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Preface 

This book is concerned with the nomenclature of all substances except those that have carbon 

as a central atom and contain carbon-to-carbon bonds. Its purpose is to provide the reader with 

a basic understanding of the principles currently in use for naming such substances and the 

background necessary for searching much of the older literature. Although the emphasis is on 

names for individual substances, names of other sorts are also important in inorganic chemistry. 

They include names for groups of elements, for types of reactions, for characteristic properties, 

etc. Some such names are discussed; however, the systematization of such names has not 

progressed nearly as far as that for the nomenclature of individual chemical species. 

Chemical nomenclature is used for many purposes by many people, not all of whom are chemists. 

Therefore, it must be capable of being understood by a great variety of people. In some situations, 

the only requirement of a name is that it identify a substance. When all participants are familiar 

with local terminology, the use of short, nonsystematic names or code designations is acceptable. 

It is preferable in a general audience, however, to use names that describe composition, structure, 

or both, so that the subject matter can be better understood. 

Accurate recording of information requires that the names used in primary publications leave 

no question whatsoever as to the identity of the substances involved. Systematic nomenclature 

methods make this task much easier for both author and reader. Economy and convenience in 

the storage and retrieval of information dictate that the nomenclature used in indexes and 

computer data bases should be so restrictive that there is one and only one name for each and 

every substance. Rules for such a purpose must be much more extensive and sharply defined 

than those for general nomenclature. For the latter it is necessary only that a name for a substance 

be unambiguous. 

The primary objective of inorganic nomenclature, like that of organic nomenclature, is to provide 

a 1:1 correspondence between name and substance, with an indication of structure as well as 

chemical composition. However, common (frequently nonsystematic) names remain embedded 

in nomenclature, often giving rise to duplicate names for the same compound. Although this 

may be annoying at times, as long as each name unambiguously portrays a specific composition 

and often a specific structure, it is acceptable. Any treatise on inorganic nomenclature, in order 

to be useful in the broadest sense, should not only address the problem of naming each substance 

uniquely, but it should also consider alternative methods that can be used, as well as methods 

used earlier that are no longer commonly used. These older methods are important for retro¬ 

spective searching. 

Background 

Some years ago the Committee on Nomenclature of the Division of Organic Chemistry of the 

American Chemical Society (ACS) produced a book on organic nomenclature (1). Its chapters 
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were written by various individuals, but the considerable time lag involved in the preparation 

of the different chapters made it ultimately necessary for an editorial committee to complete 

and revise the manuscript. Soon after that book was completed, the Nomenclature Committee 

of the ACS accepted a suggestion that a companion book on the nomenclature of inorganic 

chemistry would be desirable. 

Because the multi-author approach had caused such delays in completing the book on organic 

nomenclature, W. Conard Fernelius volunteered to prepare a book on inorganic nomenclature. 

It ultimately became apparent that the preparation of such a treatise was too great an undertaking 

for one person, and W. H. Powell was recruited as coauthor. Even with this addition, the 

burden remained onerous, so the third coauthor (B. P. Block) was added. The untimely death 

of Conard Fernelius, who contributed drafts or outlines for most of the chapters, occurred just 

as plans were being made to prepare a complete manuscript. His participation was sorely missed 

in the later stages of the book’s preparation. We who completed this book are, of course, entirely 

responsible for its contents. We trust that our deceased colleague would have given his whole¬ 

hearted approval to the published version. 

In a field such as chemical nomenclature, no single person is responsible for the development 

of any significant portion of the end product, a set of guidelines for naming chemical species. 

Although, individually and collectively, we and Conard Fernelius have been active in inorganic 

chemical nomenclature for many years, we make no pretense that this work is based solely on 

his or our ideas. We have drawn heavily on the writings of others, either almost verbatim or 

by paraphrasing, and we trust that our sources are adequately documented. Any omission of 
credit to others is unintentional. 

This work takes as its authorities the Commission on the Nomenclature of Inorganic Chemistry 

and the Commission on the Nomenclature of Organic Chemistry of the International Union of 

Pure and Applied Chemistry, the ACS Committee on Nomenclature, and the Chemical Abstracts 

Service (CAS). In most instances we have avoided taking specific positions with regard to 

alternative methods available for naming a single compound, usually being content to report 

viewpoints from different sources. At times the potential that a method may present is noted, 

even though such usage has not yet developed. In general, when alternative methods of no¬ 

menclature are possible, simpler, less informative names are discussed before more complex 

names are considered. For the most part, alternative names are not given in the examples, and 

the names presented are intended to exemplify the nomenclature principles under discussion in 
the section in question. 

Acknowledgments 
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Chapter 1 

Language and Nomenclature 

1.1 Introduction 

Language has been defined as “the words, their pronunciation, and the methods of 

combining them, used and understood by a considerable community and established by 

long usage” or “the vocabulary and phraseology belonging to an art or department of 

knowledge” (2). Language will always be with us. Unless there is some special reason, 

we use it but think little about it, seeing its faults much more clearly than its strengths. 

In this respect, the language of any science such as chemistry does not differ from any 

other language; yet the language of chemistry is a remarkable development. What other 

science has a vocabulary so systematic? In what other science do the words carry so much 

meaning? Chemistry is a central science, and its body of knowledge, procedures, and 

techniques are used widely by other sciences and practical arts. The logic and clear 

meaning of chemical terms have aided rather than hindered the use of chemistry in other 

fields. 

Nomenclature, the heart of any scientific language, has been defined as “a system or 

set of names or designations used in a particular science, discipline, or art formally 

adopted or sanctioned by the usage of its practitioners” (2). For present purposes, an 

appropriate definition of chemical nomenclature is: “a set of chemical names that may 

be systematic ... or not and that aims to tell the composition and often the structure 

of a given compound by naming the elements, groups, radicals, or ions present and 

employing suffixes denoting function . . . , prefixes denoting composition . . . , 

configurational prefixes . . . , operational prefixes . . . , arabic numbers or Greek letters 

for indicating structure . . . , or Roman numerals for indicating oxidation state” (2). 

Chemical nomenclature should not stand apart from the practice of chemistry. Some 

are interested only in what to call a compound or substance; some want an official name; 

others propose names because they do not like recommended names or names in use. 

A nomenclature suggestion from a prominent chemist is apt to be followed by others, 

especially those in the same field, even if the suggestion is inconsistent with generally 

accepted principles of nomenclature. 

Officially recommended names are useful only insofar as they are accepted and used by 

the chemical public. It is very important that there be constant interaction among 

nomenclature specialists, commissions and committees on nomenclature, and originators 

of nomenclature proposals on the one hand and those who use the nomenclature on the 

other, in order that the desires of the latter can be interwoven with general principles 

of nomenclature and in order that the reasons for certain principles be well understood. 
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2 Inorganic Chemical Nomenclature 

In the absence of such cooperation, the advantages of systematization are soon lost, and 

ambiguities tend to arise. 

1.2 Naming Inorganic Substances 

Inorganic chemistry has been defined as “a branch of chemistry that deals with chemical 

elements and their compounds excluding the hydrocarbons and their derivatives but 

usu. [usually] or often including carbides and other relatively simple carbon compounds 

...” (2), and organic chemistry has been defined as “a branch of chemistry that chiefly 

deals with hydrocarbons and their derivatives” (2). Although these two major branches 

of chemistry developed largely independently, it is no longer possible to distinguish 

clearly between them because there is a large area of chemistry that can be approached 

via either discipline. This ambivalence is especially true in nomenclature, even though 

different basic patterns of nomenclature are usually attributed to each branch. 

There have been words to designate inorganic substances from earliest times (3), but 

the work of Lavoisier (1734—1794), generally considered to be the beginning of modern 

chemistry, brought with it proposals for systematizing nomenclature (4, 3) that were 

published (6) by what has been called the “first committee on nomenclature” (7). This 

system was publicized by its use in Lavoisier’s treatise (8) and further developed by 

Berzelius (9) and Oersted (10). It was consistent with the concepts of definite compo¬ 

sition, multiple proportions, atoms, molecules, and ions, and it was applicable to a 

wide variety of types of compounds. Although it failed to reproduce accurately the 

structure of compounds and was not at all suitable for the rapidly expanding field of 

organic chemistry, it functioned so well for inorganic substances that it remained dom¬ 

inant for them until near the end of the 19th century. Remnants of this early system 

still persist today in the names for many oxo acids and their salts. 

Because this early system was adequate for a long time, critical examination of the 

principles underlying inorganic nomenclature did not begin until long after there were 

serious international efforts to systematize nomenclature for organic compounds. When 

Werner developed his theory of coordination compounds (11), he proposed a system of 

nomenclature that incorporated Brauner s suggestions (12) for characteristic endings to 

designate the oxidation number of the central element of a coordination compound. 

This system not only reproduced the stoichiometry of coordination compounds but 

indicated their structures as well. In a refined form, this system is still the basis for the 

nomenclature of coordination compounds and is being extended to other types of in¬ 
organic compounds insofar as possible. 

1.3 Nomenclature Principles and Procedures 

Uniform nomenclature practices in English language publications were first adopted by 

the British Chemical Society, which published guidelines for systematic nomenclature 

in 1882 (13). An American Chemical Society (ACS) Committee on Nomenclature and 

Notation endorsed this system with minor alterations in 1886 (14). 

The Council of the International Association of Chemical Societies, established in 1911 

(13), appointed commissions of inorganic and organic nomenclature in 1913 (16), but 
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their work stopped during World War I. International nomenclature activities were 

resumed in 1921 when the International Union of Pure and Applied Chemistry (IUPAC), 

established in 1919, appointed commissions on the nomenclature of biological, inor¬ 

ganic, and organic chemistry (17). The first report of the Commission for the Reform 

of Inorganic Nomenclature appeared in 1926 (18), followed by a comprehensive report 

in 1940 (19). The rules therein were widely adopted and stimulated consideration of 

further systematization, leading to the publication of the 1957 IUPAC Inorganic Rules 

(the “Red Book”) (20). An ACS version with comments was published in I960 (21), 

and a second edition of the Red Book, The 1910 IUPAC Definitive Rules for the Nomenclature 

of Inorganic Chemistry (22), hereinafter called the 1970 IUPAC Inorganic Rules, appeared 

in 1971, supplemented by a guidebook in 1977 (23). Since then several sets of IUPAC 

recommendations on specific areas of inorganic chemistry have appeared (24—29), and 

a new edition of the Red Book has been prepared (30). 

Currently, nomenclature activities in the United States are handled by several com¬ 

mittees. The ACS Committee on Nomenclature, which reports to and acts on behalf of 

the Council of the ACS on nomenclature matters, is the coordinating body for all ACS 

nomenclature activities. It also cooperates in nomenclature matters with the National 

Academy of Sciences-National Research Council, which is the national adhering or¬ 

ganization for IUPAC in the United States. The ACS committee receives recommen¬ 

dations from the nomenclature committees of the various divisions of the Society, reviews 

the actions of international nomenclature bodies, makes recommendations to interna¬ 

tional bodies on nomenclature matters, and recommends nomenclature policies for use 

in the publications of the ACS. Occasionally, although not often, this Committee has 

chosen not to follow recommendations from international organizations. 

Nomenclature principles and procedures arise from a number of sources. The formal 

procedure for development of chemical nomenclature in the United States is for a proposal 

to be submitted to an ACS division committee on nomenclature, which forwards the 

suggestion with any modifications, if needed, to the ACS Committee on Nomenclature. 

This committee transmits suggestions to appropriate nomenclature commissions of 

IUPAC. A proposal for inorganic nomenclature is reviewed by the IUPAC Commission 

on the Nomenclature of Inorganic Chemistry (CNIC) in the context of current methods 

and developed further and/or modified, as needed. The proposal is then reviewed by 

the IUPAC Interdivisional Committee on Nomenclature and Symbols to ensure that it 

is in harmony with nomenclature recommended by other IUPAC divisions. Since 1983 

a comprehensive review process (31) has been followed to permit widespread consideration 

of IUPAC recommendations prior to publication. 

Neither the ACS nor IUPAC can enforce decisions on nomenclature, although a method 

for the formation of names, once fully approved, certainly can be considered offi¬ 

cial. Authors will ultimately render judgment on the nomenclature recommendations 

of any body, and there are a few instances in which a recommendation by IUPAC has 

not been generally accepted. Editors of journals are in a position to enforce the 

use of good, accepted nomenclature; however, they are not uniform in exercising this 

authority. Some editors are quite rigid in insisting on the use of accepted nomen¬ 

clature in their publications; others show little concern. In ACS journals the 

attention given to good nomenclature practice varies considerably from journal to 

journal. 
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1.4 Nomenclature in Chemical Abstracts 

In the volume indexes to Chemical Abstracts (CA), on the other hand, names must be 

unique; that is, each name must be the only one that can be generated for a particular 

substance. This is a stringent requirement that is compounded because decisions on 

nomenclature matters for the CA indexes cannot wait for national and international 

considerations. Since 1945 a section on the naming and indexing of chemical substances 

for the volume indexes to CA has been included either in the introduction to the subject 

indexes to CA or in the CA Index Guide (e.g., see ref. 32). 

The impression that there are two systems of nomenclature, IUPAC and CA, is not 

correct. IUPAC recommendations can lead to more than one unambiguous name for a 

given structure when there is more than one way to generate the name. In such cases, 

one of the possibilities is usually chosen as the preferred name for use in the CA volume 

indexes. The Chemical Abstracts Service (CAS) staff works closely with the ACS Com¬ 

mittee on Nomenclature and the various IUPAC nomenclature commissions in order to 

avoid as many differences as possible. 

In inorganic nomenclature, one of the most obvious differences is in the spelling of the 

names for three elements in various parts of the world, that is, aluminum vs. aluminium, 

cesium vs. caesium, and sulfur vs. sulphur. This treatise follows the practices approved 

by the ACS Committee on Nomenclature for these names, as well as for the spelling of 

certain scientific terms, such as stoichiometry as opposed to stoicheiometry. 
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Chapter 2 

Fundamental Principles 

2.1 Introduction 

This chapter surveys some general aspects of chemical nomenclature and some basic 

concepts of inorganic chemistry that directly affect the nomenclature of inorganic sub¬ 

stances. It covers three topics: nomenclature conventions, inorganic chemistry, and 

formulas. 

2.2 Nomenclature Conventions 

Specific ways for naming chemical compounds are usually given in a series of recom¬ 

mendations. Regardless of the pattern by which the name for a compound is formed, 

it should convey the composition of the compound, identify it unambiguously, and 

impart information about its structure insofar as possible. Nomenclature is not static, 

and the standard usage in one period of time may vary somewhat from that in another. 

There are, however, some general principles, which do not change, that apply to all 

methods. 

Chemical names tend to have a definite morphology, consisting of units that are alike 

or very similar in form, regardless of the pattern of nomenclature. For each chemical 

element there is a stem (some elements have more than one; see Table A.I, appendix) 

that may be used in names to indicate the presence of that element. It may be modilied 

by prefixes to indicate the number of atoms present or by suffixes to indicate particular 

types of substances. In addition, arabic numbers and Roman and Greek letters are used 

as locants to indicate positions in a structure, and descriptors are used to indicate aspects 

of structure, such as stereochemical or spatial relationships. Finally, the proper assembly 

of all these units requires punctuation marks to ensure clarity and exactness of meaning. 

2.2.1 Types of Chemical Names 

2.2.1.1 Systematic. This type of name consists of an assemblage of single letters and 

specially coined or selected groups of letters (usually syllables) known as morphemes, each 

of which has a specific meaning in context (example: penta/sil/ane). Numbers and 

punctuation marks may also be used as integral parts of a name. Specific patterns provide 

the composition and often the structure of a compound. A systematic name must be 

unambiguous, but it does not have to be unique. 

2.2.1.2 Semisystematic. Only a part of this type of name is used in a systematic sense 

(see Section 2.2.1.1) (example: sodium ferricyanide). The vast majority of chemical names 

5 
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are, strictly speaking, semisystematic rather than systematic. Such names often indicate 

characteristic groups and can reveal composition or structure or both when additional 

information about the trivial part of the name is known (example: ferrocene). Semisys¬ 

tematic names for a group of compounds, when based on a trivial name for a parent, 

can make relationships among a group of compounds evident if the structure of the 

parent is known (examples: ALN'-dimethylborazine and fkfk-dimethylborazine). Semi¬ 

systematic names may give some indication of composition but give no information 

about structure (example: titanium dioxide), or they may imply structure but give little 

or no information about composition (example: cubane). 

2.2.1.3 Trivial. No part of this type of name is used in a systematic sense (see Section 

2.2.1.1) (examples: blue vitriol, Zeise’s salt, ozone, and lime). Some names of this type 

are used widely to identify substances, but they do not reveal either composition or 

structure. The main advantage of trivial names is that they are almost always much 

shorter than systematic or semisystematic names, whereas the main disadvantage is that 

each name has to be individually learned. Trademarks, which are used in industry and 

the marketplace primarily to distinguish one company’s products from those of its 

competitors (example: Hexaphos), are a kind of trivial name that should not be used to 

designate a particular substance. Likewise, mineralogical names should only be used to 

designate actual minerals, not to define chemical compositions. Many trivial names are 

listed in the CA Index Guide (33), with cross references to the more systematic names 
used by CAS. 

2.2.2 Types of Chemical Nomenclature 

The generation of names for chemical compounds may be viewed formally as a description 

of an operation or a series of operations. In some cases a name is simply a summary of 

constituents. In others it represents the formal addition of an atom or a group of atoms 

to a compound that has an independent existence, the formal replacement (including 

substitution) of an atom in a parent compound by another atom or group of atoms, or 

the formal removal of an atom or atoms from a parent compound. The resulting names 

may consist of a single word composed of morphemes or two or more words, each of 

which may be generated by one or more operations. 

2.2.2.1 Additive. This type of nomenclature is a method for naming a substance by 

the formal assembly of names for all of the constituent components of that substance. 

It is used for binary compounds (example: silicon tetrachloride), pseudobinary compounds 

(example: phosphoryl trichloride), mixed salts (example: potassium sodium chloride), 

molecular addition compounds [example: methanol-boron trifluoride(2/l)}, coordination 

compounds (example: hexaamminecobalt trichloride), and functional compounds (ex¬ 

ample: phosphine oxide) and in a number of other ways in naming organic substances. 

2.2.2.2 Substitutive. This type of nomenclature is a method for naming a substance 

by adding either a prefix or a suffix to the name of a parent compound to indicate formal 

substitution of an atom or group of atoms for one or more hydrogen atoms of the parent 

compound. It is the primary method used in naming organic substances and is mainly 

used in inorganic nomenclature for derivatives of molecular hydrides of nonmetals and 

other parent compounds (example: trimethylsilanol). It is also used for the organic 

portions of coordination compounds and other inorganic-organic species [examples: 

bis(l,2-ethanediamine)copper(II) chloride and hexamethylphosphoric triamide]. 
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2.2.2.3 Replacement. This type of nomenclature is a method for naming a substance 
by combining a prefix or an infix with the name of a parent compound to indicate 
formal replacement of an atom or group of atoms of the parent compound by another 
atom or group of atoms. It is used to indicate replacement of skeletal units in rings, 
chains, and clusters, which can be called skeletal replacement [example: dicarbadodeca- 
borane(12), where the parenthetical number indicates the number of hydrogen atoms 
in the polyborane], and of =0 and/or —OH in oxo acids and their salts, which can be 
called functional replacement (example: chlorophosphoric acid). 

2.2.2A Subtractive. This type of nomenclature is a method for naming a substance 
by adding a prefix or suffix to the name of a parent compound to indicate formal removal 
of an atom, ion, or group of atoms from a parent compound. It is mainly used in 
inorganic nomenclature for certain boron hydrides [example: 6-debor-c/oro-hexabor- 
ane(9)}. 

2.2.2.5 Functional Class. This type of nomenclature is a method for naming a 
substance by citing a class term as a separate word following the name of a parent 
compound or a name derived from the latter (example: phosphoric anhydride). When 
the derived name is the name for a substituent group (formerly called a radical), this 
method has been called radicofunctional nomenclature. It is used for binary and pseudo¬ 
binary compounds (example: silyl chloride). 

2.2.2.6 Conjunctive. This type of nomenclature is a method for naming a substance 
by joining the names of two molecules; the juxtaposition implies the formal loss of 
hydrogen atoms from each component. It is used in organic nomenclature for naming 
compounds in which “a principal group is attached to an acyclic component that is 
directly attached by a carbon—carbon bond to a cyclic component” (34a) (example: 1- 
naphthaleneacetic acid). It is used in inorganic nomenclature mainly for naming deriv¬ 
atives of polyboranes [example: l,2-dicarbadecaborane( 12)-1-methanol]. 

2.2.2.7 Multiplicative. This type of nomenclature is a method for naming a substance 
that contains multiple occurrences of identical central atoms or groups of atoms. It is 
usually an alternative method of nomenclature used for substances with symmetrical 
structures to produce a simpler name than might otherwise be obtained [example: (X4- 

thio-tetrakis(methylmercury)(2 +) instead of Hg,Hg' ,Hg" ,Hg"'-tetramethyl-(JL ,-thio- 
tetramercury(2 +)]. 

2.2.3 Multiplying Prefixes 

Three types of numerical terms are used as multiplying prefixes in chemical nomencla¬ 
ture. 

► Prefixes derived from Greek, or occasionally Latin, words for the cardinal numbers 
are used to indicate the number of identical atoms, unsubstituted substituents, simple 
ligands, or central atoms in condensed acids, anions of condensed acids, and the 
skeletons of some molecules and ions. 

► Prefixes derived from Greek, or occasionally Latin, words for numerical adverbs are 
used to indicate a set of identical substituted substituents, ligands, or parent structures 
or to avoid ambiguity. 
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► Prefixes derived mainly from Latin words for numbers are used to indicate assemblies 

of identical ring systems. 

These three types will be referred to in this work as “type-1”, “type-2”, and “type-3” 

prefixes, respectively. Table A. II lists typical prefixes of these different types. The prefixes 

“hemi-” for one half, “sesqui-” for three halves, and “sester-” for five halves are used 

to some extent. The prefixes “ennea-” and “hendeca-” (both derived from Greek number 

words), which were used earlier for nine and eleven, have largely disappeared (but see 

Section 3.2.2). 

There is not complete agreement on when to use type-2 prefixes. Their use is often 

restricted to expressions containing another prefix [example: bis(dimethylamino)] and 

to cases in which their absence would cause ambiguity (example: trisdecyl). They are 

also used more liberally in cases where there is potential ambiguity and to multiply “all 

complex expressions”, as is done in CAS index names. 

2.2.4 Locants 

Locants are symbols specifying the location of structural features that are not implied 

in the name of the parent compound (examples: substituents; replacement atoms in a 

chain, ring, or cluster; positions around a center of coordination; unsaturation). They 

may be arabic numbers, atomic symbols, lower-case Roman letters, Greek letters, or 
italicized words or morphemes. 

2.2.4.1 Arabic Numbers. Skeletal positions in a chain, ring, or cluster of atoms are 

indicated by arabic numbers [often written as “Arabic numbers” and sometimes called 

Hindu or Hindu-Arabic numbers (2)] (example: 2-methyltrisilane). 

2.2.4.2 Atomic Symbols. Italicized symbols for the elements are used to designate 

atoms that are not otherwise numbered in a structure and also to designate the atom or 

atoms through which a ligand is attached to a center of coordination [examples: N.N'- 

dimethylsulfuric diamide and bis(l,2,3-propanetriamine-N.N')copper(2 +)]. 

2.2.43 Lower-case Roman Letters. The 1970 IUPAC Inorganic Rules indicate that 

the positions of ligands in a coordination polyhedron may be indicated with italicized 

lower-case Roman letters [example: ^c,^/-bis(l,2,3-propanetriamine)cobalt(3 + )]. This 
convention, which was selected because such locants designate positions around a single 

atom in contrast to the use of arabic numbers to specify the location of a specific atom 

in a structure (see Section 2.2.4.1), is being supplanted by the use of stereochemical 
descriptors (see Section 16.3). 

2.2.4.4 Greek Letters. Greek letters are used to designate side-chain positions in 

conjunctive names for organic compounds, positions relative to or distances between 

functional groups, ring size of lactones, end groups in polymer names, etc. (examples: 

a-methylcyclohexanemethanol, (3-diketone, 7-butyrolactone). Their use to designate 
positions in a ring or chain has been supplanted by the use of arabic numbers (see Section 
2.2.4.1) (example: 2-propanol, not (3-propanol). 

2.2.43 Italicized Morphemes. In some cases an italicized morpheme is used as a 

locant to resolve an ambiguous situation (example: [peroxo- l802]peroxodisulfuric acid). 
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2.2.4.6 Lowest Locant Set. The preferred set of locants for a given structural feature 

(the lower or lowest locant set) is that set of locants with the lower (lowest) locant at 

the first point of difference after the sets have been arranged in ascending order of priority 

(usually increasing numerical order). For example, the set 2,1,7,3,9 is preferred to 

2.1.6.4.8 because the first difference is that the third term in the ascending sequence 

1.2.3.7.9 is lower than the third term in the sequence 1,2,4,6,8. It does not matter 

that the second set has two locants (6 and 8) lower than the corresponding locants of 

the first set (7 and 9). If this comparison does not effect a choice, the locant sets are 

then compared term by term in the order in which they appear in the name. For example, 

the locant sets 1,3,2,4 and 1,4,2,3 give the same ascending numerical order 1,2,3,4; 

so 1,3,2,4 is compared with 1,4,2,3- The former has the lower second term (the first 

difference) and hence is preferred. 

2.2.5 Descriptor Terms 

A number of short words, abbreviations, and symbols are used to indicate some aspect 

of the structure, often stereochemical, of compounds (see Table A.III). These terms are 

almost always italicized and separated from the rest of the name by a hyphen [examples: 

m-bis(l,2-ethanediamine)difluorocobalt(l + ),/^r-trichlorotris(pyridine)ruthenium, and 

«4/i9-pentaborane(9)]. In names such as isopropyl and cyclohexane, the descriptors iso- 

and cyclo- are not italicized and separated by a hyphen because they are considered to 

be part of the name of the hydrocarbon or its derivatives. In inorganic nomenclature 

cyclo- is normally used as a descriptor term [example: cj/c/6»-triphosphate(3—)]. 

2.2.6 Punctuation and Similar Marks 

2.2.6.1 Centered Point. The centered point is used to separate the components of 

molecular addition compounds or the component oxides of a mineral in formulas (ex¬ 

ample: H3N'BF3) and to represent a bond in a structural or semistructural formula 

(instead of a dash) (example: H-0N02). It is not to be confused with a period. 

2.2.6.2 Colon. A colon has several uses. 

► It is used to separate sets of locants already containing commas, such as locant sets 

indicating the positions of attachment in bridged polynuclear species (example: 

2,3:3,4:4,2-tri- (Jt-carbonyl-1,1,1,2,2,3,3,4,4-nonacarbonyl-^ra/Wro-tetracobalt). 

► It is used to separate numbers indicating the proportions of constituents in molecular 

addition compounds [example: methanol compound with boron trifluoride (2:1)} (see 

also Section 2.2.6.7). 

► It is used to separate the appended locants designating atoms of bridging groups 

involved in bonding between polynuclear centers [example: bis-((Jt-nonafluorobutyr- 

ato-0:0')-disilver}. 

2.2.6.3 Comma. The comma is used to separate individual locants, whether numbers, 

atomic symbols, or Greek letters [examples: bis(l,2,3-propanetriamine-N,N')copper- 

(2 +) and 2,3:3,4:4,2-tri-|JL-carbonyl-1,1,1,2,2,3,3,4,4-nonacarbonyl-^ra/Wro-tetra- 

cobalt}. Commas are not used to separate individual letter locants indicating positions 

around a central atom, although they are used to separate series of such letter locants 
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[examples: ^^-dichloro-^yr-{[2-(methylthio)ethyl]iminodiacetato-0,0,,N,5’}platinum 

and ^^e,<^/-bis(l,2,3-propanetriamine)cobalt(3 +)]. 

2.2.6.4 Dash. A dash (rule, long hyphen), which is longer than the hyphen (see Section 

2.2.6.5), has several uses. 

► It is used to indicate a bond in structural formulas (example: H2N-BF2). 

► It is used to separate the two components in the name of a molecular addition 

compound [example: ammonia—boron trifluoride(l/l)]. 

► It is used between italicized atomic symbols to indicate metal—metal bonds [example: 

bis(pentacarbonylmanganese) (Mn—Mn)]. 

► With T), the dash is used between two number locants to indicate the inclusive atoms 

involved in linkages to a coordination center [example: (1—3-T]-but-2-enyl)tricarbonyl- 

cobalt]. 

2.2.6.5 Hyphen. The hyphen, which is not to be confused with the dash (see Section 

2.2.6.4), also has several uses. 

► It is used to set off locants, locant sets, and descriptors from the rest of the name 

(example: 1-chlorotriazene). 

► It is used to separate bridging groups from the rest of the name (IUPAC) [example: 

tri-fx-carbonyl-bis(tricarbonyliron)]. 

► It is used to separate the two different kinds of locants in the names of some fused- 

ring systems (example: pyrido[2,3-^}- 1,6-naphthyridine). 

Using a hyphen between vowels (example: penta-ammine instead of pentaammine), as 

a substitute for enclosing marks [example: bis-l,2-ethanediamine-copper(2 +) ion in¬ 

stead of bis( 1,2-ethanediamine)copper(2 +)}, or for separating prefixes [example: bromo- 

dichloro-methylsilane instead of bromodichloro(methyl)silane] is not considered good 

practice in the United States. 

2.2.6.6 Semicolon. The semicolon is used to separate sets of locants designating 

ligating atoms of chelating ligands in a polynuclear coordination entity {example: bis- 

(M- - diphenylphosphinato -1 kO : 2 k 0') - tetrakis(2,4 - pentanedionato) -1k20,0';1k20,0';- 

2 k 20,0' ;2 k 20,0'-dichromium for (AcCHAc)2Cr[0P(C6H5)20]2Cr(AcCHAc)2}. Note 

that a colon cannot be used because it would indicate a bridging group. 

The semicolon is also used to separate sets of locants containing colons [example: cyclo- 

hexachloro-Ik Cl,2k Cl,3k U/-tri-p.-nitrido-l:2KN;l:3KN;2:3KN-triphosphorus for 
(C12PN)3], 

2.2.6.7 Slash. The slash (solidus, diagonal) is used to separate the number of molecules 

of each type in a molecular addition compound [example: methanol-boron trifluoride- 

(2/1)} (see also Section 2.2.6.2). It has also been used in the literature to separate the 

names of the individual constituents of mixtures (example: ethanol/water). 

2.2.6.8 Space. Spaces are used to separate the words in names of compounds consisting 

of two or more distinct words, such as names for binary compounds and names that 
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include the functional class (examples: boron trifluoride and sulfuric acid). These spaces 

are retained when such species are named as ligands in coordination compounds [example: 

/ra7«-bis(dipropyl sulfide)dinitroplatinum}. 

2.2.7 Enclosing Marks 

Three sets of enclosing marks are used in chemical nomenclature: parentheses (), brackets 

[ }, and braces { } (curved, square, and curly brackets, respectively, in British termi¬ 

nology). There are two attitudes toward the use of enclosing marks. 

One attitude is to use them only when necessary for clarity, whereas the other is to use 

them every time a type-2 numerical prefix (see Table A.II) is used. The former, for 

example, would lead to omission of enclosing marks in such cases as trisdecyl and 

tetrakishydroxymethyl. 

Parentheses are used if only one kind of enclosing mark is needed. The need for more 

than one set of enclosing marks within another necessitates an order of precedence or 

nesting order. The normal order is parentheses within brackets and brackets within 

braces; that is, {[()}}. Braces, however, are not used in CAS index nomenclature. Brackets 

and parentheses have specific meanings in names for isotopically modified compounds 

(26), and brackets are used in organic ring nomenclature in ways that have no parallel 

in inorganic nomenclature. 

For clarity or emphasis, enclosing marks may be used in formulas to enclose sets of 

identical groups of atoms {examples: A12(S04)3 and P[N(CH3)3]3}, with the normal 

nesting order when several are needed. An exception to the nesting order is made in 

formulas for coordination compounds, for which the convention established by Werner 

to enclose the formula of a neutral or ionic coordination entity in brackets is followed. 

Hence, in formulas for coordination compounds the nesting order for enclosing marks 

is [(' • •)], [{(• • •)}}, [{[(• • •)]}], [{{[(• ■ •)]}}], etc. 

2.2.8 Greek Letters 

Greek letters are used in chemical nomenclature for many purposes in addition to their 

use as locants already described in Section 2.2.4.4. 

2.2.8.1 Allotropes. Allotropic or polymeric forms of substances have been distin¬ 

guished by Greek letters (examples: a- and (3-quartz, X- and |x-sulfur). 

2.2.8.2 Alloys. Alloy phases have been designated by Greek letters (example: a- and 

(3-bronze). 

2.2.83 Other Uses. Specific meanings are attached to a number of Greek letters. 

► Delta: 

• 8 indicates conformation of chelate rings (paired with X). 

• A indicates chirality of certain chelates (paired with A) {example: The isomer of 

[Co(en)3}Cl3 that gives positive rotation at 589 nm is designated A 888}. 

• A has also been used to indicate the presence of a double bond (1) in a hetero- 

monocyclic ring (example: A3-l,2-diazetine), (2) between two rings or ring systems 
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in a ring assembly name (example: A2,2-bipiperidine), or (3) between a ring or a 

ring system and an acyclic component in a conjunctive name (example: A2,“- 

pyrrolidineacetic acid). 

• 8C indicates that “c” double bonds are attached to a skeletal atom of a cyclic parent 

hydride (usually found together with X", q.v.) [example: 3-oxo-lX482,3X ‘,4,2,5- 

trithiadiazole for 
N 5 2 N 

\4 3/ 

► Eta: 

• T]" indicates the number of atoms of an organic group that are bonded to a center 

of coordination [example: bis(T) 5-cyclopentadienyl)iron]. 

► Kappa: 

• k followed by an atomic symbol designates a specific atom or atoms through which 

a ligand is linked to a center of coordination [example: m-bis(glycinato- 

k 2N, 0)palladium]. 

► Lambda: 

• X indicates conformation of chelate rings (paired with 8). 

• A indicates chirality of certain chelates (paired with A). 

• X" indicates that a skeletal atom of a parent hydride has the nonstandard bonding 

number “n” (example: X4-sulfane for SH4). 

► Mu: 

• |X indicates a bridging group [example: tri-|x-iodo-bis(tricarbonylrhenium)}. 

► Pi: 

• tt designates a bond arising from the overlap of p orbitals. 

► Sigma: 

• <7 designates a bond arising from a shared pair of electrons. 

2.2.9 Ordering Principles 

2.2.9.1 Electronegativity. Since early in the 19th century, chemists have recognized 

an intimate relationship between chemistry and electricity. They noted in particular 

that the atoms of some elements form anions, whereas those of others form cations. This 

relationship is important in nomenclature because in Germanic languages the cation is 

traditionally cited before the anion (examples: sodium chloride, calcium sulfate). This 

same principle is used in forming names for nonelectrolytes; that is, the more electro¬ 

positive element is cited first, followed by the more electronegative element (examples: 

carbon dioxide and boron trifluoride). Thus, for nomenclature purposes, a relative order 

of electronegativity is needed. 

Unfortunately, there are minor variations in scales of electronegativities derived by 

various methods, so an arbitrary order has been adopted {22a, 22b). The order of elements 

given by the continuous line through the periodic table shown in Figure A. 1 is generally 

consistent with the various scales of electronegativity, is easily visualized by its relation 

to the long form of the periodic table, and is consistent with the rules for naming binary 
compounds. 

Two exceptions to a continuous line that moves down one family after another (that is, 

hydrogen and oxygen) make this continuous line conform quite closely to most exper- 
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imentally determined electronegativity orders. The Group 18 elements (see Section 3.2.6 

for a discussion of the designation of the groups in the periodic table) have not been 

included in Figure A. 1. They clearly are neither more electropositive than the Group 

1 elements nor more electronegative than the Group 17 elements, so they are neither 

an appropriate extreme right nor extreme left column. The Group 18 elements were 

placed to the left of the Group 1 elements in the general element sequence table included 

with the 1970 IUPAC Inorganic Rules {22c). Although the continuous line in that table 

leads to the conclusion that Group 18 elements are the most electropositive elements, 

a caveat in the text nullifies such a conclusion {22b). 

2.2.9.2 Alphabetical Order. This common ordering method is used in ordering cat¬ 

ions, anions, substituents, ligands, prefixes, infixes, etc. The name of each segment is 

considered to begin with the first letter of the name of that segment, and any multi¬ 

plicative prefixes not an integral part of the name of the segment are ignored. Because 

“bis(sulfide)” refers to two sulfide ions, it would be alphabetized under “s”, whereas 

the disulfide ion S22- would be alphabetized under “d”. Similarly, diammine, referring 

to two ammonia ligands, would be alphabetized under “a”, whereas dimethylamine 

would be alphabetized under “d”. 

2.2.93 Cahn—Ingold—Prelog Sequence Rule. The Cahn—Ingold—Prelog (CIP) se¬ 

quence rule (33) is used to determine the priority ranking of atoms or groups attached 

to a chiral element in assigning the absolute terms R and S to the stereoisomers. This 

ranking depends first on the descending order of atomic number of the atoms directly 

attached to the chiral center. Other criteria are invoked as necessary in order to make 

an unequivocal assignment. Although the CIP sequence rule was originally developed 

for use with organic compounds, it also has been used in a system for naming inorganic 

stereoisomers. 

2.3 Concepts in Inorganic Chemistry 

2.3.1 Types of Inorganic Compounds 

For the purposes of nomenclature, inorganic compounds may be divided into the fol¬ 

lowing types. 

23.1.1 Binary. These compounds are substances composed of two different elements 

(examples: NaCl and K2S). 

23.1.2 Pseudobinary. These compounds are substances composed of more than two 

different elements that can be treated as if they were binary (examples: Li2S04, NH4F, 

and NaCN). 

23.13 Functional. These compounds are substances containing an atom or group 

of atoms that reacts in a characteristic way [examples: H2Se04, CsOH, and 

H2NC(0)NH2}. 

23.1.4 Parent. These compounds are substances with at least one substitutable hy¬ 

drogen atom attached to a skeletal atom or characteristic group {see Section 2.3.1.3) or 

at least one characteristic group capable of forming derivatives [examples: H2NC(0)NH2 

and PRP(0)0H}. (For this purpose an acidic hydrogen atom is not usually considered 

to be a substitutable hydrogen atom.) 
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2.3.1.5 Parent Hydride. These compounds are a subset of parent compounds (see 

Section 2.3.1.4) consisting of a central atom or a polynuclear system of skeletal atoms 

to which only hydrogen atoms are attached (examples: SiH4, N2H4, and B10Hl4). 

2.3.1.6 Coordination. These compounds are substances containing entities consisting 

of one or more central atoms surrounded by other atoms or groups of atoms called 

ligands, at least one of which is bonded to the central atom by a coordinate covalent 

bond {examples: K2[PtCl6], [Cr(NH3)6]Cl3, and [Co(NH3)3C13]}. 

2.3.2 Oxidation Number 

Since the establishment of methods for determining formulas of compounds, chemists 

have been impressed by the constancy of the combining ability of the atoms of an element 

in a series of compounds. They have at various times used the terms wertigkeit, valence, 

valency, oxidation state, and oxidation number to designate this property. Although 

each of these names has acquired undesirable connotations and lost popularity, oxidation 

number seems to be the least objectionable. The oxidation number of the atoms of an 

element in a binary compound (and, by extension, in ternary and higher compounds) 

is a theoretical concept indicating the charge that would be present on each atom of 

the element if the electrons in each bond involving that element were assigned to the 

more electronegative partner. Hydrogen in combination with nonmetals is considered 

to be positive. Atoms in polyatomic forms of elements are considered to have an oxidation 

number of zero, and a bond between structurally equivalent atoms of the same element 

makes no contribution to the oxidation number. 

Oxidation numbers, when expressed as Roman numerals (both positive and negative) 

or as zero and attached in parentheses to the element’s name or symbol, are called Stock 

numbers (36) (see Table 2.1). 

Although the concept of oxidation number is deeply rooted in inorganic chemistry, the 

concept is purely theoretical and sometimes, if followed too rigorously, leads to difficulty. 

Some cases can be resolved by recognizing that the same element may have different 

oxidation numbers in the same compound. For instance, the apparent oxidation number 

of II for sulfur in Na2S203 is not correct because the two sulfur atoms are not equivalent. 

The more informative formula Na2[SS03] can be interpreted to indicate that there is a 

central sulfur atom surrounded by three oxygen atoms and one sulfur atom that is 

equivalent to the oxygen atoms. Hence, the central sulfur atom has an oxidation number 

of VI if the sulfur atom equivalent to the oxygen atoms is considered to be -II in analogy 

to the oxygen atoms. There is no such simple solution for the series of ions 

{Ni(Ph2C282)2]"“, in which n may have the values 2, 1, and 0. 

Table 2.1. Oxidation Numbers 

Elements 
in 

when 
considered as 

have oxidation 
numbers of 

HCI H+ and Ch H = 1 ; Cl = -1 
H20 2H+ and 02~ H = 1 ; 0 = -II 
C02 C4+ and 202_ C = IV ; 0 = -II 
Hg Hg Hg = = 0 
S8 8S S = 0 
FOOF 20+ and 2F- 0 = 1: f = -i 
NH4 + 4H+ and N3~ H = 1 ; N = -III 
PdBr2(NH3)2 Pd2+, 2Br, 6H\ Pd = = II ; Br = —1 

and 2N3- H = 1 ; N = -III 
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2.3.3 Ewens-Bassett Number 

An alternative to the Stock number (see Section 2.3.2) for indicating the proportions of 

the constituents of a compound is the Ewens-Bassett number (37). It was designed for 

ionic compounds and is simply the amount of charge on an ion, followed by the sign 

of the charge. It has the advantage of being an experimentally determinable number, 

whereas oxidation number is a theoretical concept. Zero is not used in the Ewens-Bassett 

system because it is used as a Stock number. Some examples are shown in Table 2.II. 

Table 2.11. Ewens-Bassett Numbers 

Species Ewens-Bassett Number 

Fe3+ 3 + 
[Co(NH3)6]3+ 3 + 
SOA- 2- 
[Ni(CN)4]4 4- 

2.3.4 Terms Used in Coordination Chemistry 

2.3.4.1 Coordination Number. The number of atoms directly linked to a central 

atom in a coordination entity is called the coordination number (i.e., the number of 

closest neighbors). A closest neighbor may be a single atom (ion) or the closest atom 

of a group. Such numbers have general significance and are used for a variety of purposes. 

Occasionally, especially in organometallic compounds, the use of the term coordination 

number is not entirely consistent with the classical usage in coordination compounds 

because two or more atoms of an unsaturated ligand may be considered to occupy a 

single coordination position. 

In crystallography, coordination number indicates the number of neighbors nearest to 

a given atom or ion. As long as there are definite bonds between an atom or ion and 

all of its nearest neighbors, the two usages are consistent. However, for units held 

together by purely electrostatic attraction, the usages can be different. For example, in 

solvates and complex compounds, the sodium ion never has a coordination number 

greater than 4, although the crystallographic coordination number of sodium in a crystal 

of NaCl is 6. 

2.3.4.2 Other Terms. Some terms other than “coordination number” that are used 

in connection with coordination entities are defined as follows. 

► Complex: the term once used almost exclusively to indicate a coordination entity (no 

longer considered desirable). 

► Coordination Center: central atom in a coordination entity. 

► Ligancy: another term for coordination number. 

► Ligand: atom or group of atoms attached to a coordination center by any type of 

bond. 

► Ligating Atom: atom through which a ligand is attached to a central atom. 

► Donor Atom: another term for ligating atom. 

► Multiplicity of a Coordination Center: the number of coordination centers in a coor¬ 

dination compound. 

• Mononuclear: term indicating one central atom. 
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• Polynuclear: term indicating more than one central atom. Dinuclear indicates two 

central atoms, trinuclear three, tetranuclear four, etc. 

► Multiplicity of a Ligand: the number of ligating atoms in a ligand. 

• Monodentate: term indicating that a ligand is attached to a central atom through 

one ligating atom. 

• Multidentate (sometimes polydentate): term indicating that a ligand is attached to 

a central atom through two or more ligating atoms. Bidentate indicates two, 

terdentate (sometimes tridentate) three, quadridentate (sometimes tetradentate) 

four, etc. 

► Denticity of a Ligand: another term for multiplicity of a ligand. 

► Chelating Ligand: a multidentate ligand attached to a central atom through more 

than one ligating atom. 

► Chelate: a coordination entity containing at least one chelating ligand. 

► Chelate Ring: cyclic group of atoms formed by a chelating ligand and a central atom. 

► Flexidentate: a multidentate ligand capable of attaching to a central atom through 

different sets of ligating atoms. 

► Ambidentate: a monodentate group capable of linking to a central atom through 

different ligating atoms. 

2.4 Formulas for Heteroatomic Species 

2.4.1 General 

The information necessary for naming a chemical species is summarized in the chemical 

formula, which will hereafter be referred to as the “formula”, for that species. The 

formula is a collection of element symbols (see Section 3.2.4) with right subscripts giving 

the relative numbers of atoms of different kinds of elements in the entity in question. 

When the molecular weight of a neutral species is unknown or cannot be determined, 

it is possible to write a formula that gives only the relative numbers of atoms in that 

species. Such a formula is known as an empirical formula (example: NaCl). When the 

molecular weight is known and the formula gives the actual numbers of atoms in a 

molecule of the species in question, the formula is a molecular formula (example: N204). 

Structural formulas are used in order to represent the spatial arrangement of atoms in a 

molecule. 

ci 
/ 

Cl—s 

When complete structural formulas are not needed to show a detail of structure or when 

the space required for the structural formula is too great, semistructuralformulas {example: 

line formulas such as [Co(NH3)3(N02)3]} are used. Italicized prefixes that give structural 

information (see Table A.Ill) may be connected with the formula by a hyphen {example: 

/m«j--[Pt(NH3)2Cl2}}. Formulas for ionic species may similarly impart information rang¬ 

ing from empirical relationships to detailed structural relationships. 
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It is customary to use abbreviations for many common groups of atoms [examples: Ac 

for CH3CO, Bu for C4H9, Bz for C6H5CO (not C6H5CH2), Et for C2H5, Me for CH3, 

Ph for C6H5, and Pr for C3H7], Although some of these abbreviations are the same as 

some element symbols, the context usually prevents confusion. 

2.4.2 Order of Symbols 

There are conventions for the ordering of symbols in a formula, just as there are for the 

ordering of the components in a name. The main principle is that the electropositive 

constituent (the cation) should always be placed first. In binary entities consisting of a 

metal and a nonmetal, the metallic element is always placed first. The established order 

for binary compounds in which both elements are nonmetals is to place first that element 

appearing first in the sequence Rn, Xe, Kr, B, Si, C, Sb, As, P, N, H, Te, Se, S, At, 

I, Br, Cl, O, F. With the exception of the Group 18 gases, this is the increasing order 

of electronegativity given in Figure A.l. 

The order in species containing three or more elements depends upon what is known 

about the species. In salts, cation symbols are listed in alphabetical order of symbols, 

followed by a separate list of anion symbols, also in alphabetical order of symbols 

(example: KMgClF2). Acids are treated as hydrogen salts; that is, hydrogen is a cation, 

but hydrogen is listed last in a sequence of cations (example: KHF2). If two or more 

different atoms or groups are attached to a single central atom, the symbol of the central 

atom is placed first, followed by the symbols of the remaining atoms or groups in 

alphabetical order [example: P(NC0)30]. If three or more atoms form a chain, the 

sequence should be in accordance with the order in which the atoms are actually bound 

(example: HSCN). Symbols for atoms in groups that have structural identity are placed 

together and arranged as appropriate for a group with a central-atom structure or a chain 

structure (examples: S042- and SSS2-)- The constituents in intermetallic compounds are 

placed in alphabetical order of their symbols (example: Cu4Hg2Sn). Loosely bound 

molecules are cited in increasing order of multiplicity, which is indicated by citing 

arabic numbers before their formulas (example: 8CHC13’ 16H2S- 136H20). 

Many formula indexes use an arbitrary order of symbols in formulas, so it is necessary 

to find out what convention is used in any given index. The Hill system (that is, putting 

C first, followed by H, and then listing the symbols of any remaining elements in 

alphabetical order) is used in the CA Formula Index. 

2.4.3 Structural Formulas 

The structure of covalent compounds has long been shown by using a line (dash) between 

atomic symbols to represent a single bond or a shared pair of electrons (see also Section 

2.2.6.4) and a double or triple line to represent a double or triple bond. Although it 

is recognized that the sharing of multiple pairs of electrons cannot represent the com¬ 

plexities of bonding, structural nomenclature is still based on the concept of single and 

multiple bonds. That the latter are really more or less complex must be understood. 

Tautomerism, resonance, and the existence of fluxional molecules all produce nomen¬ 

clature problems insofar as a single systematic structural name is concerned. The in¬ 

dividual forms can be named, but there is as yet no way except through trivial names 

to indicate that phenomena such as those listed are present. 
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Representing electron-deficient cluster compounds and some coordination compounds 

by structural formulas is also troublesome, and it has become the custom to represent 

such structures with lines between adjacent atoms. In this manner, geometrical forms 

are easily represented; however, the number of bonding electrons actually present is not 

equal to the number of lines. Nomenclature for such species generally does not present 

the same kind of problems as does that for species with multiple forms. 



Chapter 3 

Homoatomic Species 

3.1 Introduction 

The chemical elements (i.e., the fundamental substances, each of which consists of atoms 

all having the same atomic number) may be monoatomic or polyatomic, and a given 

element may exist in more than one polyatomic (molecular) form. The different poly¬ 

atomic forms of an element (i.e., its allotropic modifications) have different names, 

either trivial or systematic. This chapter will be devoted to the nomenclature of homoatomic 

species, that is, neutral and ionic monoatomic and polyatomic species derived from one 
element. 

The name for an element is a general term for a substance; it carries no implications 

about the atomic arrangement of the substance (structure). Thus it is necessary to speak 

of an atom, molecule, cation, or anion of an element (examples: a hydrogen atom, a 

hydrogen molecule, a hydrogen cation, or a hydride anion). Names for homoatomic 

ions, radicals, and molecules are usually derived from the element names, but occasionally 

from a Latin equivalent. 

3.2 Names and Symbols for the Elements 

3.2.1 Traditional Names 

The right of the discoverer to name the object discovered is not questioned in many 

scientific fields and is limited only slightly in others. For elements this right has been 

largely retained, and the naming of most elements has proceeded smoothly. The elements 

that were known in antiquity bear names of ancient origin, whereas most of the rest of 

the elements are known by names suggested by the discoverers. During the period 

1911-1947, however, there were multiple claims to the discovery of elements with 

atomic numbers 43, 61, 72, 85, and 87, resulting in some controversy over the right 

to name them. 

CNIC was given the task of resolving those cases that had not been settled by the 

chemical community and was also asked to recommend single names for common 

elements that had different names in different languages. Although it was successful 

with the first task, CNIC had little success with the second, even for scientific purposes. 

A group of German chemists charged with translating the 1970 IUPAC Inorganic Rules 

into German, however, took a very significant step by proposing the acceptance of 

Hydrogen, Oxygen, Nitrogen, and Carbon for Wasserstoff, Sauerstoff, Stickstoff, and 

Kohlenstoff and the alteration of the spelling of Jod to Iod and Wismut to Bismut (38, 

19 
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39). CNIC remains the IUPAC commission charged with the task of recommending 

approved names for elements. Its decisions, according to the 1970 IUPAC Inorganic 

Rules (22d), are “based upon considerations of prevailing usage and practicability” and 

“their selection carries no implications regarding priority of discovery.” 

The procedure by which the elements have been named has led to a collection of names 

that are not systematically related to one another, so it is possible only to compile lists 

of approved names, not rules for constructing approved names. Such a list for all 

recognized elements, with ACS-approved spelling of the names, is given in Table A.I 

in the appendix. Some alternative names are included because they are likely to be 

encountered in the literature or because they are the basis for the symbol for the element 

or for a stem used for naming compounds of the element. 

The only generality to be made about the names for the elements is that the ending 

-ium (-um in three instances) usually indicates a metal. Helium, selenium, and tellurium 

are exceptions, and a number of metals (see Section 3.2.6) do not have names ending in 

-ium or -um, even in alternative forms (examples: bismuth, nickel, and zinc). 

3.2.2 Systematic Names 

The first nine transuranic elements were named without serious problems according to 

the right-of-discovery principle. A potential conflict involving element 102 was avoided 

when the real discoverers accepted the name nobelium, which had been proposed by 
the group that had erroneously reported its discovery. 

Significant controversy, however, has arisen with regard to the discovery (first isolation) 

of elements with atomic numbers 104 and 105. In 1974 IUPAC, in collaboration with 

the International Union of Pure and Applied Physics (IUPAP), agreed to appoint a 

committee of experts that would include three members each from the United States 

and the Soviet Union and three (including the chairperson) from other countries to try 

to resolve the question of priority of discovery of these elements. Although to date this 

committee has not issued a report, the three U.S. members of the committee have 

published their views (40), which include published criteria for the discovery of new 

elements (41, 42). However, the work of another group, an ad hoc joint IUPAC-IUPAP 

working group on the transfermium elements, has been reported (43). It is interesting 

that reports of the discovery of elements with atomic numbers of 106 and higher have 
appeared, but that no names have been proposed for them. 

While the controversy over the naming of elements 104 and 105 continues, a considerable 

volume of literature concerning these elements has accumulated, and the number of 

reports concerning elements with even higher atomic number has increased. Hence, in 

1979 CNIC published a systematic method for naming elements (25) to make it possible 

to refer to an element before there was either experimental evidence for its existence or 

agreement on its name. This system is based on a mixture of Greek and Latin numerical 

terms for the individual digits of the atomic number. To provide unique symbols for 

the elements involved (see Section 3.2.4), the system is designed so that the 10 terms 
have different initial letters. These numerical terms are 

1 un 3 tri 5 pent 7 sept 9 enn 
2 bi 4 quad 6 hex 8 oct 0 nil 
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The names are formed by citing these terms in the order of the digits that make up the 

atomic number, followed by the ending “ium”. The final “i” of “bi” and “tri” is elided 

when it occurs before “ium”, as is the final “n” of “enn” before “nil”. For example, 

element 107 is named unnilseptium (un-nil-sept-ium), element 190 unennilium (un- 

en-nil-ium), and element 263 bihextrium (bi-hex-tr-ium). In these names, each term 

is to be pronounced separately. These systematic names have not yet been widely 

accepted, in spite of statements that each name is to be used only until such time as 

the chemical community agrees on a trivial name for the element in question. In general, 

physicists have totally rejected the system. The use of atomic numbers instead of names, 

which is another possibility, makes the naming of all but the simplest compounds rather 

cumbersome. 

3.2.3 Stems 

Stems characteristic of each element are used in the construction of names for inorganic 

compounds. These stems (there are more than one for some elements) are indicated in 

Table A.I by hyphens and slashes. Unfortunately, there is no system for choosing which 

stem to use when there are multiple stems. Secondary stems were usually introduced 

to produce distinctive names when two different nomenclature systems produced the 

same name for different compounds. 

3.2.4 Symbols 

For many purposes the traditional or alternative names of elements are not used, but 

instead symbols are used to represent the elements. These symbols, capital Roman letters 

often followed by lower-case Roman letters, are usually derived from the names of the 

elements. For elements with atomic numbers greater than 103, three-letter symbols are 

derived from the systematic names by citing the initial letter of each of the numerical 

terms in the systematic name (examples: Uns for unnilseptium, Uen for unennilium, 

and Bht for bihextrium) (see Section 3.2.2). The symbols for the elements, which, in 

contrast to the names, are truly international, are also listed in Table A.I. In all but 

one case, when the name and symbol for an element are not related, the symbol is 

derived from the Latin name for that element. The Latin names involved are included 

in Table A.I. The exception is the symbol W for tungsten, which is derived from that 

element’s alternate name, wolfram, a name that is preferred in Germanic languages. 

Subscript and superscript characters used with the symbol of an element give the 

following specific information. 

► mass number—left superscript 

► ionic charge—right superscript 

► atomic number—left subscript 

► number of atoms of element—right subscript 

For example, the symbol 2j$FIg22 + represents a species bearing an ionic charge of 2 + 

and consisting of two atoms of mercury, each with atomic number 80 and mass number 

200. 

Normally only the right subscript denoting the number of atoms of the element is used 

in chemical formulas (see Section 2.4) (example: Na3P04). When no subscript number 
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is given, it is assumed that only one atom is present. Right superscripts are also used 

when it is desired to indicate the presence of ions [example: (Na + )3(P04)3~] or to give 

the formula for an ion (example: S042-)- The right superscript is written n+ or n—; 

that is, the number representing the quantity is given before the sign of the charge, 

not after it. The atomic number is, of course, obvious from the atomic symbol, so the 

use of the left subscript to indicate atomic number is redundant and not needed for 

most purposes. 

3.2.5 Isotopes 

Individual isotopes of an element may be named by attaching the appropriate mass 

numbers to the name of the element with a hyphen (22e) and may be represented by 

the atomic symbol of the element with the mass number as a left superscript (see Section 

3.2.4). Thus, the major isotopes of chlorine are named chlorine-35 and chlorine-37 and 

have the symbols 35C1 and 37C1. Early investigators used separate names for each isotopic 

nuclide, but trivial names have survived only for the isotopes of hydrogen (i.e., protium, 

deuterium, and tritium rather than hydrogen-1, hydrogen-2, and hydrogen-3 for ‘H, 

H, and H, respectively). The symbols D and T have been used for deuterium and 

tritium, but 2H and 3H are preferred in formulas because D and T disturb alphabetical 
ordering. 

3.2.6 Classification of Elements 

Most classifications of the elements are based on chemical- or electronic-structure sim¬ 

ilarities. These classifications can generally be related to periodic tables, one form of 

which is reproduced in Figure A.2. The numbering of the vertical groups of elements 

in periodic tables from Group I to Group VIII is well established internationally, but 

the use of A and B to designate the groups and subgroups has not been consistent (44). 

Although the 1970 IUPAC Inorganic Rules do not contain a periodic table, they do 

state that the subgroups starting with K, Ca, Sc, Ti, V, Cr, and Mn should be designated 

1A, 2A, etc., and those starting with Cu, Zn, Ga, Ge, As, Se, and Br should be 

designated IB, 2B, etc. (22/). The ACS Committee on Nomenclature recommended 

that the use of A and B to designate groups and subgroups of periodic tables be abandoned 

and that these groups be numbered from 1 to 18, as indicated in Figure A. 2 (45). (The 

use of d and f recommended for Groups 3 through 12 in ref. 45 has been omitted.) 

There has been considerable criticism of this recommendation, and whether it will 

ultimately be accepted or rejected by the chemical community is uncertain at this time. 

CNIC included the 1-18 numbering for groups and subgroups of periodic tables in the 

new edition of the IUPAC Rules for Inorganic Nomenclature, but it has also included 

alternatives (30). The 1-18 numbering scheme will be used in this treatise, although 

the two widely used A-B schemes are also indicated in Figure A. 2. 

The oldest classification of elements is as metals and nonmetals, a differentiation denoted 

by the stepped line shown in the periodic table in Figure A. 2. The distinction between 

these two categories is not a sharp one, and some of the elements next to the line are 

often called semimetals. CNIC recommends against the use of “metalloid” for these 

elements because it is not used in the same sense from language to language (22g). 

The broad classification of elements into mam, transition, and inner transition elements 

is widely used. This classification is usually based on position in periodic tables and is 
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related to similarities in electronic structure. In the discussion that follows, some major 

electron shells may be considered “complete” in one series, even though electrons are 

later added to d or f orbitals of that shell in another series of elements. The main-group 

elements, which have also been called characteristic, typical, or representative elements, 

are the elements in Groups 1, 2, 13, 14, 15, 16, 17, and 18. All of the electrons 

responsible for the chemical behavior and for most of the physical properties of these 

elements are in orbitals having the major quantum number n (s and p orbitals) (Bohr 

classification: outer shell incomplete). 

The term “transition element”, originally used to designate the elements in Groups 8, 

9, and 10 for which there is no parallel among the main-group elements, is now widely 

used to denote those elements in Groups 3 through 12. Transition elements are, with 

the exception of the Group 12 elements, those elements in which the chemically active 

electrons are in orbitals with major quantum numbers n (s and p orbitals) and n — 1 (d 

orbitals) (Bohr classification: two outermost shells incomplete except for the elements 

in Group 12). Because zinc, cadmium, and mercury have some properties similar to 

those of the preceding transition metals in the same series, they are usually included 

among the transition elements, although they each have complete d orbitals in the 

n — 1 shell and do not form monoatomic cations with more than one oxidation num¬ 

ber. The inner transition elements (other than lutetium and lawrencium) each have 

an incomplete n — 2 major shell (f orbitals) in addition to incomplete n and n — 1 

shells (Bohr classification: three outermost orbitals incomplete except for lutetium 

and lawrencium). 

A more recently introduced terminology, for which there is no uncertainty in terms and 

no dual usage, is 

► s-block elements: Li, Be, and their congeners 

► p-block elements: B to Ne and their congeners 

► d-block elements: Sc to Zn and their congeners 

► f-block elements: Ce to Lu and their congeners 

The following are collective names for some groups of elements in periodic tables: 

► Alkali metals: Li, Na, K, Rb, Cs, Fr 

► Alkaline earth metals: Ca, Sr, Ba, Ra 

► Rare earth elements: Sc, Y, La through Lu 

► Lanthanoid or lanthanide elements: Ce through Lu 

► Actinoid or actinide elements: Th through Lr 

► Chalcogens: O, S, Se, Te, Po (chalcogenides in binary compounds) 

► Flalogens: F, Cl, Br, I, At (halides in binary compounds) 

► Noble, inert, or rare gases: Fie, Ne, Ar, Kr, Xe, Rn 

Many now consider the alkaline earth metals to include Be and Mg in addition to Ca 

through Ra (i.e., to include all the elements of group 2) (46). This group originally 

consisted only of the elements Ca through Ra (22f). 
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CNIC recommended the use of the terms “lanthanoid” and “actinoid” (22/) to circum¬ 

vent objections to the use of the words “lanthanide” and “actinide” because the suffix 

“-ide” has a specific meaning in the naming of monoatomic anions (.see Section 3-4.2), 

whereas “-oid” is a suffix meaning resembling or having the quality of (2). However, 

these terms have not been widely used. No one of the names for the helium family of 

elements is used in preference to the others, which suggests that none is really appro¬ 

priate. 

There have been attempts to coin other group names, but only the term pnicogens 

(pnictides in binary compounds) for N, P, As, Sb, and Bi has received much use. Its 

use is not recommended by CNIC, and, in order to forestall the introduction of other 

trivial group names derived from unfamiliar words, CNIC recommended the following 

group names (22/), which also have not been widely accepted. 

► Triels: B, Al, Ga, In, T1 (trielides in binary compounds) 

► Tetrels: C, Si, Ge, Sn, Pb (tetrelides in binary compounds) 

► Pentels: N, P, As, Sb, Bi (pentelides in binary compounds) 

3.2.7 Elementlike Associations 

The positively charged particles known as the positron (e+) and muon (|x + ) form short¬ 

lived associations with an electron that behave in some respects, including compound 

formation, like atoms of elements. These pseudoelement species [(e + )(e~) and (|X + )(e-)] 

are almost exclusively called positronium and muonium, respectively. 

3.3 Polyhomoatomic Molecules 

3.3.1 Unspecified Structure 

An elementary substance that has an indefinite molecular structure or is a mixture of 

molecular species is given only the name of the element involved (examples: metallic 

copper is called copper and common sulfur is called sulfur). 

3.3.2 Finite Structure 

Neutral molecules consisting of two or more atoms of the same kind are named by 

placing in front of the name of the element the type-1 numerical prefix (see Table A.II; 

see Section 2.2.3 for discussion of different types of prefixes) corresponding to the number 

of atoms. The prefixes cyclo- and catena- may be used to designate rings and chains of 

atoms, respectively. Some examples are shown in Table 3.1. 

Table 3.1. Neutral Molecules 

Formula Systematic Name Trivial Name 
o2 Dioxygen Oxygen 
03 cafena-Trioxygen Ozone 
S8 cyc/o-Octasulfur a-, (B-, or 7-Sulfur 
P4 Tetraphosphorus White phosphorus 

It is customary to omit di- in front of the element names for the common diatomic 

gaseous elements; however, the systematic names (such as dinitrogen and dioxygen) are 



3. Homoatomic Species 25 

used in recent British literature and are also used as ligand names (see Section 5.3.4.1). 

Because the numerical prefix di- is not generally used in the names for the gaseous forms 

of these elements, it is usual to refer to them in their atomic form as monoatomic 

hydrogen, monoatomic oxygen, etc. 

The two kinds of molecular hydrogen, in which the nuclear spins of the two nuclei are 

parallel and opposed, are known as ortho and para hydrogen, respectively. 

3-3.3 Allotropic Modifications 

When the structure of an allotropic modification of an element is known, its name 

should indicate the molecular formula and/or crystal structure. See Section 3.3.2 for 

examples of names for molecular modifications. Crystalline allotropic modifications of 

an element may be named by adding in parentheses directly after the name of the element 

the Pearson symbol that gives the Bravais lattice (crystal class and type of unit cell) (47; 

see Table A.IV) in italics and the number of atoms in the unit cell for the structure of 

the allotrope. If the Pearson symbol fails to differentiate between two crystalline allotropes 

of an element, the symbol for the space group, separated by a comma and a space from 

the Pearson symbol, is added inside the parentheses, as shown in Table 3-II. 

Table 3.11. Crystalline Allotropes 

Formula Systematic Name 

cn Carbon(cF8) 
Carbon(/?P4) 

Fe„ Iron (c/2) 
lron(cF4) 

Pn Phosphorus(oC8) 

Se„ Selenium(mP32, P2,/n) 
Selenium(/77P32, P2,/a) 

Trivial names, generally names derived from the name of an element and a descriptor 

(color, Greek letter) or mineral names, continue to be accepted by CNIC as allowed 

alternatives to systematic names. Their extensive proliferation is discouraged, but such 

names are used for amorphous modifications of an element, for commonly recognized 

allotropes of indefinite structure, and for commonly occurring forms that are mixtures 

of structures or have ill-defined, disordered structures. Poly- is often used to signify 

“many” without specifying how many. Some examples of trivial names are shown in 

Table 3.HI. 

Table 3.111. Trivial Names 

Formula Trivial Name 

Cn Diamond [carbon(cF8)] 
Common graphite [carbon(hP4)] 
Vitreous carbon (amorphous carbon) 

F@n a-lron [iron(c/2)] 
-y-lron [iron(cF4)] 

Pn Black phorphorus [phosphorus(oC8)] 
Red phosphorus (amorphous phosphorus) 

Se„ a-Selenium [selenium(mP32, P2,/n)] 
(3-Selenium [selenium(mP32, P21/a)j 

ASn Amorphous arsenic 

s8 7-Sulfur (amorphous sulfur) 

sn ix-Sulfur (polysulfur) 
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3.4 Homoatomic Ions 

3.4.1 Monoatomic Cations 

A positively charged monoatomic ion may be named by attaching in parentheses either 

the Stock number (see Section 2.3.2) or the Ewens—Bassett number (see Section 2.3.3) 

directly to the name of the element from which it is derived; that is, there is no space 

between the name and the parenthetical expression. The Ewens—Bassett number, which 

is the formal charge on the cation (or anion) expressed in terms of arabic numerals, is 

more generally applicable and is preferred by IUPAC. Often the word “cation” or “ion” 

is added as a separate word. Some examples are given in Table 3.IV. 

Table 3.1V. Monoatomic Cations 

Formula Ewens-Bassett Name Stock Name 

Cr2+ Chromium(2 + ) ion Chromium(ll) ion 
Cr3+ Chromium(3 + ) ion Chromium(lll) ion 
Ag + Silver(1 +) ion Silver(l) ion 

The use of the suffixes -ous and -ic to indicate a lower and a higher charge on different 

cations derived from the same element, a use that was once almost universal, has all 

but disappeared. The Stock number or the Ewens—Bassett number may be omitted from 

the name when the element commonly forms only one cation (examples: sodium ion for 

Na+ and calcium ion for Ca2 + ). 

3.4.2 Monoatomic Anions 

A negatively charged monoatomic ion is named by adding the suffix “-ide” to a stem 

of the name of the element. Designation of the charge on monoatomic anions is usually 

omitted because elements seldom form more than one kind of monoatomic anion. Often 

the descriptive term anion or ion is added as a separate word even though it may 

be redundant. Some examples are shown in Table 3.V. 

Table 3.V. Monoatomic Anions 
Formula Name 
F- Fluoride ion 
Se2~ Selenide ion 
P3- Phosphide anion 
Sn4- Stannide(4-) ion 

Stannide(-IV) ion 

3.4.3 Polyhomoatomic Ions 

An ion containing two or more atoms of the same kind is named by adding a type-1 

numerical prefix (see Table A.II) to the cationic or anionic name for the element to 

indicate the number of atoms. The total amount of charge on the ion is specified by 

adding the Ewens-Bassett number parenthetically to the name of the ion. Although 

Stock numbers are also used, such usage is not preferred because there are a number of 

species that produce a fractional Stock notation (example: 02+). The separate words 
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“ion”, “cation”, and “anion” are often added. Some polyhomoatomic ions have trivial 

names of long standing, which are included in the examples in Table 3- VI. 

Table 3.VI. Polyhomoatomic Ions 

Formula Systematic Name Trivial Name 

Hg22+ Dimercury(2 + ) iona Mercurous ion 
o2+ Dioxygen(1 +) cation Dioxygenyl(1 +) 

BU4+ Pentabismuth(4 +) 

Ag3 + cyc/o-Trisilver(1 +) 

U2+ Tetraiodine(2 + ) 

o22- Dioxide(2-) ion Peroxide 

Or Dioxide(1 -) ion Hyperoxide 
Superoxide 

c22- Dicarbide(2-) Acetylideb 

N3- Trinitride(1 -) anion Azide 
S„2- Polysulfide(2 —) 

1 3~ Triiodide(1 -) ion 

aThe Stock name dimercury(l) cation is also possible. 
bAcetylide has been used for both C22- and HC2“. 





Chapter 4 

Heteroatomic Species: General Principles 

4.1 Introduction 

Because the elements do not have systematic names, no procedure for inorganic no¬ 

menclature can be purely systematic beyond the indication of the elements present 

in a species and their structural arrangement. In general, heteroatomic species 

may be named in more than one way, and there is not necessarily a single “correct’ 

name for each compound. To complicate matters further, the different systems of 

nomenclature are more or less continually changing as improvements are sug¬ 

gested and put into practice. Alternative and/or changing names are only a nuisance 

in the day-to-day practice of inorganic chemistry, but they pose a more serious prob¬ 

lem in retrospective searching of the literature for more than a few recent years. 

This situation can be a particular problem as knowledge of a species increases and 

more informative names become prevalent. The use of trivial or semisystematic 

names in some of the examples in this book is not to be construed as an endorse¬ 

ment of such names, but just as a recognition that their use may sometimes be 

convenient. 

Although the predominant systems for naming inorganic compounds are basically ad¬ 

ditive and the current tendency is to use additive nomenclature insofar as possible, other 

types of nomenclature are still used for some types of inorganic compounds (see Section 

2.2.2). None of the systems in use is completely systematic, but all are systematic 

insofar as they provide formal procedures for assembling morphemes into names. The 

discussion of the nomenclature of heteroatomic species that follows is divided into 

chapters giving details for various procedures that have found some current or past 

use. Additive nomenclature is discussed as a general approach to inorganic nomencla¬ 

ture in Chapter 5, and then more specific procedures are considered in succeeding 

chapters. Several of the latter procedures are essentially embellishments to additive 

nomenclature. 

A name can reproduce only the information that is known about the species to be named. 

Such information is generally available in a more or less detailed formula (see Section 

2.4). It is important not to overinterpret a formula and draw unwarranted conclusions 

from it. A common mistake is to assign a coordination number on the basis of an 

empirical formula without taking into consideration the possibility of condensed struc¬ 

tures. The discussion of individual systems in the chapters that follow proceeds from 

the use of systems that produce less informative names to systems that produce names 

giving more information about the compound being named. 

29 
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4.2 Types of Heteroatomic Species 

Groups of heteroatomic atoms may be neutral or ionic and may consist of few or many 

atoms. Neutral inorganic species are usually covalent molecules, but they are sometimes 

truly radicals in the physical organic chemistry sense, that is, neutral molecular structures 

containing one or more atoms carrying unpaired electrons (48, 49). The term “radical” 

has been used for a group of atoms the name of which is used as a prefix in substitutive 

nomenclature (34). Radicals in the latter sense usually do not have independent exist¬ 

ence, and use of the term “radical” in this sense is now discouraged (48, 49). It would 

seem appropriate to make the same restriction in inorganic nomenclature. Furthermore, 

many inorganic species containing transition metals with unpaired electrons in inner 

electron shells meet the criterion for a radical species, but are not really chemically 

analogous to organic radicals. 

The term radical will be restricted in this work to species with an unpaired electron 

in their outer electron shell, and the term group will be used for groups of atoms 

that are treated as a unit for nomenclature purposes. An unpaired outer electron may 

be indicated by placing a centered or superscript dot beside the appropriate atomic 

symbol in a structural formula or after a molecular formula. 

In addition to the cations and anions that are found in ionic inorganic compounds, it 

is possible to have charged radicals under some conditions. The terms “radical cation” 

and radical anion are used for such species, and a superscript plus or minus sign is 

placed after the dot in the molecular formula according to inorganic (30) and organic 

(34b) nomenclature practices. Mass spectrometrists, however, place the superscript plus 

or minus sign in front of the superscript dot (30). The groups of atoms that are treated 

as units for inorganic nomenclature purposes are for the most part formally either cations 
or anions. 

4.3 Heteroatomic Groups 

4.3.1 General 

In naming many compounds, it is customary to treat groups of atoms as single units 

for nomenclature purposes. The justification for doing this lies not in convenience alone 

but also in the observation that the same groups are present in large numbers of 

compounds and persist unchanged during reactions of these compounds. 

This information is incorporated into inorganic nomenclature by giving such groups 

either trivial or systematic names and then naming their compounds as pseudobinary 

compounds. The subsections of Section 4.3 will be limited to the naming of relatively 

simple groups, but the principles therein are readily extended to complicated situations 

once a pattern has been established for the type of species under consideration. 

Although the modern tendency is to use systematic names based on a central atom, 

many trivial names, for which there may be some systematic relationships, are still 

normally used. Binary groups for which a semisystematic nomenclature has evolved are 

o two types, those containing oxygen and another element (binary oxo groups) and 

those containing hydrogen and another element (binary hydro groups). The nomenclature 

of binary oxo groups will be discussed in this chapter in Section 4.3.3, whereas that of 
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binary hydro groups will be included in the discussion of molecular hydrides as Section 

9-3- The trivial name of cyanide for the anion CN“ is also in common use and serves 

as the basis for naming (CN)2, CNO', CNS“, etc., which are treated as if CN" were a 

halide ion. 

4.3.2 Additive Names 

The additive name for a heteroatomic group of atoms is based upon the concept of a 

central atom to which other atoms are attached. If it is binary (that is, it contains atoms 

of only two elements), the procedure for giving it an additive name is straightforward. 

The atom of the more electropositive element according to Figure A. 1 or the atom that 

appears only once in the group is considered to be the central atom, leaving the other 

atom(s) as the side atom(s). The name of the group is then formed by citing the 

appropriate morpheme for the side atom(s) with a multiplying prefix (see Table A.II), 
if necessary, followed by the name for the central atom. The morpheme used for the 
side atom(s) is a stem of the element name (see Table A.I) with the suffix “-o”. 

Examples: SiH3 trihydridosilicon 

Cr02 dioxochromium 

CF3 trifluorocarbon 

GeCI3 trichlorogermanium 

An analogous procedure is used if the side atoms are not all atoms of the same element, 
with the morphemes for the side atoms cited in alphabetical order, ignoring any mul- 
tiplying prefixes. 

Examples: PCI202 dichlorodioxophosphorus 

SCI03 chlorotrioxosulfur 

SiBr2CI dibromochlorosilicon 

SnCIH2 chlorodihydridotin 

Most heteroatomic groups do not occur as neutral groups, so the name derived in the 

foregoing fashion has to be modified to indicate that the group is present as a cation 

or an anion. The methods for doing this are discussed in Section 4.5.2. 

Examples: U0 22+ dioxouranium(2 + ) cation 

VO43- tetraoxovanadate(3-) anion 

If, instead of single atoms, there are one or more groups of atoms bonded to a central 

atom, the names for these side groups are formed in the usual way for groups of atoms, 

adding the suffix “-o” or “-ato” where appropriate. Organic side groups are named as 

hydrocarbon groups (or substituted derivatives) (22h) or by modification of the organic 

name with one of these suffixes. 

Examples: SiCI(OSiCI3)2 chlorobis(trichlorooxosilicato)silicon 

Sn(CH3)3 trimethyltin 

Pb(OOCCH3)Br2 (acetato)dibromolead 

4.3.3 Binary Oxo Groups 

Names for heteroatomic groups consisting of a characteristic element E and one or two 

oxygen atoms may be formed by adding “-osyl” or “-yl”, respectively, as a suffix to a 
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stem name for E. For similar groups with three oxygen atoms, the prefix “per-” may 
be added to the “-yl names for the corresponding E02 groups. These names refer to 
uncharged groups of atoms and require modification in order to designate cationic or 
anionic groups (see Section 4.3.2). 

Examples: EO eo2 eo3 
CIO chlorosyl cio2 chloryl cio3 perchloryl 
10 iodosyl I02 iodyl I03 periodyl 
NO nitrosyl no2 nitryl 

Cr02 chromyl 
uo2 uranyl 

Mn03 permanganyl 
Re03 perrhenyl 
Tc03 pertechnetyl 

The EO groups in the following list have been known for a long time by the names 
that would be given to the corresponding E02 groups by the preceding method. Al¬ 
though each EO group could be renamed according to that method as an -osyl group, 
the -yl name cannot be used for the corresponding E02 group because of the consequent 
confusion. Thus, they are exceptions to the method. 

Exceptions: BiO bismuthyl TiO titanyl 
SbO antimonyl PO phosphoryl 
CO carbonyl VO vanadyl 

A number of EO and E02 groups that could be named by the semisystematic method 
are commonly known by other names that presumably will not disappear quickly. If 
that method is applied to the groups in question, however, the stem name for the 
characteristic element must be chosen carefully to avoid formation of a name used for 
another group. For example, Se02 must be named selyl because selenyl is a name for 
HSe (see Section 9.3). Trivial names for EO and E02 groups are 

HO hydroxyl SeO seleninyl 
ho2 perhydroxyl Se02 selenonyl 
SO sulfinyl3 P02 phospho 
S02 sulfonyl6 As02 arso 

Sb02 stibo 

aThionyl was commonly used. The semisys¬ 
tematic method gives sulfurosyl. 

fcSulfuryl, a name formerly in common use, is 
the name formed according to the semisys¬ 
tematic method. 

Chalcogen analogs of binary oxo groups may be named by citing the prefixes “thio-”, 
seleno- , and telluro-”, in alphabetical order when two or more are present in front 

of the name of the corresponding binary oxo group. Type-1 numerical prefixes (r* Table 
A. 11), with the exception of mono, are used as appropriate. 

Examples: NS thionitrosyl CSe selenocarbonyl 

PS2 dithiophospho ISSeO selenothioperiodyl 
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4.4 Stoichiometric Names 

4.4.1 Numerical Prefixes 

When only the empirical formula for a compound is known, a name denoting the 

stoichiometric proportions is formed by joining type-1 numerical prefixes {see Table A.II) 

without hyphens to names or modified names for the elements comprising the compound. 

The end vowels of the prefixes should not be elided. The prefix mono may be omitted 

except when confusion is possible. Arabic numerals with hyphens may be used instead 

of prefixes for numbers greater than 10 in order to facilitate understanding, but numbers 

are much less desirable than prefixes. Alphabetical listings, for example, are much more 

difficult to understand if numbers are used. 

The order for citing the names of the elements in a binary compound is determined by 

their relative electronegativities, as given in Figure A.l. The name used for the more 

electropositive element is the unmodified name of that element, as given in Table A.l. 

It is cited first, followed by the name for the more electronegative element, which is 

formed by adding the suffix “-ide” to a stem of that element’s name (see Table A.l). 

When more than two elements are present, the most electropositive and the most 

electronegative are named as if they are constituents of a binary compound. The remaining 

elements in the compound are cited by their unmodified names if they are regarded as 

electropositive and by the name derived by adding the suffix “-ide” to the appropriate 

stem of their name if they are regarded as electronegative. All unmodified names are 

cited in one alphabetical sequence, ignoring any numerical prefixes, and all names ending 

with the suffix “-ide” are cited in a second alphabetical sequence, again ignoring any 

numerical prefixes. Names formed by the methods of this paragraph are used primarily 

for binary compounds because it is generally possible to use more informative names 

for compounds containing more than two elements. 

Examples: no2 nitrogen dioxide 

FeCI3 iron trichloride 

n2o5 dinitrogen pentaoxide 

uci3f uranium trichloride fluoride 

CaaP 2Os tricalcium diphosphorus octaoxide 

K2PtCI6 platinum dipotassium hexachloride 

LiH lithium hydride 

AI3Fe iron trialuminide 

BrCI3 bromine trichloride 

4.4.2 Stock Notation 

Stoichiometric composition may be indicated indirectly by using the Stock notation for 

oxidation number (see Section 2.3.2), which may be applied to both electropositive and 

electronegative elements. 

Mn02 manganese(IV) oxide 

P2O5 phosphorus(V) oxide 

FeCI3 iron(lll) chloride 

FeCI2 iron(ll) chloride 

Examples: 
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Na2Col4 cobalt(ll) disodium iodide 

HO hydrogen oxide(-l) 

K2PtCI6 platinum(IV) dipotassium chloride 

Prior to the introduction of the Stock notation, when an element exhibited more than 

one oxidation number, suffixes, prefixes, or both were used to differentiate among 

oxidation numbers. If an element exhibited two oxidation numbers, the suffix “-ic” was 

used to designate the higher oxidation number and the suffix “-ous” the lower; for 

example, ferric is used for Fe(III), ferrous for Fe(Il), phosphoric for P(V), and phosphorous 

for P(III). The prefixes “per-” and “hypo-” were combined with these suffixes to indicate 

other oxidation numbers when there were more than two. For the most part this system 

is no longer in use, but see Section 8.2.3 for its use with certain oxo acids (and their 

derivatives). It has also been retained in indicating that the oxidation number of oxygen 

is not the usual 2—; the name for 022- is peroxide anion and for 02~ is hyperoxide anion. 

4.4.3 Ewens-Bassett Notation 

The Ewens-Bassett notation (see Section 2.3.3) may be used in the same way as the 

Stock notation (see Section 4.4.2) to indicate the stoichiometric composition indirectly. 

This method is particularly useful for binary compounds when it is desired to emphasize 
the presence of discrete ions. 

Examples: AgF silver(1 +) fluoride 
AgF2 silver(2 + ) fluoride 
Na2S sodium sulfide(2-) 

Fe304 iron(2 + ) diiron(3 + ) oxide 
TiCI3 titanium(3 + ) chloride 
K2PtCI6 potassium hexachloroplatinate(2 -) 

Names Indicating Atomic Groupings 

4.5.1 Discrete Molecules 

When the molecular formula of a compound is known, this information can be indicated 

by citing the actual number of atoms or groups of atoms of each kind in a molecule of 

the compound, rather than by simply giving the stoichiometry as described in Section 

4.4. Type-1 or type-2 numerical prefixes (see Table A.II) are used as appropriate. If the 

molecular formula and the stoichiometric formula are the same, the molecular name 
will, of course, be the same as the stoichiometric name. 

Examples: n2o4 dinitrogen tetraoxide 
S2CI2 disulfur dichloride 
P 4Sl0 tetraphosphorus decasulfide 
HCN hydrogen cyanide 
(CI03)F perchloryl fluoride 

4.5.2 Ions 

The naming of homoatomic cations and anions is discussed in Section 3.4. Heteroatomic 

ions that have the same elemental composition as the heteroatomic groups discussed in 
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Section 4.3 may be named by adding the appropriate class term (“anion” or “cation”) 

as a separate word after the name of the group. The amount of charge may be indicated 

by adding a type-1 numerical prefix (see Table A.II) to the class term or by adding either 

the Stock number of the characteristic element in parentheses or the Ewens—Bassett 

number in parentheses to the name of the group. In the last case, the term “ion” is 
usually used instead of “anion” or “cation”. 

Examples: [NO]+ nitrosyl cation 
[N02]- nitryl anion 
[CO]2+ carbonyl dication 

carbonyl(2 + ) ion 

[PO]3+ phosphoryl trication 
phosphoryl(V) cation 
phosphoryl(3 + ) ion 

[VO]2+ vanadyl dication 
vanadyl(IV) cation 
vanadyl(2 + ) ion 

[Se03S]2- thioselenate dianion 
thioselenate(2-) ion 

[UOS]2+ thiouranyl dication 
thiouranyl(VI) cation 
thiouranyl(2 + ) ion 

The traditional nomenclature of the many binary oxo anions formally derived from oxo 

acids by the loss of one or more hydrogen(l + ) ions is discussed in Chapter 8. For 

example, the traditional name for SC>42_ is sulfate. However, such anions also may be 

named by applying the principles in the preceding paragraph to additive names formed 

according to Section 4.3.2. 

Examples: [so4]2- tetraoxosulfate dianion 
tetraoxosulfate(VI) anion 
tetraoxosulfate(2~) ion 

[NbOJ- trioxoniobate anion 
trioxoniobate(V) anion 
trioxoniobate(1 -) ion 

[Se03S]2- trioxothioselenate dianion 
trioxothioselenate(VI) anion 

[SbS4]3- tetrathioantimonate trianion 
tetrathioantimonate(V) anion 
tetrathioantimonate(2-) ion 

Binary ions that can be derived formally by the addition or removal of hydrogen ions 

from a molecular hydride may be named by the method given in Section 9.4, as well 

as by the method of this section. See Section 9.4 for examples of names for binary hydro 

ions derived by both methods. 

4.5.3 Ionic Compounds 

Compounds containing polyatomic ions may be named by citing cations before anions 

and putting each class in alphabetical order when more than one cation, anion, or both 

are present. Such names give information about how some atoms are associated in a 

compound, as well as giving the stoichiometry. The naming of ions is discussed in 

Sections 3.4, 4.5.2, 8.4, and 9-4. Table A.V is a compilation of trivial and semisys- 

tematic names for parent polyatomic ions that are not covered by systematic nomenclature 

or the conventions for binary oxo and hydro groups. 
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Examples: Cu(S04) copper sulfate 
copper(ll) sulfate 
copper(2 +) sulfate 

Ni(CN)2 nickel dicyanide 
nickel(ll) cyanide 
nickel(2 + ) cyanide 

(NH4)4[Fe(CN)6] tetraammonium ferrocyanide 
ammonium ferrocyanide(4-) 

Na3(P04) trisodium phosphate 
sodium phosphate(3-) 

K(P03) potassium metaphosphate(1 -) 
(Hg2)CI2 dimercury dichloride 

dimercury(2 + ) chloride 
(U02)(N03)2 uranyl dinitrate 

uranyl(2 + ) nitrate 

Radicals and Radical Ions 

Inorganic species that meet the criterion for a radical, known earlier as a “free radical” 

or a radical ion (32a, 34), that is, that have unpaired electrons in the outermost electron 

shells of one or more of the atoms making up the species (see Section 4.2), can always 

be named as discrete molecules (see Section 4.5.1) or as ions (see Section 4.5.2). When 

Examples: 

e for the species. 

CIO chlorine(ll) oxide radical 
chlorosyl radical 

HO hydroxyl radical 
sf4+ tetrafluorosulfur radical ion(1 +) 
no22- nitryl radical ion(2-) 

4.6 Names Indicating Structure 

4.6.1 Discussion 

Inorganic compounds may be simple molecules, aggregates of discrete ions, or large 

molecules consisting of infinite chains, sheets, or three-dimensional networks. Systems 

of nomenclature have been designed to make it possible to indicate the stereochemical 

structure for many of these possibilities. Often the structure for a simple molecule or 

discrete ion is assumed by analogy to known structures, and it is not considered necessary 

to include extensive stereochemical information in the name. In this section methods 

for differentiating isomers will be mentioned, but the detailed treatment of stereochem¬ 
ical nomenclature will be presented separately in Chapter 16. 

4.6.2 Association of Atoms 

The manner in which atoms are bonded one to another in a molecule is the most 

elementary structural information. It does not provide geometrical information, although 

in many cases the geometry of a molecule is considered to be evident on the basis of 

theoretical considerations once the number of bonds formed by each element is known 

Many of the names formed according to the principles of Section 4.5 give bonding 

information. A systematic procedure for constructing names that indicate how the atoms 
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in a molecule are joined has been developed from the method for naming coordination 

compounds suggested by Werner (11). This system will be described in detail in Chapter 

5. The following examples are included only as simple illustrations of the method. 
Names based on Stock numbers can also be used. 

Examples: 

K2SO4 potassium tetraoxosulfate(2-) 
potassium tetraoxosulfate(VI) 

Ca2[Fe(CN)6] calcium hexacyanoferrate(4 -) 

[Cu(NH 3)4][Ni(NCS) 4] tetraamminecopper(2 +) tetrakis(thiocyanato)nickelate(2 -) 

4.6.3 Stereochemistry 

If the names for isomers are otherwise identical, that is, if the species in question are 

stereoisomers, prefixes may be used to designate specific isomers in simple cases (see 

Section 5.3-6.3). Locants have been used in more complex cases (see Section 16.2), but 

the most recent procedure has been to designate the detailed spatial relationship of the 

individual atoms by the use of more or less complex descriptors entailing the use of 

italicized letters and arabic numerals (see Section 16.3). 



. 



Chapter 5 

Additive Nomenclature 

5.1 Introduction 

The procedure for naming coordination entities, which is a refinement and extension of 

the system proposed by Werner (11), was mentioned earlier as an example of the additive 

method of nomenclature. A coordination entity is defined as a group of atoms that 

contains one or more coordinate covalent bonds and retains its identity during 

metathetical chemical reactions. It may be a neutral molecule, a cation, or an anion 

that is considered to consist of a central atom (also called a nuclear atom or center of 

coordination), to which side groups known as ligands are bonded. The ligands, which 

may be single atoms or groups of atoms, may be viewed conceptually as neutral or ionic 

entities that are bonded to an appropriately charged central atom. Although the method 

for naming coordination entities is a systematic additive procedure, the names produced 

are not always purely systematic because the morphemes incorporated into the final 

name may not be systematic. 

This chapter will begin with a discussion of naming mononuclear coordination entities, 

that is, coordination entities with only one central atom. Chapters 6, 7, and 16, which 

are devoted to naming polynuclear coordination entities, naming inorganic polymers, 

and indicating the stereochemistry of inorganic compounds, respectively, extend the 

procedure for naming mononuclear coordination entities in various ways. 

The method of this chapter is not dependent on the presence of coordinate covalent 

bonds and hence is applicable to any group of atoms, neutral or charged, in which there 

is a central atom surrounded by two or more atoms or groups of atoms. This chapter 

will end with a discussion of the general use of additive nomenclature for inorganic 

species. 

5.2 Choice of Central Atom 

The central atom (ion) for a conventional mononuclear coordination entity based upon 

a metallic element is the atom (ion) of that metal. However, specific rules are needed 

for the choice of a central atom when additive nomenclature is applied to compounds 

containing two or more nonmetallic atoms in higher oxidation states. The following 

order of priorities, listed in decreasing order of preference, is suggested. The symbol > 

indicates “has preference over what follows”. 

1. Metals > nonmetals (except carbon) > carbon 

2. Most centrally located atom [example: S of S02 in preference to S of either SF5 in 

F5S0S(0)20SF5] 

39 
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3. Element encountered last when going from electronegative to electropositive elements 

according to Figure A. 1 [example: P in preference to S in FS(0)20P(0)F2] 

4. Element with higher oxidation number [example: S(VI) of SF5 in preference to S(IV) 

of FS(O) in FS(0)0SF5] 

5. Element with greater number of side groups [example: S of SF5 in preference to S 

of S(0)2F in F5S0S(0)2F] 

6. Atom with greater variety of bonding atoms (example: S of SC1F4 with bonds to Cl, 

F, and O in preference to S in SF5 with bonds to only F and O in F5SOSClF4) 

7. Atom to which is attached the ligand or side group with the name first in alphabetical 

order [example: S of S(0)2C1 (chloro side group) in preference to S of FS(0)2 (fluoro 
side group) in FS(0)20S(0)2C1] 

5.3 Naming a Coordination Entity 

5.3.1 General Procedure 

A coordination entity is named by citing the names of the ligands in alphabetical order, 

followed by an appropriate name for the central atom, with an indication of the charge 

on the coordination entity or the oxidation state of the central atom. In addition to 

these essentials, descriptor prefixes or symbols may be used to indicate details of structure. 

If the coordination entity is an ion, any compound containing that ion is named as an 

ionic compound (see Section 4.5.3). In formulas the coordination entity is usually enclosed 

in brackets (see Section 2.2.7). These principles are intrinsic to the remainder of this 
chapter, so examples will not be given at this point. 

The order of citation of the ligands has not always been alphabetical, and various orders 

have been used in the past. Werner’s practice of citing anionic ligands before neutral 

ligands is reflected in the 1940 Inorganic Nomenclature Rules (19), which were in¬ 

adequate for the order within these groups as the variety of ligands increased. The 1957 

IUPAC Inorganic Rules (20, 21) gave an order of priorities among anionic ligands that 

was based essentially on first the number of atoms constituting inorganic anions and 

then the atomic number of the central atom in the ion, followed by organic anions in 

alphabetical order. The order among neutral ligands was given as water, ammonia, other 

inorganic ligands in a sequence based roughly on the position of their coordinating 

atoms in the periodic table, and finally organic ligands in alphabetical order. The 

complexity of the rules combined with the ever-increasing variety of ligands finally led 

to the decision in 1970 to use a single series of alphabetically arranged ligand names 
without regard to ligand type (22i). 

5.3.2 Central Atom 

The name for the central atom in a neutral or positively charged coordination entity is 

the name of the element. The name for the central atom in a negatively charged 

coordination entity is formed by adding the suffix “ate” to an element stem name for 
the central atom (see Table A.I). 

5.3.3 Charge on Coordination Entity 

The charge on ionic coordination entities can be indicated directly with the Ewens- 

Bassett number (see Section 2.3.3) or indirectly by indicating the oxidation number of 

the central atom with the Stock number (see Section 2.3.2). The use in the Stock system 
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of 0 for an oxidation number of zero (because there is no Roman numeral for zero) 

precludes the use of 0 as a Ewens—Bassett number for neutral coordination entities. 

Normally this causes no confusion. 

After Stock proposed the use of parenthetical numbers to indicate the oxidation number 

of the central element (see Section 2.3.2), the adoption of Werner’s proposals for naming 

coordination compounds was rapid. Until then there had been some reluctance to use 

the Werner system because of its awkward way of indicating oxidation numbers. Even 

the Stock proposal was not entirely satisfactory. First, the charge on the coordination 

entity is not immediately evident from the Stock number but must be calculated. Second, 

there are many instances in which the oxidation number of the central atom is not at 

all evident, and, in fact, it may have no real meaning. Although both systems are widely 

used, the Ewens—Bassett number is generally more satisfactory and will be used in most 

examples in this book with the understanding that in most cases Stock numbers would 

serve as well. 

5.3.4 Ligand Names 

5.3.4.1 Neutral Ligands. The name for a neutral molecule is also used as the name 

for that molecule when it functions as a ligand, except for those simple molecules listed 

in this section. The numerical prefix di- is included in the names for diatomic elements 

acting as ligands, even though that prefix is usually omitted from the names for the 

elements themselves (see Section 3-3.2) (example: dinitrogen). If a ligand is customarily 

named by binary nomenclature, the separation of words is maintained in the name of 

the coordination entity. The ligand name is set off with enclosing marks, except for 

the names of the simple molecules that follow. 

Ligand Names Not Set Off with Enclosing Marks 

c2h4 ethylene H20 aqua 

CO carbonyl nh3 ammine 

cs thiocarbonyl NO nitrosyl 

NS thionitrosyl 

5.3.4.2 Cationic Ligands. The name for a cationic entity functioning as a ligand is 

the same as the name for the cation (examples: oxonium, T|7-cycloheptatrienylium). 

5.3.4.3 Anionic Ligands. The name for an anionic entity functioning as a ligand is 

generally formed by modifying the name of the anion so that it ends with “-o”. The 

common suffixes of anion names, “-ide ”, “-ate , and -ite , are changed to -ido , 

“-ato”, and “-ito”, respectively, in ligand names (examples: amido, acetato, methyl 

sulfito). There are some exceptions in which “-ide” is changed to -o , namely, bromo 

(Br“), chloro (Cl"), cyano (CN“), fluoro (F"), hydrogen peroxo* (H02 ), hydroxo* (OF! ), 

iodo (I“), mercapto or hydrosulfido (HS"), oxo’ (O2-), peroxo (0 22~), and thio (S“ ). 

Anionic ligands derived from amines, amides, and imines are named as substituted 

amido or imido ligands [examples: methylamido for CH3NH~, acetylamido (usually 

contracted to acetamido) for CHyCONEU, and ethylimido for CH3CH2N2"]. 

The phosphorus and arsenic analogs may be named additively, based on the names 

phosphido and arsenido, or substitutively, based on the names phosphanido and arsanido 

*In CAS index nomenclature the names hydro (instead of hydrido for H ), hydroperoxy, hydroxy, oxy, peroxy, and thioxo are 

used. 
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[example: diphenylphosphido or diphenylphosphanido for (C6H5)2P~]. Anionic ligands 

derived from alcohols and their sulfur, selenium, and tellurium analogs are named by 

adding “-ato” to “-ol”, “-thiol”, etc. (examples: methanolato for CH30 and benzene- 

thiolato for C6H5S~)- The use of phenylmercapto, etc., is not approved by nomenclature 

committees, although such usage may be encountered. An organic ligand that can be 

viewed as a hydrocarbon group bonded to a central atom is given the appropriate organic 

name without alteration (example: ethyl for C2H5) (34). All other anionic organic ligands 

are named by adding “-ato” to the organic name of the parent compound, eliding the 

final “-e” if necessary {example: 2,4-pentanedionato for [H3CC(0)CHC(0)CH3]_}. (See 

also the naming of organometallic compounds, Chapter 12.) 

Some side groups are given names different from ligand names in substitutive nomen¬ 

clature (see Section 9-2). Table A.V gives both names for many side groups. 

5.3.5 Indication of Ligating Atom(s) 

3.3.5.1 Italicized Element Symbols. The ligating atom in an ambidentate ligand or 

the particular ligating atoms in a flexidentate ligand may be indicated by adding a 

hyphen followed by the italicized atomic symbol(s) for the ligating atom(s) to the name 

of the ligand. Thus, CN“ can bond either via the C (cyano-C) or the N (cyano-N), and 

N02 can bond either via the N (nitro-N) or an O (nitro-O). Application of this method 

to complicated ligands requires the use of superscript locants and primes and a set of 

priorities for ordering the ligand locants. For example, 1,2-ethanediyldinitrilotetra- 

acetato-0,0 could mean bonding with two O atoms of one COO group, one O from 

each of the CH2COO groups bonded to a single N, or one O from each of two CH.COO 

groups bonded to different N atoms. A special name has been given to each form of an 

ambidentate ligand in a few cases (examples: cyanato for cyanato-0 and isocyanato for 

cyanato-N; nitrito for nitro-0 and nitro for mtro-N), but such a system is difficult to 
generalize. 

Conventions in the 1970 IUPAC Inorganic Nomenclature Rules (22j) for selecting the 

order in which to list the symbols for ligating atoms, which were designed for correlation 

with positions on coordination polyhedrons, are complex. They have been used only 

rarely. However, the principle of using italicized element symbols to identify ligating 

atoms in complicated ligands can be used by listing the element symbols of the ligating 

atoms alphabetically by symbol, differentiating among like atoms by serial primes or 

superscripts derived from the numbering of the ligand based on organic nomenclature 

practices (34c). It may be necessary to provide additional superscript characters when 

none are readily apparent from organic nomenclature principles. 

Examples (ligating atoms are marked *): 

H2N*CH(CH3)CH2N*H2 

[CF3C(0*)CHC(0*)CH3p 

h2n*ch2ch2s*ch3 
[0*0CCH2N*H2]- 

[OO'CCH^OqCHIOHJCOO]3- 

[ooccHjioqcHicncooi4- 
12 3 4 

H2N*CH2CH2S*CH2CH2N(CH3)2 

h2 

1.2- propanediamine-A/,/V' 

1,1,1 -trifluoro-2,4-pentanedionato-0,0' 

2-(methylthio)ethylamine-/V, S 

glycinato-A/,0 

tartrato(3-)-0’,02 

tartrato(4-)-02,03 

/V,A/-dimethyl-2,2'-thiobis(ethylamine)-A/',S 

1.3- dithiolane-2-thione-S’,S2 
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[H2NCH2C(0)N*HCH(CH3)C00*] W-glycylalaninato-A/^O1 
2 3 1 

[H2N*CH2C(0*)NHCH(CH3)C00]_ W-glycylalaninato-A/A',Ow 

utilitv of tbe ':oml,lcx|ty of the ligand name increases, the 
ut.hty of the approach in Section 5-3.5.1 decreases because the same atomic element 

Thtnor1*re Td “f °CantS f°r 0rganlC substituents within the name of the ligand itself, 
e potential confusion is avoided in the kappa convention 01) by placing the Greek 

ettet k before the italicized element symbol for the ..gating atom' The Tfgand tone 

Dan of rt,afrr th.at POrC'nn °f hSand "ame “ which " dlrectl>' aPPlies> such as the 

fs bound Th name fTn,8 Che Cham’ rmg’ " gr°Up t0 Wh,ch the atom 
bound. The position of the ligating atom in the ligand is indicated by the use of 

superscript numerals, letters, or primes on the element symbol. For multidentate ligands 

a superscript number may be given on k to indicate che number of .dentically bound 
ligating atoms in the flexidentate ligand. 7 

Examples (ligating atoms are marked *): 
(NCS*)- 

(Ph)3P* 

H2N‘CH2CH2N*H2 

h2n*c2h4n*hc2h4nhc2h4n*h2 

h2n*c2h4n*hc2h4n*hc2h4nh2 

[(OOCCH2)2N*C2H4N*(CH2COO)2]4' 

[(0*0CCH2)(00CCH2)N*C2H4N(CH2C00)2]^ 

[(0*0CCH2)(00CCH2)N*C2H4N*(CH2C00*)(CH2C00)]4_ 

PhC(=N*H)NHS(=N*C2H4N*H2)(=NPh)Ph 

PhC(=NH)NHS(=N*C2H4N*H2)(=N*Ph)Ph 

PhC(=NH)N*HS(=N*C2H4N*H2)(=NPh)Ph 

thiocyanato-KS 

triphenylphosphine-KP 

1.2- ethanediamine-K2A/, A/' 
(also ethylenediamine-K2A/,A/') 

A/,A/'-bis(2-amlno-KA/-ethyl)-1,2-ethanediamine-KA/ 
(The nonsystematic name diethylenetriamine- 

k3N,N',N"’ is also used.) 

/V-(2-amino-K/V-ethyl)-A/'-(2-aminoethyl)-1,2- 
ethanediamine-K2A/,/\/' 

(The nonsystematic name diethylenetriamine- 
k3N,N',N" is also used.) 

1.2- ethanediyldinitrilo-K2A/,/\/'-tetraacetato(4-) 
(also ethylenedinitrilo-K2/\/,A/'-tetraacetato(4-), 

ethylenediamine-K2A/,A/'-tetraacetato(4-), 
or any of these names with tetrakisacetato 
in place of tetraacetato) 

1.2- ethanediyldinitrilo-KA/-tetraacetato(4-)-KO 
(also all alternatives in analogy to the preceding 

example) 

1.2- ethanediyldinitrilo-K2/V,/\/'-tetraacetato(4-)- 
k20,0' 

(also all analogous alternatives as above) 

A/-[A/-(2-amino-KA/-ethyl)-A/',S-diphenylsulfono- 
diimidoyl-K/V]benzamidine-KA/' 

A/-[A/-(2-amino-KAf-ethyl)-/V',S-diphenylsulfono- 
diimidoyl-K2/V,/\/']benzamidine 

A/-[A/-(2-amino-KA/-ethyl)-A/',S-diphenylsulfono- 
diimidoyl-K/\/]benzamidine-KA/ 

5.3.5.3 The Hapto Convention. When two or more carbon atoms from a chain or 

ring are bonded to a central atom, this may be indicated by the symbol T)" (22k, 32) 

in which n is the number of carbon atoms involved in the bonding, prefixed to the 

ligand name or that portion of the name most appropriate to indicate the connectivity. 

Locants may be used to indicate the specific ligating atoms involved. When locants are 

used, they and T| are enclosed in parentheses, but the superscript to T) is omitted because 

it is superfluous. The use of T) will be considered further in the discussion of organo- 
metallic compounds in Chapter 12. 

Examples: H2C=CH2 -n2-ethene 

Tp-ethylene 
[H2C=CHCH2]_ t)2-allyl 

C5H5- Tp-cyclopentadienyl 
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(t| 2-ethenyl)cyclopentadienyl 
(for bonding via the CH2=CH group) 

ethenyl--n 5-cyclopentadienyl 
(for bonding via the C5H4 ring) 

(1,2,3,4-n)-1,3,5,7-cyclooctatetraene 

5.3.6 Spatial Relationships 

5.3.6.1 General Comments. Associated with each central atom is at least one spatial 

distribution of the linkages from it to the side groups. Each distribution can be identified 

by the name of a geometrical figure, the apexes of which are occupied by the bonding 

atoms (and the central atom when it is not enclosed by the bonding atoms). The great 

majority of inorganic compounds normally encountered are of a relatively few config¬ 

urational types, so there has been no pressing need to designate the configurations in 

the name. At first the greatest need was to be able to distinguish between tetrahedral 

and square (usually given the redundant name “square planar”) configurations, especially 

when a central atom, such as nickel, could exhibit both. The increasing number of 

compounds exhibiting coordination numbers other than 4 or 6, along with the discovery 

of a variety of configurations for coordination numbers other than 4, has led to the 

development of methods for the succinct indication of these various configurations. The 

complete stereochemical description of inorganic compounds will not be considered in 

this chapter, but will be discussed fully in a later chapter on stereochemistry (see Chapter 

16). 

53.6.2 Designation of Configuration. For nearly half a century, almost all coor¬ 

dination compounds studied exhibited a coordination number of either 4 or 6, as deduced 

from stoichiometry. A coordination number of 6 seemed invariably to correspond to an 

octahedral configuration, and those who studied coordination compounds learned to 

recognize instinctively whether a four-coordinate compound was square or tetrahedral. 

This intuitive recognition of the configuration of a compound has continued, and for 

many purposes the configuration is still not indicated in the name. There is, however, 

no reason why symmetry site terms (see Section 16.3.2) should not be used by themselves 

in names when designation of the configuration is desired but a complete stereochemical 

description is not needed [example: OC-6-hexaamminecobalt(3 +) chloride}. 

53.6.3 Location of Side Groups. Prefixes have long been used to designate relation¬ 

ships of ligands one to another. The prefixes in use are: 

► cis- to designate two ligands occupying adjacent positions, 

► tram- to indicate two ligands occupying positions at the ends of a major axis, 

► fac- to indicate three ligands occupying the three positions on a trigonal face of a 

polyhedron, and 

► mer- to indicate three ligands occupying adjacent positions on an edge of a polyhedron. 

A more precise method for locating ligands is to assign a locant to each ligand, as 

described in Section 16.2.2. 

53.6.4 Designation of Chirality. Before absolute configurations were established, 

it was customary to distinguish stereoisomers by the use of the descriptors d(dextro, + ) 

[H2C=CHC5H4 

H H 
C—C 

HC^8 ’*CH 

<4. > c—c 
H H 
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and / (levo, —), which indicated how the individual isomers affected polarized light. 

Now the chirality or asymmetrical arrangement of ligating atoms about a central atom 

may be indicated by a configuration index that is assigned according to conventions 

outlined in Chapter 16. This aspect of naming coordination compounds will be deferred 

to that discussion. 

5.3.7 Examples 

5.3.7.1 Names Indicating Composition. The least informative additive name that 

can be given to a coordination entity merely specifies the central atom, the ligands, and 

the charge on the entity. The use of Stock numbers instead of the Ewens—Bassett numbers 

shown in the examples is acceptable. 

[Pt(NH3)6]4+ 

[Cr(CN)6r 
[Be(AcCHAc)2] 

[Co(H2NC2H4NH2)2(C03)] + 

[Pt{H2NCH2CH(NH2)CH2NH3}CI2]+ 

[Co(N3)(NH3)5]S04 

hexaammineplatinum(4 + ) ion 

hexacyanochromate(3-) ion 

bis(2,4-pentanedionato)beryllium 

(carbonato)bis(1,2-ethanediamine)cobalt(1 +) ion 

dichloro[(2,3-diaminopropyl)ammonium]platinum(1 +) ion 

pentaammineazidocobalt(2 +) sulfate 

5.3.7.2 Names Indicating bonding or Spatial Configuration. Many of the names 

used for coordination entities indicate something about the way in which the ligands 

are bonded to the central atom, something about the geometry of the coordination 

entity, or both, without explicitly giving all the details. The names in the examples 

that follow have been formulated using either Stock or Ewens-Bassett numbers, the 

kappa or hapto convention, and simple methods of designating spatial relationships. 

Other equally acceptable names can be formulated by the use of variants to these 

conventions described in this chapter and in Chapter 16. 

K4[Fe(CN)6 

H,C' 

Co 

H;, H2 
C—C 
/ \ 

NH.-NHCH3 

!\ 
! Pd : 

si/ \i 
NH—- — NCS« | 
ch3 

2 
- 

'^chch2sch3 

^,co 

[BPh4]- 

Co 
-CH, 

'Kn^CHC(0)0CH3 

h2 

[PtCI 2(C2H 4)(NH3)] 

[Ni(C5H5)2] 

[Cr(CO)3(C6H6)] 

potassium hexakis(cyano-KC)ferrate(4-) 

{A/-methyl-A/,-[2-(methylamino-K/\/)ethyl]-1,2- 
ethanediamine-K2A/,/V'}(selenocyanato- 
K/V)-palladium(1 +) tetraphenylborate(l-) 

tris(S-methylcysteinato-K 2N, 0)cobalt 

tris(0-methylcysteinato-K 2N, S)cobalt 

amminedichloro(ri2-ethene)platinum 

bis(r| 5-cyclopentadienyl)nickel 

(Ti6-benzene)tris(carbonyl-KC)chromium 



46 Inorganic Chemical Nomenclature 

oc 
I 

h2c 

oc 
I 

h2c 

ch2 

CO 

Cl 

h3n. -—-Cl 
i\ /! 
: Cr : 
;/ \; 

h3n. .nh3 

1 ih3 

+ 

( 
h2 
Kj. 

;i 

h2 

H2C^j\ 
1 i c 

/; ch2 

°v S 1 \i/CH2 

h2 

c 
h2 

;i 

frans-diamminedichloroplatinum 

c/s-bis(glycinato-K2A/,0)palladium 

frans-bis(glycinato-K2A/,0)palladium 

c/s-tetraamminedichlorochromium(1 +) ion 

frans-dichlorobis(1,2-ethanediamine-K2A/,/V')- 
cobalt(1+) ion 

5.4 Naming Other Inorganic Species 

The use of additive nomenclature for inorganic compounds, which is encouraged insofar 

as possible, requires the selection of a central atom around which to build the name. 

Additive nomenclature is particularly useful when the central atom is a nonmetal and 

the species being named is not saltlike in character. Criteria for selecting the central 

atom are suggested in Section 5.2. The atoms or groups bonded to the central atom 

will be referred to as side groups in this book, although elsewhere they are sometimes 

called “ligands” by extension of the use of the term in coordination chemistry (see also 

Section 4.3.1). 

The general pattern for additive names is the same as that for names for coordination 

entities (see Section 5.3.1), and the side groups are named in the same manner as ligands 

(see Section 5-3.4). These names for side groups will be referred to as “ligand names” 

to distinguish them from the “substituent names” used for side groups in substitutive 

nomenclature (see Chapter 9). The “ligand” and “substituent” names for a group are not 

always the same. The atoms through which side groups bond may be indicated in the 

same ways as are ligating atoms (see Section 5.3.5), and spatial relationships may also 

be indicated in the same way as they are for coordination entities (see Section 5.3.6). 

There can be more than one additive name for a given species, depending upon the 

information to be conveyed. For example, H2S04 might be named dihydroxodioxo- 

sulfur(VI) if viewed as S(0)2(0H)2 or hydrogen tetraoxosulfate(2-) if viewed as 

(H+)2(S042:). 
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Other systems for naming inorganic species will be discussed in later chapters. These 

are either older systems that are so embedded in everyday language that they are almost 

impossible to displace or systems devised for species for which purely additive names 

are extremely unwieldy. For the most part, such systems are based on modifying the 

names of parent compounds to specify the particular derivative in question. 

In the examples that follow, the names given correspond to the formulas as written and 

give no further information. 

Se(0)2(F)2 

P(S)(CI)3 

S(0)3(F)- 

PCI4 + 

difluorodioxoselenium(VI) 

trichlorosulfidophosphorus(V) 

fluorotrioxosulfate(l-) ion 

tetrachlorophosphorus(1 + ) ion 

dioxobis[pentafluorooxosulfato(1-)]sulfur(VI) 

difluoro[fluorotrioxosulfato(1-)]oxophosphorus(V) 

F5S0S(0)20SF5 

FS(0)20P(0)(F) 

F 

trichloro-frans-difluorophosphorus 

F 





Chapter 6 

Polynuclear Coordination Entities 

6.1 Introduction 

Although most coordination compounds contain only a single center of coordination, a 

large number contain more than one. These polynuclear species, which may be neutral 

or ionic, exist in a variety of structural forms; both metallic and nonmetallic elements 

may serve as multiple centers in chains and rings, polymers, clusters, and extended 

assemblies of oxoanions. The linkage between centers may be through a bridging group, 

or the centers may be directly linked to each other. This chapter is primarily concerned 

with finite structures in which there are two or more coordination centers. The following 

chapter, which is devoted to inorganic polymers, includes polymeric species containing 

coordination centers in the repeating unit. 

The general principles for naming coordination compounds (see Section 5.3) also apply 

to polynuclear coordination entities. In compositional names the bridging groups are 

treated as ligands and included in proper alphabetical order with the nonbridging ligands, 

and the central atoms are listed in alphabetical order after the ligands. A ligand is cited 

first as a bridging group, which is indicated by the symbol |Ji (see Section 6.2), and 

then as a nonbridging ligand. Multiple bridging is cited in decreasing order of com¬ 

plexity; that is, a ligand bridging three centers is cited before the same ligand bridging 

two centers, etc. The number of each kind of central atom is indicated by a type-1 

numerical prefix (see Table A.II). 

Examples of compositional names: 

[(OC) 3Fe(CO) 3Fe(CO) 3] tri-^-carbonyl-hexacarbonyldiiron 

[(C8H 12)Rh(CI) 2Rh(C8H 12)] di-^-chloro-bis(in4-1,5-cyclooctadiene)dirhodium 
[(H3N)4Co(OH)2Co(NH3)4]CI4 octaammine-di-|x-hydroxo-dicobalt(4+) chloride 

More informative names for species containing bridged centers of coordination are derived 

using the principles presented in the following sections of this chapter. 

6.2 Designation of Bridging Groups 

Bridging groups may be single atoms or polyatomic groups. Polyatomic groups may 

bridge through one atom of the group or through two or more atoms of the group. 

Bridging groups are indicated by placing the Greek letter fi, separated by a hyphen, 

before the ligand name of the group and setting off the ligand name with hyphens. If 

the ligand name requires enclosing marks, [X is placed inside the enclosing marks. When 

it is desired to indicate the specific ligating atom or atoms of the bridging group, 

49 
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italicized symbols for the elements involved may be placed after the name for the bridging 

group (see Section 5.3.5.1), and the kappa convention (see Section 5.3-5.2) may be used. 

If the bridging takes place via different atoms of the same group, the ligating locants 

and symbols indicating the bonding to different central atoms are separated by a colon. 

The number of coordination centers bridged by a bridging group is indicated by a 

subscript following (JL (i.e., jjlwhere n is the number of coordination centers linked 

together by the bridging group). When the number of coordination centers bridged is 

two (n — 2), the subscript is usually omitted. The examples in the remainder of this 

chapter illustrate how bridging groups are named. 

6.3 Dinuclear Species with Bridging Groups 

6.3.1 Symmetrical Species 

Many dinuclear coordination entities involve two identical units held together by one 

or more bridging groups. Simple names for such species may often be formed according 

to principles of multiplicative nomenclature by citing multiples of these identical units. 

Such names begin with citation of the bridging group or groups, followed by the name 

of the nuclear system with the type-2 numerical prefix, “bis” (see Table A.II). Ew- 

ens—Bassett numbers refer to the charge on the entire unit, whereas Stock numbers refer 

to the oxidation numbers of individual central atoms. 

Examples: 

[(H3N)5Cr-OH-Cr(NH3)5]5+ |i.-hydroxo-bis(pentaammine- 
chromium)(5 + ) ion 

[(EtPh2P)3(N2)2W-N2-W(PEtPh2)3(N2)2] |x-dinitrogen-KW:K/V'-bis[bis(dinitrogen)- 

tris(ethyldiphenylphosphine)tungsten] 

[(NCSSCN)(CI)2(0)2Cr-NCSSCN-Cr(0)2(CI)2(NCSSCN)) |x-thiocyanogen-K/V:K/V'-bis[dichlorodioxo- 

(thiocyanogen-KW)chromium(VI)] 

[Br2Pt(-SMe2-)2PtBr2] bis-(|x-dimethyl sulfide-K2S)-bis[dibromo- 
platinum(ll)] 

[(OC)3Re(-l-)3Re(CO)3] tri-|j,-iodo-bis(tricarbonylrhenium) 

[(H3N)3Co(-OH-)2(-N02-)Co(NH3)3]Br3 di-p,-hydroxo-|x-nitro-K/V:KO-bis(triammine- 
cobalt)(3 + ) bromide 

6.3.2 Unsymmetrical Species 

Bridged dinuclear entities may be unsymmetrical because different central atoms are 

present or because the ligands bonded to identical central atoms are different. They are 

named in all cases by citing the ligands and bridging groups in a single alphabetically 

ordered series, followed by the names of the central atoms in alphabetical order. The 

central atoms are numbered 1 and 2 to provide numerical locants for the ligands and 

locants for the points of attachment of bridging groups. 

The CNIC recommendations for numbering the central atoms follow (30). If the central 

atoms are different, the higher priority central atom (i.e., the atom to be numbered 1) 

is the more electropositive element according to Figure A. 1. If the central atoms are 

identical, the higher priority central atom is the central atom that gives the lower locant 

set for ligands at the first point of difference. Should that procedure fail, the alphabetical 

order of ligands is used to establish priority (i.e., the central atom with the larger 

number of ligands with initial letters earlier in the alphabet is numbered 1). The order 

of citation and the order of numbering may not be the same when the central atoms 
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are different. These criteria for numbering identical central atoms seem rather compli¬ 

cated, and the following criteria from Section 5.2 for selecting the atom to be numbered 

1, with priority decreasing from 1 to 4, might be simpler. 

1. Atom with higher oxidation number 

2. Atom with higher coordination number 

3. Atom with greater variety of bonding atoms 

4. Atom to which is attached the side group with the name first in alphabetical order 

The kappa convention (see Section 5.3.5.2) is used in modified form to indicate the 

ligating atom(s) and its (their) distribution. The use of a right superscript numeral on 

k to indicate the number of equivalent ligating atoms bonded to a central atom is 

retained. In addition, the numerical locant of the central atom to which the ligand is 

bonded is placed on the line before the k. 

Examples: 

[(H3N)5Ru-NCC(C2H4)3CCN-Co(NH3)3(OH2)2]6 
1 2 

[(H3N)5Cr(-OH-)Cr(NH3)4(NH2Me)]Cl5 
1 2 

[(H3N)4(CI)Ni-SC(Me)0-Ni(NH3)3(CI)2] 
1 2 

[(H3N)4(CI)Ni-OC(Me)S-Ni(NH3)3(CI)2] 
1 2 

octaammine-lK5/\/,2K3/\/-diaqua-2K20-((x- 
bicyclo[2.2.2]octane-1,4-dicarbonitrile- 
1 K/V:2K/\/')-2-cobalt-1 -ruthenium(6 +) ion 

tetrachloro-lK2,2K2-tris(diethylphenylphosphine- 
lKP)-|x-nitrido-(triethylphosphine-2KP)- 
2-platinum-1 -rhenium 

nonaammine-lK5W,2K4W-|x-hydroxo(methan- 
amine-2KA/)dichromium(5 +) chloride 

heptaammine-1 K4A/,2K3/V-trichloro-1 k,2k2-(|jl- 

thioacetato-2i<0:1 KS)-dinickel 

heptaammine-1 K4A/,2K3/V-trichloro-1 k,2k2-(|x- 

thioacetato-1 KO:2i<S)-dinickel 

6.4 Other Polynuclear Species with Bridging Groups 

6.4.1 General 

The nomenclature for bridged polynuclear species more complex than binuclear is based 

on a logical procedure for numbering the atoms of the central or fundamental structural 

unit (CSU). Only the central atoms are considered for this purpose. Descriptors such as 

cyclo-, tetrahedro-, octahedro-, etc. (see Table A.Ill) have traditionally been used to describe 

nonlinear CSUs. Established structures for CSUs now exceed the limited set of descriptors 

associated with this usage. Their number makes it necessary to supplement or replace 

this set with a more comprehensive system. The so-called “CEP system” developed by 

Casey, Evans, and Powell (53) for triangulated polyboron polyhedrons (deltahedrons) 

can be adapted to provide systematic descriptors for the geometrical figures formed by 

the metal atoms (i.e., if the bridging groups are ignored). Some of these descriptors 

are listed in Table A. VI. The descriptor for the CSU, with all Roman letters italicized, 

should appear in the name just before the central atoms are cited. The scheme used for 

numbering polyhedral CSUs involves the selection of a reference axis (an axis of highest 

rotational symmetry) and the assignment of atoms to planes perpendicular to the reference 

axis. The procedure is similar to that used for assigning locants to the bonding positions 

of a central atom (see Section 16.2.2). 

Central atoms in chain and branched-chain polynuclear structures are numbered con¬ 

secutively, proceeding from one end along the path containing the greatest number of 
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central atoms. The end of a chain from which to start numbering is the end with the 

more electropositive central atom (see Figure A. 1). If the end central atoms are the same, 

numbering starts from the end that gives the lower locant to the most electropositive 

central atom within the chain. If there is still a choice for numbering, preference is 

given to the lower locant set for the ligands according to Section 2.2.4.6. Central atoms 

in monocyclic polynuclear structures are numbered consecutively, starting with the most 

electropositive central atom in the ring and proceeding in the direction of the nearest 

central atom of the same kind or, as a next choice, in the direction of the nearest next 

most electropositive central atom in the ring. If a choice in numbering still remains, 

the central atoms are numbered to give the lower locant set of numbers for ligands (see 

Section 2.2.4.6). 

In all cases the locant for each central atom, set off by hyphens, is placed before that 

atom’s name in the central atom list when there is any possibility of ambiguity. The 

kappa convention as modified in Section 6.3.2 is used as necessary to indicate the 

position of ligands and bridging groups and the kinds and numbers of ligating atoms 

in each ligand or bridging group. 

6.4.2 Symmetrical Species 

Symmetrical structures for bridged trinuclear and higher species may result from the 

association of identical units with one another or with another group or groups. Such 

species can be named unambiguously without including all of the locants provided for 

in Section 6.4.1 because there is no possibility for isomerism. In many cases multipli¬ 

cative nomenclature can be used with type-2 numerical prefixes (see Table A.II) in 

conjunction with names of identical units to obtain simpler names. A Ewens—Bassett 

number, which refers to the charge on the entire entity, is placed outside the multi¬ 

plicative enclosing marks, whereas Stock numbers, which refer to the oxidation numbers 

of individual central atoms, are placed inside them. 

Examples: 

[(MeHg)4S]2+ 

[Be40(0Ac)6] 

[Mo6S6]2- 

l(Me3Ptl)4] 

^4-thio-tetrakis(methylmercury)(2 +) ion 

hexakis-(jjL-acetato-KO:KO')-|jL4-oxo-fefra/7edro-tetraberyllium 
hexakis-(n.-acetato-KO:KO')-jA4-oxo-[7V(13)-A4-c/oso]tetraberyllium 

octa-|i.3-thio-ocfadedro-hexamolybdate(2-) 
octa-(x3-thio-[0/,-(141 )-A8-c/oso]hexamolybdate(2-) 

tetra-|x3-iodo-tetrakis[trimethylplatinum(IV)] 

tetra-p.3-iodo-dodecamethyl-lK3C,2K3C,3K3C,4K3C- 
tefrartedro-tetraplatinum 

tetra-p.3-iodo-dodecamethyl-lK3C,2K3C,3K3C,4K3C- 
[7>(13)-A 4-c/oso]tetraplatinum 

6.4.3 Unsymmetrical Species 

If the name for a species cannot be simplified by considerations of symmetry, the name 

is derived by using the general principles set forth in Section 6.4.1. It is conventional 

in applying the kappa convention to count the number of contacts that a bridging group 

makes with central atoms; that is, the bridging group in ...Cr(OH)Co... would be 

named >-hydroxo-l:2K20”, the bridging groups in ...Cr(OH)2Co... would be named 

“di-fi-hydroxo-l:2K“0”, etc. When it is necessary to distinguish among ligating atoms, 
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locants based on the ligand are added as superscripts to the right of the italicized symbol 

for the ligating atom. 

Examples: 

Ph 
H2 H, 

PhCcK\^ 
(OC)Rlr 2RWCO) 

PhzP^f^ 
H, 

Ph 
H, 

PPh2 

3Rh(COXCI) 
/ 

PPh2 

1+ 

Cl 

tricarbonyl-1 KC,2KC,3KC-|x-chloro-1:2K2-chloro- 
3K-bis-{|i.3-bis[(diphenylphosphino)-lKP:3KP'- 
methyl]phenylphosphine-2KP}-trirhodium(1 +) 
chloride 

Comment: The rhodium atoms are numbered to give the bridging chloro the locant 1 :2k2 instead of the 
higher 2:3k2; this is the first point of difference. 

3 + 

hexaammine-2K3A/,3K3A/-aqua-1 kO-[|x3-1 ,2- 
ethanediyldinitrilo-1 k2N, A/'-tetraacetato(4 - )- 
lK301,0,",02:2K02'':3K02"']-di-|i.-hydroxo- 
2:3k40-1 -chromium-2,3-dicobalt(3 +) ion 

Comments: The more electropositive chromium atom is numbered 1, and the cobalt atoms are 
numbered 2 and 3. Priming is used to distinguish among the carboxylate oxygen atoms. In 
accordance with CAS index nomenclature, the oxygen atoms of one acetato group are 
designated 0’(^C—O—) and O1' pC=0), those of the other acetato group attached to 
the same nitrogen atom O'" (^C—O—) and O'"’ (>C=0). The oxygen atoms of the 
acetato groups attached to the second nitrogen atom are similarly designated O2, O2', O2", 
and O2'". The ligating atoms bonding the three acetato groups to the chromium atom are 
designated O’, O'1, and O2 (the lowest locant set). The cobalt atom bonded to O2" is 
numbered 2 because O2" is lower than O2’". In the 1990 edition of the IUPAC Inorganic 
Rules (30), the ligating oxygen atoms are designated O’, O2, O3, O4, and O4'. 

The central atoms in cyclic polynuclear species are assigned priority according to the 

principles in Section 6.4.1, and the italicized prefix cyclo- is used at the beginning of 

the name to indicate a monocyclic species. 

Examples: 

H3N^ ^NHjMe 13 + 
Pd 

Wj 3 '"OH 

(H3N)2p!’ JptfNHJ, 
xr 

H 

Comment: The more electropositive platinum atoms, 
palladium atom is numbered 3. 

cyc/o-pentaammine-lK2A/,2K2/V,3KA/-tri-|A- 
hydroxo-1 :2k20;1 :3k20;2:3k20- 
(methanamine-3K/V)-3-palladium- 
1,2-diplatinum(3 + ) ion 

which are equivalent, are numbered 1 and 2, and the 

Q_ . ^, f) 
XN.-CN—F3Ge^ T5eF3—NC-.IT 

\/ 
N- 
/ \ 

1 

_ 

6 ^ F. 5 

CN—F3Ge^ ^GeF3—NC 
^F 

\ / 
<Fe 

\ / 
-N. 

cyc/o-tetra-|j,-cyano-lKC:2KA/; 1kC:6kA/; 3k/V:4kC;- 
4KC:5KA/-tetrakis(4,7-diphenyl-1,10- 
phenanthroline)-lK2/\/,A/'; 1k2A/,A/'; 4k2A/,/V';- 
4K2A/,A/'-tetra-|ji-fluoro-2:3K2P; 2:3k2F; 5:6k2F;- 

5:6K2P-dodecafluoro-2K3,3K3,5K3,6K3-2,3,5,6- 
tetragermanium-1,4-diiron 

Comment: (j^j represents 4,7-diphenyl-1,10-phenanthroline 
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6.5 Polynuclear Species without Bridging Groups 

6.5.1 General 

A number of compounds contain metal—metal bonds. Metal—metal bonding is indicated 

by placing the italicized symbols of the appropriate atoms, separated by a long dash 

and enclosed in parentheses, after the list of central atoms, but before the Ewens-Bassett 

number. This symbolism is not intended to specify that the metal—metal bond is a 

simple covalent bond; it merely indicates connectivity. The number of metal—metal 

bonds of one kind (i.e., the pair of atoms in each bond is the same) in the species being 

named is indicated by placing the appropriate arabic numeral inside the parentheses, 

in front of the atomic symbols, and separated from them by a space. If there is more 

than one kind of metal—metal bond in a given species, each kind is indicated with a 

separate parenthetical expression. Such parenthetical expressions are listed in alphabetical 

order of the symbols. 

Assemblies of more than three atoms with direct linkages to form three-dimensional 

structures are generally termed “cluster compounds”. The nomenclature of polynuclear 

species with metal-metal bonds is fundamentally the same as that for polynuclear species 

with bridging groups between coordination centers; that is, the ligands are cited in one 

alphabetical series, followed by citation of the coordination centers in a second alpha¬ 

betical series. Appropriate locants and descriptors are inserted where needed to complete 

the name (see Section 6.4.1). 

6.5.2 Symmetrical Species 

Multiplicative nomenclature employing type-2 numerical prefixes (see Table A.II) is used 

whenever feasible to form names as simple as possible. 

Examples: 

[Br4ReReBr4]2~ 

[(OC)5MnMn(CO)5] 

[(PhNC)3PdPd(CNPh)3] 
[{Os(CO)4}3] 

[Os(CO) 4{Os(CO) 4(SiCI 3)}2] 

Cs3[(ReCI4)3] 

6.5.3 Unsymmetrical Species 

bis(tetrabromorhenate)(fle-fle)(2-) ion 

bis(pentacarbonylmanganese)(/Wn-/Wn) 

bis[tris(phenyl isocyanide)palladium](Pd-Pcf) 

cyc/o-tris(tetracarbonylosmium)(3 Os-Os) 

tetracarbonylbis[tetracarbonyl(trichlorosilyl)- 
osmium]osmium(2 Os-Os) 

cesium cyc/o-tris(tetrachlororhenate)(3 Re-Re)(3~) 

Priorities and locants are determined in the same way as for polynuclear species with 

bridging groups between coordination centers (see Section 6.4.1). 

Examples: 

[(OC)4CoRe(CO)5] nonacarbonyl-lK5C,2K4C-2-cobalt-1- 
rhenium(Co-Pe) 

[(Ph3As)AuMn(CO)5] pentacarbonyl-lK5C-(triphenylarsine-2i<As)-2-gold- 
1 -manganese(Au-/Wn) 

[(Ph3P)2(OC)(CI)2lrHgCI] carbonyl-1 KC-trichloro-1 k2,2k- 

1 2 bis(triphenylphosphine-1 kP)-1 -iridium- 
2-mercury(/r-Hg) 

1 Fe(CO)4 

(PhjPJ^t 

\ 
* Fe(CO)4 

Comment: The descriptor 

octacarbonyl-1K4C,2K4C-bis(triphenylphosphine- 
3KP)-fr/'angu/o-1,2-diiron-3-platinum(Fe-Fe)- 
(2 Fe-Pf) 

cyclo- could be used instead of triangulo-. 
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6.6 

,Os(CO)3(OC4H9) 

H(OC)3Os 

\ 
Os(CO)4 

butoxo-1 KO-decacarbonyl-1 k3C,2k4C,3k3C- 
hydrido-3K-fr/angu/o-triosmium(3 Os-Os) 

Comments: Numbering the Os atoms as shown gives the lowest locants to the 
ligands that are earlier alphabetically. That is, IkO is lower than 2kO or 
3kO for butoxo, and 1k32k43k3 is lower than 1k32k33k4 for decacarbonyl. 
Using the criteria suggested in Section 6.3.2 would reverse 2 and 3. 

Species with Metal-Metal Bonds and Bridging Groups 

The naming of polynuclear coordination entities with both metal—metal bonds and 

bridging groups poses no additional problems. Such species are named as bridged 

compounds, and the metal—metal bonds are indicated as in Section 6.5. The indication 

of metal—metal bonds has frequently been omitted, particularly for multiatom homo- 

atomic aggregates. 

Examples: 

bis-(|x-carbonyl-1:2K2C)-bis(tricarbonyl-K3C- 
cobalt)(Co-Co) 

o 
c 

Ph, Ph2 
Pv 

1 / \z/ \s/ 
(OC)3Fe^--Rh--—Rh---Fe(CO)3 

XP/ Xp/ 
Ph? Ph, 

di-(jL-carbonyl-1:2K2C;3:4K2C-hexacarbonyl- 
lK3C,4K3C-tetrakis-(|x-diphenylphosphido)- 
1 :2k2P;2:3k4P;3:4k2P-1 ,4-diiron-2,3- 
dirhodium(2 Fe-Rh)(Rh-Rh) 

Comment: The chain of metal atoms may be numbered starting from either end. 

[(Mo6CI8)CI6]2~ octa-|x3-chloro-hexachloro-ocfabedro- 
hexamolybdate(12 Mo-Mo)(2~) ion 

fNb6CI12]2+ dodeca-|i.-chloro-ocfahecfro-hexaniobium- 
(12 Nb-Nb){2 + ) ion 

Comment: The descriptor (12 Nb-Nb) only indicates that there are 12 Nb-Nb connections, not that 
there are 12 discrete covalent metal-metal bonds, and it may be omitted. 





Chapter 7 

Polymeric Inorganic Species 

7.1 Introduction 

Each polymeric substance usually includes a number of different individual polymeric 
molecules and/or ions, and a complete description would have to include such items as 
degree of steric regularity, chain imperfections, random branching, etc., for each different 
polymeric molecule in the substance. Such a description would result in an extremely 
complex nomenclature, so it is useful to consider a polymer in terms of a single idealized 
structure. Prior to the 1980s there was no general method for naming inorganic polymers. 
Different kinds of inorganic polymers were named either according to generally accepted 
practices for organic polymers, with allowances for the lack of names for inorganic groups 
corresponding to organic “biradical” groups, or by an extension of coordination no¬ 
menclature. 

The system of nomenclature devised for regular single-strand and quasi-single-strand 
inorganic and coordination polymers (28) is based on selection and naming of a preferred 
constitutional repeating unit to provide a unique name. Principles of inorganic and 
coordination nomenclature are used insofar as they are consistent with principles of 
polymer nomenclature. Because differences between the methods for naming polynuclear 
coordination entities and for naming polymers led to different names, it was necessary 
to make a choice. The decision to follow the established polymer conventions gives 
names that differ from those derived by following the inorganic practice for citing 
bridging groups (see Section 6.1). 

It is useful to introduce some terminology of polymer nomenclature at this point. The 
constitutional repeating unit (CRU) is the smallest unit of structure whose repetition 
describes the polymer structure. A regular single-strand polymer is a linear polymer 
that can be described by a preferred CRU in which both terminal constituent subunits 
of the CRU are connected through single atoms to the other CRUs or to end groups 
(i.e., ...fA{.}B->b...). A quasi-single-strand polymer is a linear polymer that can 
be described by a preferred CRU in which only one terminal constituent subunit is 
connected through a single atom to the other CRUs or to an end group (i.e., 
.. j£A{.}BA„. • •)• Inorganic and coordination quasi-single-strand polymers, although 
not fitting the definition of a regular single-strand polymer, can be named in the same 
manner as such a polymer is named. 

The name of a polymer for which the CRU is known, but with a dimensional structure 
that is unknown or need not be specified, consists of the prefix “poly” followed by the 

57 
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name of the CRU enclosed in square brackets (i.e., poly[CRU}). The number of CRUs 

in a polymer structure may be specified by an appropriate numerical prefix in place of 

the prefix poly- (example: decafCRU]). A linear (i.e., one-dimensional) polymer is 

indicated by the italicized prefix “catena-” added to the name of the polymer. Procedures 

for naming two- and three-dimensional polymers have not yet been agreed upon, but 

it has been suggested that the two types could be indicated by the italicized prefixes 
“phyllo-” and “tekto-”*, respectively (28). 

End groups of a polymer molecule are specified, if desired, by appropriate names, which 

are identified by the Greek letters ct and oo and are added to the name of the polymer 

as hyphenated prefixes {example: a-(end group)-to-(end group)-az/mz-poly{CRU}}. 

7.2 Constitutional Repeating Unit 

7.2.1 Identification 

In many cases the polymer structure is simple enough that the preferred CRU and 

its constituent subunits can be identified readily. For example, in the poly¬ 

mer ...Au(F)FAu(F)F..., the two possible CRUs are -Au(F)F- and -FAu(F)-. Flowever, 

in more complex cases, and occasionally in some simple cases, it may be necessary 

to draw a fairly long segment of the polymer chain in order to identify the possible 
CRUs. 

In the polymer ...AgCNAgCN..., the possible CRUs are -AgCN-, -AgNC- 

-CNAg-, and -NCAg- if the constitutional subunits are Ag and CN. There are 

four possible CRUs in the polymer ...HgSC(NEt2)OHg(Br)2OC(NEt2)SHgOC- 
(NEt2)SFIg(Br)2SC(NEt2)0... if the constitutional subunits are Hg, SC(NEt2)0, and 
HgBr2. 

The possible constitutional subunits of a CRU in regular single-strand and quasi-single- 

strand inorganic and coordination polymers are single central atoms, central atoms with 

associated side groups, and bridging groups. Thus, the subunits of the CRUs in the 

preceding paragraph are, in fact, -Ag- and (X-CN- or |x-NC- in the first example and 

—> —UgBr2—, and fx-SC(NEt2)0— or g-OC(NEt2)S— in the second. All inorganic 
and coordination polymers have one or more central atoms, but they may or may not 
have bridging groups. 

Selection of the largest structural fragments in the backbone that can be assigned 

multivalent substituent names as subunits of a CRU is a fundamental principle in naming 

linear organic polymers. In naming inorganic and coordination polymers, this principle 

is applied to the selection of bridging groups. When there is a choice, the largest group 

that can be named by the accepted methods for naming polydentate groups is chosen. 
For example, in the polymer 

*The spelling "tekto-" is derived from the Greek tcktov-, whereas "tecto-" (221) is derived from the Latin tecton 
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the CRU could be considered to consist of two central atoms connected by bridging 

sulfur atoms. The principle of “largest bridging group”, however, requires that [S2PS2]3_ 

be chosen as the bridging group. Strict application of the principle of largest subunit 

to inorganic and coordination polymers would lead to the selection of polynuclear 

coordination centers as the largest fragments in the CRU. Because at present there are 

no officially adopted procedures for uniquely naming or numbering some polynuclear 

coordination centers, such species are used as subunits of CRUs only when it is not 

convenient to express such structural units in terms of their mononuclear coordination 

centers. An example of a polymer with a CRU containing a polynuclear constituent 

subunit is 

in which the constituent subunits are Re 3I7 and fx-I. The examples given in the remainder 

of this chapter will further illustrate the selection of constituent subunits in the CRU. 

7.2.2 Seniority 

The constituent subunit of the CRU with the highest seniority is the central atom or 

coordination center preferred according to the following criteria, applied in order until 

no further decision is needed. This subunit is written as the left terminal subunit of 

the CRU. 

1. The constituent subunit of highest seniority in the preferred CRU of an inorganic 

or coordination polymer must contain one or more central atoms (i.e., bridging 

groups between central atoms in the backbone of the polymer cannot be senior 

subunits). 

2. When there are two or more central atoms in the CRU, the senior subunit is the 

one containing the most electropositive central atom according to Figure A.l. 

3. If the use of polynuclear centers is necessary, the center with the largest number of 

central atoms is preferred. 

4. The central atom or coordination center with the greatest number of directly attached 

atoms exclusive of atoms from bridging groups in the backbone is preferred. 

5. The central atom or coordination center with the name that is earliest alphabetically 

is preferred. This name includes any side groups and their multiplying prefixes, 

other than the bridging groups in the backbone of the polymer chain. 

7.2.3 Orientation 

The constituent subunits in the CRU are cited sequentially, starting with the senior 

subunit. The preferred direction is determined by using the following criteria, which 

are considered in order until no further decision is needed. 

1. A single-strand CRU is preferred to a quasi-single-strand CRU (i.e., a CRU with 

both terminal constituent subunits connected to other identical CRUs or to an end 

group through single atoms is preferred to a CRU with only one terminal constituent 
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subunit connected to other CRUs or to an end group through a single atom). For 

example, 

is preferred to 

2. The preferred direction is defined by the shortest path, measured in terms of the 

number of atoms in the most direct continuous chain of atoms in the polymer 

backbone, from the senior subunit to a subunit of equal seniority or to a sub¬ 

unit next in seniority. For example, -MS(R)M'NH2NH2- is preferred to 

-MNH2NH2M'S(R>- because the one-atom path through the thiolato group is 

preferred to the two-atom path through the hydrazine group, and 

is preferred to 

because the five-atom path through the 5-quinolinolato group is preferred to the six- 

atom path through the 1,4-naphthalenediamine group. 

3. When all paths between the senior subunit and a subunit of equal seniority, or a 

subunit ranking next in seniority, are of equal length, the preferred direction is along 

the path that includes constituent subunits of higher seniority. The paths between 

subunits of equal seniority or between the senior subunit and the subunit next in 

seniority necessarily involve subunits of lesser seniority. When the subunits are 

organic groups, the hierarchical order of subunits prescribed for linear organic poly¬ 

mers (54) may be needed to determine the preferred direction. For example, 

because the heterocyclic structure is preferred to the acyclic hetero chain. The CRU 

-M-Cl-M'-OH- is preferred to -M-OH-M-Cl- and -M-N=C- is preferred to 

-M-C=N- In each case, the preference is based on organic heteroatom priority. 

4. If a further choice is needed, the preferred path is the one containing the group that 

has the name coming first alphabetically at the first difference. 
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7.2.4 Name 

Names of CRUs of single-strand and quasi-single-strand inorganic and coordination 

polymers are based on a backbone consisting of central atoms and, where present, 

bridging groups. Coordination centers, mononuclear or polynuclear, and their associated 

groups (except for groups bridging between central atoms in the backbone, if any) are 

named by the system used for coordination entities (see Chapters 5 and 6). Bridging 

groups are named by the system used for bridging ligands in polynuclear species (see 

Section 6.2), except that the |X designating a bridging ligand in the backbone of a 

polymer is not placed inside the enclosing marks. 

Italicized element symbols indicating the atoms of bridging groups linking the backbone 

are cited in the order of direction of decreasing seniority in the CRU and are separated 

by colons. Hence, element symbols cited before a colon refer to bonds to the central 

atom occurring just before the bridging group in the CRU, whereas element symbols 

cited after a colon refer to bonds to the central atom occurring immediately after the 

bridging group in the CRU or in the polymer chain. Multiple bridging groups between 

the same pair of central atoms are cited in alphabetical order, each preceded by the 

Greek letter (x, with all set off by appropriate enclosing marks to reduce the possibility 

of misinterpretation. 

The name of the CRU is then constructed by citing the names of the subunits, starting 

with the senior subunit and proceeding in the direction of decreasing seniority as 

determined according to Section 7.2.2. See the examples of the complete names for 

polymers in the remainder of this chapter for examples of how constituent subunits and 

CRUs are named. 

7.3 Polymer Nomenclature 

7.3.1 Polymers with One Central Atom in the CRU 

The name for the CRU, which consists of the name for the central atom and any 

associated side groups followed by the name(s) for the bridging group(s), is inserted 

into the general polymer name (see Section 7.1). 

Examples: 

H_sir 

H-Ag-NC-fc— 

/ NH, 

I -Zn-Cl 

cafena-poly[sulfur] 

cafena-poly[dimethyltin] 

cafena-poly[silver-ji-(cyano-A/:C)] 
[see Section 7.2.3 (3) for choice of direction] 

\CI /, 
cafer7a-poly[(amminechlorozinc)-(ji-chloro] 
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cafena-poly[(diphenyltin)-|j,-[mercapto- 
acetato(2-)-0,0':S]] 

[see Section 7.2.3 (1) for choice of direction] 

cafena-poly[palladium-di-(j.-chloro] 
(Without the prefix “catena-", this name does 

not distinguish between the single-strand 
formula shown and a two-dimensional 
polymeric structure.) 

cafena-poly[platinum-(i.-bromo-(ji-chloro] 

catena-poly[titanium-tri-|x-chloro] 
(Without the prefix “catena-”, this name does 

not distinguish among a number of structural 
possibilities.) 

cafe/7a-poly[beryllium-bis-(j.-[diphenyl- 
phosphinato(1-)-0:0']] 

cafena-poly[zinc-|x-[2,5-dihydroxybenzo- 
quinonato(2-)-0,,02.04,05]] 

0= 
/ 

Be 
\ 

V°- 

Ph 

£• 
\ 2 

//CH 
C\4 

CH?—[CH. 

cafena-poly[beryllium-(j.-[1,14-diphenyl- 
1,3,12,14-tetradecanetetronato(2- 
0\03:012,014]] 

7.3.2 Polymers with More Than One Central Atom in the CRU 

7.3-2.1 Central Atoms All the Same. The senior central atom is chosen according 

to the appropriate criteria in Section 7.2.2, and the direction of citation is chosen 
according to Section 7.2.3. 

Examples: 

cafena-poly[(difluorosilicon)(dimethylsilicon)] 
[seniority based on Section 7.2.2 (5)] 

cafena-poly[(dibromomercury)-|jL- 

(diethylthiocarbamato-O.S-mercury- 
p-(diethylthiocarbamato-S.O] 

[seniority based on Section 7.2.2 (4); 
direction based on Section 7.2.3 (3)] 

cafer?a-poly[(nitratomercury)(nitrato- 

mercury)-^-(i,2-benzenediamine-/V:/V')] 
[direction based on Section 7.2.3 (2)] 
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Et Et 

I I 
S — S 

/ \ 
Cu-CI—Cu—Cl 
\ / 
s—s 

\ 

\ Et Et 
l 

cafena-poly[copper-[(x-chloro-bis-(x- 
(diethyl disulfide-S.S')]-copper-(x-chloro] 

[direction based on Section 7.2.3 (1)] 

cafena-poly[(aquacopper)-|x-[A/;/\/'- 
bis(2-hydroxyethyl)dithiooxamido(2-)- 
A/,0,S'.A/',0',S](aquacopper)-(x- 
[sulfato(2-)-0:0']] 

[direction based on Sections 7.2.3 (1) and (3)] 

7.3.2.2 Different Central Atoms. The senior central atom is chosen according to 

Section 7.2.2 (2), and the direction of citation is chosen according to Section 7.2.3. 

Examples: 

_fN—sir 

/ Ph \ 

I 

T i T 
\Ph / 

I T3 \ 
RH -W 

CN NH3 \ 

— Ni-CN-Cu-NC-- 

1 i T 
CN NH3 jn 

cafena-poly[nitrogen-fji-thio] 

catena-poly[(diphenylsilicon)-p.-oxo] 

cafena-poly[(dihydroboron)-|x-(dimethylamido)] 

carena-poly[(diethoxophosphorus)-|i.-nitrido] 

cafena-poly[[bis(cyano-C)nickel]-(jL-(cyano-C:/V)- 
(diamminecopper)-(ji-(cyano-/\/.C)] 

7.3.2.3 Polynuclear Centers. Polymers with one polynuclear center are named in the 

same manner as polymers with one mononuclear center. The polynuclear center is the 

senior subunit and, hence, is cited first in naming the CRU. Both positions of the 

polynuclear center to which bridging groups are attached are indicated by numerical 

locants that are inserted between the name of the polynuclear center and the name(s) of 

the bridging group(s). The locants that refer to the first polynuclear center in the CRU 

are cited first and separated by a colon from the locants for the next polynuclear center 

in the chain. Numbering rules for polynuclear species have not yet been officially defined, 

so the numbering shown here is based on the system discussed in Section 6.4.1. 
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Examples: 

{[ocfa/7edro-W6(jjL-Br)8(2,3,4,5-Br4)](Br4)}n cafena-poly[(octa-p,-bromo-2,3,4,5- 
tetrabromo-ocfahedro-hexatungsten)- 
6:1 -n.-[tetrabromido(2-)]] 

cafena-poly[[1,2:1,3:2,3-tri-(i-iodo- 
1,2,3,3-tetraiodo-fr/angu/o-trirhenium- 
(3 fle-fle)]-2,2:1,1 -di-fx-iodo] 

7.3.3 Polymers with Ionic Repeating Units 

Polymers with ionic CRUs are named in the same general manner as described in the 

preceding sections. The charge on the CRU may be indicated by the Ewens—Bassett 

number (see Section 2.3.3) cited after the name of the ionic CRU. Stock numbers (see 

Section 2.3.2) may be used to denote the oxidation number of the central atom by 

attachment to the name of the central atom in the usual manner. 

Examples: 

cafena-poly[cesium [plumbate-tri-(a.-iodo](1 —)] 
cafena-poly[cesium tplumbate(M)-tri-(x-iodo]] 

Comment: It might be more meaningful to consider this example to be a salt with a 
polymeric anion, that is, 

cesium cafena-poly[[plumbate-tri-|x- 
iodo](1—)] 

cesium cafer?a-poly[plumbate(ll)-tri- 
jx-iodo] 

cafena-poly[{[bis-|x-(thiourea-S,S)-2-(thiourea-S)di- 
copper(l)]-1,2:1,2-[bis-|x-(thiourea-S:S)][bis- 
|x-(thiourea-S,S)-2-(thiourea-S)dicopper(l)]- 
1:1 -p--(thiourea-S.S)} tetranitrate] 

cafena-poly[[bis-|x-(thiourea-S,S)-2-(thiourea-S)di- 
copper]-1,2:1,2-[bis-p,-(thiourea-S:S)]- 
[bis-|x-(thiourea-S,S)-2-(thiourea-S)di- 
copper]-1:1-^-(thiourea-S:S)(4 + )] nitrate 
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7.3.4 End Groups 

The end groups of linear inorganic or semiinorganic polymers are indicated by prefixes 

placed in front of the name of the polymer in a manner analogous to that used for 

organic polymers 04). The end group attached to the first constituent subunit of the 

preferred CRU (i.e., the senior subunit written as the left terminal subunit in the CRU) 

is given its ligand name as a side group and designated by the Greek letter a. The end 

group attached to the other terminal subunit of the preferred CRU is named as a side 

group if attached to a central atom or, if attached to a bridging group, as a central 

atom with associated side groups by the usual principles of additive nomenclature and 

designated by the Greek letter (O. 

Example: 

a,a-diaqua-a)-{[2,5-dihydroxy-p- 
benzoquinonato(1-)-0',02]zinc}-cafena- 
poly[zinc-|x-[2,5-dihydroxy-p- 
benzoquinonato(2-)-0’,02:0‘,,05]] 

When either end group may be pictured as being attached to the senior subunit, the 

end group with the name occurring first in alphabetical order is designated the a end 

group. 

Examples: 

CI-fSE-H 

NH, 

h3n Zn CO 

Cl 

NH, 

Zn-Cl 

I 
Cl 

a-chloro-a)-hydrido-cafena-poly[sulfur] 

a-ammine-a)-(amminedichlorozinc)-cafena- 
poly[(amminechlorozinc)-|x-chloro] 

(not a-chloro-oj-(diamminechlorozinc)-cafena- 
poly[(amminechlorozinc)-|x-chloro]) 

End groups that may be considered ionic are named in the usual manner, and the amount 

of charge is indicated by a Ewens-Bassett number cited at the end of the complete 

polymer name. 

Examples: 

0-(— Mo02 — 0 Mo03 

2 

{a-oxo-a)-(trioxomolybdenum)-cafena- 
poly[(dioxomolybdenum)-p.-oxo]}(2-) 
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{a-|i.3-oxo-aj-[(jL3-oxo-tris(dioxomolybdenum)]- 
tris{cafena-poly[(dioxomolybdenum)-|jL- 
oxo]}}(2 + ) 

The polymer in the second example is a regular single-strand polymer consisting of 

three chains linked by oxo end groups. 

7.3.5 Stereochemistry 

The stereochemical configuration of a CRU consisting of one central atom with associated 

groups and one bridging group may be designated by suitable prefixes cited before the 

appropriate complete polymer name. 

Examples: 

c/s-cafena-poly[(difluorogold)-fjL-fluoro] 

frans-cafena-poly[dipotassium 
{[(tetrafluoroaluminate)-|x-fluoro](2-)}] 

frans-cafena-poly[dipotassium 
{[tetrafluoroaluminate(lll)]-|x-fluoro}] 

The names in these two examples are constructed in accord with the stereochemical 

notation recommended for organic polymers. Inorganic nomenclature practice would 

lead to insertion of the stereochemical prefix directly in front of the name of the CRU, 

as shown in the following names: 

cafena-poly[c;s-(difluorogold-|j.-fluoro)] 
potassium cafena-poly[frans-(tetrafluoroaluminate-p.-fluoro)(2-)] 



Chapter 8 

Acids, Bases, and Their Derivatives 

8.1 Introduction 

Much of early inorganic chemistry was concerned with relatively simple ionic compounds 

and their constituent ions. These compounds, which were divided into acids, bases, and 

salts, were given semisystematic names that indicated functionality as well as compo¬ 

sition. Their names were for the most part based on the principles originally intended 

for binary compounds (see Section 4.4). These principles were extended to compounds 

containing more than two elements by treating groups of atoms as single units (see 

pseudobinary names, Section 4.3-1). Although the names generated are not truly sys¬ 

tematic, they are still in common use in spite of the fact that there are more systematic 

procedures for naming all of these substances. Historical methods for naming these 

classes of compounds are described in this chapter. Additive nomenclature (see Section 

5.4), however, is preferable, and thus the methods described in this chapter should not 

be used for naming new compounds. These methods are only recommended for com¬ 

pounds specifically included in the discussion and related tables. 

8.2 Acids 

8.2.1 Introduction 

In general, functional names are disappearing from inorganic chemistry. Many com¬ 

pounds that are acids according to some definitions do not fit into the classical concept 

of acids (i.e., compounds that supply H+) and are not named as acids. The following 

discussion applies only to classical acids. 

8.2.2 Binary Acids 

Classical binary acids contain hydrogen and one other element and are named as binary 

compounds of hydrogen. The binary hydrides of the halogens have long been called 

“hydro...ic” acids, where ... represents the stem name for the halogen, in recognition 

of the acidic nature of their aqueous solutions. Such names, however, should be used 

only for the aqueous solutions, not for the hydrides themselves. 

Examples: H2S hydrogen sulfide 

HCI hydrogen chloride 
(“Hydrochloric acid” refers to an aqueous solution of HCI.) 

67 
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8.2.3 Mononuclear Acids Containing Polyatomic Anions 

Most of the common classical acids are oxo acids in the inorganic sense; that is, their 

acidic hydrogens are formally attached to oxygen atoms bound to central atoms. [In 

organic chemistry, the term “oxo acid” is used to refer to carboxylic acids containing 

an aldehydic group and/or one or more ketonic groups in the principal chain or parent 

ring system (34d)}. 

The names of oxo acids, which fit no one pattern of nomenclature completely, are formed 

according to the method introduced in 1789 (8) in which the suffixes -ous and -ic are 

used to indicate the degree of saturation (i.e., oxygen content) of the acid. This method 

is only relative (i.e., -ic meaning higher and -ous lower) and thus does not specify either 

the number of oxygen atoms or the number of acidic (or nonacidic) hydrogen atoms in 

either acid. The number of oxygen atoms may vary from one central atom to another 

for each type of acid, and the oxidation number of the central atom is not necessarily 

the same within each family of elements. The trivial names and functional structural 

formulas of the -ous/-ic pairs of mononuclear acids are listed in Table A.V. The -ous/-ic 

distinction has not been applied to the organic chalcogen oxo acid suffixes. Thus, 

-S(0)2(0H) is -sulfonic acid, and -S(0)(0H) is -sulfinic acid, when expressed as a suffix. 

However, the name -sulfonous acid could be used for -S(0)(0H) without ambiguity, 

and the names sulfonic and sulfonous acid could be used for the hypothetical acids 

(H)S(0)2(0H) and(H)S(0)(0H), respectively. Systematic additive names for the organic 

chalcogen oxo acids are somewhat longer than the trivial names and are only sparingly 

used. 

The prefixes per- and hypo- attached to the names of the mononuclear -ic and -ous 

halogen oxo acids, respectively, describe oxo acids with the halogens in a higher and a 

lower oxidation state, respectively, than in the -ic and -ous acids. 

Examples: CI03(0H) perchloric acid 

Br(OH) hypobromous acid 

The prefix per- has been used with the same meaning in the names of the mononuclear 

acids of some metallic elements, especially the Group 7 metals. For example, perman¬ 

ganic acid (HMn04) contains Mn(VII), whereas manganic acid (H2Mn04) contains 

Mn(VI). The prefix per- is not to be confused with the prefixes peroxo- and peroxy-, 

which indicate the presence of a peroxo group (see Section 4.4.2). Except for hypo- 

phosphorous acid, a traditional name for H3P02 whose tautomeric forms are named 

phosphonous acid and phosphinic acid, the prefix hypo- has not been extended with 

the same meaning to elements in other families. For example, S(OH)2 is called sulfoxylic 

acid (see paragraph after next) and not hyposulfurous acid. 

The prefixes ortho- and meta- have been used to distinguish between two mononuclear 

oxo acids of a central element in the same oxidation state that differ in the number of 

water molecules formally required to convert the oxide to the respective acids. The prefix 

ortho- is not used entirely consistently, referring at times to the “completely hydrated” 

acid and at times to the acid with two hydroxyl groups more than the meta acid. 

Examples: B(OH)3, [B(0)(0H)]„ orthoboric acid8, metaboric acid 

C(OH)„, C(0)(0H)2 orthocarbonic acid, metacarbonic acid6 

Si(OH)4, [Si(0)(0H)2]„ orthosilic acid8, metasilic acid 
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N(0)(0H)3, N(0)2(0H) 

P(0)(0H)3i [P(0)2(0H)]„ 

S(OH)4i S(0)(0H)2 

Te(OH)6, Te(0)2(0H)2 

l(0)(0H)5, l(0)3(0H) 

orthonitric acid, metanitric acid6 

orthophosphoric acid3, metaphosphoric acid 

orthosulfurous acid, metasulfurous acid6 

orthotelluric acid6, metatelluric acid6 

orthoperiodic acid6, metaperiodic acid6 

aThe prefix ortho- is almost always omitted in practice. 

6The prefix meta- is almost always omitted in practice. 

cThere is a difference of two molecules of water between the formulas for 
the ortho and meta oxo acids of tellurium(VI) and iodine(VII), in contrast to 
the difference of one molecule of water for the other pairs. 

Trivial names for other mononuclear oxo acids, such as sulfoxylic acid for S(OH)2, are 

listed in Table A. V. Some of the species included are hypothetical parent molecules that 

are used in naming substituted derivatives. Oxo acids with trivial names may also be 

named by additive nomenclature as anions consisting of central atoms and oxo side 

groups plus hydrogen cations or as neutral species consisting of central atoms with oxo 

and hydroxo side groups (see Section 5.4). For example, sulfuric acid (H2S04) could be 

named hydrogen tetraoxosulfate(2—), hydrogen tetraoxosulfate(VI), dihydroxodioxosul- 

fur, or dihydroxodioxosulfur(VI). 

Mononuclear acids that contain polyatomic anions but that are not classified as oxo acids 

are named either as pseudobinary compounds of hydrogen if they give rise to -ide anions 

(see Section 4.3.1) or as compounds with hydrogen cations by additive procedures (see 

Section 5.4). Alternative names for the latter formed by combining the suffix -ic with 

the additive name for the central atom and its associated groups and adding the word 

“acid” have been used, but such names are not preferred (22m). 

Examples: HCN 
hn3 

H[AuCI4] 

H4[Fe(CN)6] 

H2[SiF6] 

H[B(Ph)4] 

hydrogen cyanide 

hydrogen azide 
(preferred to hydrazoic acid) 

hydrogen tetrachloroaurate(l-) 
hydrogen tetrachloroaurate(lll) 

(preferred to tetrachloroauric(lll) acid) 

hydrogen hexacyanoferrate(4-) 
hydrogen hexacyanoferrate(ll) 

(preferred to hexacyanoferric(ll) acid) 

hydrogen hexafluorosilicate(2-) 
hydrogen hexafluorosilicate(IV) 

(preferred to hexafluorosilicic acid or 
fluorosilicic acid) 

hydrogen tetraphenylborate(l-) 
hydrogen tetraphenylborate(lll) 

(preferred to tetraphenylboric acid) 

8.2.4 Functional Replacement Analogs of Mononuclear Oxo Acids 

Both prefixes and infixes have been used to indicate the replacement of oxygen atoms 

or hydroxy groups of oxo acids with other atom or groups. The 1957 and 1970 IUPAC 

Inorganic Nomenclature Rules emphasize the prefix method (22n), but they recognize 

the infix method (22o). Section C of the 1979 IUPAC Organic Nomenclature Rules 

uses both methods, but not as alternatives. Provisional Section D of the IUPAC Organic 

Nomenclature Rules, which was a joint effort of CNIC and the IUPAC Commission on 

the Nomenclature of Organic Chemistry (CNOC), included the infix method for mono¬ 

nuclear oxo acids of phosphorus and arsenic (34e), but prefix names were provided for 

many examples. In 1957 CAS began to use the infix method for mononuclear phosphorus 
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oxo acids introduced by the ACS Nomenclature Committee in 1952 {55) and extended 

it to mononuclear arsenic and carbon oxo acids in 1972 {52b). 

The affixes listed in Table A. VII are joined, as either prefixes or infixes, with the trivial 

names of the oxo acids. Two or more affixes to the same name are cited in alphabetical 

order. Prefix names are generally used when oxygen is replaced by another chalcogen 

or a hydroxyl group by a halogen. [Some names derived in this fashion are identical to 

the additive “acid” names that are deemed less desirable than the additive “cationic 

hydrogen” names {see Section 8.2.3)}. An infix, which is inserted before the -ic or -ous 

in the acid name, is preceded by “o” in the names for derivatives of phosphorus, etc., 

acids. If the replacement product is no longer an acid, it is named according to Chapter 

4 or 9, but the names for nitrogen derivatives are derived by replacing “acid” in the 

name with “amide” or “imide” as appropriate. 

Examples: S(0)(S)(0H)2 thiosulfuric acid3 

P(F)(0)(0H)2 fluorophosphoric acid3 
phosphorofluoridic acid 

H[PF6] hexafluorophosphoric acid 
(cf. Section 8.2.3) 

HSeCN selenocyanic acid 

As(S)(SH)3 tetrathioarsenic acid 
arsenotetrathioic acid 

HBF2(0)-H20 difluoroboric acid 

S(0)2(NH2)(0H) sulfuramidic acid 
(often shortened to sulfamic acid 

or to sulfamidic acid) 
amidosulfuric acid 

C(0)(NH2)(0H) carbonamidic acid 
(usually shortened to carbamic acid) 

C(N3)(S)(SH) azidodithiocarbonic acid 
carbonazidodithioic acid 

PH(OH)(CI) chlorophosphonous acidb 
phosphonochloridous acid 

P(0)(NH2)3 phosphoric triamide 
phosphoryl triamide 

(often shortened to phosphamide) 

S(0)2(NH) sulfuric imide 
sulfonyl imide 

[often shortened to sulfimide, the IUPAC 
name for FI2S(NH)] 

(PCI2N)3 trimeric phosphorus dichloride nitride 
trimeric phosphonitridic dichloride 

_(often called trimeric phosphonitrile chloride) 

3The prefix mono- is occasionally encountered. See Table A.II, foot¬ 
note a. 

bThe prefix method can be ambiguous when the same morpheme is 
used for an atom or group that is replacing either a hydroxyl group or 
a nonacidic hydrogen. For example, this name could describe 
CIP(OH)2 as well as PH(OH)CI (see Section 8.2.5). 

8.2.5 Substituted Mononuclear Acids 

Substitution for nonacidic hydrogen atoms in oxo acids and their derivatives is indicated 

by appropriate substitutive prefixes of organic nomenclature {34). Even if the parent 

acid with nonacidic hydrogen atoms is not known, substitutive names are based on the 

name of the hypothetical parent acid in some cases (such as some acids of arsenic and 

phosphorus) {see Table A.V). Although there are names for similar hypothetical parent 

acids based on sulfur, they are generally not used for substitutive names. 
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Two methods are used to incorporate these prefixes into names. All prefixes are cited 

in alphabetical order in front of the name of the parent acid when the infix method is 

used (34/, 33), and italicized element symbols are used to locate positions of substituents. 

(Arabic numbers are often used with the infix “hydrazido”.) When a replacement analog 

of an oxo acid is named by the prefix method, substituents not on the central atom 

have been included with the appropriate prefix {34/, 34g). Although the latter method 

may avoid the use of some locants, its principles are not fully described and are not 

consistent with principles for creating alphabetical listings. Additional study is needed. 

Examples: (Ph)2P(0)(0H) 

CH3P(0)(0H)(0CN) 

(Ph)P(NHCH3)(SH) 

S(=NCH3)2(CI)(OH) 

diphenylphosphinic acid 

methylphosphonocyanatidic acid 

variants of prefix method: 
(methylamido)(phenyl)thiophosphonous acid 
A/-methyl-P-phenyl(amidothiophosphonous acid) 

infix method: 
W-methyl-P-phenylphosphonamidothious acid 

variants of prefix method: 
chlorobis(methylimido)sulfuric acid 
dimethyl(chlorodiimidosulfuric acid) 

infix method: 
dimethylsulfurochloridodiimidic acid 

8.2.6 Homopolynuclear Oxo Acids 

Polynuclear oxo acids that may be considered to be formally derived by condensation 

of molecules of the same polybasic mononuclear oxo acid with loss of water molecules 

are named by attaching a type-1 numerical prefix {see Table A.II) to the name of the 

polybasic mononuclear oxo acid. This prefix indicates the number of mononuclear oxo 

acid molecules involved. The prefix pyro- has been used in the past instead of di- and 

is still occasionally found. Cyclic and chain structures may be distinguished by the 

italicized prefixes cyclo- and catena-. 

Examples: (H0)S(0)20S(0)2(0H) 

(H0)2P(0)0P(0)(0H)2 

(H0)P(H)(0)0P(H)(0)(0H) 

(HO)3SiOSi(OH)2OSi(OH)3 

(H0)Cr(0)20Cr(0)20Cr(0)20Cr(0)2(0H) 

H0(0)P. O 
\ / 

O—PO 
I 

OH 

(H0)2P(0)0P(0)(0H)0P(0)(0H)2 

disulfuric acid 

diphosphoric acid 

diphosphonic acid 

trisilicic acid 

tetrachromic acid 

tetraboric acid 

cyc/o-triphosphoric acid 

triphosphoric acid 
catena-triphosphoric acid 

The name pyrosulfurous acid, used traditionally for an acid with the composition 

H2S205, was changed to disulfurous acid along with the general replacement of the 

prefix pyro- with di-, even though the structure is known to be (EI0)(0)2SS(0)(0H) 

rather than (H0)(0)S0S(0)(0H). The name pyrosulfurous acid should be retained for 

the former structure, and the name disulfurous acid should be used only for the latter. 

Another name, hypodisulfuric(IV,VI) acid, can be generated for the former structure by 
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using the method for naming binuclear acids in which the central atoms are directly 

linked (see discussion later in this section). 

Replacement of oxygen atoms or hydroxy groups of polynuclear oxo acids may be 

indicated by the prefixes of Table A. VII (see Section 8.2.4) (infixes have not been used). 

Serially primed italicized element symbols or locant numbers are used as needed to 

denote the central atom at which replacement occurs. The bridging symbol fi with 

preceding locants, if needed, is used to indicate replacement of bridging oxygen atoms. 

The order for citation and preference of bridging versus nonbridging replacement has 

not been defined. 

Examples: 

(H2N)S(0)20S(0)2(0H) 
1 2 

(H0)2P(0)NHP(0)(0H)2 

(H0)(CI)P(0)0P(0)(CI)(0H) 
1 2 

(H0)C(0)00C(0)(0H) 

(H00)C(0)0C(0)(0H) 

(H!N,!P,0,NHP(0„SH«0H, 

(H0)2P(0)00P(NH)(0H)0P(0)(0H)2 
12 3 

(H0)(Ph)P(S)0P(0)(Ph)(0H) 

S-amidodisulfuric acid 
1-amidodisulfuric acid 

|i-imidodiphosphoric acid 

P,P'-dichlorodiphosphoric acid 
1.2- dichlorophosphoric acid 

p-peroxodicarbonic acid 

C-peroxodicarbonic acid 
1- peroxodicarbonic acid 

P,P-diamido-p.-imido-P'-thiodiphosphoric acid 
1,1 -diamido-p.-imido-2-thiodiphosphoric acid 

P'-imido-(jL-peroxotriphosphoric acid 
2- imido-|j.-peroxotriphosphoric acid 

P,P'-diphenyl-P-thiodiphosphonic acid 
1.2- diphenyl-1 -thiodiphosphonic acid 

Although there are no fully accepted general rules for naming variants of homopolynuclear 

acids, certain procedures have been used for species in which the central element is 

present in different oxidation states and in which the central atoms are directly linked. 

The former type has been named as “poly...ic acids’’, with the oxidation numbers of 

the atoms of the central element given by their Stock numbers appended to the end of 

the “poly...ic” name in the order of occurrence in the chain and enclosed in parentheses. 

If there is a choice, lower oxidation numbers are preferred for earlier citation and 

numbering. This type of homopolynuclear acid can also be named by the method used 

for mixed anhydrides (see Section 8.5.1.4). 

Examples: (H0)2P0P(0)(0H)2 diphosphoric(lll,V) acid 

(H0)2P0P(0)(0H)0P(0H)0P(0)(0H)2 tetraphosphoric(lll,V,lll,V) acid 

(H0)2P0P(0)(0H)(NH2) P'-amidodiphosphoric(lll,V) acid 
2 2-amidodiphosphoric(lll,V) acid 

The prefix hypo- attached to the name of a mononuclear oxo acid has been used to 

describe a symmetrical binuclear oxo acid in which the central atoms are directly linked. 

This use is presumably justified by the practice of ignoring direct bonds between like 

atoms in the determination of oxidation number. It has, however, a different meaning 

than the hypo- in hypochlorous acid (HCIO) and hypophosphorous acid (H3PO>) (see 

Section 8.2.3), so we recommend that the prefix, when used in this sense, be hypodi- 

rather than simply hypo- to avoid confusion. 

Examples: (H0)2P(0)P(0)(0H)2 hypodiphosphoric acid8 
hypophosphoric acid6 

(HO)2PP(OH)2 hypodiphosphorous acidc 

(H0)(H)P(0)P(0)(H)(0H) hypodiphosphonic acids 
hypophosphonic acid6 
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(HO)(H)AsAs(H)(OH) hypodiarsonous acids 
_____hypoarsonous acid6 

aName we recommend. 

^Traditional name (method of this section). 

The name hypophosphorous acid cannot be used for 
this species because it has been given to the mononu¬ 
clear acid H3P02. 

Some polynuclear oxo acids of sulfur consist of a chain of bivalent sulfur atoms connect¬ 

ing two sulfonic or two sulfinic acid groups. These acids may be named by attaching a 

type-1 numerical prefix (see Table A.II) that expresses the total number of sulfur atoms 

to the name thionic or thionous acid, according to whether the terminal acid groups 

are sulfonic or sulfinic acid groups, respectively. When such compounds contain three 

or more sulfur atoms, substitutive nomenclature based on an appropriate parent hydride 

(see Section 9.2) is an alternate method for naming them. 

Examples: (H0)S(0)2S(0)2(0H) dithionic acid3 

(H0)S(0)SS(0)(0H) trithionous acid 
sulfanedisulfinic acid 

aDithionic acid could also be named hypodisul- 
furic acid (see preceding paragraph), but “hy- 
posulfuric acid" cannot be used because the 
term hyposulfate has been used for thiosulfate 
in photography. 

Structural names for more complex homopolynuclear oxo acids may be derived by using 

the recently published recommendations for naming rings and chains (56) and polyanions 

(29). 

8.2.7 Heteropoly nuclear Oxo Acids 

8.2.7.1 General Discussion. The nomenclature of heteropolynuclear oxo acids and 

their oxo anions is one of the areas of nomenclature under active development by CNIC. 

The drafts under consideration indicate that the procedures in the 1970 IUPAC Inorganic 

Rules (22p) will be almost completely replaced. The basic approach for anions in the 

1970 rules is to treat the component binary oxo groups as oxo anions (see Section 8.4), 

select one as the central group, cite it last in the name, and cite the others as anionic 

side groups. The prefixes catena- and cyclo- are used as appropriate. The corresponding 

acids are named as hydrogen salts (see Section 8.2.3). Names based on these principles 

will probably become obsolete soon. 

8.2.7.2 Chains. A heterodinuclear oxo acid species is named by first citing the ligand 

name for the binary oxo group that comes first alphabetically and then citing the anion 

name for the remaining oxo group. 

Examples: H4[03As0P03] hydrogen arsenatophosphate(4-) 
(arsenate before phosphate) 

H2[03S0Cr03] hydrogen chromatosulfate(2-) 
(chromate before sulfate) 

If one of the constituent binary oxo groups in a longer chain is an obvious central oxo 

group, the other oxo groups are cited as ligands in alphabetical order in front of the 

anion name for the central oxo group. 
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Examples: H5[03As0P(0)20As03] hydrogen bis(arsenato)phosphate(5-) 

03CrOP(0)0As03 

OSO, 

hydrogen (arsenato)(chromato)(sulfato)phosphate(4-) 

If there is not an obvious central binary oxo group in a longer chain, the name for the 

terminal oxo group that comes first alphabetically is cited, followed sequentially by the 

names for the interior oxo groups. The name ends with the anionic name for the other 

terminal oxo group, which is arbitrarily considered to be the central group. 

Examples: 

H4[03Cr0P(0)20As03] hydrogen (arsenatophosphato)chromate(4-) 
(arsenate before chromate) 

H4[03S0Cr(0)20As(0)20P03] hydrogen [(phosphatoarsenato)chromato]sulfate(4-) 
(phosphate before sulfate) 

H4[03P0Cr(0)20S(0)20As03] hydrogen [(arsenatosulfato)chromato]phosphate(4-) 

(arsenate before phosphate) 

8.2.7.3 Rings. The binary oxo group to be cited first in naming a monocyclic ring 

is the oxo group in the ring that comes first alphabetically by name. The remaining 

oxo groups are cited in order of occurrence, starting with the adjacent oxo group that 

is alphabetically earlier. The oxo group to be named as an anion (i.e., the oxo group 

treated as the central group) is the oxo group adjacent to the starting oxo group in the 

less preferred direction. 

Examples: O—As02 

02Cr N0 
I I 

O P02 

s—o 

hydrogen cyc/o-arsenatochromatosulfato- 
phosphate(2-) 

(start with arsenato and go toward chromato, 
not toward phosphato) 

o2 
As—O 

0/ CrO, 

02Cr 

\_c/ 

o 
I 
so2 

hydrogen cyc/o-arsenatochromatophosphato- 
sulfatochromate(2-) 

(start with arsenato and go through chromato 
toward phosphato, not sulfato) 

8.2.1 A Three-Dimensional Structures. The species for which nomenclature proce¬ 

dures are suggested (22q) all consist of a central atom surrounded by condensed octa¬ 

hedrons of M06 in which M represents Mo, W, or V. The name is constructed by citing 

the stem of M with the suffix “o” and the appropriate type-1 numerical prefix from 

Table A.II as a side group of the central atom. If the oxidation number of any atom 

has to be given, it may be necessary to place it immediately after the name of that atom 

to avoid ambiguity. 

H3[PW,204o] 

H5[IW6024] 
H6[MnlvMo9032] 

H7[CoiiCo'"W12042] 

H3[PMo,0V2O39] 

hydrogen dodecatungstophosphate(3-) 

hydrogen hexatungstoperiodate(5-) 

hydrogen nonamolybdomanganate(IV)(6-) 

hydrogen dodecatungstocobalt(ll)cobalt(lll)ate(7-) 

hydrogen decamolybdodivanadophosphate(3-) 

Examples: 
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Before the preceding names were developed, compounds of this type were named phos- 

photungstic acid, etc., in a procedure similar to the method discussed in Section 8.2.7.2. 

Structural names for more complex heteropolynuclear oxo acids may be derived by using 

the recently published recommendations for naming rings and chains (56) and polyanions 

(29). 

8.3 Bases 

The definition of a base has been so modified that there is no functional group common 

to a majority of bases. Consequently, there is no general method for naming bases. The 

hydroxides and oxides of electropositive elements, which constitute a significant fraction 

of bases, are for the most part named by the methods of Chapter 4 because they are 

primarily binary or pseudobinary compounds. 

Examples: KOH potassium hydroxide 

CaO calcium oxide 

8.4 Salts and Esters 

8.4.1 Neutral Salts 

Those compounds known as salts represent a wide variety of types and individual species. 

The majority of these compounds are given names of two or more words in which the 

name for the cation (or the names for the cations in alphabetical order if there is more 

than one) is followed by the name of the anion or (should there be more than one) by 

the names of the anions in a separate alphabetical order. The only exceptions to alpha¬ 

betical order are that hydrogen is always cited last among cations (see Section 8.4.2) and 

that hydration of cations, when given, does not disturb the alphabetical order of the 

cations. The name of a cation is that of the element or the polyatomic entity (see Sections 

4.3 and 4.4), whereas that for an anion is derived from the name for the corresponding 

acid by changing the characteristic affixes hydro...ic, -(i)ous, and -ic to -ide, -ite, and 

-ate, respectively, and eliminating the word “acid” {see also Sections 4.3 and 4.4). The 

stoichiometry is given, when appropriate, by numerical prefixes (see Table A.II). Type-1 

prefixes are normally used, but it is necessary to use type-2 prefixes to indicate two or 

more oxo anions in order to avoid confusion with the names of polynuclear oxo anions. 

Examples of names for simple and mixed salts follow. Although the formulas for double, 

triple, etc., salts are often written as though they are addition compounds, the preferred 

names are based on the constituent ions because such salts are considered to be mixed 

salts for nomenclature purposes. 

Examples: NiBr2 

KNa2P04 

CrK(S04)2 

NaCI • NaF -2Na2S04 
Na6CIF(S04)2 

KCI-MgSOA 
KMgCIS04 J 

MgNa(U02)3(0Ac)9 

nickel(2 + ) bromide 
nickel(ll) bromide 

potassium disodium phosphate 

chromium(3 + ) potassium bis(sulfate) 
chromium(lll) potassium bis(sulfate) 

hexasodium chloride fluoride bis(sulfate) 

magnesium potassium chloride sulfate 

magnesium sodium triuranyl(2 + ) nonaacetate 
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8.4.2 Acid and Basic Salts 

Salts that contain acidic hydrogen in addition to other cations or contain oxide or 

hydroxide anions in addition to other anions have been termed acid salts and basic salts, 

respectively. They are all preferably named as mixed salts, with hydrogen cited as the 

last cation and with hydroxide and oxide taking their proper places in the alphabetical 

sequence of anions. Although the 1970 IUPAC Inorganic Rules state that the word 

hydrogen is to be attached directly to the name of the anion (22r), in the 1979 IUPAC 

Organic Rules (34h) and in the comments to the 1957 IUPAC Inorganic Rules (21) 

hydrogen is written as a separate word because “hydrogen” is a word, not a prefix. (The 

suggestion that the prefix hydro- be used instead of hydrogen has not found favor.) The 

names of compounds that contain anions in which there is nonreplaceable hydrogen 

seldom produce ambiguity about which hydrogens are replaceable. Basic salts have been 

named as hydroxy or oxy salts (e.g., aluminum oxychloride for AlCIO), but such names 

are not recommended. 

Examples: LiHC03 

CaHP04 
CaH4(P04)2 

KH(PH03) 

MgCI(OH) 

AlCIO 

Nb20(S04)4 

Cu4(OH)6SO 

lithium hydrogen carbonate 

calcium hydrogen phosphate 

calcium tetrahydrogen bis(phosphate) 
calcium bis(dihydrogen phosphate) 

potassium hydrogen phosphonate 

magnesium chloride hydroxide 

aluminum chloride oxide 

diniobium(5 + ) oxide tetrakis(sulfate) 
diniobium(V) oxide tetrakis(sulfate) 

tetracopper(2 + ) hexahydroxide sulfate 
tetracopper(ll) hexahydroxide sulfate 

8.4.3 Esters 

Neutral esters of inorganic acids are given names in the same fashion as salts, with the 

name of the organic group in place of the name of the cation. In mixed esters the organic 

groups are cited in alphabetical order. Partial esters of polybasic acids are treated in a 

manner analogous to acid salts. Salts of partial esters are named by citing the cations 

before the organic groups. If acidic hydrogens remain, they are cited after the organic 

groups. 

Examples: EtONO 

(MeO)„Si 

MeP(0)(0Me)(0Ph) 

Me0S(0)2(0H) 

(Et0)2P(0)(0H) 

Na[EtOS(0)3] 

K[Me0P(0)2(0H)] 

ethyl nitrite 

tetramethyl orthosilicate 

methyl phenyl methylphosphonate 

methyl hydrogen sulfate 

diethyl hydrogen phosphate 

sodium ethyl sulfate 

potassium methyl hydrogen phosphate 

8.5 Other Acid Derivatives 

8.5.1 Acid Anhydrides 

8.5.1.1 Acids Containing Only Oxo and Hydroxo Groups. A fully dehydrated mono¬ 

nuclear inorganic oxo acid {i.e., a compound having no hydrogen atoms attached to 

oxygen atom(s)] is usually named as a binary oxide, not as an anhydride, and corre- 
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sponding chalcogen analogs are named as binary chalcogenides, not as chalcoanhydrides. 

Thus, SO3 is named sulfur trioxide, not sulfuric anhydride, and N2S5 is named dinitrogen 

pentasulfide, not dithionitric thioanhydride. 

8.5.1.2 Monobasic Oxo Acids. Symmetrical anhydrides of monobasic oxo acids (or 

their chalcogen analogs) with at least one atom or side group other than oxo or hydroxo 

(including hydrogen) attached to the central atom are named by replacing the word 

acid in the name of the acid by the class name “anhydride” (or “chalcoanhydride”). 

An anhydride has an oxygen atom between central atoms (i.e., ...MOM...), whereas a 

chalcoanhydride has a chalcogen atom between central atoms (e.g., ...MSM...). 

Examples: h2P(0)0P(0)H2 

CIS(0)SS(0)CI 

PhP(S)(NH2)OP(S)(Ph)(NH2) 

CI2POPCI2 

phosphinic anhydride 

chlorosulfurous thioanhydride 

phenylphosphonamidothioic anhydride 
P,P'-diphenyl(amidothiophosphonic anhydride) 

phosphorodichloridous anhydride 
dichlorophosphorous anhydride 

8.5.1.3 Poly basic Oxo Acids. Symmetrical anhydrides of polybasic oxo acids or their 

chalcogen analogs that still contain acidic hydrogen atoms may be named either as 

polynuclear oxo (chalco) acid analogs (see Section 8.2.6) or by replacing the word “acid” 

in the name of the parent acid by an appropriate descriptive phrase such as bimolecular 

anhydride, trimolecular cyclic anhydride, or tetramolecular trianhydride. The terms 

bimolecular, trimolecular, etc., are usually abbreviated bimol., trimol., etc. (Such names 

may not be completely unambiguous or structurally specific.) Names based on chains 

or rings of repeating units (see Chapter 10) may also be used. 

Examples: H0S(0)20S(0)20H 

HO— Er ^B—OH 

I I o o 

I 
OH 

disulfuric acid 
sulfuric bimol. monoanhydride 

cyclo-triboric acid 
boric trimol. cyclic anhydride 

8.5.1.4 Mixed Anhydrides. Anhydrides derived from different mononuclear inorganic 

oxo acids or from inorganic oxo acids and organic acids may be named as polynuclear 

oxo acids where appropriate (see Section 8.2.7) or by citing, in alphabetical order, the 

first parts of the names of the acid components, followed by a class name such as 

anhydride or thioanhydride. Appropriate numerical prefixes are used to indicate the 

number of acid residues involved if there is more than one (i.e., the prefix mono- is 

not used) and to indicate the number of anhydride linkages (in which case the prefix 

mono- is used). The second method loses structural specificity quite rapidly as the 

number and type of acid residues involved increases. It is most useful only for mono¬ 

anhydrides or polyanhydrides involving one central polybasic acid and two or more 

other acids. 

Examples: CH3C(0)0P(0)(0H)2 acetic phosphoric monoanhydride 

(H0)2P(0)0P(0H)2 diphosphoric(lll,V) acid 
phosphoric phosphorous monoanhydride 
phosphorus(lll) phosphorus(V) monoanhydride 

CH3P(0)(0H)0P(0)(0H)2 methylphosphonic phosphoric monoanhydride 
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[CH3C(0)0]2B0B[0C(0)CH3]2 tetraacetic diboric tetraanhydride 

CH3P(0)(0H)(0CN) cyanic methylphosphonic monanhydride 
(see example in Section 8.2.5 for name as an acid) 

8.5.2 Acid Halides 

Acid halides are here defined as derivatives of oxo acids in which all hydroxo groups 

have been replaced by nonacidic atoms or groups, at least one of which is a halogen 

atom. They may be named by replacing the word “acid” of the name for the parent 

acid by the -ide name for the appropriate halogen, or by changing the “...ic acid” 

ending of the acid name to -oyl or -yl and adding the appropriate halide name as a 

separate word. Numerical prefixes may be used to denote more than one of the same 

halogen atom. Different halogen atoms may be cited in alphabetical order, or one may 

be chosen to be cited as the appropriate class name and the other(s) incorporated into 

the name of the acid residue by using infixes or prefixes (see Section 8.2.5). (Additive 

names may also be used.) 

Examples: CIS(0)2CI 

C6H5P(S)[N(CH3)2]Cl 

CIS(0)2NHS(0)2Br 

CI2POPCI2 

8.5.3 Acid Amides and Hydrazides 

Derivatives of oxo acids in which all hydroxo groups have been replaced by amido or 

hydrazido groups may be named in the same way as acid halides (see Section 8.5.2) by 

using the class name amide or hydrazide as appropriate. (Additive names may also be 

used.) 

sulfuric dichloride 
sulfuryl dichloride 
sulfonyl dichloride 

(dimethylamido)phenylthiophosphonic chloride 
W,W-dimethyl-P-phenylphosphonamidothioic chloride 
(dimethylamido)phenylthiophosphonoyl chloride 
A/,/V-dimethyl-P-phenylphosphonamidothioyl chloride 

(x-imidodisulfuric bromide chloride 
ix-imidodisulfuryi bromide chloride 

diphosphorous tetrachloride 
(see example in Section 8.5.1.2 for names as 

an anhydride) 

Examples: H2NS(0)2NH2 

P(NH2)3 

C6H5P(S)[N(CH3)2]2 

H2NNHS(0)2NHNH2 

(C6H5)2PNHN(CH3)2 

sulfuric diamide 
sulfuryl diamide 
sulfonyl diamide 

phosphorous triamide 

phenyl(thiophosphonic) bis(dimethylamide) 
A/,W,A/',A/'-tetramethyl-P-phenylphosphonothioic diamide 
phenyl(thiophosphonoyl) bis(dimethylamide) 
A/,/V,A/',A/'-tetramethyl-P-phenylphosphonothioyl diamide 
sulfuric dihydrazide 
sulfuryl dihydrazide 
sulfonyl dihydrazide 

diphenylphosphinous 2,2-dimethylhydrazide 
/V2,A/2-dimethyl-P,P-diphenylphosphinous hydrazide 
2,2-dimethyl-P,P-diphenylphosphinous hydrazide 



Chapter 9 

Substitutive Nomenclature for Covalent 

Inorganic Compounds 

9.1 Introduction 

Although the primary system for naming inorganic compounds is based on additive 

nomenclature, substitutive nomenclature is also used. Substitutive procedures, which 

are based on the methods of organic nomenclature for hydrocarbons, are an alternative 

method for naming covalent hydrides, particularly those of the nonmetals and semi¬ 

metals. They are generally confined to the hydrides of boron and the elements of Groups 

14, 15, and 16. Substitutive names are used primarily for naming compounds that 

may be looked upon as derivatives of known or postulated hydrides, not for naming the 

hydrides themselves. Thus, the principles of substitutive nomenclature developed for 

hydrocarbons can be extended to a wide variety of noncarbon compounds if such com¬ 

pounds are considered to be derived from molecular hydrides by substitution for hy¬ 

drogen. Substitutive names are generally shorter than additive names, and their similarity 

to organic names makes them relatively easy to comprehend. 

9.2 Mononuclear Binary Hydrides and Their Derivatives 

Binary compounds consisting of one central atom and associated hydrogen atoms may 

be named as salts (see Section 4.5.3) or as covalent compounds (see Section 4.5.1). 

Alternatively, mononuclear covalent hydrides of the nonmetals and semimetals may be 

named as parent hydrides in a method developed by analogy to the methods used for 

acyclic organic hydrocarbons. In this procedure the names for hydrides with the number 

of hydrogen atoms equal to the standard bonding number of the element (the number 

of sigma bonds needed to complete the outer electronic shell of an element) are formed 

by adding the suffix -ane to a stem name for the element to give the names shown in 

Table A.VIII. 

Hydrides in which the number of hydrogen atoms bonded to the central atom is not 

equal to the standard bonding number are named by adding the prefix X”- (57) to the 

appropriate name in Table A. VIII (n is the number of hydrogen atoms bonded to the 

central atom). Replacement of the hydrogen atoms with other atoms or groups is 

indicated by appropriate organic substitutive prefixes (34i) cited in alphabetical order 

with suitable numerical prefixes (see Table A.II). The organic substitutive name for a 

given group is not always the same as the inorganic additive name for the same group. 

These differences are shown in Table A.V. 
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The trivial names for a few simple binary hydrides [namely, methane (CH4), ammonia 

(NH3), phosphine (PH3), phosphorane (PH5), arsine (AsH3), arsorane (AsH5), stibine 

(SbH3), bismuthine (BiH3), and water} are considered acceptable in view of their es¬ 

tablished use. These names, with the exception of ammonia and water, are suitable for 

Examples: 

les derived by substitutive nomenclature principles 

NaH sodium hydride 

LiAIH4 lithium aluminum tetrahydride 
lithium tetrahydridoaluminate(1 -) 

SnH4 stannane 
(see Table A.VIII) 

tin tetrahydride 

phci2 dichlorophosphane 
phosphorus dichloride hydride 

SiH2CI2 dichlorosilane 
silicon dichloride dihydride 

sh4 \4-sulfane 
sh6 \6-sulfane 

SiH2 XAsilane 
(see Section 9.3 for name as 

side group) 
SiH3 \3-silane 

(see Section 9.3 for name as 
side group) 

sof4 tetrafluorooxo-\6-sulfane 
GeCI2 dichloro-\2-germane 

P(S)CI3 trichlorothioxo-\5-phosphane 

9.3 Mononuclear Binary Hydro Groups 

Groups that may be derived formally by the removal of one or more hydrogen atoms 

from a neutral mononuclear molecular hydride may be named by adding a subtractive 

suffix to the molecular hydride name (see Section 9.2) and eliding the final -e of the 

hydride name, if present, before suffixes starting with -y. Often the entire -ane suffix 

of the hydride name is elided in forming the names for groups derived from mononuclear 

molecular hydrides of elements in Group 14 of the periodic table other than carbon, in 

analogy to the naming of the corresponding hydrocarbon groups. It is likely that CNOC 

will soon officially redefine some of the subtractive suffixes to be used in naming these 

groups. The suffixes are expected to be defined in the following fashion: 

-yl one hydrogen removed (a monovalent group) 

-ylidene3 two hydrogens removed from the same atom 
when the two free valences are attached to 
another single atom (a bivalent group) 

-diyla two hydrogens removed from different atoms (a 
bivalent group); also used instead of -ylidene 
when the two free valences from a single atom 
are attached to different atoms 

-ylidyne three hydrogens removed from the same atom 
when the three free valences are attached to 
another single atom (a trivalent group) 
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-triyl three hydrogens removed from different atoms (a 
trivalent group); also used instead of -ylidyne 
when the three valences from a single atom 

_are attached to different atoms_ 

aThe suffix -ylene has been used for certain bivalent groups derived from 
hydrocarbons and some mononuclear hydrides (e.g., ethylene for -CH2CH2-, 
methylene for -CH2- or =CH2, and silylene for -SiH2- or =SiH2). Names 
such as carbene and nitrene have been used for unattached bivalent groups 
derived from mononuclear hydrides. The X" convention (see Section 9.2) 
can also be used to name such unattached biradicals, that is, X2-silane for 
SiH2 and X'-azane for NH. 

Examples; 

-ch3 methyl -nh2 azanyl -SH sulfanyl 
-SiH3 silyl = SiH2 silylidene =GeH germylidyne 

= PH phosphanylidene 
phosphinediyl 

=ph3 

silanediyl 

phosphoranylidene 
\5-phosphanylidene 

germanetriyl 

(not phosphinylidene) 

Once again, there are commonly used names: 

-nh2 amino -ph2 phosphino -AsH2 arsino 
= NH imino = PH phosphinidene = AsH arsinidene 
-SbH2 stibino -BiH2 bismuthino -SH mercapto 
= SbH stibylene = BiH bismuthylene -SeH selenyl 

9.4 Ions from Mononuclear Molecular Hydrides 

Ions may be formed by the formal addition or removal of hydrogen cations or hydride 

anions to or from molecular hydrides. Names for binary hydro cations formed by the 

addition of a hydrogen(l + ) cation to mononuclear parent hydrides of the Group 15, 

16, and 17 elements have customarily been formed by adding the suffix -onium to a 

stem name for the element (e.g., phosphonium ion for PH4 + ). The parallel names 

“ammonium ion” and “hydronium ion” have been used for NH4+ and H30 + , respec¬ 

tively, but the latter is no longer considered acceptable (30). Binary hydro cations with 

the same elemental composition as binary groups may be named by adding the separate 

word “cation” after the name for the group with appropriate designation of charge (see 

Section 4.5.2) (e.g., methyl cation for CH3+). 

A more general method for naming cations formally derived from mononuclear hydrides 

by addition of H+ or removal of H" is to add the suffix -ium or -ylium, respectively, 

to the -ane name of the molecular hydride, eliding -e before -i or -y. The entire -ane 

suffix is often elided from the names of Group- 14-element hydrides in the same way 

that it is in the naming of mononuclear binary hydro groups (see Section 9-3). The 

addition of more than one hydrogen cation or the removal of more than one hydride 

anion may be indicated by a numerical prefix (see Table A.II) and suitable locants before 

the suffix. The use of a Ewens-Bassett number to indicate the charge on the cation 

[e.g., -ium(«+)] is not consistent with substitutive nomenclature principles, but names 

containing such symbolism may occasionally be encountered. Halogen-substituted hydro 

cations are named according to the principles of substitution. 
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Examples: nh4+ azanium ion 

ph4+ phosphanium ion 

ch3+ methylium ion 

bh2+ boranylium ion 

sih3+ silylium ion 
XAsilanium ion 

nf4+ tetrafluoroazanium ion 

CI2I + dichloroiodanium ion 

Binary hydro anions formally derived from neutral mononuclear hydrides by the addition 
of one or more hydride anions are generally named as coordination entities (see Section 
5.3). Binary hydro anions formally derived from a neutral mononuclear hydride by the 
loss of one or more hydrogen cations may be named by adding suffixes such as -ide, 
-diide, etc., to the -ane name of the molecular hydride, eliding -e before -i. The 
alternative -ide(w-), as with the analogous -ium(^+), is not consistent with substitutive 
nomenclature principles, but it may be encountered. 

Derivatives of hydro anions with names based on parent hydrides may be named according 
to the principles of substitutive nomenclature. An alternative is to add the prefixes 
hydro-, dihydro-, or other appropriate prefixes to the name of a monoatomic or homo- 
polyatomic anion with elision of o- before a following vowel. The charge on the anion 
may be indicated by a Ewens-Bassett number, and the word “anion” or “ion” may be 
added as a separate term. Binary hydro anions with the same composition as binary 
groups may be named by adding the separate word “anion” after the name of the binary 
group and indicating the charge (see Section 5.4 for details). A few hydro anions have 
long-standing trivial names that presumably will not quickly disappear. 

Examples: NH2_ azanide ion 
dihydronitride ion 
azanyl anion 
amide ion (trivial name) 

NH2_ azanediide ion 
hydronitride ion 
azanediyl dianion 
imide ion (trivial name) 

SH sulfanide ion 
hydrosulfide ion 

HO- hydroxide ion 

AIH4- tetrahydroaluminate(l-) ion 

(CH3)2P“ dimethylphosphanide ion 
dimethylphosphide ion 

9.5 Polynuclear Hydrides and Their Derivatives 

If a molecular hydride contains more than one central element, the skeletal atoms must 
form a chain, a ring, or a combination of either or both that may be homoatomic or 
heteroatomic. Such species may be named by general methods in use for naming inorganic 
chains and rings, as well as by methods more akin to organic nomenclature. See Chapter 
10 for the detailed discussion of naming chains and rings. Trivial names, however, are 
in common use for a few polynuclear hydrides (e.g., hydrazine for N2El4 and hydrogen 
peroxide for H202). Some of these names are suitable as the basis for substitutive names 
derived according to the principles outlined in Sections 9.2-9.4 for mononuclear species. 
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Some of the examples that follow include names based on the principles discussed in 
Chapter 10. 

Examples: h2nnh3+ hydrazinium ion 
diazanium ion 

h3nnh32+ 1.2- hydrazinediium ion 
1.2- diazanediium ion 

c2h42+ ethanebis(ylium) ion 
ethanediyl dication 

h2nnh- hydrazide ion 
diazanide ion 
trihydrodinitride ion 

HNNH2- 1.2- hydrazinediide ion 
hydrazide(2-) ion 
1.2- diazanediide ion 
1.2- dihydrodinitride(2—) ion 

ho2- hydroperoxide ion 
hydrodioxide(l-) ion 

hf2- hydrodifluoride ion 

h2i3- dihydrotriiodide(l-) ion 

9.6 Miscellaneous Hydrogen-Containing Inorganic Parent Compounds 

Trivial and semisystematic names are used for some hydrogen-containing inorganic 

compounds, many of which are related to carbonic acid. The most common ones are 

listed in Table A.IX. These names are used in naming derivatives by the principles of 

substitutive nomenclature. Many of these compounds may also be named as functional 

replacement derivatives of oxo acids (see Sections 8.2.4 and 8.2.6). 
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Chapter 10 

Chains and Rings 

10.1 Introduction 

Inorganic chemists have been increasingly concerned with chains and rings during the 

last half of the 20th century. The established nomenclature for such compounds was 

developed primarily for compounds with carbon or with carbon and heteroatoms in their 

skeletons and was based on organic nomenclature principles. The existing procedures 

must be expanded, and new ones must be developed to encompass the wide variety of 

homo- and heteroatomic chains and rings being created. Although a general procedure 

has not yet emerged, sufficient progress is being made that the great bulk of known 

compounds can be handled. CNIC is actively working on a document that will codify 
current proposals (56). 

Naming rings and chains requires that skeletal atoms be distinguished from side-group 

atoms. Normally, it is obvious which atoms are skeletal in homoatomic chains and rings 

and heteroatomic rings, but the same is not always true for heteroatomic chains. In 

general, atoms that form only one bond (such as the halogens in the -I oxidation state 

and hydrogen) are considered to be terminal atoms, not additional atoms in the chain. 

Furthermore, some systems for naming chains treat atoms that might appear to be 

skeletal as parts of side groups (for example, see Section 10.3.1). 

For the purposes of this chapter, some bonds that are not double bonds in classical Lewis 

electron-dot formulas will be written as double bonds. These are generally bonds that 

are shorter than expected for single bonds between the atoms in question. The decrease 

in bond length is usually attributed to it bonding, and such bonding can be crudely 

represented by resonance among canonical formulas containing some atoms with more 

outer-shell electrons than the normal octet of electrons. A single canonical formula of 

this sort will be used herein as the basis for naming species with such bonds. 

10.2 Homoatomic Chains 

10.2.1 Unbranched Chains 

Flomoatomic chains that do not have side groups are homoatomic species, and their 

nomenclature is discussed in Section 2.3. Those that have side groups may be named 

as polynuclear hydrides or derivatives of polynuclear hydrides. The number of skeletal 

atoms in the chain is indicated by placing the appropriate type-1 numerical prefix (see 

Table A.II) in front of the -ane name (see Table A. VIII). By convention, the resulting 

name specifies the parent hydride, in which the appropriate number of skeletal atoms 

85 
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are linked into a chain by single bonds and in which there are sufficient hydrogen atoms 

present to give each skeletal atom its standard bonding number (see Section 9-2). The 

lambda convention (see Section 9-2) is used to indicate the bonding number for any 

skeletal atom that does not exhibit its standard bonding number. 

The name of a hydride having an unbranched chain of identical noncarbon atoms with 

fewer hydrogen atoms than are required to satisfy the bonding numbers, standard 

(implied) or nonstandard (indicated by X"), is derived from the name of the corresponding 

saturated chain by changing the suffix -ane to -ene (double bond) or -yne (triple bond) 

and adding any necessary locants and multipliers. The parent hydride name may then 

be used as the basis for naming derivatives according to the principles of substitutive 

nomenclature. The chain of skeletal atoms is numbered by arabic numerals from one 

terminal atom to the other. The terminal atom to be numbered 1 is selected so that 

unsaturation or higher bond number has preference to substitutent prefixes for the lower 

locant at the first difference (see Section 2.2.4.6). There is nothing in current rules to 

indicate whether unsaturation or higher bond number is to be preferred for lower locants. 

Examples: 

H3GeGeH3 

H2PPHPH2 

h2nnhn=nnh2 
5 4 3 2 1 

H3SiSiH(CH3)SiH2SiH2SiH3 
1 2 3 4 5 

Ph2NN=NN = NNPh2 
65 43 21 

Br3SiSiBr2SiBr3 

HSSH2SH 
32 1 

h4pph3phph4 
12 3 4 

digermane 

triphosphane 

2-pentaazene 
(not 3-...ene; the locant 2 is lower than 3) 

2-methylpentasilane 
(not 4-methyl...; the locant 2 is lower than 4) 

1,1,6,6-tetraphenyl-2,4-hexaazadiene 

octabromotrisilane 

2A4-trisulfane 

1\5,2\5,4\5-tetraphosphane 
[not 1\5,3A5,4A5-...; the locant set 1,2,4 is 

preferred to 1,3,4 (see Section 2.2.4.6)] 

10.2.2 Substituent Groups 

Side groups formally derived by the loss of one or more hydrogen atoms from a chain 

are named by the procedures of Section 9-3. The chain is numbered from one end to 

the other so that the lower locant is given first to the chain atom with the free valence 

and then following the criteria for numbering branched chains. The abbreviated forms 

silyl, germyl, stannyl, and plumbyl are used instead of silanyl, etc., to distinguish more 

easily between a group derived from a polynuclear parent hydride and two or more 

groups derived from the corresponding mononuclear parent hydride (e.g., disilanyl 

describes the SiH3SiH2 group and disilyl describes two SiH3 groups). 

Examples: H3SnSnH2SnH2- 
3 2 1 

H2PP= 
2 1 

-HPPH- 
1 2 

H3SiSiH2Si= 
3 2 1 

1-tristannanyl 

diphosphanylidene 
1.1- diphosphanediyl 

1.2- diphosphanediyl 

trisilanylidyne 
1,1,1 -trisilanetriyl 
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H2SbSbSb= 2-tristibanyl-l -ylidene 
3 2 1 1,1,2-tristibanetriyl 

-SSH2S- 2X4-trisulfane-1,3-diyl 
12 3 

All indications are that CNOC will recommend in the next edition of the IUPAC Or¬ 

ganic Rules that the locants be placed within the name (for example, tristannan-1-yl). 

10.2.3 Branched Chains 

A compound having a branched chain of identical noncarbon atoms is named by selecting 

the longest unbranched chain (the principal chain) and treating the branches as side 

groups. The principal chain is numbered from end to end so as to give the lower number 
at the first difference in side-group locants (see Section 2.2.4.6). 

Examples: SiH2SiH3 

H3SiSiH2SiHSiH2SiH2SiH3 
1 2 3 4 5 6 

GeH3 GeH3 

H3GeGeH2GeHGeH2GeHGeH3 
6 5 4 3 2 1 

3-disilanylhexasilane 
(not 4-disilanyl...; the locant 3 is lower than 4) 

2,4-digermylhexagermane 
[not 3,5-digermyl; the locant set 2,4 is 

preferred to 3,5 (see Section 2.2.4.6)] 

10.2.4 Substituted Derivatives and Ions 

The procedures for naming substitution products and ions derived from the hydrides of 

homoatomic chains are discussed in Sections 9-2 and 9-4, respectively. The names for 

side groups are the names used in substitutive organic chemical nomenclature (see Table 

A. V). For numbering purposes, side groups of branched chains are treated as substituents. 

Examples: SiH3 

CISiH2SiH2SiHSiH3 
12 3 4 

GeH3 

H3GeGeH2Ge(CH3)2GeHGeH2Br 
5 4 3 2 1 

H2PPHPH3+ 
3 2 1 

H3GeGeH2GeH2~ 
3 2 1 

(SSH2S)2- 
1 2 3 

1 -chloro-3-silyltetrasilane 

1-bromo-2-germyl-3,3-dimethylpentagermane 

1-triphosphanium 

1-trigermanide 

2A4-trisulfane-1,3-diide 

10.3 Heteroatomic Chains 

10.3.1 Chains with Repeating Units 

If a chain of alternating atoms is limited by identical atoms (that is, if the chain can 

be represented by xyxyx, etc.), it may be named by the following procedure. The terminal 

atoms of the chain (the limiting atoms) are chosen to be the identical atoms of the more 

electropositive element in the chain according to Figure A. 1. The name is then con¬ 

structed by citing successively the type-1 numerical prefix (see Table A.II) denoting the 
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number of atoms of the limiting element, the “a’ morpheme for that element (see Table 

A.X), the “a” morpheme for the other element in the chain, and the ending -ne, unless 

unsaturation dictates an ending such as -ene, -diene, or -yne instead of-ane. The final 

-a of an “a” morpheme is elided when it is followed by a vowel. The chain is numbered 

from one terminal atom to the other, with the criteria for selection of the end to be 

numbered 1 analogous to those for homoatomic chains (see Section 10.2.1). Lower locants 

are assigned to double and then to triple bonds if there is still a choice. 

Examples: H3SiSeSiH3 
H2PNHPHNHPH2 

H3SiGeH2SiH2GeH2SiH3 
1 2 3 

OSiH2OSiH3 

H3SiOSiH2OSiHOSiH2OSiH3 
123 45 67 89 

H3CN=CHN = CH2 
5 4 3 2 1 

disilaselenane 

triphosphazane 

1.3- disilyldigermasilane 

5-(disiloxanyloxy)pentasiloxane 

1.3- tricarbazadiene 

A provisional procedure for naming an unbranched chain of repeating units, each con¬ 

sisting of two or more atoms (xyxyxy or xyzxyzxyz, etc.), was proposed in the 1979 

IUPAC Organic Rules (34j). The unitalicized prefix catena- was cited first, followed by 

a type-1 numerical affix denoting the number of repeating units. Then the “a’ mor¬ 

phemes for the elements whose atoms constitute the backbone of the repeat unit were 

cited in parentheses in a specified order, and the name was completed with a suffix such 

as -ane, -ene, or -yne [for example, catenatri(phosphazane) for H2NPHNHPHNHPH2}. 

Names formed in this way may still be encountered in the literature; however, they are 

not included in current CNIC or CNOC recommendations, although such a method is 

still used in naming cyclic (xy)„ systems (see Section 10.5.1). 

10.3.2 Substituent Groups 

Side groups formally derived from heteroatomic chain hydrides are named in the same 

way as those derived from homoatomic chain hydrides (see Section 10.2.2). The chain 

is numbered from one end to the other so that the lower locant is given first to the 

chain atom with the free valence and then following the criteria for numbering un¬ 

branched chains. 

Examples: H3SiNHSiH2NHSiH2- 1-trisilazanyl 
5 4 3 2 1 

H3SiNSiH2NHSiH3 2-trisilazanyl 
1 2 3 4 5 

-GeH2OGeH2- 1,3-digermoxanediyl 
3 2 1 

10.3.3 Substituted Derivatives and Ions 

The general principles used for derivatives and ions of homoatomic chain hydrides (see 

Section 10.2.4) are also used for heteroatomic chain hydrides. 

OCH3 

H3SiNHSiHNHSiH2CH3 
5 4 3 2 1 

Examples: 
3-methoxy-1 -methyltrisilazane 
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H3SiSSiH2SH 

(H3SiNSiH2NSiH3)2~ 
5 4 3 2 1 

(H3SiNH2SiH2NH2SiH3)2+ 
1 2 3 4 5 

mercaptodisilathiane 
disilathianethiol 

2.4- trisilazanediide ion 

2.4- trisilazanediium ion 

10.3.4 Chains with Random Distribution of Backbone Atoms 

When the distribution of atoms of different elements in a chain is not regular, replace¬ 

ment nomenclature may be used for the construction of names. This procedure is 
discussed in Section 10.6. 

10.4 Monocyclic Homoatomic Rings 

10.4.1 Saturated Rings 

A saturated parent ring is a ring of atoms singly bonded to each other and having 

standard (implied) or nonstandard (indicated by A.") bonding numbers (see Table A.X 

for standard bond numbers) satisfied by virtue of attachment of the appropriate number 

of hydrogen atoms. A compound consisting of a single saturated ring of identical 

noncarbon atoms may be named by adding the unitalicized prefix cyclo- to the name 

of the saturated unbranched chain containing the same number of identical noncarbon 

atoms. The ring is numbered to give the lowest possible locants to substituents (see 

Section 2.2.4.6). 

Examples: 

10.4.2 Unsaturated Rings 

The name of a parent compound consisting of a single ring of identical noncarbon atoms 

that contains one or more multiple bonds may be derived from the name of the cor¬ 

responding saturated ring by changing the suffix -ane to -ene, -adiene, etc., and adding 

any necessary locants and multipliers. The origin and direction of enumeration are chosen 

h2 

H,Si SiH2 
I I 

H2Si ,SiH2 
Si 

cyclohexasilane 

HIn NH 
\ / 
N-N 
H H 

cyclopentaazane 

.s-s 

sN /S 
s—s 

cyclooctasulfane 

HS.CI 
Si 

H2Sif3^SiH2 
V5 i / 
Si—Si-CI 
H2 - 

1,3-dichlorocyclopentasilane 
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so that the lowest locants are given to unsaturation with the same preferences that are 

used in Section 10.2.1. 

Example: 
1,3-cyclopentaazadiene 

10.4.3 Substituent Groups 

A side group formally corresponding to a ring of identical noncarbon atoms with one 

or more free valences in place of hydrogen atoms may be named by adding the appropriate 

suffix -yl, or -ylidene, or -diyl, etc. (see Section 9-3) to the name of the parent ring (see 

Sections 10.4.1 and 10.4.2), with elision of the final “e” of the name before “y”. The 

name is preceded by the locant(s) of the atom(s) carrying the free valence(s). The ring 

is numbered so that preference for the lowest locants is given first to the free valence(s), 

followed by unsaturation and then substituents. 

3-chloro-1 -cyclohexasilanyl 

4,5-dichloro-2-cyclopentaazen-1-yl 

Examples: 
A 

HoSif 6 ,SiH— 
21 '| 

Si 
/\ 

H Cl 

H2Si 

Cl 
N 

cin; 5 ,n- 
\ 3 2 / 
N—N 

10.5 Heteroatomic Rings 

10.5.1 Rings of Repeating Units 

Monocyclic systems based on repeating units linked head to tail by single bonds, with 

each unit consisting of atoms of two different elements, may be named as follows. The 

unitalicized prefix cyclo-, a type-1 numerical affix denoting the number of repeating 

units (see Table A.II), the “a” morphemes for the backbone atoms of the repeating unit 

(see Table A.X), and a suffix such as -ane, -ene, or -adiene (see Section 10.2.1) specifying 

the state of hydrogenation are cited successively. The “a” morpheme for the more 

electropositive element according to Figure A. 1 is cited first and a terminal “a” is elided 

before “a” or “o”. Numbering of the repeating ring atoms starts with the more elec¬ 

tronegative atom according to Figure A. 1. 

Examples: H 
Ax 

HBe 1 2BH 
1 s q 1 

HP® 4 ®PH 
B 
H 

H 
S—N 

/I 8 \ 
HNj 7 S 

S3 ’NH 

cyclotriboraphosphane 

cyclotetraazathiane 
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HBC’^B 
hn * 4 1 -cyclotriborazene 

6 
H 

.n 
HSi6 1 2SiH 

n*4*n cyclotrisilazatriene 
Si 
H 

10.5.2 Derivatives 

Side groups that formally correspond to heteroatomic ring hydrides with one or more 

hydrogen atoms replaced by free valences may be named in the same manner as side 

groups derived from homoatomic ring hydrides (see Section 10.4.3). All substituents 

are cited as prefixes in alphabetical order. If there is a choice for numbering, the ring 

is numbered to give the lowest locants to the substitutents at the first difference (see 

Section 2.2.4.6). 

Examples: 
h2 
Sn 

of 6 > 
-HSn 3 

"O' 

,SnH— 

2,4-cyclotristannoxanediyl 
[not 1,3-diyl...; O (oxa) is more electronegative 

than Sn (stanna) according to Figure A.1] 

HN , 2Si(CH3)2 

CH3CH2Si—3NH 
H 

H2Si 
-OH 

Si. 

/ \ 
H OH 

4-ethyl-2,2-dimethylcyclodisilazane 
[not 3-ethyl-1,1 -dimethyl...; N (aza) is more 

electronegative than Si (sila) according to 
Figure A.1 and not 2-ethyl-4,4-dimethyl... 
because the rearranged locant set 2,2,4 is 
preferred to 2,4,4 (see Section 2.2.4.6)] 

2.4- cyclotrisilathianediol 
2.4- dihydroxycyclotrisilathiane 

[not 1,3-...diol or 1,3-dihydroxy...; S (thia) 
is more electronegative than Si (sila) 
according to Figure A.1] 

10.5.3 Extended Hantzsch-Widman Nomenclature 

10.5.3.1 Parent Rings. The Hantzsch-Widman system, which was developed for 

naming organic heteromonocyclic compounds, has gradually been refined (34k, 58) since 

its introduction. The general approach is to indicate the heteroatoms by a morphemes 

(see Table A.X) and the size of the ring by suffixes, one set for saturated rings and 

another for rings with the maximum number of noncumulative double bonds (see Table 

A.XI). Use of the Hantzsch-Widman system for homoatomic and heteroatomic mono- 

cyclic rings that do not contain ring carbon atoms simply requires that all the ring 

atoms be specified. Consequently, it is a straightforward application of the system. The 

name may be formed by adding the appropriate morpheme for each heteroatom, together 

with the appropriate type-1 numerical prefix (see Table A. II) in the order of appearance 

of the heteroatoms in Table A.X, to the appropriate suffix. The final -a of an “a” 

morpheme or a type-1 numerical prefix is elided before a following vowel. The numbering 

in heteroatomic rings proceeds from the atom that is the highest in Table A.X in the 

direction that gives the lower locants to the remaining atoms in the ring that are the 

highest in Table A.X. If there is still a choice in numbering, it is made so as to give 
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substituents the lower numbers (see Section 10.2.1). The numerical locants giving the 

positions of the ring atoms are cited before the first heteroatom morpheme (and its 

associated numerical prefix, if any) and in the same order as the heteroatom morphemes 

to which they refer. 

Examples: HAs-AsH 
I I 

HAs-AsH 

H2 H2 
Si—Si 

H2S|/ XSiH2 
I I 

H2Si ^SiH2 
NSi-sf 

h2 h2 

F 
.N. 

FBp ^BF 
I I 

FN" 4 Jnf 

F 

S-rBSMe 
I1 2 I 

MeSB4—S 

tetrarsetane 

octasilocane 

hexaphosphinine (58) 
hexaphosphorin (34k) 

hexafluoro-1,3,5,2,4,6-triazatriborinane 

2,4-bis(methylthio)-1,3,2,4-dithiadiboretane 

10.5.3.2 Indicated Hydrogen. The presence of at least one hydrogen atom on a ring 

atom joined to adjacent ring atoms by single bonds in a ring structure that otherwise 

contains the maximum number of noncumulative double bonds is indicated by the locant 

for the hydrogen atom followed by the symbol H placed in front of the name. Indicated 
hydrogen takes precedence after heteroatoms for low locants. 

Examples: H 
N 

/sb\ 
N^=^N 

H 

II7 *\\ 
P/s 3P 
\ 5 4 / 

P—P 

1 H-triazirine 

1 /-V-heptaphosphepine 

10.5.3.3 Partially Unsaturated Rings. A heteroatomic ring containing fewer than 

the maximum number of noncumulative double bonds may be named by adding the 

prefixes dihydro-, tetrahydro-, etc., to a parent name that indicates the presence of the 

maximum number of noncumulative double bonds or by adding the prefixes didehy- 

dro-, tetradehydro-, etc., to a parent name that indicates a fully saturated structure (see 

Section 10.5.3.1). The first method is usually preferred. A method involving the use 

of A to denote a double bond (341), which is no longer recommended, may be encountered 
in the literature. 

Examples: 
Nf15nh 
II 1 1,2,3,4-tetrahydrohexazine 

N *«3nH 
H 

didehydrohexazinane 

As-AsH 
II | dihydrotetrarsete 
As-AsH didehydrotetrarsetane 
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10.5.4 Ring Atoms with Nonstandard Bonding Numbers 

A nonstandard bonding number for a neutral ring atom in a parent hydride is indicated 

by the lambda convention (57) (see Section 9-2). The X" symbol is cited immediately 

after the locant for the atom with the nonstandard bonding number. Should the locant 

for such an atom not be expressed in the name of the parent hydride, the locant, if 

necessary, and the X" symbol are cited in front of the name of the parent hydride but 

after any indicated hydrogen. Numbering of parent hydrides with ring atoms having 

nonstandard bonding numbers follows the procedure for ring atoms with standard 

bonding numbers (see Section 10.5.3.1). When a further choice is needed, the order of 

preference for assignment of lowest locants follows the order of decreasing numerical 

value of the bonding number. 

Examples: h 

HjPs^N 
V4 3// 
N—N 

O2 

F2S154 ^iF2 
Si-Si 
f2 f2 

cl2fi;V2 n *4 An 

ci2 

s2 
F3P« *PF3 

f2s^49sf2 

f3 

10.5.5 Cumulative Double Bonds 

Cumulative double bonds are present when more than one skeletal double bond is 

associated with a single ring atom. Such an atom, in a cyclic parent hydride that otherwise 

has the maximum number of noncumulative double bonds, is indicated by the symbol 

8‘, in which c is an arabic number representing the number of double bonds (59). This 

symbol is cited immediately after the locant for the ring atom in the name for the parent 

hydride and follows the X" symbol (see Section 10.5.4), if present. If the locant for the 

ring atom is not expressed in the name of the parent, the locant and the 8‘ symbol are 

cited in front of the name of the parent hydride but after any indicated hydrogen. When 

there is still a choice for numbering ring atoms, a ring atom with cumulative skeletal 

double bonds attached to it is preferred to the same ring atom with the same bonding 

number but without cumulative skeletal double bonds. 

Examples: .s 
n2 S5n 1A482,3A4,2,4,5-dithiatriazole 
\3 4/ 

HS—N 

H2 
/S=Nn 

nV 23s 1A682,3,5A682,7,2,4,6,8-tetrathiatetrazocine 
s7 6 * *n 1A682,5A682-cyclotetrazathiatetraene 

nn=s' 
h2 

1 H-5A5-tetrazaphosphole 

2,2,3,3,4,4,5,5-octafluoro-1,1 -dioxo-1 A6- 
thiatetrasilolane 

2,2,4,4,6,6-hexachloro-1,3,5,2A5,4A5,6A5- 
triazatriphosphinine (58) 

pentadecafluoro-1 A4,3A4,5A4,2A5,4A5,6A5- 
trithiatriphosphinane 

pentadecafluoro-1 A4,2A5,3A4,4A5,5A4,6A5- 
cyclotriphosphathiane 

(see Section 10.5.1) 
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^ 3,4-dihydro-3-oxo-1 \482,3A4,5,2,4,6-trithiatriazine 
rj‘a'lV2,JJ (The parent ring structure has a double bond 
s*n*so between positions 3 and 4, so “3,4-dihydro” 

h is required to indicate that the double bond 
has been saturated.) 

3-oxo-1A.482,3A4-cyclotriazathiadiene 
(see Section 10.5.1) 

10.5.6 Problems with Boron Compounds 

Apparently the intent of the original proposal regarding A.” was that coordinate covalent 

bonds be counted in determining bond number. The wording, however, confused partial 

ionic character of such a bond with the charge on a distinct ion. It seems reasonable to 

conclude that when coordinate covalent bonds are present in boron-nitrogen compounds, 

boron and nitrogen may both be considered to have a bonding number of four. Names 

for a variety of neutral boron—nitrogen compounds may then be constructed. 

Examples: 
B6^2B 1,3,5,2,4,6-triazatriborinine 

cyclotriborazatriene 

H 
.N. 

HBf ’ cBH 1,3,5,2,4,6-triazatriborinane 

U 1 cyclotriborazane 
hn’ 4 Jnh (traditionally borazine) 

h2 
.N. 

HjBe 1 2 BH2 

!nh2 H. 
H2 

1\4,3A4,5\4,2A4,4A4,6\4-triazatriborinane 

10.5.7 Ions 

The addition of a proton to a ring atom is indicated by changing the final -e in the 

suffix of the name for the parent ring to -ium. If the cation may be considered to be 

derived formally by the loss of one or more electrons from a neutral parent compound, 

it may be named by adding the term “radical cation(;z+)”, in which n+ represents the 
charge on the cation, to the name of the parent compound. 

Examples: 

nh2 

N 

H 
N 

H2Si 5 1 ,NH 
\ 4 3/ 

H2N—SiH2 

//I 
n8 

s.7 

S=N. 
2 N 

3 ? 

-\ t 5 

N=S 

1 /-/-triazirin-1 -ium 
2-cyclotriazen-1-ium 

1,2,4,3,5-triazadisilolan-4-ium 

1\482,3,5\482,7,2,4,6,8-tetrathiatetrazocine radical cation(4 + ) 
1\482,5\482-cyclotetraazathiatetraene radical cation(4 + ) 

The loss of a proton from an organic acid or hydroxy compound is usually indicated by 

the suffix -ate. If the anion may be considered to be derived formally by the addition 

of one or more electrons to a neutral compound, it may be named by adding the term 
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radical anion(«—)”, in which n— represents the charge on the anion, to the name of the 

parent compound. Anions formed by the loss of one or more protons from a parent ring 

may be named by the method presented in Section 9-4. 

Examples: 1\482,3\4,5,2,4,6-trithiatriazin-3-olate 
(X482S is numbered first, then the other X4S) 

1 \482,3\4-cyclotriazathiatrien-3-olate 

1X482,3A4,5,2,4,6-trithiatriazin-3-ide 
(\482S is numbered first, then the other X4S) 

1\482,3X4-cyclotriazathiatrien-3-ide 

10.6 Replacement Nomenclature 

The procedure known as replacement nomenclature {34m) is a method for naming cyclic 

and acyclic hydrocarbons in which some of the carbon atoms with attached hydrogen 

atoms are conceptually replaced by heteroatoms (with attached hydrogen atoms when 

appropriate). Although there are no published guidelines, this method could be used 

in a generalized form for compounds that can be viewed as atomic chain or ring hydrides 

containing one or more different skeletal atoms. In such cases the name for the parent 

homoatomic species could be based on the element supplying the largest number of 

skeletal atoms. In the examples following the next paragraph, the parent homoatomic 

chain or ring is based on the more (most) electropositive element according to Figure 

A. 1 when two (or more) elements each supply the same (larger or largest) number of 
skeletal atoms. 

The name is constructed by prefixing “a” morphemes (see Table A.X) with appropriate 

locants to the name for the parent homoatomic hydride. If more than one “a” morpheme 

is used, the order of seniority proceeds from the top of Table A.X downward. Derivatives 

may be named in the same way that derivatives of homoatomic species are named {see 

Sections 10.2 and 10.4). 

Examples: 

H3CNHSCH2NHSCH2NHSCH3 
109 8 7 6 5 4 3 2 1 

H3SiSiH2GeH2SiH2SiH3 
5 4 3 2 1 

H3CSiH2NHNHCH2SiH2SSiH3 
12 345 6 78 

H 
N-S 

1 2\ 
S e 3 S 

I i 

S\ 6 * 4/S 
s-s 

=CHSCH=CHSCH3 
456 789 

H3CSCH 
1 2 3 

h2nch2nhn=chn=nch2nh2 
98 76 54 32 1 

2,5,8-trithia-3,6,9-triazadecane 
[not 3,6,9-trithia-2,5,8-triaza...; S (thia) 

precedes N (aza) in Table A.X] 

3-germapentasilane 

7-thia-3,4-diaza-1,5-dicarbaoctasilane 
[not 2-thia-5,6-diaza-4,8-dicarba...; the locant 

set 1,3,4,5,7 is preferred to 2,4,5,6,8 
(see Section 2.2.4.6)] 

1 -azacyclooctathiane 

2.5.8- trithia-3,6-nonadiene 

2.5.8- tricarba-3,5-nonaazadiene 
[not ...4,6-nonaazadiene; the locant set 3,5 

is preferred to 4,6 (see Section 2.2.4.6)] 
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H2 H h 
C i M “2 

HN^ sK0 ii ,,Si-0 
18 10, « ’ I 
Ol6 /N* * ®Si-NH 

Si^H 0 H2 
h2 

H,Si —N 
710 / 

HNo "SiH, 

Si —IN7 6 

H’ H, 

'NH 
3 \ 

4SiH2 
6 / 
jNH 

1,4,7,10-tetraoxa-2,5,8,11 -tetraazacyclo- 
dodecasilane 

1,3,5,7,9-pentaaza-2-phosphabicyclo[5.3.1]- 
undecasilane 

Skeletal atoms that are formally cationic due to the addition of H4 may be indicated 

by the use of morphemes that are usually derived from the “a” morphemes by replacing 

the final -a with -onia. These modified morphemes are cited after the normal morpheme 

for the element in question, although when there is a choice the site for the charge is 

given the lower locant. 

Examples: ,NH, 

HN5 
\2J NH 

2,3-diaza-1 -azoniacyclopropane 

+ 

H3SiNHSiH2NH2SiH3 4-aza-2-azoniapentasilane 
5 4 3 2 1 

The 1979 IUPAC Organic Rules tentatively provide for a morpheme derived from “bora’’ 

by replacing the final -a with -ata (i.e., “borata”) to indicate skeletal boron atoms that 

can be considered anionic by virtue of the formal addition of H“ to them (34n). 

Example: 

(CH3)2PBHP(CH3)BH2P(CH3)2 
5 4 3 2 1 

1,1,3,5,5-pentamethyl-4-bora-2-boratapentaphosphane 

Although this method was developed for boron hydrides, it has also been used for 

phosphorus hydrides. It has, however, not yet been officially adopted and is still being 

studied. 



Chapter 11 

Boron Compounds 

11.1 Introduction 

The element boron has fewer electrons in its outer shell than any other nonmetal except 

hydrogen or helium. In addition to its involvement in traditional types of compounds, 

boron is involved in bonding and structural patterns that are unique in many ways. The 

traditional compounds are “electron-precise”; that is, they have coplanar tricoordinate 

or tetrahedral structures that can be described in terms of traditional electron-pair bonds. 

However, boron also forms catenated molecular and anionic hydride networks featuring 

triangulated clusters of boron atoms, in contrast to the usual chain and ring structures 

formed by other nonmetals. These structures appear consistent with the structure found 

in elemental boron, metal borides, and other compounds with high boron content, such 
as boron carbides and nitrides. 

Naming the full range of boron-containing ions and compounds requires the use of a 

variety of nomenclature systems and techniques. Homoatomic and binary species and 

electron-precise (traditional) compounds may be named by the principles of additive or 

substitutive nomenclature already discussed. It is necessary, however, to extend and 

modify those systems in order to adapt them to the special characteristics of the polyboron 

clusters. Combinations of principles from different systems have been proposed because 
no one system has proved entirely adequate by itself. 

11.2 Standard Names 

Homoatomic and binary boron-containing species and electron-precise boron compounds 

may be named according to the procedures in this book appropriate to the type of species 

being named. 

Examples of homoatomic species (see Chapter 3): 

B3+ boron(3 + ) ion 
boron(lll) cation 

[B2] + diboron(1 +) ion 

[B6]2 hexaboride(2-) ion 

b6 hexaboron 

Examples of stoichiometric names (see Chapter 4): 

CaB calcium boride 

Pt3B2 triplatinum diboride 
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B3Si triboron silicide 

BiiC2 undecaboron dicarbide 

CeCoB cerium cobalt boride 

Lu2ReB6 dilutetium rhenium hexaboride 

B2NaF03 diboron sodium fluoride trioxide 

Examples of additive names (see Chapter 5): 

[BH4]‘ tetrahydroborate(1-) iona 

[BF4] tetrafluoroborate(1 -) ion 

B(CH3)3 trimethylboron 

alt is traditional to use “hydro” rather than 
“hydrido” for hydrogen as an anionic ligand 
in naming boron coordination compounds. 

Examples of traditional oxo acid and related names (see Sections 8.2 and 8.4): 

H3B03 

hbo2 

CIB(OH)2 

H2B(SeH) 

HB(NH2)(OH) 

hb3o5 

HB(OH)OBH(OH) 

/°N 
HO— B' ^B—OH 

I I 
°s 

B' 
I 

OH 

(CH30)3B 

ch3bo22- 

boric acid 
(see Section 8.2.3) 

metaboric acid 
(see Section 8.2.3) 

chloroboric acid 
borochloridic acid 

selenoborinic acid 
borinoselenoic acid 

amidoboronic acid 
boronamidic acid 

triboric acid 
hydrogen pentaoxotriborate 

diboronic acid 
dihydrogen |x-oxo-dioxodiboronate 

trihydrogen cyc/o-tri-|x-oxo-trioxotriborate 
cyclo-triboric acid 

trimethyl borate 

methylboronate(2 -) ion 

Examples of substitutive names (see Chapter 9): 

BH3 borane 

BHCI2 dichloroborane 

BCI2+ dichloroboranylium 

Examples of acyclic names (see Sections 10.3 and 10.6): 

H3CBHCH2BHCH2BHCH3 2,4,6-triboraheptane 
7 6 5 4 3 2 1 bis[(methylboryl)methyl]borane (substitutive) 

H2BPHBHPHBH2 2,4-diphosphapentaborane 
54 3 2 1 triboraphosphane 

bis(borylphosphino)borane (substitutive) 
2,4-diphospha-1,3,5-triborapentane (organic replacement) 

Examples of heterocyclic names (see Sections 10.5 and 10.6): 

H 
B 

H2cf ’ ^CH2 

V* 3J c—c 
h2 h2 

borolane 
boracyclopentane 
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HP—-BH 

HB — PH 

,N N 

H H 

.N. 

6 2 

5 3 

B 
I 

N 

HB 
I 
E 

/K 
6 2 

5 3 

SB/ 
H 

BH 
I 

E 

E = O 

E = S 

E = NH 

1,3,2,4-diphosphadiboretane 
cyclodiboraphosphane 
1,3-diphospha-2,4-diboracyclobutane 

(organic replacement) 

1,4a,8-triaza-8a-boranaphthalene 
[1,3,2]diazaborino[1,2-a][1,3,2]diazaborine 

[fusion with the locants 4a, 5, 6, 7, 8, and 8a 
as shown becoming 5, 6, 7, 8, 9, and 10, 
respectively (34o)] 

1.3.5.2.4.6- triazatriborinine 
cyclotriborazatriene 
1.3.5- triaza-2,4,6-triborabenzene 

(organic replacement) 

boroxin (trivial name) 
1.3.5.2.4.6- trioxatriborinane 
cyclotriboroxane 
1.3.5- trioxa-2,4,6-triboracyclohexane 

(organic replacement) 

borthiin (trivial name) 
1.3.5.2.4.6- trithiatriborinane 
cyclotriborathiane 
1.3.5- trithia-2,4,6-triboracyclohexane 

(organic replacement) 

borazine (trivial name) 
1.3.5.2.4.6- triazatriborinane 
cyclotriborazane 
1.3.5- triaza-2,4,6-triboracyclohexane 

(organic replacement) 

Examples of names for substituent groups based on boron (see Section 9-3): 

h2b- boryl 

HB= borylidene3 

-BH- boranediyl 

B= 
1 

borylidyne3 
1 

-B- boranetriyl 

-B= boranylylidene* 

(HO)2B- borono 

aRefer to Section 9.3 for the 
meaning of the suffix. 

The names boryl, borylidene, and borylidyne, which are contractions for boranyl, etc., 

are used so that the numerical prefixes bis-, tris-, etc., are not needed to denote two 

or more such groups in order to avoid ambiguity with names of polyborane groups such 

as diboranyl. The name borylene, which was used to denote —BH— or HB= , is no 

longer recommended. 

11.3 Polyboron and Heteropolyboron Hydrides 

11.3.1 Stoichiometric Names 

Polyboron hydrides may be named without regard to structure by adding a type-1 

numerical prefix (see Table A.II) to give the number of boron atoms in the hydride to 

the stem bor-, followed by an ending appropriate to the species being named. If the 

polyboron hydride is neutral, the ending is -ane, to which is attached a parenthetical 
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arabic number denoting the number of hydrogen atoms in the hydride. If the polyboron 

hydride is a cation, the ending is -on followed by the parenthetical Ewens—Bassett 

number (see Section 2.3.3), and the number of hydrogen atoms is indicated by a prefix 

consisting of the appropriate type-1 numerical prefix followed by hydro. If the polyboron 

hydride is an anion, the ending is -ate followed by the Ewens—Bassett number, and the 

number of hydrogen atoms is indicated in the same way as for a cation. Replacement 

of skeletal boron atoms of a polyboron hydride by other atoms is indicated by “a” 

morpheme prefixes (see Section 10.6). 

Examples: b2h6 diborane(6) 
b4f6 hexafluorotetraborane(6) 
BioH,4 decaborane(14) 

B,oC2H12 dicarbadodecaborane(12) 
[b10h12]2 dodecahydrodecaborate(2 -) ion 

[B11SH1J+ dodecahydrothiadodecaboron(1 +) ion 

11.3.2 Substitutive Names 

Structural specificity for electron-precise polyboron hydrides and their derivatives may 

be provided by the usual rules of organic substitutive nomenclature for chains and rings 

(341). The use of a parenthetical arabic number to indicate the number of hydrogen 
atoms is usually not necessary. 

Examples: H2B-B=BH 
3 2 1 

1-triborene 

bf2 
| 2-(difluoroboryl)tetrafluorotriborane 

f2bbbf2 
32 1 

h2bbh2 diborane(4)a 

RH 

HB^ 1 cyclotriborane 
BH triborirane 

aThe name “diborane”, which would be expected, should 
not be used without the parenthetical numerical suffix, 
because without it this name is commonly used to 
indicate diborane(6). 

11.3.3 Traditional Descriptors 

Structural specificity for a limited number of polyboron hydrides with skeletal structures 

that are triangulated polyhedrons or fragments of triangulated polyhedrons may be 

provided by italicized prefixes such as closo- and nido- (24). Efforts to systematize the 

characterization of polyboron hydride structures by such prefixes have encountered prob¬ 

lems because of the increasing number of possible structural variants as the size of the 

polyhedron increases, especially in metallapolyboranes. Nevertheless, the employment 

of such prefixes for the common polyboron hydrides has proved so convenient that they 
are used quite generally. 

The prefix closo- may be used to designate both structure and numbering of certain fully 

triangulated polyboron hydride polyhedrons that have from 4 to 12 skeletal boron atoms. 

The names for these species take the form r/af0-(numerical prefix)bor(ending). Their 
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structures and numbering are shown in entries 1-5, 7, 10, 12, and 14 in Chart A. 1, 

part A. The prefix isocloso- has been used in two cases to distinguish between isomeric 
closed polyhedral structures (60). The structures and numbering for these isocloso- 

polyhedrons are shown in entries 8 and 11 in Chart A. 1, part A. It has also been 

suggested that metallaboranes with the closed polyhedral structure 12 in Chart A.l, 
part A be called “isocloso” rather than “closo” (61). 

The prefix nido- may be used to designate both the structure and numbering for a 

polyhedron derived from a c/oro-polyhedron by removal of the vertex or one of the vertices 

with the highest skeletal connectivity, provided that, in the latter case, only one structure 

is created. However, because there are other definitions for “nido” based on a B„H„+4 

stoichiometry for the neutral polyboron hydride or a skeletal electron pair count of 

(n + 2), only polyboranes 1—4 in Chart A.l, part B, for which all definitions agree, 

should be described as “nido”. The prefix isonido- has been used to designate the 

polyhedron derived from the closed undecapolyhedral structure 12 in Chart A.l, Part A 

by removal of one of its vertices with the lowest skeletal connectivity (62). The structure 

and numbering of this “isonido” polyhedron are shown in entry 5 in Chart A. 1, part B. 

The prefix arachno- may be used to designate both the structure and numbering of a 

polyhedron derived by the removal of the vertex or one of the vertices of highest skeletal 

connectivity from the open face of a “nido” structure, provided that, in the latter case, 

only one structure can be produced. Other definitions of arachno are based on a B„H»+6 

stoichiometry for the neutral boron hydride or a skeletal electron pair count of (n + 3). 

Therefore, only polyboranes 7—11 in Chart A. 1, part B, for which all definitions agree, 

should be described as “arachno”. The structure of arachno-oct3bo^ne(\A), shown in 

Chart A. 1, part B as structure 10, does not meet the requirement regarding generation 

of a single structure when one of the vertices of highest skeletal connectivity is removed 

from the open face of a nido-polyhedron. The «i<7o-polyhedron, structure 6 in Chart A. 1, 

part B, has two pairs of four-coordinate vertices in the open face that are different. Only 

removal of one of the vertices next to the four-coordinate cap will generate the structure 

for ^rar/wo-octaborane(l4), shown in Chart A.l, part B, as structure 10. The prefix 

isoarachno- has been used to describe the nonaborane(15) isomer whose skeleton is shown 

as structure 12 in Chart A.l, part B and is derived from the skeleton for nido-deca- 

borane(l4) (structure 3 in Chart A. 1, part B) by removal of a vertex of lowest skeletal 

connectivity from its open face (62). 

The prefix hypho- has been used to describe polyboron hydrides with (n + 4) skeletal 

pairs (63). Only a few examples of this class, which all can be derived from a closo- 

polyhedron by the loss of three vertices, are known. For example, the skeletal structure 

of [B 5H12]1_ (64) and B5H9{P(CH3)3}2 (65) is 

B 

I 
B 

which can be derived by the removal of vertices 2,5, and 8 from the c/oro-polyhedron 

shown as structure 6 in Chart A.l, part A. However, the skeletal structure reported 

for B6H 10[P(CH3)3]2 (66), which is called “hypho”, is the same as that for arachno- 

B6H12, shown as structure 9 in Chart A.l, part B. The prefix klado- has been suggested 

for designating even more open structures for polyboron hydrides with (n + 5) skeletal 

electron pairs (67), but it does not appear to have been used. 
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Several prefixes have been suggested for designating polyboron hydrides with (n) skeletal 

electron pairs. Because there has not been a general consensus on their use, only their 

published definitions are noted here. 

► precloso- an (n — l)-vertex structure plus one capping BH vertex (68) 

► hypercloso- an (w)-vertex cluster with less than (n + 1) skeletal electron pairs and 

significant distortion from the idealized “closo” structure (69) 

► pileo- an (w)-vertex cluster with (n) electron pairs and the exclusive geometry 

that clusters with such skeletal electron counts may adopt (70) 

Two prefixes, canasto- and anello-, have been suggested as descriptors for specific open 

structures of certain carbaboranes (71). The prefix canasto- indicates a structure with two 

nontriangular faces and the general shape of a basket. The prefix anello- describes a 

circular structure consisting of one or two parallel planes of vertices arranged in such a 

way that the addition of two vertices, one on each side of the structure, produces a 

closed bipyramidal structure. These prefixes have not found much use. 

11.3.4 The CEP Descriptor 

11.3.4.1 General Discussion. Structural specificity for virtually all polyboron hy¬ 

drides with structures that are triangulated polyhedrons, fragments of triangulated 

polyhedrons, or any combination thereof may be provided by the CEP descriptor system 

(33, 72). This system is based on five-part alphanumeric descriptors for fully triangulated 

polyhedrons having at least one rotational symmetry axis and at least one symmetry 
plane (33a). The descriptor consists of 

1. an arabic numeral giving the number of vertices in the polyhedron followed by the 

italic letter v, both enclosed in a single set of parentheses 

2. the point group symbol giving the symmetry of the idealized triangulated polyhedron 

3. a series of arabic numerals and symbols vn, all enclosed in a single set of parentheses, 

giving the arrangement and type of vertices in the idealized triangulated polyhedron 
(see Section 11.3.4.4) 

4. the symbol A7, giving the number /of triangular faces in the idealized triangulated 
polyhedron 

5. the descriptive morpheme -closo 

The last four parts of the full descriptor are enclosed in brackets and separated from 

each other by hyphens. Thus, the full descriptor for the icosahedral B12 polyhedron is 
(\2v)[Ih-(lv'i3v<,3v<l lzd)-A20-closo]. 

Simplification of this symbolism without impairing its generality is difficult. However, 

for the common boron polyhedrons with 12 or fewer vertices, part 1 (the total number 

of vertices), which is also equal to the sum of the primary numbers in part 3 and the 

numerical prefix giving the number of skeletal vertices, need not be cited, and the v” 

symbol need not be cited when n = 5 or when n — 3 or 4 and there are no vertices 

in the polyhedron with n > 5. Hence, an abbreviated symbol for the icosahedral BP 
polyhedron would be [Ih-(133 \)-k20-closo}. 



Boron Compounds 
103 

The full descriptor precedes the numerical prefix that gives the number of boron atoms 

in the name of a polyboron hydride. Prefixes indicating skeletal heteroatoms are cited 

in front of the structural descriptor. Thus, the name for one of the isomers of dicarba- 

dodecaborane(12) would be l,2-dicarba{/J?)-(155 l)-A20-r/afo]dodecaborane(12) (abbrevi¬ 
ated symbolism). 

11.3.4.2 Reference Axis and Terminal Plane. Part 3 of the CEP descriptor requires 

the selection of a reference axis and a terminal plane. The discussion that follows may 

be facilitated by reference to Figure 11.1. The reference axis is a rotational symmetry 

axis of highest order lying in a symmetry plane of the polyhedron. If a further choice 

is needed, the reference axis should (1) have a terminal plane with the fewest polyhedral 
vertices or (2) lie in the reference plane (see Section 11.3.4.3). 

The preferred end of the reference axis is the end with the preferred terminal plane, 

which is the terminal plane that contains fewer polyhedral vertices. If both terminal 

planes contain the same number of polyhedral vertices, the preferred terminal plane is 

the one that contains the vertices with the lower total number of skeletal connectivities 

(i.e., fewer polyhedral edges associated with the vertices). If a further choice is needed, 

the preferred terminal plane is the terminal plane nearer to the parallel plane of sym¬ 

metrically equivalent vertices preferred by applying the preceding criteria successively 

to pairs of parallel planes, proceeding inward from each terminal plane. 
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11.3.4.3 Reference Plane. The reference plane is a symmetry plane or, if there is 

none, an arbitrarily defined plane containing the reference axis and at least one vertex 

not on the reference axis in (1) a terminal plane or (2) an adjacent parallel plane. If 

there is more than one such plane containing the reference axis or if selection of a 

reference axis is not possible by the preceding criteria, the reference plane is chosen by 

applying the following criteria sequentially until a choice can be made. 

1. If the polyhedron has more than one symmetry plane, the reference plane is the plane 

that passes through the fewest vertices. 

2. If the polyhedron does not have a symmetry plane, the reference plane is the plane 

that has the fewest perpendicular planes defined by sets of polyhedral vertices that 

are either symmetrically equivalent or connectively equivalent (i.e., that have the 

same number of associated polyhedral edges). 

3. The reference plane is the plane that passes through a polyhedral vertex that is nearer 

to the preferred terminal plane (i.e., polyhedral vertices in the reference plane have 

lower locant numbers when assigned according to the numbering principles discussed 

in Section 11.3.4.5). 

4. The reference plane is the plane that passes through polyhedral vertices with the 

fewest associated polyhedral edges (i.e., polyhedral vertices with the lowest skeletal 

connectivity in the reference plane have the lower polyhedral locant numbers when 

assigned according to the numbering principles discussed in Section 11.3.4.5). 

11.3.4.4 Part 3 of the CEP Descriptor. The arrangement and type of vertices in each 

plane perpendicular to the reference axis of the polyhedron (see Section 11.3.4.2) are 

given in part 3 of the CEP descriptor (see Section 11.3.4.1) by the symbol mv”, in which 

m is the number of vertices with the same skeletal connectivity in the plane and n is 

the number of polyhedral edges associated with each vertex. The symbols are cited in 

the order in which the planes they define are preferred for numbering (see Section 

11.3.4.5). 

11.3.4.5 Polyhedron Numbering. A polyhedron is oriented for numbering (53) by 

looking down the reference axis from the preferred end and rotating the polyhedron 

until the reference plane is vertical in order to provide a consistent reference point. If 

a choice is needed, the preferred orientation has a polyhedral vertex of the preferred 

terminal plane, or in a parallel plane nearest to it, at, or nearer, the top of the polyhedron 

in the reference plane. 

The vertices of a polyhedral framework are numbered consecutively, clockwise or coun¬ 

terclockwise, starting with vertices in the preferred terminal plane and proceeding to 

succeeding planes of vertices working along the reference axis away from the preferred 

end. The vertices in each plane are numbered in the same direction as the preceding 

and/or following planes, beginning in each plane with a vertex at the top of the preferred 

orientation, in the reference plane, or with the first vertex encountered moving from 

the top of the preferred orientation in the direction chosen or required for numbering. 

A vertex at the top of the preferred orientation need not be exactly in the reference 

plane for chiral polyhedrons in which the reference plane is arbitrarily chosen (53b), but 
it should be very close to the reference plane. 
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The D2j dodecahedron shown in Figure 11.2 has three C2 axes: “x” (passing through 

edges 3—6 and 4—5), y (passing through edges 3—5 and 4—6), and “z” (passing through 

edges 1—2 and 7—8). It also has two symmetry planes: “A (passing through vertices 1, 

2, 5, and 6) and B (passing through vertices 3, 4, 7, and 8). Only the “z” axis can 

be the reterence axis in this polyhedron because it is the only C 2 axis lying in a symmetry 

plane oi the polyhedron. The two symmetry planes “A and “B” are equivalent, in that 

both contain the reference axis z and both pass through four polyhedral vertices. 

Symmetry plane A is the reference plane, because in the preferred orientation it passes 
through the polyhedral vertices of a terminal plane. 

Figure 11.2 Reference axis and symmetry planes of a dodecahedron. 
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The D2<j polyhedron is oriented for numbering by looking down the reference axis z , 

in this case from either end, and rotating the structure until the reference plane A is 

vertical (i.e., perpendicular to the plane of the paper). The two vertices in the first 

parallel plane of vertices are numbered 1 and 2, starting at the 12 o clock position. The 

two in the next parallel plane are numbered 3 and 4 in a clockwise direction from the 

same 12 o’clock position, and the remaining two pairs of vertices are numbered 5 and 

6 and 7 and 8 in the same way. 

The numbering for 24 closed polyhedrons is given in Chart A.I, Part A. 

If the reference plane of the polyhedron is not a symmetry plane, the direction of 

numbering is determined by noting the direction from the reference plane of the di¬ 

rectional vertex (i.e., the vertex in the directional plane nearest to the top of the projection 

of the reference plane) 03b). The directional plane is the terminal plane at the end of 

the reference axis opposite to the preferred terminal plane, or, if this terminal plane 

contains only one vertex, the directional plane is a parallel plane of polyhedral vertices 

adjacent to it. 

The position of a heteroatom in the polyhedral structure of a heteropolyboron hydride 

is indicated by the lowest locant consistent with the preceding numbering rules. The 

presence of a heteroatom or substituents can introduce chirality. Enantiomers may be 

distinguished by the use of the descriptors C and A 03b, 72c) (.see also Section 16.3.6). 

Examples: 

>4-1,7-dicarba-c/oso-octaborane(8) 

C-1 -phospha-2-carba-3-germa-c/oso-dodecaborane(10) 

11.3.4.6 Nonclosed Polyhedrons. Polyhedrons that are not fully triangulated may be 

described by indicating the removal of vertices from a triangulated polyhedron in either 

of two ways (72b). One way is to insert an additional symbol into the CEP descriptor 

for the closed polyhedral structure (see Section 11.3.4.1). The symbol consists of an 

arabic numeral equal to the number of vertices removed, preceded by the minus sign 

to indicate removal and followed by the italic letter v for vertex. This symbol is enclosed 
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in parentheses and inserted into the descriptor immediately after the morpheme “closo”. 
The locants of the positions of the vertices in the closed polyhedron (see Section 11.3.4.5) 
that are removed are denoted by superscript numbers cited after the parenthetical expres¬ 
sion. Multiple locants are separated by commas. These locants should be as high as 
possible consistent with the numbering of the parent closed polyhedron. Thus, the 
descriptor for «w/o-undecaborane(15) (structure 4 in Chart A. 1, part B) would be (11 v)[lh- 
(155 l)-A2O-c/af0(— \v)12}. Indication of the number of vertices in the actual structure by 
the first part of the descriptor in such cases eliminates the need to calculate the number 
from the rest of the descriptor. The second way is to indicate the removal of a vertex 
from a closed polyhedral structure by attaching the subtractive prefix «-debor- (n being 
the locant of the missing vertex) directly in front of the name of the closed polyhedron. 
(The two methods of specifying the positions of bridging hydrogen atoms used in the 
examples that follow are both based on published proposals {72b) and may be used with 
either procedure for indicating missing vertices.) 

Examples:* 

H 

(2,3-|jlH),(215-|jlH).(3,4-m-H)i(415-|xH)[0/i-(1 41 )- 
A 8-c/oso( -1 v)6]pentaborane(9) 

6-debor[Oh-(141 )-A8-c/oso]hexaborane(9)- 
2,3:2,5:3,4:4,5-(xH4 

(2,3-^)1(2,6-(jLH),(3,7-^),(4,5-^)[C2,- 
(1 v64v422)-A14-c/oso( -1 v)1]octaborane(12) 

1 -debor[C2,-(1 v64v422)-A14-c/oso]- 
nonaborane(12)-2,3:2,6:3,7:4,5-|xHA 

(4,5-|xH),(5,6-ji!V)-2,3-dicarba[D5/,-(151 )-A10- 
c/oso( -1 i/)7]hexaborane(8) 

2,3-dicarba-7-debor[DSft-(151 )-A10- 
c/oso]heptaborane(8)-4,5:5,6-\x.H2 

11.3.4.7 Capped Polyhedrons. The addition of a vertex to a triangular face or an edge 
of a polyhedron may be indicated in the CEP descriptor by a symbolism similar to that 
for nonclosed structures (see Section 11.3.4.6). A plus sign is used to indicate addition, 
and sets of locants are used to describe the face or edge of the polyhedron that is capped 
(72a). Such additional vertices are numbered, beginning with the next number beyond 
those used to number the closed polyhedral structure (see Section 11.3.4.5). There are 
few examples of capped polyhedral polyboron hydrides, but there are a number 
of metallapolyboron hydrides with capped structures. The method described should 
also be applicable to capped nonclosed structures, but details have not yet been set forth. 

♦The parenthetical number represents the missing vertex. 
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1,2,3-tris-(Ti5-cyclopentadienyl)-1,2,3- 
tricobalta[0„-(141 )-A8-c/oso- 
( + 1i/)1'23]heptaborane(4) 

2,3,8-tris(Ti5-cyclopentadienyl)-2,3,8- 
tricobalta[D5h-(151 )-A '°-closo- 
(+1 v')1'2'3]octaborane(5) 

11.3.4.8 Linear Conjuncto Structures. Systems consisting of two or more closed or 

nonclosed polyhedrons linked in a linear fashion by direct bonding or by sharing one, 

two, or more atoms are called “conjuncto” (73) and may be described by citing con¬ 

secutively the appropriate CEP descriptors for the components (72c). A locant description 

of the attachment between two components is inserted between the descriptors for those 

components. It consists of the locants for the polyhedral vertices (see Section 11.3.4.5) 
involved in the attachment, cited as follows: 

Type of Attachment_ Designation 

Two-center boron-boron bond 

One shared vertex 

Two shared vertices (edge fusion) 

Three shared vertices 

Bridging hydrogen 

Examples: 

2/-/,3/-/-(4,5-fx/-/),(4' ,5'-|x/-/),(4,7-jjl/-/),(4 ' ,7'-|jl/-/),- 
(5,6-fx/-/),(5' ,6'-|x/-/)[(8i/)[02v-(1 v64v422)- 
A14-c/oso( -1 v)']-2,3-dicommo-2',3'- 
(8v)[C2„-(1 v64v422)-A14-c/oso- 
(-1 v)1]-tetradecaborane](20) 

-a:y'- 

-a-commo-y'- 

-a,b-d/commo-x',y'- 

-a,b,c-fr/commo-x',y',z'- 

-a-(xA-y'-, -a,b-di-fjL/-/-x',y'-, etc. 
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2,2',3,3'-tetracarba-1 -nickela[(12i/)[/„-(1551 )- 
A20-c/oso]-1 -common '-(12v)[/„-(1551 )- 
A20-c/oso]tricosaborane](22) 

octadecahydro[(10v)[D4tr(1441 )-A16-c/oso]- 
1 :2'-(10i/)[D4c/-(1441)-A16- 
c/oso]icosaborate](4 -) 

11.4 Derivatives of Polyboron and Heteropolyboron Hydrides 

11.4.1 Molecular Species 

Neutral polyboron and heteropolyboron hydrides in which atoms or groups have replaced 

hydrogen atoms of the parent hydride are named by substitutive nomenclature (see Chapter 

9) based on the name of the parent polyboron hydride. One hydrogen atom is assumed 

to be bonded to each boron or carbon atom in the parent structure; the positions of 

other hydrogen atoms must be specified. Hydrogen atoms specified by an indicated H 

symbol (72a) are included in the parenthetical numerical suffix, whereas hydrogen atoms 

expressed by a ligand name are not. The absence of any hydrogen atom that is on a 

boron or carbon atom in the parent structure by implication is indicated by the prefix 
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dehydro- and is not included in the parenthetical numerical suffix. The presence of a 

neutral group attached to a skeletal atom is indicated with the ligand name. 

Examples: 

H H Cl 
xbT "i‘b/ 1-chlorodiborane(6) 

C-2-bromo-3-chloro-n/ho-pentaborane(9) 
C-2-bromo-3-chloro-(2,3-(xH),(2,5-(i.H),(3,4- 

p.AV),(4,5-|xH)-[Oft-(141)-A8-c/oso- 
(-1 id6]pentaborane(9) 

n2 

1 -(dinitrogen)-6-(trimethylamine)[1,6- 
didehydro[D4<r(1441 )-A16-c/osoj- 
decaborane](8) 

H 

C-1-hydrido-1,1,3-tris(triphenylphosphine)[3- 
dehydro-2,4-dicarba-1-ruthena[C2,- 
(1 v62v4422)-A18-c/oso]undecaborane](9) 
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11.4.2 Ionic Species 

Ionic polyboron and heteropolyboron hydrides and their derivatives are usually named 

by the principles of additive nomenclature, that is, by describing all atoms or groups, 

including hydrogen, as side groups (see Chapter 5) attached to the skeletal structure, 

which is described by one of the methods already given. 

Examples: 

decahydro-c/oso-decaborate(2 -) 
decahydro[D4d-(1441 )-A16-c/oso]decaborate(2 -) 

(ju3-hydro-hexahydro[CV(141 )-A8- 
closo] hexaborate(1 -) 

4.5- (jL-hydro-tetrahydro-2,3-dimethyl-2,3-dicarba- 
n/do-hexaborate(1 -) 

4.5- |x-hydro-tetrahydro-2,3-dimethyl-2,3-dicarba- 
[D5ft-151 -A'°-closo( -1 y)7]hexaborate(1 -) 

C-5-(trimethylamine)hexahydro-2,4-dicarba[D5h- 
(151 )-A10-c/oso]heptaboron(1 +) 

11.4.3 Addition Compounds 

11.4.3.1 General Discussion. Many neutral boron compounds may be considered, at 

least formally, as derived by the association of an electron pair of an atom in a neutral 

compound (a Lewis base) with a neutral tricoordinate boron atom in a neutral boron 
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compound (a Lewis acid). These compounds may also be viewed as derived by the 

replacement of a hydride ion of an ionic boron species by a neutral atom or group. Such 

derivatives may be named as coordination compounds (see Chapter 5) or as addition 

compounds (see Chapter 13). 

11.4.3.2 Coordination-Compound Names. Addition compounds of BH3 (or BH4~) 

are usually readily named by additive nomenclature principles. Neutral polyboron hy¬ 

drides with neutral atoms or groups attached to the boron atoms are named by additive 

nomenclature principles using the CEP descriptor for structural specificity or as deriv¬ 

atives of a dehydro polyborane, with the neutral substituents described by ligand names 

but with all other substituent atoms and groups expressed as in substitutive nomencla¬ 

ture. All groups attached to atoms of heteropolyboron hydrides other than boron or 

carbon are described by their names as ligands in coordination nomenclature (see Section 

11.4.1 and examples marked “C” in Section 11.4.3.4). 

11.4.3.3 Addition-Compound Names. Addition compounds of BH , (or BH4“) may 

also be given names in which the names of the constituents are separated by a dash and 

the boron component is cited last (see Section 13.2). Type-2 numerical prefixes (see Table 

A.II) are used as appropriate. Different modes of attachment may be distinguished by 

replacing the dash with parentheses enclosing the italicized symbols of the two atoms 

involved in the attachment separated by a dash. Locants of the attaching atoms may be 

given as superscripts to the italicized atomic symbols. If the addition is intramolecular, 

the parenthetical expression is placed at the end of the name of the neutral borane 

derivative. (See examples marked “A” in Section 11.4.3.4.) 

11.4.3.4 Examples: 

H3B-NH3 

F3B-0(C2H5)2 

h3b-nh2ch2ch2nh2-bh3 

oc-bh3 

C6H5NHC(0)NH2-BH3 

h3cn 

c—o 
// \ 

HC BF2 
\ _ / 2 
c—o 

H3(/ 

amminetrihydroboron (C) 
ammonia-borane (A) 

(diethyl ether)trifluoroboron (C) 
(diethyl ether)-(boron trifluoride) (A) 

(jl-1 ,2-ethanediamine-K/V: K/V'-bis(trihydroboron) (C) 
1,2-ethanediamine-bis(borane) (A) 

(carbon monoxide-KC)trihydroboron (C) 
carbon monoxide(C-8)borane (A) 

(1,4-butanediyl-KC1,KC4)(methyl)(pyridine)boron (C) 
pyridine-(l-methylborolane) (A) 

trihydro(1 -phenylurea-K/V3)boron (C) 
1 -phenylurea(/V3-8)borane (A) 

difluoro(2,4-pentanedionato-KO,KO')boron (C) 
difluoro[(1 -methyl-3-oxo-1 -butenyl)oxy]borane(0-8) (A) 



Chapter 12 

Organometallic Compounds 

12.1 Introduction 

Organometallic compounds are characterized by the presence of at least one direct bond 

between a carbon atom and a metal atom. Most organometallic compounds in which 

there is sigma or pi or both sigma and pi bonding between the metal atom and the 

carbon atom(s) are readily named by the methods of additive nomenclature (see Sections 

5.3 and 5.4). If a metal forms molecular hydrides, substitutive nomenclature may be 

used as an alternative procedure to name its organometallic compounds, that is, as 

hydrides with organic substituents (see Sections 9-2 and 9-3). Some of the organometallic 

derivatives of the very electropositive elements are saltlike and may be named as ionic 

compounds (see Section 8.2.9). Ionic nomenclature is also sometimes used for compounds 

in which the organometallic groups can be considered cationic. The methods of this 

chapter can be applied to the naming of compounds with direct bonds between carbon 
and all other elements. 

12.2 Organometallic Compounds Containing Only Organic Side Groups 

Names for compounds containing only organic groups and metal atoms may be formed 

by any of the three procedures given in Section 12.1. The hapto convention, which was 

outlined in Section 5.3.5.3, is used in additive nomenclature to indicate that there is 

linkage through two or more adjacent atoms of an organic group bonded to a metal 

atom. This type of bonding is indicated by the symbol Tp, in which n indicates the 

number of atoms involved in the linkage. Bonding by the sharing of electron pairs (<J 
bonds) is implied if the symbol Tp is not used. 

Examples: (C2H5)4Pb tetraethyllead 
tetraethylplumbane 

(additive) 
(substitutive) 

(C6H5)3GeGe(C6H5)3 hexaphenyldigermane (substitutive) 
C3H7Li propyllithium 

lithium propanide 
(additive) 
(ionic) 

C6H5ZnCH3 methylphenylzinc (additive) 
(C2H5)2Te diethyltellurium 

diethyltellane 
diethyl telluride 

(additive) 
(substitutive) 
(ionic) 

Fe(C5H5)2 bisppcyclopentadienyljiron 
iron(2 + ) cyclopentadienide 

(additive) 
(ionic) 

Cr(C6H6)2 bis(in6-benzene)chromium (additive) 
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12.3 Organometallic Compounds Containing Organic and Other Side 

Groups 

An organometallic compound in which hydrogen is bonded directly to the metal atom 

may be named as a substituted molecular hydride if it can be visualized conceptually 

as being derived from a molecular hydride (see Section 9-2). Other organometallic 

compounds of this type may be named as molecular or ionic species by additive procedures 

(see Sections 5.3, 5.4, and 8.4.1). 

Examples: 

C2H5SbH2 ethylstibine 
ethyldihydridoantimony 

(substitutive) 
(additive) 

(C6H5)2SnH2 diphenylstannane 
dihydridodiphenyltin 

(substitutive) 
(additive) 

C2H5BeH ethylhydridoberyllium 
ethylberyllium hydride 

(additive) 
(ionic) 

(C5H5)?ReH bis('n5-cyclopentadienyl)hydridorhenium 
bis(7is-cyclopentadienyl)rhenium hydride 

(additive) 
(ionic) 

(C6H5)(C6H5CH2)AuH benzylhydridophenylgold 
benzyl(phenyl)gold hydride 

(additive) 
(ionic) 

Organometallic compounds that contain substituents other than organic groups or hy¬ 

drogen bonded directly to the metal atom may also be named by the preceding methods, 

as appropriate to the type of compound. 

Examples: 
CH3Mgl iodo(methyl)magnesium 

methylmagnesium iodide 
(additive) 
(ionic) 

(CH3)3SnCI chlorotrimethylstannane 
chlorotrimethyltin 

(substitutive) 
(additive) 

(C6H5)3SbCI2 dichlorotriphenyl-\5-stibane 
dichlorotriphenylantimony 
triphenylantimony(2 + ) chloride 

(substitutive) 
(additive) 
(ionic) 

(C5H5)2TiCI2 dichlorobis(Tn5-cyclopentadienyl)titanium 
bis(Ti5-cyclopentadienyl)titanium(2 +) chloride 

(additive) 
(ionic) 

CH3SnH2CI chloro(methyl)stannane 
chlorodihydridomethyltin 
methyltin(3 + ) chloride dihydride 

(substitutive) 
(additive) 
(ionic) 

C6H5HgOH hydroxo(phenyl)mercury 
phenylmercury hydroxide 

(additive) 
(ionic) 

Organometallic coordination compounds may be named by the usual additive procedures 
(see Section 5.3). 

Examples: 

[Pt(CH3)CI{P(C2H5)3}2] chloro(methyl)bis(triethylphosphine)platinum 

[Sb(CF3)3(C5H5N)] (pyridine)tris(trifluoromethyl)antimony 

[Fe(C6CI5)2{P(C6H5)3}2] bis(pentachlorophenyl)bis(triphenylphosphine)iron 

[Ru{(CH3)2PC2H4P(CH3)2}2H(C6H5)] bis[1,2-ethanediylbis(dimethylphosphine)]- 
hydrido(phenyl)ruthenium 

[A replacement name, bis(2,5-dimethyl-2,5- 
diphosphahexane)hydrido(phenyl)ruthenium, 
may be encountered.] 

di-fx-chloro-tetraethyldialuminum [(C2H5)2AICI]2 
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12.4 Side Groups Derived from Organometallic Compounds 

Side groups derived from organometallic compounds may be named in one of two ways 

when the side group forms bonds through the metal atom. If the side group may be 

formally derived by the loss of hydrogen from a molecular hydride, the procedures of 
Section 9-3 may be used. 

Examples: (C6H5)3Sn- triphenylstannyl 

(CH3)2Ge= dimethylgermylidene 
dimethylgermanediyl 

If the metal atom does not form a molecular hydride, names are formed by additive 

procedures after adding the suffix -io to a stem name for the metal atom (see Table A.I). 

Examples: CH3Hg- methylmercurio 

(C6H5)2TI- diphenylthallio 

This type of nomenclature may also be used to indicate the presence of a metal as a 

monovalent substituent in an organometallic compound, rather than as the central atom 
of an organometallic compound. 

Examples: (C6H5)3CNa triphenyl(sodio)methane 
[an alternative to (triphenylmethyl)sodium] 

C6H5C=CCu cuprio(phenyl)ethyne 
[an alternative to (phenylethynyl)copper(l)] 

LiCH2C=CLi 1,3-dilithiopropyne 

Organometallic side groups that function as bridging groups between central atoms may 
be so indicated in the usual manner (see Section 6.2). 

Example: 

Si(CH3)3 

(CH3)3SiCH2 CtHg P(CH3)3 
Mri Mn 

(CH3)3P/ ^cfC V'CH2Si(CH3)3 
I 
Si(CH3)3 

bis-[|x-(trimethylsilyl)methyl]- 
bisfttrimethylphosphine)- 
[(trimethylsilyl)methyl]manganese(ll)} 

12.5 Ions Derived from Organometallic Compounds 

An organometallic cation that is formally derived from a parent cationic hydride (see 

Section 9-4) may be named as a substituted derivative of the parent cation. Likewise, 

an organometallic anion that is formally derived from a parent anionic hydride (see 

Section 9-4) may be named as a substituted derivative of the parent anion. 

Examples: Bi(C2Hs)4+ tetraethylbismuthonium 

Sn(C6Hs)3+ triphenylstannylium 
triphenyl-\2-stannanium 

Ge(CH3)3* trimethylgermanide 

Organometallic cations based on metal atoms that do not form molecular hydrides and 

organometallic anions that are formally derived by the addition of one or more hydride 
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ions to a molecular hydride or by the addition of anionic ligands to a central atom may 

be named by additive procedures (see Section 5.3). 

Examples: (CH3)2TI+ dimethylthallium(1+) ion 
(C2H5)3Pt+ triethylplatinum(1 +) ion 

B(C6H5)4- tetraphenylborate(1 -) ion 

AIH(CH3)3^ hydridotrimethylaluminate(1 -) ion 

Sb(C6H5)CI5“ pentachloro(phenyl)antimonate(1 -) ion 

Substitutive names may be used for anions of oxo acids (and also for the acids) in which 

organic groups are present in place of hydrogen atoms bonded directly to the central 

atom (see Section 8.2.3). 

Examples: C2H5As(0)022- ethyiarsonate(2 -) ion 
(CH3)2PO- dimethylphosphinite(1 -) ion 



Chapter 13 

Addition Compounds 

13.1 Introduction 

The reaction of two molecular species to form a third species is a common phenomenon 

that leads to a variety of combinations. Many of the products are given names in accord 

with the resulting structure. However, a number of products (loosely called ‘‘addition 

compounds”), either for convenience or because of difficulty in specifying the structure, 

are named in accord with the stoichiometry of the union. This general category includes 

solvates, molecular or electron pair donor-acceptor compounds, clathrates or inclusion 

compounds, and intercalate or laminar compounds. Various general terms have been 

applied to addition compounds, the most common being “complex” and “adduct”. The 

first term causes confusion with coordination compounds, the latter with products in 
reactions such as the Diels-Alder reaction. 

The concept of addition compounds goes back to the dualistic conceptions of Lavoisier 

and Berzelius about the nature of chemical combinations leading to acids, bases, and 

salts. They formulated a salt such as Na2S04, for example, as Na2OS03 and its hydrate 

Na2SO4‘10H2O as Na2OSO3*10H2O. Mineralogists, ceramists, and metallurgists still 
use such formulations, but chemists confine such formulas to addition compounds, 

especially solvates. In general terms, the formula for an addition compound is written 

nA'p^qC..., in which n specifies the number of units of A present in the empirical 

formula, p the number of units of B, q the number of units of C, etc. It is easy to 

overlook the fact that a coefficient applies to everything preceding the centered point 

in complex formulas such as 2{[(CH3)2CH}2N}3P*A1C13, so the alternative formula 

{{[(CH3)2CH]2N}3P}2‘A1C13 is sometimes used. 

13.2 General Practice 

Names of addition compounds may be formed by listing the names of all the constituents 

separated one from another by a dash (see Section 2.2.6.4), formerly a spaced hyphen 

(22s). The number of each constituent is indicated by arabic numerals separated by 

slashes (see Section 2.2.6.7) and enclosed in parentheses attached to the end of the full 

name. CAS still follows the practice of using a colon as a separator, a use not recognized 

in the 1970 IUPAC Inorganic Rules. The use of the slash or solidus as a separator has 

been criticized because the expression could be interpreted as a fraction. Alternatively, 

the ratio of constituents may be indicated by appropriate numerical prefixes (see Table 

A.II). Although there is no general agreement on the order of citing the constituents 

of an addition compound, the 1970 IUPAC Inorganic Rules give this general instruction 

117 



118 Inorganic Chemical Nomenclature 

(22s): “Boron compounds and water are always cited last in the order. Other molecules 

are cited in order of increasing number; any which occur in equal numbers are cited in 

alphabetical order.” Another procedure sometimes used is to list the donor molecule(s) 

first. 

Examples: 

BiCI3*3PCI5 

BF3*2H20 
AI2(S04)3 • K2S04 • 24H20 

nh3-b3h7 

2(CH3)2S-B10CI6H8 

bismuth trichloride-phosphorus pentachloride(1/3) 

boron trifluoride—water(112) 
aluminum sulfate-potassium sulfate-water(1/I/24) 

ammonia-triborane(7)(1 /I) 
bis(dimethyl sulfide)-hexachlorodecaborane(14) 

If there are possible alternatives in the manner of attachment between two molecules 

or if it is desired to emphasize the atoms involved in the sharing of a pair of electrons, 

the dash is replaced by parentheses enclosing the italicized symbols of the two elements 

forming the bond with a dash between the symbols. 

Examples: OC-BH3 carbon monoxide(C-B)borane(1 /I) 

CH3ONH2-BH3 0-methylhydroxylamine(/\/-B)borane(1/1) 

This general system for naming addition compounds is not used by CAS. Instead the 

addition compound is named by citing one constituent followed by “compound with”, 

the name(s) of the other constituent(s), and a parenthetical expression containing the 

relative number of constituents separated by colons as necessary. Molecular addition 

compounds of neutral components are generally indexed at the name of each component, 

with the exception of certain common components specified in the CA Index Guide (52c). 

Examples: l2-POCI3 phosphoryl chloride compd. with iodine(1:1) 
iodine compd. with phosphoryl chloride(1:1) 

AICI3,4C2H5OH aluminum chloride (AICI3) compd. with ethanol(1:4) 
ethanol compd. with aluminum chloride(AICI3)(4:1) 

13.3 Solvates 

Many salts crystallize from a solvent to yield crystals containing molecules of the solvent 

as well as the salt. These crystalline products are known as solvates, and the solvent 

component is known as solvent of crystallization. The terms hydrate and ammoniate 

have been widely used for solvates containing water and ammonia, respectively. Because 

the suffix -ate is now a general suffix for anions (see Section 8.4.1), it should not be 

used in naming solvates. For example, alcoholates are the salts of alcohols, so ethanolate 

should not be used for products containing ethanol of crystallization. CNIC recognizes 

that the use of “hydrate” has to be accepted as an exception to the restriction of the 

suffix -ate to anions, in view of the widespread use of that term for compounds containing 

water of crystallization (22s). It does, however, restrict the use of hydrate to the des¬ 

ignation of water bound in an unspecified way and recommends that specific additive 

names be used whenever the structure of the hydrate is known. Both hydrate and 

ammoniate are used in the CA indexes. 

Examples: Na2CO3#10H2O sodium carbonate decahydrate 
sodium carbonate-water(1/10) 



13. Addition Compounds 
119 

[Cu(H20)4]S04*H20 

3CdS04-8H20 

CdCI2-8NH3 

BF3-2H20 

tetraaquacopper(ll) sulfate monohydrate 
[preferred to copper(ll) sulfate pentahydrate] 

cadmium sulfate-water(3/8) 

cadmium chloride-ammonia(1/8) 
boron trifluoride dihydrate 
boron trifluoride-water(1/2) 

13-4 Clathrates 

Some substances have the ability to crystallize either from the liquid phase or from 

solution in such a way as to leave either cavities or channels that may enclose another 

substance. Such substances that contain other substances have been called “enclosure 

compounds” or “clathrates”. The continuous lattice is often called the “host” and the 

enclosed substance the guest”. The general procedure for naming addition compounds 

(see Section 13.2) is used for naming clathrates. 

Examples: Kr-6H20 

C0S-2H2S-17H20 

C6H6-NH3-Ni(CN)2 

6Br2-46H20 

krypton-water(1/6) 

carbonyl sulfide-hydrogen sulfide-water(1/2/17) 

ammonia-benzene-nickel(ll) cyanide(1 /I /I) 

bromine-water(6/46) 

The nomenclature of zeolites (the so-called “molecular sieves”), which have rigid frame¬ 

works with wide windows between relatively large cavities, has been discussed elsewhere 

(74). 

13.5 Intercalation Compounds 

It is possible for some substances to insert themselves between the layers of crystalline 

substances to yield stable materials with a wide range of compositions. There is usually 

an upper limit to the amount of material that can be held between layers, but this is 

not always realized in a given instance. The definite formulas that can be written for 

the different situations are termed “limiting formula” and “average formula”. Occa¬ 

sionally definite stoichiometric compounds of intermediate composition are formed. 

There is currently no way to indicate that a material is an intercalated species, so either 

stoichiometric names, when appropriate, or general additive names (see Section 13.2) 

are used for intercalation compounds. 

Examples: (CO), 

(CF), 
C8K 

TaS2-NH3 

Na„TaS2 (x = 0.4-0.7) 

graphitic oxide 

carbon monofluoride 

potassium-graphite(1 /8) 

tantalum disulfide-ammonia(1 /I) 

sodium-tantalum disulfide(0.4—0.7/1) 



■ 
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Chapter 14 

Nonstoichiometric Species 

14.1 Introduction 

The preceding chapters have been concerned for the most part with the naming of 

molecular and ionic species with small whole-number atomic ratios. This chapter will 

be devoted to nonstoichiometric species. In some cases the composition of substances 

deviates from simple stoichiometry, and in others it is variable. Substances with variable 

composition were called “berthollides” in the older literature (22/) to distinguish them 

from substances with a fixed simple composition, which were called “daltonides”. These 

terms are not encountered very often now, perhaps because a variety of causes for 

nonstoichiometry have become apparent. At present there are no universally accepted 

procedures for dealing with the various situations encountered, and detailed nomenclature 
procedures still need to be developed. 

All solids except amorphous and glassy ones have an orderly arrangement of constituent 

atoms or ions known as a lattice. Normally neither the name nor the formula specifies 

the nature of the lattice or distinguishes among solids composed of molecular units, 

ionic units, or single giant molecules. Infinite lattices may be indicated by writing 

formulas such as (NaCl)x and (SiC^Xo. On a micro scale, a lattice may exhibit a number 

of alterations leading to solid-state species that do not exhibit simple atomic ratios. 

Consequently, these species require nomenclature systems quite different from systems 

pertaining to stoichiometric substances. Some of these alterations will be discussed next. 

There may be regions of disorder in a lattice, or there may be boundaries between 

ordered regions. Lattice sites may be occupied in part by foreign atoms or ions without 

significant distortion of the lattice, resulting in a solid solution. A solid solution may 

form over all concentrations (infinitely variable) or over a limited range of concentrations. 

The substitution into a lattice of a foreign ion for a lattice ion may result in vacant 

lattice sites when the ions involved do not have the same charge. Within the lattices 

of many metals and compounds there are small unoccupied regions known as interstitial 

sites or holes. Such sites (which are usually designated as tetrahedral, octahedral, or 

dodecahedral, depending upon the symmetry of the atoms defining the vacant sites) 

may also be occupied by foreign atoms, ions, or molecules. A pair of metals may yield 

a series of phases, each of which has an ideal formula, but with considerable variation 

on both sides of the ideal composition within each phase. 

A distinctive nomenclature for each of the preceding situations, although desirable, 

currently does not exist. In practice the nomenclature used depends to a large extent 
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on the amount of information the name is intended to convey. In many cases, formulas 

serve better than names to describe the situation. 

14.2 Qualitative Indication of Nonstoichiometry 

14.2.1 Formulas 

The sign ~ (read as “circa”) may be placed in front of a formula to indicate that the 

composition of the species varies over an appreciable range and is not precisely the 

composition called for by the formula. The circa sign has also been printed above the 

formula, but that method of notation seems to be losing favor. 

Examples: ~FeS CuZn 

When the variable composition within a phase is caused wholly or partially by replace¬ 

ment, symbols for the atoms or atomic groups and for the atoms or groups that replace 

them are separated by a comma and placed together inside a set of parentheses. The 

resulting expression is then inserted into the formula for the parent species in place of 

the appropriate atomic symbol(s). If it is possible, the formula should be written so 

that the limits of the homogeneity range are represented when one or the other of the 

two atoms or groups is eliminated from the parenthetical expression. If only part of the 

homogeneity range is referred to, the major constituent should be placed first. 

Examples: (Cu,Ni) complete range between Cu and Ni 

K(Br,CI) complete range between KBr and KCI 

(Li2,Mg)CI2 complete range from Li2CI2 (or LiCI) to MgCI2 

AI6(AI2,Mg3)012 complete range from Al8012 (or Al203) 
to AI6Mg3012 (or AI2Mg04) 

The system formed between copper and zinc exhibits phases that have the ideal com¬ 

positions CuZn, Cu5Zn8, and CuZn3, but the individual phases are stable on both sides 

of these ideal compositions. The intermediate ideal compositions have the unique for¬ 

mulas given and thus pose no problem for formulation or nomenclature. The composition 

range between the ideal compositions Cu and CuZn may be indicated by the formula 

Cu(Cu,Zn), that between CuZn and Cu5Zn8 by Cu10(Cu,Zn)3Zn13, that between Cu5Zn8 

and CuZn3 by Cu 13(Cu,Zn)7Zn32, and that between CuZn3 and Zn by (Cu,Zn)Zn3. 

The total number of atoms in the formula for each variable phase is obtained by 

multiplying the total number of atoms in the formulas for the two limiting phases by 

each other. The number of variable atoms is then determined by examining the difference 

between the two limiting phases expressed in terms of this number. 

For example, the formula for the variable phase between CuZn (2 atoms) and Cu3Zn8 

(13 atoms) will contain 2 X 13 or 26 atoms varying from Cu13Zn13 to Cu10Zn16. The 

transition from Cu13Zn13 to Cu10Znl6 involves the gradual replacement of three Cu 

atoms by three Zn atoms, so the formula for the variable phase is Cu I0(Cu,Zn)3Zn 13. 

14.2.2 Names 

Although strictly logical names for nonstoichiometric species can become quite cum¬ 

bersome and are generally to be avoided, the procedure illustrated by the following 

examples is convenient when only a qualitative indication of nonstoichiometry is desired. 
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Examples: iron(ll) sulfide (iron deficient) 
molybdenum dicarbide (excess of carbon) 

14.3 Indication of Extent of Replacement 

The variables that define the extent of replacement or deficiency of atoms or groups of 

atoms in a given species may be indicated by inserting appropriate variables into the 

formula showing all atoms involved in the species in question. 

Examples: CuxNiw 

KBrxCI, _x 

Li2-2xMgxCI2 

_X)Mg3x012 

Fe^O 
NaxW03 

equivalent to (Cu,Ni); x cannot exceed 1 

equivalent to K(Br,CI); x cannot exceed 1 

equivalent to (Li2,Mg)CI2, but shows explicitly 
that one vacant cation position appears for 
every replacement of two Li+ with one Mg2+; 
x cannot exceed 1 

shows that this phase between AI2Mg04 and 
Al203 cannot contain more Mg than that 
corresponding to AI2Mg04 because 
x cannot exceed 1 

indicates vacant cation sites 

indicates interstitial Na+ 

To show that the variable denoted by x can attain only small values, 8 or e may be 

substituted for x. A particular composition may be indicated by citing the actual value 

of x, 8, or e, which may be placed in parentheses after the general formula. The value 

of the variable may also be introduced into the formula itself. This notation may be 

used for either substitutional or interstitial solid solutions. 

Examples. F©3xLi4_xTi2(i-X)06 (x — 0.35) or Fe105Li365Ti130Oe 

Comment: The first formula may be preferable to the second 
because it makes the relationships easier to 
understand. 

PdHx (x < 0.1) solution of hydrogen in palladium 

PdHx (0.5 < x < 0.7) palladium hydride phase 

Fe,_^S 

AI4TheH154 

LaNisHx (0 < x < 6.7) 

14.4 Irregularity in Crystallographic Sites 

14.4.1 General Discussion 

As the knowledge about nonstoichiometric species increases, the phenomena leading to 

the nonstoichiometry become more fully understood. Defects in the crystal lattice arising 

from the occurrence of vacant sites or the occupation of interstitial sites are frequently 

involved. Additional symbolism is necessary to indicate the presence of such defects. 

14.4.2 Designation of Sites 

The symbolism used for the designation of vacant and interstitial sites is still evolving. 

The older recommended system is based on the use of the symbol □ to represent a site 
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in the ideal lattice and the symbol A to represent an interstitial site. These symbols 

may be modified to show that a site is cationic (meat), anionic (Dan), tetrahedral (Dtet), 

octahedral (Doct), or cubic (Dcub). Sometimes arbitrary designations, such as Da and Db 

for tetrahedral and octahedral sites, have been used. Additional specificity is possible 

by citing the point group symbol showing the symmetry of the immediate environment 

of the site and its coordination number in brackets after the site symbol; for example, 

□[0a;6]. An atom A in the site □ is indicated by the symbol (A|d), and a vacant site 

is indicated by the unmodified symbol □. The distribution of n atoms of A over m □ 

sites is indicated by the symbol (A„|dot), in which m is necessarily larger than n. This 

implies that {m — n) sites are vacant, and it is not necessary to show them specifically. 

The use of the symbol Dsurf or Asurf to designate a site in the surface has also been 

suggested as useful in the discussion of catalytic reactions. 

The complexity of the formulas resulting from the use of the symbols defined in the 

preceding paragraph has worked against their general acceptance. An alternative sym¬ 

bolism has been developed, based on the assumption that the atomic symbols in a parent 

formula indicate not only the presence of given atoms but also their location in space. 

The atomic symbol for each atom in the parent formula is used as a subscript to indicate 

the site being occupied by a given atom, and the number of atoms in the site is indicated 

in the same subscript by the appropriate number separated from the atomic symbol by 

a comma. Thus, an atom A on a site normally occupied by A in the parent structure 

would be indicated by Aa, whereas an atom A on a site normally occupied by B would 

be indicated by AB. An atom A occupying an interstitial site is indicated by using the 

subscript i with the atomic symbol; that is, A, signifies that an atom A is on an interstitial 

site. A vacant site is indicated by the symbol V with an appropriate subscript to identify 

its location in the lattice; that is, VA symbolizes a vacancy at a site normally occupied 

by A. 

Examples: 

LiCI with Mg and vacancies on Li sites 

Liu,i-2x MgLi xVLi XCI 
Lii_2xMgxnxCI 
(Li1_2x,Mgxp)CI 

AI2Mg04 with Al and vacancies on Mg sites 

AlAI.eAlMg at MgMg 3 _3xt/Mg x012 
(Alpoct)6(AI2x,Mg3_3x|Qet3)012 

Compositions intermediate between magnetite, Fe304, and maghemite, 7-Fe203 

Fe"FeN,ini1 _x FelllFeiun,1 + 2/3x Fe‘"Fe|".i ^Fe"'»,i /a* 04 
(Fe"1_x,Fel"1+2/3xpoct2)(Femptet)04 

Mg2Sn with some Mg on Sn sites and vice versa 

MgMg,2-xMgSn,ySnMgiXSnSn1_y 
(Mg2_x,Snxptet2)(MgySn1_ypcub) 

CaF2 with some F on interstitial sites instead of F sites 

Caca,TF,2-xFixVFx 

Ca(F2_xp2)(Fx|A) 

AgBr with some Ag on interstitial sites instead of Ag sites (Frenkel defects) 

AgAg.i ^Agj,Ag,Br 
Ag1_,D,(Ag,|A)Br 

KCI with cation and anion vacancies (Schottky defects) 

Kk,1 

(K^AXCPM) 
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14.4.3 Designation of Charge 

When the total charge associated with an atomic position (the absolute charge) needs 

to be specified, the usual conventions are used (see Sections 4.4.2 and 4.4.3). Charges 

associated with nonstoichiometric species are preferably defined with respect to the ideal 

species and are called “effective charges”. One unit of positive effective charge is indicated 

by a right superscript dot, ', one unit of negative effective charge by a right prime, ', 

and n units of charge by or . Two units of effective charge may be indicated by 

doubling the charge symbol (i.e., or ", or by using 2 or 2'). Sites that have no effective 

charge relative to the unperturbed lattice may be indicated explicitly by a superscript 

cross, x. The sum of the absolute charges and effective charges must be zero for a neutral 
species. 

Examples: 

Liu.i - 2x Mgu,* Vy * Clci 
Comments: The Li sites occupied by Mg have an effective charge of 1 + and the vacant Li sites an 

effective charge of 1 - . Li^(,-2xMg*LiJr\/uiXClci has the same meaning. 

Yy.2 -x Zr Y,x O0,30j'o 5x 

Comments: Every Y site occupied by Zr has an effective charge of 1 +. For every two Y sites occu¬ 
pied by Zr, there is an interstitial O with an effective charge of 2 -. 

AgAg,i Ag,^ \/AgiBrBr 
Comment: For every interstitial Ag with an effective charge of 1 +, there is a vacant Ag site with an 

effective charge of 1 -. 

To emphasize the semiconductor properties of a substance, it is necessary to be able to 

specify the presence of free electrons and the concomitant positive holes required by 

bulk neutrality. The symbols e' and h" may be used, respectively, to indicate their 

presence. Other symbols in use are e“ (or n) instead of e' and v“ (or p) instead of h'. 

The use of n and p is not recommended because they are commonly used to designate 
the neutron and proton, respectively. 

Examples: GeGe,, _4 As^eU 

G6Ge.1 -fG3Ge,<sh,<S 

ZnZnZn500e'2<5 

NaNaCICi i cueci,<s 

14.5 Nonstoichiometric Phases 

Improvement in the precision with which structures have been determined has led to 

the discovery of nonstoichiometric phases referred to as homologous series, noncom- 

mensurate and semicommensurate structures, vernier structures, crystallographic shear 

phases, Wadsley defects, chemical twinned phases, infinitely adaptive phases, and mod¬ 

ulated structures. Phases that fall into these classes but that have essentially fixed 

compositions are regarded as stoichiometric, even though their formulas (such as W17047) 

do not exhibit small whole-number atomic ratios. Procedures for designating the presence 

of these various structures have not proceeded much beyond the recognition state, so 

their nomenclature will not be pursued here. 

Nonstoichiometric phases may also be amorphous, with all the variations inherent to 

that state. The appropriate symbolism (see Section 3.3.3) may be used in conjunction 

with any compositional formulas if so desired. 

(Ge doped with As) 

(Ge doped with Ga) 

(ZnO doped with Zn) 

(electron trapped in vacant Cl site) 
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Chapter 15 

Isotopically Modified Species 

15.1 Introduction 

Each element in a given chemical species is assumed to have its natural isotopic com¬ 

position (75) unless a different isotopic composition is specified (i.e., unless the species 

is isotopically modified). The isotopic modification may arise because the ratio of isotopes 

present is significantly different than the natural ratio or because only a single isotope 

is present. Species of both types may be named by the system of nomenclature rec¬ 

ommended by IUPAC for isotopically modified inorganic compounds (26). An isotop¬ 

ically modified organic group occurring in an inorganic compound, such as an organic 

ligand in a coordination entity, is named according to the procedure given in Section 
H of the 1979 IUPAC Organic Rules (34p). 

Another general system for describing isotopically modified compounds is based on an 

extension of the principles proposed by Boughton for the nomenclature of compounds 

containing hydrogen isotopes (76). It is currently used mainly in the index nomenclature 

of CAS (32d), and it is also found in the literature and in many chemical catalogs. 

Because the system recommended by CNIC provides for recognition of various types of 

isotopic modifications, it will be used as the basis for the bulk of this chapter. The 

system based on the Boughton principles will be discussed at the end of this chapter 
(jec Section 15.5). 

Isotopically modified species may be classified into two broad categories, isotopically 

substituted species and isotopically labeled species. Isotopically substituted species are those 

in which essentially all individual molecules (or ions) contain the same isotope of an 

element at each designated atomic position (see Section 15.3). Isotopically labeled species 

are those in which the ratio of isotopes of an element at each designated atomic position 

is significantly different from the natural ratio. They may be considered formally to be 

a mixture of an isotopically unmodified species and one or more analogous isotopically 

substituted species (see Section 15.4). Isotopically labeled species may be further divided 

into specifically labeled, selectively labeled, nonselectively labeled, and isotopically 

deficient species. Specifically labeled means that both the atomic position(s) and the number 

of each labeling nuclide are defined. Selectively labeled means that the atomic position(s), 

but not necessarily the number, of each labeling nuclide is defined. Nonselectively labeled 

means that both the atomic position(s) and number of the labeling nuclide(s) are un¬ 

defined. Isotopically deficient means that the natural isotopic content of one or more 

elements in the species has been depleted. 

127 
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A formula written in the usual manner (see Section 2.4) implies that the compound is 

isotopically unmodified, as does a name based on the formula. Such a name requires 

alteration only if it is desired to contrast the “natural’’ nature of the compound to an 

isotopically modified compound or to emphasize the compound’s “natural” or “normal 

character. For example, PH3 with natural isotopic compositions for phosphorus and 

hydrogen is called “unmodified phosphine”. 

15.2 Symbolism 

The symbol used to denote a specific nuclide in a formula or name for an isotopically 

modified species consists of the atomic symbol for the element (see Table A.I) with an 

arabic number indicating the mass number of the nuclide as a left superscript (see Section 

3.2.4) (example: 130Xe). A metastable nuclide is indicated by adding the letter “m” to 

the mass number of the nuclide (example: 133mXe). The atomic symbol is printed in 

Roman type because italicized atomic symbols are used as locants in both coordination 

nomenclature (see Section 5.3.5.1) and organic chemical nomenclature (34). When it is 

necessary to cite different nuclides at the same place in the formula or name of an 

isotopically modified species, the nuclide symbols are written in alphabetical order 

according to their atomic symbols [example: (2H2,35S)sulfuric acid}. When the atomic 

symbols are the same, the nuclide symbols are written in order of increasing mass 

number [example: (78Br, 81Br)dibromine}. Nuclide symbols, with any locants, are sep¬ 

arated from each other by commas. When both isotopically unmodified and modified 

forms of an element occur in equivalent atomic positions, the atomic symbol for the 

element with appropriate subscript precedes the nuclide symbol(s) for the element in 

the formula (example: SiH32H). 

For the hydrogen isotopes with mass numbers 1 (protium), 2 (deuterium), and 3 

(tritium), the nuclide symbols 'H, 2H, and 3H, respectively, are preferred. The symbols 

D and T may be used for 2H and 3 FI, respectively, but not when other labeling nuclides 

are present because then the use of D and T may lead to difficulties in alphabetical 

ordering of the nuclide symbols in the isotopic descriptor. The symbols d and t are used 

in place of 2H and 3H in names formed according to the Boughton system (see Section 

15.5.1). In no other case are single lower-case letters used as atomic symbols, so the 

use of d and t outside of the Boughton system is not recommended. 

15.3 Isotopically Substituted Species 

15.3.1 Definitions and Formulas 

An isotopically substituted species has a composition such that essentially all the mol¬ 

ecules (or ions) of the species have only the indicated nuclide(s) at each designated atomic 

position. The absence of nuclide indication for any atomic position means that the 

isotopic composition is the natural one for that position. The formula for an isotopically 

substituted species is written as usual (see Section 2.4), except that nuclide symbols are 

used instead of atomic symbols where appropriate. See Section 15.3.2 for examples. 

15.3.2 Names 

The name of an isotopically substituted species is formed by enclosing the appropriate 

nuclide symbols with any necessary locants in parentheses and using the resulting 
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descriptor as a prefix to the name of the species, or preferably to the name of the part 

of the species that is isotopically substituted. Immediately after the parentheses there 

is neither space nor hyphen, except that a hyphen is inserted when the name of the 

species or part begins with a locant. When isotopic polysubstitution is possible, the 

number of atoms that have been replaced is always specified as a right subscript to the 

atomic symbol in the nuclide symbol, even in the case of monosubstitution. 

Examples: H3HO 

W’Br 
H235S04 

Na36CI 

235UF6 

15N20 

11BH(OC2H3)2 

113mlnCI3 

H22HSiSiH36CISiH3 
12 3 

Ca3(32P04)2 

42KNa14C03 
K[32PF6] 

[50Cr(2H2O)6]CI3 

(3H,)water 

(78Br,81Br)bromine 

(35S)sulfuric acid 

sodium (36CI)chloride 

(235U)uranium(VI) fluoride 
(235U)uranium hexafluoride 

di[(15N)nitrogen] oxide 

di[(2H3)methoxy](11B)borane 

(113mln)indiurn(3 + ) chloride 
(113mln)indiurn(lll) chloride 
(113mln)indiurn trichloride 

2-(36CI)chloro(1 -2H1)trisilane 

tricalcium bis[(32P)phosphate] 

(42K)potassium sodium (14C)carbonate 

potassium hexafluoro(32P)phosphate 

hexa[(2H2)aqua](50Cr)chromium(3 +) chloride 
hexa[(2H2)aqua](50Cr)chromium(lll) chloride 

frar?s-{bis[(15N2)dinitrogen]bis[ethylene- 
bis(diphenylphosphine)]molybdenum} 

When there is no ambiguity, nuclide symbols may be cited before a numerical prefix. 

This convention is followed mainly to retain the same name alphabetically for the 

isotopically substituted species as for the unmodified species insofar as possible. When 

there is ambiguity, such as when identical units in an unmodified structure are not 

identically modified, the individual units must be cited separately. Specific guidance 

on ordering of modified and unmodified identical groups in a name is lacking in current 
recommendations. 

Examples: B35CI37CI2 

K342K[Fe(CN)6] 

boron (35Cln ,37CI2)trichloride 
(“Cf^Cytrichloroborane 

(42K, )tetrapotassiu m hexacyanoferrate 

oc “to 

V'Rh/ XRh^ 

CO 

OC 
/ N3to' CO 

tetracarbonyl[(35CI,37CI)di-//-chloro]dirhodium 

CH3 

(CH2H2)SiH2SiHOH 
2 1 

1,2-(2-2H2)dimethyl-1 -disilanol 
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0CH3 

C6H5PO O-methyl S-(14C)methyl phenylphosphonothioate 

S,4CH3 

15.4 Isotopically Labeled Species 

15.4.1 Specifically Labeled Species 

15.4.1.1 Definitions and Formulas. A specifically labeled species (a species in which 

both the position(s) and the number of each labeling nuclide are defined) is formed 

conceptually by adding a unique isotopically substituted species to the corresponding 

isotopically unmodified species. It is singly labeled when the isotopically substituted 

species has only one isotopically modified atomic position, multiply labeled when the 

isotopically substituted species has isotopic modification of the same element at different 

positions or multiply at the same position, and mixed labeled when the isotopically 

substituted species has more than one kind of isotopically modified element. 

The formula of a specifically labeled species is written in the usual way (see Section 2.4), 

except that the appropriate nuclide symbol(s) and multiplying subscript(s), if any, are 

enclosed in square brackets and substituted for the atomic symbols of the isotopically 

modified element(s). Although the formula for a specifically labeled species does not 

represent the isotopic composition of the bulk material, which is usually overwhelmingly 

that of the isotopically unmodified species, it does indicate the presence of the species 

of chief interest, the isotopically substituted species. 

Examples: The addition of to yields 

H36CI HCI H[36CI] 

H99mTc04 HTc04 H[99mTc]0, 

32PCI3 pci3 [32P]CI3 
Ge2H2F2 GeH2F2 Ge[2H2]F2 

15.4.1.2 Names. The name of a specifically labeled species may be formed by inserting 

the nuclide symbol(s), preceded by any necessary locant(s), in square brackets before the 

name of the corresponding isotopically unmodified species, or preferably before the name 

of the part that is isotopically modified. Immediately after the square brackets there is 

neither space nor hyphen, except that a hyphen is inserted when the name or part of a 

name requires a preceding locant. When it is possible to label more than one equivalent 

atomic position of the same element (e.g., SiH4 has four equivalent H atomic positions), 

the number of atomic positions that have been labeled is always specified as a right 

subscript to the nuclide symbol, even when only one position is labeled. This convention 

is necessary in order to distinguish specific from selective or nonselective labeling (see 

Sections 15.4.2 and 15.4.3). The name of a specifically labeled species differs from that 

of the corresponding isotopically substituted species (see Section 15.3.2) only in the use 

of square brackets instead of parentheses around the nuclide descriptor. 

Examples [(A) indicates singly labeled, (B) multiply labeled, (C) mixed labeled]: 
H[36CI] hydrogen [36CI]chloride (A) 

H[99mTc]04 [99mTc]pertechnetic acid (A) 
hydrogen tetraoxo[99mTc]technetate(1 -) 
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[32P]CI3 

Ge[2H2]F2 

Na2[35S]03S 

Na2S03[35S] 

H0[’80]H 

[15N]H2[2H] 

[13C]0[170] 

[32P]0[18F3] 

H3SiSiH[2H2] 
2 1 

[180]CH3 

H[2H]SiSiH3 
1 2 

H2[10B][2H2]['°B]H2 

[Fe(C0)2([13C]0)2Br2] 

[AI(['3C]H3CO[’3C]HCO[13C]H3)3] 
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[32P]phosphorus trichloride (A) 

difluoro[2H2]germane (B) 

sodium thio[35S]sulfate (A) 

sodium ([35S]thio)sulfate (A) 

hydrogen [180,]peroxide (A) 

pH^^Njammonia (C) 

[13C]carbon [170,]dioxide (C) 

[32P]phosphoryl [18F3]fluoride (C) 

[1,1 -2H2]disilane (B) 

1 -([180]methoxy)[1 -2H1]disilane (C) 

[10B2,(«,//-2FI2]diborane(6) (C) 
[The more complete ...,(1,2-^)- 

(1,2-/i)-... is not needed in naming 
this simple borane.] 

dibromo([13C2]tetracarbonyl)iron (B) 

tris([1,3,5J3C]-2,4-pentanedionato)aluminum (B) 

13.4.2 Selectively Labeled Species 

15.4.2.1 Definitions and Formulas. A selectively labeled species (a species in which 

the atomic position(s), but not necessarily the number, of each labeling nuclide is 

determined) is formed conceptually by adding a mixture of isotopically substituted 

species to the corresponding isotopically unmodified species. A selectively labeled species 

may be considered to be a mixture of specifically labeled species. A selectively labeled 

species is termed multiply labeled when isotopic modification occurs at more than one 

atomic position, either in a set of equivalent atomic positions (example: H in SiH4) or 

at different atomic positions in a molecule (example: B in [B8H8]2-)- It is termed mixed 

labeled when there is more than one labeling nuclide in the species (example: B and C 

in B8C2H10). When there is only one atomic position for any element in a given species, 

only specific labeling {see Section 15.4.1) is possible. 

A unique structural formula cannot be written for a selectively labeled species. Such a 

species may be represented by placing the nuclide symbol(s) preceded by the necessary 

locants, but without multiplying subscripts, enclosed in square brackets directly before 

the formula for the isotopically unmodified species (see Section 2.4). If necessary and 

possible, the insertion may be made before parts of the formula that have an independent 

numbering. Identical locants are not repeated. This method of designating selective 

labeling may also be used with molecular as well as structural formulas. 

Examples: The addition of to yields 

SOCI36CI and S036CI2 

PH22H, PH2H2i and P2H3,1 
or any two of these J 

H210BH210BHCI, H210BH2BHCI, and ) 
H2BH210BHCI, or any two of these] 

H332P04, H332 P03180, 
H332P021802, etc.; and 
H3P03180, H3P021802, etc., 
or any two or more of these 
with 32P in at least one 
and P in a different one, and 
with 180 in at least one 
and only O in a different one. 

SOCI2 [36CI]SOCI2 

PH3 [2H]PH3 

H2BH2BHCI [10B]H2BH2BHCI 

H3P04 [180,32P]H3P04 
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15.4.2.2 Names. The name of a selectively labeled species may be formed by placing 
the nuclide symbol(s), preceded by any necessary locants, in square brackets before the 
name of the isotopically unmodified species, or preferably before the part of the name 
referring to the modified atomic position(s). Identical locants corresponding to atomic 
positions of the same element are not repeated. Immediately after the brackets there is 
neither space nor hyphen, except that a hyphen is inserted when a name or part of a 
name requires a preceding locant. The name of a selectively labeled species differs from 
the name of the corresponding isotopically substituted species in the use of square brackets 
rather than parentheses and in the omission of repeated identical locants and of mul¬ 
tiplying subscripts, except as described in the paragraph that follows the examples. 

Examples: [36CI]SOCI2 

[180]H3P04 

[2H]PH3 

[10B]H2BH2BHCI 

[13C]Fe(CO)5 

[15N]K3[Fe(CN)6] 

[36CI]sulfinyl chloride 
(not [36CI2]sulfinyl chloride) 

[180]phosphoric acid 
(not [1804]phosphoric acid) 

[2H]phosphine or [2H]phosphane 
(not [2H3]phosphine or f2H3] phosphane) 

chloro[10B]diborane(6) 
{not chloro[10B2]diborane(6)} 

[13C]pentacarbonyliron 
(not [13Cs]pentacarbonyliron) 

potassium [15N]hexacyanoferrate(3 -) 
{not potassium [15N6]hexacyanoferrate(3-)} 

A selectively labeled species may be formed by conceptually mixing two or more, but 
not all possible, isotopically substituted species with the corresponding isotopically 
unmodified species. This situation may be designated by adding the number, or the 
possible number, of labeling nuclide(s) for each atomic position as subscripts to the 
nuclide symbol(s) in both the formula (see Section 15.4.2.1) and the name. Two or more 
subscripts referring to the same nuclide symbol are separated by a semicolon. The 
subscript zero is used to indicate that one of the isotopically substituted components is 
not modified at the indicated atomic position. For a multiply or mixed labeled species 
the subscripts are written successively in the same order as the various isotopically 
substituted species are considered. 

Examples: 
The addition of 

H22HSiOSiH2OSiH3 and] 
H2H2SiOSIH2OSIH3 J 

H2H2SiOSiH2OSiH3 and] 
H2H2Si18OSiH2OSiH3J 

H3Si18OSiH2OSiH3 and] 
H2H2SiOSiH2OSiH3 j 

to 

H3SiOSiH2OSiH3 

H3SiOSiH2OSiH3 

H3SiOSiH2OSiH3 

yields 

f [1 -2H1;2]H2SiOSiH2OSiH3 
|[1-2H1:2]trisiloxane 

f [1,1 -2H2;2,2-18O0;1]H3SiOSiH2OSiH3 
] [1,1 -2H2:2,2-18O0:1]trisiloxane 

f [1 -2H0;2,2-18O1:0]H3SiOSiH2OSiH3 
1 [1 -2H0;2,2-18O1 ;0]trisiloxane 

A selectively labeled species in which all atomic positions of a particular element are 
labeled in the same isotopic ratio may be indicated by adding the italicized descriptor 
"unf" (to indicate “uniform” labeling) immediately preceding, without hyphen, the 
nuclide symbol in the isotopic descriptor of the formula or name. The italicized descriptor 
unf may be followed by appropriate locants to indicate uniform labeling at specific 
positions. 
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Examples: [unf3C]Fe(CO)5 [unf 3C]pentacarbonyliron 

Comment: The excess 13C is equally distributed among the carbonyl 
ligands. 

[unf 90Os]Os6(CO)18 [unf 90Os]octadecacarbonylhexaosmium 

Comment: The excess 190Os is equally distributed among all the osmium 
atomic positions. 

[unf 1,5-32Si]CISiH2OSiH2OSiH3 1 -chloro[unf 1,5-32Si]trisiloxane 

Comment: The excess 32Si is equally distributed between the two terminal 
silicon atomic positions. 

A selectively labeled species in which all the atomic positions for a particular element 

are modified isotopically, but not necessarily uniformly, may be indicated by adding 

the italicized descriptor (to indicate general labeling) immediately preceding, 

without hyphen, the nuclide symbol in the isotopic descriptor of the formula or name. 

Examples: [gen13C]Fe(CO)5 [gen13C]pentacarbonyliron 

Comment: The excess 13C is distributed among all the carbonyl 
ligands, but not necessarily uniformly. 

[gen190Os]Os6(CO)18 [gen190Os]octadecacarbonylhexaosmium 

Comment: The excess 190Os is distributed among all the osmium 
atomic positions, but not necessarily uniformly. 

15.4.3 Nonselectively Labeled Species 

A nonselectively labeled species (a species in which neither the atomic position(s) nor 

the number of labeling nuclides is defined) is indicated in the formula and name by 

inserting the nuclide symbol(s), enclosed in square brackets, directly before the usual 

formula or name for the corresponding isotopically unmodified species. No preceding 
locants or subscripts are used. 

Examples: 

[15N]HN3 hydrogen [15N]azide 

Comment: The excess 15N may occur at any of the three nitrogen atomic positions. 

[32P](H0)2P(0)0P(0)(0H)0P(0)(0H)2 [32P]triphosphoric acid 

Comment: The excess 32P may occur at any of the phosphorus atomic positions. 

[180]K4H4Si4012 tetrapotassium tetrahydrogen [180]cyc/o-tetrasilicate 

Comment: The excess 180 may occur at any of the oxygen atomic positions. 

Isotopically labeled nonmolecular materials such as ionic solids and polymeric substances 

in which labeling nuclides may be randomly dispersed throughout a crystal lattice or 

polymeric molecule are considered to be nonselectively labeled and are given formulas 
and names with isotopic indicators appropriate for such labeling. 

Examples: [35CI]NaCI sodium [35CI]chloride 

Comment: The excess 35CI content is distributed randomly among the 
chloride ion sites in the crystalline solid. 

[235U]U02 [235U]uranium(IV) oxide 

Comment: The excess 235U is distributed randomly among the 
uranium(IV) sites. 
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[42K]K4H4Si4012 [42K]tetrapotassium tetrahydrogen cyc/o-tetrasilicate 

Comment: The excess 42K is distributed randomly among the 
potassium ion sites. 

[32P](PNCI2)„ cafena-poly[(dichloro[32P]phosphorus)-//-nitrido] 

Comment: The excess 32P is distributed randomly among the 
phosphorus atomic positions. 

15.4.4 Isotopically Deficient Species 

Commercial products are available in which one or more isotopes of an element (par¬ 

ticularly lithium, boron, carbon, nitrogen, uranium, and the Group 18 elements) have 

been partially or completely removed from a naturally occurring material. These prod¬ 

ucts, therefore, do not have the “natural” isotopic composition for the element in question 

but are “isotopically deficient”. In addition, certain other materials, such as meteorites, 

contain elements deficient in certain isotopes when compared to the so-called “natural” 

isotopic ratios. All of these isotopically deficient species may be designated by inserting 

the italicized morpheme “def\ without a hyphen, immediately in front of the appropriate 

nuclide symbol and inserting the resultant descriptor enclosed in square brackets, without 

hyphens, in front of the formula or appropriate part of the name of the isotopically 

unmodified species. 

Examples: [def10B]H3BO3 [def,0B]boric acid 

Comment: The amount of 10B is less than the 
amount corresponding to the 
“natural” isotopic ratio for boron. 

[beP5U]UF6 [c/eP35U]uranium(VI) fluoride 

Comment: The amount of 235U is less than the 
amount corresponding to the 
“natural” isotopic ratio for uranium. 

15.4.5 Locants 

15 A.5.1 Basic Conventions. The name and numbering of an isotopically modified 

species should, whenever possible, be kept the same as that of the corresponding un¬ 

modified species by using locants for indicating positions of isotopic modification in an 

isotopically modified species that are part of the locant system normally used for the 

numbering of chains, rings, or clusters in the unmodified species. When there is a 

choice between equivalent chains or rings, the preferred chain or ring in the isotopically 

modified species is chosen so that it contains the maximum number of isotopically 

modified atoms or groups. If a choice still remains, precedence is given to the chain or 

ring that contains first a nuclide of higher atomic number and then a nuclide of higher 

mass number. However, extension of the Boughton principles (see Section 15.5) leads 

to assignment of lowest locants to isotopic positions in a “parent structure including 

unsaturation and principal groups, if any, before other considerations.” Examples based 

on this procedure, which sometimes results in names and numbering different from 
those for the unmodified species, are given in Section 15.5. 
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Examples: 

Si2H3 

F3SiSi2HSiF3 
3 2 1 

H 
[2H2]b/ 

H 
\ 

Cl 

H 

HBf^ 
I 

4 J 

,ci 

SiHF2 

F2[2H1]SiSiHSiF3 
3 2 1 

OSiH2[2H1] 

H3Si[,80]SiH[180]SiH2CI 
5 4 3 2 1 

1,1,1,3,3,3-hexafluoro-2-[(2H3)silyl](2-2H1)- 
trisilane 

1 -chloro[2,2-2H2]diborane(6) 

2-chloro[4-11B1]boroxin 

2-(difluorosilyl)-1,1,1,3,3-pentafluoro[3-2H1]- 
trisilane 

{not 2-(difluoro[2H1]silyl-1,1,1,3,3-penta- 
fluorotrisilane; the trisilane chain 
containing 2H is preferred} 

l-chloro-S^pHJsiloxyJ^^-^OjJtrisiloxane 
{not 1 -chloro-3-([180]siloxy)[5-2H1,2-180]- 

trisiloxane; the trisiloxane chain 
containing both 180 atoms is preferred} 

When there is a choice between equivalent numberings in an isotopically unmodified 

species, the starting point and direction of numbering for the corresponding isotopically 

modified species are chosen so as to give the lowest locants to the modified atoms or 

groups considered together as one series in ascending numerical order without regard 

to type of nuclide or mass number. If a choice still remains, preference for lowest locants 

is given first to a nuclide of higher atomic number and then to a nuclide of higher mass 
number. 

Examples: 

[1,1 -2H2,2-15N]hydrazine 
{not [2,2-2H2,1-15N]hydrazine; the locant set 

1,1,2 is preferred to 1,2,2} 

[3-2H1,2-29Si]tetrasilane 
(not [2-2H1,3-29Si]tetrasilane; Si is preferred 

to H) 

[5-10B,3J1B]-1,2,4,3,5-trioxadiborolane 
{not [3-10B,5-11B]-1 ,2,4,3,5-trioxadiborolane; 

"B is preferred to 10B} 

2-([29Si]silyl)[1,1,1 -2H3,3-30Si]disilazane 
{not 2-([29Si]silyl)[3,3,3-2H3,1-30Si]disilazane; 

the locant set 1,1,1,3 is preferred to 1,3,3,3} 
{not 2-([30Si]silyl)[1,1,1-2H3,3-29Si]disilazane; 

30Si is preferred to 29Si as a chain atom} 

15.4.5.2 Additional Conventions. Isotopic modification at a position in a structure 

that is not normally assigned a locant may be indicated by a group symbol [i.e., the 

formula for the group with the nuclide symbol(s) for the isotopically modified atomic 

position(s)} or by attaching the italicized name for the group as a prefix to the nuclide 

symbol. 

H2[,5N]N[2H2] 
2 1 

H3SiSiH[2H,][29Si]H2SiH3 
4 3 2 1 

o 

\« 3/ 
0-["B] 

[29Si]H3 

[2H3]SiN[30Si]H3 
1 2 3 

Examples: H0S02[36S]H [35SH]thiosulfuric acid 
[mercapfo-35S]thiosulfuric acid 
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H03S[180][180]S03H [180180]peroxodisulfuric acid 
[peroxo-1802]peroxodisulfuric acid 

Italicized nuclide symbols, capital italic letters, or both may be used as locants to 

distinguish between different nuclides of the same element. 

Examples: 

P(180)(0CH3)3 

P(0)(0CH3)2[(,80)CH3] 

(H3C[’80])S02(SCH3) 

[Ru(NH3)5(15NuN)]2+ 

0,0,0-trimethyl (^Odphosphate 

0,0,180-trimethyl (180,)phosphate 

180,S-dimethyl [180]thiosulfate 
pentaammine[(14N,15N)dinitrogen-15/\/]ruthenium(2 +) 

15.5 The CA System 

15.5.1 The Boughton System 

Organic compounds labeled with isotopes of hydrogen may be named according to the 

Boughton system (76) by placing the symbol for the isotope (with a subscript numeral 

to indicate the number of isotopic atoms) after the name or after the relevant portion 

of the name. The symbol for 2H (deuterium) is “d” and for 3H (tritium) is No 

locant is needed if the isotopically modified atomic positions are equivalent or are 

completely substituted, but locants are cited if necessary. The locants (except Greek 

letters) and symbols are italicized, and hyphens are used to separate them from one 

another and from the remainder of the name. 

Examples: CH32H 

C3H4 

CH3P2H2 

F3CCH22H 
2 1 

(2H2N)2CO 

methane-d 

methane-f4 

methylphosphine-d2 

2,2,2-trifluoroethane-d 
(not 1,1,1 -trifluoroethane-2-c/; 

ethane-d is the parent) 

urea-d4 

Fully deuterated or tritiated amines, imines, alcohols, phenols, thiols, selenols, and 

tellurols are named similarly, but partially labeled compounds of these classes and 

partially and fully deuterated organic acids have the "d" or symbols placed im¬ 

mediately after the part(s) of the name to which they refer, with locants if necessary. 

This division is not performed with amides or with trivial names such as alanine. 

Examples: 2HON2H2 

2HONH2H 

H3SiN2H2 

2H3SiNH2 

H3CS03CH23H 

hydroxylamine-d3 

hydroxyl-d-amine-d 

silanamine-d2 

silan-d3-amine 

methyl-t methanesulfonate 

The “d” or “t” symbol is placed after the appropriate word in multiword names for 

classes not yet mentioned. In all other cases, including stereoparents, the isotopic symbol 

is cited after the complete name. Conventional locants or italicized words are often 

necessary to indicate the labeled atomic position. Labeled protonated species are indicated 

by terms such as “conjugate monoacid-d'” and “monoprotonated-^”. 



137 15. Isotopically Modified Species 

Examples: C2H3C002H 
H22HCCH2CONH2H 

3 2 1 

acetic-d3 acid-d 

propanamide-/V,3-c/2 

2,4-di(methyl-d2)benzaldehyde-fo/'my/-d 

Some other conventions used in CA index nomenclature for deuterated and tritiated 

organic compounds will now merely be mentioned. When locants are used in the name 

for a parent molecule or side group for unsaturation, hetero atoms, indicated hydrogen, 

spiro or ring-assembly junctions, bridges in fused ring systems, suffixes, or points of 

attachment (in side groups), locants are also cited for the labeled positions, whether or 

not their use would otherwise be necessary. Exceptions are "d" and symbols placed 

after the word “acid” and after the suffixes of amines, imines, alcohols, etc., for which 
locants are seldom employed. 

Enclosing marks are used with the name for a labeled side group if the name is preceded 

by a locant that designates its point of attachment to a parent molecule or to another 

side group. They are not used if the locant designates a position in the side group itself. 

Formal addition of labeled hydrogen to a ring system is indicated by “hydro” substituents 

and the d or t symbol. When there is a choice, labeling is indicated in the name 
of the parent molecule rather than in the name of the side group. 

For examples of the conventions outlined in the preceding three paragraphs, see the CA 
Index Guide (32d). 

15.5.2 Organic Species with Non-Hydrogen Labeling 

Isotopic modification of elements other than hydrogen in organic species is indicated 

by the appropriate symbols. Nomenclature is similar to that described in Section 15.5.1, 

except that the instances in which the isotopic symbol appears within the name are 
restricted to names consisting of more than one word; acids and acid derivatives with 
“carboxylic”, “sulfonic”, etc., names; and conjunctive names. 

Examples: CH3C(,70)(170H) acetic-1702 acid 
CH3C(170)F acetyl-170 fluoride 
C(180)2 carbon dioxide-1802 
H374GeC15N germane-74Ge-carbonitrile-15/V 
C6H514CH214C(0)0H benzeneacetic-carboxy,a-uC2 acid 

H3C—(4 M— 35so3H \ o O / benzene-2-14C-sulfonic-35S acid 
\3 £/ 

\z("C) 

In general, for all other compounds isotopic labeling of a parent species is indicated 
after the name, although a combination of this convention with those for citing labeling 
with hydrogen isotopes is sometimes necessary. Symbols for isotopes of different elements 
that fall together are cited in alphabetical order and separated by hyphens. Labeling of 

side groups is indicated after the individual simple substituent group names. 
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Examples: H22HC,4CH2OH 

CH313C015NH2 
2 1 

CH3C015N2HCH2CH2HCH3 

H214C=rCHCH20 
3 2 1 

COOH 

ethan-2-d-ol-7-14C 

acetamide-7-13C-15/V 

N-(propyl-2-d)acetamide-/V-d-15/V 

4-(2-propenyl-3-14C-oxy)benzoic acid 

Apart from isotopic modification of “hydro” ring species, multiple substituents that are 

identical except for labeling are named separately. Multiplicative nomenclature is not 

employed with unsymmetrically labeled parents. Instead, priority is based first on the 

maximum number of isotopically modified atomic positions and then on the alphabet¬ 

ically earliest isotope symbol. 

Examples: 

(CH3)2(13CH3)2Si dimethyldi(methyl-13C)silane 

35CI37CIC: chloro-35C/-chloro-37C/-methylene 

(CH3)214CHNHC2H(CH3)2 /\/-(1-methylethyl-7-cf)-2-propanamine-2-14C 
[not /V-(1-methylethyl-7-14C)-2-propan-2-d-amine; 

2-propanamine-2-14C is the parent] 

A name containing isotopic symbols is always used for a labeled species, regardless of 

how little of the labeled species is present, so long as its nature is known. When the 

number of labeled atomic positions is unknown, a phrase such as “labeled with deu¬ 

terium” or “labeled with chlorine-37” is added to the name for the isotopically un¬ 

modified species. When two positions have equal degrees of labeling, the presence of 

isomers is indicated by a subscript, cited with the isotope symbol, that has a lower 

numerical value than the number of locants. For example, a 50—50 mixture of 

C6H5mCH2COOH and C6H,CH214COOH, in which the excess 14C is present in two 

different atomic positions, would be named benzeneacetic-c^r^oxy,a- 14C1 acid. 

15.5.3 Inorganic Species 

Procedures similar to those in Sections 15.5.1 and 15.5.2 are used in naming isotopically 

modified inorganic species when the corresponding unmodified species has an unam¬ 

biguous name. Labeled ligands in coordination compounds have the isotopic symbols 

appended to the ligand names, and the modified name is enclosed in parentheses if 

multiplicative prefixes are needed. Labeled hydro ligands are indicated by “d” or “t” 

symbols placed after citation of the hydro set. 

Examples: NH2H3H 

(Si2H3)3P 

2HP(0)(0H)2 

h332po4 

2H2,80 

22Na3P04 

3H35CI 

ammonia-d-f 

tri(silyl-d3)phosphine 

phosphonic-d acid 

phosphoric-32P acid 

water-d2-180 

phosphoric acid tri(sodium-22A/a) salt 
tri(sodium-22/Va) phosphate 

hydrogen-f chlorid e-35CI 
(aqueous solution: hydrochloric-35C/ acid-f) 
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[AI(2H20)6]3+ 

[Co(NH3)5(N2H3)](CI04)3 
H2H2AIN(CH3)2(CH22H) 

hexa(aqua-d2)aluminum(3 +) 

pentaammineammine-d3-cobalt(3 +) perchlorate 

(A/,A/-dimethylmethan-c/-amine)trihydro-c/2-aluminum 

When synonym line formulas are part of the designation for isotopically unmodified 

inorganic species, labeled analogs are identified by substituting isotope symbols for the 

appropriate atomic symbols in the synonym line formulas. Isotopic symbols are cited 

after unlabeled atomic symbols for the same element. Synonym line formulas containing 

isotopic symbols may also be cited for species that do not require synonym line formulas 
for the isotopically unmodified species. 

Examples: 2H2S 

CoFe203180 

Mo(CO)4(13CO)2 

Na235S 

231UCI3 

hydrogen sulfide (D2S) 

cobalt iron oxide (CoFe203180) 
cobalt(ll) diiron(lll) oxide (CoFe203180) 

molybdenum carbonyl (Mo(CO)4(,3CO)2) 
molybdenum hexacarbonyl (Mo(CO)4(13CO)2) 
sodium sulfide (Na235S) 

uranium chloride (231UCI3) 
uranium(lll) chloride (231UCI3) 

Salts of inorganic oxo acids with isotopically modified cations may be identified by terms 

such as strontium-905V salt” and “ammonium-^ salt” if no ratio is employed for the 

unlabeled salt. Otherwise the ratio is replaced by a labeled synonym line formula. Such 

formulas are also needed to indicate unsymmetrical labeling of anions. 

Examples: Phosphoric acid calcium salt (Ca244Ca(P04)2) 

Phosphoric-32P acid calcium salt (Ca3(P04)(32P04)) 

Species with indefinite labeled structures are indicated by modifying the names for the 
unlabeled species with ‘‘labeled with ...” phrases. 

Isotopically modified alloys are indicated by including isotope symbols in the elemental 

composition included in each name (example: aluminum alloy, base, A1 95 , 233U 5). 

Synonym line formulas are cited instead of ratios for intermetallic compounds [example: 
compound of iron with uranium (Fe2235U)}. 

Labeled minerals are indicated by the addition of synonym line formulas that contain 

isotope symbols or phrases such as “labeled with boron-10” or “deuterated hydrate” to 
the name of the unlabeled mineral. 
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Chapter 16 

Stereochemical Relationships 

16.1 Introduction 

Primarily because inorganic stereochemistry can be very complex, the development of 

methods to describe precisely the three-dimensional structures of inorganic species has 

been slow compared to the development of stereochemical nomenclature for organic 

compounds. The realization that atoms could form more than four bonds, leading to 

molecular arrangements other than tetrahedral, was its starting point, but the full scope 

of the subject was not apparent until complete structural determinations became possible. 

Most of the work on inorganic stereochemistry has been done with coordination com¬ 

pounds, so its discussion is usually intimately connected with the study of coordination 

chemistry. The general application of the conventions involved is, however, quite 

straightforward because stereochemistry is based on the number and spatial arrangement 

of bonds formed by a central atom, not the kinds of bonds involved. In order to generalize 

the discussion, it will be presented in terms of side groups, bonding atoms, and bonding 

number in place of the terms ligands, ligating atoms, and coordination number that 

have come to be associated with coordination compounds. 

The relatively simple methods originally used to designate steric relationships in co¬ 

ordination compounds will be discussed first. The possibilities for isomerism as the 

bonding number of the central atom increases, however, quickly become so large that 

these methods are inadequate for distinguishing many individual isomers. For example, 

there are three possible mer-a3 isomers for octahedral [Ma?bcd] in which a, b, c, and d 

are monodentate side groups bonded to the central atom M. It thus becomes necessary 

to be able to designate the geometrical position of each side group attached to a central 

atom. Symbolism for this purpose is discussed in Section 16.3- 

16.2 Simple Geometrical Designations 

16.2.1 General Considerations 

The discussion of spatial relationships in coordination compounds {see Section 5.3.6) 

lays the groundwork for the designation of the geometrical structure of all compounds 

with central atoms other than carbon. The use of simple prefixes to indicate the rela¬ 

tionship of side groups to one another, as pointed out in that discussion, soon becomes 

inadequate for distinguishing among the various isomers possible in more complex 

situations. More comprehensive methods for locating side groups have been introduced 

from time to time, culminating in the procedure codified in the 19*70 IUPAC Inorganic 
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Rules and outlined in Section 16.2.2. This procedure will probably be supplanted by 

the use of the stereochemical descriptors currently used by CAS (32e) and discussed in 

Section 16.3. 

16.2.2 Locants for Side Groups 

The use of simple prefixes as locants (see Section 5.3-6.3) is acceptable if there is no 

ambiguity. The more precise method of assigning a locant to each ligand was first 

accomplished by numbering each vertex of the polyhedron forming the framework for 

the structure. Later, italicized lower-case Roman letters were used for the locants per¬ 

taining to an atomic center to avoid confusion with the use of numbers to designate 

the location of specific atoms in a molecule or ion. 

The procedure in the 1970 IUPAC Inorganic Rules (22u) is as follows: 

7.314—The assignment of locant designators for other configurations around 

a coordination centre is based on locating planes of atoms perpendicular to a 

major axis in each configuration and assigning locants in a fixed manner in 

each successive plane. The actual procedure is: first, locate the highest (and 

longest in case of a choice) order axis of rotational symmetry; second, where 

the axis is not symmetrical, choose that end with a single atom (or smallest 

number of atoms) in the first plane to be numbered; third, locate the first 

plane of atoms (atom) to receive locants; fourth, orient the molecule so that 

the first position to receive a locant in the first plane with more than one 

atom is in the twelve o’clock position; fifth, assign locant designators to the 

axial position or to each coordinating position in the first plane, beginning 

at the 12 o’clock position and moving in a clockwise direction; sixth, from 

the first plane, move to the next position and continue assignments in the 

same manner, always returning to the 12 o’clock position or in the position 

nearest to it clockwise before assigning any locants in that plane; seventh, 

continue this operation until all positions are assigned. 

Examples: 
a 

The names in the examples that follow illustrate the use of letter locants. Equally 

acceptable names may be generated by the procedures of Chapter 5 and of Section 16.3. 

In the older literature the locants may be 1, 2, 3, ..., instead of a, b, c, _ 

i\ / 
: Pt 

;/ \ 
[ HjN. .Cl J 

jh3 - 

Cl—- .NH, 

i\ / 
: Cr 

!/ \ 
H3N. .nh3 

( ;i 

ac-diammine-hcf-dichloroplatinum 

ahccf-tetraammine-ehdichlorochromium(1 +) 
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NH, 

SCN- 

SCN- 

\ 
I 

/ 
Cr 
/ 

\ 

•NCS 

-NCS 

NH, 

Cl 

H,C' 

H,C 
\ 

\ 
/ 

Co 

N- 
H2 

/ 
) 

\ 

'CH, 

,CH, 

Cl 

aFdiammine-hccte-tetrakis(thiocyanato- 
k/\/)chromate(1 -) 

af-dichloro-bc,he-bis(1,2-ethanediamine- 
k2/V,A/')cobalt(1 +) 

This system (22u) also included a method for indicating the geometrical configuration 

for each coordination number. For example, the two coordination number 5 configu¬ 

rations, the trigonal bipyramid and the square pyramid, were designated 3 A and 3B, 

respectively, and the octahedron was designated 6A. These arbitrary descriptors have 

not been generally adopted. Furthermore, the use of only the clockwise direction for 

locants, which does not allow the names for enantiomers to have the same locants but 

different descriptors, has also contributed to the failure of this system to be widely 
accepted. 

16.3 Complete Stereochemical Descriptors 

16.3.1 General Discussion 

A stereonotation system developed by Brown, Cook, and Sloan (77) for use in the CAS 

chemical registry system and in CA index nomenclature may be used to designate the 

stereochemistry of the side groups around central atoms with bonding numbers from 2 

to 9. It defines the geometrical arrangement of the side groups around the central atom, 

the relative geometric distribution of side groups within the structure, the chirality 

associated with the central atom, and the chirality associated with the side groups by 

means of a four-part descriptor. The four parts of the descriptor are given in the CA 

Index Guide (32e) as follows: 

► a symbol indicating overall geometry called a “symmetry site term”, which is called 

a “polyhedral symbol” in the 1990 IUPAC Inorganic Rules (30) 

► a symbol called a “configuration number” indicating the arrangement of the side 

groups on each axis and plane of the polyhedron 

► a symbol indicating the chirality associated with the central atom called a “chirality 

symbol” 

► a symbol indicating the stereochemistry of each side group, when applicable, called 

the “ligand segment” 

These four parts are enclosed in parentheses and separated from each other by hyphens 

to form the descriptor, which is affixed to the name of the species as a prefix separated 

by a hyphen. Examples are given in Section 16.4. 

16.3.2 Symmetry Site Terms 

Symmetry site terms consist of italicized one- to three-letter abbreviations describing 

the geometry, connected by a hyphen to an arabic numeral giving the bonding number 
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of the central atom. The symmetry site terms for the common geometrical configurations 

based on bonding numbers from 2 to 9 are included as part of the various entries in 

Chart A. 2. 

16.3.3 Configuration Numbers with Monodentate Ligands 

The configuration number, which is a shorthand notation for locating the side groups, 

is based on the order of seniority of the side groups as determined by using the CIP 

sequence rule (35). This ranking of the side groups depends first on the descending 

order of atomic number of the atoms directly attached to the central atom and then on 

the descending order of atomic mass number. Succeeding criteria involve stereochemical 

configurations in the side groups. The side groups are ranked by comparing them at 

each step in bond-by-bond exploration along the successive bonds of each side group 

by exhausting each criterion in turn until total ordering is achieved. When there is 

branching, atoms are compared in order of decreasing precedence of their paths. 

The need for and meaning of a configuration number depend upon the site symmetry. 

Stereoisomerism is generally limited to geometrical differences for bonding numbers of 

2 and 3. Thus the two side groups in a species with the bonding number of 2 can be 

on opposite sides of the central atom (linear) or they can form an angle of less than 180° 

with the central atom (angular). These two possibilities have been given the symmetry 

site terms L-2 and A-2, respectively. Configuration numbers are not needed for these 

species because neither of them can exist in isomeric forms dependent on the geometry 

around the central atom. The same situation prevails for the two geometrical configu¬ 

rations for species with a bonding number of 3, triangular (or planar) designated TP-3 

and the so-called pyramidal designated TPY-3, and for one of the two configurations 

for species with a bonding number of 4, tetrahedral, designated T-4. 

Geometrical isomerism is possible with the other configuration for a bonding number 

of 4, square (see Section 5.3.6.1 for a comment on “square planar”), designated SP-4, 

so its symmetry site term requires a configuration number to eliminate ambiguity. Up 

to three isomers are possible for a square configuration. They may be distinguished by 

citing the seniority ranking number of the bonding atom diagonally opposite the most 

senior bonding atom, which is considered to rank first, as the configuration number; 
for example, 

1—3 
M 

4-2 

has the configuration number 2 if the four side groups have the order of seniority shown. 

Because a planar structure cannot exhibit chirality, the complete stereochemical de¬ 

scriptor for such a configuration is (SP-4-2)-. The two isomers of this structure are 

designated (SP-4-3)- and (SP-4-4)-. These descriptors are to be used as prefixes in naming 
species with the respective patterns of bonding. 

There are also two common configurations for species with a bonding number of 5. One 

is a trigonal bipyramidal arrangement of the side groups about the central atom, given 

the symbol TB-5. The configuration number is a two-digit number consisting of the 

seniority ranking numbers for the bonding atoms at the ends of the major axis cited in 
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descending order of priority. Thus, 

has the configuration number 35, if the order of seniority of the side groups is as shown. 

The nine isomers of this structure have the configuration numbers 12, 13, 14, 15, 23, 

24, 25, 34, and 45. The stereochemical descriptors of the form (TB-5-35)- may be 

incomplete because the structure may be chiral. The designation of chirality is discussed 
in Section 16.3.6. 

The second structure with a bonding number of 5 is square pyramidal and has the 

symmetry site term SP-5. The first digit of the two-digit configuration number for the 

distribution of side groups in the SP-5 symmetry is the seniority ranking number for 

the bonding atom on the principal axis. The second digit is the seniority ranking number 

for the bonding atom diagonally opposite the most senior bonding atom in the square 
base of the pyramid. For example, the configuration number for 

is 34, if the seniority ranking for the side groups is as shown. There are 14 isomers of 

this structure with configuration numbers such as 13, 15, 23, 24, 25, 32, 43, and 51. 
Chirality is also possible for this structure, so that stereochemical descriptors of the form 

(5T>-5-34)- may be incomplete if chirality needs to be specified (see Section 16.3.6). 

Most species with a bonding number of 6 have an octahedral configuration about the 

central atom, although some have a trigonal prismatic configuration. The configuration 

number for an octahedral configuration consists of two digits. The first digit is the 

seniority ranking number of the bonding atom opposite the most senior bonding atom, 

and the second is the seniority ranking number of the bonding atom opposite the senior 

bonding atom in the plane perpendicular to the axis through M and the most senior 

bonding atom. These two digits are sufficient to specify the geometrical distribution of 

the side groups about the central atom, but chirality is again a possibility that may 

have to be designated if present. The octahedral structure 

i 

6 

has the configuration number 64, if the order of seniority of its side groups is as shown. 

The partial stereochemical descriptor, including the symmetry site term and the con¬ 

figuration number, is then (OC-6-64)- for this distribution of side groups. There are 

14 other possible distributions, among them those with configuration numbers of 63, 

65, 53, 54, 56, 43, 45, and 46. 
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The less commonly encountered structure with a bonding number of 6, trigonal pris¬ 

matic, has the symmetry site term TP-6. Configuration numbers for the distribution 

of bonding atoms in this symmetry are obtained by citing the seniority ranking numbers 

of the three bonding atoms in the triangular face opposite the preferred triangular face 

(i.e., the triangular face containing the maximum number of bonding atoms of highest 

seniority). These numbers are cited to correspond to the ascending numerical order of 

the seniority ranking numbers of the eclipsing bonding atoms in the preferred face. 

Thus, for the trigonal prismatic arrangement of the side groups 

the configuration number would be 456, if the order of seniority is as shown. The 

resulting partial descriptor may still require a designation of chirality. Configuration 

numbers for some of the 59 possible isomers of this structure are 465, 654, 265, and 

165. 

The stereochemical descriptors for species with bonding numbers of 7, 8, and 9 are 

derived starting with the following symmetry site terms for the geometrical arrangements 

indicated: 

PB-7 pentagonal bipyramidal 
OCF- 7 mono(face-capped) octahedral 
TPS-7 mono(square-face-capped) trigonal prismatic 
CU-8 cubic 
SA-8 square antiprismatic 
DD-8 dodecahedral 
HB-8 hexagonal bipyramidal 
OCT-8 frans-bicapped octahedral 
TPT-8 bis(triangular-face-capped) trigonal prismatic 
TPS-8 bis(square-face-capped) trigonal prismatic 
TPS-9 tris(square-face-capped) trigonal prismatic 
HB-9 heptagonal bipyramidal 

The configuration number is then assigned by orienting the model structure with the 

highest order axis in the vertical plane and viewing it from the more senior bonding 

atom on the highest order axis or from a point on the highest order axis above the more 

preferred terminal (or end) plane perpendicular to this axis. The more preferred terminal 

(or end) plane is the end plane that, first, contains the greatest number of bonding 

atoms; second, contains the greatest number of highest seniority bonding atoms; or, 

third, is adjacent to a plane containing the greatest number of highest seniority bonding 
atoms. 

The configuration numbers for those model structures with bonding atoms on the highest 

order axis (i.e., PB-7, OCF-7, TPS-7, HB-8, OCT-8, TPT-8, and HB-9) begin with 

the seniority ranking number(s) for the two bonding atoms on the highest order axis 

in lowest-numerical-order sequence. These digits are separated from the remainder of 

the configuration number by a hyphen. The remaining portion of the configuration 
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number is derived by 

^ viewing the structure from the more senior bonding atom on the highest order axis 

or from the axial bonding atom located above the preferred plane, 

^ citing the seniority ranking number of the most senior bonding atom in the plane 
adjacent to that atom, and 

^ continuing to cite the seniority ranking numbers of the bonding atoms in sequence 

as they are encountered in the projection of the model structure, alternating between 

planes as necessary, in the direction that gives the lower numerical sequence. 

When a bonding atom eclipses one or more bonding atoms in the projection of the 

model structure, all are cited, with the ranking number for the atom in the first plane 

preceding the ranking number(s) of the eclipsed atom(s), before continuing on to citation 

of the next bonding atom in the projection. For species in which clockwise and coun¬ 

terclockwise citations give two different configuration numbers (generally chiral species), 

the correct number is the one with the lower digit at the first point of difference. Thus 
the hexagonal bipyramidal structure 

< M N 

with the order of seniority of side groups as shown has the configuration number 45- 

132678 and the partial stereochemical descriptor HB-8-45-132678. 

The remaining five configurations (i.e., CU-8, 571-8, DD-8, TPS-8, and TPS-9), which 

do not have a bonding atom on the highest order axis, do not have a distinct portion 

of the configuration number set off by a hyphen. These model structures are viewed 

from a point on the highest order symmetry axis above the preferred terminal plane. 

The configuration number is derived by citing first the seniority ranking number of the 

most senior bonding atom in the preferred terminal plane and then citing the seniority 

ranking number of the atom(s), if any, that it eclipses. The seniority ranking numbers 

of the remaining bonding atoms are then cited in order as they are encountered by 

proceeding either clockwise or counterclockwise around the projection of the model 

structure, alternating between planes as necessary and citing eclipsed bonding atoms 

immediately after the bonding atoms eclipsing them. Again, the correct configuration 

number is the one with the lower digit at the first point of difference when citation in 

clockwise and counterclockwise directions gives different results. For example, the cubic 
structure 

/I / 
1 M 

7 — / 

with the order of seniority of the side groups shown has the configuration number 

15372468 and the partial stereochemical descriptor CU-8-15372468. 

Chart A.2 gives typical stereochemical descriptors, which perforce contain examples of 

configuration numbers associated with each symmetry site term. 
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16.3.4 Equivalent Monodentate Side Groups 

In many species several side groups are identical and will consequently be assigned the 

same (or degenerate) seniority ranking numbers. In order to use such ranking numbers 

and still have an unambiguous stereochemical descriptor, it is necessary to introduce an 

additional convention called “the trans maximum difference rule”, which is applicable 

to bonding numbers 4 through 6. This rule may be stated in the following way. Whenever 

a choice exists in distinguishing between constitutionally equivalent bonding atoms, 

preference is given to the bonding atom trans to the least senior bonding atom (the 

bonding atom with the highest seniority ranking number). For example, in octahedral 

Ma2b2c2, if the seniority ranking of the side groups is a > b > c, the seniority ranking 

numbers are 1, 1, 2, 2, 3, and 3. The most senior side group chosen to be on the 

fourfold axis would be the “a” opposite “c”, not the “a” opposite “b”, in the isomers 

offering such a choice, and the partial descriptor would be (OC-6-32)-, not (OC-6-23)-. 

Unique configuration numbers of no more than three digits result from the use of this 

rule. 

16.3.5 Polydentate Ligands 

Seniority ranking numbers are assigned to the bonding atoms of polydentate side groups 

in the same way as for monodentate side groups. When there are two or more equivalent 

bidentate or tridentate side groups, their seniority ranking numbers are distinguished 

by primes, double primes, etc. In the cases of symmetrical quadridentate, quinqueden- 

tate, and sexidentate side groups, equivalent bonding atoms are distinguished by priming 

bonding atom priority numbers in half of the ligand, thereby reducing the polydentate 

side group to groupings of equivalent bidentate or tridentate side groups. An unprimed 

bonding atom is senior to an equivalent primed atom, which in turn is senior to an 

equivalent double-primed bonding atom, etc. (i.e., the seniority ranking number n is 

preferred to n). Primes are ignored, however, when the bonding atoms are not equivalent 

(e.g., the seniority ranking number 2' is preferred to 3). 

16.3.6 Chirality Descriptors 

Three different sets of symbols are employed to designate the chirality of a structure. 

Although these symbols all convey essentially the same information (R, C, and A indicate 

right-handed or clockwise; S, A, and A indicate left-handed or counterclockwise), the 

principles defining right- and left-handed are different for each set of symbols. There 

is consequently no exact translation of R to C or C to A, and the three different sets of 
symbols have been retained. 

The chirality symbols R for a right-handed path and S for a left-handed path are used 

for tetrahedral bonding patterns for other elements in the same way that they are used 

in organic chemistry for tetrahedral carbon centers (35). The model structure is oriented 

so that the face toward the viewer is opposite the bonding atom with the lowest seniority. 

When the seniority ranking sequence of the three facial bonding atoms is clockwise, 

the chirality symbol is R; when counterclockwise, 5'. If the seniority ranking of the side 

groups for the tetrahedral species Mabcd is a > b > c > d, the designations for the 
faces opposite d, that is, 

a 

\/ 
c 

b 

V and 
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become R and S, respectively. The same descriptors are used for chiral centers with a 

bonding number of 3 with the so-called pyramidal structure. The pyramid is oriented 

so that the basal plane of the pyramid faces toward the viewer, with the central atom 
behind (or below) it. 

The chirality of any octahedral species with two bidentate side groups in a “cis” rela¬ 

tionship may be indicated by A or A, descriptors that can be related to right- and left- 

handed helixes, respectively (22v). To assign these descriptors it is necessary to relate 

two skew lines that are not orthogonal to each other to the edges of an octahedron. Two 

skew lines have one and only one normal in common. The projection of one line onto 
the other viewed along this common normal is either 

where AA lies below BB. The two edges of an octahedron occupied by bidentate side 

groups in a cis relationship can be viewed as having the same relationship, that is, 

b B 

A-|-A A —|—A 

I m | and | m I 
c—B B—c 

d d 

in which AA and BB represent bidentate side groups that correspond, respectively, to 

the two skew-line projections just shown. The relationship illustrated by the sketches 

on the left, in which the direction from the lower line through the acute angle to the 

upper line in the projection is clockwise, is designated A. The relationship illustrated 

by the sketches on the right, in which the direction from the lower line through the 

acute angle to the upper line is counterclockwise, is then A. The descriptor derived for 

a given configuration is the same regardless of which bidentate ligand is chosen to define 

the bottom line, so seniority does not have to be established. 

The chirality symbols used to denote absolute stereochemistry in all other inorganic 

structures are C for clockwise and A for counterclockwise. (A is derived from the less 

common term anticlockwise, which is used sometimes instead of the more familiar 

counterclockwise.) The structure is viewed either from the bonding atom of highest 

seniority on a major symmetry axis or from a point on a major axis above the preferred 

facial plane of the structure (see Section 16.3.3). As the projection is viewed from this 

point, the symbol C is used to signify that the direction from the most senior bonding 

atom to the more senior of the two bonding atoms adjacent to it in the projection is 

clockwise, ignoring any eclipsed atoms. Should the two neighboring atoms be equivalent, 

the next nearer bonding atoms are compared, etc., until a decision can be made. The 

symbol A signifies that the direction as described is counterclockwise. 

Although the chirality associated with a side-group atom may be indicated in the side- 

group portion of the name, its indication in a fourth part of the stereochemical descriptor 

for the structure is preferred (34q). When more than one side group exhibits chirality, 

the chirality symbol(s) and/or term(s) for each are enclosed in separate sets of parentheses 

and cited in the order in which the side groups are cited in the name. 
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16.4 Examples 

The development of names giving the complete stereochemical structures for a number 

of different species from their structural formulas (with the aid of planar projections 

where appropriate) follow. Unenclosed atomic symbols in the projections correspond to 

atoms in the plane of the paper. Symbols enclosed in one set of parentheses correspond 

to atoms lying beneath the plane of the paper, those enclosed in double sets of parentheses 

to atoms lying lower than those enclosed in one set, etc. Symbols enclosed in square 

brackets correspond to atoms lying above the plane of the paper. An enclosed atomic 

symbol touching another atomic symbol indicates that the atom in question lies directly 

below or above the other atom. Basic stereochemical descriptors for known structures 

with bonding numbers from 2 to 9 are listed in Chart A.2. 

Species Name 

— Au-CI (L-2)-chloro(pyridine)gold(l) 

Comment: Only the symmetry site term is required for a complete description of the structure. 

Species Name 

Cl 
/ (/A-2)-sulfur dichloride 

ci—s 

Comment: Only the symmetry site term is required for a complete description of the structure. 

Species 

H 
\ 

Cl—P 
/ 

Br 

Comments: The trigonal pyramid is oriented so that the side groups are in the plane of the paper and the 
central atom is beneath it. The direction in the projection is counterclockwise from Br, the most 
senior bonding atom, to Cl, the next most senior bonding atom. 

Projection Name 

H 

(P)-CI 
/ 

Br ■ 

(7PY-3-S)-bromochloro- 
phosphine 

Species Projection 

F F 
/ / 

H —Ge-CI Cl—(Ge)((H)) 
'• V ' 

Br x— Br 

Comments: The order of seniority is Br > Cl > F > H. The tetrahedron is oriented so that H, the least senior 
bonding atom, lies below the plane of the paper, where it is eclipsed by the Ge in the projection. 
The direction in the projection is clockwise from Br, the most senior bonding atom, to Cl, the next 
most senior bonding atom. 

Name 

(7-4-P)-bromochloro- 
fluorogermane 

Species Projection8 Name 

xo (C6h5)3p 
l s 

OC —Fa. 
I '‘CO 

(C6H5)3P 

c 
/ 

C [P]Fe( P) 

C 

(78-5-11 )-tricarbonylbis(tri- 
phenylphosphine)iron 

Comments: The order of seniority is P > C. The trigonal bipyramid is viewed from either axial bonding atom 
(P). The top P eclipses the Fe, which in turn eclipses the bottom P, in the projection. There is no 
chirality because the side groups in the equatorial plane are equivalent. 

“Projection shows central and bonding atoms only. 
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Species 

h2 h2 
c—c 
/u M' ' f'U / "2' 

U.M_ \ Y 2 

l\ 

o'"'- 

”‘:nh2 

X: 1 
r CH2 

\!./ 
—-N 

h2 

Projection6 Name 

A-dichlorobis(1,2-ethane- 
diamine-/V,A/')chromium(1 + ) 

Comment: The direction from the lower edge through the acute angle to the upper edge is clockwise. 
6Only the bidentate ligands (represented by N.N and N'-N') are shown. 

Species 

no2 

h3n. .NO, 

V 

H,N- 

Co 

/ \ 

T 
NH, 

NO, 

Projection0 

N--N 

(N]Co(N*) 

N^-N 

Name 

(OC-6-22)-triamminetri- 
nitrocobalt(lll) 

Comments: The order of seniority is N > N*. The octahedron is oriented so that it is viewed from N02. The N 
of this N02 eclipses the Co, which in turn eclipses the N of an NH3. The structure does not 
exhibit chirality. This isomer is also known as the fac isomer. The mer isomer would have the 
descriptor (OC-6-12). 

°N represents N02 and N* represents NH3. 

Species Projection6 Name 

co 

Br- 
\ 

Cl 

(C2h5)3p 

Fe 

/ \ 
P(C2H5)3 

N(CH3)3 

[Br]Fo(P) 

P-C 

(OC-6-33-/\)-bromo- 
(carbonyl)chlorobis- 
(triethylphosphine)- 
(trimethylamine)iron 

Comments: The order of seniority is Br > Cl > P > N > C. The octahedron is viewed from the Br, the most 
senior bonding atom. The Br eclipses the Fe, which in turn eclipses a P. The direction in the 
projection is counterclockwise from Cl, the most senior bonding atom in the plane, to N, its next 
most senior neighbor. 

‘'Only the central and bonding atoms are shown. 

Species Projection® Name 

H,C, 

O 

/C^o* 

\H 
N- 

H2C 

H,CV 

\ 
—-O 

/ 

'N 

Co 

/ \ 

f 
HzC\ -O* 

L- O 

'CO 

I 
-CO 

(OC-6-33-C)-{A/, A/'-l ,2- 
ethanediyl[bis(glycinato)]- 
(2 - )}[oxalato(2 - )]- 
cobaltate(1 -) 

Comments: The order of seniority is O > O* > N. The octahedron is oriented so that it is viewed from an O. 
That O eclipses the Co, which in turn eclipses an N. Half the quadridentate side group is primed 
for ordering purposes. The direction in the projection is then clockwise from the O, the most 
senior bonding atom in the plane, to the unprimed O*, the next most senior. 

®Only the central and bonding atoms are shown. O is from oxalate; 0* is from glycinate. 
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Species Projection' 

o -i 

o 

Name 

(7P-6-11 '1")-tris[(2,2'- 
oxydiacetato)(2-)- 
01,01']holmate(3-) 

Comments: The bonding O atoms of the bidentate side groups are primed for ordering purposes. The trigonal 
prism is viewed from a point on its threefold axis looking from above toward either one of the 
identical triangular faces. One bonding O atom from each side group eclipses the other bonding 
0 atom from the same side group. The direction in the projection is from O, the most senior 
bonding atom, to O', which is more senior than O". The eclipsed atom has no effect on the 
choice of direction. There is no chirality. 

'Only the central and bonding atoms are shown. The bonding atoms of the three bidentate ligands are differentiated by 

priming. 

Species 

F 12- 

Cl- 

F...—-ATrTH 
\.V' 

--.Cl 

Projection Name 

Cl-F 

C i i 
((F))-[F]fTa)-((CI)) 

F-F 

(TPS-7-2-122212-A)- 
dichloropentafluoro- 
tantalate(2-) 

Comments: The order of seniority is Cl > F. The mono-square-face-capped trigonal prism is viewed from the 
F that is on the twofold axis and eclipses the Ta. The direction is counterclockwise from the Cl, 
the more senior atom in the top square face, toward the F in the lower plane of side groups in 
the projection. The alternate stereochemical descriptor (TPS-7-2-121222-C)-, which has a lower 
configuration number, is not preferred because the stipulation “alternating between planes where 
necessary” (77b) is interpreted to mean that moving in the direction that leads to the alternation 
of planes takes precedence over moving in the direction that yields the lower configuration 
number. 

Species 

Ph 
CH3 'c-tt.ch 

1 
..O' ..-LC-CHa 

Hcr 
Ph ,n;\ I /% 

C — o.-i-Eu--( 
Ph 

_ * r\- • 1 
h3c^c^- c 

I 
ch3 

Ph 
HC C\ 

Projection9 Name 

((0*~)) «cT')) 

«o*")) 

(S/A-8-121 '2'1 "2"1 '"2'"-C)- 
tetrakis(1-phenyl-1,3- 
butanedionato- 
0,0')europate(1 -) 

Comments: The order of seniority is O > O*. The square antiprism is viewed from a point on its fourfold axis 
looking from above toward the square face formed by the four O atoms, which with their associ¬ 
ated O* atoms are distinguished for ordering purposes by priming, etc. The direction in the pro¬ 
jection is clockwise from O, the most senior atom in the top plane, to ((O*)), which is more senior 
than ((O*'")). 

90nly the central and bonding atoms are shown. 0 represents the 0 on the C next to the C6H5; O* represents the O on the 
C next to the CH3. 
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Species Projection'1 Name 

((Br))/A((N)) 
/ ) \ 
Cl-o 

((F)) 

(OCT-8-55-112346-/4)- 
ammineaquadibromo- 
chlorofluorodioxouranate(1 -) 

Comments: The order of seniority is Br > Cl > F > O > O* > N. The frans-bicapped octahedron is viewed 
from the O* above the plane containing the more senior atoms Br, Cl, and O (in preference to Br, 
F, and N). The direction in the projection is counterclockwise from Br, the most senior atom in the 
top plane, to ((Br)), which is more senior than ((N)). 

hO represents an O of H20, M* represents [0*]U(0*) if O* is the O bonded to U, and N represents NH3. 

Species Projection' Name 

(O**) 

n—((cr*))-cr 

(Sr) 

0***-((Cf**))-0 

(?*) 

(7PS-8-13445244-4)- 
tetraaqua[2,4,5,6(1 H,3H)- 
pyrimidinetetrone-5-oximato- 
A/5,04] [2,4,5,6 (1 H,3H)- 
pyrimidinetetrone-5-oximato- 
04,05]strontium 

Comments: The order of seniority is O > O** > O* > O*** > N. The bis(square-face-capped) trigonal prism 
is viewed from the twofold axis toward the uncapped square face. The direction in the projection 
is counterclockwise from O, the most senior bonding atom in the top plane to (0*), which is more 
senior than ((O***)). 

'Only the bonding atoms are shown. O represents the O of the =N0 and 0* the bonding =0 in the 0,0-bonded C4H2N304; 
O** represents the bonding =0 in the N,0-bonded C4H2N304; and O*** represents O in H20. 

Species Projection' Name 

0"((0*))—0'((0W)) 

(O') 

(TPS-9-1211 '21' 1 "21 "-C )- 
tris(1,2-dihydro-1,5-methyl-2- 
phenyl-3H-pyrazol-3-one-0)tris- 
(nitrato-0,0')neodymium 

Comments: The order of seniority is O > O*. Bidentate N03 side groups are primed, etc., for ordering pur¬ 
poses. The tris(square-face-capped) triangular prism is viewed from the threefold axis toward the 
triangular face formed by one O from each N03. Each facial O (N03) eclipses an O* (CnH^NsO). 
The direction in the projection is clockwise from O, the most senior bonding atom in the top plane 
to (O), which is more senior than (O"). The eclipsed atom does not affect the choice of direction. 

/Only the central and bonding atoms are shown. O represents the 0 in N03, and O* represents an O in CnH^NA 
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Table A.I. Names, Stems, Symbols, and Atomic Numbers for the 
 Chemical Elements 

Name Symbol 
Atomic 
Number 

Actin-ium Ac 89 
Al/umin-um Al 13 
Americ/i-um Am 95 
Antimon-y (Stib-ium) Sb 51 
Argon- Ar 18 
Ars/en/i-c As 33 
Astat-ine At 85 

Bar-ium Ba 56 
Berkel-ium Bk 97 
Beryll-ium Be 4 
Bism/uth- Bi 83 
Bor-on B 5 
Brom-ine Br 35 

Cadm-ium Cd 48 
Calc/i-um Ca 20 
Californ-ium Cf 98 
Carb/on- C 6 
Cer-ium Ce 58 
Ces-ium Cs 55 
Chlor-ine Cl 17 
Chrom-ium Cr 24 
Cobalt- Co 27 
Copper (Cupr-um) Cu 29 
Cur-ium Cm 96 

Dyspros-ium Dy 66 

Einstein-ium Es 99 
Erb-ium Er 68 
Europ-ium Eu 63 

Ferm-ium Fm 100 
Fluor-ine F 9 
Franc/i-um Fr 87 

Gadolin-ium Gd 64 
Gall-ium Ga 31 
Germ/an-ium Ge 32 
Gold (Aur-um) Au 79 

Hafn-ium Hf 72 
Hel-ium He 2 
Holm-ium Ho 67 
Hydr-ogen H 1 

Deuter-ium D 
Trit-ium T 

Ind-ium In 49 
lod-ine 1 53 
Irid-ium Ir 77 
Iron (Ferr-um) Fe 26 

Krypt-on Kr 36 

Lanthan-um La 57 
Lawrenc/i-um Lr 103 
Lead (Plumb-um) Pb 82 

Continued on next page. 
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Table A.I.—Continued 

Name Symbol 
Atomic 
Number 

Lith-ium Li 3 

Lutet-ium Lu 71 

Magnes-ium Mg 12 

Mangan-ese Mn 25 
Mendelev-ium Md 101 
Mercur-y (Hydrargyrum) Hg 80 
Molybd/en-um Mo 42 

Neodym-ium Nd 60 
Neon- Ne 10 
Neptun-ium Np 93 
Nickel- Ni 28 
Niob-ium Nb 41 
Nitr-ogen N 7 
Nobel-ium No 102 

Osm-ium Os 76 
Ox-ygen 0 8 

Pallad-ium Pd 46 
Phosph/or-us P 15 
Platin-um Pt 78 
Pluton-ium Pu 94 
Pol/on-ium Po 84 
Potass-ium (Kal-ium) K 19 
Praseodym-ium Pr 59 
Prometh-ium Pm 61 
Protactin-ium Pa 91 

Rad-ium Ra 88 
Radon- Rn 86 
Rhen-ium Re 75 
Rhod-ium Rh 45 
Rubid-ium Rb 37 
Ruthen-ium Ru 44 

Samar-ium Sm 62 
Scand-ium Sc 21 
Sel/en/i-um Se 34 
Sil/ic-on Si 14 
Silver (Argent-um) Ag 47 
Sod-ium (Natr-ium) Na 11 
Stront-ium Sr 38 
Sulf/ur- (Thi-on) S 16 

Tantal-um Ta 73 
Technet-ium Tc 43 
Tell/ur-ium Te 52 
Terb-ium Tb 65 
Thall-ium Tl 81 
Thor-ium Th 90 
Thul-ium Tm 69 
Tin (Stann-um) Sn 50 
Titan-ium Ti 22 
Tungst/en- (Wolfram-) W 74 

Unnilenn-ium Une 109 
Unnilhex-ium Unh 106 
Unniloct-ium Uno 108 
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Table A.I.—Continued 

Name Symbol 
Atomic 
Number 

Unnilpent-ium Unp 105 
Unnilquad-ium Unq 104 
Unnilsept-ium Uns 107 
Uran-ium U 92 

Vanad-ium V 23 

Xen/on- Xe 54 

Ytterb-ium Yb 70 
Yttr-ium Y 39 

Zinc- Zn 30 
Zircon-ium Zr 40 
Note: The end of the longest stem for an element is indicated by a hyphen. A slash 
indicates the end of an alternate stem. If there is no hyphen within or at the end of 
the name for an element, that name is not used for the stem of that particular element. 

Proposed Names Not Accepted 
(Accepted Name in Parentheses) 

Alabamine (Astatine) 
Celtium (Hafnium) 
Columbium (Niobium) 
Florentium (Promethium) 
Glucinium (Beryllium) 
Illinium (Promethium) 
Masurium (Technetium) 
Virginium (Francium) 

Proposed Names Still the 
Subject of Controversy 

(Systematic Name in Parentheses) 

Hahnium (Unnilpentium) 
Kurchatovium (Unnilquadium) 
Nielsbohrium (Unnilpentium) 
Rutherfordium (Unnilquadium) 
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Table A.II. Numerical Terms Used as Multiplicative Prefixes 

Number Type 1 Type 2 Type 3 
Number 
(contd.) 

Type 1 
(contd.) 

1 mono3 13 trideca 
2 di bis bi etc. 
3 tri tris ter 20 icosab 
4 tetra tetrakis quater 21 henicosa6 
5 penta pentakis quinque 22 docosa 
6 hexa hexakis sexi 23 tricosa 
7 hepta etc. septi etc. 
8 octa octi 30 triaconta 
9 nona novi 31 hentriaconta 

10 deca deci etc. 
11 undeca undeci 40 tetraconta 
12 dodeca etc. 

100 hecta 
101 henhecta 

etc. 

Note: See refs. 32f and 78 for expanded listings. Types 1, 2, and 3 are defined in Section 2.2.3. 

aThe prefix mono is usually omitted except for emphasis or when confusion might arise from its absence. 

bThis spelling, as given in the 1970 IUPAC Inorganic Rules as an alternative to (hen)eicosa (22w), 
was also included in the 1979 edition of the IUPAC Organic Nomenclature Rules (34r). CAS, however, 
still retains the spelling (hen)eicosa. 
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Table A.III. Descriptor Terms 

Term Meaning 

A 

aci 

alio 

anello 

anhydro 

antiprismo 

arachno 

asym (as) 

C 

canasto 

catena/ca\ena 

counterclockwise sequence in chiral structure 
acid form 

closely related to 

see boron hydrides (Section 11.3.3) 

abstraction of water 

eight atoms bound into a square antiprism 

see boron hydrides (Section 11.3.3) 

asymmetrical structure 

clockwise sequence in chiral structure 

see boron hydrides (Section 11.3.3) 

chain structure (not part of parent name when 
italicized); linear polymer 

cis two groups occupying adjacent positions of a plane (on 
same side) or polyhedron 

closo 

commo 

cyclol cyclo 

see boron hydrides (Section 11.3.3) 

see boron hydrides (Section 11.3.3) 

ring structure (not part of parent name when 
italicized) 

d 
de 

dodecahedro 

fac 

rotates plane of polarized light to the right (dextro) 
removal of 

eight atoms bound into a triangulated dodecahedron 

three groups occupying the corners of a triangular face 
of a polyhedron 

hexahedro 

hexaprismo 

hypercloso 

hypho 

hypo 

icosahedro 

isoarachno 

iso/iso 

five or eight atoms bound into a hexahedron 

twelve atoms bound into a hexagonal prism 

see boron hydrides (Section 11.3.3) 

see boron hydrides (Section 11.3.3) 

central atom in lower oxidation state 

twelve atoms bound into a triangulated icosahedron 

see boron hydrides (Section 11.3.3) 

isomer of indicated species (not part of parent name 
when italicized) 

isocloso 

isonido 

klado 

1 

mer 

see boron hydrides (Section 11.3.3) 

see boron hydrides (Section 11.3.3) 

see boron hydrides (Section 11.3.3) 

rotates plane of polarized light to the left (levo) 

three groups occupying three adjoining corners of a 
polyhedron, not all on the same face 

meso/meso intermediate hydrated form of oxo acid; also optically 
inactive because of internal compensation 

meta 

nido 

octahedro 

ortho 

para 

pentaprismo 

per 

low hydrated form of oxo acid 

see boron hydrides (Section 11.3.3) 

six atoms bound into a triangulated octahedron 

fully or highest stable hydrated form of oxo acid 

higher hydrated form of oxo acid 

ten atoms bound into a pentagonal prism 

central atom with highest (or a high) oxidation number; 
also oxygen with the oxidation number of -1 

pileo 

pyro 

see boron hydrides (Section 11.3.3) 

oxo acid formed from two molecules of the ortho oxo 
acid by the loss of one molecule of water 

quadro 

R 

four atoms bound into a quadrangle 

clockwise sequence in chiral structure 

Continued on next page. 
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Table A.III.—Continued 

Term Meaning 

rac 

S 

super 

sym (s) 
tetrahedro 

trans 

racemic (frequently designated dl instead of rac) 

counterclockwise sequence in chiral structure 

high proportion of 

symmetrical structure 
four atoms bound into a tetrahedron 

two groups directly across a central atom or plane 
from each other 

triangulo 

triprismo 

three atoms bound into a triangle 

six atoms bound into a triangular prism 

Note: See ref. 32g for descriptor terms used in organic nomenclature. 
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Table A.IV. Pearson Symbols for Bravais Lattices 
Systema Pearson Symbol 

Triclinic P aP 
Monoclinic P mP 
Monoclinic C mC 
Orthorhombic P OP 
Orthorhombic C oC 
Orthorhombic F oF 
Orthorhombic 1 ol 
Tetragonal P tP 
Tetragonal 1 tl 
Hexagonal Pb hP 
Rhombohedral R hR 
Cubic P cP 
Cubic F cF 
Cubic 1 cl 
Note: Adapted from Table I in ref. 47. 

aP, C, F, I, and R stand for primitive, one-face-centered, all¬ 
face-centered, body-centered, and rhombohedral unit cells, 
respectively. 

bHexagonal P and trigonal P are identical. 
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Table A.V. Trivial Names for Selected Parent Groups of Atoms Arranged by Symbol for 
__Central Element __ 

Formula3_Name__Related Namesb 

AI02~ Aluminate ion 

AsHpCV- Analogous to name for the phosphorus group with the 
same formula, except that As(OH)3 may be named 
arsenious as well as arsenous acid 

AtOn- Analogous to name for the chlorine group with the same formula 

bho2- Boronate ion 

bh2o- Borinate ion 

bo2- Metaborate ion 

bo3^ Borate ion 

Be022~ Beryllate ion 

BiHpOQn- Analogous to name 

BrO„“ Analogous to name 

HB(0)(0H): boronic acid 

H2B(OH): borinic acid 

B(0)(0H): metaboric acid 

B(OH)3: boric acid 

the phosphorus group with the same formula 

the chlorine group with the same formula 

CHO 
CHO+ 
CHO 

cho2- 

Formyl cation 
Formyl radical 

Formate ion 

CH2N 
H2C(=N)+ Methyleneaminyl cation 
HC(=NH) Formimidoyl radical 

H2C(=N)- Methyleneaminyl anion 
Methyieneamide ion 

CH2NO 
H2NC(0)+ Carbamoyl cation 
H2NC(0) Carbamoyl radical 

HC(0)NH~ Formylamide ion 

CH2N02 
H2NC(0)2_ Carbamate ion 

02NCH2“ Nitromethanide 

Formyl (S) 

Formyloxy (S) 
HC(0)(0H): formic acid 

Formimidoyl (S) 
Iminomethyl (S) 

CH2=NH: methanimine 
methylenimine 
methyleneamine 

Carbamoyl (S) 
Aminocarbonyl (S) 
Formylamino (S) 
Formamido (S) 

Carbamoyloxy (S) 
H2NC(0)(0H): carbamic acid 
Nitromethyl (S) 

ch2n2o 
H2NC(0)N= Carbamoylimino (S) 

(Aminocarbonyl)imino (S) 
(HN)C(0)(NH)2~ Carbonyldiamide ion Carbonyldiimino (S) 

-NHC(0)NH-: ureylene (S) 
H2NC(0)NH2: urea 

ch3n2o 
H2NC(0)(NH)- Carbamoylamide ion (Aminocarbonyl)amino (S) 

H2NC(0)NH-: ureido (S) 
H2NC(0)NH2: urea 

CN 
CN- Cyanide ion Cyano (A and S) 

HCN: hydrogen cyanide 
NC- Isocyanide ion Isocyano (A and S) 

HNC: hydrogen isocyanide 
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Formula3 

CNO 
OCN 
NCO- 
ONC- 

cn22- 

C0 32- 

CIO 
cio- 

OCI- 

CI02 

cio2- 

02CI- 

CI03 

CIO3- 

O3CI- 

ClOr 

CrO 2 

Cr042- 
FO 

FO- 

OF- 

Fe02- 

Fe022' 

Ge032- 
io„- 
lOe5- 

MnOr 

Mn042- 
Mo042- 

NO 
ON- 

N02 

no2- 

o2n- 
no22- 

N03- 

Nb03- 

PH02 

P(H)(0)22- 
H0P(0)= 

P(H)(0)32- 

Table A.V.—Continued_ 

Name Related Namesb 

Cyanate ion 
Isocyanate ion 
Fulminate ion 

Methanetetrayldiamide ion 
Methanediylidenediamide ion 

Carbonate ion 

Hypochlorite ion 

Chlorite ion 

Chlorate ion 

Perchlorate ion 

Chromite ion 

Chromate ion 

Hypofluorite ion 

Ferrate ion 

Ferrite ion 

Germanate ion 

Analogous to name for the chlorine 

Orthoperiodate ion 

Permanganate ion 

Manganate ion 

Molybdate ion 

Nitrite ion 

Nitroxylate(2-) ion 

Nitrate ion 

Niobate ion 

Phosphonite ion 

Phosphonate ion 

HOCN: cyanic acid 
HNCO: isocyanic acid 
HONC: fulminic acid 

Methanetetrayldinitrilo (S) 
Methanediylidenedinitrilo (S) 
C(N)(NH2): cyanamide 

Carbonylbis(oxy) (S) 
C(0)(0H)2: carbonic acid 

Chlorooxy (S) 
CI(OH): hypochlorous acid 
Chlorosyl (S) 

Chlorosyloxy (S) 
CI(0)(0H): chlorous acid 
Chloryl (S) 

Chloryloxy (S) 
CI(0)2(0H): chloric acid 
Perchloryl (S) 

Perchloryloxy (S) 
CI(0)3(0H): perchloric acid 

Cr(0)(0H): chromous acid 

Cr(0)2(0H)2: chromic acid 

Fluorooxy (S) 
F(OH): hypofluorous acid 
Fluorosyl (S) 

Fe(0)(0H): ferric hydroxide oxide 

Fe(OH)2: ferrous hydroxide 

Ge(0)(0H)2: germanic acid 

group with the same formula 

l(0)(0H)s: orthoperiodic acid 

Mn(0)3(0H): permanganic acid 

Mn(0)2(0H)2: manganic acid 

Mo(0)2(OH)2: molybdic acid 

Nitroso (S) 

Nitrosooxy (S) 
N(0)(0H): nitrous acid 
Nitro (S) 
N(OH)2: nitroxylic acid 

Nitrooxy (S) 
N(0)2(0H): Nitric acid 

Nb(0)2(0H): niobic acid 

P(H)(OH)2: phosphonous acid 
Phosphinico (S) 

P(H)(0)(0H)2: phosphonic acid 
-P(0)(0H)2: phosphono (S) 

Continued on next page. 



166 Inorganic Chemical Nomenclature 

Formulaa 

PH20 
P(H)2(0)- 
H2P(0)- 

P(H)2(0)2- 

P(0)3^ 

P(0)4^ 

Pb032- 
PoOn2_ 

pto32- 
ReO^ 
RuOr 
Ru042- 
SHO 

SHO- 
HOS- 

SH02 
sho2- 
HOS(O)- 

SH03 
SHO3- 
H0S(0)2- 

SO 
S02+ 

-S(O)- 

so2 
S0 22- 
-S(0)r- 

so3 
so32- 
S0(0-)2 
-S03- 

so4 
S042- 
S02(0—)2 

SbHpO,"- 
SeOn2- 

Si032- 
SiOA 

Sn022- 

Sn0 32- 
Ta03~ 

Tc04''' 

TeOn2- 

TeOs6- 

Ti032- 

TiO,4- 

Table A.V.—Continued_ 

Name Related Namesb 

Phosphinite ion 

Phosphinate ion 

Phosphite ion 

Phosphate ion 

Plumbate ion 

P(H)2(OH): phosphinous acid 
Phosphinyl (S) 
HP(0)=: phosphinylidene (S) 
P(0)=: phosphinylidyne (S) 
OP-: phosphoroso (S) 
P(H)2(0)(0H): phosphinic acid 
02P-: phospho (S) 

P(OH)3: phosphorous acid 

P(0)(0H)3: phosphoric acid 

Analogous to name for the sulfur group with the same formula 

Platinate ion 

Analogous to name for the manganese group with the same formula 

Perruthenate ion 

Ruthenate ion 

Sulfenate ion HS(OH): sulfenic acid 
Sulfeno (S) 

Sulfinate ion HS(0)(0H): sulfinic acid 
Sulfino (S) 

Sulfonate ion 

Sulfinyl cation 
Thionyl cation 

Sulfoxylate ion 

Sulfite ion 

HS(0)2(0H): sulfonic acid 
Sulfo (S) 

Sulfinyl (S) 

S(OH)2: sulfoxylic acid 
Sulfonyl (S) 
Sulfuryl (S) 

S(0)(0H)2: sulfurous acid 
Sulfinylbis(oxy) (S) 
Sulfonato (S) 

Sulfate ion 

Analogous to name 

Analogous to name 

Metasilicate ion 

Silicate ion 

Stannite ion 

Stannate ion 

Tantalate ion 

Analogous to name 

Analogous to name 

Orthotellurate ion 

Titanate ion 

Orthotitanate ion 

S(0)2(0H)2: sulfuric acid 
Sulfonylbis(oxy) (S) 

for the phosphorus group with the same formula 

for the sulfur group with the same formula 

Si(0)(0H)2: metasilicic acid 

Si(OH)4: silicic acid 

Sn(OH)2: stannous hydroxide 

Sn(0)(0H)2: stannic acid 

Ta(0)2(0H): tantalic acid 

for the manganese group with the same formula 

for the sulfur group with the same formula 

Te(OH)6: orthotelluric acid 

Ti(0)(0H)2: metatitanic acid 

Ti(OH)4: orthotitanic acid 
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Table A.V.—Continued 
Formulaa Name 

uo42- Metauranate ion U(0)2(0H)2: metauranic acid 
VO 3- Metavanadate ion V(0)2(0H): metavanadic acid 
V04*- Orthovanadate ion V(0)(OH)3:orthovanadic acid 
wo42- Tungstate ion W(0)2(0H)2: tungstic acid 
ZrOp"- Analogous to name for the titanium group with the same formula 

---- I y mv iVvUUvl I VI IIIO VI ICll yo. 

The name of the species for additive nomenclature purposes is derived from the name for the species by the procedures 
described in Section 5.3.4 in most cases. Names marked (A) are to be used for additive nomenclature purposes, 
whereas names marked (S) are to be used for substitutive nomenclature purposes. More extensive compilations may 
be found in refs. 23 and 32h. 
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Table A.VI. Structural Descriptors 

Number of 
Atoms in CSU Descriptor 

Point 
Group CEP Descriptora 

3 triangulo Dm 

4 quadro D*h 

4 tetrahedro Td [7>(13)-A4-c/oso] 
5 hexahedro (triangulated) D C>3h-(131)-A6-c/oso] 
6 octahedro 0* [0„-(141)-A8-c/oso] 
6 triprismo Dm 

7 Dsh [D5„-(151)-A10-c/oso] 
8 antiprismo D 4<j 
8 hexahedro (cube) o„ 
8 dodecahedro Did [D2ct(2222)-A12-c/oso] 

8 Deh [D6,r( 1 ir661 ve)-A ,2-c/oso] 
12 icosahedro L [/h-( 1551)-A 20-c/oso] 
aThe CEP descriptors (see Section 11.3.4) apply only to triangulated polyhedrons. 
Structural descriptors for other triangulated polyhedrons are given in Chart A.I. 
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Table A.VII. Affixes (Prefixes or Infixes) of Functional 
Replacement Nomenclature 

Affixa Replacement Operation 

Amido -OH by -NH2 
Azido6 -OH by -N3 
Bromido (infix) 
Bromo (prefix) 

-OH by -Br 

Chlorido (infix) 
Chloro (prefix) 

-OH by -Cl 

Cyanatido (infix) 
Cyanato (prefix) 

-OH by -OCN 

Cyanido (infix) 
Cyano (prefix) 

-OH by -CN 

Dithioperoxo6^ -0- by -SS- 

Fluorido (infix) 
Fluoro (prefix) 

-OH by -F 

Hydrazido -OH by -NHNH2 

Hydrazono6 =0 by =NNH2 

Imido =0 or -0- by =NH or -NH- 

lodido (infix) 
lodo (prefix) 

-OH by -1 

Isocyanatido (infix) 
Isocyanato (prefix) 

-OH by -NCO 

Isothiocyanatido* (infix) 
lsothiocyanatod (prefix) 

-OH by -NCS 

Nitrido =0 and -OH by 

Peroxo -0- by -00- 

Seleno =0 or -0- by =Se or -Se- 

Telluro =0 or -0- by =Te or -Te- 

Thio =0 or -0- by =S or -S- 

Thiocyanatidod (infix) 
Thiocyanatod (prefix) 

-OH by -SON 

Thioperoxo60'6 —0— by ~0S— or -SO- 

aWhen the affixes are used as infixes, the final “o” of the affix is generally elided 
when followed by “a”, “i”, or “o”. 

This affix is not listed in Section D (tentative) of the 1979 IUPAC Organic Rules (ref. 
34e), but it is used in CA index nomenclature (ref. 32i). 

Enclosing this affix in parentheses assists greatly in recognition of the structure. 

‘The selenium and tellurium analogs are named similarly by replacing “thio” with 

“seleno" or “telluro” as appropriate. 

This affix and the corresponding selenium and tellurium affixes do not describe the 
chalcogen atom sequence. For other mixed chalcogen affixes, such as selenothio- 
peroxo, it is possible to imply the sequence by the order of the chalcogen prefixes, 
but this has yet to be codified in recommendations. 
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Table A.VIII. Names for Mononuclear Hydrides with Standard Bonding Numbers 
Toward Hydrogen 

Standard Standard 
Bonding Bonding 

Formula Name Number Formula Name Number 

bh3 borane 3 sh2 sulfane 
hydrogen sulfide8 

2 

ch4 carbane 
methane3 

4 
SeH2 selaneb 

hydrogen selenide8 
2 

SiH4 silane 4 
TeH2 tellane6 2 

GeH4 germane 4 hydrogen telluride8 

SnH4 stannane 4 PoH2 polane 
hydrogen polonide8 

2 

PbH4 plumbane 4 
FH fluorane 1 

nh3 azane 3 hydrogen fluoride8 
ammonia8 

CIH chlorane 1 
ph3 phosphane 

phosphine8 
3 hydrogen chloride8 

BrH bromane 1 
AsH3 arsane 3 hydrogen bromide8 

arsine8 

IH iodane 1 
SbH3 stibane 

stibine8 
3 hydrogen iodide8 

AtH astatane 1 
BiH3 bismuthanefi 

bismuthine8 
3 hydrogen astatide8 

oh2 oxidane0 
water8 

2 

aCommon trivial or semisystematic name. 

6Bismane, selenane, and tellurane cannot be used because they are Hantzsch-Widman names for 
saturated six-membered rings with one heteroatom. 

cName recently introduced into provisional IUPAC Nomenclature Rules by CNOC because oxane is 
the Hantzsch-Widman name for a saturated six-membered heteromonocycle with one oxygen ring 
atom. 
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Table A.IX. Hydrogen-Containing Inorganic 
_Compounds with Nonhydride Names 

Formula Namea 
CINH2 

ci2nh 

nh2oh 

H2S(NH) 

H2S(0)(NH) 

S(0)(NH) 

S(NH)2 

S(0)2(NH) 

S(NH)3 

H2NC(S)SC(S)NH2 

H2NC(S)SSC(S)NH2 
H3P(0) 

(H2C)NH(0) 
C(0)(NH2)2 

C(NH)(NH2)2 

H2NC(NH)NHNHC(NH)NH 

H2N[C(NH)NH]„C(NH)NH2 
n = 1 
n = 2 
n = 3, etc. 

C(NH)2 

h2nn=chn=nh 

H2NC(0)NHNH2 

HOC(NH)NHNH2 

H2NNHC(0)NHNH2 

H2NNHC(NNH2)OH 

HN = NC(0)NHNH2 

HN=NC(0)N=NH 

H2N[C(0)NH]nC(0)NH2 
n = 1 
n = 2 

chloramine (IUPAC) 
chloramide (CAS) 

dichloramine (IUPAC) 
chlorimide (CAS) 

hydroxylamine 

sulfimide (IUPAC)6 
sulfilimine (CAS) 

sulfoximide (IUPAC) 
sulfoximine (CAS) 
thionyl imide 

sulfur diimide 

sulfonyl imide (IUPAC) 
sulfuryl imide (IUPAC) 
sulfimide (CAS)6 

sulfur triimide 

thiuram monosulfide 

thiuram disulfide 

phosphine oxide6 

nitrone 

urea6 

guanidine 

biguanidine 

biguanide 
triguanide 
tetra, etc., guanide 

carbodiimide 
formazan 

semicarbazide6 

isosemicarbazide6 

carbonohydrazide6 

isocarbonohydrazide6 
carbazone6 

carbodiazone6 

biuret6 
triuret6 
tetra, etc., uret6 n = 3, etc. 

Alternative more systematic names are possible for all these 
compounds. 

6lt is necessary to be sure whether sulfimide is being used 
with the IUPAC meaning of H2S(NH) or the CAS meaning of 
S(0)2(NH). 

6Similar names for H3P(X) where X = S, Se, or Te and for 
the arsenic, antimony, and bismuth analogs. 

6The corresponding sulfur, selenium, and tellurium com¬ 
pounds are named by using the prefixes thio-, seleno-, and 
telluro-. 
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Table A.X. Replacement (“a”) Morphemes in Decreasing Order of Seniority 

Element 
Bonding 
Numbera Morpheme Element 

Bonding 
Number3 Morpheme 

F 1 fluora W tungsta 

Cl 1 chlora V vanada 

Br 1 broma Nb nioba 

1 1 ioda Ta tantala 

At 1 astata Ti titana 
0 2 oxa Zr zircona 
S 2 thia Hf hafna 
Se 2 selena Sc scanda 
Te 2 tellura Y yttra 
Po 2 polona La lanthana 
N 3 aza Ce cera 
P 3 phospha6 Pr praseodyma 
As 3 arsa6 Nd neodyma 
Sb 3 stiba6 Pm prometha 
Bi 3 bisma Sm samara 
C 4 carba Eu europa 
Si 4 sila Gd gadolina 
Ge 4 germa Tb terba 
Sn 4 stanna Dy dysprosa 
Pb 4 plumba Ho holma 
B 3 bora Er erba 
Al 3C alumina Tm thula 
Ga 3C galla Yb ytterba 
In 3C inda Lu luteta 
Tl 3C thalla Ac actina 
Zn 2C zinca Th thora 
Cd 2c cadma Pa protactina 
Hg 2 mercura U urana 
Cu cupra Np neptuna 
Ag argenta Pu plutona 
Au aura Am america 
Ni nickela Cm cura 
Pd pallada Bk berkela 
Pt platina Cf californa 
Co cobalta Es einsteina 
Rh rhoda Fm ferma 
Ir irida Md mendeleva 
Fe terra No nobela 
Ru ruthena Lr lawrenca 
Os osma Be 2° berylla 
Mn mangana Mg 2C magnesa 
Tc techneta Ca calca 
Re rhena Sr stronta 
Cr chroma Ba bara 
Mo molybda Ra rad a 

aWhen there is a number in this column, it is the accepted “standard bonding number” for the element 
in question and is implied for use of the morpheme in replacement nomenclature or in the 
Hantzsch-Widman system. If there is no number or the bonding number is not standard, the lambda 
convention (see Section 9.2) may be used in substitutive nomenclature. 

6The 1979 edition of the Hantzsch-Widman system conventions states that phospha, arsa, and stiba 
should be replaced by phosphor, arsen, and antimon, respectively, when immediately followed by 
-in or -ine. This provision was dropped from the revised system (58). 

cProvisional. 
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Table A.XI. Suffixes for the Hantzsch-Widman System 

Ring Size Saturateda Unsaturatedb Ring Size Saturateda Unsaturatedb 
3 irane0 irened 7 epane epine 
4 etane0 ete 8 ocane ocine 
5 olane0 ole 9 onane onine 
6Ae ane ine' 10 ecane ecine 
6B9 inane ine'1 
6C' inane inine 

Note. Based on 1982 recommendations found in ref. 58. 

aUsed when there are no double bonds in the ring. 

bUsed when there are a maximum number of noncumulative double bonds in the ring (at least one) 
and the ring atoms have the bonding numbers shown in Table A.X or indicated by the lambda 
convention (see Section 9.2). 

cThe suffixes “iridine”, “etidene”, and “olidine” are preferred for rings containing nitrogen (58). 

dThe suffix “irine” may be used for rings containing nitrogen only. 

eUsed when the least preferred heteroatom is O, S, Se, Te, Bi, or Hg. 

'Oxine should not be used as an alternate name for pyran because oxine is still used as a trivial name 
for 8-quinolinol. 

9Used when the least preferred heteroatom is N, Si, Ge, Sn, or Pb. 

'’Azine should not be used as an alternate name for pyridine because azine is a class name for =N-N= 
compounds. 

'Used when the least preferred heteroatom is B, F, Cl, Br, I, P, As, or Sb. 
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Chart A.1. 

A. Structural Descriptors and Numbering3 for Some Closed Polyboron Polyhedrons, [B„H„]2 

1. n = 4 

[Td-('\v33v3)-A4-closo] 
[7>(13)-A4-c/oso] 
closo- 

2. n = 5 

[D3„-(1 v33y41 v3)-A6-c/oso] 
[D3„-(131)-A6-c/oso] 
closo- 

3. n = 6 

[Oh-(1 v4)-Ae-closo] 
[0„-(141)-A8-c/oso] 
closo- 

4. n = 7 

[D5h-(15\/41 )-A10-c/oso] 
[D5h-(151)-A10-c/oso] 
c/oso- 

7. n = 9 
[Dw-(33i/43)-A14-c/oso] 
[D3*-(333)-A14-c/oso] 
closo- 

5. n = 8 

[D2d-(2i^4222^4)-A12-c/0S0] 
[D2d-(2222)-A12-c/oso] 
isocloso- 

8. n = 9 

[C2„-(1 v64\/422)-A14-c/oso] 

isocloso- 

6. n = 8 

[D6ft-(1 v66v41 i'6)-A12-c/oso] 
[D6„-(1 v/661 v6)-A12-c/oso] 

9. n = 9 
[C2v-(1 v42v42v622v4)-A'4-closo] 
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10. n = 10 
[D4d-(1 v4441 v*)-A'6-closo] 
[04(J-(1441 )-A16-c/oso] 
c/oso- 

13. n = 11 
[C2„-(1 v4422y62y4)-A18-c/oso] 

16. n = 14 
[D6d-(1 y6661 v6)-A24-c/oso] 

Chart A.1—Continued 

11. n = 10 
[C3„-(1 v63y433)-A16-c/oso] 

isocloso- 

14. n = 12 
[/,-(1551)-A20-c/oso] 

closo- 

[0„-(1 y44y64u44v61 v4)-A 24-c/oso] 

12. n = 11 
[C2,-(1v62v4422)-A18-c/oso] 

c/oso- (“/soc/oso-”) 

15. n = 13 
[C2l,-(1 v422y6422)-A22-c/oso] 

18. n = 15 
[D3„-(333y633)-A26-c/oso] 

Continued on next page. 
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Chart A.1—Continued 

19. n = 16 
[7V(1 v6633v63)-A28-c/oso 

22. n = 20 
[D2c,-(224v6224v622)-A36-c/oso] 

20. n = 17 
[05„-(155v651 )-A30-c/oso] 

21. n = 20 
[D6h-(1 v666v661 i^6)-A36-c/oso] 

The first descriptor listed for each structure is the full CEP descriptor (see Section 11.3.4), except that vn is 
omitted when n = 5; the second, if given, is the abbreviated CEP descriptor (see Section 11 3 4)- and the 
third, if given, is the traditional descriptor (see Section 11.3.3). Only full descriptors have been given for n > 
12. (Reproduced in part from ref. 53a. Copyright 1981, American Chemical Society) 
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Chart A.1—Continued 

B. Semisystematic Names and Numbering for Some Nonclosed 

1. n/do-pentaborane(9) 2. n/do-hexaborane(IO) 

Polyboron Structures 

3. n/do-decaborane(14) 

H H 

4. n/do-undecaborane(15) 5. isonido-decabor 
polyhedron 

6. n/do-nonabor 
polyhedron 

7. arachno-tetraborane(IO) 

H 

/V 
h2b^ 

W 
H— 

H 

\ 

✓7 
—H 

BHj 

8. arachno-pentaborane(ll) 9. arachno-hexaborane(12) 

12. /soarachno-nonabor 
polyhedron 
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Chart A.2 

Full Stereochemical Descriptors 

The symmetry axes used in orienting the various structural figures are the symmetry axes for the underlying 
geometrical figures. In each case the order of seniority of the bonding atoms is alphabetical (i.e., a > b > c > 
d, etc.). Atoms lying above the reference plane are indicated by [a], etc., in the projection, those below by (a), 
etc. When there are more than two levels, multiple enclosing marks are used (e.g., ((a)) indicates an atom in 
the second plane below the reference plane). Eclipsed atoms are shown immediately following the eclipsing 
atom (e.g., [a]M(b) indicates that M is in the reference plane and that a is directly above it and b is directly below 
it). 

Bonding Number Two 

► Linear (the bonding atoms and central atom form a straight line): 

a—M —b 

• Symmetry site term: L-2 

• Orientation: View toward M along twofold axis 

• Projection: Same as structural formula 

• Configuration number: Not needed 

• Chirality symbols: Only as needed for chiral side groups 

• Stereochemical descriptor: L-2 

► Angular (the bonding atoms and central atom do not form a straight line): 

b 
/ 

a—M 

• Symmetry site term: A-2 

• Orientation: View toward M on a line perpendicular to the plane formed by a, M, and b 
• Projection: Same as structural formula 

• Configuration number: Not needed 

• Chirality symbols: Only as needed for chiral side groups 

• Stereochemical descriptor: A-2 

Bonding Number Three 

►Trigonal Planar (the central atom lies in the plane formed by the bonding atoms): 

c 

• Symmetry site term: TP-3 

• Orientation: View toward M along threefold axis 

• Projection: Same as structural formula 

• Configuration number: Not needed 

• Chirality symbols: Only as needed for chiral side groups 

• Stereochemical descriptor: TP-3 

► Trigonal Pyramidal (the central atom is not in the plane of the bonding atoms): 

.m 
c'* { 'a 

b 

• Symmetry site term: TPY-3 
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Chart A.2—Continued 

• Orientation: View plane of bonding atoms with M beneath the plane 
• Projection: 

• Configuration number: Not needed 

• Chirality symbols: R or S when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: TPY-3-S for projection shown 

Bonding Number Four 

► Tetrahedral: 

a 
I 

M 

d'*Pb 
c 

• Symmetry site term: 7-4 

• Orientation: View from M along threefold axis toward least senior bonding atom 

• Projection: 

I 
(M)((d)) 

% 

• Configuration number: Not needed 
• Chirality symbols: R or S when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: 7-4-7? for projection shown 

► Square [Planar] (the bonding atoms form a square with the central atom in its plane): 

• Symmetry site term: SP-4 
• Orientation: View toward M along fourfold axis 

• Projection: Same as structural formula 
• Configuration number: Seniority ranking number for the bonding atom trans to the most senior bonding 

atom 
• Chirality symbols: Only as needed for chiral side groups 

• Stereochemical descriptor: SP-4-3 for projection shown 

Bonding Number Five 

► Trigonal Bipyramidal: 

a 

d.J 
'M — b 

c^| 
0 

• Symmetry site term: 7B-5 
• Orientation: View along threefold axis from more senior axial bonding atom toward M 

• Projection: 

d 

I 
tat M(e> 

c b Continued on next page. 
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Chart A.2—Continued 

• Configuration number: Seniority ranking numbers of the axial bonding atoms in numerical order 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: 7S-5-15-C for projection shown 

► Square Pyramidal: 

X 
• Symmetry site term: SPY-5 

• Orientation: View from the apex of the pyramid toward M 
• Projection: 

• Configuration number: Seniority ranking number of the apex bonding atom followed by the seniority ranking 
number of the bonding atom trans to the most senior bonding atom of the square in the projection 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: SPY-5-14-C for projection shown 

► Octahedral: 

Bonding Number Six 

X 
.r'" 

t 

• Symmetry site term: OC-6 

• Orientation: View from the most senior bonding atom toward M along the fourfold axis passing through the 
most senior bonding atom 

• Projection: 

S\ / 
d c 

• Configuration number: Seniority ranking number of bonding atom trans to the most senior bonding atom 
followed by the seniority ranking number of the bonding atom trans to the most senior bonding atom of the 
square in the projection 

• Chirality symbols: C or A when needed for the configuration about M except for the use of A or A when 
at least two cis bidentate side groups are present (see Section 16.3.6); as needed for chiral side groups 

• Stereochemical descriptor: OC-6-64-C for projection shown 

► Trigonal Prismatic: 

• Symmetry site term: TP-6 

• Orientation: View along the threefold axis toward M from the triangular face containing the maximum number 
of bonding atoms of highest seniority (reference plane) 
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Chart A.2—Continued 

• Projection: 
c((f)) .a((d)) 

s /i 

V 
b((e)) 

• Configuration number: Seniority ranking numbers of the bonding atoms eclipsed by the bonding atoms in 
the plane of the projection (i.e., in the reference plane) cited in decreasing order of seniority of the eclipsing 
atoms 

• Chirality symbols: C or A when needed for the configuration about M based on the direction of decreasing 
seniority of the eclipsed bonding atoms; as needed for chiral side groups 

• Stereochemical descriptor: 7P-6-456-C for projection shown 

► Pentagonal Bipyramidal: 

Bonding Number Seven 

• Symmetry site term: PB-7 
• Orientation: View toward M from the more senior bonding atom on the fivefold axis 
• Projection: 

d 

• Configuration number: Seniority ranking numbers of the two axial bonding atoms in numerical order, hyphen, 
seniority ranking numbers of the remaining bonding atoms in sequence in the projection, starting with the 
most senior bonding atom and moving in the direction to give the lower configuration number 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: PS-7-17-23456-C for projection shown 

► Mono(face-capped) Octahedral: 

/: 

y.L AV'::r 3
)
-
-

 c
 (B 

» 
» 

0 
0 

0 
0 

*Y' 

• Symmetry site term: OCF-7 
• Orientation: View from bonding atom on threefold axis toward M 

• Projection: 

d 

((g)) 

((e)) 

\ I / 
[aJM 

((0) 

c 

• Configuration number: Seniority ranking number of the axial bonding atom, hyphen, seniority ranking 
numbers of the remaining bonding atoms in sequence in the projection, starting with the most senior 
bonding atom in the plane adjacent to the axial bonding atom and moving in the direction to give the lower 
configuration number (moving in either direction leads to alternation of planes) 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: OCF-7-1-254736-/1 for projection shown 

Continued on next page. 
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Chart A.2—Continued 

► Mono(square-face-capped) Trigonal Prismatic: 

• Symmetry site term: TPS-7 

• Orientation: View toward M from the axial bonding atom along the twofold axis 
• Projection: 

*\ /b) 
((9))~[a](M)—((f)) 

d 

• Configuration number: Seniority ranking number of the axial bonding atom, hyphen, seniority ranking 
numbers of the remaining bonding atoms in sequence in the projection, starting with the most senior 
bonding atom in the plane adjacent to the axial bonding atom and moving in the direction so as to change 
planes 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 
• Stereochemical descriptor: 7PS-7-1-263475-C for projection shown 

► Cubic: 

Bonding Number Eight 

/!\ /?■ 
0 ^ ' 

m: ■ 
' --1 

• Symmetry site term: CU-8 

• Orientation: View toward M from a point on the fourfold axis above the face with the greatest number of 
most senior bonding atoms (the reference plane) 

• Projection: 

d((h)) a((e)) 
\ / \ 

(M) ) 
/ \ / 

c((g)) b((f)) 

• Configuration number: Seniority ranking numbers of the bonding atoms are cited in sequence, starting with 
the most senior bonding atom in the reference plane and moving in the direction in the projection to give 
the lower configuration number. Seniority ranking numbers of eclipsed bonding atoms are cited immediately 
after those for the respective eclipsing atoms. 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 
• Stereochemical descriptor: CL/-8-15263748-C for projection shown 

► Square Antiprismatic: 

-a 

;r 
V i > 

d—-N 
‘X / 
MX 

* 

v 
7v>r 

• Symmetry site term: SA-8 
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Chart A.2—Continued 

• Orientation: View toward M from a point on the fourfold axis above the square face with the greater number 
of most senior bonding atoms (the reference plane) 

• Projection: 
((h)) 

\ I /■'> 
<(0))—(M)—((•)) 

c I b 

((0) 

• Configuration number: Seniority ranking numbers of the bonding atoms are cited in sequence, starting with 
the most senior atom in the reference plane and moving in the direction in the projection to give the lower 
configuration number (moving in either direction leads to alternation of planes) 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: SA-8-15263748-C for projection shown 

► Dodecahedral: 

• Symmetry site term: DD-8 

• Orientation: View toward M from a point on the twofold axis above the edge with the more senior bonding 
atoms 

• Projection: 

(d) 
i 

((((h)))) 

(((f)))-b—((M))—a—(((e))) 

• Configuration number: Seniority ranking numbers of the bonding atoms are cited in sequence, starting with 
the more senior bonding atom in the top edge and moving in the direction in the projection to give the 
lower configuration number (moving in either direction leads to alternation of planes). Seniority numbers 
for eclipsed bonding atoms are cited immediately after their respective eclipsing bonding atoms. 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: DD-8-15372648-C for projection shown 

► Hexagonal Bipyramidal: 

a 

h 

• Symmetry site term: HB-8 
• Orientation: View toward M from more senior axial bonding atom 

• Projection: 

\/°"\ 
f—[a]M(h)—c 

Continued on next page. 
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Chart A.2—Continued 

• Configuration number: Seniority ranking numbers of the axial bonding atoms in numerical order, hyphen, 
seniority ranking numbers of the remaining bonding atoms in sequence in the projection, starting with the 
most senior bonding atom and moving in the direction in the projection to give the lower configuration 
number 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: /-/S-8-18-234567-C for projection shown 

► frans-Bicapped Octahedral: 

• Symmetry site term: OCT-8 

• Orientation: View toward M from more senior axial bonding atom on threefold axis 

• Projection: 

t>' N 

((9))\ I /((6)) 
jaj(M)tOh))) 

d I c 

((0) 

• Configuration number: Seniority ranking numbers of the axial bonding atoms in numerical order, hyphen, 
seniority ranking numbers of the remaining bonding atoms in sequence in the projection, starting with the 
most senior bonding atom in the plane adjacent to the more senior axial bonding atom and moving in the 
direction in the projection to give the lower configuration number (moving in either direction leads to 
alternation of planes) 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: OC7-8-18-253647-C for projection shown 

► Bis(triangular-face-capped) Trigonal Prismatic: 

• Symmetry site term: TPT-Q 

• Orientation: View toward M from the more senior bonding atom on the threefold axis 

• Projection: 

• Configuration number: Seniority ranking numbers of the axial bonding atoms in numerical order, hyphen 
seniority ranking numbers of the remaining bonding atoms in sequence in the projection, starting with the 
most senior bonding atom in the plane adjacent to the more senior axial bonding atom and moving in the 
direction in the projection to give the lower configuration number. Seniority ranking numbers for eclipsed 
bonding atoms are cited immediately after those for their respective eclipsing bonding atoms. 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: 7P7-8-18-253647-C for projection shown 
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Chart A.2—Continued 

► Bis(square-face-capped) Trigonal Prismatic: 

• Symmetry site term: TPS-8 

• Orientation: View toward M along twofold axis from a point above the uncapped square face 

• Projection: 

a ((b)) c 

NT/ 

• Configuration number: Seniority ranking numbers of the bonding atoms in sequence starting with the most 
senior bonding atom in the uncapped square plane and moving in the direction in the projection to give 
the lower configuration number (moving in either direction leads to alternating planes) 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: TPS-8-12386547-C for projection shown 

► Tris(square-face-capped) Trigonal Prismatic: 

• Symmetry site term: TPS-9 

• Orientation: View toward M from a point on the threefold axis above the triangular face containing the 
greater number of most senior bonding atoms (the reference plane) 

• Projection: 

(i) 

b((o)> 

• Configuration number: Seniority ranking numbers in sequence starting with the most senior bonding atom 
in the reference plane and moving in the direction in the projection to give the lower configuration number 
(moving in either direction leads to alternating planes). Seniority ranking numbers of eclipsed bonding atoms 
are cited immediately after those for their respective eclipsing bonding atoms 

• Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

• Stereochemical descriptor: TPS-9-147258369-C for projection shown 

► Heptagonal Bipyramid: 

a 

b. 

Continued on next page. 
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Chart A.2—Continued 

Symmetry site term: HB-9 

Orientation: View toward M along sevenfold axis from the more senior axial bonding atom 

Projection: 
h 

\ 

e 

Configuration number: Seniority ranking numbers of the axial bonding atoms in numerical order, hyphen, 
seniority ranking numbers of the remaining bonding atoms in sequence in the projection, starting with the 
most senior bonding atom and moving in the direction to give the lower configuration number. 

Chirality symbols: C or A when needed for the configuration about M; as needed for chiral side groups 

Stereochemical descriptor: BB-9-19-2345678-C for projection shown 
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Li 
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Rb 
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si 

Ge 

Sn 

Pb 

Electronegative 
Elements 

H 

N 

P 

As 

Sb 

Bi 

O—F 

S 

Se 

Te 

Po 

Cl 

Br 

I 
I 

At 

ectropositive 
Elements 

Figure A.1. Relative electronegativity order for binary nomenclature. This diagram presents a sequence of 
elements that is in accord with the ordering of the nonmetals in the 1970 IUPAC Inorganic Rules (22a) and also 
with the ordering of the metals and semimetals elsewhere in the same rules (22c). It is not identical with the 
latter ordering of the elements (22c) in the treatment of O, the inclusion of H, and the omission of the Group 18 

elements. 

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

(IA IIA IIIB IVB VB VIB VIIB 1- VIII -1 IB IIB IIIA IVA VA VIA VIIA VIIIA)* 

(IA IIA III A IVA VA VIA VIIA 1- VIIIA - -1 IB MB IIIB IVB VB VIB VIIB ) 

H He 
Li Be B C N 0 F Ne 

Na Mg Al Si P S Cl Ar 

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe 

Cs Ba La-C Hf Ta W Re Os lr Pt Au Hg TI Pb Bi Po At Rn 

Fr Ra Ac-d Unq Unp Unh 

aDeming designation (44). 
^Derived from IUPAC designation (44). 
cLanthanoids: La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu. 

^Actinoids: Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, and Lr. 

Figure A.2. Periodic table of the elements. 
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Index 

A 

Abbreviations, common groups of atoms, 
17 

Absolute charge, designation, examples, 
125 

Absolute stereochemistry, chirality 
symbols, 149 

Acid amides, definition and examples, 78 
Acid anhydrides 

acids containing only oxo and hydroxo 
groups, 76-77 

mixed anhydrides, examples, 77—78 
monobasic oxo acids, examples, 77 
polybasic oxo acids, examples, 77 

Acid derivatives, 76—78 
Acid halides, definition, 78 
Acid hydrazides, definition and examples, 

78 
Acid salts, 76 
Acids 

and their derivatives, 67—78 
binary acids, 67 
degree of saturation, 68 
mononuclear acids containing polyatomic 

anions, 68-69 
ACS, See American Chemical Society 
Actinoid (actinide) elements 

CNIC, 24 
list, 23 

Acyclic hydrocarbons, replacement 
nomenclature, 95—96 

Addition compounds 
attachment between two molecules, 

examples, 118 
boron hydrides, 112 
clathrates, 119 
“compound with”, 118 
dualistic conceptions, 117 
formulation of names, 117 
general formula, 117 
intercalation compounds, 119 
neutral boron compounds, 111 
order of citing constituents, examples, 

117-118 
solvates, 118—119 

Additive nomenclature, 39-47 
addition-compound names, examples, 

112 
choice of central atom, 39—40 
coordination-compound names, 

examples, 112 

Additive nomenclature—Continued 
definition and use, 6 

heteroatomic group of atoms, examples, 
31 

inorganic compounds, examples, 46—47 
organometallic compounds, 113—116 
oxo acids, 69 
polyboron and heteropolyboron hydrides, 

examples, 111 
Adduct, addition compounds, 117 
Affixes 

functional replacement nomenclature, 
169 

hydro, 100 
numerical, number of repeating units, 

88, 90 
trivial names of oxo acids, examples, 

70 
Alkali metals, list, 23 
Alkaline earth metals, list, 23 
Allotropes, Greek letters, 11 
Allotropic modifications 

molecular formula or crystal structure, 
25 

nomenclature, 19 
trivial names, 25 

Alloys, Greek letters, 11 
Alpha, polymer end groups, 58, 65 
Alphabetical order 

central atoms in the CRU, 59 
citation of prefixes, 71 
compound name segments, 13 
coordination centers, 54 
coordination entity, 40 
halogen atoms, 78 
interior oxo groups, examples, 74 
ligands, 54 
ligands and bridging groups, 50 
multiple bridging groups, 61 
organic groups in mixed esters, 76 
oxo groups in monocyclic rings, 

examples, 74 
salt cations and anions, 75 

Alternative names, retrospective searching 
of the literature, 29 

Ambidentate, definition, 16 
Ambidentate ligand, names, 42 
American Chemical Society 

Committee on Nomenclature 
activities, 3 
classification of elements, 22 

American Chemical Society—Continued 
Committee on Nomenclature and 

Notation, 2 
Amide, nitrogen derivatives, 70 
Ammoniate, definition, 118 
Amorphous nonstoichiometric phases, 125 
Angular configuration 

stereochemical descriptors, 178 
symmetry site terms, 144 

Anhydride, definition, 77 
Anion, homoatomic, 26—27 
Anionic ligands 

derived from alcohols and their sulfur, 
selenium, and tellurium analogs, 42 

derived from amines, amides, and 
imines, 41 

names, 41—42 
phosphorus and arsenic analogs, 41—42 

Anions 
organometallic, 115 
polyatomic, 68—69 

Arabic numbers 
chain of skeletal atoms, examples, 86 
ionic charge, 15 
left superscript, mass number of the 

nuclide, 128 
locants, 8 
number of metal—metal bonds, 54 
number of vertices in the polyhedron, 

102 
parenthetical, number of hydrogen atoms 

in the hydride, 100 
symmetry site terms, 143 

Asymmetrical arrangement, ligating atoms, 
44-45 

Atomic groupings 
discrete molecules, examples, 34 
ionic compounds, examples, 35 — 36 
ions, examples, 34—35 
radicals and radical ions, examples, 36 

Atomic number 
element symbol, 21 
elements, 157-159 

Atomic symbols, See Element symbols 
Average formula, intercalation compounds, 

119 

B 

Backbone, selection of structural fragments, 

58-59 

199 
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Bases 

and their derivatives, 67—78 

methods for naming, 75 

Basic salts, 76 

Berthollides, 121 

Berzelius, addition compounds, 117 

/ra«r-Bicapped octahedral configuration 

order of seniority, 153 

projection, 153 

stereochemical descriptors, 184 

symmetry site terms, 146 

Bidentate ligands, projection, 151 

Bidentate side groups, chirality symbols, 

149 

Binary compounds 

acids, definition and examples, 67 

additive nomenclature, 6 

definition, 13 

functional class nomenclature, 7 

hydrides 

aqueous solutions, 67 

halogens, 67 

substitutive nomenclature, 79 

trivial names, examples, 80 

order for citing names of elements, 33 

order of symbols, 17 

Binary groups, semisystematic 

nomenclature, 30—31 

Binary hydro anions, from neutral 

mononuclear hydrides, 82 

Binary hydro cations, from mononuclear 

molecular hydrides, 81-82 

Binary names, boron, 98 

Binary oxo groups 

anions, examples, 35 

chalcogen analogs, 32 

examples, 32 

nomenclature, 31—32 

trivial names, 32 

Binuclear oxo acids 

examples, 72 

linked central atoms, 72 

See also Oxo acids 

Bis(square-face-capped) trigonal prismatic 

configuration 

order of seniority, 153 

projection, 153 

stereochemical descriptors, 185 

symmetry site terms, 146 

Bis(triangular-face-capped) trigonal 

prismatic configuration 

stereochemical descriptors, 184 

symmetry site terms, 146 

Bond(s) 

dash, 54 

structural formulas, 17—18 

Bonding 

chains and rings, 85 

cumulative double bonds, examples, 93 — 

94 

names indicating, 45 

organometallic compounds, cr and tt, 

113 

Bonding atoms, choice of central atom, 40 

Bonding numbers 

lambda convention, 86 

locants, 86 

Boron compounds, 97—112 

acyclic names, examples, 98 

additive names, examples, 98 

bonding and structural patterns 

catenated molecular and anionic 

hydride networks, 97 

electron-precise, 97 

coordinate covalent bonds, examples, 94 

heterocyclic names, examples, 98 

homoatomic species, examples, 97 

hydrides, subtractive nomenclature, 7 

nomenclature systems, 97 

oxo acid and related names, examples, 

98 

standard names, 97—99 

stoichiometric names, examples, 97 

substituent group names, examples, 99 

substitutive names, examples, 98 

Boron ions, 97 

Boughton system 

assignment of lowest locants, 134—135 

hydrogen isotopes, 128 

nomenclature of compounds containing 

hydrogen isotopes, 127 

organic compounds labeled with isotopes 

of hydrogen, examples, 136—137 

Braces, nesting order, 11 

Brackets, nesting order, 11 

Branched chains, side-group locants, 

examples, 87 

Bravais lattices, Pearson symbols, 163 

Bridging groups 

definition, 49 

designation, 49-50 

dinuclear species, 50 

names, 61 

polynuclear coordination entities, 55 

polynuclear species, 51—53 

subunits of a CRU, 58 

British Chemical Society, guidelines for 

systematic nomenclature, 2 

c 
CA, See Chemical Abstracts 

Cahn-Ingold—Prelog sequence rule 

configuration number, ranking of side 

groups, 144 

stereoisomers, 13 

Capped polyhedrons 

CEP descriptors, examples, 107-108 

metallapolyboron hydrides, 107 

Carbaboranes, descriptors for specific open 

structures, 102 

CAS, See Chemical Abstracts Service 

Catalytic reactions, site in the surface, 
124 

Cationic ligands, names, 41 

Cations 

homoatomic, 26-27 

organometallic, 115 

Centered dot 

bond in a structural or semistructural 

formula, 9 

separation of components, 9 

unpaired outer electron, 30 

Central atoms 

all the same, examples, 62—63 

carbon atoms from a chain or ring, 43 

choice in additive nomenclature, 39—40 

consecutive numbering, 51—52 

conventional mononuclear coordination 

entity, 39 

different, examples, 63 

multiple centers, 49 

name in a coordination entity, 40 

priority, 50—5 1 

subunits of a CRU, 58 

Central structural unit, descriptors, 5 1 

CEP descriptor system 

arrangement and type of vertices, 104 

capped polyhedrons, 107—108 

nonclosed polyhedrons, 106—107 

polyboron hydrides, 102—109 

polyhedron numbering, 104—106 

reference axis, 103 

systematic descriptors, 51 

terminal plane, 103 

Chains, 85—89 

bonding, 85 

homoatomic 

branched, 85—86 

substituent groups, 86—87 

substituted derivatives and ions, 87 

unbranched, 85 

locants, examples, 86—87 

side-group atoms, 85 

skeletal atoms, 85 

terminal atoms, 85 

Chalcoanhydride, definition, 77 

Chalcogen analogs, formation of names, 77 

Chalcogens, list, 23 

Charge 

coordination entities, 40—41 

designation, examples, 125 

Chelate, definition, 16 

Chelate ring, definition, 16 

Chelating ligand, definition, 16 

Chemical Abstracts 

Index Guide, 4 

index nomenclature for deuterated and 

tritiated compounds, 137 

nomenclature system, 4 

volume indexes, 4 

Chemical Abstracts Formula Index, order of 

symbols, 17 

Chemical Abstracts Index Guide, trivial 

names, 6 

Chemical Abstracts Service 

addition compounds, 117 

Boughton system, 127, 136-137 

“compound with”, 118 

index nomenclature, enclosing marks, 11 

infix method, 69—70 

inorganic species, 138-139 
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Chemical Abstracts Service—Continued 
nomenclature consistency, 4 

nomenclature system, 136-139 

organic species with nonhydrogen 

labeling, examples, 137-138 

stereochemical descriptors, 142 

stereonotation system, 143 

Chemical elements 

atomic arrangement, 19 

definition, 19 

polyatomic forms, 19 

Chemical formula, definition, 16 

Chemical names 

morphology, 5 

semisystematic, 5—6 

systematic, 5 

trivial, 6 

Chemical nomenclature 

consistency, 1 

definition, 1 

fundamental principles, 5 — 18 

generation of names, 6 

officially recommended, 1 

types, 6-7 

Chemical twinned phases, 125 

Chemistry, language, 1 

Chiral species, configuration number, 147 

Chirality 

heteroatom, 106 

ligating atoms, 44-45 

Chirality descriptors 

A, 148 

C, 148 

A, 148 

X, 148 

R, 148 

X, 148 

sets of symbols 

octahedral species, 149 

other inorganic structures, 149 

tetrahedral bonding patterns, 148— 

149 

structural projections, 149 

Chirality symbol, associated with the 

central atom, 143 

CIP, See Cahn—Ingold-Prelog sequence rule 

Circa, variable composition, examples, 122 

Classification of elements 

main, transition, and inner transition, 

22-23 

metals and nonmetals, 22 

structural similarities, 22—24 

Clathrates 

continuous lattice, host, 119 

definition, 119 

enclosed substance, guest, 119 

examples, 119 

Cluster compounds, definition, 54 

CNIC, See Commission on the 

Nomenclature of Inorganic Chemistry 

Colon 

addition compounds, 117 

atoms of bridging groups, 9, 50, 61 

locants for polynuclear center, 63 

Colon—C ontinued 
proportions of constituents, 9 

sets of locants, 9 

Comma 

locants, 9—10 

nuclide symbols with locants, 128 

variable composition, 122 

Commission on the Nomenclature of 

Inorganic Chemistry 

chains and rings, 85 

classification of elements, 22 

controversy over right to name elements, 

29 

infix method, 69 

isotopic modifications, 127 

nomenclature of heteropolynuclear oxo 

acids and their oxo anions, 73 

proposal for inorganic nomenclature, 3 

recommendation of approved names for 

elements, 20 

recommendations for numbering central 

atoms, 50 

systematic method for naming elements, 

20-21 
use of “hydrate”, 118 

Commission on the Nomenclature of 

Organic Chemistry, infix method, 69 

Complex 

addition compounds, 117 

definition, 15 

Composition, names indicating, 45 

Configuration(s) 

coordination numbers, 44 

indication, 44 

Configuration numbers 

A-2, 144 

CU-8, 146, 147 

DD-8, 146, 147 

HB-8, 146, 147 

HB-9, 146 

L-2, 144 

OC-6, 145, 148 

OCF—1, 146 

OCT-8, 146 

PB-7, 146 

SA—8, 146, 147 

SP-4, 144 

SP- 5, 145 

T-4, 144 

TB-5, 144 

TP- 3, 144 

TP-6, 146 

TPS-1, 146 

TPS- 8, 146, 147 

TPS-9, 146, 147 

TPT-8, 146 

TPY- 3, 144 

arrangement of side groups, 143 

assignment method, 146—147 

chiral species, 147 

chirality descriptors, 148—149 

definition, 144—145 

equivalent monodentate side groups, 148 

examples, 145 — 147 

Configuration numbers—Continued 
highest order symmetry axis above the 

preferred terminal plane, 147 

model structures with bonding atoms on 

the highest order axis, 146—147 

notation for locating side groups, 144 

polydentate ligands, 148 

with monodentate ligands, 144—147 

Conjunctive nomenclature, definition and 

use, 7 

Conjuncto structures, definition, 108 

Connectivity, dash, 54 

Constitutional repeating unit 

definition, 57 

identification, 58—59 

names, 61 

orientation of constituent subunits, 59 

polynuclear constituent subunit, 

example, 59 

possible subunits, 58 

senior subunit, 65 

seniority of constituent subunits, 59 

stereochemical configuration, 66 

unknown dimensional structure, 57— 

58 

Coordinate covalent bonds 

additive nomenclature, 39 

examples, 94 

Coordination centers 

alphabetical series, 54 

definition, 15 

names, 61 

numbering, 53 

Coordination chemistry, terms used, 15- 

lb 
Coordination compounds 

additive nomenclature, 6, 112 

configuration, 44 

definition, 14 

inorganic stereochemistry, 141 

linkage between centers, 49 

polynuclear, 49—55 

structural formulas, 18 

substitutive nomenclature, 6 

Werner nomenclature system, 2 

Coordination entity 

additive nomenclature, 39—46 

binary hydro anions, 82 

bonding or spatial configuration, 

examples, 45—46 

charge, 40-41 

composition, examples, 45 

definition, 39 

mononuclear, 39 

naming procedure, 40—46 

Coordination nomenclature 

boron, 98 

heteropolyboron hydrides, 112 

Coordination number 

crystallography, 15 

definition, 15 

organometallic compounds, 15 

Coordination polymers, selection of 

bridging groups, 58 



Inorganic Chemical Nomenclature 202 

Council of the International Association of 

Chemical Societies, 2—3 

Covalent inorganic compounds, substitutive 

nomenclature, 79—83 

CRU, See Constitutional repeating unit 

Crystal lattice, See Lattices 

Crystalline allotropic modifications 

formula and systematic name, 25/ 

formula and trivial name, 25/ 

Crystallographic shear phases, 125 

Crystallographic sites 

designation of charge, 125 

irregularity, 123 — 124 

CSU (Central structural unit), 5 1 

Cubic configuration 

stereochemical descriptors, 182 

symmetry site terms, 146 

Cumulative double bonds 

8r, 93 

examples, 93—94 

Cyclic hydrocarbons, replacement 

nomenclature, examples, 95—96 

Cyclic polynuclear structures 

numbering of central atoms, 52 

priority of central atoms, examples, 53 

D 
d-block elements, list, 23 

Daltonides, 121 

Dash 

addition compounds, 117 

attachment, 112 

bond, 10, 54 

linkages to a coordination center, 10 

metal-metal bonds, 10 

molecular addition compound, 10 

Deficiency of atoms, defining variables, 

123 
Delta 

chirality descriptors, 148 

conformation of chelate rings, 11 

cumulative double bonds, 93 

double bonds, 12, 92 

small value of variable, 123 

triangular faces in polyhedron, 102 

Denticity of a ligand, definition, 16 

Derivatives, heteroatomic ring hydrides, 

examples, 91 

Descriptor terms 

cyclo-, 9, 51 

d, 44 

gen, 133 

/, 45 
octahedro-, 5 1 

tetrahedro-, 51 

unf, 132 

CEP system, 102-109 

compound structure, 9 

CSU, 51 

list, 161—162 

structural, 168 

Deuterated compounds 

CA index nomenclature, 137 

partially and fully labeled, examples, 

136 

Deuterium 

Boughton system, 136 

symbols, 22, 128 

Diels-Alder reaction, addition compounds, 

117 

Dinuclear species with bridging groups 

symmetrical species, examples, 50 

unsymmetrical species, examples, 50—51 

Direction of citation, central atoms in the 

CRU, 59-60 

Directional plane, definition, 106 

Directional vertex, reference plane, 106 

Dodecahedral configuration 

stereochemical descriptors, 183 

symmetry site terms, 146 

Donor atom, definition, 15 

Doping, 123 

Double bonds 

A, 92 

cumulative, 93 

E 
Eclipsed atoms, 178 

Effective charge, designation, examples, 

125 

Electron-deficient cluster compounds, 

structural formulas, 18 

Electron shells, classification of elements, 

23 
Electronegativity 

arbitrary order, 12 

central atoms in the CRU, 59 

choice of central atom, 40 

Group 18 elements, 13 

nomenclature, 12 

numbering of central atoms, 52 

numbering of repeating ring atoms, 

examples, 90-91 

relative order for binary nomenclature, 

187 

Electronic structure, classification of 

elements, 23 

Element(s) 

classification, 22—24 

criteria for discovery, 20 

electronegativity sequence, 187 

isotopes, 22 

names, stems, symbols, and atomic 

numbers, 157—159 

proposed names, 159 

stems, 21 

symbols, 21-22 

systematic names, 20—21 

traditional names 

changes in German, 19 

lists, 20 

right of the discoverer, 19-20 

Element symbols 

italic 

atoms of bridging groups linking the 

backbone, 61 

atoms through which ligand is 

attached to a center of 

coordination, 8 

Element symbols—Continued 

italic—Continued 

bridging group, 50 

central atom at which replacement 

occurs, examples, 72 

locants, 112, 128 

long dash and enclosed in parentheses, 

metal-metal bond, 54 

list, 157-159 

locants, 8 

subscript, site occupied by a given atom, 

124 

unenclosed, atoms in the plane of the 

paper, 150 

Elementlike associations, 24 

Empirical formula, definition, 16 

Enantiomers, descriptors C and A, 

examples, 106 

Enclosing marks 

description and use, 11 

labeled side group, 137 

ligand names, 41 

multiple bridging groups, 61 

nesting order, 11 

sets of identical groups of atoms, 11 

Enclosure compounds, definition, 119 

End groups 

a, 65 

a), 65 

ionic, 65 

linear inorganic or semiinorganic 

polymers, 65 

polymer molecule, 58 

Epsilon, small value of variable, 123 

Equivalent monodentate side groups, 148 

Esters 

examples, 76 

neutral esters of inorganic acids, 76 

partial esters of polybasic acids, 76 

Eta 

carbon atoms from chain or ring bonded 

to central atom, 43 

center of coordination, 12 

ligand locants, 43 

linkage through adjacent atoms, 113 

Ewens-Bassett numbers 

bonding or spatial configuration, 

examples, 45—46 

bridged trinuclear and higher species, 

52 

charge on coordination entity, 40—41 

charge on the anion, 82 

charge on the cation, 81 

charge on the CRU, 64 

definition, 15 

dinuclear species, 50 

end of the complete polymer name, 65 

examples, 15/, 34 

ionic charge, 35 

monoatomic cations, 26 

parenthetical, number of hydrogen atoms 

in the hydride, 100 

polyhomoatomic ions, 26 

Extent of replacement, defining variables, 

123 
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F 
f-block elements, list, 23 

Fac isomer, octahedron, 151 

Flexidentate, definition, 16 

Flexidentate ligand, superscript number on 

k, 43 

Foreign atoms or ions, in lattice, 121 

Formulas 

copper and zinc, 122 

limitations on overinterpretation, 29 

natural isotopic compositions, 128 

order of symbols, 17 

types, 16-18 

variable composition, examples, 122 

Free electrons, symbols in use, 125 

Free radicals, examples, 36 

Functional class nomenclature, definition 

and use, 7 

Functional compounds 

additive nomenclature, 6 

definition, 13 

Functional names, acids, 67 

Functional replacement nomenclature 

affixes, 169 

definition, 7 

G 
General labeling, definition and examples, 

133 

Geometrical arrangement of side groups, 

stereonotation system, 143 

Geometrical configuration, locants, 143 

Geometrical designations, compounds with 

central atoms other than carbon, 141— 

143 

Geometrical isomerism, bonding numbers 

of 4 or more, 144 

German names for elements, 19 

Greek letters 

a, end groups of polymer molecule, 58, 

65 

8 
conformation of chelate rings, 11 

small value of variable, 123 

8f 
cumulative double bonds, 93 

double bonds attached to skeletal 

atom, 12 

A 

chirality of certain chelates, 11 

double bond, 11—12, 92 

number of triangular faces in idealized 

triangulated polyhedron, 102 

e, small value of variable, 123 

Tl 
carbon atoms from chain or ring 

bonded to central atom, 43 

center of coordination, 12 

t\", linkage through two or more 

adjacent atoms, 113 

K, center of coordination, 12 

X 

bonding number, 86 

chelate rings, 12 

Greek letters, X—Continued 

nonstandard bonding number, 12 

A, chirality of certain chelates, 12 

M- 

bridging group, 12, 49, 72 

bridging ligand in polymer backbone, 

61 

number of coordination centers 

bridged, 50 

ir 

bond arising from the overlap of p 

orbitals, 12 

decrease in bond length, 85 

cr, bonding by the sharing of electron 

pairs, 12, 113 

u), end groups of polymer molecules, 58, 

65 
locants, 8 

side-chain positions, 8 

use in chemical nomenclature, 11—12 

Group, definition, 30 

Group names, 24 

Group symbol, isotopic modification, 

examples, 135 

H 
Halogen-substituted hydro cations, 81 

Halogens, list, 23 

Hantzsch—Widman system 

heteroatomic ring hydrides, examples, 

91-92 

suffixes, 173 

Hapto convention 

bonding or spatial configuration, 

examples, 45—46 

carbon atoms from chain or ring bonded 

to central atom, examples, 43—44 

organometallic compounds, 113 

Heptagonal bipyramidal configuration 

stereochemical descriptors, 185 — 186 

symmetry site terms, 146 

Heteroatomic chains 

distribution of backbone atoms, 89 

position in polyhedral structure, 

examples, 106 

repeating units, 87—88 

substituent groups, examples, 88 

substituted derivatives and ions, 

examples, 88—89 

Heteroatomic rings 

boron compounds, examples, 94 

cumulative double bonds, examples, 93- 

94 

derivatives, 91 

extended Hantzsch—Widman 

nomenclature, 91-92 

ions, examples, 94—95 

nonstandard bonding numbers, 

examples, 93 

partially unsaturated, examples, 92 

repeating units, examples, 90-91 

Heteroatomic species 

additive names, 31 

binary oxo groups, 31-32 

Heteroatomic species—Continued 

formulas, 16-18 

general principles, 29-37 

nomenclature, 30 

types, 30 

Heterodinuclear oxo acids 

examples, 73 

formation of name, 73 

See also Oxo acids 

Heteropolyboron hydrides 

CEP descriptor system, 102-109 

derivatives 

addition compounds, 111-112 

examples, 110 

ionic species, 111 

molecular species, 109 

stoichiometric names, 99—100 

substitutive names, 100 

traditional descriptors, 100-102 

Heteropolynuclear oxo acids 

chains, 73—74 

rings, 74 

structural names, 74—75 

three-dimensional structures, 74-75 

See also Oxo acids 

Hexagonal bipyramidal configuration 

configuration number, 147 

stereochemical descriptors, 183-184 

symmetry site terms, 146 

Highest order axis, configuration number, 

146-147 

Hill system, order of symbols, 17 

Homoatomic chains 

branched, 87 

polynuclear hydrides, 85 

substituent groups, 86—87 

substituted derivatives and ions, 87 

Homoatomic ions, 26—27 

Homoatomic species, 19-27 

Homogeneity range, limits, 122 

Homologous series, 125 

Homopolynuclear acids 

oxo acids, 71-73 

rules for naming variants, 72 

See also Oxo acids 

Hydrates 

CNIC recommendation, 118 

definition, 118 

Hydride anion, mononuclear binary hydro 

groups, examples, 81-82 

Hydrides 

mononuclear, 170 

mononuclear binary, 79-81 

substitutive nomenclature, 79—83 

unbranched chain, examples, 86 

Hydro groups, mononuclear molecular, 

80-81 

Hydro ligands, label indicated by d or t, 

examples, 138—139 

Hydrocarbons, cyclic and acyclic, 

replacement nomenclature, 95-96 

Hydrogen-containing inorganic compounds, 

nonhydride names, 171 

Hydrogen 

indicated, examples, 92 
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Hydrogen—Continued 

labeled, addition to a ring system, 137 

nonreplaceable, 76 

Hydrogen atoms, specification of position, 

109-110 

Hydrogen cation, mononuclear binary 

hydro groups, examples, 81—82 

Hydrogen isotopes, Boughton system, 128 

Hydroxy salts, 76 

Hyphen 

bridging groups, 10 

locants, 10 

Hypothetical parent acid, substitutive 

names, 70 

I 
Ideal compositions, copper and zinc, 122 

Imide, nitrogen derivatives, 70 

Indefinite labeled structures, “labeled 

with...” phrases, 139 

Indicated hydrogen, examples, 92 

Inert gases, list, 23 

Infinitely adaptive phases, 125 

Infix method, mononuclear oxo acids, 69— 

70 

Infixes 

hydrazido, 71 

trivial names of oxo acids, examples, 70 

Inorganic chemistry, definition and 

nomenclature, 2 

Inorganic compounds 

additive nomenclature, 46—47 

types, 13 — 14 

Inorganic nomenclature, underlying 

principles, 2 

Inorganic polymers, selection of bridging 

groups, 58 

Inorganic Rules 

anions, 73 

basis for decisions, 20 

citation of ligands, 40 

classification of elements, 22 

electronegativity, 13 

heteropolynuclear oxo acids and their oxo 

anions, 73 

hydrogen as a separate word, examples, 

76 

locants, 8 

prefix method, 69 

publication, 3 

symbols for ligating atoms, 42 

Intercalation compounds, definition and 

examples, 119 

International Union of Pure and Applied 

Chemistry (IUPAC) 

addition compounds, 117 

assignment of locant designators, 

procedure, 142 

classification of elements, 22 

commissions on nomenclature, 3 

electronegativity sequence, 187 

infix method, 69 

isotopically modified inorganic 

compounds, 127 

International Union of Pure and Applied 

Chemistry—Continued 

methods for locating side groups, 141— 

142 

order of citing constituents of addition 

compounds, examples, 117—118 

prefix method, 69 

priority of discovery of elements, 20 

skeletal boron atoms, 96 

symbols for ligating atoms, 42 

unbranched chain of repeating units, 88 

See also Inorganic Rules 

Interstitial sites 

designation, 123—124 

in lattice, 121 

Ion(s) 

from mononuclear molecular hydrides, 

81-82 

heteroatomic, 34—35 

homoatomic, 26—27 

organometallic, examples, 115 — 116 

Ionic charge, atomic symbol, 21 

Ionic compounds, examples, 35 — 36 

Ionic nomenclature, organometallic 

compounds, 113 — 116 
Ionic repeating units, polymers, examples, 

64 

Ionic solids, nonselectively labeled, 

examples, 133 — 134 

Ionic species, polyboron and 

heteropoly boron hydrides, examples, 

111 

Isomerism 

bridged trinuclear and higher species, 52 

methods to describe, 141 

Isopoly oxo acids, 74 

Isotopes 

atomic symbol, 22 

hyphenated mass numbers, 22 

trivial names, 22 

Isotopic labeling 

modified species, 127 

parent species, examples, 137—138 

Isotopic modification 

multiple substituents, examples, 138 

sources, 127 

Isotopic polysubstitution, 129 

Isotopically deficient species, definition, 

127, 134 

Isotopically labeled species 

definition, 127 

selectively labeled 

definitions and formulas, 127, 131 

names, 132-133 

specifically labeled 

definitions and formulas, 127, 130 

names, 130—131 

Isotopically modified species 

isotopically labeled species, 127 

isotopically substituted species, 127 

synonym line formulas of alloys, 139 

Isotopically substituted species 

ambiguity in names, 129 

definitions and formulas, 127—128 

nomenclature, examples, 128—129 

Italicized element symbols, ligating atom, 

examples, 42 

Italicized letters, lower-case, position of 

ligands, 8 

IUPAC, See International Union of Pure 

and Applied Chemistry 

K 

Kappa 

center of coordination, 12 

ligand locants, 43 

Kappa convention 

bonding or spatial configuration, 

examples, 45—46 

bridging group, 50 

examples, 43 

italicized element symbol for the ligating 

atom, 43 

ligating atom(s) and their distribution, 

examples, 5 1 

polynuclear structures, 52 

L 
Labeled species 

degrees of labeling, 138 

ligands in coordination compounds, 

examples, 138—139 

name containing isotopic symbols, 138 

synonym line formulas for minerals, 139 

Lambda 

bonding number, 12, 86 

chelate rings, 12 

chirality descriptors, 148 

chirality of chelates, 12 

prefix, 79 

Lambda convention 

nonstandard bonding numbers, 93 

skeletal atom, 86 

Language 

and nomenclature, 1—4 

definition, 1 

of chemistry, 1 

Lanthanoid, 24 

Lanthanoid (lanthanide) elements, list, 23 

Largest bridging group, inorganic and 

coordination polymers, 58—59 

Lattices 

designation of vacant and interstitial 

sites, 123 — 124 

interstitial sites, 121 

regions, 121 

Lavoisier 

addition compounds, 117 

proposals for systematizing 

nomenclature, 2 

Letters 

italic capital 

locants, 136 

symmetry site terms, 143 

italic lower-case, locants, 142 

Lewis acid, neutral boron compounds, 

111-112 
Ligancy, definition, 15 
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Ligand(s) 

alphabetical series, 54 

choice of central atom, 40 

configurations, 44 

definition, 15 

order of citation, 40 

Ligand locants 

k and irp 43 

priorities for ordering, 42 

Ligand names 

anionic ligands, 41—42 

cationic ligands, 4l 

enclosing marks, 41 

neutral ligands, 4l 

separation of words, 41 

side groups, 46 

Ligand segment, stereochemistry of each 

side group, 143 

Ligating atoms 

definition, 15 

indication 

Hapto convention, 43—44 

italicized atomic symbols, 42 

Kappa convention, 43 

Limiting atoms, heteroatomic chains, 87- 

88 
Limiting formula, intercalation compounds, 

119 

Linear configuration 

stereochemical descriptors, 178 

symmetry site terms, 144 

Linear conjuncto structures 

definition and examples, 108—109 

locant description of attachment, 108 

Linear organic polymers 

hierarchical order of subunits, 60 

selection of structural fragments, 58—59 

Locant(s) 

atomic center, 142 

chain of skeletal atoms, examples, 86 

configurations around a coordination 

center, 142 

conventions, 134—136 

definition, 8 

each ligand, 142 

geometrical configuration for each 

coordination number, 143 

heteroatomic chains, examples, 88 

indicated hydrogen, 92 

italicized element symbols, attaching 

atoms, 112 

letters, examples, 142—143 

ligating atoms, 43 

numerical 

ligands, 50 

polynuclear center, 63 

order of citation, examples, 134—135 

prefixes, 142 

side groups, 142—143 

superscript, ligands, 42 

types, 8-9 

Locant numbers, central atom at which 

replacement occurs, examples, 72 

Locant sets, order of priority, 9 

Lowest locant set, 9 

M 

Mass number, atomic symbol, 21 

Mer isomer, octahedron, 151 

Metal—metal bonds 

indication, 54 

polynuclear coordination entities, 55 

Metalloid, 22 

Metastable nuclei labeling, 128 

Mineralogical names, 6 

Mixed salts, nomenclature, 6, 75-76 

Modulated structures, 125 

Molecular addition compounds, additive 

nomenclature, 6 

Molecular formula, definition, 16 

Molecular hydrides 

substituted, examples, 114 

substitutive nomenclature, 6 

Molecular sieves, 119 

Molecular species, poly boron and 

heteropolyboron hydrides, 109-110 

Monoatomic anions and cations, formation 

of name, 26 

Monocyclic polynuclear structures 

numbering of central atoms, 52 

priority of central atoms, examples, 53 

Monocyclic systems 

binary oxo group, examples, 74 

repeating units, examples, 90—91 

Monocylic homoatomic rings 

saturated rings, examples, 89 

substituent groups, examples, 90 

unsaturated rings, examples, 89—90 

Mono(face-capped) octahedral configuration 

stereochemical descriptors, 181 

symmetry site terms, 146 

Mononuclear acids 

compounds with hydrogen cations, 69 

degree of hydration, examples, 68-69 

functional structural formulas, 68 

prefix per-, 68 

pseudobinary compounds of hydrogen, 

69 

substituted, 70—71 

trivial names, 68 

See also Mononuclear oxo acids 

Mononuclear binary hydro groups, 

formation of names, 80—81 

Mononuclear coordination entities, additive 

nomenclature, 39 

Mononuclear hydrides 

covalent, 79-81 

method for naming cations, examples, 

81 

standard bonding numbers, 170 

Mononuclear molecular hydrides 

derivatives of hydro anions, examples, 82 

ions, 81—82 

subtractive suffixes, 80—81 

Mononuclear oxo acids 

functional replacement analogs, 69—70 

inorganic, formation of names, 76—77 

See also Oxo acids 

Mono(square-face-capped) trigonal prismatic 

configuration 

order of seniority, 152 

Mono(square-face-capped) trigonal prismatic 

configuration—Continued 

projection, 152 

stereochemical descriptors, 182 

symmetry site terms, 146 

Morphemes 

“a” 

backbone of the repeating unit, 88, 

90 

heteroatoms, 91 

limiting element, 88 

order of seniority, 172 

replacement nomenclature, examples, 

95-96 

-closo, 102 

def, 134 

in chemical names, 5 

locants, 8 

modified, examples, 96 

Mu 

bridging groups, 12, 49, 72 

bridging ligand in the backbone of a 

polymer, 61 

number of coordination centers bridged, 

50 

Multidentate ligands, superscript number 

on k, 43 

Multiplicative nomenclature 

definition and use, 7 

polynuclear species, examples, 54 

Multiplicative prefixes, numerical terms, 

7-8, 160 

Multiplicity 

coordination center, definition, 15-16 

ligand, definition, 16 

Muonium, 24 

N 
Nesting order, enclosing marks, 11 

Neutral inorganic species, 30 

Neutral ligands, names, 41 

Neutral molecules, systematic and trivial 

names, 24/ 

Noble gases, list, 23 

Nomenclature 

and language, 1—4 

Chemical Abstracts, 4 

definition, 1 

enforcement of recommendations, 3 

fundamental principles, 5 — 18 

historical methods for naming, 67 

Lavoisier principles, 2 

predominant systems, 29 

principles and procedures, 2—3 

spelling variations, 4 

Nomenclature conventions 

bridging groups, 57 

chemical names, 5—7 

descriptor terms, 9 

enclosing marks, 11 

Greek letters, 11—12 

heteroatomic species, 29 

locants, 8—9 

multiplying prefixes, 7—8 

naming inorganic substances, 2 
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Nomenclature conventions—Continued 

ordering principles, 12—13 

polymers, 57 

punctuation, 9—11 

Nomenclature systems, IUPAC and CA, 4 

Nonclosed polyhedrons 

descriptors, 106-107 

indication of the number of vertices, 

examples, 107 

Noncommensurate structures, 125 

Nonselectively labeled species 

definition and examples, 133 

nonmolecular materials, 133 

Nonstandard bonding numbers, lambda 

convention, examples, 93 

Nonstoichiometric species, 121-125 

indication of extent of replacement, 123 

irregularity in crystallographic sites, 

123-124 

names, 122 

qualitative indication, 122 

Nuclide symbols 

hydrogen isotopes, 128 

in formulas, 128 

italic, locants, 136 

Number of atoms of element, atomic 

symbol, 21 

Numerical prefixes, examples, 33 

o 
Octahedral configuration 

central atom and bonding atoms, 44 

chirality, 145, 149 

stereochemical descriptors, 180 

symmetry site term, 145 

Octahedron 

order of seniority, 151 

projection, 151 

Omega, polymer end groups, 58, 65 

Order of symbols 

acids, 17 

chemical formula, 17 

electronegativity, 17 

groups that have structural identity, 17 

intermetallic compounds, 17 

salts, 17 

Ordering principles 

CIP sequence rule, 13 

electronegativity, 12—13 

Organic chalcogen oxo acids, 68 

Organic chemistry, definition, 2 

Organic ligand, hydrocarbon group bonded 

to a central atom, 42 

Organic substances, substitutive 

nomenclature, 6 

Organometallic compounds 

bridging groups between central atoms, 

115 

characterization, 113 

containing only organic side groups, 

examples, 113 

containing organic and other side 

groups, 114 

Organometallic compounds—Continued 

ionic nomenclature, 113 

ions derived, 115 — 116 

side groups, examples, 115 

substitutive nomenclature, 113 

Orientation 

constituent subunits in the CRU, 59-60 

preferred direction, examples, 60 

Oxidation numbers 

apparent, 14 

central atom, 40—41 

definition, 14 

elements in specific compounds, 14/ 

oxo acids, 74 

Stock numbers, 14 

Oxidation state, definition, 14 

Oxo acids 

additive nomenclature, 69 

definition, 68 

formation of names, 68 

functional replacement analogs, 69-70 

homopolynuclear, 71—73 

monobasic, 77 

mononuclear inorganic, 77 

names, 2 

oxidation state, 68 

polybasic, 77 

prefix method, 71 

salts with isotopically modified cations, 

examples, 139 

substitutive names for anions, 116 

trivial names, 69 

Oxo groups 

interior groups in alphabetical order, 

examples, 74 

ligands in alphabetical order, examples, 

73-74 

Oxy salts, 76 

P 
p-block elements, list, 23 

Parent compounds 

definition, 13 

hydrogen-containing inorganic, 83 

Parent hydrides 

binary compounds, 79 

definition, 14 

hydro anions, 82 

Parent rings 

examples, 92 

Hantzsch-Widman system, 91-92 

saturated, 89 

Parentheses 

multiplicative prefixes, 138 

nesting order, 11 

position of atoms and plane, 150 

variable composition, 122 

Parenthetical expression, metal—metal 

bond, 54 

Partial stereochemical descriptor 

designation of chirality, 146 

distribution of side groups, 145 

Pearson symbols 

Bravais lattice and number of atoms in 

unit cell, 25 

Pearson symbols—Continued 

Bravais lattices, 163 

Pentagonal bipyramidal configuration 

stereochemical descriptors, 181 

symmetry site terms, 146 

Pentels, list, 24 

Periodic table of the elements, 187 

classification of elements, 22 

scales of electronegativity, 12 

Peroxo group, 68 

Pi 
bond arising from overlap of p orbitals, 

12 
decrease in bond length, 85 

Pi bonding, chains and rings, 85 

Planar structure, symmetry site term, 144 

Pnicogens, 24 

Point group symbol, symmetry of 

immediate environment of interstitial 

site, 124 

Polyatomic groups, bridging, 49 

Polyborane derivatives, conjunctive 

nomenclature, 7 

Poly boron clusters, 97 

Polyboron hydrides 

CEP descriptor system, 102—109 

characterization, 100—102 

derivatives 

addition compounds, 111-112 

examples, 110 

ionic species, 111 

molecular species, 109—110 

skeletal electron pairs, 102 

stoichiometric names, 99—100 

structural specificity, 100 

substitutive names, 100 

traditional descriptors, 100—102 

Polyboron polyhedrons, structural 

descriptors, 174—176 

Poly boron structures, semisystematic names 

and numbering, 177 

Polydentate ligands, seniority ranking 

numbers, 148 

Polyhedral structures 

capped, 107—108 

characterization, 100—102 

isomeric, 101 

linear conjuncto, 108-109 

nonclosed, 106—107 

stoichiometric names, 101 

Polyhedral symbol, overall geometry, 143 

Polyhedral vertices, parallel planes, 103, 

105 

Polyhedron numbering, preferred 

orientation, 104-106 

Polyhomoatomic ions 

formation of name, 26—27 

systematic name and trivial name, 27/ 

Polyhomoatomic molecules 

allotropic modifications, 25 

finite structure, 24—25 

unspecified structure, definition, 25 

Polymer(s) 

ionic CRUs, examples, 64 

linear, 58 
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Polymer(s)—Continued 
quasi-single-strand, 57 

regular single-strand, 57 
two- and three-dimensional, 58 

Polymer nomenclature 
central atoms all the same, 62 
different central atoms, 63 
end groups, 65 
ionic repeating units, 64 
more than one central atom in the CRU, 

62-64 

one central atom in the CRU, examples, 
61—62 

polynuclear centers, 63-64 
stereochemistry, 66 
terminology, 57 

Polymer structure, identification of CRU, 
58 

Polymeric inorganic species, 57-66 
basis for system of nomenclature, 57 
description, 57 

Polymeric substances, nonselectively 
labeled, examples, 133-134 

Polynuclear centers 
numerical locants, examples, 63-64 
polymer nomenclature, examples, 63— 

64 
Polynuclear coordination centers, largest 

fragments in the CRU, 59 
Polynuclear coordination entities, 49-55 

definition, 49 
designation of bridging groups, 49-50 
dinuclear species with bridging groups, 

50-51 
general principles for naming, 49 
polynuclear species with bridging 

groups, 51-53 
polynuclear species without bridging 

groups, 54-55 
species with metal—metal bonds and 

bridging groups, 55 
Polynuclear hydrides 

derivatives, examples, 82—83 
homoatomic chains, 85 
methods for naming, 82 

Polynuclear oxo acids 
replacement of oxygen atoms or hydroxy 

groups, 72 
sulfur, 73 
See also Oxo acids 

Polynuclear species 
chain and branched-chain structures, 51— 

52 
numbering rules, 63 
symmetrical species 

examples, 52, 54 
multiplicative nomenclature, 54 

unsymmetrical species 
examples, 52—55 
kappa convention, 52 

with bridging groups, 51-53 
without bridging groups, 54-55 

Positive holes, symbols in use, 125 
Positronium, 24 
Preferred direction, shortest path, 60 

Prefix method, mononuclear oxo acids, 69- 
70 

Prefixes 
X”, 79 
anello-, 102 
arachno-, 101 
bis-, 50, 99 
canasto-, 102 
catena-, 88 
catena-, 58, 71, 73 
cts-, 9, 44 
closo-, 100, 101 
cyclo-, 90 
cyclo-, 9, 53, 71, 73 
»-debor-, 107 
di-, 41, 71 
didehydro-, 92 
dihydro-, 82, 92 
fac-, 9, 44 
hydro-, 75, 76, 82 
hypercloso-, 102 
hypho-, 101 
hypo-, 34, 68, 72 
hypodi-, 72 
isoarachno-, 101 
tsocloso-, 101 
klado-, 101 
mer-, 44 
meta-, 68 
mono-, 70 
mdo-, 9, 100, 101 
ortho-, 68 
per-, 32, 34, 68 
peroxo-, 68 
peroxy-, 68 
phyllo-, 58 
pileo-, 102 
poly-, 57-58, 72 
precloso-, 102 
pyro-, 71 
seleno-, 32 
tekto-, 58 
telluro-, 32 
tetradehydro-, 92 
tetrahydro-, 92 
thio-, 32 
trans-, 44 
tris-, 99 
cited in alphabetical order, 71 
multiplicative, 7—8, 160 
numerical 

bis-, 50, 99 
tris-, 99 
acid residues, 77 
boron atoms, 99 
list, 160 
polynuclear oxo acids, 73 
ratio of constituents, 117 
skeletal atoms, 85-86 
stoichiometry, 75 
three-dimensional structures, 74 
type 1, 99 

organic substitutive, 79 
stereochemical configuration, 66 
substitutive, 70 

Prefixes—Continued 
trivial names of oxo acids, examples, 70 
type 1, 2, and 3, 8 

Prime 

effective charge, 125 
free electrons, 125 
ligands, 42 
seniority ranking numbers, 148 
serial, differentiating among like atoms, 

42 
Principal chain, side-group locants, 

examples, 87 
Priority, central atoms, 50-51 
Projections, chirality, 149 
Protium, 22, 128 
Protonated species, labeled, examples, 

136-137 
Pseudobinary compounds 

additive nomenclature, 6 
definition, 13 
functional class nomenclature, 7 

Pseudoelement species, 24 
Punctuation and similar marks 

centered dot, 9, 30 
colon, 9, 50, 61, 63, 117 
comma, 9—10, 122, 128 
dash, 10, 54, 112, 117 
hyphen, 10 
semicolon, 10, 132 
slash, 10, 117 
space, 10—11 

Pyramidal structure, chirality symbols, 149 

R 
Radical anion 

examples, 95 
molecular formula, 30 

Radical cation 
examples, 94 
molecular formula, 30 

Radicals 
definition, 30 
examples, 36 

Radicofunctional nomenclature, 7 
Rare earth elements, list, 23 
Rare gases, list, 23 
Red Book, IUPAC Inorganic Rules, 3 
Reference axis 

CEP descriptor, 103 
definition and diagram, 103 
polyhedral CSUs, 51 

Reference plane 
criteria for choice, 104 
definition, 104 
direction of numbering, 106 

Repeating units 
heteroatomic chains, 87—88 
heteroatomic rings, 90 
unbranched chain, 88 

Replacement morphemes, order of 
seniority, 172 

Replacement nomenclature 
affixes, 169 
definition and use, 7, 95 
modified morphemes, 96 
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Right-of-discovery principle, names of 

elements, 19—20 

Right subscript to nuclide symbol, number 

of atomic positions labeled, examples, 

130-131 

Ring(s), 89-96 

binary oxo group, examples, 74 

bonding, 85 

side-group atoms, 85 

skeletal atoms, 85 

Ring atom, cumulative skeletal double 

bonds, examples, 93-94 

Roman letters 

italicized, descriptors, 51 

lower-case 

locants, 8 

stereochemical descriptors, 8 

Roman numerals, oxidation numbers, 14 

s 
s-block elements, list, 23 

Salts 

acid and basic, examples, 76 

mixed salts, examples, 75 

neutral salts, formation of names, 75 

oxo acids, 2 

polymeric anion, 64 

Saturated rings, definition and examples, 

89 

Selectively labeled species 

conceptual formation, examples, 132 

mixed labeled, 131 

multiply labeled, 131 

names, examples, 132 

structural formula, examples, 131 

Semicolon 

ligating atoms of chelating ligands, 10 

sets of locants containing colons, 10 

subscripts referring to the same nuclide 

symbol, 132 

Semicommensurate structures, 125 

Semimetals, 22 

Semistructural formula, definition, 16 

Semisystematic chemical names, 5—6 

Semisystematic names and numbering, 

nonclosed polyboron structures, 177 

Senior bonding atom 

citation in sequence, 147 

configuration number, 146-147 

Senior subunit, CRU, 65 

Seniority 

constituent subunits in the CRU, 59—60 

preferred direction, examples, 60 

Seniority ranking numbers 

bonding atom, 144 

eclipsing bonding atoms, 146 

equivalent monodentate side groups, 148 

projection of the model structure, 147 

Separation of words, in ligand names, 41 

Serial primes, differentiating among like 

atoms, 42 

Side-chain positions, Greek letters, 8 

Side groups 

additive nomenclature, 46-47 

Side groups—Continued 

chains and rings, 85 

choice of central atom, 40 

configuration, 44 

derived from organometallic compounds, 

examples, 115 

equivalent monodentate, 148 

locants, 142 

spatial relationships, 46 

subunits of a CRU, 58 

Sigma, bonding by sharing of electron 

pairs, 12, 113 

Skeletal atoms 

formally cationic, 96 

locants, examples, 86 

neutral group attached, 110 

numerical prefix, 85—86 

standard bonding number, 86 

Skeletal connectivity 

polyhedral structures, 101 

preferred terminal plane, 103 

Skeletal double bonds, cumulative, 93 

Skeletal electron pairs 

polyhedral structures, 101 

prefixes for designating, 102 

Skeletal heteroatoms, prefixes, 103 

Skeletal replacement, replacement 

nomenclature, 7 

Slash 

addition compounds, 10, 117 

constituents of mixtures, 10 

Solid solution, range of concentrations, 121 

Solidus 

addition compounds, 10, 117 

constituents of mixtures, 10 

Solvates 

definition, 118 

examples, 118—119 
Solvent of crystallization, definition, 118 

Space, two or more distinct words, 10—11 

Spatial relationships 

designation of chirality, 44-45 

designation of configuration, 44 

location of side groups, 44 

Specifically labeled species, definition, 130 

Square, site in ideal lattice, 124 

Square antiprism 

order of seniority, 152 

projection, 152 

Square antiprismatic configuration 

stereochemical descriptors, 182—183 

symmetry site terms, 146 

Square brackets 

descriptor, isotopic modification, 134 

name of CRU, 58 

nuclide symbol(s) 

multiplying subscript(s), examples, 

130 

nonselectively labeled species, 133 

preceded by locant(s), 130, 132 

Square configuration 

central atom and bonding atoms, 44 

symmetry site term, 144 

Square [planar] configuration, 

stereochemical descriptors, 179 

Square pyramidal configuration 

chirality, 145 

stereochemical descriptors, 180 

symmetry site term, 145 

Standard bonding numbers 

mononuclear hydrides, 170 

skeletal atom, 86 

Stereochemical descriptors, 143 — 149, 178— 

186 

chirality associated with a side-group 

atom, 149 

patterns of bonding, 144-147 

Stereochemical nomenclature 

differentiation of isomers, 36 

inorganic species, 141 

Stereochemical relationships, 141-153 

Stereochemical structures, development of 

names, examples, 150—153 

Stereochemistry 

CRU, 66 

designation of configuration, 44 

notation for organic polymers, 66 

specific isomers, 37 

Stereoisomerism 

CIP sequence rule, 13 

descriptors, 44 

possibilities, 144 

Stereonotation system 

Brown, Cook, and Sloan, 143 

parts of the descriptor, 143 

Stereoparents, labeled, examples, 136-137 

Stock numbers 

bonding or spatial configuration, 

examples, 45—46 

charge on coordination entity, 41 

definition, 14 

dinuclear species, 50 

examples, 33—34 

homopoly nuclear acids, 72 

ionic charge, 35 

monoatomic cations, 26 

oxidation number of the central atom, 

64 

polyhomoatomic ions, 26 

Stoichiometric names 

boron compounds, examples, 99—100 

Ewens—Bassett notation, examples, 34 

numerical prefixes, examples, 33 

polyhedral structures, 101 

Stock notation, examples, 33—34 

Structural descriptors 

closed polyboron polyhedrons, 174-176 

list, 168 

polyboron hydrides, 102-109 

Structural formulas 

complexities of bonding, 17 

definition, 16 

number of bonding electrons, 18 

Structural specificity, polyboron hydrides, 

100-102 
Structure 

association of atoms, examples, 36—37 

stereochemistry, 37 

Substituent groups 

examples, 90 
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Substituent groups—Continued 

heteroatomic chains, examples, 88 

locants, examples, 86—87 

side groups, 46 

Substituted derivatives and ions 

hydrides of homoatomic chains, 87 

parent ion, examples, 115 

side-group locants, examples, 87 

Substituted molecular hydride, examples, 

114 

Substituted mononuclear acids, 70-71 

Substitutive nomenclature 

covalent inorganic compounds, 79-83 

definition and use, 6 

derivatives of known or postulated 

hydrides, 79 

organometallic compounds, 113-116 

polyboron and heteropolyboron hydrides, 

100, 109-110 

Subtractive nomenclature, definition and 

use, 7 

Subtractive suffixes, mononuclear molecular 

hydride, examples, 80-81 

Suffixes 

-adiene, 89, 90 

-ane, 79, 80, 88, 90 

-ata, 96 

-ate, 75, 94, 100, 118 

-ato, 31, 41, 42 

-closo, 102 

-diene, 88 

-diide, 82 

-diyl, 80, 90 

-ene, 86, 88, 89, 90 

-ic, 34, 68, 69, 72, 75, 78 

-ide, 33, 69, 75, 78, 82 

-ido, 41 

-(i)ous, 75 

-ite, 75 

-ito, 41 

-ium, 81, 82, 94 

-ne, 88 

-o, 31, 41, 74 

-ol, 42 

-onia, 96 

-onium, 81 

-osyl, 31-32 

-ous, 34, 68 

-oyl, 78 

-thiol, 42 

-triyl, 81 

-y, 80 

-yl, 31-32, 78, 80, 90 

-ylidene, 80, 90 

-ylidyne, 80 

-ylium, 81 

-yne, 86, 88 

Hantzch—Widman system, 173 

parenthetical numerical, position of H 

atoms, 109 

Sulfur, substitutive nomenclature, 

examples, 73 

Superscript(s), differentiating among like 

atoms, 42 

Superscript cross, effective charge, 125 

Superscript dot 

effective charge, 125 

positive holes, 125 

unpaired outer electron, 30 

Symbolism, specific nuclide in a formula or 

name, 128 

Symbols 

derived from names of elements, 21 

subscript and superscript characters, 21— 

22 

Symmetrical dinuclear species, examples, 

50 

Symmetrical structures 

bridged trinuclear and higher species, 

examples, 52 

multiplicative nomenclature, 7 

Symmetry axes, 178—186 

Symmetry plane, reference axis, 103-105 

Symmetry site terms 

configuration, 44 

definition, 143 — 144 

overall geometry, 143 

Synonym line formulas, labeled analogs, 

examples, 139 

Systematic chemical names, 5, 20—21 

T 
Terminal atoms 

chains and rings, 85 

criteria for selection, 88 

heteroatomic chains, 87—88 

Terminal constituent subunit, bonding, 57 

Terminal plane 

CEP descriptor, 103 

definition and diagram, 103 

Tetrahedral configuration 

central atom and bonding atoms, 44 

chirality symbols, 148-149 

stereochemical descriptors, 179 

symmetry site terms, 144 

Tetrahedron 

order of seniority, 150 

projection, 150 

Tetrels, list, 24 

Three-dimensional structures 

methods to describe, 141 

oxo acids, 74 

Trademarks, 6 

Traditional names, elements, 19—20 

Traditional structural descriptors, 

polyboron hydrides, 100—102 

Trans maximum difference rule, 

unambiguous stereochemical 

descriptor, 148 

Transfermium elements, right-of-discovery 

principle, 20 

Transition element 

Bohr classification, 23 

definition, 23 

Transuranic elements, right-of-discovery 

principle, 20 

Triangle, interstitial site, 124 

Triangular configuration, symmetry site 

terms, 144 

Triangulated polyhedrons, CEP system, 

102-109 
Triels, list, 24 

Trigonal bipyramidal configuration 

order of seniority, 150 

projection, 150 

stereochemical descriptors, 179-180 

symmetry site term, 144 

Trigonal planar configuration, 

stereochemical descriptors, 178 

Trigonal prismatic configuration 

chirality, 145 

order of seniority, 152 

projection, 152 

stereochemical descriptors, 180-181 

symmetry site term, 146 

Trigonal pyramidal configuration 

order of seniority, 150 

projection, 150 

stereochemical descriptors, 178-179 

Tris(square-face-capped) triangular 

prismatic configuration 

order of seniority, 153 

projection, 153 

Tris(square-face-capped) trigonal 

configuration, symmetry site terms, 

146 

Tris(square-face-capped) trigonal prismatic 

configuration, stereochemical 

descriptors, 185 

Tritiated compounds 

CA index nomenclature, 137 

examples, 136 

Tritium 

Boughton system, 136 

nomenclature, 22 

symbolism, 128 

Trivial names 

advantages, 6 

allotropic modifications, 25 

groups, 24 

hydro anions, 82 

parent groups of atoms, 164—167 

polynuclear hydrides, 82 

u 
Unbranched chains, 85—86 

Uniform labeling 

definition, 132 

examples, 133 

Unpaired electrons, 36 

Unpaired outer electron, structural formula 

or molecular formula, 30 

Unsaturated rings 

locants, example, 90 

method of naming, 89 

Unsymmetrical species 

dinuclear, examples, 50—51 

locants, examples, 52-53 

V 
Vacant site in the lattice, notation, 124 
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Valence, definition, 14 

Variable composition within a phase, 

examples, 122 

Vernier structures, 125 

Vertices, numbering in polyhedral 

framework, 104—106 

w 

Wadsley defects, 125 

Werner 

citation of ligands, 40 

nomenclature for coordination 

compounds, 2 

Werner—Continued 

system for naming coordination 

compounds, 41 

Wertigkeit, definition, 14 

z 
Zeolites, 119 
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