 334 325
14 886 651 556 504 470 446 428 414 403 394 380 366 351 343 335 327 318 3.09
15 868 6.36 542 489 456 432 414 400 389 380 367 352 337 329 321 313 305 296
16 853 6.23 529 477 444 420 403 389 378 369 355 341 326 318 310 3.02 293 284
17 840 6.11 519 467 434 410 393 379 368 359 346 331 316 3.08 3.00 292 283 275
18 829 6.01 509 458 425 401 384 371 360 351 337 323 308 300 292 284 275 266
19 819 593 501 450 417 394 377 363 352 343 330 315 300 292 284 276 267 258
20 810 585 494 443 410 387 370 356 346 337 323 309 294 28 278 269 261 252
21 8.02 578 487 437 404 381 364 351 340 331 317 303 288 280 272 264 255 246
22 795 572 482 431 399 376 359 345 335 326 312 298 283 275 267 258 250 240
23 788 566 476 426 394 371 354 341 330 321 307 293 278 270 262 254 245 235
24 782 561 472 422 390 367 350 336 326 317 3.03 289 274 266 258 249 240 231
25 777 557 468 418 386 363 346 332 322 313 299 285 270 262 253 245 236 227
30 756 539 451 402 370 347 330 317 3.07 298 284 270 255 247 239 230 221 211
40 731 518 431 383 351 329 312 299 289 280 266 252 237 229 220 211 202 192
60 7.08 498 413 365 334 312 29 282 272 263 250 235 220 212 203 194 184 173
120 6.85 479 395 348 317 296 279 266 256 247 234 219 203 195 18 176 166 153
0 663 461 378 332 302 280 264 251 241 232 218 204 188 179 170 159 147 132

6
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2.3.10 Curve Fitting

Very often in practice a relationship is found (or known) to exist between two or more variables.
is frequently desirable to express this relationship in mathematical form by determining an equat
connecting the variables.

The first step is the collection of data showing corresponding values of the variables unc
consideration. From a scatter diagram, a plo¥ ¢drdinate) versuX (abscissa), it is often possible
to visualize a smooth curve approximating the data. For purposes of reference, several type
approximating curves and their equations are listed. All letters othedthadY represent constants.

1.Y=g + aX Straight line
2. Y =a,+ X + a,X? Parabola or quadratic curve
3. Y=g, + a X+ a X+ axX° Cubic curve
4. Y=g +aX+ta+- -  -+aXxX nth degree curve
As other possible equations (among many) used in practice, these may be mentioned:
5. Y=(a+aX)* or 1N =a,+ aX Hyperbola
6. Y=abX or logY = loga + (logb)y Exponential curve
7.Y=aX> or logY=loga+ blog X Geometric curve
8. Y=abX+g¢g Modified exponential curve
9. Y=aX"+g¢g Modified geometric curve

When we draw a scatter plot of a versusY data, we see that some sort of shape can be
described by the data points. From the scatter plot we can take a basic guess as to which tyy
curve will best describe thé—Y relationship. To aid in the decision process, it is helpful to obtain
scatter plots of transformed variables. For example, if a scatter plot &f VegsusX shows a linear
relationship, the equation has the form of number 6 above, while i¥ logrsus logK shows a linear
relationship, the equation has the form of number 7. To facilitate this we frequently employ spec
graph paper for which one or both scales are calibrated logarithmically. These are referred tc
semilogor log-log graph paperrespectively.

2.3.10.1 The Least Squares or Best-fit LineThe simplest type of approximating curve is a
straight line, the equation of which can be written as in form number 1 above. It is customary
employ the above definition wheXiis the independent variable aiyds the dependent variable.

To avoid individual judgment in constructing any approximating curve to fit sets of data, it i
necessary to agree on a definition dbest-fit line One could construct what would be considered
the best-fit line through the plotted pairs of data points. For a given valug,dhere will be a
differenceD, between the valu®, and the constituent valu¥ as determined by the calibration
model. Since we are assuming that all the errors ar¥, iwe are seeking the best-fit line that
minimizes the deviations in thédirection between the experimental points and the calculated line
This condition will be met when the sum of squares for the differences, called residuals (or the s
of squares due to error),

S (Y- %P =3 O+ Dz + -+ DY

is the least possible value when compared to all other possible lines fitted to that data. If the s
of squares for residuals is equal to zero, the calibration line is a perfect fit to the data. With
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mathematical treatment known as linear regression, one can find the “best” straight line throi
these real world points by minimizing the residuals.

This calibration model for the best-fit fit line requires that the line pass through the “centroi
of the points(X, Y). It can be shown that:

SX=X Y-V
b= S (2.17)
a=Y-bX (2.18)

The line thus calculated is known as the line of regressioniaf X, that is, the line indicating how
Y varies wherX is set to chosen values.
If X is the dependent variable, the definition is modified by considering horizontal instead
vertical deviations. In general these two definitions lead to different least square curves.
Example 13 The following data were recorded for the potentabf an electrode, measured
against the saturated calomel electrode, as a function of concentgafionoles liter?).

—logC E mV —logC E, mV
1.00 106 2.10 174
1.10 115 2.20 182
1.20 121 2.40 187
1.50 139 2.70 211
1.70 153 2.90 220
1.90 158 3.00 226

Fit the best straight line to these da¥represents-log C, andY, represent&. We will perform
the calculation manually, using the following tabular lay-out.

% Yi X = X) % — Xy Y-V X=X -V
1.00 106 —0.975 0.951 —60 58.5
1.10 115 —0.875 0.766 —51 44.6
1.20 121 —0.775 0.600 —45 34.9
1.50 139 —0.475 0.226 =27 12.8
1.70 153 —0.275 0.076 —13 3.6
1.90 158 —0.075 0.006 -8 0.6
2.10 174 +0.125 0.016 8 1.0
2.20 182 0.225 0.051 16 3.6
2.40 187 0.425 0.181 21 8.9
2.70 211 0.725 0.526 45 32.6
2.90 220 0.925 0.856 54 50.0
3.00 226 1.025 1.051 60 61.5

2X 23.7 2Y; 1992 20 > 5.306 20 > 312.6

X =1.975 Y = 166
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Now substituting the proper terms into Equation 17, the slope is:

312.6
=—"—"=58.91
b 5.306 °8.9
and from Equation 18, and substituting the “centroid” values of the p¢igt¥) , the intercept is

a = 166 — 58.91(1.975) 49.64
The best-fit equation is therefore:

E = 49.64— 58.91 logC

2.3.10.2 Errors in the Slope and Intercept of the Best-fit LineUpon examination of the plot

of pairs of data points, the calibration line, it will be obvious that the precision involved in analyzin
an unknown sample will be considerably poorer than that indicated by replicate error alone. T
scatter of these original points about the calibration line is a good measure of the error to be expe
in analyzing an unknown sample. And this same error is considerably larger than the replicat
error because it will include other sources of variability due to a variety of causes. One possi
source of variability might be the presence of different amounts of an extraneous material in
various samples used to establish the calibration curve. While this variability causes scatter at
the calibration curve, it will not be reflected in the replication error of any one sample if the sampg
is homogeneous.

The scatter of the points around the calibration line or random errors are of importance since
best-fit line will be used to estimate the concentration of test samples by interpolation. The mett
used to calculate the random errors in the values for the slope and intercept is now considered.
must first calculate the standard deviat&p, which is given by:

Syx = (2.19)

Equation 19 utilizes th-residuals Y, — ¥, whereY, are the points on the calculated best-fit line
or the fittedY; values. The appropriate number of degrees of freedofh is2; the minus 2 arises
from the fact that linear calibration lines are derived from both a slope and an intercept which lez
to a loss of two degrees of freedom.

Now we can calculate the standard deviations for the slope and the intercept. These
given by:

§ = ——x (2.20)

Sa = Svix (2.21)

NZ(K—)?)2
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The confidence limits for the slope are given lby- t,, where thet-value is taken at the desired
confidence level and\( — 2) degrees of freedom. Similarly, the confidence limits for the intercep
are given bya = ts,. The closeness ot to x; is answered in terms of a confidence interval Xgr
that extends from an upper confidence (UCL) to a lower confidence (LCL) level. Let us choose 9!
for the confidence interval. Then, remembering that this is a two-tailed test (UCL and LCL), v
obtain from a table of Studentisdistribution the critical value of; (t, 4,9 and the appropriate
number of degrees of freedom.

Example 14 For the best-fit line found in Example 13, express the result in terms of confiden
intervals for the slope and intercept. We will choose 95% for the confidence interval.

The standard deviatios, is given by Equation 19, but first a supplementary table must be
constructed for thé residuals and other data which will be needed in subsequent equations.

4 Y, -9 (Y, — 2 X?
108.6 2.55 6.50 1.00
114.4 —0.56 0.31 1.21
120.3 —-0.67 0.45 1.44
138.0 —1.00 1.00 2.25
149.8 —-3.21 10.32 2.89
161.6 3.57 12.94 3.61
173.4 —0.65 0.42 4.41
179.2 —2.76 7.61 4.84
191.0 4.02 16.16 5.76
208.7 —2.30 5.30 7.29
220.5 0.48 0.23 8.41
226.4 0.40 0.16 9.00

> 61.20 > 52.11

Now substitute the appropriate values into Equation 19 where there are212 10 degrees of

freedom:
/61.20
= — =247
Sxy 10

We can now calculats, ands, from Equations 20 and 21, respectively:

Svix
v5b.31

52.11
=247 |22 _ 22
% 12(5.306) 22

Now, using a two-tailed value for Student's

s, = =1.07

and

b+ ts, = 58.91+ 2.23(1.07)= 58.91* 2.39

axts, = 49.64+ 2.23(2.23)= 49.64+ 4.97
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The best-fit equation expressed in terms of the confidence intervals for the slope and in
ceptis:
E = (49.6, = 5.0) — (58.9, = 2.43) logC

To conclude the discussion about the best-fit line, the following relationship can be shown
exist amongy, Y, andY :

P4

1(Yif\?)2=2(?f?)2+,:21(vf?i)2 (2.22)

i i=1

The term on the left-hand side is a constant and depends only on the constituent values provide
the reference laboratory and does not depend in any way upon the calibration. The two terms or
right-hand side of the equation show how this constant value is apportioned between the two gt
tities that are themselves summations, and are referred to as the sum of squares due to regre
and the sum of squares due to error. The latter will be the smallest possible value that it can pos:s
be for the given data.

2.3.11 Control Charts

It is often important in practice to know when a process has changed sufficiently so that steps r
be taken to remedy the situation. Such problems arise in quality control where one must, of
quickly, decide whether observed changes are due to simple chance fluctuations or to actual cha
in the amount of a constituent in successive production lots, mistakes of employees, etc. Cor
charts provide a useful and simple method for dealing with such problems.

The chart consists of a central line and two pairs of limit lines or simply of a central line an
one pair of control limits. By plotting a sequence of points in order, a continuous record of t
quality characteristic is made available. Trends in data or sudden lack of precision can be m
evident so that the causes may be sought.

The control chart is set up to answer the question of whether the data are in statistical cont
thatis, whether the data may be retarded as random samples from a single population of data. Bec
of this feature of testing for randomness, the control chart may be useful in searching out system
sources of error in laboratory research data as well as in evaluating plant-production or cont
analysis daté.

To set up a control chart, individual observations might be plotted in sequential order and th
compared with control limits established from sufficient past experience. Limitsldd6o corre-
sponding to a confidence level of 95%, might be set for control limits. The probability of a futur
observation falling outside these limits, based on chance, is only 1 in 20. A greater proportion
scatter might indicate a nonrandom distribution (a systematic error). It is common practice w
some users of control charts to set inner control limits, or warning limits; a®6s and outer
control limits of +3.000. The outer control limits correspond to a confidence level of 99.8%, or
probability of 0.002 that a point will fall outside the limits. One-half of this probability correspond:
to a high result and one-half to a low result. However, other confidence limits can be used as w
the choice in each case depends on particular circumstances.

Special attention should be paid to one-sided deviation from the control limits, because system
errors more often cause deviation in one direction than abnormally wide scatter. Two system.
errors of opposite sign would of course cause scatter, but it is unlikely that both would have ente
at the same time. It is not necessary that the control chart be plotted in a time sequence. In

1G. WernimontInd. Eng. Chem., Anal. EA.8:587 (1946); J. A. Mitchellibid. 19:961 (1947).
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situation where relatively large numbers of units or small groups are to be compared, the con
chart is a simple means of indicating whether any unit or group is out of line. Thus laboratorie
production machines, test methods, or analysts may be put arbitrarily into a horizontal sequenc

Usually it is better to plot the means of small groups of observations on a control chart, ratt
than individual observations. The random scatter of averages of pairs of observations'is=1/(2)
0.71 as great as that of single observations, and the likelihood of two “wild” observations in tl
same direction is vanishing small. The groups of two to five observations should be chosen in s
a way that only change variations operate within the group, whereas assignable causes are st
for variations between groups. If duplicate analyses are performed each day, the pairs form log
groups.

Some measure of dispersion of the subgroup data should also be plotted as a parallel col
chart. The most reliable measure of scatter is the standard deviation. For small groups, the rz
becomes increasingly significant as a measure of scatter, and it is usually a simple matter to plo
range as a vertical line and the mean as a point on this line for each group of observations.
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3.1 NOMENCLATURE OF INORGANIC COMPOUNDS

The following synopsis of rules for naming inorganic compounds and the examples given in ¢
planation are not intended to cover all the possible cases. For a more comprehensive and det
description, see G. J. Leigh (ed\pmenclature of Inorganic Chemist8d ed., Blackwell Scientific
Publications, Oxford, 1990. This 289-page publication contains the Recommendations 1990 of
Commission on Nomenclature of Inorganic Chemistry and was prepared under the auspices of
International Union of Pure and Applied Chemistry (IUPAC). In particular, the latest report shou
be consulted for coordination compounds, boron compounds, and crystalline phases of vari
composition.

3.1.1 Writing Formulas

3.1.1.1 Mass Number, Atomic Number, Number of Atoms, and lonic Charg&he mass num-
ber, atomic number, number of atoms, and ionic charge of an element are indicated by mean
four indices placed around the symbol:

mass number ionic charge

SYMBOL

15N] 3-
atomic number number of atoms *

2

lonic charge should be indicated by an Arabic superscript numeral preceding the plus or minus s
Mgz, PG}~

3.1.1.2 Placement of Atoms in a Formula.The electropositive constituent (cation) is placed first
in a formula. If the compound contains more than one electropositive or more than one electror
ative constituent, the sequence within each class should be in alphabetical order of their symk

3.1
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The alphabetical order may be different in formulas and names; for example, N&O1 am-
monium sodium hydrogen phosphate.

Acids are treated as hydrogen salts. Hydrogen is cited last among the cations.

When there are several types of ligands, anionic ligands are cited before the neutral ligands

3.1.1.3 Binary Compounds between Nonmetalgzor binary compounds between nonmetals, that
constituent should be placed first which appears earlier in the sequence:

Rn, Xe, Kr, Ar, Ne, He, B, Si, C, Sbh, As, P, N, H, Te, Se, S, At, |, Br, Cl, O, F
ExamplesAsCl;, SbH,, H Te, Brg , OF ,and N S .

3.1.1.4 Chain Compounds. For chain compounds containing three or more elements, the s
guence should be in accordance with the order in which the atoms are actually bound in the mole
or ion.

Examples: SCN- (thiocyanate), HSCN (hydrogen thiocyanate or thiocyanic acid), HNCO (hy
drogen isocyanate), HONC (hydrogen fulminate), and K®Hhydrogen phosphinate).

3.1.1.5 Use of Centered Period A centered period is used to denote water of hydration, othe|
solvates, and addition compounds; for example, CuIBLO, copper(ll) sulfate 5-water (or pen-
tahydrate).

3.1.1.6 Free Radicals. In the formula of a polyatomic radical an unpaired electron(s) is(are
indicated by a dot placed as a right superscript to the parentheses (or square bracket for coordin
compounds). In radical ions the dot precedes the charge. In structural formulas, the dot may
placed to indicate the location of the unpaired electron(s).

Examples: (HOy  (GF (NH3)

3.1.1.7 Enclosing Marks. Where it is necessary in an inorganic formula, enclosing marks (pa
rentheses, braces, and brackets) are nested within square brackets as follows:

(O [{O IO {{IO1}}]

In an inorganic name the nesting order is different: { {{[ ()]} }}, and so on.

3.1.1.8 Molecular Formula. For compounds consisting of discrete molecules, a formula in ac
cordance with the correct molecular weight of the compound should be used.

Examples: S,Cl,, S;, N,O,, and HP,Oq; not SCI, S, NQ, and HPG;.

3.1.1.9 Structural Formula and Prefixes. In the structural formula the sequence and spatial
arrangement of the atoms in a molecule are indicated.

Examples: NaO(O=C)H (sodium formate), C+-S—S—CI (disulfur dichloride).

Structural prefixes should be italicized and connected with the chemical formula by a hyph:e
cis-, trans-, anti-, syn-, cyclo-, catena-, @ortho-, m-or meta-, p-or para-, sec{secondary)tert-
(tertiary),v- (vicinal), meso-, asfor asymmetrical, ang- for symmetrical.

The sign of optical rotation is placed in parentheses), for dextrorotary, {) for levorotary,
and () for racemic, and placed before the formula. The wavelength (in nanometers is indicated
a right subscript; unless indicated otherwise, it refers to the sodium D-line.
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The italicized symbolg- (for deuterium) and- (for tritium) are placed after the formula and
connected to it by a hyphen. The number of deuterium or tritium atoms is indicated by a subsc
to the symbol.

Examples: cigPtCL(NH,),] methane,-ol
di-tert-butyl sulfate ()ssdCo(en)]Cl,
methan-old

3.1.2 Naming Compounds

3.1.2.1 Names and Symbols for ElementdNames and symbols for the elements are given in
Table 3.2. Wolfram is preferred to tungsten but the latter is used in the United States. In formin
complete name of a compound, the name of the electropositive constituent is left unmodified exc
when it is necessary to indicate the valency (see oxidation number and charge number, formerly
Stock and Ewens-Bassett systems). The order of citation follows the alphabetic listing of the nar
of the cations followed by the alphabetical listing of the anions and ligands. The alphabetical citat
is maintained regardless of the number of each ligand.

Example: K[AuS(S,)] is potassium (disulfido)thioaurate{).

3.1.2.2 Electronegative ConstituentsThe name of a monatomic electronegative constituent is
obtained from the element name with its ending (-en, -ese, -ic, -ine, -ium, -ogen, -on, -orus, -L
-ur, -y, or -ygen) replaced by -ide. The elements bismuth, cobalt, nickel, zinc, and the noble ga
are used unchanged with the ending -ide. Homopolyatomic ligands will carry the appropriate pre
A few Latin names are used with affixes: cupr- (copper), aur- (gold), ferr- (iron), plumb- (lead
argent- (silver), and stann- (tin).

For binary compounds the name of the element standing later in the sequence in Sec. 3.1.1
modified to end in -ide. Elements other than those in the sequence of Sec. 3.1.1.3 are taken ir
reverse order of the following sequence, and the name of the element occurring last is modifie
end in -ide; e.g., calcium stannide.

ELEMENT SEQUENCE

H Li L k i ™ i

e 3 7] LT 1 [ r L il
iy E i = T L8 Cr s [} i i ' A = 1]
LY Eh = T £y Sk i Tr Ea Hi Fi :T] LE in Sa ik Ts I
- L Ha il H Ta L] |2 i I 2] L] H T " 1 r i

3.1.2.3 Stoichiometric Proportions. The stoichiometric proportions of the constituents in a for-
mula may be denoted by Greek numerical prefixes: mono-, di-, tri-, tetra-, penta-, hexa-, hep
octa-, nona- (Latin), deca-, undeca- (Latin), dodeca- . ,icosa- (20), henicosa- (21) . . ,tri-
conta- (30), tetraconta- (40) . . ,hecta- (100), and so on, preceding without a hyphen the name
of the elements to which they refer. The prefix mono can usually be omitted; occasionally her
(¥2) and sesqui-¥> ) are used. No elisions are made when using numerical prefixes except in
case of icosa- when the letter “i" is elided in docosa- and tricosa-. Beyond 10, prefixes may
replaced by Arabic numerals.
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When it is required to indicate the number of entire groups of atoms, the multiplicative numer:
bis-, tris-, tetrakis-, pentakis-, and so on, are used (i.e., -kis is added starting from tetra-). The er
to which they refer is placed in parentheses.

Examples: Ca[PF],, calcium bis(hexafluorophosphate); and,4%,);PO,, tris(decyl) phos-
phate instead of tridecyl which is (¢,,—).

Composite numeral prefixes are built up by citing units first, then tens, then hundreds, and
on. For example, 43 is written tritetraconta- (or tritetracontakis-).

In indexing it may be convenient to italicize a numerical prefix at the beginning of the name a
connect it to the rest of the name with a hyphen; egnitrogen pentaoxide (indexed under the
letter “n”).

3.1.2.4 Oxidation and Charge Numbers.The oxidation numbei(Stock system) of an element
is indicated by a Roman numeral placed in parentheses immediately following the name of
element. For zero, the cipher 0 is used. When used in conjunction with symbols the Roman num
may be placed above and to the right. Td@arge numbebof an ion (Ewens-Bassett system) rather
than the oxidation state is indicated by an Arabic numeral followed by the sign of the charge ci
and is placed in parentheses immediately following the name of the ion.

Examples: P,Og, diphosphorus pentaoxide or phosphorus(V) oxidgs*, mercury(l) ion o
dimercury(2+) ion; K, [Fe(CN)], potassium hexacyanoferrate(ll) or potassium hexacyanofer
rate(4-); PbPBVO,, dilead(ll) lead(lV) oxide or trilead tetraoxide.

Where it is not feasible to define an oxidation state for each individual member of a group, t
overall oxidation level of the group is defined by a formal ionic charge to avoid the use of fraction
oxidation states; for exampl@;

3.1.2.5 Collective Names.Collective names include:

Halogens (F, Cl, Br, I, At)

Chalcogens (O, S, Se, Te, Po)

Alkali metals (Li, Na, K, Rb, Cs, Fr)

Alkaline-earth metals (Ca, Sr, Ba, Ra)

Lanthanoids or lanthanides (La to Lu)

Rare-earth metals (Sc, Y, and La to Lu inclusive)

Actinoids or actinides (Ac to Lr, those whosédhell is being filled)
Noble gases (He to Rn)

A transition element is an element whose atom has an incormpatbshell, or which gives rise
to a cation or cations with an incompledesubshell.

3.1.2.6 Isotopically Labeled CompoundsThe hydrogen isotopes are given special narfids:
(protium), 2H or D (deuterium), andH or T (tritium). The superscript designation is preferred
because D and T disturb the alphabetical ordering in formulas.

Other isotopes are designated by mass numi@&gboron-10).

Isotopically labeled compounds may be described by inserting the italic symbol of the isoto
in brackets into the name of the compound; for exampRECHis hydrogen chloridépCI] or hy-
drogen chloride-36, antH38Cl is hydrogen {H] chloride[8Cl] or hydrogen-2 chloride-38.
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3.1.2.7 Allotropes. Systematic names for gaseous and liquid modifications of elements are son
times needed. Allotropic modifications of an element bear the name of the atom together with
descriptor to specify the modification. The following are a few common examples:

Symbol Trivial name Systematic namg
H Atomic hydrogen Monohydrogen
(0% (Common oxygen) Dioxygen
0O, Ozone Trioxygen
P, White phosphorus Tetraphosphorys
S a-Sulfur, B-Sulfur Octasulfur
S, u-Sulfur (plastic sulfur) Polysulfur

Trivial (customary) names are used for the amorphous modification of an element.

3.1.2.8 Heteroatomic and Other Anions.A few heteroatomic anions have names ending in -ide.
These are

—OH, hydroxide ion (not hydroxyl) —NH—, imide ion

—CN, cyanide ion —NH—NH,, hydrazide ion
—HF;, hydrogen difluoride ion —NHOH, hydroxylamide ion
—NH,, amide ion —HS-, hydrogen sulfide ion

Added to these anions are

—13, triiodide ion —O—0—, peroxide ion
—Nj3, azide ion —S—S—, disulfide ion
—0O;, 0zonide ion

3.1.2.9 Binary Compounds of Hydrogen.Binary compounds of hydrogen with the more elec-
tropositive elements are designated hydrides (NaH, sodium hydride).

Volatile hydrides, except those of Periodic Group VIl and of oxygen and nitrogen, are nam
by citing the root name of the element (penultimate consonant and Latin affixes, Sec. 3.1.2
followed by the suffix -ane. Exceptions are water, ammonia, hydrazine, phosphine, arsine, stibi
and bismuthine.

Examples: B,Hq, diborane; BH,,, decaborane(14); BH,, decaborane(16);,H,, diphos-
phane; SgHg, distannane; kBe,, diselane; HTe,, ditellane; HS;, pentasulfane; and PhHplum-
bane.

3.1.2.10 Neutral Radicals. Certain neutral radicals have special names ending in -yl:

HO hydroxyl Clo, perchloryl*
CO carbonyl CrQ  chromyl

Clo chlorosyl* NO nitrosyl

Clo, chloryl* NO, nitryl (nitroyl)

* Similarly for the other halogens.
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PO phosphoryl SeO seleninyl
SO sulfinyl (thionyl) Se@  selenonyl
SGo, sulfonyl (sulfuryl) uo, uranyl

S04 disulfuryl NpG, neptunylt

Radicals analogous to the above containing other chalcogens in place of oxygen are named by ac
the prefixes thio-, seleno-, and so on; for example, PS, thiophosphoryl; CS, thiocarbonyl.

3.1.3 Cations

3.1.3.1 Monatomic Cations. Monatomic cations are named as the corresponding element; fc
example, F&, iron(ll) ion; Fe+, iron(lll) ion.

This principle also applies to polyatomic cations corresponding to radicals with special narr
ending in -yl (Sec. 3.1.2.10); for example, PGphosphoryl cation; N©®, nitrosyl cation;NO3* ,
nitryl cation; O3+, oxygenyl cation.

Use of the oxidation number and charge number extends the range for radicals; for exam
UO%* uranyl(VI) or uranyl(2+) cation; UO; , uranyl(V) or uranyl(%) cation.

3.1.3.2 Polyatomic Cations. Polyatomic cations derived by addition of more protons than re-
quired to give a neutral unit to polyatomic anions are nhamed by adding the ending -onium to |
root of the name of the anion element; for examplel; , phosphonium igdn; donium ion;
H;O*, oxonium ion;CH;OH; , methyl oxonium ion.

Exception: The name ammonium is retained for thel; ion; similarly for substituted ammo
nium ions; for exampleNF; , tetrafluoroammonium ion.

Substituted ammonium ions derived from nitrogen bases with names ending in -amine rece
names formed by changing -amine into -ammonium. When known by a name not ending in -ami
the cation name is formed by adding the ending -ium to the name of the base (eliding the fi
vowel); e.g., anilinium, hydrazinium, imidazolium, acetonium, dioxanium.

Exceptions are the names uronium and thiouronium derived from urea and thiourea, respectiv

3.1.3.3 Multiple lons from One Base. Where more than one ion is derived from one base, the
ionic charges are indicated in their namiisHt | hydrazinium)(ibn; N,H%", hydrazinium(2-)
ion.

3.1.4 Anions

See Secs. 3.1.2.2 and 3.1.2.8 for naming monatomic and certain polyatomic anions. When an org
group occurs in an inorganic compound, organic nomenclétuveis followed to name the organic
part.

3.1.4.1 Protonated Anions. lons such a$iSO; are recommended to be named hydrogensulfa
with the two words written as one following the usual practice for polyatomic anions. However,
the Nomenclature of Organic Chemistr979 edition, hydrogen is used as a separate word; thi
practice is followed in this Handbook.

T Similarly for the other actinoid elements.
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3.1.4.2 Other Polyatomic Anions. Names for other polyatomic anions consist of the root name
of the central atom with the ending -ate and followed by the valence of the central atom expres
by its oxidation number. Atoms and groups attached to the central atom are treated as ligands
complex.

Examples: [Sb(OH)], hexahydroxoantimonate(V); [Fe(GN-, hexacyanoferrate(lll);
[Co(NO,)¢]3~, hexanitritocobaltate(lll); [TiO(€D,),(H,0),]?>~, oxobisoxalatodiaquatitanate(IV);
[PClg]~, hexachlorophosphate(V).

Exceptions to the use of the root name of the central atom are antimonate, bismuthate, carbol
cobaltate, nickelate (or niccolate), nitrate, phosphate, tungstate (or wolframate), and zincate.

3.1.4.3 Anions of Oxygen. Oxygen is treated in the same manner as other ligands with th
number of -oxo groups indicated by a suffix; for exam@€g- , trioxosulfate.

The ending -ite, formerly used to denote a lower state of oxidation, may be retained in trivi
names in these cases (note Sec. 3.1.5.3 also):

AsCE- arsenite NOG; peroxonitrite
BrO- hypobromite PCE- phosphite*
Clo- hypochlorite S sulfite

Cloz chlorite S, disulfite

10- hypoiodite S, dithionite
NO3 nitrite S, thiosulfite
N,O3~ hyponitrite SeG- selenite

However, compounds known to be double oxides in the solid state are named as such;
example, CJCuQ, (actually CyO, - CuO) is chromium(lll) copper(ll) oxide (and not copper chro-
mite).

3.1.4.4 Isopolyanions. Isopolyanions are named by indicating with numerical prefixes the num
ber of atoms of the characteristic element. It is not necessary to give the number of oxygen atc
when the charge of the anion or the number of cations is indicated.

Examples: CaMo0,0,,, tricalcium 24-oxoheptamolybdate, may be shortened to tricalcium hep
tamolybdate; the anionyo,08; , is heptamolybdate]6 S,&%, disulfate(2-); P, @, diphos-
phate(V)(4-).

When the characteristic element is partially or wholly present in a lower oxidation sta
than corresponds to its Periodic Group number, oxidation numbers are used; for exam|
[O,HP—O—PQ;H]?-, dihydrogendiphosphate(lll,V)(2).

A bridging group should be indicated by adding the Greek lettenmediately before its names
and separating this from the rest of the complex by a hyphen. The atom or atoms of the character
element to which the bridging atom is bonded, is indicated by numbers.

Examples: [O;P—S—PO,—0O—PO,;F, 1,2u-thiotriphosphate(5)
[S;P—O—PS,—0O—PS; P, diu-oxo-octathiotriphosphate(§

* Named for esters formed from the hypothetical acid P(QH)
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3.1.5 Acids

3.1.5.1 Acids and -ide Anions. Acids giving rise to the -ide anions (Sec. 3.1.2.2) should be name!
as hydroga . . . -ide; for example, HCI, hydrogen chloride; HNydrogen azide.

Names such as hydrobromic acid refer to an aqueous solution, and percentages such as 48Y%
denote the weight/volume of hydrogen bromide in the solution.

3.1.5.2 Acids and -ate Anions.Acids giving rise to anions bearing names ending in -ate are
treated as in Sec. 3.1.5.1; for example@d0,, hydrogen germanate;,fre(CN)], hydrogen hex-
acyanoferrate(ll).

3.1.5.3 Trivial Names. Acids given in Table 3.1 retain their trivial names due to long-establishe
usage. Anions may be formed from these trivial names by changing -ous acid to -ite, and -ic &
to -ate. The prefix hypo- is used to denote a lower oxidation state and the prefix per- designat
higher oxidation state. The prefixes ortho- and meta- distinguish acids of differing water conte
for example, HSIiO, is orthosilicic acid and EBiO; is metasilicic acid. The anions would be hamed
silicate(4-) and silicate(2-), respectively.

3.1.5.4 Peroxo- Group. When used in conjunction with the trivial names of acids, the prefix
peroxo- indicates substitution ef-O— by —O—O—.

3.1.5.5 Replacement of Oxygen by Other Chalcogenécids derived from oxoacids by replace-
ment of oxygen by sulfur are called thioacids, and the number of replacements are given by pref
di-, tri-, and so on. The affixes seleno- and telluro- are used analogously.

Examples: HOO—C==S, thiocarbonic acid; HSS C=S, trithiocarbonic acid.

3.1.5.6 Ligands Other than Oxygen and Sulfur.See Sec. 3.1.7, Coordination Compounds, for
acids containing ligands other than oxygen and sulfur (selenium and tellurium).

3.1.5.7 Differences between Organic and Inorganic Nomenclatur@rganic nomenclature is
largely built upon the scheme of substitution, that is, the replacement of hydrogen atoms by ot
atoms or groups. Although rare in inorganic nomenclature;®lkt called chloramine and NHCI
dichloroamine. Other substitutive names are fluorosulfonic acid and chlorosulfonic acid derived fri
HSO,H. These and the names aminosulfonic acid (sulfamic acid), iminodisulfonic acid, and nit
lotrisulfonic acid should be replaced by the following based on the concept that these names
formed by adding hydroxyl, amide, imide, and so on, groups together with oxygen atoms to a sul
atom:

HSOF fluorosulfuric acid NH(SEH), imidobis(sulfuric) acid

HSO,CI chlorosulfuric acid N(SGH), nitridotris(sulfuric) acid
NH,SO,H amidosulfuric acid

3.1.6 Salts and Functional Derivatives of Acids

3.1.6.1 Acid Halogenides. For acid halogenides the name is formed from the corresponding aci
radical if this has a special name (Sec. 3.1.2.10); for example, NOCI, nitrosyl chloride. In other ca
these compounds are named as halogenide oxides with the ligands listed alphabetically; for exan
BiClO, bismuth chloride oxide; VGO, vanadium(lV) dichloride oxide.

3.1.6.2 Anhydrides. Anhydrides of inorganic acids are named as oxides; for exampi®;,N
dinitrogen pentaoxide.



INORGANIC CHEMISTRY

TABLE 3.1 Trivial Names Retained for Acids
Alphabetically by characteristic element.

3.9

H;AsO,
H;AsO,
H,BO,
HBO,
HBrO;
HBro,
HBrO
H,CO,
HOCN
HNCO
HONC
HCIO,
HCIO,
HCIO,
HCIO
H,CrO,
H.Cr,0O,
HglOg
HIO,
HIO,
HIO
HMnO,
H,MnO,
HNO,
HNO,
HNO,
H,NO,
H,N,O,
HOONO
H,PO,

HPO,
HsPQ,

arsenic acid
arsenious acid
orthoboric acid (or boric acid)
metaboric acid
bromic acid
bromous acid
hypobromous acid
carbonic acid
cyanic acid
isocyanic acid
fulminic acid
perchloric acid
chloric acid
chlorous acid
hypochlorous acid
chromic acid
dichromic acid
orthoperiodic acid
periodic acid
iodic acid
hypoiodous acid
permanganic acid
manganic acid
peroxonitric acid
nitric acid
nitrous acid
nitroxylic acid
hyponitrous acid
peroxonitrous acid
orthophosphoric acid (or
phosphoric acid)
metaphosphoric acid
peroxomonophosphoric acid

H,P,0;

H4P,0q
(HO),OP

(HO),0P
(HO),P—O

(HO),P—O
H,PHQ,
H,P,H,05
HPH,0,

HReQ,
H,ReQ,
H,SO,
H,S,0;
H,SO,
H,S,0,
H.S,Ss
H,SO,
H2S,05
H,S,0,
H,S,0,
H-SOs

x=3,4, ...

H,SC,
HSb(OH),
H,SeQ
H,SeQ
H,SiO,
H,SiO,
HTcO,
H,TeO,
HsTeQ;

)

diphosphoric acid (or pyro-
phosphoric acid)

peroxodiphosphoric acid

diphosphoric(IV) acid or
hypophosphoric acid

diphosphoric(ll,V) acid

phosphonic acid
diphosphonic acid
phosphinic acid (formerly
hypophosphorous acid)
perrhenic acid
rhenic acid
sulfuric acid
disulfuric acid
peroxomonosulfuric acid
thiosulfuric acid
dithionic acid
sulfurous acid
disulfurous acid
thiosulfurous acid
dithionous acid
polythionic acid
(tri-, tetra; . . . )
sulfoxylic acid
hexahydrooxoantimonic acid
selenic acid
selenious acid
orthosilicic acid
metasilicic acid
pertechnetic acid
technetic acid
orthotelluric acid

3.1.6.3 Esters. Esters of inorganic acids are named as the salts; for examplg), &b, dimethyl

sulfate. However, if it is desired to specify the constitution of the compound, the nomenclature |

coordination compounds should be used.

3.1.6.4 Amides. Names for amides are derived from the names of the acid radicals (or from t

names of acids by replacing acid by amide); for example,(/SB.),, sulfonyl diamide (or sulfuric
diamide); NHSGO;H, sulfamidic acid (or amidosulfuric acid).

3.1.6.5 Salts. Salts containing acid hydrogen are named by adding the word hydrogen before

name of the anion (however, see Sec. 3.1.4.1), for examplgP®H potassium dihydrogen phos-
phate; NaHC@Q, sodium hydrogen carbonate (not bicarbonate); NaHRld@lium hydrogen phos-

phonate (only one acid hydrogen remaining).
Salts containing ® and HO anions are named oxide and hydroxide, respectively. Anions ar

cited in alphabetical order which may be different in formulas and names.
Examples: FeO(OH), iron(lll) hydroxide oxide; VO(S£), vanadium(lV) oxide sulfate.
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3.1.6.6 Multiplicative Prefixes. The multiplicative prefixes bis, tris, etc., are used with certain
anions for indicating stoichiometric proportions when di, tri, etc., have been preempted to desigr
condensed anions; for example, AIK(§9 12H,0, aluminum potassium bis(sulfate) 12-water (re-
call that disulfate refers to the ani® G~ ).

3.1.6.7 Crystal Structure. The structure type of crystals may be added in parentheses and
italics after the name; the latter should be in accordance with the structure. When the typenarr
also the mineral name of the substance itself, italics are not used.

Examples: MgTiO;, magnesium titanium trioxidelinenitetype); FeTiQ, iron(ll) titanium tri-
oxide (ilmenite).

3.1.7 Coordination Compounds

3.1.7.1 Naming a Coordination Compound.To name a coordination compound, the names of
the ligands are attached directly in front of the name of the central atom. The ligands are listec
alphabetical order regardless of the number of each and with the name of a ligand treated as a
Thus “diammine” is listed under “a” and “dimethylamine” under “d.” The oxidation number of the
central atom is stated last by either the oxidation number or charge number.

3.1.7.2 Anionic Ligands. Whether inorganic or organic, the names for anionic ligands end ir
-0 (eliding the final -e, if present, in the anion name). Enclosing marks are required for inorgau
anionic ligands containing numerical prefixes, and for thio, seleno, and telluro analogs of oxo ani
containing more than one atom.

If the coordination entity is negatively charged, the cations paired with the complex anion (wi
-ate ending) are listed first. If the entity is positively charged, the anions paired with the compl
cation are listed immediately afterward.

The following anions do not follow the nomenclature rules:

F- fluoro HOz hydrogen peroxo

Cl- chloro S thio (only for single sulfur)

Br- bromo S5 disulfido

I- iodo HS mercapto

0?- 0X0 CN- cyano

H- hydrido (or hydro) CHO- methoxo or methanolato
OH- hydroxo CHS- methylthio or methanethiolato
0% peroxo

3.1.7.3 Neutral and Cationic Ligands. Neutral and cationic ligands are used without change in
name and are set off with enclosing marks. Water and ammonia, as neutral ligands, are called “a
and “ammine,” respectively. The groups NO and CO, when linked directly to a metal atom, &
called nitrosyl and carbonyl, respectively.

3.1.7.4 Attachment Points of Ligands.The different points of attachment of a ligand are denoted
by adding italicized symbol(s) for the atom or atoms through which the attachment occurs at
end of the name of the ligand; e.g., glyciNear glycinatoO,N. If the same element is involved in
different possible coordination sites, the position in the chain or ring to which the element is attacl
is indicated by numerical superscripts: e.g., tartratg(®,0?, or tartrato(4-)-O2,0° or tar-
trato(2-)-O%,0%
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3.1.7.5 Abbreviations for Ligand Names.Except for certain hydrocarbon radicals, for ligand (L)
and metal (M), and a few with H, all abbreviations are in lowercase letters and do not invol
hyphens. In formulas, the ligand abbreviation is set off with parentheses. Some common abbre
tions are

Ac acetyl en ethylenediamine

acac acetylacetonato Him imidazole

Hacac acetylacetone Jda iminodiacetic acid

Hba benzoylacetone Me methyl

Bzl benzyl Hnta nitrilotriacetic acid

Hbg biguanide nbd norbornadiene

bpy 2,2-bipyridine (04 oxalato(2) from parent Hox

Bu butyl phen 1,10-phenanthroline

Cy cyclohexyl Ph phenyl

D,dea diethanolamine pip piperidine

dien diethylenetriamine Pr propyl

dmf dimethylformamide pn propylenediamine

H,dmg dimethylglyoxime Hpz pyrazole

dmg dimethylglyoximato(2) py pyridine

Hdmg dimethylglyoximato() thf tetrahydrofuran

dmso dimethylsulfoxide tu thiourea

Et ethyl Htea triethanolamine

H,edta ethylenediaminetetraacetic acid tren ',2/Zriaminotriethylamine

Hedta, edta coordinated ions derived trien triethylenetetraamine
from H,edta tn  trimethylenediamine

Hea ethanolamine ur urea

Examples: Li[B(NH,),], lithium tetraamidoborate(@) or lithium tetraamidoborate(lll);
[Co(NH,)sCIICl;, pentaamminechlorocobalt(lll) chloride or pentaamminechlorocobig)thlo-
ride; K;[Fe(CN)CO], potassium carbonylpentacyanoferrate(ll) or potassium carbonylpentacyar
ferrate(3-); [Mn{CH,(O)(COO)}L(H,0),]-, tetraaquabis[salicylato2Jmanganate(lll) ion;
[Ni(C,H/N,0,),] or [Ni(dmg)] which can be named bis-(2,3-butanedione dioximato)nickel(ll) or
bis[dimethylglyoximato(2-)]nickel(ll).

3.1.8 Addition Compounds

The names of addition compounds are formed by connecting the names of individual compou
by a dash (—) and indicating the numbers of molecules in the name by Arabic numerals separ:
by the solidus (diagonal slash). All molecules are cited in order of increasing number; those hav
the same number are cited in alphabetic order. However, boron compounds and water are alv
cited last and in that order.

Examples: 3CdSQ - 8H,0, cadmium sulfate—water (3/8); A50,); - K,SO, - 24H,0, alumi-
num sulfate—potassium sulfate—water (1/1/24); AICACH-OH, aluminum chloride—ethanol
(2/4).
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3.2 PHYSICAL PROPERTIES OF PURE SUBSTANCES

TABLE 3.2 Physical Constants of Inorganic Compounds

Namesfollow the IUPAC Nomenclature. Solvates are listed under the entry for the anhydrous salt. Acids ¢
entered under Hydrogen and acid salts are entered as a subentry under hydrogen.
Formula weightsare based upon the International Atomic Weights of 1993 and are computed to the near
hundredth when justified. The actual significant figures are given in the atomic weights of the individual elemel
Each element that has neither a stable isotope nor a characteristic natural isotopic composition is repres
in this table by one of that element’'s commonly known radioisotopes identified by mass number and relat
atomic mass.
Densityvalues are given at room temperature unless otherwise indicated by the superscript figure; for exarr
2.4875indicates a density of 2.487 g/éror the substance at 16. A superscript 20 over a subscript 4 indicates
a density at 2TC relative to that of water at’€. For gases the values are given as grams per liter (g/L).
Melting pointis recorded in a certain case280 d  and in some other cas2%8, the distinction being m
in this manner to indicate that the former is a melting point with decomposition &C288ile in the latter
decomposition only occurs at 28D and higher temperatures. Where a value such 8,0, 150 is given |
indicates a loss of 6 moles of water per formula weight of the compound at a temperaturé@fA&ohydrates
the temperature stated represents the compound melting in its water of hydration.
Boiling pointis given at atmospheric pressui®0 mm  of mercury or 101 325 Pa) unless otherwise indicat:
thus 825™m indicates that the boiling point is 82 when the pressure & mm of mercury. Also, subl 550
indicates that the compound sublimes at®500ccasionally decomposition products are mentioned.
Solubilityis given in parts by weight (of the formula weight) per 100 parts by weight of the solvent (i.e., perce
by weight) and at room temperature. Another unit frequently used is gram$0femL of solvent (mL p
100 mL for liquids and gases). The symbols of the common mineral acids represent aqueous solutions of tf
acids.

Abbreviations Used in the Table

a, acid

abs, absolute

abs alc, anhydrous ethanol
acet, acetone

alk, alkali (aq NaOH or KOH)
anhyd, anhydrous

ag, aqueous

ag reg, agua regia

atm, atmosphere

BuOH, butanol

bz, benzene

¢, solid state

ca., approximately

chl, chloroform

conc, concentrated

cub, cubic

d, decomposes

dil, dilute

disprop, disproportionates
EtOAc, ethyl acetate

eth, diethyl ether

EtOH, 95% ethanol

expl, explodes

fcc, face-centered cubic
fctetr, face-centered tetragonal
FP, flash point

fum, fuming

fus, fusion, fuses

g, gas, gram

glyc, glycerol

h, hot

hex, hexagonal
HOAC, acetic acid
i, insoluble

ign, ignites

L, liter

Ig, liquid

MeOH, methanol
min, mineral

mL, milliliter

org, organic

oxid, oxidizing
PE, petroleum ether
pyr, pyridine

s, soluble

satd, saturated

sl, slightly

soln, solution
solv, solvent(s)
subl, sublimes
sulf, sulfides

tart, tartrate

THF, tetrahyrofuran
v, very

vac, vacuum

viol, violently
volat, volatilizes
<, less than

>, greater than
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TABLE 3.2 Physical Constants of Inorganic Compoun@siftinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Actinium-227 Ac 227.0278 10.07 1050(50) ca. 3200 d aq; s acids
bromide AcBg, 466.74 5.85 subl 800 s aq
Aluminum Al 26.981539 2.70 660.323 2518 s HCLSO,, alk
acetylacetonate Al(E,0,); 324.31 1.27 190-193 315 i ag; v s alc; s bz, eth
ammonium bis(sulfate)  AINH ,(SQ,), - 12HO 453.33 1.65 anhyd-280 14.3 g/100 mL aq; s glyc; i alc
12-water
antimonide AISb 148.74 4.26 1060
arsenide AlAs 101.90 3.76 1740
bis(acetylsalicylate) Al(OOCEHH,0COCH;),OH 402.30 v sl s aqg, alc, eth
borate (2/1) 2AJO; - B,O, 273.54 ca. 1050 iaq
bromide AlBr, 266.69 3.208 97.5 subl 253 d (viol) ag; s alc, acet, bz, CS
butoxide,sec Al(C,HgO), 246.33 0.967 200—206"™ FP 27; v s org solv
butoxide,tert- Al(C,HgO)s 246.33 1.028 subl 180 V s org solv
carbide (4/3) AlC, 143.96 2.360 2100 &2200°mm  d agq; fire hazard
chlorate Al(CIQ), 277.35 vsagq;salc
chloride AICL 133.34 2.44% 192.6 subl 181.1 0/100 mL: 70 aq (viol), T8@bs
alc; s CC}, eth; sl s bz
ethoxide Al(GH50), 162.16 1.142 140 2084mm s hot aq d; v sl s alc, eth
fluoride AlF, 83.98 2.88% 1090 subl 1272 0.56 aq; i a, alk, alc, acet
hydroxide Al(OH), 78.01 2.42 to AJO;, 300 i ag; s acids, alkalis
iodide Allg 407.69 3.9¢ 191.0 382 d aq; s alc, eth, €S
isopropoxide Al(GH,0), 204.25 1.034% 118.5 13%0mm d ag; s alc, bz, chl, PE
methoxide Al(CHO), 72.07 0 130
nitrate 9-water AINQ); - 9H,O 375.13 1.72 73 d 135 g/100 mL: 64 aq, 100 alc; s acet
nitride AIN 40.99 3.05 d 2517 d aq, acid, alkali
oxide (alpha-) AlQ 101.96 3.97 2054(6) 2980 iaqg;vslsa,alk
perchlorate 6-water Al(CIQ; - 6H,O 433.43 2.020 120.8 anhyd 178 133 g/100%fraqg
phenoxide Al(GH:0), 306.27 1.23 d 265 d aq; s alc, chl, eth
phosphate AIPQ 121.95 2.56 >1460 iag;slsa
phosphide AlP 57.96 2.85 2550 daq
phosphinate (hypophos- Al(H,PQ,), 221.94 d to PH 220 i ag; s HCI, warm alkali

phite)
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Aluminum (continued
potassium bis(sulfate) AIK(SO,), - 12H,0 474.39 1.75% —9H,0, 92 anhyd, 200 11.4 g/100 mL aq; v s glyc; i alc
12-water
propoxide Al(GH;0), 204.25 1.0578 106 2484mm dag; s alc
selenide AlSe, 290.84 3.43P 947 d aq, acid
silicon oxide (1/1) AlO; - SIO, 162.05 3.247 i ag; d HF; s fused alkali
sodium bis(sulfate) AINa(SQ,), - 12H0 458.28 1.678 61 110 g/100 mE> aqg; i alc
12-water
stearate Al(GH3:0,)5 877.41 1.070 117-120 i aq, alc; s bz, alk
sulfate AL(SO,); 342.15 1.61 770d 36.4 g/100 riflaq; sl s alc
sulfate 18-water A[SQ)); - 18H,0 666.46 1.6 d 86.5 87 g/100 mbaq; i alc
sulfide ALS; 150.16 2.20 1097 subl 1500 hyd ag; s acid
g tetrahydridoborate Al(BB), 71.53 —64.5 44.5 d agq; ign air; expl in £20
&~ Americium Am 243 12 1176 2011 sa
Ammonia NH, 17.03 lg: 0.6818 at bp —77.75 —33.35 0/100 mL: 34 aqg; 13.2 alc; s eth,
g: 0.61785 7.2am organic solvents
Ammonium acetate NEC,H;0, 77.08 1.17° 114 d 0/100 mL: 148aq, 7.9° MeOH; s
alc
amidosulfate NEHSO;NH, 114.13 131 d 160 vsagq; slsalc
benzoate NECHsO, 139.15 1.260 198 subl 160 9/100 mL:*2@q, 2.8 alc; s glyc
bromide NHBr 97.94 2.429 452 (subl underd 397 vacuo 76 g/100 niRaqg; v s acet, alc, eth
pressure)
calcium arsenate 6-water  NBaAsQ, - 6H,0 305.13 1.905 d 140 0.02 aqg; s NKCI
carbamate NECOONH, 78.07 subl 60 v sagq; slsalc;ieth
carbonate 1-water (NHLCO; - H,O 114.10 volatilizes 60 v sagq;ialc
chloride NH,CI 53.49 1.527% 237.8 520 g/100 mL: 28 aqg, 0.68° abs alc; i
acet, eth
chromate(VI) (NH),CrO, 152.07 1.9% d 185 34 g/100 m¥° aq; sl s MeOH
chromium(lll) bissulfate  NH,Cr(SQ,), - 12H0 478.34 1.72 94d 7.2 g/100 rhkg
12-water
copper(ll) tetrachloride (NH,),CuCl, - 2H,O 277.46 1.993 anhyd, 110 d120 40.3 g/100 m#° aq; s alc

2-water
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cyanide NHCN

dichromate(VI) (NH),Cr,0O;

dihydrogen arsenate NH,AsO,

dihydrogen phosphate NH,PO,

disulfatocobatate(ll) (NH,),[C0o(SQ),] - 6H,0O
6-water

disulfatoferrate(ll) 6-water (NE,[Fe(SQ),] - 6H,0

disulfatoferrate(lll) NH,[Fe(SQ),] - 12H,0

12-water
disulfatonickelate(ll) (NH,),[Ni(SO,),] - 6H,0
6-water
dithiocarbamate NES(C=S)NH,
diuranate(VI) (NH),U,0O,
fluoride NH,F
formate NHOOCH
heptamolybdate(VI)(6)  (NH,),M0,0,, - 4H,0
4-water
hexachloropalladate(IV) (NPL[PACL]
hexachloroplatinate(IV) (NB,[PtClg]
hexadecanoate NBOC(CH),,CH,
hexafluoroaluminate(3)  (NH,);[AlF]
hexafluorogallate (NB;Gak
hexafluorogermanate (NHGeFR,
hexafluorophosphate NHPF]
hexafluorosilicate (NB),[SiFg]
hexanitratocerate(IV) (NBL[Ce(NG)6]
hydrogen carbonate NHCO,
hydrogen citrate (NB,HCH:0;

hydrogen difluoride NEHF,

hydrogen oxalate hydrate  NHC,O, - H,O
hydrogen phosphate (NHHPG,
hydrogen sulfate NEHSO,
hydrogen sulfide NEHS
hydrogen sulfite NEHSO,

44.06
252.07

158.97
115.03
395.23

392.14
482.19

395.00

110.20
624.22
37.04
63.06
1235.86

355.20
443.87
273.45
195.09
237.83
222.68
163.00
178.15
548.22

79.06

226.19
57.04
125.08
132.06
115.11
51.11

99.11

1.10
2.155

2.311
1.80%
1.902

1.864
1.71

1.923
1.45%°

1.00%
1.27
2.498

2.418
3.065

1.78
2.10
2.564

2.18@8
2.011

1.586

1.48
151
1.556
1.619
1.78
1.17

2.03

d 36
d 180 to gD,

d 300
d 190

d 100
39-41

99d

dto NH; + HF
116
anhyd 90

d
d 380
21-22
d>100
d 200
380
d 68
d

107 (rapid
heating)

124.6

anhyd, 170

d 155

146.9

d 25 to NH+
H,S

subl 150 in N

d 230

d 180
d 190

subl

240d

d 350

v s aq, alc

35.6 g/100 mB° aq; s alc;
flammable
Vs ag

37 g/100 m#¥° aq; sl s alc; i acet
18 g/100 mtagq; v sl s alc

36.4 g/100 flag; i alc
124 g/100 mL aq

8.95 g/100 rfLaq

v s agq; s alc; sl s eth
v sl s ag, alk; s acids
100 g/100 mR aqg; s alc
143 g/100 #Akg; s alc, eth
43 g/100 mL ag; s acids; i alc

sl s aq

0.5 aq

s aq; sl s bz; i alc, acet
Vs aqg

s ag; i eth
74.8 g/100 m° aq; s alc, acet
18.6 g/100 rtagq; i alc, acet
135 g/100 m¥° aq; s alc, HNO
g/100 mL: 17.4° aq, 10 glyc

100 g/100 mL agq; sl s alc
vsag;slsalc
s aq, alc; i bz, eth
69 g/100 riflag; i alc, acet
100 g/100 mL agq; i alc, acet
128 g/100 mk aq; s glyc; i alc, acet

267 g/100 mE° aq
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Ammonium acetatecpntinued
hydrogen {-)tartrate NHHC,H,Oq 167.12 1.68 d 200 22aq; i alc
hydroxide NHOH 35.05 -77 49% dissolved N
hypophosphite NEH,PO, 83.03 d v s agq; sl s alc; i acet
iodate NHIO, 192.94 3.309 d 150 2'Baq
iodide NH,| 144.94 2.51% subl 551 220 vacuo 167 g/100 iflag; v s alc, acet
lactate NHC,H:O, 107.11 1.2 92 v s aq, alc, glyc; i acet, eth
magnesium arsenate NH,MgAsO, - 6H,0 289.36 1.923 d 0.038aq
6-water

molybdate(VI1)(2-) (NH,),M00, 196.04 2.276° d s acids
nitrate NHNO, 80.04 1.72% 169.6 d 210 /100 mL: 192aq; 3.8%alc; 17°

MeOH; s acet
octadecanoate NJ@OC(CH,),CH, 301.50 21-22 sl s aq; s alc; i acet
octanoate NEOOC(CH,)sCH, 161.24 d on standing v s aq, alc, acet; sl s eth
oxalate hydrate (NB,C,0O, - H,O 142.11 1.50 d70 522aq; s alc
oxodioxalatotitanate(IV) (NB,TIO(C,0,), 276.02 Vsaq
perchlorate NECIO, 117.49 1.95 d 240 0/100 mMit 21.9 aq, 1.49 EtOH,

0.014 BuOH, 0.029 EtOAc
permanganate NMNO, 136.97 2.208 explodes, 110 08aq
peroxodisulfate (NB,S,0Oq 228.20 1.982 d 120 expl 180 58 g/100 fraqg
phosphinate NEPH,0, 83.04 1.634 200 d 240 g/100 mL: 100 aq, 5 alc; i acet
phosphomolybdate (NH,)sPO, - 12M0Q, - H,O  1894.36 d sl s aq

hydrate

picrate NHC:H,N;O, 246.14 1.719 d expl 423 PAaq; sl s alc
selenate(VI) (NH),SeQ 179.04 2.19% d 117 g/100 mL aq; s HOAC; i alc
stearate NRC,gH3:0, 301.51 0.89 22 sl s aq, bz; s alc; i acet
sulfamate NHENH,SO, 114.13 131 d 160 vsagq; slsalc
sulfate (NH),S0, 132.14 1.769 d >280 43.5 g/100 mt® aq; i alc, acet
sulfide (NH,),S 68.14 d=0 v s agq; s alc, alk
sulfite hydrate (NB),SO, - H,0O 134.16 141 d 60 75 ¢/100 rfLaq; i alc, acet
(£)tartrate (NH),C,H,O¢ 184.15 1.601 d 58 g/100 mtag; sl s alc
tetraborate 4-water (NHB,O; - 4H,0 263.44 sagq;ialc
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tetrachloroaluminate
tetrachloropalladate(ll)
tetrachloroplatinate(ll)
tetrachlorozincate
tetrafluoroborate
thiocyanate

thiosulfate
vanadate(V)(t)

Antimony

arsenide
(111) bromide
() chloride
(V) chloride
(1) fluoride
(V) fluoride

hydride (stibine)
(1) iodide

(1) oxide (valentinite)
(V) oxide

(1) selenide
(Ill) sulfate

(1) sulfide

(V) sulfide

(1) telluride
triethyl

trimethyl

Argon
Arsenic

(1) bromide

() chloride

(di-) disulfide

(i) fluoride

(V) fluoride

(i) hydride (arsine)
(1) iodide

(1) oxide (arsenolite)

NHAICI ]
(NB[PdCL]
(NB),[PtCL]
(NF[ZnCl,]
NHBF,]
NESCN
(NH),S;,0,
NH,VO,
Sb
SbAs
ShBg,
SbCl
SCl
Sbk,
Sbk

Sbkl
Sbl,
SO,
ShO;
SbSe,
SB(SQy),
ShS;
ShS
Sh,Te,
Sb(GHs)s
Sb(CH),
Ar
As
AsBr
AsCl
AsS,
AsF;
Ask
AsH
Asl,
AsO;

186.83
284.29
372.97
243.28
104.84
76.12
148.21
116.98
121.760(1)
196.68
361.47
228.12
299.02
178.75
216.75

124.78
502.47
291.52
323.52
480.40
531.71
339.72
403.85
626.32
209.0
166.9
39.948(1)
74.92159(2)
314.63
181.28
213.97
131.92
169.91
77.95
455.63
197.84

2.170
2.936
1.879
1.871
1.305
1.679
2.326
6.697
6.0
4.35
3.12
2.33p
4.37%
2.9

5.475 g/L
4.92
5.7
3.78
5.81
3.62
4.56
4.120
6.52
1.32%
1.52%
1.7824 g
5.727
3.397%
2.149%
3.25%
2,738
7.46 g/L
3.420 gL
4.73
3.86

304
d
140 d
150 d
subl
149.6
d 150
d 200
630.7
~680
96.6
73.4
3.5
292
8.3

-915
168
655
-0, >300
612
d
546
75d
620
-29

—189.38
817
311
—16.2
320
-5.95
—79.8
—116.9
140.9
274

subl 341

d 170

1587

280
220.3
7 F2mm
376
141

—18.4
401
1425

159.5
80.6
—185.87
subl 615
220.0
130.2
565
57.8
—-52.8
—-62.5
424
460

s ag, eth
v s aqg;iabs alc
sagq;ialc
Vs aqg
25 g/100 nitaq
128 g/100thalg; v s alc; s acet
2.15aq; i alc, eth
0.48aq
s hot conc 430,, aqua regia

s acet, bz, chl
10 g/100 nfR agq; s alc, bz, chl
d aq; s HCI, chl, CCJ
444 g/100 i aq
d viol ag; s HOAc; forms solids
with alc, bz, CS, eth
20 mL/100 mB® ag; s C§, alc
g/1007g1.16 bz, 1.24 tol, 0.16 chl
v sl s ag; s HCI, KOH
v sl s aq; sl s warm KOH, eth
v sl s ag; s conc HCI
sl s aq
0.0082aq (d); s HSO,
i ag; s HCI (d), NaOH
iag; s HNO
iaq
sl s aq
3.36 mL/100 mi° aq
iag; s HNO
hyd aq; s HCI, GSPE
misc chl, CGleth; s HCI
s alkali; v sl s bz
s alc, bz, eth, HF
hyd ag; s alc, bz, eth
28 mL/100 me° aqg; s bz, chl
s bz, tol; sl s aq, alc, eth
128agq; s alc
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TABLE 3.2 Physical Constants of Inorganic Compoun@siitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Arsenic gontinued
(I11) oxide (claudetite) AgO, 197.84 3.74 313 460 sl s aqg; s dil acid, alk
(V) oxide As,Og 229.84 4.32 315 d 800 66 g/100 Mlag; s alc
(Il1) selenide AsSe, 386.72 4.75 260 s alkali, HNO
(111 sulfide As,S; 246.04 3.460 310 707 i aqg; s alk, slowly s hot HCI
(V) sulfide AsS; 310.17 subl 500 0.0003 ag; s alkali, HNO
(1) telluride As,Te; 532.64 6.50 621
Astatine At 210 302
Barium Ba 137.33 3.5 726.9 1845 d aq to Ba(OH)
acetate hydrate Ba(H,0,), - H,0O 273.43 2.19 anhyd 110 d 150 58.8 g/100%ak; 0.014 alc
benzenesulfonate Ba{SCHs), 451.70 s aq; slsalc
bromate hydrate Ba(Brfp, - H,O 411.14 3.99 d 260 0.96° ag; s acet; i alc
bromide BaBy 297.14 4.781 856 1835 92 g/100 fdq; s MeOH, acet
carbonate BaCO 197.34 4.2865 d 1300 to BaO 0.0024 ag; s acids
+ CO,
chlorate hydrate Ba(ClQ, - H,0 322.24 3.179 anhyd 120 -0,, 250 34 g/100 me° aq; sl s alc, acet
chloride BaCJ 208.24 3.858 962 1560 36 g/100 nf% ag; s MeOH; i acet,
EtAc
chloride dihydrate BaGl 2H,0 244.26 3.097 anhyd 113 31.7 g/100 hag
chromate(VI) BaCrQ 253.33 4.498 d 0.002° ag; s mineral acids
cyanide Ba(CN) 189.36 80 g/100 m¥* aq; s alc
fluoride Bak 175.32 4.89 1368 2260 0.1¥1aq; s acids
hexafluorosilicate Ba[Sif 279.40 429" d 300 0.023% aq; s NHCI soln; i alc
hydrogen phosphate BaHRO 233.31 4.165 d 410 0.01 aqg; s HCI, HNO
hydroxide 8-water Ba(OH) 8H,0 315.48 218 78 3.9%aq
iodate Ba(1Q), 487.13 5.2% d 476 0.03% aq; s HCI
iodide Bal 391.14 5.15 711 2027 169 g/100 Mlag; s alc, acet
manganate(VI1)(2) BaMnQ, 256.26 4.85 disprop to Ba(Mn{® + MnO,
molybdate BaMoQ 297.27 4.975 1450 0.00%8aq
niobate Ba(NbQ, 419.14 5.44 1455 iaq
nitrate Ba(NQ), 261.34 3.28 592 d 5.0 ag; v sl s alc, acet
nitrite hydrate Ba(NQ, - H,O 247.35 3.17% d 115 54.8 g/100 mtag; i alc
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oxalate
oxide
perchlorate

perchlorate 3-water

permanganate

peroxide

selenide

stearate

sulfate

sulfide

sulfite

tetracyanoplatinate(ll)-

4-water

thiocyanate 2-water

thiosulfate hydrate

titanate(IV)(2-)

vanadate

zirconate
Berkelium ( form)

(B form)
Beryllium

bromide

carbide

chloride

fluoride

hydride

hydroxide

iodide

nitrate 3-water

nitride

oxide

selenate 4-water

silicate

sulfate 4-water

sulfide

BagO,
BaO

Ba(CIQ),
Ba(Clf) - 3H,0

Ba(Mn®
Ba@
BaSe
Ba((H3:0,),
BasQ
BaS
BasQ
Ba[Pt(CN)] - 4H,0

Ba(SCN)2H,0
Ba®; - H,0O

BaTiO,;
B#VO.),
BazrQ

Bk

Bk

Be

BeBjy

BeC

BeCJ

Bebk

BeH

Be(OH)

Bel

Be(NQ, - 3H,O

BeN,

BeO
BeSgO4H,0
BeSiO,
BeSp 4H,0
BeS

225.35
153.33
336.23

390.27

375.20
169.33
216.29
704.28
233.39
169.39
217.39
508.54

289.53
267.47
233.19
641.86
276.55
247
247
9.012
168.82
30.04
79.92
47.01
11.03
43.03
262.82
187.07
55.05
25.01
224.03
110.11
177.14
41.08

2.658
5.72
3.20

2.74

3.77
4.96
5.02
1.145
456
4.25
4.44
2.076

2.288
6.02

5.14
5.52

14.78
13.25

1.847
3.46%
1.9¢
1.89%
1.986
0.65
1.909
4.32
1.557
271
3.025
2.03
3.0
1.713
2.36

400 d
1973
505

d 400

d 200
450 d
1780
160
1580
2230

d 160
d 220
1625
707
2500
1050
986
1287
508
d >2127
415 (alpha)
555
—H,, 220
93
480
60.5
2200
2578 (alpha)
anhyd 300
1560
anhyd 270
d

3088

-0, 800

d>1600

2467
521

482.3

subl 1038
487

d 125

3787
d 560

d 580

iag

#.8q; s acids, EtOH
g/100 nik 129 aq, 78 EtOH, 42
BuOH, 81 EtOAc; i eth

198 g/100 Atlag; s MeOH; sl s
acet

Vs aq
1.8aq
daq
iaq
0.00285 aq
7.9° aq; dec in acids
0.02aq; i alc
2.86 aq; i alc

170 g/100 m#° aq; s alc, acet
0.2%°aq; i alc, acet, eth, CS
iaq

i ag, alk; sl s acids
i ag; s acid, alk

vV s agq; s alc; 18.6 pyr
d aqg; s acids, alkali giving GH

42 g/100 mL ag; s alc, eth, pyr,CS

v s aq (slowly)
d aq (slowly), acids (rapidly)

s hot conc acids and alkali (viol)
hyd aq violently; s alc, eth,,CS
166 g/100 #hkq
d hot aq, alkali

s copS®}

49 g/1003néq
i aq

39 g/100%hg; i alc
iag; s HNO
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Bismuth Bi 208.9804 9.78 2715 1564 i ag; s hgg@a),
(1) bromide BiBr, 448.69 5.72 218 453 d ag; s dil acids, acet
bromide oxide BiBrO 304.88 8.082 d i ag; s acids
(i) chloride BiCl, 315.34 4.75 233.5 447 d aqg; s HCI, alc, eth, acet
chloride oxide BiClO 260.43 7.7 d iaqg; s HCI
(1) fluoride BiF; 265.98 8.32 727 900 iaq; s HF
(V) fluoride BiFs 303.97 5.5% 154.4 subl 550 d (viol) aq giving O+ BiF;
hydride BiH, 212.00 9.303 g/L - 67 16.8 very unstable liquid
(1) hydroxide Bi(OH), 260.00 4,962 —water, 100 d aqg; s HCI
(1) iodide Bil; 589.69 5.778 408.6 subl 439 i ag; s HCI, alc
iodide oxide BilO 351.88 7.922 d red heat iaqg; s HCI
(1) nitrate 5-water Bi(NQ); - 5H,0 485.07 2.83 anhyd 80 d aqg; s Hi@cet, glyc
(1) oxide Bi, O, 465.96 8.76 817 1890 i ag; s HCI, HNO
(V) oxide Bi,Os 497.96 5.10 d 150 i aq; s KOH
(i) phosphate BiPQ 303.95 6.32% d s conc HCI, HNQ
(1) selenide BiSe, 654.84 7.7¢P 710d d i ag; d aq reg
(111 sulfate Bi,(SO,)5 706.14 5.08 d 405 d aq, alc; s HCI
(1) sulfide Bi,S; 514.16 6.78 850 i ag, EtAc; s HNOHCI
(1) telluride Bi,Te, 800.76 7.74 588.5 iag; salc
Boranes
diborane(6) BH, 27.67 1.214 g/L —165.5 -925 FP—68; s NHOH, conc HSO,
tetraborane(10) Bl 53.32 2.340 g/L —-120 18 slsaq; s bz
pentaborane(9) By 63.13 0.60 —46.81 60.0 hyd aq
pentaborane(11) Bliy 65.14 0.745 —123 63 daq
hexaborane(10) Bl 74.95 0.67 —62.3 108 d d hot aq
decaborane(14) BHi, 122.22 0.948 99.5 213 sl s ag; s bz, C&h
Borazine BHeN, 80.50 Ig: 0.8%° —58 55 sl s aq (d)
Boric acids,seeunder
Hydrogen
Boron B 10.811 2.34 2076 3864 iaq
carbide BC 55.25 2.51p 2350 >3500 s fused alkalis
tribromide BBg 250.52 2.6 —46.0 91.3 d ag, alc
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trichloride
trifluoride
trifluoride 1-diethyl ether
trifluoride 1-methanol
nitride
oxide
Bromine
pentafluoride
trifluoride
Cadmium
acetate
bromide
carbonate
chloride
cyanide
fluoride
hydroxide
iodide
nitrate 4-water
oxide
phosphide
selenide
sulfate-water (3/8)
sulfide
telluride
tungstate(VI)
Calcium
acetate
arsenate
bromide
carbide
carbonate (aragonite)
carbonate (calcite)
chlorate 2-water
chloride
chloride 6-water
chlorite

BClL
BF,

BE- O(GHs),
BE- HOCH,
BN
B.O;

Bp

BE
BF,

Cd
Cd(8150,)2
CdBjg

cdco
CdC)

Cd(CN)
Cdk

Cd(OH)
cdl,

Cd(NQ, - 4H,0
Cdo

CeP,

Cdse
3CdSE 8H,0
Cds
CdTe

CdWQ

Ca
Ca(t;0,),
CGoASO,),
CaBy

Cag

CaGO

CaGoO
Ca(Clgp, - 2H,0
CaC)

CaGl 6H,0
Ca(ClQ),

117.17
67.81
141.94
131.89
24.82
69.62
159.808
174.90
136.90
112.411
230.50
272.22
172.42
183.32
164.44
150.41
146.43
366.22
308.48
128.41
399.18
191.37
769.56
144.48
240.01
360.25
40.078(4)
158.17
398.07
199.89
64.10
100.09
100.09
243.01
110.98
219.07
174.99

5.141 g/L
3.077 g/E™
1.125
1.203
2.18
2.55
3.1023
2.460
2.80%
8.65
2.341
5.192
4.258
4.0%
2.226
6.33
4.79
5.670
2.455
8.15 cubic
5.96
581
3.08
4.83
6.20°
8.0
1.55
1.50
3.620
3.38
2.222
2.83
2.711
2.711
2.163°
1.71
2.7%

—-107 12.7
-127.1 —100.4
-60.4 125.7
591m
2967
450.0 2065
-7.25 58.8
-60.5 40.76
8.77 125.74
321 765
255 d
566 963
d 500
568 960
d 200
1110 1748
—H,0, 130 Ca0, 200
388 742
59.4
1540
700
1350
monohydrate, 80
1750
1041
842 1484
ad>160
742 1815
2300
d 825 to CaO
d 825 to CaO
anhyd 100
775 ca. 1940
anhyd 200
100

d aq, alc
332 g/100 mbag; s bz, chl, CCl
d ag

sl s hot acids
3.3 aq (slowly); s alc, glyc
3.4 g/100 nfR aqg; v s alc, chl, eth
explodes with water; s HF
d viol aq; d alk; smokes in air
i ag, alk; s HNQ hot HCI
vsagq;salc
99 g/100 Mlag; s acet; sl s eth
s acids, N;OH
120 g/100 nE aq
1.71 g/100 Aflag; sl s alc
4.3 g/100 filaq
0.0002%agq; s acids
84.7 g/100 fAlaqg; s alc, acet, eth
167 g/100 R#tlag; s alc, acet
i ag; s acids
s dil acid
i ag; d acids
94.4 g/100%yg; i alc, EtAc
0:%3q; s acids

i agq; d HNQ
i aq, dil acids; s alkali CN’s
d ag; s acids
37.4 g/100 mbag; i alc, bz, acet
0.0B3aq

143 g/100 Ailag; v s alc, acet
reacts with aq givingtG
s dil acids
0.0013 g/100F)Is acids
167 g/100 #hgq; s alc
42 g/100 mtagq; s alc, acet
74.5 g/100 mL20 aq; v s alc
167 g/100 mL ag; s alc
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TABLE 3.2 Physical Constants of Inorganic Compoun@si(tinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Calcium gontinued
chromate(VI) 2-water CaCrQ 2H,0 192.10 2.50 anhyd 200 sl s aq; s dil acids
citrate 4-water CagHc0; - 4H,0 570.51 anhyd 120 0.10 ag; i alc
cyanamide CaCN 80.10 2.29 ca. 1340 subl no known solv without dec
cyanide Ca(CN) 92.11 s>350 s ag
dichromate(VI) CaCo, 256.10 2.37G° d>100 v s agq; i eth; d alc
dihydrogen phosphate Ca(H,PQO,), - H,O 252.07 2.22G8 anhyd 100 d 200 138aq
hydrate
diphosphate (pyrophos- CaP,0; 254.10 3.09 1353 i ag; s HCI, HNO
phate)
fluoride Cak 78.08 3.180 1418 2533 0.002%q; s conc mineral acids
formate Ca(CHQ), 130.11 2.015 300d 16.6 g/100 @flaq; i alc
(+)gluconate Ca[OOC(CHOHEH,OH], 430.38 3.7%aq
glycerophosphate Cal8(OH),]PO, 210.16 d>170 1.66%aq; i alc
hexafluorosilicate Ca[SiF 182.17 2.662 i ag, acet
hydride CaH 42.09 1.70 1000 d ag, alc
hydroxide Ca(OH) 74.09 2.343 —H,0, 580 0.17 ag; s acids
hypochlorite Ca(OcC)) 142.99 2.35 100d d aq evolving £l alc
iodate Ca(lQ), 389.88 45195 d >540 0.10 aq; i alc
iodide Ca) 293.89 3.956 783 1755 68 g/100 Adlaqg; v s alc, acet; i eth
lactate 5-water Ca(@:0,), - 5H,0 308.30 —3H,0, 100 anhyd 120 5% aq; v slsalc
magnesium carbonate Ca[Mg(99 184.41 2.872 d 730 0.032aq; s HCI
molybdate(VI1)(2-) CaMoQ, 200.02 4.35 s conc mineral acids
nitrate Ca(NQ), 164.09 2.504 561 152 g/100 ritaq
nitride CaN, 148.25 2.67 1195 d aq; s dilute acids (d)
nitrite 4-water Ca(NQ, - 4H,0 204.15 1.674 d 84.5 g/100 rtlag; sl s alc
oleate Ca(GH3:0,), 603.01 83-84 ¢>400 0.04 ag; s chl, bz; v sl s alc, eth
oxalate hydrate Ca0, - H,O 146.11 2.2 anhyd 200 0.0006 aq; s acids
oxide CaO 56.08 3.34 2900 3500 (?13aq; s acids
palmitate Ca(GH3,0,), 550.93 d>155 0.003 agq; sl s bz, chl, HOAc
(+)panthothenate Ca[O,CH,CH,NHO- 476.55 d 195-196 36 g/100 mL agq; sl s alc, acet

(vitamin B;)

CH(OH)C(CH,),CH,OH],
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perchlorate

permanganate 5-water
peroxide
phenoxide
phosphate
phosphide
phosphinate
propanoate
salicylate 2-water
selenate 2-water
selenide
silicate
stearate
succinate 3-water
sulfate
sulfate hemihydrate
sulfate 2-water
sulfide
sulfite 2-water
(*)tartrate 4-water
telluride
tetraborate
tetrahydridoaluminate
thiocyanate 3-water
thioglycollate 3-water
thiosulfate 6-water
titanate
tungstate(VI1)(2-)

Californium-252
chloride

Carbon (diamond)
(graphite)
dioxide

diselenide
disulfide

ca(Clg,

Ca(Mp®- 5H,0
CaQ
Ca(OgHs),
C4PO)),
Ci®,
Ca(Pid,),
Ca(O0GHy),
Ca(f1;0,), - 2H,0
CaSgO2H,0
CaSe
CaSio,
Ca(gH30,).
Ca80, - 3H,0
CasQ
CaS00.5H0
CaSp 2H,0
CaS
CaSQ 2H,0
Cal,0; - 4H,0
CaTe
Caf®;
CalAlif,
Ca(SCN)3H,0
Ca(-00CC8-) - 3HO
Cab; - 6H,0
CaTiQ
CawQ,
Cf
CfCl,
C
C

cQ

Cse
Ccs

238.98

368.03
72.08
226.28
310.18
182.18
170.06
186.22
350.34
219.07
119.04
172.24
607.04
212.22
136.14
145.15
172.17
72.14
156.17
260.21
167.68
195.36
102.10
210.29
184.24
260.30
135.84
287.93
252.1
358.5
12.011

44.01

169.93
76.14

2.65

2.4
2.92

d in air
3.14
251

2.75
3.82
3.27

2.960

2.32
2.59

4.873

1.872
3.98
6.062°

5.88
3.513
2.267
c: 1.567°
g: 1.975 g/I°
2.6625
1.2555

d 270

d
explodes 275

1670
ca. 1600
d>300

anhyd 200 d 240
anhyd 200 d 698

2130
179-180

1460
anhyd 163
-1.5H0, 128
2525
anhyd 100
anhyd 200

anhyd 163

ign moist air
d>160
—H,0, >95
&>45
1980

d>220

900

350%™ 3930
subl 3915-4020
—78.44 subl

—45.5 125.1
—111.6 46.56

/100 rAt: 112 ag, 89.5 EtOH, 68

BuOH, 57 EtOAc, 43 acet
338 g/100 mL aq

sl s aq; s acids
sl s aq, alc

0.63aq; s HCI, HNQ; i alc

d ag; s acids; i alc, eth
15.4 g/100 mL agq; sl s glyc
s aq; sl s alc; i acet, bz

2%aQq; 0.015%°¢ EtOH

9.2 g/1003nhg

iaq
0.00%agq; s hot pyr; i acet, chl
1.2®8 aq; s acids; i alc
0.20 ag; s acids
®Bag; s acids, glyc
0.26aq; s acid, glyc
0.02 (d) aq; d acids
0.004 aq; s acids d; sl s alc
0.00%(; s acids; sl s alc

s dil acids
d viol ag, alc; i bz, eth
150 g/100 mL aq; v s alc
s aqg; v sl s alc, chl; i bz, eth
92 g/100 mB5 aq; i alc

0.0032 ag; d hot acids

iaq, alc
88 mL/100 m aq

i ag; s acet, eth; misc GQl alc
FP-30; 0.28° aq; s alc, eth
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent

Carbon €ontinued

hydride (methane) CH 16.04 0.41564 —182.48 —161.49 s bz

monoxide CO 28.01 Ig: 0.814% —205.05 —191.49 2.3 mL/100 m¥ aqg; 16 mL/100 ml

g: 1.250 g/1° alc; s HOAc, EtAc
suboxide GO, 68.03 1.11% —-111.3 6.8 d aq to malonic acid; sl s CS
2.985 g/L

tetrabromide CBr 331.65 3.42 90.1 190 i aq; s alc, chl, eth

tetrachloride Ccal 153.82 1.58%¢ —229 76.7 0.05 mL/100 mL ag; s alc, chl, eth

tetrafluoride Ck 88.00 1.96184 —183.6 —127.8 sl s aq

tetraiodide CJ 519.63 4.3%° 171 subl 130 slowly hyd ag; s bz, chl, eth
Carbonyl bromide COBr 187.82 2.5 64.5 hyd aq

chloride coc) 98.92 4.340 g/L —-127.9 8.2 hyd aq; s bz, HOAc

fluoride COR 66.01 Ig: 1.139 —-114.0 -83.1 hyd aq

g: 2.896 g/L

sulfide COos 60.07 2.636 g/L —138.81 —50.23 54 mL/100 me® aq; s alc, C$
Cerium Ce 140.11 6.773 795 3440 i ag; s acids

(1) bromide CeBg 379.83 5.18 733 1460 s ag, alc

(i) chloride CeCl 246.47 3.97 817 1730 s aq, alc

(1) fluoride Cek 197.11 6.157 1430 2327 i but slowly hyd aq; s34,

(IV) fluoride Cek, 216.11 4.77 d>550 iaq

(1) iodide Cel, 520.83 766 1400 s aq

(1) nitrate 3-water Ce(NQ; 3H,0 380.17 anhyd 150 d 200 234 g/100 thhq

(IV) oxide CeQ 172.11 7.65 2400 i ag; s acids

(1) sulfate Ce(S0O); 568.42 3.912 d 1000 9.72 g/100 filaq

(IV) sulfate Ce(SQ), 332.24 3.91 d 195 hyd ag; s dil,HO,
Cesium Cs 132.9054 1.8785 28.44 668.2 d aqg; s acids

bromide CsBr 212.81 4.44 636 ~1300 107 g/100 mi8 ag; s alc; i acet

carbonate CE0, 325.82 4.24 792 v s aq; 11 g/100 Alalc; s eth

chloride CsCl 168.36 3.99 646 1300 0/100 mL: 31%84q; 34° MeOH; v s

alc
fluoride CsF 151.90 4.115 703 1231 322 g/100'rdqg
hydroxide CsOH 149.91 3.68 272 990 386 g/100'frdg; s alc
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iodate
iodide
nitrate
oxide
perchlorate

selenate
sulfate

Chlorine

dioxide
fluoride
heptoxide

monoxide
pentafluoride
trifluoride

trioxide (dimer)

Chromium

(I1) acetate

(1) acetate
(I) bromide
(1) bromide
(I1y chloride
(1) chloride
(1) fluoride

(1) fluoride

(1) formate 6-water

hexacarbonyl

(i) hydroxide

(1) nitrate 9-water
(111) oxide

(IV) oxide

(V1) oxide

CslQ
Csl
CsNQ
CsO
CsCIQ

GseQ
CsSO,
Cl

clo,
CIF

Clo,

cjo
CIE
CIF,

(ClIQ),
Cr
Cr(GH;0,),
Cr(GHz0);
CrBy,
CrBr
CrCl,
CrClL
Crk,
Crk;
Cr(CHQ; - 6H,O
Cr(CQ)
Cr(OH),
Cr(NQs - 9H,0
Cr,04
CrG,
Cro,

307.81
259.81
194.91
281.81
232.36

408.77
361.87
70.905

67.45
54.45
182.90

86.90
130.44
92.45

166.90
51.996

170.09
229.13
211.80
291.71
122.90
158.35

89.99
108.99
295.15
220.06
101.02
400.15
151.99

84.00

99.99

4.93%
4.510
3.66
4.65
3.327

4.453
4.243
g:2.98g/L

Ig: 1.564935
2.960 g/L
4.057 g/L
1.80%

3.813 g/L
5.724 g/L
g: 4.057 g/L
Ig: 1.8238
1.9%
7.15
1.79

4.236
4.68
2.8%
2.87
3.79
3.8

1.77

1.80
5.21
4.89
2.7%

565
621
414
490
250

1005
—101.5

—59.6
—155.6
—-915

—120.6
—103
—76.3

35
1907

842

814
1152
894
1400
d>300
d 130

66

2330

197
198

~1280
d 849

—34.04

10.9
—100.1

2.2
—13.1
11.75

~200
2679

subl 1300
1300

explodes 210

¢100
~3000
— 0, 250
d 250

2.6%aq

76.5 g/100 m¥° aq; s EtOH; i acet
23 g/100 &lag; s acet; v sl s alc
vVsaq

g/100 mk 1.96, 0.0086 EtOH,
0.118 acet, 0.0048 BUOH; i
EtOAc, eth

244 g/100 mtaq
179 ¢/100 Aflag; i alc, acet, pyr

199 mL/100 m# aq

11.2 g/100 niRaq

d viol ag; organics burst into flame

hyd aqg slowly; explodes on concus-
sion or on contact with flame og |

v s ag (forms HCIO); s CClI

hyd viol aqg; organic matter and
glass wool burst into flame
reacts with aq
s dil HCI
sl s aq, alc; s a; i eth
saq
s aq, alc
s hot aq; v s alc
vsaqg
s aq, alc (slow); i acet
sl s aqg; s hot HCI
aq, alc; s HF, HCI
s aq
i ag, alc; s eth, chl
i ag; s acids
208 g/100 mt® aq; s alc
i aq, alc; sl s acids, alkalis
iag; s HNQ
61.7 g/100 mL aqg; may ign organics
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TABLE 3.2 Physical Constants of Inorganic Compoun@si(tinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Chromium ¢ontinued
(1) phosphate CrPQ 146.97 4.6 >1800 i aq, acids, aq reg
potassium bissulfate CrK(SQ,), - 12H,0 499.41 1.82% 89 anhyd 400 22 g/100 nikaq; i alc
12-water
(Il) sulfate 7-water CrsSQ- 7H,0 274.17 22.9 g/100 nflag; sl s alc
(1) sulfate 18-water C)(SQ,); - 18H0 716.45 17 d 100 220 g/100 riflag
Chromyl chloride CrGCl, 154.90 1.914%° —96.5 117 d ag; s bz, chl, eth, CCI
fluoride CrQF, 121.99 31.e5mm subl 29.6
Cobalt Co 58.9332 8.90 1494 2927 i ag; s dil HNO
(I1) acetate 4-water Co(E1;0,), - 4H,0 249.08 1.705 anhyd 140 s ag; 2.1 g/100 rfiLMeOH
(1) acetate Co(GH;0,), 236.07 d>100 s aqg, HOAc, alc
(I1) bromide CoBs 218.74 4,909° 678 (in N,) 112 g/100 mE° ag; s alc, acet
(Il) carbonate CoCQ 118.94 4.13 d 0.T8 aq; s hot acids
(11) chloride CoC}, 129.84 3.36%° 735 1049 53 g/100 nf? aq; s alc, acet, eth,
glyc, pyr
(11) chloride 6-water CoGl- 6H,0 237.93 1.924 anhyd 110 97 ¢/100 thkq
(i) chromate CoCrQ 174.93 ~4.0 d i ag; s acids
(Il cyanide Co(CN) 110.97 1.872° d 300 0.0042 aq; s KCN
(1) fluoride CoR 96.93 4.46 1127 ~1400 1.38° ag; s warm mineral acids
(i) fluoride Cok; 115.93 3.88 926 daq
(I1) formate 2-water Co(CHQ, - 2H,0 185.00 2.12%? anhyd 140 d 175 5.03 g/100 rfflag; i alc
(i) hydroxide Co(OH) 92.95 3.37 168 (vacuo) 0.00018;ags acids
(1) hydroxide Co(OH) 109.96 4.46 —H,0, 100 d 0.00032 ag; s acids
(Il) iodide (alpha, black) Cal 312.74 5.5845 515 (vacuo) 570 (vacuo) 203 aq
(Il) nitrate 6-water Co(NQ; - 6H,0 291.03 1.88 55 74 155 g/100 mE° aq; v s alc
(I1) oxalate CoGO, 146.95 3.021 d 250 0.002aq
(Il) oxide CoO 74.93 6.44 —s1935 i ag; s acids, alkalis
(11,111) oxide Co;0, 240.80 6.07 d>900 i ag; s acids, alkalis
() phosphate 8-water GEPO,), - 8H,O 510.87 2.769 anhyd 200 v sl s ag; s mineral acids
(I1) sulfate 7-water CoSQ 7H,0 281.10 2.03 anhyd 420 d 1140 65 g/100%h4gq; sl s alc
(1) sulfide CoS 91.00 5.45 1180 i ag; s acids
(Il) thiocyanate 3-water Co(SCH) 3H,0 229.14 anhyd 105 7'8aq; s alc, eth
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Copper Cu 63.546 8.96 1084.62 2561.5 i; s HNQ hot H,SO,
(Il) acetate 1-water Cu(#1;0,) - H,O 199.65 1.882 115 d 240 8 g/100 mL aq; 0.48 MeOH; sl s eth
acetatemetaarsenate (1/3) Cu@El;0,), - 3Cu(AsQ), 1013.80 unstable in acids, bases; s,OH
(Il) borate(1-) Cu(BO,), 149.17 3.859 sa;iaq
(1) bromide CuBr 143.45 4.98 497 1345 v sl s aq; s HCI, HBr,,OH
(i) bromide CuBg 223.35 4.71 498 900 126 g/100 mL agq; s alc, acet, pyr; i
bz
(Il) carbonate hydroxide CuCQ Cu(OH) 221.12 4.0 d 200 i ag; s acids
(1/1) (malachite)
(I1) chlorate 6-water Cu(Clg), - 6H,0 338.54 65 d 100 242 g/100 rilag; v s alc; s acet
(1) chloride CuCl 99.00 4.14 430 ~1400 0.024 aq; s conc HCI, conc NBH
(I1) chloride CuC} 134.45 3.386 300d 73 g/100 riflag; s alc, acet
(I1) chloride 2-water CuCl- 2H,0 170.48 2.51 anhyd 200 300 76.4 g/100 m# aq; v s alc; s acet
() chromium(lll) Cr,O; - Cu,O 295.07 5.2% d >900 iag; s HNQ
oxide (1/1)
(I1) citrate 2.5-water CyCeH,O; - 2.5H0 360.22 anhyd 100 0.17 ag; s acids
() cyanide CuCN 89.56 2.92 473 (in,N d i ag; s NHOH, KCN; d hot dil HCI
(1) fluoride Cuk, 101.54 4.23 836 1676 4.75 g/100 fAlag; s acids
(I1) formate Cu(CHQ), 153.58 1.831 12.5 aq
() hexafluorosilicate Cu[SiF] - 4H,0 277.60 2.56 d 124 g/100 ritaq
4-water
(i) hydroxide Cu(OH) 97.56 3.368 d 160 i ag; s acids
(1) iodide Cul 190.45 5.67 606 ~1290 i ag; s KCN, NHOH, KIl
(Il) nitrate 3-water Cu(NQ, - 3H,0 241.60 2.32 1145 170d 138 g/100 ?dg; v s alc
(Il) oleate Cu(OOCGH3y), 626.46 i ag; sl s alc; s eth
(I) oxalate hemihydrate CuO, - 0.5HO 160.57 anhydr200 d 310 0.002 aq; s N@H
(1) oxide Cuy0O 143.09 6.G6° 1235 —0,, 1800 iaqg; s HCI
(I1) oxide CuO 79.54 6.315* 1450 i aq, alc; s acids, KCN
(I1) perchlorate Cu(ClQ, 262.45 2.22% d>130 146 g/100 mt® aq; s eth, EtAc; i bz
() phosphate 3-water G(PQy), - 3H,0 434.63 d i ag; s acids
(Il) salicylate 4-water Cu(@Hs05), - 4H,0 409.83 dehyd in air vsag;salc
(I1) selenate 5-water CuSgO5H,0 296.58 2.559 anhyd 265 d ca. 480 25 g/100%%dg; v sl s acet
(1) selenide CySe 206.05 6.84* 1113 d HCI
(Il) selenide CuSe 142.51 6.0 d 550 s acids
(Il) stearate Cu(OOCEGH3:), 630.50 ~250 i aq, alc, eth; s hot bz, pyr
(Il) sulfate CusQ 159.61 3.603 d&>560 14.3 g/100 mtag; i alc
(Il) sulfate 5-water CuSg®- 5H,0 249.69 2.2845 anhyd 200 32 g/100 nfR aq; s MeOH, glyc
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Copper ¢ontinued
(1) sulfide CuyS 159.16 5.6° 1130 i ag; d HNQ, s KCN
(11) sulfide Cus 95.61 4.76 i ag; s hot HNOKCN
(1) sulfite hydrate Ci80; - H,O 225.16 3.8% d sl s aq; s HCI
(Il) tartrate 3-water CugH,Oq - 3H,0 265.66 0.420 aq; s acids, alkalis
(1) thiocyanate CuSCN 121.62 2.85 1084 0.00044 aq; sOHH eth, alkali
SCN
(Il) tungstate(VI1)(2-) CuwQ- 2H,0 347.41 0.%5aq; d acids; s NFDH
Curium-244 Cm 244.063 13.51 1340 ~3110 s acids
Cyanogen NC-CN 52.03 2.335g/L —27.84 —21.15 mL/100 mL: 45® aq, 230 alc;
azide NC—N, 68.04 s acetonitrile; pure azide detonates
upon shock. Handle only in sol-
vents.
bromide NCBr 105.92 2.005 52 61.5 v s aq, alc, eth
chloride NCCI 61.47 2697¢g/lL —-6.5 13.8 s ag, alc, eth
fluoride NCF 45.02 1975¢g/L —82 —46
Deuterium D or2H, 4.03 0.1697 Iq —252.89 —249.49 sls aq
oxide DO 20.03 1.1058 3.82 101.43 misc aq
Dysprosium Dy 162.50 8.54D 1412 2567 s acids
bromide DyBg 402.21 4.78 880 1480 s aq
chloride DyClL 268.86 3.67 680 1530 s aq
fluoride DyF 219.50 7.465 1154 2230 i agq
oxide Dy,O; 373.00 7.8 2408 saq
Einsteinium Es 252.083 8.84 860
Erbium Er 167.26 9.066 1529 2868 s acid
chloride ErCl 273.62 4.1 776 1500 s ag; sl s alc
oxide ErO, 382.52 8.640 2418 0.008%agq; s acids
sulfate 8-water E(SQ,); - 8H,0 766.83 3.205 anhyd 110 d 630 16.0 g/100%fraq
Europium Eu 151.965 5.244 822 1527 s acids
(1) chloride EuCl 258.32 4.89 623 d saq
(1) oxide Eu,0, 351.93 7.42 2350 i ag; s acids
(1) sulfate 8-water EWSO,); - 8H,0 736.24 —8H,0, 375 2.56°aq
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Fermium-257
Fluorine

nitrate

perchlorate
Francium-223
Gadolinium

chloride

fluoride

nitrate 6-water

oxide

sulfate 8-water
Gallium

antimonide
arsenide
chloride
fluoride
nitrate
phosphide
selenide
triethyl
trimethyl
Germanium
(IV) bromide
IV) chloride
(IV) fluoride

hydride (germane)

(IV) oxide

sulfide
Gold

(1) chloride

(1) chloride

() cyanide

(1) cyanide 3-water

Fm
7

FONQ

FOCIQ

Fr

Gd

Gdc)

GdR

Gd(NQ); - 6H,0
GdO,

GH4SQ,), - 8H,0
Ga

GaSb
GaAs
GaCl
Gak
Ga(NQs
GaP
GaSe
Ga(GHs)s
Ga(CH),
Ge
GeBjy,
GeC}
Gek
GeH
GeQ
Geg
Au
AuCl
AuCl,
AuCN
Au(CN)- 3H,0O

257.0951
38.00

81.00

118.45
223.02
157.25

263.61

214.25

451.36

362.50

746.81

69.723

191.48
144.65
176.08
126.72
255.74
100.70
148.68
146.90
114.84
72.61
392.23
214.42
148.60
76.64
104.61
136.74
196.967
232.42
303.33
222.99
329.07

1.51%Iq
1.667 gL
1.50% Iq

5.20 g/L

7.90
4.52
7.047
2.332
7.407
3.018
5.9045 (c)
6.095°5 (Iq)
5.614
5.318°
2.47
4.47

523
1.058
1.15%

5.323
3.132
1.879
6.521 g/L
3.363 g/L
425
3.01
19.3
7.57
47

7.8

1527
—219.61

—175
—167.3

1312
~609

1231

91
2340
anhyd 400
29.7646

712
1238
77.9
>1000
d 110
1465
960
—82.3
—15.7
937.3
26.1
—495
—15
—164.8
1115
530
1064.18
289
d>160
d
d 50

—188.13
—45.9
—15.9

3273
1580
2277

d 500
2203

201.2
subl 950
— Ga0,, 200

d

142.8

55.8

2830

186.4

86.5

d>1000

—88.1
1200

2856

subl 180

d aq viol; ignites organics and sili-
cates

hyd ag; s acet; ignites alc, eth; liquid
explodes on slight concussion

explodes on slightest provocation

s acids
saq
iaq
s aq, alc
s acids
4.08 aq
s conc HCI, halogens, alkalis

s HCI
s HCI

d aq; s bz, @S,
0.003aq; s HF
Vs aq

i ag; s 3@
hyd ag; s bz, eth
hyd ag; s bz, eth; sl s dil HCI
hyd ag; s dil HCI
sl s hot HCI
0.23Aq; s acids, alkalis

s aq reg, KCN, hgb®)
s HCI, HBr, KCN
68 g/100 nfaqg; s EtOH
s ag reg, KCN, NEOH
vsagq; slsalc
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Gold (continued
diantimonide AuSh 440.47 460
(1) fluoride AuF; 253.96 6.75 subl 300 d 500
(1) oxide Au,0, 441.93 d 150 s HCI, KCN
() sodium thiosulfate AuNg(S,0,), - 2H,0 526.24 3.09 anhyd 160 50 g/100 mL agq; i alc
2-water
stannide AuSn 315.66 418
(111 sulfide Au,S; 490.13 8.754 d 197 iag; s ba
Hafnium Hf 178.49 13.31 2227 4450 s HF
chloride HfCl, 320.30 432 subl 317 hyd aq; s acet, MeOH
oxide HfO, 210.49 9.6% 2774 iaq
Helium He 4.00260 0.176 g/L  —272.185%m —268.935 0.861 mL/100 nfR aq
0.1249 (Iq)
Holmium Ho 164.9304 8.79 1474 2720 s acids; oxidizes in moist air
bromide HoBg 404.64 4.86 914 1470 s aq
chloride HoC} 271.29 3.7 718 1510 s aq
Hydrazine HN—NH, 32.05 1.003p 2.0 1135 FP 52; misc aq, alc
hydrate HN—NH, - H,O 50.06 1.030 —-51.7&—-65 118-119 misc aq, alc; i chl, eth
Hydrazinium(1+) chloride HN—NH,CI 68.51 15 89 d 240 v s aq; i org solv
(2+) chloride CIHN—NHJCI 104.97 1.423 198 d 200 vsag;slsalc
(1+) iodide HN—NH;l 159.96 125 s aq
(+1) perchlorate EN—NH,CIO, 132.51 1.939 137 d 145 d ag; s alc
(2+) sulfate (HNNH,)SO, 130.13 1.378 254 d Faq; i alc
(1+) tartrate (HN—NH,),C,H,O4 182.13 183 6.0 g/100 nflaq
Hydrogen H 2.0159 0.088 g/L —259.35 —252.88 1.9mL aq
0.07099°
(I9)
amidosulfate (sulfamate) JNSOH 97.09 2.126 205 d 14.7 g/100 mL agq; sl s alc, acet
azide HN 43.03 1.126 —-80 37 v s aq; (very explosive)
borate(%-) (cubic) HBGO 43.83 2.486 236 vslsaq
borate(3-) (ortho) HBO, 61.83 1.43% 171.0 d 357 5.56 g/100 niLaq
bromide HBr 80.91 3.388 g2  —86.87 -66.71 193 g/100 m# aq; misc alc
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Te'e

bromide (constant boiling)

bromided

bromosulfate

chlorate (40% solution)
chloride

chloride (constant boiling)

chlorided

chlorosulfate

cyanate

cyanide

deuteride

diphosphate(IV)

diphosphate(V)

fluoride

fluoride (constant boiling)

fluorided

fluoroborate

fluorophosphate

fluorosulfate

hexafluorosilicate 2-water

iodate

iodide

iodide (constant boiling)

iodided

molybdate hydrate

nitrate

nitrate (constant boiling)

oxide (water)

oxide-d,

perchlorate 2-water

periodate(t) (meta)

periodate(5-)

peroxide

peroxodisulfate

phosphate(V)(%) (meta)

phosphate(V)(3) (ortho)
commercial 85% acid

48% HBf H,0O
2HBr
HOSEBr
HCIO
HCI
20.24% Ha&t H,0
2HCI
HSGCI
HOCN
HCN
1H2H or HD
(HOPP—PO(OH),
&P,0,
HF
35.35% HiF H,0
2HF
HIBE]
HPOF
HOSGF
JBiFg] - 2H,0
HIQ
HI
57% H+ H,0O
HI
o0, - H,0
HNQ,
69% HNO+ H,0O
HO
D,0O or2H,0
HCID 2H,0
HIQ
HslOg
HO,
HEE—O—O0SOH
HPQ
HPO,

81.91
240.90
84.46
36.46

37.47
116.52
43.03
27.03
3.02
162.01
177.98
20.01

21.02

87.81

99.99
100.07
180.11
175.91
127.91

128.91
179.97
63.02

18.02
20.03
136.49
191.91
227.94
34.01
194.14
79.98
98.00

1.49
3.39 g/Bo

1.289
1.526 gA°
1.097
1.49 g/es
1.753
1.149
0.687

70

0.922 giL

1.818
1.7265
1.463
4.629
5.37 gho
1.70

3.12%
1.54921q
1.4%0
1.000
1.104%
1.67

1.463
2.2-25

1.86&
1.685

—-11
—87.46
—-6t0—8

—114.18

—114.64
—80
—86
-134
—256.56
d 100
61
—83.57

-83.6

d 130
-80
-87.3

19
110—H,l0,
-50.8

—51.87
—-HO, 70
—41.59

0.00
3.81
—-17.8

subl 110
122
-0.43

d 60

subl
42.35

anhyd 150

126
—66.5

—85.05
110

—84.72
152

235
25.6

—251.03

d

19.52
120
18.65

165.5

220—1,0,
-35.1
127
-357

83
120.5

100.00
101.42
203

d 138

d 130-140
152

red heat
d 213
4RO, 200

vsaq
vsaq
hyd aq

72 g/100 m¥° aq

Vs ag

vVsaq

hyd viol— HCI + H,SO,
s aq d; s bz, eth

misc aq

aq
709 g/100 nfEaq
VvV s aq, alc; 2.54 g/100 oz
v s aqg
s aq
vsaq

saq
60-70% aq solution

269 g/100 mk° aq; s alc; i eth

234 g/100 mt° ag; misc alc
vsaq

Vs aq

0.133®aq; s alk

Vs

misc aq

misc aq
v s ag (commercial 72% acid)
440 g/100 filag
misc aq; s alc
misc agq; s alc, eth
vsaq
slowly s-agH,PQ,; s alc
vsaq

— HPO, >300
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent

Hydrogen ¢ontinued

phosphate(V)(3)-d; 2H,PO, 101.03 1.908 46.0 vsaq

phosphideseePhosphine

phosphinate HP}D, 66.0 1.49% 26.5 d 50 saq

phosphonate (phosphorousi,PHG, 82.00 1.65%° =73 d>180 v s aq, alc

acid)

selenate KSeQ, 144.98 2.9508° 58 260 vs aqg (viol)

selenide HSe 80.98 2.12,p —65.73 —41.4 9.5 mL/100 me° aq; s CS

sulfate HSO, 98.08 1.8318 10.38 3355 misc aq

sulfated, 2H,S0, or D,SO, 100.09 1.8620 14.35 misc ag

sulfide HS 34.08 15392 g —85.49 -60.33 0.334 mBs aq

tellurate(1V) HTeO; 177.63 3.0 dto Te® 0.0007 agq; s acid, alkali

tellurate(VI) (monoclinic) HTeQ; 229.66 3.068 —2H,0, 120 320— TeO 30 g/100 mt8 aq

telluride HTe 129.62 5.687g/L  —49 -2 saqd

trithiocarbonate (HSES 110.21 1.483° —26.9 57.8 d aq, alc

tungstate(VI)(2-) H,WO, 249.86 55 anhyd 100 i aq; s HF, alkalis
Hydroxylamine HONH 33.03 1.204° 33 5&2mm v s aqg, MeOH; sl s bz, eth
Hydroxylammonium chloride HONECI 69.49 1.68€° 150.5 d 0/100 mL: 88 aq, 12.8° MeOH,

5.120 EtOH; s glyc

sulfate (HONH),SO, 164.14 170 69 g/100 nR aq
Indium In 114.82 7.31 156.60 2072 s acids

antimonide InSb 236.58 5.77 525 iaq

arsenide InAs 189.74 5.67 942

chloride InCL 221.18 4.0 583 subl 500 212 g/100 fhlag

fluoride Inky 171.82 4.39 1170 0.049aq; s dilute acids

oxide IO, 277.63 7.179 850 s hot mineral acids

phosphide InP 145.79 4.81 1062 v sl s acids

telluride In,Te, 612.44 5.75 667

trimethyl IN(CH;), 159.93 1.568 88.4 135.8 d aq; s acet, bz
lodine L 253.809 4.6% 113.60 185.24 9/100 nfE 0.029 aq, 14.1 bz, 16.5

CS,, 21.4 EtOH, 25.2 eth, 2.6
CCl,; s chl, HOAc
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heptafluoride

monobromide

monochloride

pentafluoride

pentoxide

trichloride
Iridium

hexafluoride
(1) oxide

(IV) oxide
trichloride
Iron
() arsenate 2-water
(I) bromide
(1) bromide
(tri-) carbide
(I1) carbonate
(I1) chloride
(1) chloride
disulfide (pyrite)
(I1) fluoride
(i) fluoride
(1) hexacyanoferrate(ll)
(I1) hydroxide
(1) hydroxide oxide
(1) iodide
(I nitrate 9-water
(di-) nitride
(Il) oxalate 2-water
(I1) oxide
(I1,111) oxide
(I1l) oxide
pentacarbonyl
() phosphate 8-water
phosphide

IF

IBr

ICI

13
105
ICL
Ir

Irg
Ir,O4

Iro,
IrCl
Fe
FeAsQ 2H,0
FeBs
FeBg
FeC
FeCQ
FeC)
FeCl
Fes
Fek
Fek
FgFe(CN)];
Fe(OH)
FeO(OH)
Fel
Fe(NQ; - 9H,0
FeN
Fe®, - 2H,0
FeO
Fe;O,
Fe, O,
Fe(CQ)
EE&PO,), - 8H,0
R

259.89
206.81
162.36

221.90

333.81

233.26

192.217

306.21
432.43

224.22
298.58
55.845
230.79
126.75
295.67
179.55
115.85
126.75
162.20
119.98
93.84
112.84
859.23
89.86
88.85
309.65
404.00
125.70
179.89
71.84
231.53
159.69
195.90
501.60
142.66

Ig: 2.8
4.416
3.1¢°
3.1%
4.98
3.202¢
22.6%°

4.82

11.7
5.30
7.86
3.18
3.16

7.694
3.9
3.16
2.898
5.02
4.09
3.87
1.80
3.4
4.26
5.315
1.684
6.35
2.28
6.0
5.17
5.25
1.49
2.58
6.85

6.45
40
27.2 a-form
9.43
d 275
~33
2447

44.4

d~ 1000 to Ir
+ 0O,

d 1100

d 763
1535
1020

677

d

1227

d

677

304

d 602
1100

subl 1000
250d

anhyd 136
587

47

d 200

d 150

1377

1597

1565
—20.0

1370

4.77 subl
116d

97d

100.5

64 subl
~2550

53.6

2861

1023

1024
~316

1837

1093

d 100

d 3414

103.9

s ag (d), s NaOH
s aq, alc, eth, CS
d ag; s alc, eth, HOAc
d aq viol
187 g/100 rilaq
d aq; s alc, bz, HCI
s KSQ, fusion, KOH + KNO,
fusion
daq
s boiling HCI

0.0082aq; s HCI
i acids, alkalis
i ag; s acids
v sl s ag; s acids
117 g/100 Alag; v s alc
s ag, alc, eth, HOAc
s acids
0.072 aq; s acids
62.5 g/100 Ailaqg; v s alc, acet
74 g/100 mR ag; s alc, acet, eth
s acids d
sl s aqg; s dil HF; i alc, bz, eth
0.0%1aq; s HF
iag; s HCI
0.006 agq; s acids
i aq, alc; s HCI
s aq
138 g/100 ffilaq
s HCI
0.08%aq; s mineral acids
i ag; s acids
i ag; s acids
iaqg; s HCI
FP-20; i aq; s alc, bz, eth
i ag; s acids
s hot mineral acids
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TABLE 3.2 Physical Constants of Inorganic Compoun@siftinued

Melting point,  Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Iron (continued
(I1) selenide FeSe 134.81 6.78 d s HCI
(1) silicate(2—) FeSiQ 131.93 35 1140
(1) silicate(4—) FeSio, 203.77 4.30 1220 d HCI
(1) sulfate 7-water FeSO 7H,0 278.01 1.89 anhyd 300 d 671 48 g/1003haq
(1) sulfate Fe(SQOy), 399.88 3.098 d 1178 slowly s aqg (hyd); sl s alc
(I1) sulfide FeS 87.92 4.7 1190 d 0.006@q; s acid
(1) thiocyanate Fe(SCN) 230.09 vsaq
Krypton Kr 83.80 3.7493 g/lL  —157.36 —153.22 5.94 mL/100 m® aq
difluoride KrF, 121.80 3.24 subt 60 s anhyd HF
Lanthanum La 138.9055 6.162 920 3464 iag; s HCI
chloride LaCl 245.26 3.84 852 1812 vV saq
chloride 7-water LaGl- 7TH,O 371.37 anhyd 852 (in vsagq;salc
HCI atm)
fluoride Lak 195.90 5.9 1493 2327
nitrate 6-water La(NQ; - 6H,0 433.01 40 d 126 181 g/100 rflaq; v s alc
oxide Lg0, 325.81 6.51 2305 4200 s acids
sulfate La(SO)); 566.00 3.60 d white heat 2.33 g/100 ?Alag; i alc
sulfate 9-water L&SO,); - 9H,0 728.14 2.821 anhyd 400 2.92 g/100 #hhg; i alc
Lawrencium Lr 262 1627
Lead Pb 207.2 11.34° (fcc) 327.43 1749 s hot conc HNOHCI, H,SO,
(I) acetate 3-water PbgEl;0,), - 3H,0 427.3 2.55 75 &>200 g/100 mL: 6% aq, 3.3 alc
(IV) acetate Pb(¢H;0,), 443.4 2.228 ~75-180 s hot HOAc, bz, chl, conc HX acids
(I) azide Pb(N), 291.2 4.7 expl 350 or 0.023% aq; v s HOAc
when shocked
() borate(1-) hydrate Pb(BQ, - H,0O 310.8 5.598 anhyd anhyd 160 mp 500 s acids
(1) bromide PbBg 367.0 6.69 371 912 0.48@gq; s acids; i alc
(I) carbonate PbCO 267.2 6.61 d 346~ PbO i ag; s acids, alkalis
(I1y chlorate Pb(CIQ), 374.1 3.89 d 230 140 g/100 rfLag; v s alc
(1) chloride PbC} 278.1 5.98 501 950 0.9%9aq
(1) chloride fluoride PbCIF 261.7 7.05



/knovel/Databook/default.htm?WCI=ShowTable&WCU=916797&SpaceID=44&BookID=47&NodeID=23509690&SortID=null&FromSearch=false&ShowHitsOnly=false&RecNum=655

se'e

(1) chromate(VI)(2-)
(1) fluoride

(IV) fluoride

(I1) formate

(I1) hydrogen arsenate

() hydroxide

(1) iodide

(1) molybdate(VI1)(2-)

(1) nitrate

(I1) oleate

(I) oxalate

(I1) oxide (litharge)

(IV) oxide

(I,IV) oxide (red lead)

(I1) phosphate

(I1) selenide

() silicate(2-)

(I silicate(4—)

(I1) stearate

(I1) sulfate

(I1) sulfide

(1) telluride

tetraethyl

tetramethyl

(I1) thiocyanate
Lithium

acetate 2-water

aluminate(t-)

amide

benzoate

borate(-)

borohydride

bromate

bromide

carbonate

PbCrQ

PbR

PbR

Pb(CHQ),
PbHASO

Pb(OH)
Pbl,
PbMoO
Pb(NQ),
Pb(GgH3:02).
PbQO,
PbO
PbQ
PO,
PXPO,),
PbSe
PbSiQ,
Pb,SiO,
Pb(¢Hz:0,),
PbSQ
Pbs
PbTe
Pb(gHs),
Pb(CE),
Pb(SCN)
Li
LigH,0, - 2H,0
LiAIO,
LiNH,
LiGHsO,
LiBO,
Li[BH]
LiBrQ
LiBr
LICO;

323.2
245.2
283.2
297.2
347.1

241.2
461.0
367.1
331.2
770.1
295.2
223.2
239.2
685.6
811.5
286.2
283.3
506.5
774.2
303.3
239.3
334.8
323.45
267.35
323.4
6.941
102.02
65.92
22.96
128.06
49.75
21.78
134.85
86.84
73.89

6.12
8.445
6.7
4.63
5.94

7.59
6.16
6.7
4.53

5.28
9.35 (red)
9.64
8.92
7.0
8.15
6.5
7.60
1.4
6.29
7.60
8.16
1.653
1.995
3.82
0.534°
1.3
2.554
1.178

2.18
0.66
3.62
3.464
2.11

844
830
=~ 600
d 190
d 280 to
Pb,As,0O,
d 145
410
1065
470

d 300
886
d 290, BB,
d 595> PbO
1014
1078
764
743
~125
1170
1118
924
—137
-30.2
d 190
180.54
58
1700
380
>300
849
268

552
720

1297

872

1472 d
d 595, PbO

1300 subl

~200
110

1341
d

d 450 vacuo

1719
d 380

1289
d 1300

i ag; s dil HNQalkalis
0.084aq

hyd aq
1.6 g/100 riLaq

s HNGQ,, alkalis

0.028agq; s acids, alkalis
0.063aq; s Kl, NgS,0;, alkalis
s acids, alkalis
0/100 mL: 836aq, 1.3 MeOH
s alc, bz, eth
s acids, alkalis
0.00Hg; s HNQ
s HCI, dil HN@+ H,0,;, H,C,0,
s HNQ, hot HCI
s HNQ alkalis
s HNO
s acids

0.05°% aq; s hot alc
0.00425 aq; s NaOH
0.08086); s HNQ, hot dil HCI
i acids and alkalis
i ag; s bz, hydrocarbons
s hydrocarbons
0.43aq, s HNQ, NaOH
d aq to LiOH
63 g/100 lag; v s alc

d agp(LIOH + NH,); i bz, eth
g/100 mL: 33 aqg; 7.7 alc

2.7 g/100 rflag; i alc

s ag, eth, THF, aliphatic amines
179 /100 nmitkaq

164 g/100 mL agq; s alc, eth

1.3 g/100 flaq; i alc; s acids
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TABLE 3.2 Physical Constants of Inorganic Compoun@siftinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Lithium (continued
chloride LiCl 42.39 2.07 613 1360 77 g/100 fAilag; s alc, acet
chromate(VI)(2-) 2-water LiCrQ, - 2H,0 165.91 2.15 anhyd 75 142 g/100 #ilag; s EtOH
citrate 4-water LiC;HsO; - 4H,0 281.98 anhyd 105 61 g/100 riflaq; sl s alc
fluoride LiF 25.94 2.640 848 1681 023&q; s acids
hexafluoroaluminate(3)  Lij[AIF ] 161.79 1012
hydride LiH 7.95 0.76-0.77 680 d 950 no solvent known; flammable
hydrided Li2H or LiD 8.96 0.881 686
hydroxide LiOH 23.95 1.45 471.2 1626 12.4 g/1004hé&q; sl s alc
iodate LilO, 181.84 4.502 450 66 g/100 mL agq; in alc
iodide Lil 133.84 4.061 469 1174 165 g/100 filaq & alc; v s acet
nitrate LINO, 68.95 2.38 ~255 50 g/100 me® aq; s alc
nitride LisN 34.83 1.27 813 daq
oxide Li,O 29.88 2.013 1570 2563 forms LiOH in aq
perchlorate LiCIQ 106.39 2.43 236 d- 400 47.4 g/100 mB° ag; v s organic solv
LiCl + O,
peroxide LiO, 45.88 2.31 d>195 to LL,O
silicate(2-) Li,Sio; 89.97 2.5% 1201 d dil HCI
sulfate LbSO, 109.95 2.22 859 34.5 g/100 riflag; i alc
tetraborate(2) Li,B,O, 169.12 917 sl s aq
tetrahydridoaluminate Li[AlL] 37.95 0.917 d 137 d aq, alc; g/100 mL: 30 eth, 13
THF; flammable
tetrahydridoborate LiBH 21.79 0.666 268 d 380 s aq pH7; s eth, THF
Lutetium Lu 174.967 9.841 1663 3402 s acids
chloride LuCk 281.33 3.98 892 subk 750 s aq
sulfate 8-water Ly(SO,); - 8H,0O 782.25 42.3 g/100 n2 aq
Magnesium Mg 24.305 1.738 651 1100 i ag; s dilute acids
acetate Mg(GH;0,), 142.00 1.42 323d 53.4 g/100 rfflaqg; v s alc
aluminate(2-) MgAl,O, 142.25 3.6 2135 v sl s HCI
amide Mg(NH), 56.35 1.39° ign in air d viol water giving NH
borate(+-) 8-water Mg(BQ), - 8H,0 254.04 2.30 sl s aqg; s acids
bromide MgBsg 184.11 3.722 711d 1158 101 g/100 thlg
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carbonate
chloride
fluoride

(di-) germanide

hexafluorosilicate 6-water

hydride

hydrogen phosphate
3-water

hydroxide

iodide

lactate 3-water

mandelate

nitrate

nitride

oleate

oxide

perchlorate

permanganate

peroxide

peroxoborate 7-water

phosphate 5-water

silicate(2-)

silicate(4-)

(di-) silicide

(di-) stannide

sulfate 7-water

sulfite 6-water

tungstate(VI1)(2-)
Manganese

acetate 4-water

bromide

(tri-) carbide

carbonate

chloride

chloride 4-water

decacarbonyl

MgCQ®
MgC}
Mgk,
MgGe
Mg[SiF- 6H,0
MgH,
MgHPG, - 3H,0

Mg(OH)

Mgl

MggH,0s - 3H,0
MgGH 1406
Mg(NQ), - 6H,0
MgN,

Mg (GeH3:02).
MgO

Mg(ClQ),

Mg(Mng,
MgQ
Mg(BJ - 7H,0
MPO,), - 5H,O
MgSiO,
Mg,SiO,
Mg,Si
MgSn
MgS©- 7H,0
MgS@- 6H,0
Mgwo,
Mn
Mn{Ei;0,), - 4H,0
MnBg
MnC
MnCQ
MnC},
MnGl- 4H,0
MHCO),o

84.31
95.21
62.30
121.22
274.47
26.32
174.33

58.32
278.12
256.51
326.59
256.41
100.93
587.22

40.30
223.21

262.19

56.30

268.09

352.96
100.39
140.69

76.70
167.32
246.47
212.46
272.14

54.9380

245.09
214.75
176.83
114.95
125.84
187.91
389.98

3.05
2.33
3.148
3.09
1.788
1.45
213

2.36
4.43

1.464
2.712

3.65-3.75
2.21

3.0

1.6%
3.192°
3.21

3.60
1.67
1.725
6.89
721
1.589
4.39
6.89
3.125
2.977
2.01
1.75

990

714

1263

1115
- SiF,, 120

d 200 vacuo
anhyd 205

350d
634

95
d 270

2800
d>251

d 100

anhyd~400
d 1557
1898
1100
778
anhyd 250
anhyd 200

1244 fctetr
80
698
1520
¢>200
650
97.5
d 110

1412
2270

ign in air
d 550

d 129

3600

mp: 2227
2095
1027

1210
anhyd 198

0.01 ag; s acids
54.6 g/100 flaq
0.0%30q; s HNQ

51 g/100 me® aq; i alc
d aq and alc violently
sl s aqg; s acids

0.00125 ag; s acids
140 g/100 rflag; s alc
4 g/100 mL ag; sl s alc
0.00%° aq; i alc
120 g/100 fflag; v s alc
d aq; s acids
sl s alc, eth, PE
i ag, alc; s acids
/100 mE®: 73 aq, 18 EtOH, 44.6
BuOH, 54 EtOAc, 32 acet
vsaqg
s acids
sl s aq d; s dilute acids
0.02 ag; s acids
iaq; vslsHF
i ag; d hot HCI
d aq, HCI
s ag, HCI
27.2 g/100 mL agq; sl s alc
G580
i ag; d acids
d ag; s acids
38 g/100 rfflag; v s alc
147 g/100 filag; s alc
d aqg; s acid
0.006%° aq; s acids
74 g/100 Alag; s alc, pyr; i eth
143 g/100 mL agq; s alc; i eth
i ag; s organic solvents
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TABLE 3.2 Physical Constants of Inorganic Compoun@si(tinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Manganesedontinued
diphosphate MsP,0; 283.82 3.707 1196 i ag; s acid
(1) fluoride MnF, 92.93 3.98 930 1820 0.66aq; s HF, conc HCI
(i) fluoride MnF, 111.93 3.54 d>600 hyd aq; s acid
hydroxide Mn(OH) 88.95 3.258 d 0.002 aq; s acids
iodide Mnl, 308.75 5.04 638 1017 s aq
nitrate 6-water Mn(NQ, - 6H,0 287.04 1.8 25.8 Vs agq, alc
(Il) oxide MnO 70.94 5.37 1840 i ag; s acids
(1) oxide Mn,O, 157.87 4.89 877d i aq; s HCI giving off Cl
(IV) oxide MnO, 86.94 5.08 -0, 530 s HCI; i HNQ, cold H,SO,
(I,1V) oxide Mn;O, 228.81 4.84 1567 i ag; s HCI
(V1) oxide Mn,O, 221.87 2.396 ca-20 ca. 25 explodes 85; v s aq
phosphinate hydrate Mn(BB,), - H,0 202.93 dto PH 15 g/100 mL ag; i alc
silicate, meta- MnSiQ 131.02 3.48 1290 i aq, HCI
sulfate MnSQ 151.00 3.25 700 d 850 52 g/100 mL agq; i alc
sulfate hydrate MnS9O H,O 169.02 2.95 anhyd 400-450 70 g/100%haq
sulfate 7-water MnSQ- 7H,0 277.11 2.09 anhyd 280 115 g/100 ?hlaq
sulfide MnS 87.00 3.99 1610 0.000&q; s acids
titanate(IV)(2-) Mn,TiO, 150.84 4.54 1360
Mercury Hg 200.59 13.534 —38.83 356.7 i ag; s HNQ hot conc HSO,
(I1) acetate Hg(GH;0,), 318.68 3.28 178-180d g/100 mL:4@&q, 7.35 MeOH
(i) benzoate Hg(GHsO,), 424.83 165 v s NaCl soln; sl s alc
() bromide HgBr, 560.99 7.307 subl 393 d i aq, alc, eth; d hot HCI
() bromide HgBp 360.40 6.05 237 322 subl 0/100 mL: 023éq; 2G5 alc; v s
HCI, HBr
(1) chloride HgCl, 472.09 7.16 subl 382 d without melt- s aqua regia; i aq, alc, eth
ing
(i) chloride HgCl, 271.50 5.4 277 304 g/100 At 7.15 aq, 26 alc, 4 eth
8.3 glyc, 0.5 bz; s HOAc, EtAc
(I1) cyanide Hg(CN) 252.63 4.00 d 320 g/100 Mt 9.3 aq, 25 MeOH, 8
EtOH
(1) fluoride HgF, 439.18 8.73 >570d hydrolyses in water
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(11) fluoride HgFk, 238.59 8.95 d 645 d-650 hyd ag; s HF

(1) fulminate Hg(ONC) 284.62 4.42 explodes sl s ag; s alc; dangerously flammable
(1) iodide Hal, 654.99 7.70 290d subl 140 i aq, alc, eth; s Kl
(I1) iodide Hgl, 454.40 6.28 259 350 subl g/100 mL: 0.8Déq, 0.8 alc, 0.8
eth, 1.7 acet
(1) nitrate 2-water HgNO,), - 2H,0 561.22 4.79 70d hyd ag; s HNO
(I1) nitrate Hg(NO), 324.60 4.3 79 d V s aqg; s acet
(1) oxide HgO 417.18 9.8 d 100 i ag; s HNO
(I1) oxide HgO 216.59 11.14 d 500 0.085q; s dil HCI, HNO |, I,
CN-
(1) sulfate HgSO, 497.24 7.56 d 0.08 ag; s HNQ
(Il) sulfate HgSQ 296.65 6.47 d d aqg; s acid
(I1) sulfide (cinnabar) HgS 232.66 8.17 subl 583 — blk HgO, i ag; s aqua regia
386
(I1) thiocyanate Hg(SCN) 316.76 3.71 d 165 0.083aq; s HCI
Molybdenum Mo 95.94 10.28 2622 4825 s hotSd),, HNO;, fused KNG
(1) bromide MoBr, 335.65 4.89 subl 977 d alkalis
(IV) chloride MoCl, 237.75 317 407 s conc acids
(V) chloride MoCL 273.19 2.928 194 268 s conc acids, dry eth, dry alc
(VI) fluoride Mok 209.93 2.54 17.6 35.0 hyd ag; s alkalis; 31 g/100 g HF
hexacarbonyl Mo(CQ) 264.00 1.96 150 d subl s bz
(IV) oxide MoO, 127.94 6.47 d=1100 i aq
(V1) oxide MoO, 143.94 4.696° 801 1155 0.0% aq; s conc mineral acids, alk
(1) sulfide Mo,S; 288.07 5.9% 1807 d 1867 d hot HNO
(IV) sulfide MoS 160.07 5.06:2 2375 subl 450 S agua regia
Neodymium Nd 144.24 7.01 1024 3074 s hot aq, acids
chloride NdC} 250.60 4.134 760 1600 98 g/100 Ailag; s alc
oxide NdO, 336.48 7.28 1900 s dilute acids
sulfate 8-water Ng4SO,); - 8H,0 720.79 2.85 d 700-800 8.87 g/100 #hhq
Neon Ne 20.180 0.8999 gl —248.67 —246.05 1.05 me®aq
Neptunium Np 237.0482 20.2 644 >3900 s HCI
(IV) oxide NpG, 269 111 2547
Nickel Ni 58.69 8.908 1453 2884 iaq; s HNQ
acetate 4-water Ni(€1;0,), - 4H,0 248.86 1.744 d 16 g/100 mL ag; s alc
acetylacetonate Ni¢El,0,), 256.91 1.455 230 2331am s aq, alc, bz, chl; i eth
bromide NiBg, 218.50 5.098 963 subl 100 g/100 filaq

carbonate hydroxide (1/2)  NiCO 2Ni(OH), 304.12 2.6 s dilute acids
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TABLE 3.2 Physical Constants of Inorganic Compoun@si(tinued
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Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Nickel (continued
carbonyl Ni(CO) 170.73 1.31 —19.3 43 (expl 60) s EtOH, bz, acet
chloride NiCl 129.60 351 1009 subl 973 61 g/1003haq
chloride 6-water NiCJ - 6H,0 237.69 100 g/100 nfC aq; s alc
cyanide 4-water Ni(CN)- 4H,0 182.79 anhyd 400 0.006aq; s KCN, NHOH
dimethylglyoxime Ni(HGHgN,0,), 288.92 subl 250 i ag; s abs alc, dilute acids
(tri-) disulfide NiS, 240.21 5.87 790 d 2967 s HNO
fluoride NiF, 96.69 4.72 1450 1740 4 g/100 Milaq; i alc, eth
formate 2-water Ni(CHQ, - 2H,0 184.78 2.15% anhyd 130 d 180-200 s agq;ialc
nitrate 6-water Ni(NQ), - 6H,0 290.81 2.05 56.7 136.7 150 g/100 thlg
(Il) oxide NiO 74.71 7.45 2000 s acids
(111) oxide Ni,Oq 165.42 4.83 —0,, 600 s hot HCI, HNQ, H,SO,
sulfate NisSQ 154.78 3.68 —S0,, 840 29 g/100 mtaq
sulfate 6-water NiSQ- 6H,0 262.86 2.07 anhyd 280 40 g/100 flaq
sulfide NiS 90.77 5.3-5.6 976 d 2047 s HN®HS
tetracarbonyl Ni(CQ) 170.74 1.3185 —-19.3 42.3 explodes 63; FP4; s organic sol-
vents
Niobium Nb 92.9064 8.57 2468 4860 s fused alkali hydroxides
(V) chloride NbCL 270.20 2.75 206 247.0 s HCI, CCI
(V) fluoride NbFR, 187.91 2.696° 80.0 234.9 hyd aq, alc; sl s GCl,
(V) oxide Nb,Og5 265.82 4.55 1512 s HF, hot,HO,
Nitrogen N 28.0341 1.165gA° —210.01 —195.79 mL/100 mL: 1.8 aqg, 0.112 alc
15N, 30.01 1.25 g/e° —209.952 —195.73
(1) oxide N,O 44.02 1.843 g/®° —90.81 —88.46 130 mL ag; s alc, eth
(I1) oxide NO 30.01 1.249gf° —163.64 —151.76 4.6 mL/100 mi® aq
(1) oxide N,Os 76.02 1.447 g/e —100.7 2 s eth
(IV) oxide dimer NO, 92.02 1.448° -9.3 21.15d s conc HNQconc HSO,, chl
(V) oxide N,Og 108.01 2.05 30 47.0 v s chl; s CCI
selenide NSe, 371.87 4.2 explosive sl s bz, €S
sulfide NS, 184.28 228 180 185 s organic solvents
trichloride NCL 120.37 1.652 —-27 71 iag; s bz, CSCCl,
trifluoride NF; 70.01 2.96 g/B° —208.5 —129.06
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Nitrosyl chloride NOCI 65.47 1.592 —61.5 -55 hyd ag; s fuming 60,

fluoride NOF 49.01 2.788 g2 —1325 —-59.9 hyd aq
hydrogen sulfate NOHSPO 127.08 d 735 d ag; s430,
tetrafluoroborate NO[BF 116.83 2.1855 subl 250-0tmm daq
Nitryl chloride NO.CI 81.46 2.81 g/koo —145 —-14.3 d aq
fluoride NOF 65.00 2.7 g/e° —166.0 —72.4 daq
Osmium Os 190.2 22.61 3045 5225 s molten alkali or oxidizing fluxes
hexafluoride Osf 304.2 32.1 45.9 hyd aq
tetrachloride OsGl 332.0 4.3g° subl 450 slow hyd aq
tetraoxide OsQ 254.20 491 40.6 130.0 /100 mL: 724q; 378°CCl,; s
bz, eth, alc
Oxygen Q 31.9988 1.331gf° —2184 —182.96 mL/100 me% 3.13 aq, 14.3 alc
difluoride Ok 54.00 2.26 g/e° —223.8 —145.3 6.8 mL/100 mtaq
(di-) difluoride OF, 70.00 1.4% (Iq) —154 d- 100
Ozone Q 48.00 1.998 g/e° —1925 —-111.9 49.4 mL/100 mtaqg
Palladium Pd 106.42 12.028 1555 3167 s hot HNQ H,SO,
acetate Pd(¢,0,), 224.49 205d i aq, alc; s acet, chl, eth
chloride PdCJ 177.30 4.%¢ 680 d>680 s alc, acet, HCI
nitrate Pd(NQ), 230.42 d s dil HNQ
oxide PdO 122.40 8.70 879d s 48% HBr; sl s aqua regia
Perchloryl fluoride CIGF 102.46 0.637 g/L —147.74 —46.67
Phosphorus (white) JFmolecules 123.8950 1.823 44.15 280.3 0/100 mL: 2.86 bz, 2.50 chl, 1.25
CS,; 0.025 abs alc, 1.0 eth
(red) B 123.8950 2.34 597 subl 416 i ag; ignites in air, 260
hydride,seePhosphine
pentabromide PBr 430.56 3.48 106 d d ag; s CGJ CS,
pentachloride PGl 208.27 2.11% subl 100 166 d hyd ag; s CLICS,
pentafluoride PE 125.98 5.805 g/L —-93.8 —84.6 hyd aq
pentoxide (dimer) P 283.88 2.30 340 subl 360 d aqg; $$0,
pentasulfide B 222.29 2.09 288 514 hyd aq; s alkali; 0.22€S,
tribromide PBg 270.73 2.8% —41.5 173.2 d aq, alc; s acet, CS
trichloride PC} 137.35 1579 —-93.6 76.1 d aq, alc; s bz, chl
trifluoride PR 87.98 3.907 g/L —-151.30 —101.38 hyd aq
trioxide (dimer) ROq 219.90 2.13p 23.8 173 (N atm) hyd aq; s bz, CS
(tetra-) triselenide Se 360.80 1.31 245-246 360-400 flammable in air; s bz, acet, chl, CS

(tetra-) trisulfide RS, 220.09 2.0% 167 407 100 g/100 Mt CS,; s tolune
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TABLE 3.2 Physical Constants of Inorganic Compoun@siftinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Phosphine PH 34.00 1.529 g/L —133.81 —87.78 mL/100 mE”: 1025 CS, 726 bz,
319 HOACc, 26 ag; s alc, eth
Phosphonium iodide PH 161.91 2.86 185 subl 62.5 daq
Phosphoryl chloride difluor- POCIF, 120.43 1.656 —-96.4 3.1
ide

dichloride fluoride POGF 136.89 1.54%? -80.1 52.90

tribromide POBjg 286.72 2.822 56 191.7d s bz, C8th

trichloride POC) 153.35 1.64% 1.25 105 d aq, alc
Platinum Pt 195.08 21.09 1769 3824 s aqua regia, fused alkali

(I1) chloride PtCL 266.00 5.87 d 581 i ag, alc; s HCI, NEH

(IV) chloride PtC, 336.90 4.30% d 370 143 g/100 m# aq

(V1) fluoride PtR 309.08 3.826 (Iq) 61.3 69.14

(I1) oxide PtO 211.09 149 d 550 iaqg; s HCI

(IV) oxide PtQ 227.09 10.2 450 i aqua regia

(IV) sulfide PtS 259.22 7.66 d 225 s HCI, HNO
Plutonium Pu 239.052 19.816° 639.5 3230 i ag; s acids

(1) bromide PuBg 478.79 6.69 681 ¢>1300 s aq

(1) chloride PuCl, 345.42 5.70 760 1767 i ag; v s acids

(1) fluoride PuR 296.06 9.32 1425 d 2000 hyd aq

(IV) fluoride Puf 315.05 7.00 1037 d iaq

(V1) fluoride PuR 353.05 4.86 51.59 62.16

(I1) hydride PuH 241.08 10.40 ca. 727

(i) hydride PuH 242.08 9.61 ca. 327

(I1) oxide PuoO 255.05 13.9 1900

(1) oxide Pu,0, 526.12 10.2 2085 (in He)

(IV) oxide Pug 271.05 11.46 2390 (in He) d 2800

(1) sulfide PuS; 574.30 9.95 1727
Polonium Po 208.9824 9.196 alpha 254 962 sl s aqg; s acids

9.398 beta
(IV) chloride PoC} 350.79 300 (in G) 390 (in Cb) sl hyd aqg; v s HCI; s alc, acet
(IV) oxide PoO 240.98 d 550 v s dilute HCI
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Potassium

acetate

arsenate

borate(+)

bromate

bromide

carbonate

chlorate

chloride

chromate(VI)

citrate hydrate

cyanate

cyanide

dichromate(VI)

dicyanoargentate(l)

dihydrogen arsenate

dihydrogen phosphate

dioxide

diphosphate(V) 3-water

disulfate(IV)

disulfate(VI) (pyrosulfate)

ethyldithiocarbonate

fluoride

formate

gluconate

heptaiodobis-
muthate(l11)(4-)

hexachloroplatinate(IV)

hexacyanoferrate(ll)
3-water

hexacyanoferrate(lll)

hexafluorosilicate

hexafluorozirconate

hexanitritocobaltate(l1l)
1.5-water

hydride

hydrogen carbonate

K
KGH,0,
KAsO,
KBO,
KBrQ
KBr
KCO;
KCIQ
KCI
KCrO,
KCeH:O; - H,O
KOCN
KCN
KCr,0;
K[Ag(CN)
KisO,
KRO,
KG,
R0, - 3H0
K:S,05

HPCI]
K, [Fe(CN)] - 3H,0

{Fe(CN)]
KSiFy]
KzrFd
K4[Co(NOy)] - 1.5H,0

KH
KHGO

39.0983

98.14
256.21
81.91
167.00
119.00
138.21
122.55
74.55
194.19
324.42
81.11
65.12
294.19
199.01
180.03
136.09
71.10
384.38
222.32
254.32
160.30
58.10
84.12
234.25
1253.82

485.99
422.39

329.25
220.27
283.41
479.30

40.11
100.11

0.89
1.57
2.8

3.27
2.75
2.29
2.32
1.988
2.732
1.98
2.05
1.55
2.6765
2.36
2.867
2.338
2.14
2.33

2.28

1.558
2.48
191

3.50
1.85

1.89
2.27
3.58

1.43
2.17

63.38
292
1310
947

~350
734
901
368
771
975
anhyd 180
700
634
398

288

d 400 (KPQ
509

anhyd 300

~325
d 200
859.9
167.5

d 180

d 250
anhyd 100

d
d

d 200

417 d
d>100

759

1401
d 370
1435

dto jO
&>400

1437
d 230

1625
d 500

mp: 1090

1505
dmp

d aq to KOH; s acids
0/100 mL: 200 aq, 34 alc
19 g/100 mL ag; slowly s glyc; s alc
71 g/100 mtaq
6.9 g/100 nfR aq
0/100 mL:?64q, 22 glyc, 0.4 alc
90 g/100 mE° aq; i alc
/100 mL: 7.8 aq, 2 glyc
g/100 mL:284q, 7 glyc, 0.4 alc
64 g/100 rfflaqg; i alc
0/100 mL: 154 aq; 40 glyc
s ag; sl s alc
0/100 mL: 50 aq, 50 glyc, 4 MeOH
11.7 g/100 nfR aq
25 g/100 nR aq
g/100 mL: $@q, 63 glyc; i alc
22.6 g/100 mB® aq; i alc
v s aq with decomposition
s ag;ialc
s aq; flammable if ground
s aq
vsaqg
95 g/100 kg
250 g/100 mL aq
v s agq; i alc, bz, chl
d ag; s alkali iodide solutions

0.48aq
28 g/100 thkq

40 g/100 nfLaq (slow); sl s alc
sl s aqg;ialc

2.7 g/100 nfRag

0.089aq; s HOAc; v sl s alc

daq
34 g/100 me® aq; i alc
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Potassiumdontinued
hydrogen difluoride KHF 78.10 2.37 238.80 d 477 39 ¢g/10Ctalg; s alc
hydrogen phosphate JMKPO, 174.18 d to KP,0, 150 g/100 mL aq
hydrogen phthalate KHEL,0, 204.22 1.636 d 8.3 g/100 mL ag; sl s alc
hydrogen sulfate KHSO 136.17 2.24 197 d to 5,0, 48 g/100 ml2° aq
hydrogen sulfide KHS 72.17 1.70 ~455 s aq, alc
hydrogen tartrate KHEH,O4 188.18 1.956 0B aq; s acids; v sl s alc
hydroxide KOH 56.11 2.044 406 1323 0/100 mL: #1aq, 33 alc, 40 glyc
iodate KIQ, 214.00 3.89 560 d 8.1 g/100 rfflaq; i alc
iodide KI 166.00 3.12 681 1345 g/100 mL: Pa4q, 4.5 alc, 50 glyc
manganate(VI) KMnO, 197.13 190d s ag; stable in KOH
molybdate(VI) KMoO, 238.14 2.3 919 d 1400 160 g/100 mL aq
nitrate KNG, 101.10 2.11 333 d 400 0/100 mL:382q, 0.16 alc, s glyc
nitrite KNO, 85.10 1.915 441 d 350 306 g/100 Ailag; sl s alc
oxalate hydrate KC,0, - H,O 184.23 2.13 anhyd 160 d to,B0, 36 g/100 mI2° aq
oxide KO 94.20 2.35 350d d ag to KOH, s alc
oxobisoxalatodiaquati- K,[TiO(C,0,),(H,0).] 354.18 vV saq
tanate(lV)
perchlorate KCIQ 138.55 2.52 d 400 2.64aq; 0.0036° BuOH; 0.0013
EtOAC
periodate KIQ 230.010 3.618 582 0.42aq, sl s KOH
permanganate KMnO 158.03 2.7 d 246~ O, 6.34 g/100 me° aq; d HCI
peroxide KO, 110.20 490 daq
peroxodicarbonate hydrate ,&0, - H,O 216.24 6.5 g/100 mL aq; d hot ag
peroxodisulfate KS,Oq 270.32 2.48 d 100 2.5 g/100 riflag; i alc
perrhenate KReD 289.30 4.38 555 1370 0.9%q
phenolsulfonate hydrate k8,(OH)SO, - H,0 240.28 1.87 s aq, alc
phosphate KPO, 212.27 2.5647 1340 50.8 g/100 m¥® aq; i alc
selenocyanate KSeCN 144.08 d 100 s aq
silicate(2-) K,SiO; 154.29 976 s aq
sodium hexanitritocobal- K,Na[Co(NG,)¢] - H,O 454.18 1.633 d 135 0.07 ag

tate(lll) hydrate
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sodium tartrate 4-water
sorbate

stannate(lV) 3-water
stearate

sulfate

sulfide

sulfite 2-water

tartrate hemihydrate
tellurate(1V)
tetrachloroaurate(lll)
tetrafluoroborate
tetrahydridoborate
tetraiodocadmate 2-water

tetraiodomercurate(ll)

thiocyanate

thiosulfate

trinydrogen bisoxalate
2-water

trisoxalatoantimonate(lll)

trithiocarbonate

uranyl(VI) acetate hydrate
Praseodymium

chloride
(I1l) oxide

(v)

Promethium-147

bromide
chloride

Protoactinium

(IV) chloride
(V) chloride

Radium

bromide
chloride

Radon

KNa8,0; - 4H,0
KGH,0,

SN0, - 3H,0
KOOCGH,5
SO,
K.S

KSO, - 2H,0
¥C,H, O - 0.5HO
K.TeO;

KIAUC)

K[BH

K[BH

Jdcdl] - 2H,0

KHgl ]
KSCN

KS,0;

KH3(C,0,) - 2H,0

HSb(C0,)4
KCS,

K(ngczH3oz)2 ! Hzo

Pr
Prc}

Pr,O,4

Pro,

Pm
PmMBy
PmCJ
Pa
PaCj
PaCJ
Ra
RaBy
RaCJ
Rn

282.23
150.22
298.94
322.57
174.26
110.26
194.29
235.28
253.79
377.88
125.90

53.94
698.21

786.48
97.18

190.33

254.20

503.12
186.41
504.28
140.9077
247.27
329.81

172.91
146.915
386.7
153.4
231.0359
372.85
408.31
226.03
385.88
296.93
222.0

1.790
1.3633
3.197

2.66
1.74

1.98

3.75
2.50%°
1.11
3.359¢

1.89

1.836

3.29%
6.4&5orm

4.0

7.07

6.82
7.22
5.38

15.37
4.72
3.74

55

5.79
4.91
9.73 g/L

70-80
d>270
anhyd 140

1069

948

d

anhyd 155

d 357
530
d 497

173
d 400

d
anhyd 275
935
769 to 782
oxidizes to
PrsOyy
tr 350 to RO,,
1080
727
737
1568(8)
subl 400
301
700.1
728
1000
-71

anhyd 130—-140 54 g/100Talg
g/100 mL: 58.2 aq, 6.5 alc
100 g/100 #hkgq; i alc
readily soluble hot aq or alc
1670 /100 mL:2Hhq, 1.3 glyc, i alc

28.6 g/100 nikaq
d 200 138 g/100%haqg
s aq
61.8 g/100 riflaq
0.48%aq
/100 mL: 23aq, 3.5° MeOH
0/100 mL: 1375 aq, 72%alc, 4

eth
Vv s aq; s alc, acet, eth
d 500 0/100 mL: 2548, 200 acet, 8 alc
155 g/100 mtagq; i alc
1.8 aq
aaq
Vs ag
saq
3520 s hot water and acids
1710 104 ¢/100 #hg; s alc
i ag; s acids
3000 est
1667 s aq
1670 s aq
4227
iag; s HCI
420 hyd aqg; s THF, GEN
1737 d aqg; s acids
subl 900 s aq
s aq
—-62 23 mL/100 mE?° aqg; s org solv
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TABLE 3.2 Physical Constants of Inorganic Compoun@si(tinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Rhenium Re 186.207 21.02 3180 5678 s HNO
chloride trioxide ReCIQ 269.66 4.5 128 hyd in water to HRgG CCl,
(IV) fluoride ReF; 262.20 5.38 124.5 795 hyd aq
(V1) fluoride ReR 300.20 3.58 185 33.8 52.5 g/100 mL anhyd HF; s HNO
(V) fluoride ReF, 319.20 3.65 48.3 73.7 hyd aq
(VI) oxide ReQ 234.20 6.9-7.4 disprop 400 750 s HNO
(VIl) oxide Re,O, 484.41 6.1 300.3 360.3 VvV s aq, org solv
(V) sulfide ReS; 596.88 4.866 d 460 i ag; s HNO
(VI) tetrachloride oxide ReQD 344.02 3.309 29.3 225 hyd aq; s GCI
Rhodium Rh 102.9055 2.3 1963 3727 s fused KHSO
(1) chloride RhC 209.26 5.38 d 450 i agq; s KOH, KCN
(1) fluoride RhF, 159.90 5.4 subl 600 i acids, alkalis
(1) oxide Rh,0,4 253.81 8.20 d 1100 i aq reg, KOH
tetracarbonyldju-chloro-  Rh,(CO),Cl, 388.76 124-125 s org solv except hydrocarbons
dichloride
Rubidium Rb 85.4678 1.532 39.31 691 d aq to RbOH
acetate RbgH;0, 144.52 246 86 ¢/100 nfkaq
bromide RbBr 165.37 3.35 682 1346 108 g/100%fraq
carbonate RICO; 230.95 837 d 900 g/100 mL: 430aq, 0.74, alc
chlorate RbCIQ 168.94 3.184 342 5.4 g/100 r#flag
chloride RbCI 120.92 2.76 715 1390 9/100 mL2®4q, 1.1 MeOH
dihydrogen phosphate RBPO, 182.47 840 s aq
fluoride RbF 104.47 3.2 833 1410 131 g/100 ¥haq
hexachloroplatinate(IV) REPtCI] 578.75 3.94 d 0.0Z28aq
hydroxide RbOH 102.47 3.20 301 180 g/100 ¥hhg; s alc
iodide Rbl 212.37 3.55 642 1304 163 g/100#hhgq; s alc
nitrate RbNQ 147.47 3.11 305 19.5 g/100 ritaq
oxide RRO 186.93 4.0 400 d s atp RbOH
sulfate RBSO, 267.00 35 1050 48 g/100 rAtaq
Ruthenium Ru 101.07 12.45° 2334 4150 s fused alkali, oxidizing fluxes
(1) chloride (hexagonal)  RuGl 207.43 3.11 d>500 iag; s HCI, alc
(V) fluoride Ruf 196.06 3.90 86.5 227 daq
(IV) oxide RuG, 133.07 6.97 d i ag; s fused alkali
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Samarium
(I1) chloride
(1) chloride
(i) fluoride
(I1l) oxide
(i) sulfate 8-water
Scandium
chloride
oxide
sulfate 5-water
Selenium (hexagonal)
(IV) bromide
(IV) chloride
(di-) dibromide
dibromide oxide
(di-) dichloride
dichloride oxide
difluoride oxide
(IV) fluoride
(VI) fluoride
(di-) hexasulfide
(IV) oxide

(tetrar) tetrasulfide
Silane

chloro-

dichloro-

iodo-

trichloro-
Silicon

carbide (beta)

dioxide (« quartz)

dioxide - tungsten trioxide - SiO, - 12WQ, - 26H,0
water (silicotungstic acid)

disulfide

Sm
SmC}
SmC}
Smk
Sm0,
Si(SO,); - 8H,0
Sc
ScCl
SgO,
$(S0,); - 5H,0
Se

SeBy
SeCl
SeBr,
SeBO
SeCl,
SeGD
SefO
Sek
Sek

S5
SeQ

S5,
SiH
SIHCI
SIHCI,
SiHy|
SiHC},
Si

SiC
SiQ

sis

150.36
221.27
256.72
207.36
348.72
733.03

44.956
151.31
137.91
468.17

78.96
398.58
220.77
317.73
254.77
228.83
165.867
132.96
154.95
192.95
350.32
110.96

444.10
32.12
66.56
101.01
158.01
135.45
28.0855
40.10
60.08

3310.66

92.22

7.52
3.687
4.46
6.643
8.347
2.93

2.985 hex
2.39
3.864
2.519

£81
4.029
2.6
3.60%
3.3%
2.77%
2.44
2.8
2.75
8.467 gL
2.44
3.95

3.20
1.409 g/L
2.921 g/L
4.432 g/L
2.035
1.331
2.33
3.16
2.648

2.04

1074
855
682
1306
2335
anhyd 450
1541
967
2485
anhyd 250
217
123
305

41.6
-85
8.5
15
-10
—34.6
1215
340

113d
—-185
—118
—-122
—-57
—128
1412
2830
573 tr
B quartz

1090

1794
2030

2427

2836
967

d 550
685

subl 196
225d
217d
127 dec

177.2

125
106

subl 315

—111.9
—30.4
8.3
45.5

3265

2950

s acids
s aq dec; i alc
93.4 g/100 riflaq
i ag; 80,
s acids
2.7 g/100 fAlaq
daq
vsagq;ialc
s hot or conc acids
54.6 g/100%Pqg
s eth, KOH, KCN; i aq, alc
d aq; s HBr, chl, €S
daq
d aqg; s chl, CS
daq
d aqg; s bz, chl, €S
d aqg; misc bz, chl, £CIS,
daq
reacts aq viol; misc alc, eth; s chl

s GS1.2 g/100 mE° bz
wiw %: 38&q, 162 MeOH, 4.35
acet, 6.7 EtOH, 1.22HOAc; s
H,SO,
i ag; 0.04 g/100 Mlbz; s CS

d aqg slowly; i alc, bz, chl, eth

daq

daq

d aq; s bz, chl
s HFHNO,, fused alkali oxides
s fused alkali oxides

iaqg; s HF

v s agq, alc

sdagq, alc; i bz
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TABLE 3.2 Physical Constants of Inorganic Compoun@si(tinued

Melting point,  Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Silicon (continued
tetrabromide SiBr 347.70 2.81 5.2 154 hyd aq viol
tetrachloride SiCl 169.90 15 —68.8 57.6 hyd aq; s bz, C{leth
tetrafluoride Sik 104.08 4,567 g/L -90.3 —86 hyd aqg; s HF
tetraiodide Si) 535.70 4.1 120.5 287.3 d ag; 2.2 g/10031CS,
(tri-) tetranitride SiN, 140.28 3.17 1878 iaq; s HF
Silver Ag 107.8682 10.49 961.78 2164 s HNO
acetate AgGH;0, 166.91 3.259 d 1.084aq; s dil HNG,
antimonide AgSb 445.35 559
azide AgN 149.89 4.9 exp-252 i ag; s KCN, HNQ (explosive)
bromide AgBr 187.77 6.473 432 1500 i ag; s KCN
carbonate AgCO, 275.75 6.077 218 0.0638aq; s KCN, HNQ, NH,OH
chlorate AgCIQ 191.32 4.43@¢° 231 d 270 10 g/100 mit aq
chloride AgCl 143.32 5.56 455 1547 i aq; 7.7 g/100 mL J0HH, KCN,
Na,S,0,
chromate(VI) AgCrO, 331.73 5.62% 0.002° aq; s HNQ, NH,OH
cyanide AgCN 133.89 3.95 320d iag; s KCN
fluoride AgF 126.87 5.852 435 ~1150 182 g/100 m¥® aq; s HF, CHCN
(1) fluoride AgF, 145.87 4.57 690 d 700 hyd viol aq
iodate AglO, 282.77 5.52% >200 d 0.05% aq; 40 g/100 mL 10%
NH,OH
iodide (alpha) Agl 234.77 5.683 558 1505 i ag; s KCN, KI, (NB),CO;,
nitrate AgNQ, 169.87 4.35% 212 d 440 /100 mL: 2P8 aq, 3.3 alc, 0.4 acet
nitrite AgNG, 153.87 4.453 d>140 0.33%agq; d dilute acids
oxalate AgC,0, 303.76 5.03 explodes 140 0.068aq; s HNQ, NH,OH
oxide AgO 231.73 7.2%° d 200 (d light) 0.00% ag; s dil HNQ, NH,OH
(I1) oxide AgO 123.87 7.483° d>100 i ag; d alk and acids
perchlorate AgCIQ 207.32 2.80& d 486 557 g/100 m¥ aq; s bz, glyc, pyr

permanganate AgMnQ 226.80 4.49 d by light 0.9 aqg; d alc
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phosphate AFO,

selenate(IV) AgSeQ,
sulfate AgSO,
sulfide (agentite) A

Sodium Na
acetate NagH;0,
acetate 3-water Na€;0, - 3H,0
aluminate(t-) NaAlO,

aluminum sulfate 12-water NaAl(S® - 12H0

amide NaNH

ammonium phosphate NaNH,HPG, - 4H,0
4-water

arsenate(lll)(+) NaAsG,

ascorbate Nagt;,Oq

azide NaN

benzoate NagC H;

bismuthate(V)(%) NaBiO,

bismuthide NgBi

bromate NaBr@

bromide NaBr

carbonate NALO,

carbonate hydrate Nao; - H,O

carbonate 10-water Nao; - 10H,0

carbonate - hydrogen Nao; - NaHCQ,

carbonate 2-water (trona) - 28

chlorate(V) NaClQ

chloride NaCl

chlorite NaClQ

chromate(VI) NaCrO,

citrate 2-water NgCsH:0, - 2H,0

cyanate NaOCN

cyanide NaCN

cyanohydridoborate Na[BiEN]

418.62

342.69
311.80

247.80
22.98977
82.03
136.08
81.97
458.28
39.01
209.07

129.91
198.11
65.01
144.11
279.96
277.95
150.89
102.89
105.99
124.00
286.14
226.02

106.44
58.44
90.44
161.97
294.10
65.01
49.01
62.84

6.37

5.93
5.45

7.234°
0.968
1.528
1.45
463
1.61
1.39
1.54

1.87

1.84@

3.34

3.20G°
2.53%
2.25
1.46
2.112

2.5
2.17

2.72
1.89

1.6
1.12

849

530
660

845
97.82
324
anhyd 120
1650
-60
210
~80

d 218
dtoNa+ N,

d
766
381d
755
858.1
anhyd 100
34d

248
800.8
d 180-200
792
anhyd 150
550
563
>240 d

d¢>530
d 1085

d
881.4

=120

subl 400
anhyd>280

1390

¢>300— O,
1465

0.006 ag s dil HNO;, KCN,
(NH,),CO,

sl s aq; s HNQ
0.8Mag (slow); s HNQ, NH,OH,
H,SO,

i aq; s HNQ alk CN’s

d aq to NaOH

75 g/100 Mlaq

g/100 mL: 12%® aq, 5.1 alc
vsagq;ialc

110 g/100 mt® ag; i alc
o500, reacts aq viol

14.3 g/100 mL aq

vsagq;slsalc
62 g/100 nikag
41 g/100 ml2° aqg; 0.3 alc
/100 mL: 6% aq; 1.3 alc
i cold aq; dec by hot ag & acids
daq
40 g/100 rffLag; i alc
/100 mL: 99 aq, 6 alc; 16 MeOH
29 g/100 m° aq; s glyc; i alc
0/100 mL: 33 aq, 14 glyc; i alc
50 g/100 mL ag; s glyc
13 g/100 milaq

/100 mL: 96° aq, 0.77 alc, 25 glyc
9/100 mL2B&q, 10 glyc
34 g/100 laq
84 g/100 Mlaq
77 g/100 flag; i alc
s aq d; 0.2
58.7 g/100 thhg
0/100 mL: 212 aq, 37.2 THF; vs
NaOH; i bz, eth
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TABLE 3.2 Physical Constants of Inorganic Compoun@siftinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Sodium €ontinued
dichromate 2-water NE&r,O; - 2H,0 298.00 2.348° anhyd 100; mp d 400 73.1 g/100 mi® aq
356

diethyldithiocarbamate NaSN(CHs), - 3H,0 225.31 anhyd 94-96 s aq, alc
dihydrogen arsenate(V) NaH,AsO, - H,0O 181.94 2.53 anhyd 130 d 200 s aq

hydrate
dihydrogen diphos- Na,H,P,0, 221.94 1.9 d 220 4.5 g/100 rAlaq

phate(V)
dihydrogen phosphate(V) NaH,PQ, - 2H,0 156.01 1.91 anhyd 100 d NaRQO00 71 g/100 mLag; i alc

dihydrate
dimethylarsonate 3-water NaO,As(CH;), 214.03 anhyd 120 9/100 mL: 200 aq, 40 alc

(cacodylate)
dioxide NaQ 54.99 552
diphosphate(V) N&P,0, 265.90 2.53 988 2.26q
dithionate(V) 2-water Ng5,0;5 - 2H,0 242.14 2.19 anhyd 110 d 267 to 13.4 g/100 me° aq; i alc

NaSQO, +
SO,

dithionate(lll) NaS,0, 174.11 d 22 g/100 ni aq; sl s alc
diuranate(VI) NaU,0; 634.03 i ag; s acids
dodecylbenzenesulfonate  Ng&TZH,C,,H,g 348.49
dodecylsulfate NagsOC H,5 288.38 10 g/100 mL aq
ethoxide NaOGH; 68.06 >300 d aqg; s abs alc
ethylenebis(imino- (NaOOCCH),NC,H,- 380.20 103 g/100 mL aq

diacetate) (EDTA) N(CH,COONa)
ethylsulfate NaGBOCHs 148.12 140 g/100 mL ag; s alc
fluoride NaF 41.99 2.78 996 1704 4 g/100 thhg; i alc
formate NaHCQ 68.01 1.92 253 &>253 81 g/100 me° aq; s glyc; sl s alc
gluconate NagH,,0, 218.14 59 g/100 m# aq; sl s alc; i eth
glycerophosphate N&,H;(OH),PO, 216.04 d>130 67 g/100 mL ag; i alc
hexachloroplatinate(lV)  Na,[PtClg] - 6H,0 561.88 2.50 —6H,0, 110 vsag;salc

6-water
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hexacyanoferrate(ll)
10-water
hexacyanoferrate(lll) hy-
drate
hexafluoroaluminate
hexanitritocobaltate(l1l)
hydride

hydrogen arsenate(V)
7-water

hydrogen carbonate

hydrogen difluoride

hydrogen phosphate
7-water

hydrogen sulfate

hydrogen sulfide

hydrogen sulfite

hydroxide

hydroxymethanesulfinate
dihydrate
hypochlorite 5-water

iodate
iodide

lactate

methoxide

molybdate(VI) 2-water

nitrate

nitrite

oxalate

oxide

pentacyanonitrosylfer-
rate(lll) 2-water (nitro-
prusside)

Na,[Fe(CN)] - 10H,0
Nag[Fe(CN)] - H,O

NBAIF (]
NACO(NO,)q]
NaH

NaHAsO, - 7H,0

NaHGO

NaHF
Na,HPOQ, - 7TH,0

NaHSO
NaHS

NaHSO
NaOH

Na[HOCH,SO}] - 2H,0
NaCIO - 50

NalQ
Nal

NaOOCCHOHCH
NaOCH
NaMoO, - 2H,0
NaNQ
NaNO,
NaC,0,
NgO
Na[Fe(CN)ENQO] - 2H,0

484.06

298.93

209.94
403.98
24.00

312.01

84.01
62.00
268.07

120.06
56.06
104.06
40.00

154.12

164.52

197.89
149.89

112.06
54.02
241.95
85.00
69.00
134.00
61.98
297.65

1.46

2.97

1.39

1.87

2.20
2.08
1.7

2.435
1.79
1.48
2.130

1.6

4.28
3.67

=~3.5
2.26
2.17
2.34
2.27
1.72

anhyd 82

1009
425 d

anhyd 130

to N&CO,
d>160

d

315
350
d
323

63-64
18

d
660

d
>300

anhyd 100
307

271

=250

dull red heat

d 435

d 150

270

1388

¢ 64

d by CCfrom
air

1304

mp 687
a=500
d>320

©400

28 g/1003haqg
18.9 g/100 nflaq

s aq
vsagq;slsalc
ign spontaneously moisture; d alc
viol
61 g/100¥n&g; s glyc; sl s alc

8 g/100 me® aq; i alc
3.7 g/100 mE° aq
25 g/100 nikagq; v sl s alc

50 g/100 riflag; d alc
s aq, alc, eth
g/100 mL: 29 aq, 1.4 alc
0/100 mL: 208y, 14 abs alc, 24
MeOH; s glyc
Vv s aq; i abs alc, bz, eth

29 g/100 ml ag

8.1 g/100 mtag
g/100 mL: 20aq, 100 glyc, 50
alc; s acet
misc aq, alc
dag; s alc
65 g/100 Mlaq
g/100 mL: 8% aq, 0.8 alc
67 g/100 mE°® aq
3.4 g/100 me® aq; i alc
d aqg to NaOH violently
40 g/100 mtaq
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TABLE 3.2 Physical Constants of Inorganic Compoun@siitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Sodium ¢ontinued
perchlorate NaCI® 122.44 2.52 480d g/100 mt, 114 aq, 1.5 BuOH, 8.4
EtOAc
periodate KIQ 213.89 3.865 d=300 10.3 g/100 m# aq
peroxide NaO, 77.98 2.805 675 d v s aq (dec)
peroxoborate 4-water NaBQO 4H,0 153.88 d>60 2.5 9/100 mL aq
peroxodisulfate(VI) Ng5,0q 238.11 d 55 g/100 mL ag; d by alc
perrhenate NaReO 273.19 5.24 300 33 g/100 rtaq
phosphate N# O, 163.94 2.537 1340 12.1 g/100 fflaq
phosphate 12-water NaO, - 12H,0 380.12 1.62 73.4 —11H,0, 100 28.3 g/100 mi° aq; i alc
phosphinate hydrate NaR@, - H,O 105.99 anhyd 200 dto RH 100 g/100 mE° aqg; s glyc, alc
propanoate NaOOCE, 96.06 /100 mes: 100 aq, 4.1 alc
salicylate NaOOCgH,OH 160.10 /100 mL: 11 aq, 11 alc, 25 glyc
selenate(VI) NgSeQ 188.94 3.098 27 g/100 mkaq
silicate(2-) meta- NaSiO, 122.06 2.614 1089 s ag; hyd by hot aqg; i alc
silicate(2-) 5-water NaSiO; - 5H,0 212.14 1.749 72.2 anhyd 100 vsaq
silicate(4-) Na,SiO, 184.04 1018 s aqg
stannate(lV) 3-water N&nO, - 3H,0 266.71 d 140 (slow) 59 g/100 rLag; i alc
stearate NaOOCEH 306.47 d sl s aq
sulfate NaSO, 142.04 2.7 8800 d 2227 28 g/100 filaq
sulfate 10-water N&O, - 10HO 322.20 1.46 324 anhyd 100 67 g/100#n&gq; s glyc; i alc
sulfide NaS 78.05 1.856 1172 vacuo 18.6 g/100%hagq; sl s alc
sulfide 9-water N5 - 9HO 240.18 1.43 =50 200 g/100 mL ag; sl s alc
sulfite NaSOo, 126.04 2.63 d 31 g/100 nikagq; s glyc; i alc
tartrate dihydrate N&,H,0 - 2H,0 230.08 1.82 anhyd-120 29 g/100 mE ag; i alc
tetraborate NB,O, 201.22 2.4 742.5 2%8aq
tetraborate 10-water (bo- NaB,O, - 10H,O 381.37 1.73 75d anhyd 320 /100 mL: 6.3 aqg, 100 glyc
rax)

tetrachloroaluminate NalAI¢] 191.78 2.01 151 s aq
tetrachloroaurate Na[Augl- 2H,0 397.80 d>100 166 g/100 mE aq; s alc, chl
tetrafluoroborate Na[Bf 109.82 2.47 384 d 108 g/100 ritaq
tetrahydridoborate Na[BHl 37.83 1.074 497 d 315 ¥BDMF; 16.£4° MeOH (reacts)
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thiocyanate
thiosulfate
thiosulfate 5-water
trimetaphosphate 6-water
tungstate(VI) dihydrate
vanadate(V)

Strontium
bromide
carbonate

chlorate
chloride
chromate(VI)
fluoride
hydrogen phosphate
hydroxide
iodate

iodide

lactate 3-water
nitrate

oxide
perchlorate

peroxide
sulfate
sulfide
Sulfinyl bromide (Thionyl)
chloride
fluoride
Sulfonyl chloride (Sulfuryl)
diamide
fluoride

Sulfur (gamma)
(alpha) orthorhombic

NaSCN

NaS,0,

N#&,0; - 5H,0
(Nap©- 6H,0
N&/O, - 2H,0
Nav@

Sr

SrBy

SrCO

Sr(ClQ),
SrC)
SrCrQ
Srk
SrHRO
Sr(OH)
Sr(1Q),
Srl,
Sr(OOCCHOHGH - 3H,0
Sr(NQ),
SrO
Sr(ClQ,

SrQ
SrsQ
SrS
SOBr
Slele]
SOk
SGCl,
SQ(NH,),
SQF,

S
&

(beta) monaclinic tr slowly Sg

to rhombic

81.07
158.11
248.19
414.04
329.85
121.93

87.62
247.43
147.63

254.52
158.53
203.61
125.62
183.60
121.64
437.43
341.43
319.81
211.63
103.62
286.52

119.62
183.68
119.69
207.87
118.97
86.06
134.97
96.11
102.06

32.066
256.53

256.53

2.345
1.69
1.786
3.25

2.64
4.216
3.5

3.152
3.052
3.89
4.24
3.544
3.625
5.045
4.42

2.99
4.7
3.08p

478
3.96

3.70
2.688°
1.638
3.776 gL
1.6674°
1.807
4.478 giL

1.92
2.0®

1.96

287
anhyd 100 ©100
53 anhyd 100
anhyd 100 mp: 695.6
757 1366
657 2045
d 1100 to SrO
+ CO,
120 e~ O,
874 1250
d
1477 2460
535 —H,0, 744
402 1773 d
anhyd 150
570 645
2430
215d
1607
2227
-52 140
—104.5 76
—129.5 —43.8
-54.1 69.3
93 d 250
-135.8 —55.38
106.8 444.72
tr94.5to beta 444.6
form
115.21 444.6

134 g/100%haq

s agq;ialc

70 g/100 me° aq (dec slowly)
22 g/100 mL aq; i alc
88 g/100°mak; i alc

s hot aq
d to Sr(Qlt) water
100 g/100 flag

i ag; s acids

167 g/100 mE° aq
52.9 g/100 Phlaq
0.2 aq; s HCI
0.0%1aq; s hot HCI
i ag; s acids
0.8°aq
0.03*® aq
178 g/100 filaq; s alc
33 g/100 mL aq
69.5 g/100 flag; sl s alc, acet
085%q
0/100 ml?5: 157 aq, 71 BUOH, 77
EtOAc, 90 acet
0.0%8ag; d hot aq
0.0%3aq; sl s acid
sl s aq; s acid (dec)
hyd ag (slow); misc bz, chl, CCI
hyd ag; misc bz, chl, CCI
hyd ag; s bz, chl, eth
hyd ag; misc bz, eth, HOAc
s ag, hot EtOH, acet
mL gas/100 mL: 4 aqg, 24 alc, 136
CCl,, 210 toluene
23 g/100 @§,; s alc, bz
i ag; s organic solvents

23 g/100 #CS ; s alc, bz
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TABLE 3.2 Physical Constants of Inorganic Compoun@sitinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Sulfur (continued
(di-) decafluoride F0 254.11 2.08 —52.7 30 d fusion with KOH
(di-) dichloride CISSCI 135.04 1.688 -77 137 hyd agq; s alc, bz, eth, GE£Cl,
dichloride SC) 102.97 1.622 —-122 59.5 hyd aq
dioxide SQ 64.07 2.811 g/L —75.47 -10 mL/100 mL: 393% aq, 25 alc, 32
MeOH; s chl, eth
hexafluoride SEF 146.06 6.409 g/L -50.8 subl—-63.8 sl s aqg; s alc, KOH
tetrafluoride Sk 108.06 4.742 g/L —-121.0 —-38 d aq viol; v s bz
trioxide (alpha) SQ@ 80.06 62.3 vp 73mm at 25  stable modification
(beta) SQ 80.06 325 vp 344mm at 25
(gamma) SQ 80.06 1.92 16.8 44.8 v s aq (slow)
Sulfuryl, seeSulfonyl
Tantalum Ta 180.9479 16.69 2996 5429 s HF, fused alkali (slowly)
(V) bromide TaBt 580.47 4.99 265 349 hyd ag; s abs alc, eth
carbide TaC 192.96 14.3 3880 4780 sl s HF
(di-) carbide TaC 373.91 15.1 3327
(V) chloride TaCl 358.21 3.68 216 239.3 hyd aqg; s abs alc
diboride TaB 202.57 11.2 3140
(V) fluoride Tak 275.94 4.7%° 96.8 229.5 s aq, eth, conc HNO
(V) iodide Tal 815.47 5.80 496 543 hyd ag; s eth
nitride TaN 194.95 13.7 3090 sl s aq reg; reacts alkalis
(V) oxide Ta0Os 441.89 8.2 1785 s HF; d fused KH$0r KOH
Technetium-98 Tc 97.9072 11 2157 4265 s HNax reg, conc k80,
(VI) fluoride Tck 212.91 3.0 37.4 55.3 s HCI
(IV) oxide TcO, 130.91 6.9 subl 1000 s acid, alkali
(VI1) oxide Tc,0; 309.81 119.5 310.6 s aq
Tellurium Te 127.60 6.24 449.8 989.9 s HY®OH, conc HSO,
(IV) bromide TeBr 447.22 4.3 380 ~20d s HBr, eth, HOAc
(i) chloride TeCl 198.51 6.9 208 328 disprop with eth, diox; s acid
(IV) chloride TeC), 269.41 3.0 225 380 hyd aqg; s HCI, abs alc, bz
(IV) fluoride TeF, 203.59 129 a>195 daq
(V1) fluoride TeR 241.59 10.601 g/L  —37.68 subl-38.9 hyd aq, KOH
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(IV) iodide

(IV) oxide
Terbium

chloride

nitrate 6-water
Thallium

() bromide

(1) carbonate

(1) chloride

(1) cyanide

() ethoxide

(1) fluoride

(i) fluoride

(1) iodide (rhombic)

(1) nitrate

(1) oxide

(Ill) oxide (hexagonal)

(1) selenate(VI1)

(I) selenide

(1) sulfate

(1) sulfide
Thiocarbonyl chloride
Thiocyanogen
Thionyl, seeSulfinyl
Thiophosphoryl tribromide

trichloride (alpha)

trifluoride
Thiosulfinyl difluoride
Thorium

chloride

fluoride

iodide

nitrate

oxide

sulfate 9-water
Thullium

chloride

fluoride

Tel,
TeO
Th
ThCl
Tb(NQ; - 6H,0
Tl
TIBr
TICO,
TICI
TICN
TIOGH;
TIF
TIF,
T
TING,
TLO
O,
TiSeQ
TJSe
TLSO,
TLS
S=CClI
(SCN)

PSBr
PSGI
PSK
S=SF,
Th
ThC}
ThR
Thi,
Th(NQ),
ThQ

Th(S£, - 9H.O
™m
TmC}
Tmk

635.22 5.05
159.60 5.9
158.9254 8.23
265.28 4.35
453.03

204.383 11.85
284.29 7.5
468.78 7.11
239.84 7.00
230.40 6.523
249.44 3.49
223.38 8.36
261.38 8.65
331.29 7.1
266.39 5.55
424.77 9.52
456.77 10.2
551.73 6.875
487.73 9.05
504.83 6.77
440.83 8.39
114.98 1.509
116.16

302.78 2.8Y5
169.41 1.635
120.03

102.13

232.038 11.7
373.85 4.59
308.03 6.1
739.66 6.00
400.06

264.04 10.0
586.30 2.77
168.9342 9.32
275.29

225.93 7.971

280
733
1356
588
89.3
303.5
460
272
430

-3
326
550 d
442
206
579
834

>400
340
632
448

ca—2

38.0
-40.8
—148.8
—165
1750
770
1110
570
d 630, Th®
3390
anhyd 400
1545
824
1158

1245
3230
1550

1457
820

720

d 130
826

823

d 450

1080
-0, 875

1367
73.5

209 d
125
—52.2
—10.6
4788
921
1680
837

4400
1950

1490
2230

hyd aq; s HI, alkali; sl s acet
s HCI, HF, NaOH
s acids
Vs aq
s aq
iag; s HNO
0.89gq; s alc
4.1 g/100 rflag; i alc
0.83q; i alc
16.8 g/100 filaq; s alc, acid
s eth; sl s alc; d aq
78.6%aq
daq
i ag, alc; s Kl
9.55 g/100 Milag; i alc
Vv s aq; s acid, alc
i ag; d by HCI, HSO,
2.8 g/100 m°® aq; i alc, eth
i aqg, acid
4.87 g/100 riflaq
0.92aq; s mineral acids
d aqg; s eth
d ag; s alc, Cg eth

s aq, eth, GS
hyd aqg; s bz, chl, GS

hyd aq
s acids
s aq, alc
s acids
hyd aq
191 g/100 mk° aqg; v s alc
s hot, &0,
1.57 g/100 #hhq
s acids
s aq, alc
S50,
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TABLE 3.2 Physical Constants of Inorganic Compoun@siftinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Tin (white) Sn 118.710 7.265 231.928 2602 s conc HCI, a8®]
(I) acetate Sn(gH;0,), 236.80 2.31 182.5 240 d ag; s dilute HCI
(I) bromide SnBj 278.52 5.12 215 639 85 g/100 MaAg; s alc, eth
(IV) bromide SnBj 438.33 3.34 31 205 v a (hyd) aq; s acet, alc
(I1) chloride SnC} 189.61 3.90 246.9 623 84 g/100 fagq; s acet, alc, eth
(IV) chloride SnC) 260.52 2.234 -3.3 114.1 s aq (hyd), alc, acet, bz, eth
(1) fluoride Snk 156.71 4,57 213 850 30% aq
(IV) fluoride SnF, 194.70 4.78 subl 705 hyd aq
hexafluorozirconate Sn[ZgF 323.92 4.21 s ag
(I1) iodide Sni, 372.52 5.285 320 714 0.98aq (d); s bz, chl, alk Clor I-
(IV) iodide Snl, 626.33 4.46 143 364 hyd aqg; s alc, bz, chl, eth, £CB,
(I) oxalate SnGO, 206.73 3.56 280 d s dilute HCI
(I1) oxide SnO 134.71 6.45 to SpO300 s acids, conc KOH
(IV) oxide SnQ 150.71 6.95 1630 s hot conc KOH (slow)
(I1) selenide SnSe 197.67 6.179 861 s aqua regia, alkali sulfides
(I1) sulfate SnSQ 214.77 4.15 to SnY 378 18.9 g/100 m¥° aq; s dilute HSO,
(1) sulfide SnS 150.78 5.08 880 1210 s conc HCI, hot cop8®)
(IV) sulfide Sng 182.84 4.5 d 600 s aq reg, alkali hydroxides & sul-
fides
(1) telluride SnTe 246.31 6.5 790 iaq
Titanium (hexagonal) Ti 47.867 4.506 1668 3287 s hot acid, HF
(111) bromide TiBry 287.58 4.24 subl 794
(IV) bromide TiBr, 367.48 3.37 39 230 hyd ag; 187 g/100 mL abs alc
(I1) chloride TiCl, 118.77 3.13 1035 1500 dag; s alc
(1) chloride TiCl, 154.23 2.64 425d s aq (heat evolved), alc
(IV) chloride TiCl, 189.68 1.73 -25 136.4 s cold aq, alc
dihydride TiH, 49.88 3.752 d 450
(IV) fluoride TiF, 123.86 2.798 >400 subl 285.5 s ag (slow hyd); s alc, pyr
(IV) iodide Til, 555.49 4.3 150 377 s dry nonpolar solvents
(V) isopropoxide TI[OCH(CH),l, 284.22 0.971%° ~20 220 d aqg; s bz, chl, eth
(I1) oxide TiO 63.87 4.95 1750 3660 s,H0,
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(I1l) oxide

(IV) oxide (rutile)

oxide sulfate

(Ill) sulfate
Tungsten

(V) bromide

(VI) bromide

(V) chloride

(VI) chloride

dichloride dioxide

(VI) fluoride

(IV) oxide

(V1) oxide

(IV) sulfide

tetrachloride oxide

tetrafluoride oxide
Uranium

(IV) bromide

(i1 chloride

(IV) chloride

(V) chloride

(V1) chloride

(IV) fluoride

(V1) fluoride

(1) hydride

(IV) iodide

(IV) oxide (pitchblende)

(VI) oxide

octaoxide [(V,VI) oxide]

peroxide 2-water

Uranyl(VI) acetate 2-water

chloride
fluoride
nitrate 6-water
sulfate 3-water

Ti,0;

Tio,
TIOSQ

Tix(SOy)s
w

WBg
WBI
WCJ
WCk
WCJO,
WFs
WG,
WG,
WS
WGCO
WO
U
UBr,
UCly
UcCl,
UCk
UCk
UF,
UF;
UH,
ul,
uo
UG,
U0,
U® 2H,0

UQCH:0;), - 2H,0

uacl,
UOF,

UQNO;), - 6H,0

UGBS0, - 3H,0

143.73
79.87

159.94

383.93
183.84

583.36
663.26
361.10
396.56
286.74
297.83
215.84
231.84
247.97
341.65
275.83
238.0289
557.65
344.39
379.84
415.29
450.75
314.02
352.02
241.05
745.65
270.03
286.03
842.08
338.06

422.13
340.93
308.03
502.13
420.14

4.486
4.23

19.25

6.9
3.875
3.52
4.67
3.441
10.8
7.16
7.6
11.92
5.07
19.1
5.55
5.51
4.725

3.6
6.70
5.09
111
5.6
10.97
7.29
8.38

2.893
5.43
6.37
2.807
3.28

1842
1843

3387

286
309
242
279
265
2.3
1550
1472
d 1250
211
106

1135
519
837
590

287
177
1036
64.0

506

2827

d 1300

d 1300 to UD

d 90-195 to
U,0;, (slow)

anhyd 110

577

d 300

60

d 100

5900

333

subl 327
286

347

d 369
17.5

d 1724
1837

227

186
4131

77

1657

790

527

392

1417

subl 56.5

757

d >200 to UQ,

d 275

d 118

s480,, hot HF
s HF, hot cong,$0,
d ag
s dilute HCI, dilute k80,
s HNO HF, fusion NaOH+
NaNG;
hyd ag; s chl, eth
hyd ag; s eth,CS
hyd aq
hyd aqg; s C€Cl,
hyd aq; s HCI
hyd aq; s anhyd HF
s acids, KOH
i ag; s hot alkali
s HNO+ HF
hyd aq

s acid
vVsaqg
Vs aqg
v s aq (d); s polar org solvents
daqg; s GS
hyd ag; s chl
s conc acids (d); alk (d)
hyd ag; s chl, €Cl
iaq
saq
s conc HNO
i ag; s HCI, HNO
s HNG;
d by HCI

7.7 g/100'g; sl s alc
320 g/100 rfLaq; s acet, alc
Vs aq
155 g/100 fflag; v s alc, eth
g/100 mL: 21 ag, 4 alc
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TABLE 3.2 Physical Constants of Inorganic Compoun@si(tinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent

Vanadium \% 50.9415 6.1% 1917 3421 s HF, HNQ hot H,SO,, aq reg

(IV) chloride VCl, 192.75 1.82 —-25.7 148 hyd aqg; s nonpolar solvents

dichloride oxide VCJO 137.86 2.88 disprop 384 hyd (slow) aq; s abs alc, HOAc

(1) fluoride VF, 107.94 3.363 ~1400 subl 800 i almost all organic solvents

(IV) fluoride VF, 126.94 3.15 subl 120 (vac) s ag, acet, HOAc

& disprop

(V) fluoride VF 145.93 2.50 195 48 hyd ag s anhyd HF, acet, alc

(I1) oxide VO 66.94 5.76 1790 s HCI

(1) oxide V,05 149.88 4.87 1940 sl s acids

(IV) oxide VO, 82.94 4.34 1967 s acids, alkalis

(V) oxide V,04 181.88 3.35 670 d 1800 0.07 ag; s conc acids, alkalis

(IV) oxide sulfate VOSQ 163.00 s aq

() sulfate V,(SO,); 390.07 410 (vac) s (slow) ag, HNO

(1) sulfide V.S, 198.08 4.72 d 600 s hot acids, alkali sulfides
Xenon Xe 131.29 5.761¢g/L —111.8 —108.04 10.8 mL/100 mi° aq

difluoride XeF 169.29 4.32 129.0 subl 114.3 2.5 g/100° g

hexafluoride XeF 245.28 3.56 495 75.6 hyd aq

tetrafluoride Xel 207.28 4.04 117.1 subl 115.7 hyd aq; £EOOH

trioxide XeQ, 179.29 4.55 explodes 25 S ag giving xenic acid
Ytterbium Yb 173.04 6.90 819 1196 s acids

(1) chloride YbCl, 243.95 5.27 721 1930 saq

(1) chloride 6-water YbCl - 6H,0 387.49 2.57 anhyd 180 mp: 865 vsaqg

(1) fluoride YbF; 230.04 8.17 1157 2230 s,HO,

(1) nitrate 4-water Yb(NQ); - 4H,0 431.12 s aq

(111) oxide Yb,0O, 394.08 9.18 2435 s dilute acids

(1) sulfate 8-water YB(SQ,); - 8H,0 778.39 3.3 34.8 g/100 mitaq
Yittrium Y 88.9059 4.472 1522 3345 s hot water (d)

chloride YCL 195.26 2.61 721 1510 79 g/100 &lag; s alc

fluoride YR 145.90 4.0 1152 2230 s conc acids (d)
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nitrate 6-water
oxide
sulfate 8-water

Zinc

acetate dihydrate
arsenate(lll)(%)
arsenate(V)(3) 8-water
bromide

carbonate
chloride

chromate(VI)
cyanide
fluoride
hexafluorosilicate 6-water
iodate
iodide
nitrate 6-water
oxide
peroxide
1,4-phenolsulfonate
8-water
phosphate(V)
phosphide
propionate
selenide
silicate(2-)
stearate
sulfate
sulfate 7-water
sulfide (wirzite)
telluride
thiocyanate

Y(NQ); - 6H,0
Y50,

¥(SQ)s - 8HO
Zn

Zng8;0,), - 2H,0
Zn(AsO,),
Zn(AsQ,), - 8H,0
ZnBy

ZnCQ
ZnC}

ZnCrQ
Zn(CN)
Znk
Zn[SjF 6H,0
Zn(1Q),
Znl,
Zn(NgQ), - 6H,O
Zn0O
ZnQ
Zn[C¢H,(OH)SO], - 8H,0

Z(PQ,),
7P,
Zn(GHs0,),
ZnSe
Zn,SiO,
Zn(gHz:05),
ZnSQ
ZnSp 7H,0
zZnS
ZnTe
Zn(SCN)

383.01
225.81
610.12

65.39
219.51
279.23
618.13
225.20

125.40
136.29

181.39
117.43
103.39
315.56
415.20
319.20
297.49
81.39
97.39
555.84

386.11
258.12
211.53
144.35
222.86
632.34
161.45
287.56
97.46
192.99
181.56

2.68
5.03
2.56
7.14
1.735

3.33
4.5

4.4
2.907

3.40
1.852

2.104
5.063
4.74
2.067
5.60
1.57

3.998
4.55

5.65
4.10
1.095
3.8
1.97

4.09
6.34

—3H,0, 100
2440
anhyd 400
419.527
237d

394

—CO, 300
290

d 800

872

d 100

d

446
—6H,0, 131

1975
d>150
anhyd 120

900
420

>1100
1512

130

680 d
anhyd 280
1722
1239

4300
© 1000
907

697

732

1500

625 d

explodes 212

1100

©500

171 g/100 mi® aq
s acids
9.6 g/100 mt® aq
i ag; s acids, alkalis (slow)
/100 mL: 4%%6&q, 3.3 alc
s acids
s acids and alkalis
g/100 mL: 4%laq, 200 alc; s
KOH, eth
0.02% aq; s acids, KOH, Nhisalts
/100 ml: 39%&q, 77 alc, 50 glyc;
v s acet
s acids
0.058aq; s acids, KCN, KOH
s HNOHCI, NH,OH
vsaq
0.87aq; s HNQ, KOH
/100 mL: 332q, 50 glyc; v s alc
146 g/100 mtag; v s alc
i aqg; s acids, KOH, )HH
d (slow) aq; s dilute acids (d)
9/100 mL: 63 aqg, 56 alc

s acids, N@H

d aq, HCI (viol); s bz, £S
32% aq; 2.8%° alc
d dilute HNQ

i aq or dilute acids

d dil acids; s bz; i aq, alc, eth

53.8%aq
g/100 mL: 167 aq, 40 glyc; i alc

i ag; s dilute mineral acids

d (slow) aq or dilute HCI
0.14 aq; s alc
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TABLE 3.2 Physical Constants of Inorganic Compoun@sigtinued

Melting point, Boiling point, Solubility in
Name Formula Formula weight Density °C °C 100 parts solvent
Zirconium Zr 91.224 6.52 1852 3577 s ag reg, HF, hgP@,, fusion with
KOH + KNO,
(IV) bromide ZrBr, 410.84 3.98 450 subl 357
carbide ZrC 103.23 6.73 3532 5100 sl s conSH,
(11) chloride ZrCl, 162.13 3.6 727 1292 d ag
(IV) chloride ZrCl, 233.03 2.80 437 (25 atm) subl 334 hyd aq to Z@Cls alc, eth
diboride ZrB 112.85 6.17 3245 d 4193
dichloride oxide 8-water ZrGD - 8H,0 322.25 1.91 anhyd 210 d 410 v s aq, alc
dihydride ZrH, 93.24 5.61 iaq
(IV) fluoride ZrF, 167.22 4.436 932 subl 912 1.32 g/100 nt aq
(IV) hydroxide Zr(OH), 159.25 3.25 to Zr@ 500 s mineral acids
(IV) iodide Zrl, 598.84 499 (sealed subl 432.5 s aq (d), eth
tube)
(IV) nitrate 5-water Zr(NQ), - 5H,0 429.32 d 100 vsagq;salc
(IV) oxide ZrO, 123.22 5.68 2678 4300 s hot,80,, HF (slow)
(IV) silicate(4—) ZrSio, 183.31 4.56 d 1540 to unaffected by aqueous reagents
Zro, + Sio,
sulfate 4-water Zr(Sg), - 4H,0 355.41 2.80 anhyd 380 52.5 g/100 g aqueous solution
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INORGANIC CHEMISTRY

TABLE 3.3 Synonyms and Mineral Names

3.61

Acanthite,seeSilver sulfide

Alabandite,seeManganese sulfide

Alamosite,seelLead(ll) silicate(2-)

Altaite, seeLead telluride

Alumina, seeAluminum oxide

Alundum, seeAluminum oxide

Alunogenite seeAluminum sulfate 18-water

Amphibole,seeMagnesium silicate(2)

Andalusite seeAluminum silicon oxide (I/1)

Anglesite,seelLead sulfate

Anhydrite, seeCalcium sulfate

Anhydrone,seeMagnesium perchlorate

Aragonite,seeCalcium carbonate

Arcanite,seePotassium sulfate

Argentite,seeSilver sulfide

Argol, seePotassium hydrogen tartrate

Arkansite,seeTitanium(lV) oxide

Arsenolite,seeArsenic(lll) oxide dimer

Arsine, seeArsenic hydride

Auric and aurousseeunder Gold

Azoimide, seeHydrogen azide

Azurite, seeCopper(ll) carbonate—dihydroxide
(2/1)

Baddeleyite seeZirconium(lV) oxide

Baking sodaseeSodium hydrogen carbonate
Barite (barytes)seeBarium sulfate
Bieberite,seeCobalt sulfate 7-water
Bismuthine,seeBismuth hydride
Bismuthinite,seeBismuth sulfide

Bleaching powderseeCalcium hydrochlorite
Bleaching solutionseeSodium hydrochlorite
Blue copperasseeCopper(ll) sulfate 7-water
Boracic acid seeHydrogen borate
Borax,seeSodium tetraborate 10-water
Braunite,seeManganese(lll) oxide
Brimstone,seeSulfur

Bromellite,seeBeryllium oxide
Bromosulfonic acidseeHydrogen bromosulfate
Bromyrite, seeSilver bromide

Brookite, seeTitanium(IV) oxide

Brucite, seeMagnesium hydroxide

Bunsenite seeNickel oxide

CacodylateseeSodium dimethylarsonate 3-water
Caesiumseeunder Cesium
CalamineseeZinc carbonate
Calcia,seeCalcium oxide
Calcite,seeCalcium carbonate
Calomel,seeMercury(l) chloride

Caro’s acid seeHydrogen peroxosulfate
CassiopeiumseelLutetium
CassiteriteseeTin(IV) oxide

Caustic potashseePotassium hydroxide
Caustic sodaseeSodium hydroxide
Celestite seeStrontium sulfate

Cementite seetri-Iron carbide

Cerargyrite seeSilver chloride
CerussiteseelLead carbonate
ChalcanthiteseeCopper(ll) sulfate 5-water
Chalcocite seeCopper(l) sulfide

Chalk, seeCalcium carbonate

Chile nitre,seeSodium nitrate

Chile saltpeterseeSodium nitrate
ChloromagnesiteseeMagnesium chloride
Chlorosulfonic acidseeHydrogen chlorosulfate
CinnabarseeMercury(ll) sulfide

Claudetite seeArsenic(lll) oxide dimer
Clausthalite seeLead selenide
ClinoenstatiteseeMagnesium silicate(2)
Columbium,seeunder Niobium

Corrosive sublimateseeMercury(ll) chloride
Corundum seeAluminum oxide
Cotunite,seeLead chloride
Covellite,seeCopper(ll) sulfide

Cream of tartarseePotassium hydrogen tartrate
Crocoite,seeLead chromate(VI1)(2)

Cryolite, seeSodium hexafluoroaluminate
Cryptohalite seeAmmonium hexafluorosilicate
Cupric and cuprousseeunder Copper
Cuprite,seeCopper(l) oxide

Dakin’s solution,seeSodium hypochlorite
Dehydrite,seeMagnesium perchlorate

Dental gasseeNitrogen(l) oxide
Diamond,seeCarbon

Dichlorodisulfane seedi-Sulfur dichloride

Diuretic salt,seePotassium acetate

Dolomite, seeCalcium magnesium carbonate (1/1)
Dry ice, seeCarbon dioxide (solid)

Enstatite seeMagnesium silicate(2)

Epsom saltsseeMagnesium sulfate 7-water
Epsomite seeMagnesium sulfate 7-water
Eriochalcite,seeCopper(ll) chloride

Fayalite,seelron(ll) silicate(4—)

Ferric and ferrousseeunder Iron

Fluorine oxide seeOxygen difluoride
Fluoristan,seeTin(ll) fluoride

Fluorite, seeCalcium fluoride

Fluorosulfonic acidseeHydrogen fluorosulfate
Fluorspar seeCalcium fluoride

Forsterite seeMagnesium silicate(4)

Freezing saltseeSodium chloride

Fulminating mercuryseeMercury fulminate

Galenaseelead sulfite

Glauber’s saltseeSodium sulfate 10-water
Goethite,seelron(ll) hydroxide oxide
Goslarite,seeZinc sulfate 7-water
Graham'’s saltseeSodium phosphate()
Graphite,seeCarbon
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SECTION 3

TABLE 3.3 Synonyms and Mineral Name€¢ntinued

GreenockiteseeCadmium sulfide
Gruenerite seelron(ll) silicate(2-)
GuanajuatiteseeBismuth selenide
Gypsum,seeCalcium sulfate 2-water

Halite, seeSodium chloride
HausmanniteseeManganese(ll,IV) oxide
Heavy hydrogenseeHydrogengH] or name fol-
lowed by d
Heavy waterseeHydrogenfH] oxide
Heazlewooditesee triNickel disulfide
Hematite,seelron(lll) oxide
Hermannite seeManganese silicate
Hessite seeSilver telluride
Hieratite,seePotassium hexafluorosilicate
Hydroazoic acidseeHydrogen azide
Hydrophilite, seeCalcium chloride
Hydrosulfite,seeSodium dithionate(lIl)
Hypo (photographic)seeSodium thiosulfate
5-water
Hypophosphiteseeunder Phosphinate

Ice, seeHydrogen oxide (solid)
Iceland sparseeCalcium carbonate
lodyrite, seeSilver iodide

Jeweler’s boraxseeSodium tetraborate 10-water
Jeweler’s rougeseelron(lll) oxide

Kalinite, seeAluminum potassium bis(sulfate)
Kernite,seeSodium tetraborate
Kyanite, seeAluminum silicon oxide (1/1)

Laughing gasseeNitrogen(l) oxide
Lautarite,seeCalcium iodate
Lawrencite seelron(ll) chloride
Lechatelierite seeSilicon dioxide
Lime, seeCalcium oxide
Litharge,seeLead(ll) oxide
Lithium aluminum hydrideseeLithium tetrahydri-

doaluminate
Lodestoneseelron(ll,Ill) oxide
Lunar causticseeSilver nitrate
Lye, seeSodium hydroxide

MagnesiaseeMagnesium oxide

Magnesite seeMagnesium carbonate
Magnetite,seelron(ll,11) oxide
Malachite,seeCopper carbonate dihydroxide
ManganositeseeManganese(ll) oxide
Marcasite seelron disulfide
Marshite,seeCopper(l) iodide
MascagniteseeAmmonium sulfate
Massicotite seelLead oxide

Mercuric and mercurouseeunder Mercury
MetacinnabarseeMercury(ll) sulfide
Millerite, seeNickel sulfide

Mirabilite, seeSodium sulfate

Mohr’s salt,seeAmmonium iron(ll) sulfate 6-water

Moissanite seeSilicon carbide

Molybdenite,seeMolybdenum disulfide

Molybdite, seeMolybdenum(VI) oxide

Molysite, seelron(lll) chloride

Montroydite,seeMercury(ll) oxide

Morenosite seeNickel sulfate 7-water

Mosaic gold,seeTin disulfide

Muriatic acid,seeHydrogen chloride, agueous solu-
tions

Nantokite,seeCopper(l) chloride

Natron,seeSodium carbonate

NaumanniteseeSilver selenide

Neutral verdigrisseeCopper(ll) acetate

Nitre (niter), seePotassium nitrate

Nitric oxide, seeNitrogen(ll) oxide

Nitrobarite,seeBarium nitrate

NitromagnesiteseeMagnesium nitrate 6-water

Nitroprusside seeSodium pentacyanonitrosylfer-
rate(ll) 2-water

Oldhamite,seeCalcium sulfide

Opal, seeSilicon dioxide
Orpiment,seeArsenic trisulfide
Oxygen powderseeSodium peroxide

Paris greenseeCopper acetate arsenate(lll) (1/3)

Pawellite,seeCalcium molybdate(VI)(2)

Pearl ashseePotassium carbonate

PerboraxseeSodium peroxoborate

PericlaseseeMagnesium oxide

PersulfateseePeroxodisulfate

PhosgeneseeCarbonyl chloride

PhosphineseeHydrogen phosphide

Pickling acid,seeHydrogen sulfate

PitchblendeseeUranium(1V) oxide

Plaster of ParisseeCalcium sulfate hemihydrate

Plattnerite seeLead(IV) oxide

Polianite,seeManganese(IV) oxide

Polishing powderseeSilicon dioxide

PotashseePotassium carbonate

Potassium acid phthalategePotassium hydrogen
phthalate

Prussic acidseeHydrogen cyanide

Pyrite, seelron disulfide

Pyrochroite seeManganese(ll) hydroxide

Pyrohytpophosphiteseediphosphate(1V)

Pyrolusite,seeManganese(IV) oxide

PyrophaniteseeManganese titanate(1V)(2)

PyrophosphateseeDiphosphate(V)

Pyrosulfuric acid seeHydrogen disulfate

Quartz,seeSilicon dioxide

Quicksilver,seeMercury

Realgar seedi-Arsenic disulfide
Red leadseelLead(ll,IV) oxide
RhodochrositeseeManganese carbonate
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TABLE 3.3 Synonyms and Mineral Name€¢ntinued

Rhodonite seeManganese silicate{l)

Rochelle saltseePotassium sodium tartrate 4-water
Rock crystal seeSilicon dioxide

Rutile, seeTitanium(lV) oxide

Sal sodaseeSodium carbonate 10-water
SaltpeterseePotassium nitrate
ScacchiteseeManganese chloride
Scheelite seeCalcium tungstate(VI)(2)
Sellaite,seeMagnesium fluoride
SenarmontiteseeAntimony(lll) oxide
Siderite,seelron(ll) carbonate
Siderotil, seelron(ll) sulfate 5-water
Silica, seeSilicon dioxide
Silicotungstic acidseeSilicon oxide—tungsten
oxide—water (1/12/26)
Sillimanite, seeAluminum silicon oxide (/1)
Smithsonite seeZinc carbonate
Soda ashseeSodium carbonate
Spelter,seezZinc metal
SphaleriteseeZinc sulfide
SpherocobaltiteseeCobalt(Il) carbonate
Spinel,seeMagnesium aluminate(2)
Stannic and stannouseeunder Tin
Stibine,seeAntimony hydride
Stibnite,seeAntimony(lll) sulfide
Stolzite,seeLead tungstate(VI)(2)
Strengite seelron(lll) phosphate
Strontianite seeStrontium carbonate
Sugar of leadseelLead acetate
Sulfamate seeAmidosulfate
Sulphate seeSulfate
Sulfurated limeseeCalcium sulfide
Sulfuretted hydrogerseeHydrogen sulfide
Sulphur,seeSulfur
Sulfuryl, seeSulfonyl
Sycoporite seeCobalt sulfide

Sylvite, seePotassium chloride
Szmikite,seeManganese(ll) sulfate hydrate

TarapacaiteseePotassium chromate(VI)

Tellurite, seeTellurium dioxide

Tenorite,seeCopper(ll) oxide

Tephroite seeManganese silicate(d)

Thenardite seeSodium sulfate

Thionyl, seeSulfinyl

Thorianite,seeThorium dioxide

Topaz,seeAluminum hexafluorosilicate

Tridymite, seeSilicon dioxide

Troilite, seelron(ll) sulfide

Trona,seeSodium carbonate—hydrogen carbonate
dihydrate

Tschermigite seeAluminum ammonium bis(sulfate)

TungsteniteseeTungsten disulfide

Tungstite seeHydrogen tungstate

Uraninite,seeUranium(lV) oxide

Valentinite,seeAntimony(lll) oxide
Verdigris, seeCopper acetate hydrate
Vermillion, seeMercury(ll) sulfide
Villiaumite, seeSodium fluoride

Vitamin B;, seeCalcium (+)pantothenate

Washing sodaseeSodium carbonate 10-water
Whitlockite, seeCalcium phosphate

Willemite, seeZinc silicate(4-)

Wolfram, seeTungsten

Wuestite,seelron(ll) oxide

Woulfenite, seeLead molybdate(VI)(2)
Wourtzite, seeZinc sulfide

Zincite, seeZinc oxide
Zincosite,seeZinc sulfate
Zincspar,seeZinc carbonate
Zirconia, seeZirconium oxide
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4.1 ELEMENTS

The electronic configuration for an element’s ground state (Table 4.1) is a shorthand represente
giving the number of electrons (superscript) found in each of the allowed sublsypls,  above

a noble gas core (indicated by brackets). In addition, values for the thermal conductivity, the electr
resistance, and the coefficient of linear thermal expansion are included.

4.1
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TABLE 4.1 Electronic Configuration and Properties of the Elements

Coefficient of linear

Atomic Electronic Thermal conductivity, Electrical resistivity, thermal expansion
Name Symbol number configuration W-(m-K)*!at 25C pQ-cm at 20C (25°C), m-nr(X 10°)

Actinium Ac 89 [Rn] &12 7s 12
Aluminum Al 13 [Ne] 3? 3p 237 2.6548 23.1
Americium Am 95 [Rn] 57 7¢? 10
Antimony (stibium) Sb 51 [Kr] 4t° 52 5p* 24.4 41.7 11.0
Argon Ar 18 [Ne] 3 3p® 0.017 72
Arsenic As 33 [Ar] 310 4s? 4p® 50.2 33.3
Astatine At 85 [Xe] 414 5d*° 65 6p° 17
Barium Ba 56 [Xe] & 18.4 33.2 20.6
Berkelium Bk 97 [Rn] %8 6d 7s? 10
Beryllium Be 4 [He] &2 200 3.56 11.3
Bismuth Bi 83 [Xe] 44 5d'° 6? 6p° 7.97 129 13.4
Boron B 5 [He] 2% 2p 27.4 1.5x 10w 5-7
Bromine Br 35 [Ar] 30 4? 4p° 0.122 7.8x 108
Cadmium Cd 48 [Kr] 40 5 96.6 7.27 (22C) 30.8
Calcium Ca 20 [Ar] 4 201 3.36 22.3
Californium Cf 98 [Rn] 510 7¢?
Carbon C 6 [He] 2 2p?

(amorphous) 1.59

(diamond) 900-2320 0.8

(graphite) 119-165 1375
Cerium Ce 58 [Xe] #5d 657 11.3 82.8 3, hex) 6.3
Cesium Cs 55 [Xe] & 35.9 20.5
Chlorine Cl 17 [Ne] 32 3p° 0.0089 >10°
Chromium Cr 24 [Ar] 3P 4s 93.9 125 4.9
Cobalt Co 27 [Ar] 31" 4%? 100 6.24 13.0
Copper (cuprum) Cu 29 [Ar]@©° 4s 401 1.678 16.5
Curium Cm 96 [Rn] 57 6d 7s?
Dysprosium Dy 66 [Xe] 80 652 10.7 92.6 9.9
Einsteinium Es 99 [Rn] B! 7¢?
Erbium Er 68 [Xe] 414 652 14.5 86.0 12.2
Europium Eu 63 [Xe] & 657 13.9 90.0 35.0
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Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold (aurum)
Hafnium
Helium
Holmium
Hydrogen
Indium
lodine
Iridium

Iron (ferrum)
Krypton
Lanthanum
Lawrencium
Lead (plumbum)
Lithium
Lutetium
Magnesium
Manganese
Mendelevium
Mercury (hydrargyrum)
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen
Nobelium
Osmium
Oxygen

Palladium

[Rn] B2 782
[He] 22 2p°
[Rn] 3
[Xe] & 5d 652
[Ar] 310 452 4p
[Ar] 8% 4? 4p?
[Xe] &+ 5d'° 6s
[Xe] 4% 502 652
¥
[Xe] 411 652
5
[Kr] 4d*° 52 5p
[Kr] 4d*° 552 5p°
[Xe] 4f14 5d7 652
[Ar] 8¢ 4¢?
[Ar] 3d'© 4s? 4pe
[Xe] 8 652
[Rn] #44 6d 7<?
[Xe]f4* 5d° 65 6p?
12 2s
[Xe] 414 5d 68
[Ne] &
[Ar] & 452
[Rn] B2 782
[Xe] 44 5d'° 652
[Kr] 415 5s
[Xe] # 652
¥ 27 2pb
[Rn] & 6d 7s?
[Ar] 3d8 4<?
[Kr] 4d* 5s
¥ 2% 2p3
[Rn] &4 7¢?
[Xe] #4 5d° 65
¥ 2¢? 2p*

[Kr] 4t

0.0277

10.5
29.4(lq) 40.6(c)
60.2

318
23.0
0.1513
16.2
0.1805
81.8
449
147
80.4
9.43
13.4

35.3
84.8
16.4
156
7.81

8.30
138

16.5
0.0491
6.3

90.9

53.7
0.025 83

87.6
0.026 58 (q)
0.149 (I9)

71.8

131
25.795 (3C)
53 000
2.214
33.1

81.4

8.37
1.3% 105 (0°C)
4.71
9.61

61.5

20.8
9.28
58.2
4.39
144

95.8(19); 21(c)
5.34
64.3
122.0 (2xC)

6.93
15.2 (6C)

8.12 (6C)

10.54

9.4 (10T)
120
6.0
14.2
5.9

11.2
32.1

6.4
11.8

121

28.9

46
9.9

24.8
21.7

4.8
9.6

13.4
7.3

51

11.8
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TABLE 4.1 Electronic Configuration and Properties of the Eleme@ntinued

Coefficient of linear

Atomic Electronic Thermal conductivity, Electrical resistivity, thermal expansion
Name Symbol number configuration W-(m-K)*at25C nf)-cm at 26C (25°C), m-nri(X 10°)
Phosphorus (white) P 15 [NeE33p® 0.236 17 10
Platinum Pt 78 [Xe] 8 5d° 6s 71.6 10.6 8.8
Plutonium Pu 94 [Rn] B 7s? 6.74 146.0 (€C) 46.7
Polonium Po 84 [Xe] #4 5d*° 6<? 6p* 0.2 40.0 (6C) alpha
Potassium (kalium) K 19 [Ar] & 102.5 7.2
Praseodymium Pr 59 [Xe]fa 65 125 70.0 6.7
Promethium Pm 61 [Xe]#& 652 17.9 64.0 (25C) est [11.]
Protactinium Pa 91 [Rn]f8 6d 75? 47 19.1 (22C)
Radium Ra 88 [Rn] & 18.6 100
Radon Rn 86 [Xe] #4 5d1° 652 6p° 0.003 61
Rhenium Re 75 [Xe] B4 5d° 652 48.0 19.3 6.2
Rhodium Rh 45 [Kr] 4 5s 150 4.33 (6C) 8.2
Rubidium Rb 37 [Krs 58.2 12.8
Ruthenium Ru 44 [Kr] 47 5s 117 7.1 (0C) 6.4
Samarium Sm 62 [Xe]#4 65 13.3 94.0 12.7
Scandium Sc 21 [Ar] 8 42 15.8 56.2 10.2
Selenium (amorphous) Se 34 [ArY® 4s? 4p* 0.519 1.2 (6C) 37
Silicon Si 14 [Ne] 3 3p? 149 1G
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Silver (argentum)
Sodium (natrium)
Strontium

Sulfur (amorphous)
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thullium

Tin (stannum)
Titanium
Tungsten (wolframium)
Uranium
Vanadium
Xenon
Ytterbium
Yttrium

Zinc

Zirconium

Xe
Yb
Y
Zn
Zr

[Kr] d*° 5s
[Ne]s

[Kr] 52
[Ne]s33p*

[Xe] #+4 5d3 652
[Kr] 45 5

[Kr] 4dt° 582 5p*
[Xe] 4° 652

[Xe] 414 5d*° 65 6p
[Rn] &2 72

[Xe] 4% 652
[Kr] d'° 52 5p?

[Ar] 3d? 4%?
[Xe] 44 5d* 65
[Rn] 53 6d 7<?
[Ar] 313 42

[Kr] 410 58 5pé
[Xe] 414 652

[Kr] 4d 582

[Ar] 3d° 482
[Kr] 4d? 552

429
142
354
0.205
57.5
50.6
1.97-3.38
111
46.1
54.0
16.9
66.8
219
173
275
30.7
0.005 65
38.5
17.2
116
22.6

1.587
4.77
13.2
2x 1098
13.5
22.6 (108C)
(5.8-33% 10
115
18
15.4 (22C)
67.6
11.5 (6C)
420
5.28
28.0 (6C)
19.7

25

59.6
5.9

42.1

18.9

22.5

6.3

10.3
29.9
111
13.3
22.0
8.6
4.5
13.9

26.3
10.6
30.2

5.7

Source: Ho, C. Y., Powell, R. W., and Liley, P. EJ, Phys. Chem. Ref. DataSuppl. 1 (1974), (thermal conductivity);
Ho, C. Y., et al.J. Phys. Chem. Ref. Dat&2:183 (1983);13:1069, 1097, 1131 (1984), (electrical resistivity); Touloukian, Y.
S., Thermophysical Properties of Mattevol. 12, Thermal ExpansigrPlenum, New York, 1975.

S'v
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4.6 SECTION 4

4.2 IONIZATION ENERGY

TABLE 4.2 lonization Energy of the Elements

The minimum amount of energy required to remove the least strongly bound electron from a gaseous a
(or ion) is called the ionization energy and is expressed in MJ —mBemember that 96.485 k3 1.000

eV = 23.0605 kcal. In Table 4.2 the successive stages of ionization are indicated by the heading of each colt
| denotes first spectra arising from a neutral atom; viz.,

M(gas)— M*(gas)+ e

I, second spectra from singly ionized atoms, and so on for successive stages of ionization.

Spectrum (in MJ - mol)

At.
no. Element | Il 1] \% \% VI

1 H 1.312

2 He 2.372 5.251

3 Li 0.520 7.298 11.815

4 Be 0.899 1.757 14.849 21.007

5 B 0.801 2.427 3.660 25.027 32.828

6 C 1.086 2.353 4.620 6.223 37.832 47.191

7 N 1.402 2.856 4.578 7.475 9.445 53.268

8 (0] 1.314 3.388 5.300 7.469 10.989 13.326

9 F 1.681 3.374 6.147 8.408 11.022 15.164
10 Ne 2.081 3.952 6.122 9.370 12.177 15.238
11 Na 0.496 4.562 6.912 9.543 13.353 16.610
12 Mg 0.738 1.451 7.733 10.540 13.629 17.994
13 Al 0.578 1.817 2.745 11.577 14.831 18.377
14 Si 0.786 1.577 3.231 4.355 16.091 19.784
15 P 1.012 1.903 2.912 4.956 6.274 21.268
16 S 1.000 2.251 3.361 4.564 7.004 8.495
17 Cl 1.251 2.297 3.822 5.158 6.54 9.362
18 Ar 1.521 2.666 3.931 5.771 7.238 8.787
19 K 0.419 3.051 4411 5.877 7.976 9.649
20 Ca 0.590 1.145 4.912 6.474 8.144 10.496
21 Sc 0.631 1.235 2.389 7.089 8.844 10.719
22 Ti 0.658 1.310 2.652 4.175 9.573 11.516
23 \Y 0.650 1.414 2.828 4.507 6.299 12.362
24 Cr 0.653 1.592 2.987 4.743 6.70 8.738
25 Mn 0.717 1.509 3.248 4.94 6.99 9.22
26 Fe 0.759 1.561 2.957 5.63 7.24 9.56
27 Co 0.758 1.646 3.232 4.95 7.67 9.84
28 Ni 0.737 1.753 3.393 5.30 7.34 10.4
29 Cu 0.745 1.958 3.555 5.536 7.70 9.9
30 Zn 0.906 1.733 3.833 5.73 7.95 10.4
31 Ga 0.579 1.979 2.963 6.2
32 Ge 0.762 1.537 3.302 4.410 9.022
33 As 0.947 1.798 2.735 4.837 6.043 12.31
34 Sc 0.941 2.045 2.974 4.143 6.99 7.883
35 Br 1.140 2.10 3.47 4.56 5.76 8.55
36 Kr 1.351 2.350 3.565 5.07 6.24 7.57
37 Rb 0.403 2.632 3.9 5.08 6.85 8.14
38 Sr 0.549 1.064 4.138 5.5 6.91 8.76
39 Y 0.616 1.181 1.980 5.96 7.43 8.97

40 Zr 0.660 1.267 2.218 3.313 7.75
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TABLE 4.2 lonization Energy of the Element€¢ntinued
Spectrum (in MJ - mok)
At.
no. Element | 1 1] v \Y|
41 Nb 0.664 1.382 2.416 3.695 4.877 9.847
42 Mo 0.685 1.558 2.621 4.477 5.91 6.641
43 Tc 0.702 1.472 2.850
44 Ru 0.711 1.617 2.747
45 Rh 0.720 1.744 2.997
46 Pd 0.805 1.875 3.177
47 Ag 0.731 2.073 3.361
48 Cd 0.868 1.631 3.616
49 In 0.558 1.821 2.704 5.2
50 Sn 0.709 1.412 2.943 3.930 6.974
51 Sb 0.834 1.595 2.44 4.26 5.4 10.4
52 Te 0.869 1.795 2.698 3.610 5.668 6.82
53 | 1.008 1.846 3.2
54 Xe 1.170 2.046 3.099
55 Cs 0.376 2.234
56 Ba 0.503 0.965
57 La 0.538 1.067 1.850 4.820 5.94
58 Ce 0.528 1.047 1.949 3.547 6.325 7.487
59 Pr 0.523 1.018 2.086 3.761 5.551
60 Nd 0.530 1.035 2.13 3.90
61 Pm 0.535 1.052 2.15 3.97
62 Sm 0.543 1.068 2.26 3.99
63 Eu 0.547 1.085 2.40 4.12
64 Gd 0.592 1.167 1.99 4.26
65 Th 0.564 1.112 2.114 3.839
66 Dy 0.572 1.126 2.20 3.99
67 Ho 0.581 1.139 2.204 4.10
68 Er 0.589 1.151 2.194 4.13
69 Tm 0.596 1.163 2.285 4.13
70 Yb 0.603 1.174 2.417 4.203
71 Lu 0.524 1.34 2.022 4.366
72 Hf 0.68 1.44 2.25 3.216
73 Ta 0.761
74 W 0.770
75 Re 0.760
76 Os 0.84
77 Ir 0.88
78 Pt 0.87 1.791
79 Au 0.890 1.98
80 Hg 1.007 1.810 3.30
81 TI 0.589 1.971 2.878
82 Pb 0.716 1.450 3.081 4.083 6.64
83 Bi 0.703 1.610 2.466 4.371 5.40 8.52
84 Po 0.812
85 At
86 Rn 1.037
87 Fr
88 Ra 0.509 0.979
89 Ac 0.67 1.17
90 Th 0.587 1.11 1.93 2.78
91 Pa 0.568
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TABLE 4.2 lonization Energy of the Element€¢ntinued

Spectrum (in MJ - mok)

At.

no. Element | 1] v \% \|
92 U 0.598
93 Np 0.605
94 Pu 0.585
95 Am 0.578
96 Cm 0.581
97 Bk 0.601
98 Cf 0.608
99 Es 0.619

100 Fm 0.627

101 Md 0.635

102 No 0.642

Source: C. E. Moore,National Standard Reference Data Series 845. Government Printing Office, Washington, D.C.,
1970; W. C. Martin, Zalubas, R., and Hagan, L.Phys. Chem. Reference Dasa771 (1974) and National Standard Reference
Data Series, National Bureau of Standards (U.S.), No. 60 (1978) for the Rare Earth Elements; and Cohen, E. R. and Taylol

N., J. Phys. Chem. Reference Da1&;1795 (1988).

TABLE 4.3 lonization Energy of Molecular and Radical Species
This table gives the first ionization potential in MJ - michnd in electron volts. Also listed is the enthalpy of
formation of the ion at 2% (298 K).
Compounds containing carbon
lonization energy
A H (ion)

Species In MJ - mot? In electron volts in kJ - mol*
Acenaphthene 0.741 7.68 896
Acenaphthylene 0.793 8.22(4) 1053
Acetaldehyde 0.98696(7) 10.2290(7) 821
Acetamide 0.931(3) 9.65(3) 693
Acetic acid 1.029(2) 10.66(2) 596
Acetic anhydride 0.965 10.0 398
Acetone 0.9364 9.705 719
Acetonitrile 1.1766(5) 12.194(5) 1252
Acetophenone 0.896(3) 9.29(3) 810
Acetyl chloride 1.047(5) 10.85(5) 804
Acetyl fluoride 1.111(2) 11.51(2) 667
Acetylene 1.1000(2) 11.400(2) 1328
Allene 0.935(1) 9.69(1) 1126
Allyl alcohol 0.933(5) 9.67(5) 808
Allylamine 0.845 8.76 891
3-Amino-1-propanol 0.87 9.0 651
Aniline 0.7449(2) 7.720(2) 832
Anthracene 0.719(3) 7.45(3) 949
Azoxybenzene 0.78 8.1 1123
Azulene 0.715(2) 7.41(2) 1004
Benzaldehyde 0.916(2) 9.49(2) 878
Benzamide 0.912 9.45 811
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TABLE 4.3 lonization Energy of Molecular and Radical Speci€siftinued

lonization energy

A H (ion)
Species In MJ - mol* In electron volts in kJ - mol*
Benzene 0.89212(2) 9.2459(2) 975
Benzenethiol 0.801(2) 8.30(2) 913
Benzoic acid 0.914 9.47 620
Benzonitrile 0.928 9.62 1146
Benzophenone 0.873(5) 9.05(5) 923
p-Benzoquinone 0.969(2) 10.04(18) 847
Benzoyl chloride 0.920 9.54 816
Benzyl alcohol 0.82 8.5 720
Benzylamine 0.834(5) 8.64(5) 917
Biphenyl 0.767(2) 7.95(2) 950
Bromoacetylene 0.995(2) 10.31(2) 1242
Bromobenzene 0.866(2) 8.98(2) 971
Bromochlorodifluoromethane 1.141 11.83 702
Bromochloromethane 1.039(1) 10.77(1) 1085
Bromodichloromethane 1.02 10.6 973
Bromoethane 0.992 10.28 930
Bromoethylene 0.946(2) 9.80(2) 1025
Bromomethane 1.0171(3) 10.541(3) 979
1-Bromonaphthalene 0.781 8.09 956
Bromopentafluorobenzene 0.923(2) 9.57(2) 212
1-Bromopropane 0.982(1) 10.18(1) 898
2-Bromopropane 0.972(1) 10.07(1) 874
3-Bromopropene 0.972(2) 10.07(1) 1018
p-Bromotoluene 0.837(1) 8.67(1) 908
Bromotrichloromethane 1.02 10.6 980
Bromotrifluoromethane 1.10 114 451
1,2-Butadiene 0.871 9.03 1034
1,3-Butadiene 0.8750 9.069 985
Butanal 0.949(2) 9.84(2) 742
Butanenitrile 1.08 11.2 1110
2-Butanone 0.918(4) 9.51(4) 677
trans-2-Butenal 0.939(1) 9.73(1) 835
1-Butene 0.924(2) 9.58(2) 924
cis-2-Butene 0.8788(8) 9.108(8) 871
trans-2-Butene 0.8780(8) 9.100(8) 866
1-Buten-3-yne 0.924(2) 9.58(2) 1230
Butyl acetate 0.965 10.0 479
secButyl acetate 0.955 9.90 453
Butyl ethyl ether 0.903 9.36 610
Butylbenzene 0.838(1) 8.69(1) 826
secButylbenzene 0.837(1) 8.68(1) 820
tert-Butylbenzene 0.834(2) 8.64(2) 812
Butylcyclohexane 0.908 9.41 695
Butylcyclopentane 0.960(3) 9.95(3) 793
p-tert-Butylphenol 0.75 7.8 552
p-tert-Butyltoluene 0.799 8.28 745
1-Butyne 0.9821(5) 10.178(5) 1147
2-Butyne 0.9226(5) 9.562(5) 1068
Camphor 0.845(3) 8.76(3) 577
Caprolactam 0.875(2) 9.07(2) 629
Carbazole 0.730(3) 7.57(3) 961
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4.10

SECTION 4

TABLE 4.3 lonization Energy of Molecular and Radical Speci€siftinued

lonization energy

A H (ion)

Species In MJ - mot? In electron volts in kJ - mol*
Carbon 1.0865 11.260 1803
Carbon (G) 1.188 12.31 2000
Carbon dioxide 1.3289(2) 13.773(2) 935
Carbon monoxide 1.35217 14.0139 1242
Carbon oxyselenide 1.000(1) 10.36(1) 929
Carbon oxysulfide 1.07812(15) 11.1736(15) 936
Carbon sulfide 0.97149(19) 10.0685(20) 1089
Carbon sulfide (CS) 1.093(1) 11.33(1) 1368
Carbonyl fluoride 1.257 13.03 617
Carbonyltrihydroboron (BECO) 1.075(2) 11.14(2) 962
Chloroacetaldehyde 1.011(3) 10.48(3) 815
Chloroacetic acid 0.984 10.2 597
Chloroacetyl chloride 1.06 11.0 815
Chloroacetylene 1.021(2) 10.58(2) 1276
m-Chloroaniline 0.781(10) 8.09(10) 835
o-Chloroaniline 0.820 8.50 883
p-Chloroaniline 0.789 8.18 844
Chlorobenzene 0.874(2) 9.06(2) 929
Chlorodibromomethane 0.1022(1) 10.59(1) 1030
1-Chloro-1,1-difluoroethane 1.156(1) 11.98(1) 626
1-Chloro-2,2-difluoroethylene 0.946(4) 9.80(4) 628
Chlorodifluoromethane 1.18 12.2 693
Chloroethane 1.058(2) 10.97(2) 946
2-Chloroethanol 1.015 10.52 756
Chloroethylene 0.964(2) 9.99(2) 985
Chlorofluoromethane 1.130(1) 11.71(1) 870
Chloromethane 1.083(1) 11.22(1) 1001
Chloromethylene 0.949 9.84 1247
Chloromethylidine (CCI) 0.86(2) 8.9(2) 1244
1-Chloronaphthalene 0.784 8.13 906
m-Chloronitrobenzene 0.957(10) 9.92(10) 995
p-Chloronitrobenzene 0.961(10) 9.96(10) 999
Chloropentafluorobenzene 0.938(2) 9.72(2) 126
Chloropentafluoroethane 1.22 12.6 99
m-Chlorophenol 0.835 8.65 680
p-Chlorophenol 0.834 8.69 692
1-Chloropropane 1.044(3) 10.82(3) 912
2-Chloropropane 1.040(2) 10.78(2) 895
3-Chloropropene 0.96 9.9 950
m-Chlorotoluene 0.852(2) 8.83(2) 869
o-Chlorotoluene 0.852(2) 8.83(2) 869
p-Chlorotoluene 0.838(2) 8.69(2) 855
Chlorotrifluoroethylene 0.947 9.81(3) 373
Chlorotrifluoromethane 1.195 12.39 485
Chrysene 0.732 7.59(2) 1016
Coronene 0.703 7.29 1026
m-Cresol 0.800 8.29 668
o-Cresol 0.785 8.14 660
p-Cresol 0.784 8.13 659
cis-Crotonic acid 0.973 10.08 625
trans-Crotonic acid 0.96 9.9 604
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PROPERTIES OF ATOMS, RADICALS, AND BONDS

4.11

TABLE 4.3 lonization Energy of Molecular and Radical Speci€siftinued

lonization energy

A H (ion)
Species In MJ - mol* In electron volts in kJ - mol*
Cumene 0.842 8.73(1) 847
Cyanamide 1.00 104 1137
Cyanate (NCO) 1.135(1) 11.76(1) 1290
Cyanide (CN) 1.360 14.09 1795
Cyanoacetylene 1.123(1) 11.64(1) 1475
Cyanogen 1.290(1) 13.37(1) 1597
Cyanogen chloride 1.191(1) 12.34(1) 1329
Cyanogen fluoride 1.285(1) 13.32(1) 1323
Cyclobutane 0.957(5) 9.92(5) 986
Cyclobutanone 0.9025 9.354 815
Cyclobutene 0.910 9.43 1067
Cycloheptane 0.962 9.97 844
Cyclohexane 0.951(3) 9.86(3) 828
Cyclohexanol 0.941 9.75 651
Cyclohexanone 0.882(1) 9.14(1) 656
Cyclohexene 0.8631(10) 8.945(10) 859
Cyclohexylamine 0.832(23) 8.62(24) 727
Cyclohexylcyclohexane 0.908 9.41 690
Cyclooctane 0.942 9.76 817
Cyclopropane 0.951 9.86 1005
Cyclopropanecarbonitrile 0.989 10.25 1173
Cyclopropanone 0.88(1) 9.1(1) 895
Cyclopropene 0.930 9.67(1) 1209
Cyclopropylamine 0.84 8.7 916
Cyclopropylbenzene 0.806 8.35 956
cis-Decahydronaphthalene 0.893 9.26 724
trans-Decahydronaphthalene 0.892 9.24 710
Decane 0.931 9.65 682
1-Decene 0.909(1) 9.42(1) 786
Diazomethane 0.8683(1) 8.999(1) 1098
1,4-Dibromobutane 0.979 10.15 879
1,2-Dibromoethane 1.001 10.37 963
Dibromofluoromethane 1.069(3) 11.07(3) 687
Dibromomethane 1.013(2) 10.50(2) 1013
1,2-Dibromopropane 0.975 10.1 903
1,3-Dibromopropane 0.990 10.26 919
1,2-Dibromotetrafluoroethane 1.07 11.1 280
Dibutyl ether 0.910 9.43 575
Di-secbutyl ether 0.879 9.11 511
Di-tert-butyl ether 0.850 8.81 486
Dibutyl sulfide 0.79 8.2 624
Di-tert-butyl sulfide 0.77 8.0 583
Dibutylamine 0.742(3) 7.69(3) 586
Dichloroacetyl chloride 1.06 11.0 819
Dichloroacetylene 0.974 10.09 1183
m-Dichlorobenzene 0.879(1) 9.11(2) 907
o-Dichlorobenzene 0.876(1) 9.08(1) 909
p-Dichlorobenzene 0.856(1) 8.89(1) 882
Dichlorodifluoromethane 1.134(4) 11.75(4) 656
Dichlorodimethylsilane 1.03 10.7 576
1,1-Dichloroethane 1.067 11.06 937
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SECTION 4

TABLE 4.3 lonization Energy of Molecular and Radical Speci€siftinued

lonization energy

A H (ion)
Species In MJ - mot? In electron volts in kJ - mol*
1,2-Dichloroethane 1.065 11.04 931
1,1-Dichloroethylene 0.945(4) 9.79(4) 947
cis-1,2-Dichloroethylene 0.932(1) 9.66(1) 936
trans-1,2-Dichloroethylene 0.931(2) 9.65(2) 935
Dichlorofluoromethane 111 115 829
Dichloromethane 1.092(1) 11.32(1) 996
Dichloromethylene 1.000 10.36 1163
1,2-Dichloropropane 1.049(5) 10.87(5) 886
1,3-Dichloropropane 1.047(5) 10.85(5) 888
1,2-Dichlorotetrafluoroethane 1.18 12.2 252
Dicyclopropyl ketone 0.88 9.1 1041
1,1-Diethoxyethane 0.944 9.78 490
Diethyl oxalate 0.95 9.8 205
m-Diethylbenzene 0.819(1) 8.49(1) 798
o-Diethylbenzene 0.821 8.51 804
p-Diethylbenzene 0.810 8.40 790
Diethylene glycol dimethyl ether 0.96 9.8 448
m-Difluorobenzene 0.900(1) 9.33(1) 591
o-Difluorobenzene 0.895(1) 9.28(1) 602
p-Difluorobenzene 0.882(1) 9.14(1) 575
1,1-Difluoroethane 1.145(3) 11.87(3) 643
1,1-Difluoroethylene 0.993(1) 10.29(1) 650
cis-1,2-Difluoroethylene 0.987 10.23 690
Difluoromethane 1.226 12.71 774
Difluoromethylene 1.102(1) 11.42(1) 897
2,5-Dihydrothiophene 0.81 8.4 898
Diiodomethane 0.913(2) 9.46(2) 1030
Diisobutyl sulfide 0.807(5) 8.36(5) 627
Diisobutylamine 0.754 7.81 574
Diisopropyl ether 0.888(5) 9.20(5) 569
Diisopropyl sulfide 0.833(5) 8.63(5) 630
Diisopropylamine 0.746(3) 7.73(3) 602
Diketene 0.93(2) 9.6(2) 736
Dimethoxymethane 0.92 9.5 569
Dimethyl disulfide 0.71 7.4(3) 690
Dimethyl ether 0.9673(23) 10.025(25) 783
Dimethyl oxalate 0.965 10.0 287
o-Dimethyl phthalate 0.930(7) 9.64(7) 277
Dimethyl sulfide 0.838(1) 8.69(1) 801
Dimethyl sulfoxide 0.878 9.01 718
Dimethylamine 0.794(8) 8.23(8) 776
N,N-Dimethylaniline 0.687(2) 7.12(2) 787
2,2-Dimethylbutane 0.971 10.06 787
2,3-Dimethylbutane 0.967 10.02 791
3,3-Dimethyl-2-butanone 0.879(2) 9.11(2) 589
2,3-Dimethyl-1-butene 0.875(1) 9.07(1) 812
2,3-Dimethyl-2-butene 0.798(1) 8.27(1) 729
3,3-Dimethyl-1-butyne 0.946(5) 9.80(5) 1050
1,1-Dimethylcyclohexane 0.909 9.42 728
cis-1,2-Dimethylcyclohexane <0.944 <9.78 772
cis-1,3-Dimethylcyclohexane <0.963 <9.98 778
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4.13

TABLE 4.3 lonization Energy of Molecular and Radical Speci€siftinued

lonization energy

A; H (ion)

Species In MJ - mol* In electron volts in kJ - mol*
cis-1,4-Dimethylcyclohexane <0.958 <9.93 782
trans-1,2-Dimethylcyclohexane 0.908 9.41 728
trans-1,3-Dimethylcyclohexane 0.920 9.53 743
trans-1,4-Dimethylcyclohexane 0.922 9.56 738
cis-1,2-Dimethylcyclopentane 0.957(5) 9.92(5) 828
trans-1,2-Dimethylcyclopentane 0.960(5) 9.95(5) 823
N,N-Dimethylformamide 0.881(2) 9.13(2) 689
2,6-Dimethyl-4-heptanone 0.872(3) 9.04(3) 515
1,1-Dimethylhydrazine 0.702(4) 7.28(4) 786
2,4-Dimethyl-3-pentanone 0.864(1) 8.95(1) 552
2,3-Dimethylpyridine 0.854(2) 8.85(2) 922
2,4-Dimethylpyridine 0.854(3) 8.85(3) 918
2,5-Dimethylpyridine 0.849(5) 8.80(5) 916
2,6-Dimethylpyridine 0.847(3) 8.86(3) 913
3,4-Dimethylpyridine 0.883 9.15 953
3,5-Dimethylpyridine 0.893 9.25 965
N,N-Dimethyl-o-toluidine 0.714(2) 7.40(2) 814
1,3-Dioxane 0.95 9.8 607
1,4-Dioxane 0.887(1) 9.19(1) 571
1,3-Dioxolane 0.96 9.9 658
Diphenyl ether 0.781(3) 8.09(3) 766
Diphenylacetylene 0.762(2) 7.90(2) 1164
Diphenylamine 0.691(4) 7.16(4) 908
1,2-Diphenylethane 0.84(1) 8.7(1) 983
Diphenylmethane 0.825(3) 8.55(3) 963
Dipropyl ether 0.894(5) 9.27(5) 602
Dipropy! sulfide 0.801(2) 8.30(2) 676
Dipropylamine 0.746(3) 7.73(3) 641
Divinyl ether 0.84 8.7 827
5,7-Dodecadiyne 0.837 8.67 1079
Dodecafluorocyclohexane 1.27 13.2 —1095
Epichlorohydrin 0.98 10.2 875
1,2-Epoxybutane 0.98 10.15 862
Ethane 1.112(1) 11.52(1) 1027
1,2-Ethanediamine 0.83 8.6 812
Ethanethiol 0.8959(5) 9.285(5) 849
Ethanol 1.010(2) 10.47(2) 776
Ethanolamine 0.865 8.96 664
Ethyl benzoate 0.86 8.9 537
Ethyl formate 1.024(1) 10.61(1) 639
Ethyl methyl ether 0.938 9.72 722
Ethyl methyl sulfide 0.824(10) 8.54(10) 765
Ethyl pentyl ether 9.16 9.49 602
Ethyl vinyl ether 0.85 8.8 707
Ethylamine 0.855(2) 8.86(2) 808
N-Ethylaniline 0.740 7.67 794
Ethylbenzene 0.846(1) 8.77(1) 876
2-Ethyl-1-butene 0.874(2) 9.06(2) 818
Ethylcyclohexane 0.920 9.54 748
Ethylcyclopentane 0.976(2) 10.12(2) 850
Ethylene 1.0382(4) 10.507(4) 1066
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SECTION 4

TABLE 4.3 lonization Energy of Molecular and Radical Speci€siftinued

lonization energy

A H (ion)

Species In MJ - mot? In electron volts in kJ - mol*
Ethylene glycol 0.980 10.16 593
Ethylene oxide 1.0195(10) 10.566(10) 967
Ethyleneimine 0.89(1) 9.2(1) 1014
p-Ethylphenol 0.756 7.84 613
Ethynyl (HC=C) 1.13 11.7 1694
Fluoranthene 0.768(4) 7.95(4) 1057
Fluorene 0.761(3) 7.89(3) 950
Fluoroacetylene 1.086 11.26 1195
Fluorobenzene 0.8877(5) 9.200(5) 772
Fluoroethane 1.12 11.6 856
Fluoroethylene 1.0000(15) 10.363(15) 861
Fluoromethane 1.203(2) 12.47(2) 956
Fluoromethylene 1.012 10.49 1121
Fluoromethylidene (CF) 0.879(2) 9.11(2) 1134
p-Fluoronitrobenzene 0.955 9.90 826
1-Fluoropropane 1.09 11.3 806
2-Fluoropropane 1.069(2) 11.08(2) 776
3-Fluoropropene 0.975 10.11 821
m-Fluorotoluene 0.860(1) 8.91(1) 709
o-Fluorotoluene 0.860(1) 8.91(1) 709
p-Fluorotoluene 0.848(1) 8.79(1) 701
Formaldehyde 1.0492(2) 10.874(2) 940
Formamide 0.980(6) 10.16(6) 796
Formic acid 1.093(1) 11.33(1) 715
Fulminic acid (HCNO) 1.045 10.83 1263
Fulvene 0.807 8.36 1031
Fumaric acid 1.03 10.7 355
Furan 0.8571(3) 8.883(3) 822
Glyoxal 0.975 10.1 763
1-Heptanal 0.931(2) 9.65(2) 668
Heptane 0.957(5) 9.92(5) 770
1-Heptanol 0.949(3) 9.84(3) 614
2-Heptanol 0.936(3) 9.70(3) 580
3-Heptanol 0.934(3) 9.68(3) 578
4-Heptanol 0.927(3) 9.61(3) 572
2-Heptanone 0.897(1) 9.30(1) 596
1-Heptene 0.911 9.44 849
2-Heptene 0.853(2) 8.84(2) 782
3-Heptene 0.861 8.92 790
Hexachlorobenzene 0.866 8.98 822
Hexachloroethane 1.07 11.1 920
1,5-Hexadiene 0.896(5) 9.29(5) 980
Hexafluoroacetone 1.104 11.44 —294
Hexafluorobenzene 0.9558 9.906 10
Hexafluoroethane 1.29 13.4 —-50
Hexafluoropropene 1.023(3) 10.60(3) -103
Hexamethylbenzene 0.757 7.85 670
1-Hexanal 0.933(5) 9.67(5) 686
Hexane 0.977 10.13 810
Hexanoic acid 0.976 10.12 463
1-Hexanol 0.954(3) 9.89(3) 639



/knovel/Databook/default.htm?WCI=ShowTable&WCU=916804&SpaceID=44&BookID=47&NodeID=23509692&SortID=null&FromSearch=false&ShowHitsOnly=false&RecNum=277

PROPERTIES OF ATOMS, RADICALS, AND BONDS
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TABLE 4.3 lonization Energy of Molecular and Radical Speci€siftinued

lonization energy

A H (ion)
Species In MJ - mol* In electron volts in kJ - mol*
2-Hexanol 0.946(3) 9.80(3) 611
3-Hexanol 0.929(3) 9.63(3) 599
2-Hexanone 0.902(2) 9.35(2) 626
3-Hexanon