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Preface

Chemical nomenclature must evolve to reflect the needs of the community that makes use
of it. In particular, nomenclature must be created to describe new compounds or classes of
compounds; modified to resolve ambiguities which might arise; or clarified where there is
confusion over the way in which nomenclature should be used. There is also a need to make
nomenclature as systematic and uncomplicated as possible in order to assist less familiar
users (for example, because they are only in the process of studying chemistry or are non-
chemists who need to deal with chemicals at work or at home). A revision of Nomenclature
of Inorganic Chemistry, IUPAC Recommendations 1990 (Red Book I) was therefore
initiated in 1998, under the guidance of the IUPAC Commission on Nomenclature of
Inorganic Chemistry (CNIC) and then, on the abolition of CNIC in 2001 as part of the
general restructuring of IUPAC, by a project group working under the auspices of the
Division of Chemical Nomenclature and Structure Representation (Division VIII).

The need to ensure that inorganic and organic nomenclature systems are, as far as
possible, consistent has resulted in extensive cooperation between the editors of the revised
Red Book and the editors of Nomenclature of Organic Chemistry, IUPAC Recommendations
(the revised ‘Blue Book’, in preparation). At present, the concept of preferred IUPAC
names (PINs), an important element in the revision of the Blue Book, has not been extended
to inorganic nomenclature (though preferred names are used herein for organic, i.e. carbon-
containing, compounds when appropriate). A planned future project on inorganic PINs will
need to face the problem of choice between the equally valid nomenclature systems
currently in use.

The present book supersedes not only Red Book I but also, where appropriate,
Nomenclature of Inorganic Chemistry II, IUPAC Recommendations 2000 (Red Book II).
One of the main changes from Red Book I is the different organization of material, adopted
to improve clarity. Thus, Chapters IR-5 (Compositional Nomenclature, and Overview of
Names of Ions and Radicals), IR-6 (Parent Hydride Names and Substitutive Nomenclature),
and IR-7 (Additive Nomenclature) deal with the general characteristics of the three main
nomenclature systems applied to inorganic compounds. (Note that the notation ‘IR-’ is used
to distinguish chapters and sections in the current book from those in Red Book I, prefixed
‘I-’). The next three chapters deal with their application, particularly that of additive
nomenclature, to three large classes of compounds: inorganic acids and derivatives (Chapter
IR-8), coordination compounds (Chapter IR-9) and organometallic compounds (Chapter
IR-10). Overall, the emphasis on additive nomenclature (generalized from the classical
nomenclature of coordination compounds) which was already apparent in Red Book I is
reinforced here. Examples are even included of organic compounds, from the borderline
between inorganic and organic chemistry, which may be conveniently named using additive
nomenclature (although their PINs will be different).

One important addition in this book is Chapter IR-10 on Organometallic Compounds.
The separation of this material from that on Coordination Compounds (Chapter IR-9)
reflects the huge growth in importance of organometallic chemistry and the very different
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problems associated with the presence of n-bonded ligands. Chapter IR-9 is also
considerably changed (c¢f. Red Book I, Chapter I-10). This revised chapter includes a
clarification of the use of the n and k conventions in coordination and organometallic
compounds (Section IR-9.2.4.3); new rules for the ordering of central atoms in names of
polynuclear compounds (Section IR-9.2.5.6); the bringing together of sections on
configuration (Section IR-9.3) and their separation from those on constitution (Section
IR-9.2); and the addition of polyhedral symbols for T-shaped (Section IR-9.3.3.7) and see-
saw (Section IR-9.3.3.8) molecules, along with guidance on how to choose between these
shapes and those of closely related structures (Section IR-9.3.2.2).

The chapter on Oxoacids and Derived Anions (Red Book I, Chapter I-9) has also been
extensively modified. Now called Inorganic Acids and Derivatives (Chapter IR-8), it
includes the slightly revised concept of ‘hydrogen names’ in Section IR-8.4 (and some
traditional ‘ous’ and ‘ic’ names have been reinstated for consistency and because they are
required for organic nomenclature purposes, i.e. in the new Blue Book).

The reader facing the problem of how to name a given compound or species may find
help in several ways. A flowchart is provided in Section IR-1.5.3.5 which will in most cases
guide the user to a Section or Chapter where rules can be found for generating at least one
possible name; a second flowchart is given in Section IR-9.2.1 to assist in the application of
additive nomenclature specifically to coordination and organometallic compounds. A more
detailed subject index is also provided, as is an extended guide to possible alternative names
of a wide range of simple inorganic compounds, ions and radicals (in Table IX).

For most compounds, formulae are another important type of compositional or structural
representation and for some compounds a formula is perhaps easier to construct. In Chapter
IR-4 (Formulae) several changes are made in order to make the presentation of a formula
and its corresponding name more consistent, e.g. the order of ligand citation (which does not
now depend on the charge on the ligand) (Section IR-4.4.3.2) and the order and use of
enclosing marks (simplified and more consistent with the usage proposed for the
nomenclature of organic compounds) (Section IR-4.2.3). In addition, the use of ligand
abbreviations can make formulae less cumbersome. Thus, recommendations for the
construction and use of abbreviations are provided in Section IR-4.4.4, with an extensive list
of established abbreviations given in Table VII (and with structural formulae for the ligands
given in Table VIII).

Two chapters of Red Book I have been shortened or subsumed since in both areas
extensive revision is still necessary. First, the chapter on Solids (IR-11) now describes only
basic topics, more recent developments in this area tending to be covered by publications
from the International Union of Crystallography (IUCr). It is to be hoped that future
cooperation between JTUPAC and IUCr will lead to the additional nomenclature required
for the rapidly expanding field of solid-state chemistry.

Second, boron chemistry, particularly that of polynuclear compounds, has also seen
extensive development. Again, therefore, only the basics of the nomenclature of boron-
containing compounds are covered here (cf. the separate, more comprehensive but dated,
chapter on boron nomenclature, I-11, in Red Book 1), within Chapter IR-6 (Parent Hydride
Names and Substitutive Nomenclature), while more advanced aspects are left for elaboration
in a future project.

Other changes include a section on new elements and the procedure by which they are
now named (Section IR-3.1) and a simplified coverage of the systematic method for naming

vi
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chains and rings (adapted from Chapter II-5 of Red Book II). Lesser omissions include the
section on single strand polymers (now updated as Chapter II-7 in Red Book II) and the
several different outdated versions of the periodic table. (That on the inside front cover is
the current [IUPAC-agreed version.)

Some new recommendations represent breaks with tradition, in the interest of increased
clarity and consistency. For example, the application of the ending ‘ido’ to all anionic
ligands with ‘ide’ names in additive nomenclature (e.g. chlorido and cyanido instead of
chloro and cyano, and hydrido throughout, i.e. no exception in boron nomenclature) is part
of a general move to a more systematic approach.

Acknowledgements

It is important to remember that the current volume has evolved from past versions of the
Red Book and it is therefore appropriate first to acknowledge the efforts of previous editors
and contributors. However, we would also like to thank the many people without whose help
this revision would not have come to fruition. Members of CNIC were involved in the early
stages of the revision (including Stanley Kirschner who began the task of compiling ligand
abbreviations and what has become Tables VII and VIII), and members of the IUPAC
Division VIII Advisory Subcommittee (particularly Jonathan Brecher, Piroska Fodor-
Csanyi, Risto Laitinen, Jeff Leigh and Alan McNaught) and the editors of the revised Blue
Book (Warren Powell and Henri Favre) have made extremely valuable comments. However,
the bulk of the work has been carried out by a project group comprising the two Senior
Editors, Richard Hartshorn and Alan Hutton.

NEIL G. CONNELLY and TURE DAMHUS
(Senior Editors)

vii






Contents

IR-1

IR-1.1
IR-1.2
IR-1.3
IR-1.4
IR-1.5
IR-1.6
IR-1.7
IR-1.8

IR-2
IR-2.1
IR-2.2
IR-2.3
IR-2.4
IR-2.5
IR-2.6
IR-2.7
IR-2.8
IR-2.9
IR-2.10
IR-2.11
IR-2.12
IR-2.13
IR-2.14
IR-2.15
IR-2.16
IR-2.17

IR-3
IR-3.1
IR-3.2

GENERAL AIMS, FUNCTIONS AND METHODS
OF CHEMICAL NOMENCLATURE

Introduction 1

History of chemical nomenclature 2

Aims of chemical nomenclature

Functions of chemical nomenclature

3

4

Methods of inorganic nomenclature 4

Changes to previous IUPAC recommendations

Nomenclature recommendations in other areas of chemistry

References 13

GRAMMAR 15

Introduction 16

Enclosing marks 17

Hyphens, plus and minus signs, ‘em’ dashes and bond indicators

Solidus 27

Dots, colons, commas and semicolons

Spaces 30

Elisions 31
Numerals 31

Italic letters 34
Greek alphabet 35
Asterisks 36

Primes 36
Multiplicative prefixes 37
Locants 38

Ordering principles 40
Final remarks 44

References 45

ELEMENTS 46

Names and symbols of atoms

46

27

1

8

13

24

Indication of mass, charge and atomic number using indexes (subscripts

and superscripts) 47

iX



CONTENTS

IR-3.3 Isotopes 48

IR-3.4 Elements (or elementary substances) 48

IR-3.5 Elements in the periodic table 51

IR-3.6 References 52

IR-4 FORMULAE 53

IR-4.1 Introduction 54

IR-4.2 Definitions of types of formula 54

IR-4.3 Indication of ionic charge 57

IR-4.4 Sequence of citation of symbols in formulae 58
IR-4.5 Isotopically modified compounds 64

IR-4.6 Optional modifiers of formulae 65

IR-4.7 References 67

IR-5 COMPOSITIONAL NOMENCLATURE,

AND OVERVIEW OF NAMES OF IONS
AND RADICALS 68

IR-5.1 Introduction 68

IR-5.2 Stoichiometric names of elements and binary compounds 69

IR-5.3 Names of ions and radicals 70

IR-5.4 Generalized stoichiometric names 75

IR-5.5 Names of (formal) addition compounds 80

IR-5.6 Summary 81

IR-5.7 References 82

IR-6 PARENT HYDRIDE NAMES AND SUBSTITUTIVE
NOMENCLATURE 83

IR-6.1 Introduction 84

IR-6.2 Parent hydride names 84

IR-6.3 Substitutive names of derivatives of parent hydrides 101

IR-6.4 Names of ions and radicals derived from parent hydrides 105

IR-6.5 References 110

IR-7 ADDITIVE NOMENCLATURE 111

IR-7.1 Introduction 111

IR-7.2 Mononuclear entities 113

IR-7.3 Polynuclear entities 114

IR-7.4 Inorganic chains and rings 118

IR-7.5 References 123



IR-8

IR-8.1
IR-8.2
IR-8.3
IR-8.4
IR-8.5
IR-8.6
IR-8.7

IR-9

IR-9.1
IR-9.2
IR-9.3
IR-9.4
IR-9.5

IR-10

IR-10.1
IR-10.2

IR-10.3

IR-10.4

IR-10.5

IR-11

IR-11.1
IR-11.2
IR-11.3
IR-11.4
IR-11.5
IR-11.6
IR-11.7
IR-11.8
IR-11.9

CONTENTS

INORGANIC ACIDS AND DERIVATIVES 124

Introduction and overview 124

General principles for systematic naming of acids 126
Additive names 133

Hydrogen names 134

Abbreviated hydrogen names for certain anions 137
Functional replacement names for derivatives of oxoacids 137

References 141

COORDINATION COMPOUNDS 142

Introduction 144

Describing the constitution of coordination compounds 149
Describing the configuration of coordination entities 174
Final remarks 198

References 198

ORGANOMETALLIC COMPOUNDS 200

Introduction 200

Nomenclature of organometallic compounds of the
transition elements 201

Nomenclature of organometallic compounds of

the main group elements 228

Ordering of central atoms in polynuclear organometallic
compounds 232

References 233

SOLIDS 235

Introduction 236

Names of solid phases 236

Chemical composition 237

Point defect (Kroger—Vink) notation 238
Phase nomenclature 241
Non-stoichiometric phases 242
Polymorphism 245

Final remarks 246

References 246

X1



CONTENTS

TABLES

Table I
Table II

Table III
Table IV
Table V
Table VI
Table VII
Table VIII
Table IX

Table X

Names, symbols and atomic numbers of the elements 248

Temporary names and symbols for elements of atomic number greater
than 111 250

Suffixes and endings 251

Multiplicative prefixes 258

Geometrical and structural affixes 259
Element sequence 260

Ligand abbreviations 261

Structural formulae of selected ligands 269

Names of homoatomic, binary and certain other simple molecules, ions,
compounds, radicals and substituent groups 280

Anion names, ‘a’ terms used in substitutive nomenclature and ‘y’ terms used
in chains and rings nomenclature 337

SUBJECT INDEX 341

Xii



IR-1

IR-1.1

General Aims, Functions and Methods
of Chemical Nomenclature

CONTENTS

IR-1.1 Introduction
IR-1.2 History of chemical nomenclature
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IR-1.3 Aims of chemical nomenclature
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IR-1.6.4 Names of anionic ligands in (formal) coordination entities
IR-1.6.5 Formulae for (formal) coordination entities
IR-1.6.6 Additive names of polynuclear entities
IR-1.6.7 Names of inorganic acids
IR-1.6.8 Addition compounds
IR-1.6.9 Miscellaneous
IR-1.7 Nomenclature recommendations in other areas of chemistry
IR-1.8 References

INTRODUCTION

This Chapter provides a brief historical overview of chemical nomenclature (Section IR-1.2)
followed by summaries of its aims, functions and methods (Sections IR-1.3 to IR-1.5). There
are several systems of nomenclature that can be applied to inorganic compounds, briefly
described in Section IR-1.5.3.5 as an introduction to the later, more detailed, chapters.
Because each system can provide a valid name for a compound, a flowchart is presented in
Section IR-1.5.3 which should help identify which is the most appropriate for the type of
compound of interest. Section IR-1.6 summarises the major changes from previous
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recommendations and, finally, reference is made in Section IR-1.7 to nomenclature in other
areas of chemistry, underlining that inorganic chemistry is part of an integrated whole.

HISTORY OF CHEMICAL NOMENCLATURE

The activities of alchemy and of the technical arts practised prior to the founding of what
we now know as the science of chemistry produced a rich vocabulary for describing
chemical substances although the names for individual species gave little indication of
composition. However, almost as soon as the true science of chemistry was established
a ‘system’ of chemical nomenclature was developed by Guyton de Morveau in 1782.'
Guyton’s statement of the need for a ‘constant method of denomination, which helps the
intelligence and relieves the memory’ clearly defines the basic aims of chemical
nomenclature. His system was extended by a joint contribution® with Lavoisier, Berthollet,
and de Fourcroy and was popularized by Lavoisier.’ Later, Berzelius championed
Lavoisier’s ideas, adapting the nomenclature to the Germanic languages,® expanding the
system and adding many new terms. This system, formulated before the enunciation of the
atomic theory by Dalton, was based upon the concept of elements forming compounds
with oxygen, the oxides in turn reacting with each other to form salts; the two-word names
in some ways resembled the binary system introduced by Linnaeus (Carl von Linné) for
plant and animal species.

When atomic theory developed to the point where it was possible to write specific
formulae for the various oxides and other binary compounds, names reflecting composition
more or less accurately then became common; no names reflecting the composition of the
oxosalts were ever adopted, however. As the number of inorganic compounds rapidly grew,
the essential pattern of nomenclature was little altered until near the end of the 19th century.
As a need arose, a name was proposed and nomenclature grew by accretion rather than by
systematization.

When Arrhenius focused attention on ions as well as molecules, it became necessary to
name charged particles in addition to neutral species. It was not deemed necessary to
develop a new nomenclature for salts; cations were designated by the names of the
appropriate metal and anions by a modified name of the non-metal portion.

Along with the theory of coordination, Werner proposed’ a system of nomenclature for
coordination entities which not only reproduced their compositions but also indicated many
of their structures. Werner’s system was completely additive in that the names of the ligands
were cited, followed by the name of the central atom (modified by the ending ‘ate’ if the
complex was an anion). Werner also used structural descriptors and locants. The additive
nomenclature system was capable of expansion and adaptation to new compounds and even
to other fields of chemistry.

International cooperation on inorganic nomenclature

In 1892 a conference in Geneva® laid the basis for an internationally accepted system of
organic nomenclature but at that time there was nothing comparable for inorganic
nomenclature. Thus, many ad hoc systems had developed for particular rather than general
purposes, and two or more methods often evolved for naming a given compound belonging
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to a given class. Each name might have value in a specific situation, or be preferred by some
users, but there was then the possibility of confusion.

The need for uniform practice among English-speaking chemists was recognized as
early as 1886 and resulted in agreements on usage by the British and American Chemical
Societies. In 1913, the Council of the International Association of Chemical Societies
appointed a commission of inorganic and organic nomenclature, but World War I abruptly
ended its activities. Work was resumed in 1921 when IUPAC, at its second conference,
appointed commissions on the nomenclature of inorganic, organic, and biological chemistry.

The first comprehensive report of the inorganic commission, in 1940,” had a major effect
on the systematization of inorganic nomenclature and made many chemists aware of the
necessity for developing a more fully systematic nomenclature. Among the significant
features of this initial report were the adoption of the Stock system for indicating oxidation
states, the establishment of orders for citing constituents of binary compounds in formulae
and in names, the discouragement of the use of bicarbonate, efc. in the names of acid salts,
and the development of uniform practices for naming addition compounds.

These TUPAC recommendations were then revised and issued as a small book in 1959®
followed by a second revision in 1971° and a supplement, entitled How to Name an
Inorganic Substance, in 1977."° In 1990 the TUPAC recommendations were again fully
revised'! in order to bring together the many and varied changes which had occurred in the
previous 20 years.

More specialized areas have also been considered, concerning polyanions,'”> metal
complexes of tetrapyrroles (based on Ref. 13), inorganic chain and ring compounds,'* and
graphite intercalation compounds.'® These topics, together with revised versions of papers on
isotopically modified inorganic compounds,'® hydrides of nitrogen and derived cations, anions
and ligands,'” and regular single-strand and quasi single-strand inorganic and coordination

polymers,'®

comprise the seven chapters of Nomenclature of Inorganic Chemistry I,
IUPAC Recommendations 2000."° A paper entitled Nomenclature of Organometallic

Compounds of the Transition Elements*® forms the basis for Chapter IR-10 of this book.

AIMS OF CHEMICAL NOMENCLATURE

The primary aim of chemical nomenclature is to provide methodology for assigning
descriptors (names and formulae) to chemical species so that they can be identified without
ambiguity, thereby facilitating communication. A subsidiary aim is to achieve standardiza-
tion. Although this need not be so absolute as to require only one name for a substance, the
number of ‘acceptable’ names needs to be minimized.

When developing a system of nomenclature, public needs and common usage must also
be borne in mind. In some cases, the only requirement may be to identify a substance,
essentially the requirement prior to the late 18th century. Thus, local names and
abbreviations are still used by small groups of specialists. Such local names suffice as
long as the specialists understand the devices used for identification. However, this is not
nomenclature as defined above since local names do not necessarily convey structural and
compositional information to a wider audience. To be widely useful, a nomenclature system
must be recognisable, unambiguous, and general; the unnecessary use of local names and
abbreviations in formal scientific language should therefore be discouraged.
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FUNCTIONS OF CHEMICAL NOMENCLATURE

The first level of nomenclature, beyond the assignment of totally trivial names, gives some
systematic information about a substance but does not allow the inference of composition.
Most of the common names of the oxoacids (e.g. sulfuric acid, perchloric acid) and of their
salts are of this type. Such names may be termed semi-systematic and as long as they are
used for common materials and understood by chemists, they are acceptable. However, it
should be recognized that they may hinder compositional understanding by those with
limited chemical training.

When a name itself allows the inference of the stoichiometric formula of a compound
according to general rules, it becomes truly systematic. Only a name at this second level of
nomenclature becomes suitable for retrieval purposes.

The desire to incorporate information concerning the three-dimensional structures of
substances has grown rapidly and the systematization of nomenclature has therefore had
to expand to a third level of sophistication. Few chemists want to use such a degree of
sophistication every time they refer to a compound, but they may wish to do so when
appropriate.

A fourth level of nomenclature may be required for the compilation and use of extensive
indexes. Because the cost to both compiler and searcher of multiple entries for a given
substance may be prohibitive, it becomes necessary to develop systematic hierarchical rules
that yield a unique name for a given substance.

METHODS OF INORGANIC NOMENCLATURE

Formulation of rules

The revision of nomenclature is a continuous process as new discoveries make
fresh demands on nomenclature systems. IUPAC, through the Division of Chemical
Nomenclature and Structure Representation (formed in 2001), studies all aspects of the
nomenclature of inorganic and other substances, recommending the most desirable practices
to meet specific problems, for example for writing formulae and generating names. New
nomenclature rules need to be formulated precisely, to provide a systematic basis for
assigning names and formulae within the defined areas of application. As far as possible,
such rules should be consistent with existing recommended nomenclature, in both inorganic
and other areas of chemistry, and take into account emerging chemistry.

Name construction

The systematic naming of an inorganic substance involves the construction of a name
from entities which are manipulated in accordance with defined procedures to provide
compositional and structural information. The element names (or roots derived from them or
from their Latin equivalents) (Tables I and IT*, see also Chapter IR-3) are combined with
affixes in order to construct systematic names by procedures which are called systems of
nomenclature.

* Tables numbered with a Roman numeral are collected together at the end of this book.
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There are several accepted systems for the construction of names, as discussed in
Section IR-1.5.3. Perhaps the simplest is that used for naming binary substances. This set
of rules leads to a name such as iron dichloride for the substance FeCl,; this name
involves the juxtaposition of element names (iron, chlorine), their ordering in a specific
way (electropositive before electronegative), the modification of an element name to
indicate charge (the ‘ide’ ending designates an elementary anion and, more generally, an
element being treated formally as an anion), and the use of the multiplicative prefix ‘di’ to
indicate composition.

Whatever the pattern of nomenclature, names are constructed from entities such as:

element name roots,

multiplicative prefixes,

prefixes indicating atoms or groups — either substituents or ligands,
suffixes indicating charge,

names and endings denoting parent compounds,

suffixes indicating characteristic substituent groups,

infixes,

locants,

descriptors (structural, geometric, spatial, etc.),

punctuation.

Systems of nomenclature

General

In the development of nomenclature, several systems have emerged for the construction of
chemical names; each system has its own inherent logic and set of rules (grammar). Some
systems are broadly applicable whereas practice has led to the use of specialized systems in
particular areas of chemistry. The existence of several distinct nomenclature systems leads
to logically consistent alternative names for a given substance. Although this flexibility
is useful in some contexts, the excessive proliferation of alternatives can hamper
communication and even impede trade and legislation procedures. Confusion can also
occur when the grammar of one nomenclature system is mistakenly used in another, leading
to names that do not represent any given system.

Three systems are of primary importance in inorganic chemistry, namely compositional,
substitutive and additive nomenclature; they are described in more detail in Chapters IR-5,
IR-6 and IR-7, respectively. Additive nomenclature is perhaps the most generally applicable
in inorganic chemistry, but substitutive nomenclature may be applied in appropriate areas.
These two systems require knowledge of the constitution (connectivity) of the compound or
species being named. If only the stoichiometry or composition of a compound is known or to
be communicated, compositional nomenclature is used.

Compositional nomenclature

This term is used in the present recommendations to denote name constructions which are
based solely on the composition of the substances or species being named, as opposed to
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systems involving structural information. One such construction is that of a generalized
stoichiometric name. The names of components which may themselves be elements or
composite entities (such as polyatomic ions) are listed with multiplicative prefixes giving the
overall stoichiometry of the compound. If there are two or more components, they are
formally divided into two classes, the electropositive and the electronegative components.
In this respect, the names are like traditional salt names although there is no implication
about the chemical nature of the species being named.

Grammatical rules are then required to specify the ordering of components, the use of
multiplicative prefixes, and the proper endings for the names of the electronegative
components.

Examples:

trioxygen, O3

sodium chloride, NaCl

phosphorus trichloride, PCl;

trisodium pentabismuthide, Na;Bis
magnesium chloride hydroxide, MgCI(OH)
sodium cyanide, NaCN

ammonium chloride, NH4Cl

S A

sodium acetate, NaO,CMe

Substitutive nomenclature

Substitutive nomenclature is used extensively for organic compounds and is based on the
concept of a parent hydride modified by substitution of hydrogen atoms by atoms and/or
groups.?' (In particular it is used for naming organic ligands in the nomenclature of
coordination and organometallic compounds, even though this is an overall additive
system.)

It is also used for naming compounds formally derived from the hydrides of certain
elements in groups 13—17 of the periodic table. Like carbon, these elements form chains and
rings which can have many derivatives, and the system avoids the necessity for specifying
the location of the hydrogen atoms of the parent hydride.

Rules are required to name parent compounds and substituents, to provide an order of
citation of substituent names, and to specify the positions of attachment of substituents.

Examples:

1. 1,1-difluorotrisilane, SiH;SiH,SiHF,
2. trichlorophosphane, PCl;

Operations in which certain non-hydrogen atoms of parents are replaced by different atoms
or groups, e.g. the skeletal replacements leading to ‘a’ names in organic chemistry (see
Sections P-13.2 and P-51.3 of Ref. 21), are usually considered as part of substitutive
nomenclature and are also used in certain parts of inorganic chemistry.
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Examples:

3. 1,5-dicarba-closo-pentaborane(5), B3C,Hs (CH replacing BH)
4. stiborodithioic acid, H3SbO,S,

Subtractive operations are also regarded as part of the machinery of substitutive
nomenclature.

Example:

5. 4,5-dicarba-9-debor-closo-nonaborate(2—), [B6C2H8]2_ (loss of BH)

Additive nomenclature

Additive nomenclature treats a compound or species as a combination of a central atom or
central atoms with associated ligands. The particular additive system used for coordination
compounds (see Chapter IR-9) is sometimes known as coordination nomenclature although
it may be used for much wider classes of compounds, as demonstrated for inorganic acids
(Chapter IR-8) and organometallic compounds (Chapter IR-10) and for a large number of
simple molecules and ions named in Table IX. Another additive system is well suited for
naming chains and rings (Section IR-7.4; see Example 6 below).

Rules within these systems provide ligand names and guidelines for the order of citation
of ligand names and central atom names, designation of charge or unpaired electrons on
species, designation of point(s) of ligation in complicated ligands, designation of spatial
relationships, efc.

Examples:

1. PClj, trichloridophosphorus

2. [CoCl3(NHj3)s], triamminetrichloridocobalt
3. H3S0," (=[SO(OH);]™), trihydroxidooxidosulfur(1+)
4. [Pt(m*-C,H,)Cl5]™, trichlorido(n*-ethene)platinate(1—)
5. HONH?®, hydridohydroxidonitrogen(e)
6. 5/182\ ,1\l /S\S

S/ 13\ S \S 4

o4

\S/ 7\8/

1,7-diazyundecasulfy-[012.1""]dicycle

General naming procedures

The three basic nomenclature systems may provide different but unambiguous names for a
given compound, as demonstrated for PCl5 above.

The choice between the three systems depends on the class of inorganic compound under
consideration and the degree of detail one wishes to communicate. The following examples
further illustrate typical aspects that need to be considered before deciding on a name.
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Examples:

1. NO,
Would you like simply to specify a compound with this empirical formula, or a
compound with this molecular formula? Would you like to stress that it is a
radical? Would you like to specify the connectivity ONO?

2. Al5(S0Oy4);-12H,0
Would you like simply to indicate that this is a compound composed of
dialuminium trisulfate and water in the proportion 1:12, or would you like to
specify explicitly that it contains hexaaquaaluminium(3+) ions?

3. H,P;0,0°
Would you like to specify that this is triphosphoric acid (as defined in Table IR-8.1)
from which three hydrogen(1+) ions have been removed? Would you like to
specify from where they have been removed?

The flowchart shown in Figure IR-1.1 (see page 9) proposes general guidelines for naming
compounds and other species.

CHANGES TO PREVIOUS TUPAC RECOMMENDATIONS

This section highlights significant changes made in the present recommendations relative
to earlier [IUPAC nomenclature publications. In general, these changes have been introduced
to provide a more logical and consistent nomenclature, aligned with that of Nomenclature of
Organic Chemistry, IUPAC Recommendations, Royal Society of Chemistry, in preparation
(Ref. 21), as far as possible.

Names of cations

Certain cations derived from parent hydrides were given names in Refs. 11 and 19 which
appear to be substitutive but which do not follow the rules of substitutive nomenclature. For
example, according to Refs. 11 and 19, N;Hs>™ may be named hydrazinium(24). However,
the ending ‘ium’ in itself denotes addition of hydrogen(1+4) and thus implies the charge.
Consequently this cation is named hydrazinediium or diazanediium, with no charge number,
both in Section IR-6.4.1 and in Ref. 21.

Names of anions

When constructing systematic names for anions, consistency is achieved by adhering
without exception to the following rules:

(i) Compositional names of homopolyatomic anions end in ‘ide’.
Examples:

1. 157, triliodide(1—)

2. 0,°7, dioxide(2—)

(i) Parent hydride-based names of anions based on the formal removal of hydrogen(1+)
end in ‘ide’.
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Generalized addition
compound?
cf. Section IR-5.5

Definite T

3 reat each

Chapter IR-11 Q) stoichiometry? component Section IR-5.5
separately b

Table I1X; Chapter IR-3;
Sections IR-5.3.2.2
and IR-5.3.3.2

Monoatomic or
homopolyatomic
species?

Monoatomic?

Table IX; Chapter IR-3;
Sections IR-5.3.2.3
and IR-5.3.3.3

Divide into electropositive
and electronegative @ Molecule or
components and treat molecular ion?
each separately®

Y
Section IR-5.4
Contains
metal?
N Y

Blue Book® Y Contains C? C bonded to
transition metal?¢ O, Chapter IR-10

® [r\#

Decide: C bonded to
substitutive Group 1,2 or 13-16 ) Section IR-10.3
or additive element?

®
Chapters Chapter IR-9
Chapter IR-6 IR7% or IR-8'

Figure IR-1.1. General guidelines for naming compounds and other species.

# Chapter IR-11 deals with nomenclature of the solid state.

" Each individual component is named by following the pathway indicated. The complete name is then
assembled according to the recommendations in the Section of Chapter IR-5 indicated.

¢ In principle, the compound is outside the scope of this book. A few carbon compounds are named in
Tables IR-8.1, IR-8.2 and IX, but otherwise the reader is referred to the Blue Book.?!

4 C-bonded cyanides are treated as coordination compounds, see Chapter IR-9.

¢ The species may be named as a coordination-type compound (Sections IR-7.1 to IR-7.3) or as a chain
or ring (Section IR-7.4).

f For inorganic acids.
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Examples:

3. "HNNH", hydrazine-1,2-diide
4. MeNH™, methanaminide
5. porphyrin-21,23-diide

(iii) Additive names of anions end in ‘ate’.

Example:
6. PS>, tetrasulfidophosphate(3—)

These rules now apply whether the anion is a radical or not, leading to changes to
Ref. 22 for additive names of certain radical anions. For example, HSSH®~ was named
bis(hydridosulﬁde)(S—S)(o1—)22 but is here named bis(hydridosulfate)(S—S)(e1-).

There are also differences from Refs. 11 and 19 where some parent hydride-based anions
were missing locants and had a charge number added. For example, in Ref. 19 one name for
“"HNNH™ was hydrazide(2—), whereas it is now hydrazine-1,2-diide.

The element sequence of Table VI

In Nomenclature of Inorganic Chemistry, IUPAC Recommendations 1990 (Ref. 11), the
position of oxygen in certain element sequences was treated as an exception. Such
exceptions have been removed and the element sequence of Table VI is now strictly adhered
to. In particular, oxygen is treated as the electropositive component relative to any halogen
for constructing compositional names (Section IR-5.2) and corresponding formulae (Section
IR-4.4.3) for binary compounds. This results in, for example, the formula O,Cl and the name
dioxygen chloride rather than the formula CIO, and the name chlorine dioxide.

In Ref. 11, the formulae for intermetallic compounds were also subject to an exceptional
rule although no guidance was given for naming such compounds, and the term ‘intermetallic
compound’ was not defined. The problem is to define the term ‘metal’. Therefore, no attempt is
now made to make a separate prescription for either the formulae or the names of intermetallic
compounds. It is stressed, however, that the present recommendations allow some flexibility
regarding formulae and compositional names of ternary, quaternary, efc. compounds. Several
ordering principles are often equally acceptable (see Sections IR-4.4.2 and IR-4.4.3).

The element sequence of Table VI is also adhered to when ordering central
atoms in polynuclear compounds for the purpose of constructing additive names (see
Section IR-1.6.6).

Names of anionic ligands in (formal) coordination entities

The rule now used, without exception, is that anion names ending in ‘ide’, ‘ite’ and ‘ate’,
respectively, are changed to end in ‘ido’, ‘ito’ and ‘ato’, respectively, when modifying the
ligand name for use in additive nomenclature (Sections IR-7.1.3, and IR-9.2.2.3). This
entails several changes from Refs. 11 and 22.

Certain simple ligands have historically (and in Ref. 11) been represented in names by
abbreviated forms: fluoro, chloro, bromo, iodo, hydroxo, hydro, cyano, oxo, efc. Following

10
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the rule stated above, these are now fluorido, chlorido, bromido, iodido, hydroxido, hydrido,
cyanido, oxido, efc. In particular, thio is now reserved for functional replacement
nomenclature (see Section IR-8.6), and the ligand S*” is named sulfido.

In a number of cases the names of (formally) anionic ligands have changed as a result of
modifications to the nomenclature of the anions themselves (see Section IR-1.6.2). For
example, the ligand "HNNH™ is now named hydrazine-1,2-diido (Example 3 in Section
IR-1.6.2), and HNCO®~ was (hydridonitrido)oxidocarbonate(el1—) in Ref. 22 but is now
named (hydridonitrato)oxidocarbonate(e1—).

Particular attention has been given to providing the correct names and endings for
organic ligands. Thus, with reference to Examples 4 and 5 in Section IR-1.6.2,
methanaminido is now used rather than methaminato, and a porphyrin ligand is named
porphyrin-21,23-diido rather than the name porphyrinato(2—) (which is used in Ref. 11).

The systematic organic ligand names given in Table VII are now in accord with anion
names derived by the rules of Ref. 21. In a number of cases they differ from the names given
as systematic in Ref. 11.

Formulae for (formal) coordination entities

In the formulae for coordination entities, ligands are now ordered alphabetically according
to the abbreviation or formula used for the ligand, irrespective of charge (Sections IR-4.4.3.2
and IR-9.2.3.1).

In Ref. 11, charged ligands were cited before neutral ligands. Thus, two ordering
principles were in use for no obvious reason other than tradition, and the person devising the
formula needed to decide whether a particular ligand was charged. Such a decision is not
always straightforward.

Thus, for example, the recommended formula for the anion of Zeise’s salt is now [Pt(nz—
C,Hy)Cl3]™ whereas in Ref. 11 it was [PtCl3(n2—C2H4)]_ because chloride is anionic.

Additive names of polynuclear entities

The system developed in Ref. 11 for additive names of dinuclear and polynuclear entities
has been clarified and to some extent changed for reasons of consistency: the order of
citation of central atoms in names is now always the order in which they appear in Table VI,
the element occurring later being cited first (see Sections IR-7.3.2 and IR-9.2.5.6).

The system can be used for polynuclear entities with any central atoms. In this system,
the order of the central atoms in the name reflects the order in which they are assigned
locants to be used in the kappa convention (Section IR-9.2.4.2) for specifying which ligator
atoms coordinate to which central atoms. The atom symbols used at the end of the name to
indicate metal-metal bonding are similarly ordered. Thus, for example, [(CO)sReCo(CO)4]
is now named nonacarbonyl-1«>C,2k*C-rheniumcobalt(Re— Co) rather than nonacarbonyl-
1> C,2*C-cobaltrhenium(Co—Re) (as in Ref. 11).

Names of inorganic acids

The names of inorganic acids are dealt with separately in Chapter IR-8.

11
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Names described in Ref. 11 under the heading ‘acid nomenclature’, e.g. tetraoxosulfuric
acid, trioxochloric(V) acid, have been abandoned. In addition, the format of the names
described in Ref. 11 under the heading ‘hydrogen nomenclature’ has been changed so that
‘hydrogen’ is always attached directly to the second part of the name, and this part is always
in enclosing marks. The charge number at the end of the name is the total charge.

Examples:

1. HCrO4", hydrogen(tetraoxidochromate)(1—)
2. H,NO;™", dihydrogen(trioxidonitrate)(1+)

A restricted list of names of this type where the enclosing marks and charge number may be
omitted is given in Section IR-8.5 (hydrogencarbonate, dihydrogenphosphate and a few
others). (These names do not differ from those in Ref. 11.)

The main principle, however, is to use additive nomenclature for deriving systematic
names for inorganic acids. For example, the systematic name for dihydrogenphosphate,
H,PO,", is dihydroxidodioxidophosphate(1—).

For a number of inorganic acids, used as functional parents in organic nomenclature, the
parent names used are now consistently allowed in the present recommendations, although
fully systematic additive names are also given in all cases in Chapter IR-8. Examples are
phosphinous acid, bromic acid and peroxydisulfuric acid. (Some of these names were absent
from Ref. 11.)

Addition compounds

The formalism for addition compounds, and other compounds treated as such, has been
rationalized (see Sections IR-4.4.3.5 and IR-5.5) so as to remove the exceptional treatment
of component boron compounds and to make the construction of the name self-contained
rather than dependent on the formula. Thus, the double salt carnallite, when considered
formally as an addition compound, is given the formula:

KCl-Mg(Cl,-6H,0
(formulae of compounds ordered alphabetically, water still placed last),

and the name:

magnesium chloride—potassium chloride—water (1/1/6)
(names of components ordered alphabetically).

Miscellaneous

(1) In the present recommendations the radical dot is regarded as optional in formulae and
names whereas in Ref. 22 the dot is not omitted in any systematic names. [For example,
in Ref. 22, NO is shown as NO® with the name oxidonitrogen(e).]

(i1)) The order of enclosing marks (Section IR-2.2.1) has been changed from that in Ref. 11
in order to ensure consistency with Ref. 21.

12
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(iii) Certain names were announced as ‘preferred’ in Refs. 20 and 22. This announcement
was premature and, as explained in the preface, no preferred names are selected in the
present recommendations.

NOMENCLATURE RECOMMENDATIONS IN OTHER AREAS OF
CHEMISTRY

Inorganic chemical nomenclature, as inorganic chemistry itself, does not develop in
isolation from other fields, and those working in interdisciplinary areas will find useful
IUPAC texts on the general principles of chemical nomenclature® as well as the specific
topics of organic,”’ biochemical,®* analytical®® and macromolecular chemistry.® Other
IUPAC publications include a glossary of terms in bioinorganic chemistry,>” a compendium
of chemical terminology”® and quantities, units and symbols in physical chemistry.?® Other
texts concerning chemical nomenclature are given in Ref. 30.
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INTRODUCTION

Chemical nomenclature may be considered to be a language. As such, it consists of words
and it should obey the rules of syntax.

In the language of chemical nomenclature, the simple names of atoms are the words. As
words are assembled to form a sentence, so names of atoms are assembled to form names of
chemical compounds. Syntax is the set of grammatical rules for building sentences out of
words. In nomenclature, syntax includes the use of symbols, such as dots, commas and
hyphens, the use of numbers for appropriate reasons in given places, and the order of citation
of various words, syllables and symbols.

Generally, nomenclature systems require a root on which to construct the name. This
root can be an element name (e.g. ‘cobalt’ or ‘silicon’) for use in additive nomenclature, or
can be derived from an element name (e.g. ‘sil’ from ‘silicon’, ‘plumb’ from ‘plumbum’ for
lead) and elaborated to yield a parent hydride name (e.g. ‘silane’ or ‘plumbane’) for use in
substitutive nomenclature.

Names are constructed by joining other units to these roots. Among the most important
units are affixes. These are syllables added to words or roots and can be suffixes, prefixes or
infixes according to whether they are placed after, before or within a word or root.

Suffixes and endings are of many different kinds (Table III)*, each of which conveys
specific information. The following examples illustrate particular uses. They may specify the
degree of unsaturation of a parent compound in substitutive nomenclature: hexane, hexene;
and phosphane, diphosphene, diphosphyne. Other endings indicate the nature of the charge
carried by the whole compound; cobaltate refers to an anion. Further suffixes can indicate
that a name refers to a group, as in hexyl.

Prefixes indicate, for example, substituents in substitutive nomenclature, as in the name
chlorotrisilane, and ligands in additive nomenclature, as in the name aquacobalt.
Multiplicative prefixes (Table IV) can be used to indicate the number of constituents or
ligands, e.g. hexaaquacobalt. Prefixes may also be used to describe the structural types or

* Tables numbered with a Roman numeral are collected together at the end of this book.
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other structural features of species; geometrical and structural prefixes are listed in Table V.
The ordering of prefixes in substitutive nomenclature is dealt with in Chapter IR-6, and in
additive nomenclature in Chapters IR-7, IR-9 and IR-10.

Other devices may be used to complete the description of the compound. These include
the charge number to indicate the ionic charge, e.g. hexaaquacobalt(2+), and, alternatively,
the oxidation number to indicate the oxidation state of the central atom, e.g.
hexaaquacobalt(II).

The designation of central atom and ligands, generally straightforward in mononuclear
complexes, is more difficult in polynuclear compounds where there are several central
atoms in the compound to be named, e.g. in polynuclear coordination compounds, and
chain and ring compounds. In each case, a priority order or hierarchy has to be established.
A hierarchy of functional groups is an established feature of substitutive nomenclature;
Table VI shows an element sequence used in compositional and additive nomenclature.

The purpose of this Chapter is to guide the users of nomenclature in building the name or
formula of an inorganic compound and to help them verify that the derived name or formula
fully obeys the accepted principles. The various devices used in names (or formulae) are
described successively below, together with their meanings and fields of application.

ENCLOSING MARKS

General

Chemical nomenclature employs three types of enclosing mark, namely: braces {}, square
brackets [ ], and parentheses ( ).

In formulae, these enclosing marks are used in the following nesting order: [ ], [()], [{()}],
[{ODI HAO D}, etc. Square brackets are normally used only to enclose entire formulae;
parentheses and braces are then used alternately (see also Sections IR-4.2.3 and IR-9.2.3.2).
There are, however, some specific uses of square brackets in formulae, c¢f. Section IR-2.2.2.1.

In names, the nesting order is: ( ), [( )], {[( )1}, ({[( )]}), efc. This ordering is that used
in substitutive nomenclature, see Section P-16.4 of Ref. 1. (See also Section IR-9.2.2.3 for
the use of enclosing marks with ligand names.)

Example:
Ph
PN
L]
c© C
1 2 3
Rh /Rh/ /Rh/
| o] oo
Ph,P.

S

Ph,
O
C\

PPh,

PPh,

tricarbonyl-1xC,2xC,3kC-pi-chlorido-1 :2«>Cl-chlorido-3x CI-bis {us-
bis[(diphenylphosphanyl)methyl]-1xP:3xP’-phenylphosphane-2kP } trirhodium(1+)
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Square brackets
Use in formulae
Square brackets are used in formulae in the following ways.

(a) To enclose the whole coordination entity of a neutral (formal) coordination compound.

Examples:

1. [Fe(n5—C5H5)2] (for use of the symbol 1 see Sections IR-9.2.4.3 and IR-10.2.5.1)
2. [PUN*-C;H4)Clo(NH3)]
3. [PH(O)(OH),]

No numerical subscript should follow the square bracket used in this context. For example,
where the molecular formula is double the empirical formula, this should be indicated inside
the square bracket.

Example:
4. CH,
cl cl I
NN ey
H.C Pt Pt 2
T S SN

[{Pt(n>-C,H,)CI(1-C1)},] is more informative than [Pty(n*-C,H,),ClL]; the representation
[Pt(n?-C,H4)CL], is incorrect.

(b) To enclose a charged (formal) coordination entity. In this case, the superscript showing
the charge appears outside the square bracket as do any subscripts indicating the number of
ions in the salt.

Examples:

[BH,]™
[AI(OH)(OH,)s]**
[Pt(n*-C,H4)Cl3]™
Ca[AgF4],
[Co(NH3)5(N3)]SO,
10. [S,0s]*~

11. [PW 504017~

L ® 2w

(c) In a salt comprising both cationic and anionic coordination entities, each ion is separately
enclosed in square brackets. (The cation is placed before the anion and no individual charges
are shown.) Any subscripts indicating the number of complex ions in the salt are shown
outside the square brackets.

18
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Examples:

12. [Co(NH3)6][Cr(CN)s] (comprising the ions [Co(NH53)6]* " and [Cr(CN)e]*")
13. [Co(NH3)s]o[Pt(CN)4]5 (comprising the ions [Co(NH5)e]* " and [Pt(CN),]*7)

(d) To enclose structural formulae.

Example:
14.

|
Mo(CO),
[Mo(n’-C;H7)(CO);] ™+

(e) In solid-state chemistry, to indicate an atom or a group of atoms in an octahedral site.
(See Section IR-11.4.3.)

Example:
15. (Mg)[Cr2]04

(f) In specifically labelled compounds (see also Section 11-2.4.2.2 of Ref. 2).

Example:
16. H,['">NINH,

Note that this distinguishes the specifically labelled compound from the isotopically
substituted compound HZISNNHZ.

(g) In selectively labelled compounds (see also Section 11-2.4.3.2 of Ref. 2).

Example:

17. ['®0,**P|H;PO,
(h) To indicate repeating units in chain compounds.

Example:
18. SiH;[SiH,]gSiH3

Use in names

Square brackets are used in names in the following ways.

(a) In specifically and selectively labelled compounds the nuclide symbol is placed in square
brackets before the name of the part of the compound that is isotopically modified.

19
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(Compare with the use of parentheses for isotopically substituted compounds in Section
IR-2.2.3.2, and also see Sections 11-2.4.2.3, 11-2.4.2.4 and 11-2.4.3.3 of Ref. 2.)

Examples:
1. [°N]H,[*H] [*H;," NJammonia
2. HO['®OJH dihydrogen ['®0 Jperoxide

For more details, see Section 1I-2.4 of Ref. 2.

(b) When naming organic ligands and organic parts of coordination compounds the use of
square brackets obeys the principles of organic nomenclature.'

Example:

3.
3+

HN

HN

1,8-dichloro-3,6,10,13,16,19-hexaazabicyclo[6.6.6]icosanecobalt(3+)

(c) In chain and ring nomenclature, square brackets are used to enclose the nodal descriptor
(Section IR-7.4.2 and Chapter II-5 of Ref. 2).

Examples:
4. HSSH*™ 1,4-dihydrony-2,3-disulfy-[4]catenate(e1—)
5.
1
8/182\N/S\S
S 138 S 4
\ /
S s /’\;\S _-S
1,7-diazyundecasulfy-[012.1""]dicycle
IR-2.2.3 Parentheses

IR-2.2.3.1 Use in formulae

Parentheses are used in formulae in the following ways.

20
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(a) To enclose formulae for groups of atoms (the groups may be ions, substituent groups,
ligands or molecules), to avoid ambiguity or when the group is being multiplied. In the
latter case, a multiplicative subscript numeral follows the closing parenthesis. In the case of
common ions such as nitrate and sulfate, parentheses are recommended but not mandatory.

Examples:

Ca3(POy),

[Te(N3)e]

(NOs)~ or NO;~
[FeH(H,)(Ph,PCH,CH,PPh,),]"
PH(O)(OH),
[Co(NH3)s(ONO)][PFs]»

O S i

(b) To enclose the abbreviation of a ligand name in formulae. (Recommended ligand
abbreviations are given in Tables VII and VIII. See also Sections IR-4.4.4 and IR-9.2.3.4.)

Example:

7. [Co(en);]*"

(c) To enclose the superscripted radical dot and its multiplier for polyradicals, in order to
avoid ambiguity in relation to multiplying the charge symbol.

Example:
8. NO*~

(d) In solid-state chemistry, to enclose symbols of atoms occupying the same type of site in
a random fashion. The symbols themselves are separated by a comma, with no space.

Example:
9. K(Br,Cl)

(e) In solid-state chemistry, to indicate an atom or a group of atoms in a tetrahedral site.

Example:

10. (Mg)[Cr2]O4
(f) To indicate the composition of a non-stoichiometric compound.

Examples:

11. Fe3xLi4_xTi2(1_x)06 (x = 035)
12. LaNisH, (0<x<66.7)
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(g) In the Kroger—Vink notation (see Section IR-11.4), to indicate a complex defect.

Example:

13. (CngVMgchg)x
(h) For crystalline substances, to indicate the type of crystal formed (see Chapter IR-11).

Examples:

14. ZnS(c)
15. AuCd (CsCl type)

(i) To enclose a symbol representing the state of aggregation of a chemical species.

Example:

16. HCI(g) hydrogen chloride in the gaseous state
(j) In optically active compounds, to enclose the signs of rotation.

Example:

17. (+)s89-[Co(en);]Cl3
(k) To enclose stereodescriptors, such as chirality descriptors and configuration indexes
(see Section IR-9.3.3.2).

Examples:

18. (2R,3S)-SiH,CISiHCISiHCISiH,SiH;
19. (OC-6-22)-[Co(NH3)3(NO>);]

(1) In polymers, the repeating unit is enclosed in strike-through parentheses, with the dash
superimposed on the parentheses representing the bond.’

Example:

20. S,

Use in names
Parentheses are used in names in the following ways.

(a) To enclose substituent group or ligand names in order to avoid ambiguity, for example if
the substituent group or ligand names contain multiplicative prefixes, such as (dioxido) or
(triphosphato), or if substitution patterns would otherwise not be unambiguously specified,
or if the substituent group or ligand name contains numerical or letter descriptors. It may be
necessary to use different enclosing marks if the ligand names or substituent groups
themselves include parentheses, cf. the nesting rule of Section IR-2.2.1.
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Examples:
1. [Pt(nz—C2H4)C13]_ trichlorido(n2—ethene)p1atinate(H)
2. [Hg(CHCI,)Ph] (dichloromethyl)(phenyl)mercury

(b) Following multiplicative prefixes of the series bis, tris, efc., unless other enclosing marks
are to be used because of the nesting order (see Section IR-2.2.1).

Examples:
3. [CuCl,(NH,Me),] dichloridobis(methylamine)copper(Il)
4. Fe,S; diiron tris(sulfide)

(c) To enclose oxidation and charge numbers.

Example:

5. Na[B(NOs)4] sodium tetranitratoborate(IIl), or
sodium tetranitratoborate(1—)

(d) For radicals, to enclose the radical dot, and the charge number if appropriate.

Examples:
6. ClOO°® chloridodioxygen(e)
7. ClL,*~ dichloride(e1-)

(e) To enclose stoichiometric ratios for formal addition compounds.

Example:

8. 8H,S-46H,0 hydrogen sulfide—water (8/46)

(f) To enclose italic letters representing bonds between two (or more) metal atoms in
coordination compounds.

Example:

9. [Mny(CO);0] bis(pentacarbonylmanganese)(Mn— Mn)

(g) To enclose stereochemical descriptors (see Section IR-9.3)

Examples:
10. (]
HgN, | Cl
o
HN" | Yl
NH;

[CoCl3(NH3);]  (OC-6-22)-triamminetrichloridocobalt(III)
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11. (4)s539-[Co(en)3]Cl;  (+)sgo-tris(ethane-1,2-diamine)cobalt(IIl) trichloride

12.
1 2 3 4 5
(2R, 35)-CISiH,SiHCISiHCISiH,SiH;
(2R,3S5)-1,2,3-trichloropentasilane

(h) In isotopically substituted compounds, the appropriate nuclide symbol(s) is placed
in parentheses before the name of the part of the compound that is isotopically substituted
(see Section I1-2.3.3 of Ref. 2). Compare with the use of square brackets for specifically and
selectively labelled compounds in Section IR-2.2.2.2(a).

Example:

13. H’HO (*H,)water

(i) To enclose the number of hydrogen atoms in boron compounds.
Example:
14. BgHyg hexaborane(10)

() In hydrogen names (Section IR-8.4), to enclose the part of the name following the word
hydrogen.

Example:

15. [HMogOo]™ hydrogen(nonadecaoxidohexamolybdate)(1—)

Braces

Braces are used in names and formulae within the hierarchical sequence outlined and
exemplified in Section IR-2.2.1.

HYPHENS, PLUS AND MINUS SIGNS, ‘EM’ DASHES
AND BOND INDICATORS
Hyphens

Hyphens are used in formulae and in names. Note that there is no space on either side of
a hyphen.

(a) To separate symbols such as p (mu), n (eta) and k (kappa) from the rest of the formula
or name.

Example:

1. [{Cr(NH3)s}( p—OH)]5 * p-hydroxido-bis(pentaamminechromium)(5+)

(b) To separate geometrical or structural and stereochemical designators such as cyclo,
catena, triangulo, quadro, tetrahedro, octahedro, closo, nido, arachno, cis and trans from
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the rest of the formula or name. In dealing with aggregates or clusters, locant designators are
similarly separated.

Example:

2. Br

Co
(OC)4Co /ACO(CO%

H3-(bromomethanetriyl)-cyclo-tris(tricarbonylcobalt)(3 Co—Co)

(c) To separate locant designators from the rest of the name.

Example:
3. SiH,CISiHCISiH,Cl 1,2,3-trichlorotrisilane

(d) To separate the labelling nuclide symbol from its locant in the formula of a selectively
labelled compound.

Example:

4. [1-*H,.,]SiH;0SiH,0S8iH;3

(e) To separate the name of a bridging ligand from the rest of the name.

Example:
5.
[Fe,(n-CO)3(CO)g]  tri-p-carbonyl-bis(tricarbonyliron)(Fe—Fe)
IR-2.3.2 Plus and minus signs

The signs 4+ and — are used to indicate the charge on an ion in a formula or name.

Examples:

Cl-

Fe3t

- [SO41*”

. [Co(CO)4]™ tetracarbonylcobaltate(1—)

oo =
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They can also indicate the sign of optical rotation in the formula or name of an optically
active compound.

Example:

5. (4)sgo-[Co(en);]*+ (4)sgo-tris(ethane-1,2-diamine)cobalt(3+)

‘Em’ dashes

‘Em’ dashes are used in formulae only when the formulae are structural. (The less precise
term ‘long dashes’ was used in Ref. 4.)

In names, ‘em’ dashes are used in two ways.

(a) To indicate metal-metal bonds in polynuclear compounds. They separate the italicized
symbols of the bond partners which are contained in parentheses at the end of the name.

Example:

1. [Mny(CO)] bis(pentacarbonylmanganese)(Mn— Mn)

(b) To separate the individual constituents in names of (formal) addition compounds.

Examples:
2. 3CdSO4-8H,0O cadmium sulfate—water (3/8)
3. 2CHCl5-4H,S-9H,0 chloroform—hydrogen sulfide— water (2/4/9)

Special bond indicators for line formulae

The structural symbols and may be used in line formulae to indicate bonds
between non-adjacent atom symbols.

Examples:

1. Me

Ty

[Ni(S= PMe2)(n5 -CsHs)]

: s

(OC),M n—Mo (CO)q

[(CO),MnMo(CO);(n5-CsH,PPh,)]
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I 1
[(Et;P)CIP{(Me,NCH,CHCHCH,NMe,)PtCI(PEt3)]
I —

4. H
thP\//C\PPhZ
(OC)Fe———FeH(CO),
1
[(OC)3Fe(1-Ph,PCHPPh,)FeH(CO)3]
IR-2.4 SOLIDUS

The solidus (/) is used in names of formal addition compounds to separate the arabic
numerals which indicate the proportions of individual constituents in the compound.

Examples:
1. BF5-2H,0 boron trifluoride—water (1/2)
2. BiCl5-3PCls bismuth trichloride— phosphorus pentachloride (1/3)
IR-2.5 DOTS, COLONS, COMMAS AND SEMICOLONS
IR-2.5.1 Dots

Dots are used in formulae in various positions.

(a) As right superscripts they indicate unpaired electrons in radicals (see Section
IR-4.6.2).

Examples:

1. HO®
2. 0,%°

(b) As right superscripts in the Kroger—Vink notation of solid-state chemistry, they indicate
the unit of positive effective charge (see Section IR-11.4.4).

Example:

3. Lifi,l—zngii.xVLi,xCI)él
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(c) Centre dots in formulae of (formal) addition compounds, including hydrates, adducts,
clathrates, double salts and double oxides, separate the individual constituents. The dot is
written in the centre of the line to distinguish it from a full stop (period).

Examples:

4. BFyNH,
5. ZrCL,0-8H,0
6. CuCly3Cu(OH),
7. Ta,054WO;

Dots are used in names of radicals to indicate the presence of unpaired electrons.

Examples:
8. ClO*® oxidochlorine(e)
9. CL,*” dichloride(e1—)
Colons

Colons are used in names in the following ways.
(a) In coordination and organometallic compounds, to separate the ligating atoms of a ligand

which bridges central atoms.

Example:

1. [{Co(NH3)3}>(1-NO2)(1-OH),**
di-p-hydroxido-pi-nitrito-kN:xk O-bis(triamminecobalt)(3+)

(See Sections 1R-9.2.4.2 and IR-10.2.3.3 for the use of k, and Sections IR-9.2.5.2 and
IR-10.2.3.1 for the use of p.)

(b) In polynuclear coordination and organometallic compounds, to separate the central atom
locants when single ligating atoms or unsaturated groups bind to two or more central atoms.
Thus, a chloride ligand bridging between central atoms 1 and 2 would be indicated by p-
chlorido-1:2k*Cl, and a carbonyl group terminally bonded to atom 1 and bridging atoms 2
and 3 via its « electrons would be indicated by u3-2n2:3n2-carb0nyl-lKC.

(c) In boron compounds, to separate the sets of locants of boron atoms which are connected
by bridging hydrogen atoms.

Example:

2. SiHg

1-silyl-2,3:2,5:3,4:4,5-tetra-pWH-pentaborane(9)
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(d) In chains and rings nomenclature, to separate nodal descriptors of individual modules
of an assembly (see Section IR-7.4.2).

Commas
Commas are used in the following ways.

(a) To separate locants.

Example:
1. SiH,CISiHCISiH,ClI 1,2,3-trichlorotrisilane

(b) To separate the symbols of the ligating atoms of a polydentate ligand.

Example:

2. cis-bis(glycinato-kN,kO)platinum

(c) In solid-state chemistry, to separate symbols of atoms occupying the same type of site
in a random fashion.

Example:
3. (MO’W)nO3n-1

(d) To separate oxidation numbers in a mixed valence compound.

Example:

4. /T 5+
(HsN)sRu—N () N—Ru(NH)s

[(HsN)sRu(p-pyz)Ru(NH;)s>*
[-pyrazine-bis(pentaammineruthenium)(ILIII)

(e) To separate symbols of labelled atoms in selectively labelled compounds. (See Section
11-2.4.3.3 of Ref. 2.)

Example:
5. [180,32P]H3PO4 [180,32P]phosphoric acid

Semicolons
Semicolons are used in the following ways.

(a) In the names of coordination compounds, to order locants already separated by commas,
as in the kappa convention. (See examples in Section IR-9.2.5.6.)
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(b) To separate the subscripts that indicate the possible numbers of labelling nuclides in
selectively labelled compounds.

Example:

1. [1-*H,.,]SiH;0SiH,0SiH;

SPACES

In inorganic nomenclature, spaces are used in names in the following ways in English;
the rules may differ in other languages. Spaces are never used within formulae.

(a) To separate the names of ions in salts.

Examples:
1. NaCl sodium chloride
2. NaTI(NOs), sodium thallium(I) dinitrate

(b) In names of binary compounds, to separate the electropositive part from the
electronegative part.

Example:
3. P,Oy tetraphosphorus decaoxide
(c) To separate the arabic numeral from the symbols of central atoms in the bonding

descriptor in the name of a polynuclear entity with several direct bonds between central
atoms.

Example:

4. [0s3(CO);2] cyclo-tris(tetracarbonylosmium)(3 Os—Os)

(d) In names of (formal) addition compounds, to separate the stoichiometric descriptor from
the remainder of the name.

Example:

5. 3CdSO4-8H,0 cadmium sulfate—water (3/8)

(e) In solid-state nomenclature, to separate formula and structural type.

Example:
6. TiOy(0) (brookite type)
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ELISIONS

In general, in compositional and additive nomenclature no elisions are made when using
multiplicative prefixes.
Example:

1. tetraaqua (not tetraqua)
2. monoooxygen (not monoxygen)

3. tetraarsenic hexaoxide

However, monoxide, rather than monooxide, is an allowed exception through general use.

NUMERALS

Arabic numerals

Arabic numerals are crucially important in nomenclature; their placement in a formula or
name is especially significant.

They are used in formulae in many ways.

(a) As right subscripts, to indicate the number of individual constituents (atoms or groups
of atoms). Unity is not indicated.

Examples:

1. CaCl,
2. [Co(NH3)6]Cl3

(b) As a right superscript, to indicate the charge. Unity is not indicated.

Examples:

3. CI°
4. NO*
5. Cu*t
6. [Al(H,0)]>"

(c) To indicate the composition of (formal) addition compounds or non-stoichiometric
compounds. The numeral is written on the line before the formula of each constituent except
that unity is omitted.

Examples:

7. Na,CO310H,0
8. 8WO;9Nb,Os5
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(d) To designate the mass number and/or the atomic number of nuclides represented by their
symbols. The mass number is written as a left superscript, and the atomic number as a left
subscript.

Examples:
9. B0
10. JH

(e) As a right superscript to the symbol 1, to indicate the hapticity of a ligand (see Sections
IR-9.2.4.3 and IR-10.2.5.1). As a right subscript to the symbol L, to indicate the bridging
multiplicity of a ligand (see Section IR-9.2.5.2).

Example:

11. [{Ni(n’-CsHs)}3(p3-CO)s]

Arabic numerals are also used as locants in names (see Section IR-2.14.2), and in the
following ways.

(a) To indicate the number of metal-metal bonds in polynuclear compounds.

Example:

12.

di-p3-carbonyl-cyclo-tris(cyclopentadienylnickel)(3 Ni— Ni)

(b) To indicate charge.

Examples:
13. [CoCI(NH3)s]*" pentaamminechloridocobalt(2+)
14. [AICl4]™ tetrachloridoaluminate(1—)

Note that the number ‘1’ must be included in order to avoid ambiguity in relation to symbols
for optical rotation [see Section IR-2.2.3.1(j)].

(c) As a right subscript to the symbol p, to indicate bridging multiplicity of a ligand (see
Section IR-9.2.5.2).
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Example:
15. | 7 PtMe3
MegPt -
MegPt | - -~ |
o 3 g
1 PtMe,

[{Pt(n3-)Mes}4] tetra-p3-iodido-tetrakis[trimethylplatinum(IV)]

(d) In the nomenclature of boron compounds (see Chapter IR-6.2.3), to indicate the number
of hydrogen atoms in the parent borane molecule. The arabic numeral is enclosed in
parentheses immediately following the name.

Examples:
16. B,Hg diborane(6)
17. BogH 4 decaborane(14)

(e) As a right superscript to the symbol k, to indicate the number of donor atoms of a
particular type bound to a central atom or central atoms (see Sections IR-9.2.4.2 and IR-
10.2.3.3).

(f) As a right superscript to the symbol 1, to indicate the hapticity of a ligand. (See Sections
IR-9.2.4.3 and IR-10.2.5.1.)

() In polynuclear structures, arabic numerals are part of the CEP descriptor’ used to identify
polyhedral shapes. (See also Section IR-9.2.5.6.)

(h) In the stoichiometric descriptor terminating the name of a (formal) addition compound
(see Section IR-5.5).
Example:

18. 8H,S-46H,0 hydrogen sulfide—water (8/46)

(i) As a right superscript, to indicate the non-standard bonding number in the A convention.
(See Section IR-6.2.1.)

Example:
19. IHs A>-iodane
(j) To describe the coordination geometry and configuration of ligands around a central

atom using polyhedral symbols and configuration indexes (see Sections IR-9.3.2 and
IR-9.3.3).
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Example:

20. - © 7

+

(OC-6-43)-bis(acetonitrile)dicarbonylnitrosyl(triphenylarsane)chromium(1+)

Roman numerals

Roman numerals are used in formulae as right superscripts to designate the formal oxidation
state.

Examples:

1. [COHCOHIW12042]7_
2. (MnYMO,”
3. Fe''Fe,0,

In names they indicate the formal oxidation state of an atom, and are enclosed in parentheses
immediately following the name of the atom being qualified.

Examples:

4. [Fe(H,0)s*"
5. [FeO4]*

hexaaquairon(II)

tetraoxidoferrate(VI)

ITALIC LETTERS

Italic letters are used in names as follows.

(a) For geometrical and structural prefixes such as cis, cyclo, catena, triangulo, nido, etc.
(see Table V).

(b) To designate symbols of central atoms in the bonding descriptor in polynuclear
compounds.

Example:
1. [Mn,(CO);0l bis(pentacarbonylmanganese)(Mn—~Mn)
(c) In double oxides and hydroxides when the structural type is to be indicated.

Example:

2. MgTiOj3 (ilmenite type)
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(d) In coordination compounds, to designate the symbols of the atom or atoms of a ligand
(usually polydentate) to which the central atom is bound, whether the kappa convention is
used or not. (See Section IR-9.2.4.4.)

Example:
3. o§ o o 40
e
Pt
HZC\N/ \N/CH2
Ha Hy

cis-bis(glycinato-kN,kO)platinum

(e) In solid-state chemistry, in Pearson and crystal system symbols. (See Sections IR-3.4.4
and IR-11.5.)

(f) Italicized capital letters are used in polyhedral symbols. (See Section IR-9.3.2.1.)

Example:
4, Cl
HgN, | Cl
o
HN" | Yl
NH,
[CoCl5(NH3)5] (0C-6-22)-triamminetrichloridocobalt(IIT)

(g) Other uses of italicized capital letters are as locants in substitutive nomenclature (see, for
example, Section IR-6.2.4.1), and the letter H for indicated hydrogen (see, for example,
Section IR-6.2.3.4). Italic lower case letters are used to represent numbers, especially in
formulae where the numbers are undefined.

Examples:

5. (HBO,),
6. Fe't

GREEK ALPHABET

Greek letters (in Roman type) are used in systematic inorganic nomenclature as follows:

A to show absolute configuration, or as a structural descriptor to designate deltahedra
(see Section IR-9.3.4);

0  to denote the absolute configuration of chelate ring conformations (see Section IR-
9.3.4); in solid-state chemistry to indicate small variations of composition (see Section
IR-11.3.2); to designate cumulative double bonds in rings or ring systems (see Section
P-25.7 of Ref. 1);

n  to designate the hapticity of a ligand (see Sections IR-9.2.4.3 and IR-10.2.5.1);
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Kk as a ligating atom designator in the kappa convention (see Sections IR-9.2.4.2 and
IR-10.2.3.3);

A to show absolute configuration (see Section IR-9.3.4);

A to indicate non-standard bonding number in the lambda convention (see Section
IR-6.2.1 and Section P-14.1 of Ref.1); to denote the absolute configuration of chelate
ring conformations (see Section IR-9.3.4);

p to designate a bridging ligand (see Sections IR-9.2.5.2 and IR-10.2.3.1).

IR-2.11 ASTERISKS

The asterisk (*) is used in formulae as a right superscript to the symbol of an element, in
the following ways:

(a) To highlight a chiral centre.

Example:
1. H,C H
H—C~—CH,
CHMe,

This usage has been extended to label a chiral ligand or a chiral centre in coordination

chemistry.
Example:
2. Me
H ~ |
Cc
/
Ph S
7

(b) To designate excited molecular or nuclear states.

Example:

3. NO*

IR-2.12 PRIMES
(a) Primes ('), double primes ("), triple primes ("’’), efc. may be used in the names and
formulae of coordination compounds in the following ways:

(i) within ligand names, in order to differentiate between sites of substitution;
(i) when specifying donor atoms (IR-9.2.4.2), in order to differentiate between donor
atoms;
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(iii) when specifying configuration using configuration indexes (IR-9.3.5.3), in order to
differentiate between donor atoms of the same priority, depending on whether they are
located within the same ligand or portion of the ligand.

Example:
1. [RhsCl(u-Cl)(CO)s{ u3-Ph,PCH,P(Ph)CH,PPh, },] ™

tricarbonyl-1xC,2xC,3kC-p-chlorido-1 :2k*Cl-chlorido-3k Cl-bis{ -
bis[(diphenylphosphanyl)methyl]-1%P:3kP’-phenylphosphane-2k P} trirhodium(1+)

(b) Primes, double primes, triple primes, etc. are also used as right superscripts in the
Kroger—Vink notation (see Section IR-11.4) where they indicate a site which has one, two,
three, efc. units of negative effective charge.

Example:

2. Lij; 1o, Mgr; Vi5.Clgy

MULTIPLICATIVE PREFIXES

The number of identical chemical entities in a name is expressed by a multiplicative prefix
(see Table 1V).

In the case of simple entities such as monoatomic ligands the multiplicative prefixes
di, tri, tetra, penta, efc., are used.

The multiplicative prefixes bis, tris, tetrakis, pentakis, efc. are used with composite
ligand names or in order to avoid ambiguity. The modified entity is placed within

parentheses.
Examples:
1. Fe,Os3 diiron trioxide
2. [PtC14]2_ tetrachloridoplatinate(2—)
3. [Fe(CCPh),(CO)4] tetracarbonylbis(phenylethynyl)iron
4. TiI; thallium tris(iodide) (cf. Section IR-5.4.2.3)
5. Ca3(POy), tricalcium bis(phosphate)
6. [Pt(PPhs),] tetrakis(triphenylphosphane)platinum(0)

Composite multiplicative prefixes are built up by citing units first, then tens, hundreds and
so on, e.g. 35 is written pentatriaconta (or pentatriacontakis).
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LOCANTS

Introduction

Locants are used to indicate the position of a substituent on, or a structural feature within,
a parent molecule. The locants can be arabic numerals or letters.

Arabic numerals
Arabic numerals are used as locants in the following ways.

(a) For numbering skeletal atoms in parent hydrides, to indicate: the placement of hydrogen
atoms when there are non-standard bonding numbers; unsaturation; the positions of bridging
hydrogen atoms in a borane structure.

Examples:
123 4 6 ant 6 6
1. HsSSSH,SH 11°,3\ -tetrasulfane (nor 21.°,4)°)
2.
12 3 45
H,NN=NHNNH, pentaaz-2-ene
3.

2,3:2,5:3,4:4,5-tetra-\\H-nido-pentaborane(9)

(b) In replacement nomenclature.

Example:

4,

1 23 4 5 6 78 9 1011
CH;SCH,SiH,CH,CH,0OCH,CH, OCH;
7,10-dioxa-2-thia-4-silaundecane

(¢) In additive nomenclature.

Example:
5.
1 2 3 4 5
SIH3 GCH2SIH2 SleSlH3
1,1,1,2,2,3,3,4,4,5,5,5-dodecahydrido-2-germy-1,3,4,5-tetrasily-[5]catena

(d) In the Hantzsch—-Widman nomenclature (Section IR-6.2.4.3), to indicate positions of
skeletal atoms.
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Example:

6. 4/6\ ,
HSb\o/SbH

3

1,3,2,4-dioxadistibetane
(e) In the Hantzsch—-Widman nomenclature (Section IR-6.2.4.3), to denote indicated
hydrogen.
Example:

H
7. s Ge

HSi—— SiH,
2 1
1H-1,2,3-disilagermirene

(f) In substitutive nomenclature, to specify the positions of substituent groups.

Example:

8.
12 3 4 5
HOSiH,SiH,SiH,SiHCISiH,Cl
4,5-dichloropentasilan-1-ol

(g) In substitutive nomenclature, to specify the skeletal atom at which an additive or
substractive operation is performed.

Example:
9. *HNNH® and —-HNNH— hydrazine-1,2-diyl

(h) In von Baeyer names, to indicate the topology of a polycyclic ring system.

Example:
10. H, H,
_Si _H_Si
HzTig 1°\|Si1 2 SiH,
8 6 4
HoSil 7 Sit 5 ‘SiH,
s HNS
Hp Ha

bicyclo[4.4.0]decasilane
(i) In polynuclear coordination compounds, for numbering the central atoms (see Section
IR-9.2.5).
Example:

11.
12
[(OC)sReCo(CO),] nonacarbonyl-1 KC ,2K4C-rheniumcobalt(Re —Co)
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() To indicate stereochemistry at particular atoms in structures where arabic numerals have
been used for numbering those atoms.

Example:

12.
12 3 4 5
CISiH,SiHCISiHCISiH,SiH;
(2R,35)-1,2,3-trichloropentasilane

Letter locants

Italicized upper case letters are used as locants in certain substitutive names. (See, for
example, Section IR-6.2.4.1.)

Lower case letters are used in polyoxometallate nomenclature to designate the vertices of the
coordination polyhedra around the central atoms. They are attached to the number of the central
atom to which a particular vertex refers. A detailed treatment is given in Chapter II-1 of Ref. 2.

ORDERING PRINCIPLES

Introduction

Chemical nomenclature deals with names of elements and their combinations. Whereas
writing the symbol or the name of an element is straightforward, a choice of which element to
write first in the formula and in the name has to be made as soon as an element is associated
with one or more other elements to form, for example, a binary compound. The order of
citation of elements in formulae and names is based upon the methods outlined below.
Furthermore, groups of atoms, such as ions, ligands in coordination compounds and substituent
groups in derivatives of parent hydrides, are ordered according to specified rules.

Alphabetical order
Alphabetical order is used in formulae as follows.

(a) Within the group of cations and within the group of anions, respectively, in formulae of
salts and double salts. Deviations from this rule may be acceptable if it is desired to convey
specific structural information, as in Example 5 below.

Examples:

1. BiClO (anions CI™ and O*")

2. NaOCl (the anion is OCI™, ¢f. Section IR-4.4.3.1)
3. KNayCI(SOy),

4. CaTiO; (perovskite type)

5. SrFeOs; (perovskite type)

(b) In formulae of coordination compounds and species formally treated as coordination
compounds, ligands are cited in alphabetical order of their formulae or abbreviations
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(cf. Section IR-2.15.3.4). Where possible, the donor atom symbol in ligand formulae should
be placed nearest the symbol of the central atom to which it is coordinated. (See Section
IR-9.2.3.1.)

Example:
6. [CrCl(NH3),(OH,),]

(c) In the construction of the formula for a (formal) addition compound, the formulae of the
individual components are ordered first by number of each component, then alphabetically.
(See Section IR-4.4.3.5.)

Alphabetical order is used in names as follows.

(d) In compositional names, the names of the formally electropositive components and the
names of the formally electronegative components are each arranged alphabetically with the
former group of components preceding the latter. Note that this order of components may
therefore deviate from the order of the corresponding components in the formula, as in
Examples 7, 9 and 10 below.

Examples:
7. KMgF; magnesium potassium fluoride
8. BiCIO bismuth chloride oxide
9. ZnI(OH) zinc hydroxide iodide
10. SrFeO; iron strontium oxide (¢f. Example 5 above)

(e) In the citation of ligands in additive names. The alphabetical citation of ligand names is
maintained regardless of the number of each ligand, or whether the compounds are
mononuclear or polynuclear (cf. Section IR-2.15.3.4).

Examples:
11. K[AuS(S,)] potassium (disulfido)sulfidoaurate(1—)
12. [CrCly(NH3)4]" tetraamminedichloridochromium(1+)

A similar rule applies when citing names of substituent groups in substitutive nomenclature
(see Section IR-6.3.1).

(f) For citation of the names of the skeletal atoms in the chains and rings additive
nomenclature (cf. Section IR-7.4.3).
Example:
13. HOS(O),SeSH
1,4-dihydrido-2,2-dioxido-1-oxy-3-seleny-2,4-disulfy-[4]catena

(g) In the construction of the name for a (formal) addition compound, the names of the
individual components are ordered first by number of each component, then alphabetically.
(See Section IR-5.5.)
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Other ordering rules

Element ordering on the basis of the periodic table

One important element sequence based on the periodic table is shown in Table VI. The
element columns (1 to 18) are connected by arrows leading in a direction starting from
the less metallic elements and moving towards the more metallic elements. Only H has a
unique position. This order has its origin in electronegativity considerations even though O
is now placed at its usual position in group 16. It is used for ordering element symbols and
element names in the following cases.

(a) In compositional names of binary compounds and corresponding formulae, the element
encountered last when following the arrow in Table VI is represented first in the formula
as well as the name.

Examples:

1. S,Cl, disulfur dichloride
2. O,Cl dioxygen chloride
3. H,Te dihydrogen telluride
4. AlH; aluminium trihydride

(b) In additive names of polynuclear compounds, the central atom encountered last when
following the arrow is listed first, c¢f. Sections IR-7.3.2 and IR-9.2.5.1.

(c) In additive names for chains and rings, to determine the numbering of the skeletal atoms
if this is not defined fully by the structure of the skeleton. The element encountered first
when following the arrows in Table VI is given the lowest number. Note that the element
‘y’ terms (Table X) are cited alphabetically.

Example:

5. HOS(O),SeSH
1,4-dihydrido-2,2-dioxido-1-oxy-3-seleny-2,4-disulfy-[4]catena

(d) In Hantzsch-Widman names, the element encountered first when following the arrows in
Table VI is given the lowest number. The element ‘a’ terms (Table X) are cited in the same

order.
Examples:
6. 1 7. 1
4 /O\ 2 4 /O\ 2
HSb SbH HSb SbH
~. ~.
S Se
3 3
1,3,2,4-oxathiadistibetane 1,3,2,4-oxaselenadistibetane

(e) In names where heteroatoms replacing skeleton atoms are indicated by ‘a’ prefixes, the
element encountered first when following the arrows in Table VI is given the lowest number.
The element ‘a’ terms (Table X) are cited in the same order.
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Examples:
8. 1 9. 1
4 /O\ 2 4 - O\ 2
HSb SbH HSb SbH
~._ ~_ -
S Se
3 3
1-oxa-3-thia-2,4-distibacyclobutane 1-oxa-3-selena-2,4-distibacyclobutane

Ordering of parent hydrides

Where there is a choice of parent hydrides among those listed in Table IR-6.1 (or
corresponding hydrides with non-standard bonding numbers, cf. Section IR-6.2.2.2), the
name is based on the parent hydride of the element occurring first in the sequence:

N>P>As>Sb>Bi>Si>Ge>Sn>Pb>B>Al>Ga>In>Tl>O0O >

S>Se>Te>C>F>Cl>Br>1L

This applies in particular to the naming of organometallic compounds of elements of groups
13-16 when a choice has to be made between several parent hydrides (Section IR-10.3.4).

Example:

1. AsCl,GeHs dichloro(germyl)arsane

Note that due to the rules of substitutive nomenclature' the above does not necessarily come
into play even if two or more elements appearing in the sequence are present in the
compound. For example, the substitutive name for HTeOH is tellanol, i.e. based on tellane,
not oxidane, because the characteristic group OH must be cited as a suffix.

Ordering characteristic groups for substitutive nomenclature

In substitutive nomenclature, an order for the choice of principal functional group is defined
(see Section P-41 of Ref.1).

Ordering ligands in formulae and names

In formulae of coordination compounds, the formulae or abbreviations representing the
ligands are cited in alphabetical order as the general rule. Bridging ligands are cited
immediately after terminal ligands of the same kind, if any, and in increasing order of
bridging multiplicity. (See also Sections IR-9.2.3 and IR-9.2.5.)

In names of coordination compounds, the ligand names precede the name of the central atom
and are cited in alphabetical order. For each ligand type, bridging ligands are cited
immediately before terminal ligands of the same kind, if any, e.g. di-p-chlorido-
tetrachlorido, and in decreasing order of bridging multiplicity, e.g. pz-oxido-di-p-oxido. . ..
(See also Sections IR-9.2.2 and IR-9.2.5.1.)
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Example:

1. [Cra(1-O)(OH)g(p-OH)I*
p-hydroxido-octahydroxido-p-oxido-dichromate(5—)

Thus, for both formulae and names the terminal ligands are closer to the central atom, with
the multiplicity of the bridging ligands increasing further away from the metal.

Ordering components in salt formulae and names

In formulae and names of salts, double salts and coordination compounds, cations precede
anions. Ordering within each of these groups is alphabetical, cf. Section IR-2.15.2.

Isotopic modification

In isotopically modified compounds, a principle governs the order of citation of nuclide
symbols. (See Section 11-2.2.5 of Ref. 2.)

Stereochemical priorities

In the stereochemical nomenclature of coordination compounds, the procedure for assigning
priority numbers to the ligating atoms of a mononuclear coordination system is based upon
the standard sequence rules developed for chiral carbon compounds (the Cahn, Ingold,
Prelog or CIP rulesG, see Section IR-9.3.3.2).

Hierarchial ordering of punctuation marks

In the names of coordination compounds and boron compounds, the punctuation marks used
to separate the symbols of atoms from the numerical locants, the locants indicating bridging
atoms, and the various other sets of locants which may be present, are arranged in the
following hierarchy:

semicolon > colon > comma.

The colon is only used for bridging ligands, so that the more restricted general hierarchy is
simply comma < semicolon. The sequence when bridging ligands are being specified is
comma < colon. (See Example 2 in Section IR-2.5.2, and Section IR-9.2.5.5.)

FINAL REMARKS

In this chapter, the various uses of letters, numerals and symbols in names and formulae
have been gathered under common headings to provide an easy check to ensure that the
constructed name or formula is in accord with agreed practice. However, this chapter is
not sufficient to make clear all the rules needed to build a name or a formula, and the
reader is therefore advised to consult other appropriate chapters for the more detailed
treatment.
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NAMES AND SYMBOLS OF ATOMS

The origins of the names of some chemical elements, for example antimony, are lost in
antiquity. Other elements recognized (or discovered) during the past three centuries were
named according to various associations of origin, physical or chemical properties, etc., and
more recently to commemorate the names of eminent scientists.

In the past, some elements were given two names because two groups claimed to have
discovered them. To avoid such confusion it was decided in 1947 that after the existence of a
new element had been proved beyond reasonable doubt, discoverers had the right to suggest
a name to IUPAC, but that only the Commission on Nomenclature of Inorganic Chemistry
(CNIC) could make a recommendation to the IUPAC Council to make the final decision.

Under the present procedure,' claims of the discovery of a new element are first
investigated by a joint IUPAC-IUPAP (International Union of Pure and Applied Physics)
committee which then assigns priority. The acknowledged discoverers are then invited to
suggest a name to the Division of Inorganic Chemistry, which then makes a formal
recommendation to the IUPAC Council. It is emphasized that the name for any new element
resulting from the above process, once approved by Council, is not intended to carry any
implication regarding priority of discovery. The same is understood to apply to the names
approved by IUPAC in the past, whatever the prehistory.
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The TUPAC-approved names of the atoms of atomic numbers 1-111 for use in the
English language are listed in alphabetical order in Table I*. It is obviously desirable that the
names used in any language resemble these names as closely as possible, but it is recognized
that for elements named in the past there are often well-established and very different names
in other languages. In the footnotes of Table I, certain names are cited which are not used
now in English, but which either provide the basis of the atomic symbol, or the basis of
certain affixes used in nomenclature.

For use in chemical formulae, each atom is represented by a unique symbol in upright
type as shown in Table I. In addition, the symbols D and T may be used for the hydrogen
isotopes of mass numbers two and three, respectively (see Section IR-3.3.2).

Systematic nomenclature and symbols for new elements

Newly discovered elements may be referred to in the scientific literature but until they have
received permanent names and symbols from IUPAC, temporary designators are required.
Such elements may be referred to by their atomic numbers, as in ‘element 120’ for example,
but IUPAC has approved a systematic nomenclature and series of three-letter symbols
(see Table II).>

The name is derived directly from the atomic number of the element using the following
numerical roots:

0 =nil 3=tri 6 = hex 9 =enn
1=un 4 = quad 7 = sept
2=hbi 5 = pent 8 =oct

The roots are put together in the order of the digits which make up the atomic number
and terminated by ‘ium’ to spell out the name. The final ‘n’ of ‘enn’ is elided when it occurs
before ‘nil’, and the final ‘i” of ‘bi’ and of ‘tri’ when it occurs before ‘ium’.

The symbol for the element is composed of the initial letters of the numerical roots
which make up the name.

Example:

1. element 113 = ununtrium, symbol Uut

INDICATION OF MASS, CHARGE AND ATOMIC NUMBER
USING INDEXES (SUBSCRIPTS AND SUPERSCRIPTS)

The mass, charge and atomic number of a nuclide are indicated by means of three indexes
(subscripts and superscripts) placed around the symbol. The positions are occupied as

follows:
left upper index mass number
left lower index atomic number
right upper index charge

A charge placed on an atom of symbol A is indicated as A" or A"~ not as A*" or A™".

* Tables numbered with a Roman numeral are collected together at the end of this book.
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The right lower position of an atomic symbol is reserved for an index (subscript) indicating
the number of such atoms in a formula. For example, Sg is the formula of a molecule
containing eight sulfur atoms (see Section IR-3.4). For formalisms when oxidation states
or charges are also shown, see Section IR-4.6.1.

Example:

1. 328’* represents a doubly ionized sulfur atom of atomic number 16 and mass
number 32.

The nuclear reaction between 5Mg and 3He nuclei to yield 75A1 and [H nuclei is written
as follows™:

*Mg(a, ) Al

For the use of atomic symbols to indicate isotopic modification in chemical formulae and the
nomenclature of isotopically modified compounds see Section IR-4.5 and Chapter II-2
of Ref. 4 respectively.

ISOTOPES

Isotopes of an element

The isotopes of an element all bear the same name (but see Section IR-3.3.2) and are
designated by mass numbers (see Section IR-3.2). For example, the atom of atomic number
8 and mass number 18 is named oxygen-18 and has the symbol '*O.

Isotopes of hydrogen

Hydrogen is an exception to the rule in Section IR-3.3.1 in that the three isotopes 'H, *H and
*H can have the alternative names protium, deuterium and tritium, respectively. The
symbols D and T may be used for deuterium and tritium but *H and *H are preferred because
D and T can disturb the alphabetical ordering in formulae (see Section IR-4.5). The
combination of a muon and an electron behaves like a light isotope of hydrogen and is
named muonium, symbol Mu.’

These names give rise to the names proton, deuteron, triton and muon for the cations 'H™,
2H*, *H* and Mu™, respectively. Because the name proton is often used in contradictory
senses, i.e. for isotopically pure "H™ ions on the one hand, and for the naturally occurring
undifferentiated isotope mixture on the other, it is recommended that the undifferentiated
mixture be designated generally by the name hydron, derived from hydrogen.

ELEMENTS (or elementary substances)

Name of an element of indefinite molecular formula or structure

A sample of an element that has an undefined formula, or is a mixture of allotropes (see
Sections IR-3.4.2 to IR-3.4.5), bears the same name as the atom.
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Allotropes (allotropic modifications) of elements

Allotropic modifications of an element bear the name of the atom from which they are
derived, together with a descriptor to specify the modification. Common descriptors are
Greek letters (o, B, v, etc.), colours and, where appropriate, mineral names (e.g. graphite and
diamond for the well known forms of carbon). Such names should be regarded as
provisional, to be used only until structures have been established, after which a rational
system based on molecular formula (see Section IR-3.4.3) or crystal structure (see Section
IR-3.4.4) is recommended. Common names will continue to be used for amorphous
modifications of an element and for those which are mixtures of closely related structures in
their commonly occurring forms (such as graphite) or have an ill-defined disordered
structure (such as red phosphorus) (see Section IR-3.4.5).

Names of allotropes of definite molecular formula

Systematic names are based on the number of atoms in the molecule, indicated by a
multiplicative prefix from Table IV. The prefix ‘mono’ is only used when the element does
not normally occur in a monoatomic state. If the number is large and unknown, as in long
chains or large rings, the prefix ‘poly’ may be used. Where necessary, appropriate prefixes
(Table V) may be used to indicate structure. When it is desired to specify a particular
polymorph of an element with a defined structure (such as the a-, B- or y-forms of Sg) the
method of Section IR-3.4.4 should be used (see Examples 13—15 in Section IR-3.4.4).

Examples:
Formula Systematic name Acceptable alternative name

1. Ar argon

2. H monohydrogen

3. N mononitrogen

4. N, dinitrogen

5. N;° trinitrogen(e)

6. (003 dioxygen oxygen

7. (R} trioxygen ozone

8. P, tetraphosphorus white phosphorus

9. Se hexasulfur e-sulfur
10. Sg cyclo-octasulfur a-sulfur, B-sulfur, y-sulfur
11 S, polysulfur p-sulfur (or plastic sulfur)
12 Ceo hexacontacarbon [60]fullerene

In Example 12, the name [60]fullerene is to be regarded as an acceptable non-systematic
name for a particular Cg structure. For more details see Section P-27 of Ref. 6.

Crystalline allotropic modifications of an element

Crystalline allotropic modifications are polymorphs of the elements. Each can be named by
adding the Pearson symbol (see Section IR-11.5.2)" in parentheses after the name of the
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atom. This symbol defines the structure of the allotrope in terms of its Bravais lattice (crystal
class and type of unit cell, see Table IR-3.1) and the number of atoms in its unit cell. Thus,

iron(cF4) is the allotropic modification of iron (y-iron) with a cubic (c), all-face-centred (F)

lattice containing four atoms of iron in the unit cell.

Examples:

A e ol

—_ = =
o= S
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Table IR-3.1 Pearson symbols used for the fourteen Bravais lattices

System Lattice symbol* Pearson symbol
Triclinic P aP
Monoclinic P mP
sP mS
Orthorhombic P oP
S oS
F oF
1 ol
Tetragonal P tP
I tl
Hexagonal (and trigonal P) P hP
Rhombohedral R hR
Cubic P cP
F cF
1 cl

P, S, F, I and R are primitive, side-face-centred, all-face-centred, body-
centred and rhombohedral lattices, respectively. The letter C was formerly

used in place of S.

® Second setting, y-axis unique.

Systematic name
phosphorus(oS8)
carbon(cF8)
carbon(hP4)
carbon(hR6)
iron(cl2)
iron(cF4)
tin(cF8)

tin(t14)
manganese(cI58)
manganese(cP20)
manganese(cF4)

manganese(cl2)

Acceptable alternative name
black phosphorus

diamond

graphite (common form)
graphite (less common form)
o-iron

y-iron

o- or grey tin

B- or white tin

o-manganese

B-manganese

y-manganese

d-manganese
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13. Sg sulfur(oF128) a-sulfur
14. Sg sulfur(mP48) B-sulfur
15. Sg sulfur(mP32) v-sulfur

In a few cases, the Pearson symbol fails to differentiate between two crystalline allotropes of
the element. In such an event the space group is added to the parentheses. If this still fails to
distinguish the allotropes, the characteristically different lattice parameters will have to be
cited. An alternative notation involving compound type may also be useful (see Section IR-
4.2.5 and Chapter IR-11).

Solid amorphous modifications and commonly recognized allotropes
of indefinite structure

Solid amorphous modifications and commonly recognized allotropes of indefinite structure
are distinguished by customary descriptors such as a Greek letter, names based on physical
properties, or mineral names.

Examples:
1. C, vitreous carbon
2. C, graphitic carbon (carbon in the form of graphite, irrespective of
structural defects)
3. P, red phosphorus [a disordered structure containing parts of
phosphorus(oS8) and parts of tetraphosphorus]
4. As, amorphous arsenic

ELEMENTS IN THE PERIODIC TABLE

The groups of elements in the periodic table (see inside front cover) are numbered from 1 to
18. The elements (except hydrogen) of groups 1, 2 and 13-18 are designated as main group
elements and, except in group 18, the first two elements of each main group are termed
typical elements. Optionally, the letters s, p, d and f may be used to distinguish different
blocks of elements. For example, the elements of groups 3—12 are the d-block elements.
These elements are also commonly referred to as the transition elements, though the
elements of group 12 are not always included; the f-block elements are sometimes referred
to as the inner transition elements. If appropriate for a particular purpose, the various groups
may be named from the first element in each, for example elements of the boron group
(B, Al, Ga, In, Tl), elements of the titanium group (Ti, Zr, Hf, Rf), etc.

The following collective names for like elements are IUPAC-approved: alkali metals
(Li, Na, K, Rb, Cs, Fr), alkaline earth metals (Be, Mg, Ca, Sr, Ba, Ra), pnictogens8 (N, P,
As, Sb, Bi), chalcogens (O, S, Se, Te, Po), halogens (F, Cl, Br, I, At), noble gases (He, Ne,
Ar, Kr, Xe, Rn), lanthanoids (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu),
rare earth metals (Sc, Y and the lanthanoids) and actinoids (Ac, Th, Pa, U, Np, Pu, Am, Cm,
Bk, Cf, Es, Fm, Md, No, Lr).

51



IR-3.6

ELEMENTS IR-3.6

The generic terms pnictide, chalcogenide and halogenide (or halide) are commonly used

in naming compounds of the pnictogens, chalcogens and halogens.

Although lanthanoid means ‘like lanthanum’ and so should not include lanthanum,

lanthanum has become included by common usage. Similarly, actinoid. The ending ‘ide’

normally indicates a negative ion, and therefore lanthanoid and actinoid are preferred to
lanthanide and actinide.
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INTRODUCTION

Formulae (empirical, molecular and structural formulae as described below) provide a
simple and clear method of designating compounds. They are of particular importance
in chemical equations and in descriptions of chemical procedures. In order to avoid
ambiguity and for many other purposes, e.g. in databases, indexing, efc., standardization is
recommended.

DEFINITIONS OF TYPES OF FORMULA

Empirical formulae

The empirical formula of a compound is formed by juxtaposition of the atomic symbols with
appropriate (integer) subscripts to give the simplest possible formula expressing the
composition. For the order of citation of symbols in formulae, see Section IR-4.4, but, in the
absence of any other ordering criterion (for example, if little structural information is
available), the alphabetical order of atomic symbols should be used in an empirical formula,
except that in carbon-containing compounds, C and H are usually cited first and second,
respectively.'

Examples:

1. BrCIH;N,NaO,Pt
2. C10H10C1Fe

Molecular formulae

For compounds consisting of discrete molecules, the molecular formula, as opposed to the
empirical formula, may be used to indicate the actual composition of the molecules. For the
order of citation of symbols in molecular formulae, see Section IR-4.4.

The choice of formula depends on the chemical context. In some cases, the empirical
formula may also correspond to a molecular composition, in which case the only possible
difference between the two formulae is the ordering of the atomic symbols. If it is not
desirable or possible to specify the composition, e.g. in the case of polymers, a letter
subscript such as n may be used.

Examples:
Molecular formula Empirical formula

1. Sg S

2. S, S

3. SF¢ FeS

4. S,Cl, CIS

5. H4P,0q4 H,0;P

6. Hg,Cl, ClHg

7. NyOy4 NO,
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Structural formulae and the use of enclosing marks in formulae

A structural formula gives partial or complete information about the way in which the atoms
in a molecule are connected and arranged in space. In simple cases, a line formula that is just
a sequence of atomic symbols gives structural information provided the reader knows that
the formula represents the order of the atoms in the linear structure.

Examples:
1. HOCN (empirical formula CHNO)
2. HNCO (empirical formula also CHNO)
3. HOOH (empirical formula HO)

As soon as the compound has even a slightly more complex structure, it becomes necessary
to use enclosing marks in line formulae to separate subgroups of atoms. Different enclosing
marks must be used for repeating units and sidechains in order to avoid ambiguity.

The basic rules for applying enclosing marks in structural formulae are as follows:

@) Repeating units in chain compounds are enclosed in square brackets.

(ii) Side groups to a main chain and groups (ligands) attached to a central atom are
enclosed in parentheses (except single atoms when there is no ambiguity regarding
their attachment in the structure, e.g. hydrogen in hydrides with a chain structure).

(iii)) A formula or part of a formula which represents a molecular entity may be placed in
enclosing marks. If an entire formula is enclosed, square brackets must be used,
except if rule (v) applies.

(iv) A part of a formula which is to be multiplied by a subscript may also be enclosed in
parentheses or braces, except in the case of repeating units in chain compounds,
cf. rule (i).

) In the case of polymers, if the bonds between repeating units are to be shown, the
repeating unit is enclosed in strike-through parentheses, with the dash superimposed
on the parentheses representing the bond. (If this is typographically inconvenient,
dashes can be placed before and after the parentheses.)

(vi)  Inside square brackets, enclosing marks are nested as follows:

O {O} HOD, {{OD}, erc.

(vil) Atoms or groups of atoms which are represented together with a prefixed symbol,
e.g. a structural modifier such as ‘p’, are placed within enclosing marks, using the
nesting order of (vi).

The use of enclosing marks for the specification of isotopic modification is described in
Section IR-4.5.

Compared to line formulae, displayed formulae (Examples 12 and 13 below) give more (or
full) information about the structure.

(The rules needed for ordering the symbols in some of the example formulae below are
given in Section IR-4.4.3.)

Examples:
5. SiH3[SiH,]5sSiH(SiH3)SiH,SiH; [rules (i) and (ii)]
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6. Caz(POy), [rule (iv)]
7. [Co(NH3)6]2(SOy)3 [rules (iii), (iv), (vi)]
8. [{Rh(u-CI1)(CO),},] [rules (iii), (vi), (vii)]
9. K[Os(N);] [rules (ii), (iii)]
10. €Sy, [rule (v)]
11. (HBO,),, or «B(OH)O,, [rules (ii) and (v)]
12.
Cl
Pd
\CI
n
13. CI\ PPh,
Ni
CI/ \PPh3
14. NaCl
15. [NaCl]

The first formula in Example 11 may be considered to be a molecular formula (Section
IR-4.2.2) with no implications about the structure of the polymer in question.

In Examples 14 and 15, the formula [NaCl] may be used to distinguish the molecular
compound consisting of one sodium atom and one chlorine atom from the solid with the
composition NaCl.

Formulae of (formal) addition compounds

In the formulae of addition compounds and compounds which can formally be regarded as
such, including clathrates and multiple salts, a special format is used. The proportions of
constituents are indicated by arabic numerals preceding the formulae of the constituents, and
the formulae of the constituents are separated by a centre dot. The rules for ordering the
constituent formulae are described in Section IR-4.4.3.5.

Examples:
1. Na,CO3-10H,O
2. 8H,S-46H,0
3. BMe;3-NH;3

Solid state structural information

Structural information can also be given by indicating structural type as a qualification of a
formula. For example, polymorphs may be indicated by adding in parentheses an abbreviated
expression for the crystal system (see Sections IR-11.5.2 and IR-11.7.2, and Table IR-3.1).
Structures may also be designated by adding the name of a type-compound in italics in paren-
theses, but such usage may not be unambiguous. There are at least ten varieties of ZnS(%).

56



IR-4.3

IR-4.3 FORMULAE

Where several polymorphs crystallise in the same crystal system they may be differentiated
by the Pearson symbol (see Sections IR-3.4.4 and IR-11.5.2). Greek letters are frequently
employed to designate polymorphs, but their use is often confused and contradictory and is
not generally recommended.

Examples:

1. TiOy(?) (anatase type)
2. TiO,(?) (rutile type)
3. AuCd(c), or AuCd (CsClI type)

For the formulae of solid solutions and non-stoichiometric phases, see Chapter IR-11.

INDICATION OF IONIC CHARGE

Ionic charge is indicated by means of a right upper index, as in A" or A"~ (not A*" or
A™"). If the formula is placed in enclosing marks, the right upper index is placed outside the
enclosing marks. For polymeric ions, the charge of a single repeating unit should be placed
inside the parentheses that comprise the polymeric structure or the total charge of the
polymeric species should be placed outside the polymer parentheses. (The rules needed for
ordering the symbols in some of the example formulae below are given in Section IR-4.4.3.)

Examples:

Cut

Cu2+

NO™*
[AL(OHy)e]**
H,NO;™
[PCly]™
As>™

HF, "~

CN~
$,0,°~

. [Fe(CN)g]*~
. [PW 15,0401
. [P3040]°", or [0sPOP(0),0P05]°~, or

R e A T

—_ = = =
W N = O
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14. ([CuCl5]7),, or ([CuCls]),”"", or

SEQUENCE OF CITATION OF SYMBOLS IN FORMULAE

Introduction

Atomic symbols in formulae may be ordered in various ways. Section IR-4.4.3 describes the
conventions usually adopted for some important classes of compounds. As a prerequisite,
Section IR-4.4.2 explains what is meant by the two ordering principles ‘electronegativity’
and ‘alphabetical ordering’.

Ordering principles

Electronegativity

If electronegativity is taken as the ordering principle in a formula or a part of a formula, the
atomic symbols are cited according to relative electronegativities, the least electronegative
element being cited first. For this purpose, Table VI* is used as a guide. By convention, the
later an element occurs when the table is traversed following the arrows, the more
electropositive is the element.

Alphanumerical order

Atomic symbols within line formulae are ordered alphabetically. A single-letter symbol
always precedes a two-letter symbol with the same initial letter, e.g. B before Be, and two-
letter symbols are themselves ordered alphabetically, e.g. Ba before Be.

Line formulae for different species can be ordered alphanumerically, e.g. in indexes and
registries, according to the order of the atomic symbols and the right subscripts to these,
e.g. B < BH < BO < B,0;. The group NH, is often treated as a single symbol and so listed
after Na, for example.

To exemplify, the order of citation of some nitrogen- and sodium-containing entities is:
N*",NH, ,NH;,NO, ,NO,”",NO;",N,0,”",N5 ", Na, NaCl, NH,ClI

Such ordering may be applied to entire formulae in indexes and registries ezc., but may also be
used for ordering parts of a given formula, sometimes in connection with the ordering principle
of Section IR-4.4.2.1, as decribed below for various specific classes of compounds and ions.

Formulae for specific classes of compounds

Binary species

In accordance with established practice, the electronegativity criterion (Section IR-4.4.2.1)
is most often used in binary species.”

* Tables numbered with a Roman numeral are collected together at the end of this book.
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Examples:

—_—

NH;

H,S

OF,

0,Cl1

OoCl1™

PH,™"
P,0,*"
[SiAs,]¥~
RbBr
[Re,Clo]™

. HO™ or OH™
. RbsHgie

13. CusZng and CusCdg

A S R R

—_—

Note that the formula for the hydroxide ion should be HO™ to be consistent with the above
convention.

Ordering by electronegativity could, in principle, be applied to ternary, quaternary, efc.
species. For most species consisting of more than two elements, however, other criteria for
ordering the element symbols in the formula are more often used (see Sections IR-4.4.3.2 to
IR-4.4.3.4).

Formal treatment as coordination compounds

The nomenclature of coordination compounds is described in detail in Chapter IR-9. A brief
summary of the construction of formulae of coordination compounds is given here. Many
polyatomic compounds may conveniently be treated as coordination compounds for the
purpose of constructing a formula.

In the formula of a coordination entity, the symbol of the central atom(s) is/are placed
first, followed by the symbols or formulae of the ligands, unless additional structural
information can be presented by changing the order (see, for example, Section IR-4.4.3.3).

The order of citation of central atoms is based on electronegativity as described in
Section IR-4.4.2.1. Ligands are cited alphabetically (Section IR-4.4.2.2) according to the
first symbol of the ligand formula or ligand abbreviation (see Section IR-4.4.4) as written.
Where possible, the ligand formula should be written in such a way that a/the donor atom
symbol is closest to the symbol of the central atom to which it is attached.

Square brackets may be used to enclose the whole coordination entity whether charged
or not. Established practice is always to use square brackets for coordination entities with
a transition metal as the central atom (cf. Sections IR-2.2.2 and IR-9.2.3.2).

Examples:

1. PBrCl,
2. SbCLF or [SbCL,F]
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[MosO5]°~
[CuSb,]°~

[UO,]**

[SiW 12040]*"
[BH4]™

[ClO4]™ or ClO,~
[PtCL,{P(OED)3},]

10. [Al(OH)(OH,)s]*"
11. [PtBrCI(NH3)(NO,)]~
12. [PtCly,(NH3)(py)]

13. [Co(en)F>(NH3),] ", but [CoF»(NH,CH,CH,NH,)(NH3),] *
14. [Co(NH3)s(N3)I*~

A S AN

In a few cases, a moiety which comprises different atoms and which occurs in a series of
compounds is considered as an entity that acts as a central atom and is cited as such, even if
this violates the alphabetical order of ligands. For example, PO and UO, are regarded as
single entities in Examples 15 and 16.

Examples:

15. POBr; (alphabetically, PBr;0)
16. [UO,Cl,] (alphabetically, [UCl,0O,])

For derivatives of parent hydrides (see Chapter IR-6), the alphabetical order of ligands is
traditionally disobeyed in that remaining hydrogen atoms are listed first among the ligands
in the formula.

Examples:

17. GCH2F2
18. SiH,BrCl
19. B,HCI

For carbaboranes, there has previously been some uncertainty over the order of B and C.?
The order ‘B before C’ recommended here conforms to both electronegativity and
alphabetical order (i.e. it is an exception to the Hill order' in Section IR-4.2.1). In addition,
carbon atoms that replace skeletal boron atoms are cited immediately after boron, regardless
of what other elements are present. (See also Section IR-6.2.4.4.)

Examples:

20. B3C,Hs (recommended)
21. B;C,HyBr (recommended)
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For inorganic oxoacids, there is a traditional ordering of formulae in which the ‘acid’ or
‘replaceable’ hydrogen atoms (hydrogen atoms bound to oxygen) are listed first, followed by
the central atom, then ‘non-replaceable’ hydrogen atoms (hydrogen atoms bound directly to
the central atom), and finally oxygen. This format is an alternative to writing the formulae as
coordination compound formulae (see Section IR-8.3).

Examples:

22. HNOj; (traditional) or [NO,(OH)] (coordination)

23. H,PHO; (traditional) or [PHO(OH),] (coordination)

24. H,PO,  (traditional) or [PO,(OH),]™ (coordination)

25. HsP30y (traditional) or [(HO),P(O)OP(O)(OH)OP(O)(OH),] (coordination)
26. (HBO,), (traditional) or { B(OH)O}, (coordination)

Chain compounds

For chain compounds containing three or more different elements, the sequence of atomic
symbols should generally be in accord with the order in which the atoms are bound in the
molecule or ion, rather than using alphabetical order or order based on electronegativity.
However, if one wishes to view a compound formally as a coordination compound,
e.g. in connection with a discussion of additive naming of the compound, one may use
a coordination-compound type of formula, as in Example 1 below.

Examples:

1. NCS or SCN™ (not CNS™) = [C(N)S]~, nitridosulfidocarbonate(1—)
2. BrSCN (not BrCNS)

3. HOCN (cyanic acid)

4. HNCO (isocyanic acid)

Generalized salt formulae

If the formula of a compound containing three or more elements is not naturally assigned
using the preceding two sections, the compound can be treated as a generalized salt. This
term is taken to mean any compound in which it is possible to identify at least one
constituent which is a positive ion or can be classified as electropositive or more
electropositive than the other constituents, and at least one constituent which is a negative
ion or can be classified as electronegative or more electronegative than the rest of the
constitutents. The ordering principle is then:

@) all electropositive constituents precede all electronegative constituents;
(ii) within each of the two groups of constituents, alphabetical order is used.

Examples:

1. KMgF,
2. MgCI(OH)
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FeO(OH)

NaTI(NOs),

Li[H,PO,]

NaNH,[HPO,]

Na[HPHO;]

CuKsSb, or KsCuSb,
Ks[CuSb,]

10. H[AuCl,]

11. Na(UO,)3[Zn(H>0)¢](0-CMe)o

A S AN

The first formula in Example 8 was arrived at by considering K and Cu to be electropositive
constituents and Sb to be electronegative, the second by considering K to be electropositive
and Cu and Sb to be electronegative. No structural information is conveyed by these
formulae. The formula in Example 9, on the other hand, implies the presence of the
coordination entity [Cquz]S_.

Deviation from alphabetical order of constituents in the same class is allowed to
emphasize similarities between compounds.

Example:

12. CaTiO3 and ZnTiOj5 (rather than TiZnOs3)

Some generalized salts may also be treated as addition compounds, see Section IR-4.4.3.5.

(Formal) addition compounds

In the formulae of addition compounds or compounds which can formally be regarded as
such, including clathrates and multiple salts, the formulae of the component molecules or
entities are cited in order of increasing number; if they occur in equal numbers, they are
cited in alphabetical order in the sense of Section IR-4.4.2.2. In addition compounds
containing water, the water remains conventionally cited last. However, component boron
compounds are no longer treated as exceptions.

Examples:

3CdS0,-8H,0
Na,CO5-10H,0
Al(S0,)3-K>S0,-24H,0
AICI;-4EtOH
8H,S-46H,0
CeHeNH;-Ni(CN),
BF;2H,0

BF;2MeOH

® =Nk w =
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Ligand abbreviations

Since abbreviations are widely used in the chemical literature, agreement on their use
and meaning is desirable. This Section provides guidelines for the selection of ligand
abbreviations for application in the formulae of coordination compounds (Section
IR-9.2.3.4). Some commonly used ligand abbreviations are listed in Table VII with
diagrams of most of the ligands shown in Table VIII.

An abbreviation for an organic ligand should be derived from a name consistent with the
current rules for the systematic nomenclature of organic compounds.* (For some ligands a
non-systematic name is included in Table VII if it was the source of the abbreviation and
if that abbreviation is still commonly used.) New abbreviations should further be constructed
according to the following recommendations:

1) Ligand abbreviations should be constructed so as to avoid confusion and
misunderstanding. Since a reader may not be familiar with an abbreviation, it
should be explained when first used in a publication.

(ii) New meanings should not be suggested for abbreviations or acronyms that have generally
accepted meanings, e.g. DNA, NMR, ESR, HPLC, Me (for methyl), Et (for ethyl), etc.

(iii)  An abbreviation should readily suggest the ligand name, e.g. ida for iminodiacetato.
(Ligand names may, however, eventually violate nomenclature rules as these are
modified, for example iminodiacetate will be replaced by azanediyldiacetate in Ref. 4,
but the ligand abbreviations need not be changed every time the naming rules change.)

(iv)  Abbreviations should be as short as practicable, but should contain more than one
letter or symbol.

) The use of non-systematic names for deriving new ligand abbreviations is discouraged.

(vi)  Abbreviations should normally use only lower-case letters, with several well-
established exceptions:

(a) abbreviations for alkyl, aryl and similar groups, which have the first letter
capitalized with the remaining letters in lower case, e.g. Me (for methyl), Ac
(for acetyl), Cp (for cyclopentadienyl), etc.;

(b) abbreviations containing atomic symbols, e.g. [12]aneSy;

(c) abbreviations containing Roman numerals, e.g. HoppIX for protoporphyrin IX;

(d) abbreviations for ligands containing readily removable hydrons (see vii).

(N.B. Abbreviations for solvents that behave as ligands should also be in lower case letters
[e.g. dmso for dimethyl sulfoxide {(methylsulfinyl)methane}, thf for tetrahydrofuran]; the
practice of capitalizing the abbreviation of a solvent when it does not behave as a ligand is
strongly discouraged as an unnecessary distinction.)

(vii) Hydronation of anionic ligands, e.g. ida, leads to acids which may be abbreviated by
the addition of H, e.g. Hida, H,ida.

(viii) Ligands which are normally neutral, but which continue to behave as ligands on
losing one or more hydrons, are abbreviated by adding —1H, —2H, etc. (including the
numeral 1) after the usual abbreviation of the ligand. For example, if Ph,PCH,PPh,
(dppm) loses one hydron to give [Ph,PCHPPh,]™ its abbreviation is dppm—1Hj; if it
loses two hydrons, its abbreviation is dppm—2H, etc.
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ISOTOPICALLY MODIFIED COMPOUNDS

General formalism

The mass number of any specific nuclide can be indicated in the usual way with a left
superscript preceding the appropriate atomic symbol (see Section IR-3.2).

When it is necessary to cite different nuclides at the same position in a formula, the
nuclide symbols are written in alphabetical order; when their atomic symbols are
identical the order is that of increasing mass number. Isotopically modified compounds
may be classified as isotopically substituted compounds and isotopically labelled
compounds.

Isotopically substituted compounds

An isotopically substituted compound has a composition such that all the molecules of the
compound have only the indicated nuclide(s) at each designated position. The substituted
nuclides are indicated by insertion of the mass numbers as left superscripts preceding the
appropriate atom symbols in the normal formula.

Examples:

H’HO

H*°Cl

235UF6

2N al4CO3
2P,

K[**PFq]
K;*K[Fe('*CN)s]

N A LD

Isotopically labelled compounds

Types of labelling

An isotopically labelled compound may be considered formally as a mixture of an
isotopically unmodified compound and one or more analogous isotopically substituted
compounds. They may be divided into several different types. Specifically labelled
compounds and selectively labelled compounds are treated briefly here and described in
more detail in Ref. 5.

Specifically labelled compounds

An isotopically labelled compound is called a specifically labelled compound when a
unique isotopically substituted compound is added formally to the analogous
isotopically unmodified compound. A specifically labelled compound is indicated by
enclosing the appropriate nuclide symbol(s) and multiplying subscript (if any) in square
brackets.
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Examples:
1. H[**C1)
2. [**PICl,
3. [°NJH,[*H]
4. [Bclo1'0]
5. [**PIO['"°F;]
6. Ge[’H,]F,

Selectively labelled compounds

A selectively labelled compound may be considered as a mixture of specifically labelled
compounds. It is indicated by prefixing the formula by the nuclide symbol(s) preceded by
any necessary locant(s) (but without multiplying subscripts) enclosed in square brackets.

Examples:
1. [*°C11S0Cl,

2. [’H]PH,
3. ['°B]B,HsCl

The numbers of possible labels for a given position may be indicated by subscripts separated
by semicolons added to the atomic symbol(s) in the isotopic descriptor.

Example:

4. [1-*H,.,,]SiH;0SiH,0SiH;

OPTIONAL MODIFIERS OF FORMULAE

Oxidation state

The oxidation state of an element in a formula may be indicated by an oxidation number
written as a right superscript in Roman numerals. Oxidation state zero may be represented
by the numeral O but is not usually shown. If an element occurs with more than one
oxidation state in the same formula, the element symbol is repeated, each symbol being
assigned a numeral, and the symbols cited in order of these numerals.

Examples:
1. [PY;Mo,506,]°
2. K[0s"™(N)O;4]
3. [Mo'>,Mo",0,]*~
4. Pb'LPb™VO,
5. [0s%(CO)s]
6. [Mn Y(CO)s]™
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Where it is not feasible or reasonable to define an oxidation state for each individual
member of a group (or cluster), the overall oxidation level of the group should be defined by
a formal ionic charge, indicated as in Section IR-4.3. This avoids the use of fractional
oxidation states.

Examples:
7. O
8. Fe,S,°"

Formulae of radicals

A radical is an atom or molecule with one or more unpaired electrons. It may have positive,
negative or zero charge. An unpaired electron may be indicated in a formula by a superscript
dot. The dot is placed as a right upper index to the chemical symbol, so as not to interfere
with indications of mass number, atomic number or composition. In the case of diradicals,
etc., the superscript dot is preceded by the appropriate superscript multiplier. The radical dot
with its multiplier, if any, precedes any charge. To avoid confusion, the multiplier and the
radical dot can be placed within parentheses.

Metals and their ions or complexes often possess unpaired electrons but, by convention,
they are not considered to be radicals, and radical dots are not used in their formulae.
However, there may be occasions when a radical ligand is bound to a metal or metal ion
where it is desirable to use a radical dot.

Examples:

ue
HO®
NO,*
0,2
0,°~
BH;*"
PO,*2

NO®®~
N2(20)2+

R Al R

Formulae of optically active compounds

The sign of optical rotation is placed in parentheses, the wavelength (in nm) being indicated
as a right subscript. The whole symbol is placed before the formula and refers to the sodium
D-line unless otherwise stated.

Example:

L. (+)ss9-[Co(en)3]Cl3
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Indication of excited states

Excited electronic states may be indicated by an asterisk as right superscript. This practice
does not differentiate between different excited states.

Examples:

1. He*
2. NO*

Structural descriptors

Structural descriptors such as cis, trans, etc., are listed in Table V. Usually such descriptors
are used as italicized prefixes and are connected to the formula by a hyphen.

Examples:

1. cis-[PtCl,(NH3),]
2. trans-[PtCl4(NH;),]

The descriptor p designates an atom or group bridging coordination centres.

Example:

3. [(H3N)sCr(n-OH)Cr(NH3)s]*

REFERENCES

1. This is the so-called Hill order. See E.A. Hill, J. Am. Chem. Soc., 22, 478-494 (1900).

2. For intermetallic compounds, earlier recommendations prescribed alphabetical ordering
rather than by electronegativity (see Section [-4.6.6 of Nomenclature of Inorganic
Chemistry, IUPAC Recommendations 1990, ed. G.J. Leigh, Blackwell Scientific
Publications, Oxford, 1990).

3. For example, the ordering of B and C in formulae was inconsistent in Nomenclature of
Inorganic Chemistry, IUPAC Recommendations 1990, ed. G.J. Leigh, Blackwell
Scientific Publications, Oxford, 1990.

4. Nomenclature of Organic Chemistry, IUPAC Recommendations, eds. W.H. Powell and
H. Favre, Royal Society of Chemistry, in preparation.

5. Chapter 1I-2 of Nomenclature of Inorganic Chemistry II, IUPAC Recommendations
2000, eds. J.A. McCleverty and N.G. Connelly, Royal Society of Chemistry, 2001. (Red
Book 1II.)
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IR-5.1 INTRODUCTION

Compositional nomenclature is formally based on composition, not structure, and may thus
be the (only) choice if little or no structural information is available or a minimum of
structural information is to be conveyed.

The simplest type of compositional name is a stoichiometric name, which is just
a reflection of the empirical formula (Section IR-4.2.1) or the molecular formula (Section
IR-4.2.2) of the compound. In stoichiometric names, proportions of constituent elements
may be indicated in several ways, using multiplicative prefixes, oxidation numbers or charge
numbers.

In some cases, a compound may be regarded as composed of constituents that may
themselves be given names of any of several types (including stoichiometric names); the
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overall name of the compound is then assembled from the names of the constituents so as to
indicate their proportions. One category of such compositional names is generalized
stoichiometric names (see Section IR-5.4) in which the various parts may themselves be
names of monoatomic and polyatomic ions. For this reason, Section IR-5.3, devoted to the
naming of ions, is included. Another category consists of the names devised for addition
compounds which have a format of their own, described in Section IR-5.5.

STOICHIOMETRIC NAMES OF ELEMENTS
AND BINARY COMPOUNDS

A purely stoichiometric name carries no information about the structure of the species
named.

In the simplest case, the species to be named consists of only one element, and the name
is formed by adding the relevant multiplicative prefix to the element name (e.g. Sg,
octasulfur). This case is exemplified in Section IR-3.4.3.

When constructing a stoichiometric name for a binary compound, one element is
designated as the electropositive constituent and the other the electronegative constituent.
The electropositive constituent is by convention the element that occurs last in the sequence
of Table VI* and its name is the unmodified element name (Table I). The name of the
electronegative constituent is constructed by modifying the element name with the ending
‘ide’, as explained in detail for monoatomic anions in Section IR-5.3.3.2. All element names
thus modified with the ‘ide’ ending are given in Table IX.

The stoichiometric name of the compound is then formed by combining the name of the
electropositive constituent, cited first, with that of the electronegative constituent, both
suitably qualified by any necessary multiplicative prefixes (‘mono’, ‘di’, ‘tri’, ‘tetra’, ‘penta’,
etc., given in Table IV). The multiplicative prefixes precede the names they multiply, and are
joined directly to them without spaces or hyphens. The final vowels of multiplicative prefixes
should not be elided (although ‘monoxide’, rather than ‘monooxide’, is an allowed exception
because of general usage). The two parts of the name are separated by a space in English.

Stoichiometric names may correspond to the empirical formula or to a molecular formula
different from the empirical formula (compare Examples 3 and 4 below).

Examples:
1. HC1 hydrogen chloride
2. NO nitrogen oxide, or nitrogen monooxide, or nitrogen monoxide
3. NO, nitrogen dioxide
4. N,Oyu dinitrogen tetraoxide
5. OCl, oxygen dichloride
6. O,ClI dioxygen chloride
7. Fe30y4 triiron tetraoxide
8. SiC silicon carbide

*Tables numbered with a Roman numeral are collected together at the end of this book.
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9. SiCly silicon tetrachloride

10. CazP, tricalcium diphosphide, or calcium phosphide
11. NiSn nickel stannide

12. CusZng pentacopper octazincide

13. Cry;Ce tricosachromium hexacarbide

Multiplicative prefixes need not be used in binary names if there is no ambiguity about the
stoichiometry of the compound (such as in Example 10 above). The prefix ‘mono’ is, strictly
speaking, superfluous and is only needed for emphasizing stoichiometry when discussing
compositionally related substances, such as Examples 2, 3 and 4 above.

Alternatively, proportions of constituents may be indicated by using oxidation numbers
or charge numbers (Section IR-5.4.2).

For compounds containing more than two elements, further conventions are required to
form a compositional name (see Sections IR-5.4 and IR-5.5).

NAMES OF IONS AND RADICALS

General

The charges of the atoms need not be specified in a stoichiometric name. In many cases,
however, atoms or groups of atoms are known to carry a particular charge. Within
compositional nomenclature, the name of a compound can include the names of individual
ions constructed as stoichiometric names or according to other principles, as described
below.

Cations

General

A cation is a monoatomic or polyatomic species having one or more positive charges. The
charge on a cation can be indicated in names by using the charge number or, in the case of
additively named cations, by the oxidation number(s) of the central atom or atoms.
Oxidation and charge numbers are discussed in Section IR-5.4.2.2.

Monoatomic cations

The name of a monoatomic cation is that of the element with an appropriate charge number
appended in parentheses. Unpaired electrons in monoatomic cations may be indicated using
a radical dot, i.e. a centred dot placed in front of the charge, preceded by a number
if necessary.

Examples:
1. Nat sodium(1+)
2. Cr't chromium(3+)
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3. Cu* copper(1+)

4. Cu** copper(2+)

5.1 iodine(1+)

6. HY hydrogen(14-), hydron
7. '"HY protium(1+), proton

8. "H deuterium(1+), deuteron
9. *H* tritium(1+), triton

10. He** helium(e1l+)

11. o** oxygen(el+)

12. N,?*2+ dinitrogen(2¢2+)

The names of the hydrogen isotopes are discussed in Section IR-3.3.2.

Homopolyatomic cations

Homopolyatomic cations are named by adding the charge number to the stoichiometric
name of the corresponding neutral species, i.e. the element name with the appropriate
multiplicative prefix. Radical dots may be added to indicate the presence of unpaired
electrons.

Examples:

1. 0, or 0,°Y  dioxygen(1+) or dioxygen(sl+)

2. ST tetrasulfur(2+)

3. Hg,?" dimercury(2+)

4. Bis*" pentabismuth(4+)
5. Hy" trihydrogen(1+)

Heteropolyatomic cations

Heteropolyatomic cations are usually named either substitutively (see Section IR-6.4) or
additively (see Chapter IR-7). Substitutive names do not require a charge number, because
the name itself implies the charge (Examples 2 and 4 below). Radical dots may be added to
additive names to indicate the presence of unpaired electrons.

A few cations have established and still acceptable non-systematic names.

Examples:
1. NH," azanium (substitutive), or ammonium (acceptable non-systematic)
2. HyO* oxidanium (substitutive), or oxonium (acceptable non-systematic;
not hydronium)
3. PH," phosphanium (substitutive)
4. H,0*F oxidanediium (substitutive)
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5. SbF,* tetrafluorostibanium (substitutive), or tetrafluoridoantimony(1+-)
or tetrafluoridoantimony(V) (both additive)

6. BH;*" boraniumyl (substitutive) or trihydridoboron(e1+) (additive)

More examples are given in Table IX.

Anions

Overview

An anion is a monoatomic or polyatomic species having one or more negative charges. The
charge on an anion can be indicated in the name by using the charge number or, in the case
of an additively named anion, by the oxidation number(s) of the central atom or atoms.
Oxidation and charge numbers are discussed in Section IR-5.4.2.2.

The endings in anion names are ‘ide’ (monoatomic or homopolyatomic species,
heteropolyatomic species named from a parent hydride), ‘ate’ (heteropolyatomic species
named additively), and ‘ite’ (used in a few names which are still acceptable but do not derive
from current systematic nomenclature). When there is no ambiguity, the charge number may
be omitted, as in Example 1 below. Parent hydride-based names do not carry charge
numbers because the name itself implies the charge (Examples 3 and 4 below).

Examples:
1. CI” chloride(1-), or chloride
2. 8,7 disulfide(2—)
3. PH,™ phosphanide
4. PH* phosphanediide
5. [CoCly]*™ tetrachloridocobaltate(2—), or tetrachloridocobaltate(IT)
6. NO,~ dioxidonitrate(1—), or nitrite

Monoatomic anions

The name of a monoatomic anion is the element name (Table I) modified so as to carry the
anion designator ‘ide’, either formed by replacing the ending of the element name (‘en’,

Caaa? €AY < LIS LRI}

ese’, ‘ic’, ‘ine’, ‘ium’, ‘ogen’, ‘on’, ‘orus’, ‘um’, ‘ur’, ‘y’ or ‘ygen’) by ‘ide’ or by directly
adding ‘ide’ as an ending to the element name.

Examples:

. chlorine, chloride

. carbon, carbide

1

2

3. xenon, xenonide
4. tungsten, tungstide
5

. bismuth, bismuthide

72



IR-5.3.3.3

IR-5.3 COMPOSITIONAL NOMENCLATURE

6. sodium, sodide

7. potassium, potasside

In one case, an abbreviated name has to be chosen: germanium, germide. The systematic
name ‘germanide’ designates the anion GeHs .

Some names of monoatomic anions are based on the root of the Latin element names.
In these the ending ‘um’ or ‘ium’ is replaced by ‘ide’.

Examples:

8. silver, argentum, argentide
9. gold, aurum, auride
10. copper, cuprum, cupride
11. iron, ferrum, ferride

12. lead, plumbum, plumbide

13. tin, stannum, stannide

All element names thus modified are included in Table IX.

Charge numbers and radical dots may be added as appropriate to specify anions fully.

Examples:
14. 0>~ oxide(2—), or oxide
15. O*~ oxide(e1-)
16. N>~ nitride(3—), or nitride

Homopolyatomic anions

Homopolyatomic anions are named by adding the charge number to the stoichiometric name
of the corresponding neutral species, ie. the element name with the appropriate
multiplicative prefix. Again, a radical dot may be added as appropriate.

In a few cases, non-systematic names are still acceptable alternatives.

Examples:
Systematic name Acceptable alternative name
1. O, or O, dioxide(1-) or superoxide
dioxide(e1-)
2. 0, dioxide(2—) peroxide
3. O3~ trioxide(1-) ozonide
4. I~ triiodide(1—)
5. CL*~ dichloride(e1-)
6. C22_ dicarbide(2—) acetylide
7. N3~ trinitride(1-) azide
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8. S,*” disulfide(2—)
9. Sns>~ pentastannide(2—)
10. Pbo*~ nonaplumbide(4—)

In some cases, homopolyatomic anions may be considered as derived from a parent hydride
by removal of hydrons (see Section IR-6.4).

Examples:
11. 0, dioxidanediide
12. S,> disulfanediide

IR-5.3.3.4 Heteropolyatomic anions

Heteropolyatomic anions are usually named either substitutively (see Section IR-6.4.4) or
additively (see Chapter IR-7 and Section IR-9.2.2). Radical dots may be added to additive
names to indicate the presence of unpaired electron(s).

A few heteropolyatomic anions have established and still acceptable non-systematic

names.
Examples:

1. NH,™ azanide (substitutive), dihydridonitrate(1—) (additive),
or amide (acceptable non-systematic)

2. GeH;™ germanide (substitutive),
or trihydridogermanate(1—) (additive)

3. HS™ sulfanide (substitutive), or hydridosulfate(1—) (additive)

4. H3S™ sulfanuide or A*-sulfanide (both substitutive),
or trihydridosulfate(1—) (additive)

5. H,S*~ sulfanuidyl or 7»4-sulfanidy1 (both substitutive),
or dihydridosulfate(e1—) (additive)

6. SO;>~ trioxidosulfate(2—) (additive),
or sulfite (acceptable non-systematic)

7. OCI™ chloridooxygenate(1—) (additive),
or hypochlorite (acceptable non-systematic)

8. ClO5~ trioxidochlorate(1—) (additive),
or chlorate (acceptable non-systematic)

9. [PFe]™ hexaﬂuoro-%S—phosphanuide (substitutive),
or hexafluoridophosphate(1—) (additive)

10. [CuCly)*” tetrachloridocuprate(I) (additive)
11. [Fe(CO)4]Z_ tetracarbonylferrate(—II) (additive)

All acceptable, but not fully systematic, anion names are given in Table IX.
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Note that in Ref. 1, radical anions consisting of only hydrogen and one other element
were named additively using the ending ‘ide’ rather than the ending ‘ate’ (e.g. Example 5
above). Making this exception to the general system of additive nomenclature for these
particular cases is now discouraged.

When one or more hydron(s) are attached to an anion at (an) unknown position(s), or at
(a) position(s) which one cannot or does not wish to specify, a ‘hydrogen name’ (see Section
IR-8.4) may be used. Such names may also be used for simpler compounds, such as partially
dehydronated oxoacids. Certain of these names have accepted abbreviated forms, such as
hydrogencarbonate, dihydrogenphosphate, efc. All such accepted abbreviated names are
given in Section IR-8.5.

Examples:
12. HMogO19 hydrogen(nonadecaoxidohexamolybdate)(1—)
13. HCO;~ hydrogen(trioxidocarbonate)(1—), or hydrogencarbonate
14. H,PO,~ dihydrogen(tetraoxidophosphate)(1-),

or dihydrogenphosphate

GENERALIZED STOICHIOMETRIC NAMES

Order of citation of electropositive and electronegative constituents

The constituents of the compound to be named are divided into formally electropositive and
formally electronegative constituents. There must be at least one electropositive and one
electronegative constituent. Cations are electropositive and anions electronegative, by
definition. Electropositive elements occur later in Table VI than electronegative elements by
convention.

In principle, the division into electropositive and electronegative constituents is arbitrary
if the compound contains more than two elements. In practice, however, there is often no
problem in deciding where the division lies.

The names of the electropositive constituents precede those of the electronegative
constituents in the overall name. The order of citation is alphabetical within each class of
constituents (multiplicative prefixes being ignored), except that hydrogen is always cited last
among electropositive constituents if actually classified as an electropositive constituent.

This principle for constructing generalized stoichiometric names parallels the principle for
constructing ‘generalized salt formulae’ in Section IR-4.4.3.4. However, the order of citation
in a generalized stochiometric name is not necessarily the same as the order of symbols in the
corresponding generalized salt formula, as is seen from Examples 4, 5 and 7 below.

The following generalized stoichiometric names, based only on single-element
constituents, do not carry information about the structure.

Examples:
1. IBr iodine bromide
2. PBrClI phosphorus bromide chloride iodide
3. ArHF or ArFH argon hydrogen fluoride, or argon fluoride hydride
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4. CIOF or OCIF chlorine oxygen fluoride or oxygen chloride
fluoride
5. CuKs5Sb, or K5CuSb, copper pentapotassium diantimonide,

or pentapotassium cupride diantimonide

Note from these examples that the order of any two elements in the name depends on the
arbitrary division of elements into electropositive and electronegative constituents. (The
same applies to the order of the element symbols in the formulae as illustrated in Section
IR-4.4.3.4.) Additive names representing the actual structure of the compounds in Examples
3 and 4 (FArH and FCIO, respectively) are given in Section IR-7.2.

In some cases, the use of substitutive or additive nomenclature for naming an ion is not
possible or desirable because of the lack of structural information. In such cases, it may be
best to give a stoichiometric name and add the charge number. Parentheses are needed to
make it clear that the charge number denotes the overall charge of the ion.

Example:

6. 0,ClL" (dioxygen dichloride)(1+)

When names of polyatomic ions occur as constituents in a generalized stoichiometric
name, a certain amount of structural information is often implied by the name.

Example:

7. NaNH4[HPO,] ammonium sodium hydrogenphosphate

Indication of proportions of constituents

Use of multiplicative prefixes

The proportions of the constituents, be they monoatomic or polyatomic, may be indicated in
generalized stoichiometric names by multiplicative prefixes, as was the case for the
constituents of binary compounds (Section IR-5.2).

Examples:
1. Na,COs3 disodium trioxidocarbonate, or sodium carbonate
2. K4[Fe(CN)gl tetrapotassium hexacyanidoferrate
3. PCL50 phosphorus trichloride oxide
4. KMgCl; magnesium potassium trichloride

When the name of the constituent itself starts with a multiplicative prefix (as in disulfate,
dichromate, triphosphate, tetraborate, efc.), or when ambiguity could otherwise arise,
the alternative multiplicative prefixes ‘bis’, ‘tris’, ‘tetrakis’, ‘pentakis’, etc. (Table IV) are
used and the name of the group acted upon by the alternative prefix is placed in parentheses.
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Examples:
5. Ca(NOy), calcium bis(trioxidonitrate), or calcium nitrate
6. (U0,),S0,4 bis(dioxidouranium) tetraoxidosulfate
7. Ba(BrF,), barium bis(tetrafluoridobromate)
8. U(S,07), uranium bis(disulfate)
9. Caz(POy), tricalcium bis(phosphate)
10. Ca,P,0, calcium diphosphate
11. Ca(HCOs3), calcium bis(hydrogencarbonate)

Use of charge and oxidation numbers

It is possible to provide information on the proportions of the constituents in names by using
one of two other devices: the charge number, which designates ionic charge, and the
oxidation number, which designates oxidation state. In nomenclature, the use of the charge
number is preferred as the determination of the oxidation number is sometimes ambiguous
and subjective. It is advisable to use oxidation numbers only when there is no uncertainty
about their assignment.

The charge number is a number whose magnitude is the ionic charge. It is written in
parentheses immediately after the name of an ion, without a space. The charge is written in
arabic numerals, followed by the sign of the charge. Note that unity is always indicated,
unlike in superscript charge designations (which are used in formulae). No charge number is
used after the name of a neutral species.

Examples:
1. FeSO, iron(2+) sulfate
2. Fex(S04)3 iron(3+) sulfate
3. (U0O,),S0, dioxidouranium(1+) sulfate
4. U0O,S0,4 dioxidouranium(2+) sulfate
5. K4[Fe(CN)g] potassium hexacyanidoferrate(4—)
6. [Co(NH;3)6]CI(SOy) hexaamminecobalt(3+) chloride sulfate

The oxidation number (see Sections IR-4.6.1 and IR-9.1.2.8) of an element is indicated by
a Roman numeral placed in parentheses immediately following the name (modified by
the ending ‘ate’ if necessary) of the element to which it refers. The oxidation number
may be positive, negative or zero (represented by the numeral 0). An oxidation number is
always non-negative unless the minus sign is explicitly used (the positive sign is never
used). Non-integral oxidation numbers are not used for nomenclature purposes.

Examples:
7. PCls phosphorus(V) chloride
8. Na[Mn(CO)s] sodium pentacarbonylmanganate(—I)
9. [Fe(CO)s] pentacarbonyliron(0)
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Several conventions are observed for inferring oxidation numbers, the use of which is
particularly common in the names of compounds of transition elements. Hydrogen is consi-
dered positive (oxidation number I) in combination with non-metallic elements and negative
(oxidation number —I) in combination with metallic elements. Organic groups combined with
metal atoms are treated sometimes as anions (for example, a methyl ligand is usually
considered to be a methanide ion, CH; ), sometimes as neutral (e.g. carbon monooxide).
Bonds between atoms of the same species make no contribution to oxidation number.

Examples:

10. N,O nitrogen(I) oxide

11. NO, nitrogen(IV) oxide

12. Fes0y4 iron(II) diiron(III) oxide

13. MnO, manganese(IV) oxide

14. CO carbon(II) oxide

15. FeSO, iron(II) sulfate

16. Fe,(SOy4)5 iron(III) sulfate

17. SFq sulfur(VI) fluoride

18. (U0O,),S0O, dioxidouranium(V) sulfate

19. UO,SO,4 dioxidouranium(VI) sulfate

20. Ky4[Fe(CN)g] potassium hexacyanidoferrate(Il), or potassium
hexacyanidoferrate(4—)

21. K4[Ni(CN)4] potassium tetracyanidonickelate(0), or potassium
tetracyanidonickelate(4—)

22. Na,[Fe(CO)4] sodium tetracarbonylferrate(—II), or sodium
tetracarbonylferrate(2—)

23. [Co(NH3)6]CI1(SO,4) hexaamminecobalt(IIT) chloride sulfate,
or hexaamminecobalt(3+) chloride sulfate

24. Fey[Fe(CN)gls iron(IIl) hexacyanidoferrate(Il), or iron(3+)

hexacyanidoferrate(4—)

Note that oxidation numbers are no longer recommended when naming homopolyatomic
ions. This is to avoid ambiguity. Oxidation numbers refer to the individual atoms of the
element in question, even if they are appended to a name containing a multiplicative prefix,
cf. Example 12 above. To conform to this practice, dimercury(2+) (see Section IR-5.3.2.3)
would have to be named dimercury(I); dioxide(2—) (see Section IR-5.3.3.3) would be
dioxide(—I); and ions such as pentabismuth(44) (see Section IR-5.3.2.3) and dioxide(1—)
(see Section IR-5.3.3.3), with fractional formal oxidation numbers, could not be named at all.

Multiple monoatomic constituents vs. homopolyatomic constituents

Care should be taken to distinguish between multiple monoatomic constituents and
polyatomic constituents. This distinction is often not apparent from the formula, but is
tacitly implied.
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Examples:
1. TiI; thallium tris(iodide), or thallium(III) iodide,
or thallium(3+) iodide
2. TI(I3) thallium triiodide(1-), or thallium(I) (triiodide),

or thallium(1+) (triiodide)

Both compounds in Examples 1 and 2 have the overall formula TII; and both could be
named by the simple stoichiometric name thallium triiodide. However, it is possible, and
usually desirable, to convey more information in the name.

The compound in Example 1 consists of iodide, I", and thallium, in the proportion 3:1,
whereas the compound in Example 2 consists of triiodide(1—), 137, and thallium in
the proportion 1:1. In the first name for the first compound, then, the multiplicative prefix
‘tris’ is used to make it completely clear that three iodide ions are involved rather than
one triiodide ion. The alternative names use the oxidation number III for thallium and the
charge number 34, respectively, to convey indirectly the proportions of the constituents.

In the first name in Example 2, it is clear that the electronegative constituent is a
homopolyatomic entity with charge —1. The next two names convey this indirectly by adding
the oxidation number or the charge number to the name thallium; including the parentheses
around the name of the electronegative part reinforces that it is a homopolyatomic entity.

For both compounds, fully explicit names including the charge number for the thallium
ion, although partly redundant, are also acceptable. Thus, thallium(3+) tris(iodide) and
thallium(1+) triiodide(1—), for Examples 1 and 2 respectively, may be preferable in
systematic contexts such as indexes and registries.

Examples:
3. HgCl, mercury dichloride, or mercury(Il) chloride,
or mercury(2+) chloride
4. Hg,Cl, dimercury dichloride, or (dimercury) dichloride,

or dimercury(2+) chloride

In Example 4, the first name is purely stoichiometric, whereas the second name contains more
information in indicating that the compound contains a homodiatomic cation. In the last name,
where the charge of the dication is specified, the prefix ‘di’ for ‘chloride’ is not necessary.

Examples:
5. Na,S; disodium (trisulfide) (this indicates the presence of the
polyatomic anion),
or sodium trisulfide(2—) (with the charge on the anion indicated,
the multiplicative prefix on the cation name is not necessary)
6. Fe,S; diiron tris(sulfide), or iron(IIl) sulfide

Salts which contain anions that are S,”” chains, as well as those containing several S*~
anions, are both referred to as ‘polysulfides’ but, as demonstrated, names may be given that
provide a distinction between these cases.
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Examples:
7. K,0 dipotassium oxide
8. K0, dipotassium (dioxide), or potassium dioxide(2—)
9. KO, monopotassium (dioxide), or potassium dioxide(1—)
10. KO3 potassium (trioxide), or potassium trioxide(1—)

Clearly, a simple stoichiometric name like ‘potassium dioxide’, although strictly speaking
unambiguous (referring to the compound in Example 9), could easily be misinterpreted. In
other cases, based on chemical knowledge, there is no chance of misinterpretation in
practice, and the simple stoichiometric name will most often be used, as in Examples 11
and 12 below.

Examples:

11. BaO, barium dioxide (simple stoichiometric name), or barium (dioxide)
or barium dioxide(2—) (specifying the diatomic anion), or barium
peroxide (using the acceptable alternative name for the anion)

12. MnO, manganese dioxide (simple stoichiometric name), or manganese

bis(oxide) (specifies two oxide ions rather than a diatomic anion),
or manganese(IV) oxide

NAMES OF (FORMAL) ADDITION COMPOUNDS

The term addition compounds covers donor-acceptor complexes (adducts) and a variety of
lattice compounds. The method described here, however, is relevant not just to such
compounds, but also to multiple salts and to certain compounds of uncertain structure or
compounds for which the full structure need not be communicated.

The names of the individual components of such a generalized addition compound are
each constructed by using an appropriate nomenclature system, whether compositional,
substitutive or additive. The overall name of the compound is then formed by connecting the
names of the components by ‘em’ dashes; the proportions of the components are indicated
after the name by a stoichiometric descriptor consisting of arabic numerals separated by a
solidus or solidi. The descriptor, in parentheses, is separated from the compound name by a
space. The order of names of the individual components is, firstly, according to the
increasing number of the components and, secondly, alphabetical. As the only exception,
the component name ‘water’ is always cited last. (Note that this represents a change from the
rule in Ref. 2 according to which the component names must follow the order given by
the formula.) The numerals in the descriptor appear in the same order as the corresponding
component names.

For addition compounds containing water as a component, the class name ‘hydrates’ is
acceptable because of well established use, even though the ending ‘ate’ might seem to
indicate an anionic component. For hydrates with a simple stoichiometry, names of the
classical ‘hydrate’ type are acceptable, but rules have not been formulated for non-integer
stoichiometries such as that in Example 12 below. Also, because of their ambiguity, the
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terms ‘deuterate’ and tritiate’ are not acceptable for addition compounds of H,0 and *H,0O
or other isotope-modified water species. Example 3 shows a formula and a name for a
compound of the present type with isotope modification. In this case the modified
component formula and name are presented according to the rules of Section II-2.3.3

of Ref. 3.

Examples:

1. BF;2H,0O
8Kr-46H,0
8Kr-46°H,0
CaCl,-8NH;
AICl;-4EtOH
BiCl5-3PCls

SO i

7. 2N32CO3'3H202

8. C0203~nH20
9. Na2504'10H20

10. Aly(SO4)3-K,S0,4-24H,0

11. AIK(SO,),-12H,0

boron trifluoride—water (1/2)
krypton—water (8/46)
krypton—(3H2)water (8/46)
calcium chloride—ammonia (1/8)
aluminium chloride—ethanol (1/4)

bismuth(III) chloride—
phosphorus(V) chloride (1/3)

sodium carbonate—hydrogen
peroxide (2/3)

cobalt(IIT) oxide—water (1/n)

sodium sulfate—water (1/10),
or sodium sulfate decahydrate

aluminium sulfate—potassium
sulfate—water (1/1/24)

aluminium potassium bis(sulfate)

dodecahydrate

12. 3CdS0O4-8H,0 cadmium sulfate—water (3/8)

There is no difference between donor-acceptor complexes and coordination compounds
from a nomenclature point of view. Thus, for such systems an additive name such as
described in Sections IR-7.1 to IR-7.3 and in Chapter IR-9 may be given.

Example:

13. BHj3:(C,Hs),0 or [B{(C,Hs)>,O}Hjs] borane—ethoxyethane (1/1),

or (ethoxyethane)trihydridoboron

In Section P-68.1 of Ref. 4, a slightly different nomenclature is presented for organic donor-
acceptor complexes.

SUMMARY
Compositional names are either of the stoichiometric type (which, furthermore, are of the

binary type except in the case of homoatomic species) or of the addition compound type.
Compositional nomenclature is used if little or no structural information is to be conveyed
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by the name. However, substitutive or additive nomenclature may be used to indicate the
structure of constituents of a compound that is named overall by compositional
nomenclature. Substitutive nomenclature is described in Chapter IR-6 and additive
nomenclature in Chapters IR-7, IR-8 and IR-9.
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IR-6.4.8 Substituted radicals or substituent groups
IR-6.4.9 Anionic and cationic centres and radicals in a single molecule or ion
IR-6.5 References

INTRODUCTION

Substitutive nomenclature is a system in which names are based on the names of parent
hydrides, which define a standard population of hydrogen atoms attached to a skeletal structure.
Names of derivatives of the parent hydrides are formed by citing prefixes or suffixes appropriate
to the substituent groups (or substituents) replacing the hydrogen atoms (preceded by locants
when required), joined without a break to the name of the unsubstituted parent hydride.

Substitutive nomenclature is recommended only for derivatives of the parent hydrides
named in Table IR-6.1 (in Section IR-6.2.1), and derivatives of polynuclear hydrides containing
only these elements (see Sections IR-6.2.2 to IR-6.2.4). The bonding numbers of the
skeletal atoms are understood to be as in Table IR-6.1 (these bonding numbers, e.g. 4 for Si and
2 for Se, are termed standard bonding numbers). Other bonding numbers must be indicated by an
appropriate designator (the ‘A convention’, see Section IR-6.2.2.2 and Section P-14.1 of Ref. 1).

In general, relevant practices and conventions of substitutive nomenclature as applied to
organic compounds' are also followed here.

Constructing a substitutive name generally involves the replacement of hydrogen atoms
in a parent structure with other atoms or atom groups. Related operations, often considered
to be part of substitutive nomenclature, are skeletal replacement (Section IR-6.2.4.1) and
functional replacement in oxoacid parents (Section IR-8.6). Note that some operations in
parent hydride-based nomenclature are not substitutive operations (e.g. formation of cations
and anions by addition of H" and H™, respectively, cf. Sections IR-6.4.1 and IR-6.4.5).
Names formed by the modifications of parent hydride names described in those sections are
still considered part of substitutive nomenclature.

In most cases, the compounds named substitutively in the present chapter may
alternatively and equally systematically be named additively (Chapter IR-7), but it is
important to note that for the parent hydrides presented here such additive names cannot
be used as parent names in substitutive nomenclature.

Neutral boron hydrides are called boranes. The basic aspects of borane nomenclature
are provided in Section IR-6.2.3; more advanced aspects will be treated in a future [UPAC
publication.

PARENT HYDRIDE NAMES

Mononuclear parent hydrides with standard and non-standard bonding numbers

The mononuclear hydrides of elements of groups 13—17 of the periodic table play a central
role in substitutive nomenclature. They are used as parent hydrides as indicated above with
the parent names given in Table IR-6.1.

In cases where the bonding number deviates from the standard number defined above, it
must be indicated in the hydride name by means of an appropriate superscript appended to
the Greek letter A, this symbol being separated from the name in Table IR-6.1 by a hyphen.
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Examples:
1. PHs A>-phosphane
2. PH A'-phosphane
3. SHg¢ AS-sulfane
4. SnH, 22-stannane

Homopolynuclear parent hydrides (other than boron and carbon hydrides)

Homonuclear acyclic parent hydrides in which all atoms have their
standard bonding number

Names are constructed by prefixing the ‘ane’ name of the corresponding mononuclear
hydride from Table IR-6.1 with the appropriate multiplicative prefix (‘di’, ‘tri’, ‘tetra’, efc.;
see Table IV*) corresponding to the number of atoms of the chain bonded in series.

Examples:
1. HOOH dioxidane, or hydrogen peroxide
2. H,NNH, diazane, or hydrazine
3. H,PPH, diphosphane
4. H3SnSnHj; distannane
5. HSeSeSeH triselane
6. H;SiSiH,SiH,SiH; tetrasilane

The compositional name ‘hydrogen peroxide’ (cf. Chapter IR-5) is an alternative to
‘dioxidane’ for H,0, itself, but is not applicable as a parent hydride name in substitutive
nomenclature.

In Section P-68.3 of Ref. 1 organic derivatives of H,NNH, are named on the basis of
‘hydrazine’ as a parent name.

Homonuclear acyclic parent hydrides with elements exhibiting non-standard
bonding numbers

In cases where the skeletal atoms of a hydride chain are the same but one or more has a
bonding number different from the standard values defined by Table IR-6.1, the name of the
hydride is formed as if all the atoms showed standard bonding numbers, but is preceded by
locants, one for each non-standard atom, each locant qualified without a space by A", where
n is the appropriate bonding number.

When a choice is needed between the same skeletal atom in different valence states,
the one in a non-standard valence state is preferred for assignment of the lower locant.
If a further choice is needed between the same skeletal atom in two or more non-standard
valence states, preference for the lower locant or locants is given in order of decreasing
numerical value of the bonding number, e.g. A° is preferred to 1.

* Tables numbered with a Roman numeral are collected together at the end of this book.
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Examples:

1.
123 4
HsSSSH,SH

1A% 3\5-tetrasulfane (not 27»6,4k6)

12 3 4 5
HSSH,SH,SH,SH
27»6,3X6,47u4—pentasulfane (not 27»4,37»6,47»6)

H,PPH;PH;PH,
lks,27»5,3X5,4k5—tetraphosphane

HPbPbPbH
122,22, 30> triplumbane

Unsaturated homonuclear acyclic hydrides

Chains containing unsaturation are accommodated in substitutive nomenclature by the
methods used with alkenes and alkynes (see Section P-31.1 of Ref. 1), i.e. the name of the
corresponding saturated chain hydride is modified by replacing the ‘ane’ ending with ‘ene’ in
the case of a double bond and ‘yne’ in the case of a triple bond. If there is one of each, the ending
becomes ‘en’ ...‘yne’ with appropriate locants; ‘diene’ is used when there are two double
bonds, and so on. In each case the position(s) of unsaturation is (are) indicated by (a) numerical
locant(s) immediately preceding the suffix(es). Locants are chosen to be as low as possible.

Examples:
1.
HN=NH diazene
2.
HSb=SbH distibene
3.
12 34 5
H,NN=NNHNH, pentaaz-2-ene (not pentaaz-3-ene)

Unsaturated acyclic hydrides are not classified as parent hydrides. Because of the
hierarchical rules of substitutive nomenclature, the numbering of the double and triple bonds
may not be fixed until various groups and modifications have been numbered. (See Section
IR-6.4.9 for an example.)

Homonuclear monocyclic parent hydrides

There are three main ways of giving parent names to homonuclear monocyclic hydrides:

(i) by using the Hantzsch—-Widman (H-W) name (see Section IR-6.2.4.3 and Section
P-22.2 of Ref. 1);

(i) by using the relevant replacement prefix (‘a’ term) from Table X together with the
appropriate multiplicative prefix to indicate replacement of carbon atoms in the
corresponding carbocyclic compound name (see Section P-22.2 of Ref. 1);

(iii) by adding the prefix ‘cyclo’ to the name of the corresponding unbranched, unsubstituted
chain (see Sections IR-6.2.2.1 to IR-6.2.2.3 and Section P-22.2 of Ref. 1).
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Each method is used in Examples 1-4 below. When naming organic derivatives of
non-carbon homonuclear monocyclic parent hydrides, the Hantzsch—-Widman name is
preferred for rings with 3 to 10 members. For larger rings, the names given by the second
method are used. For more detailed rules on large-ring parent hydrides, see Section P-22.2

of Ref. 1.

Examples:

1.

88

HN—NH

HN\ /NH
N
H
(i) H-W name: pentaazolidine
(i1) pentaazacyclopentane
(iii) cyclopentaazane

Hy H,
Si—Si\
H,Si SiH,
H,Si SiH
2 \ / 2
Si—Si
H2 H2

(i) H-W name: octasilocane
(ii) octasilacyclooctane
(iii) cyclooctasilane

Hp
1 Ge

HGe——GeH
3 2

(i) H-W name: 1H-trigermirene
(i1) trigermacyclopropene
(iii) cyclotrigermene

2 3
N—

i/ N\
HN\ /N4
N
5
(1) H-W name: 1H-pentaazole
1 2
N=—N
[\
HN\ /Ns
N
4

(i1) pentaazacyclopenta-1,3-diene
(iii) cyclopentaaza-1,3-diene



IR-6.2 SUBSTITUTIVE NOMENCLATURE

Note that in Example 4 the numbering for the H-W name differs from that for the other two
methods; H-W priorities depend on the H-atom position, and those in (ii) and (iii) on the
locations of the double bonds.

IR-6.2.2.5 Homonuclear polycyclic parent hydrides

Parent names of homonuclear polycycles may be constructed by three methods:

(i) by specifying the fusion of relevant monocycles (see Section P-25.3 of Ref. 1), each
named by the Hantzsch—Widman system (see Section IR-6.2.4.3);

(i) by using a skeletal replacement prefix (‘a’ term) from Table X together with the
appropriate multiplicative prefix to indicate replacement of the carbon atoms in the
corresponding carbocyclic compound;

(iii) by specifying the ring structure using the von Baeyer notation (see Section P-23.4 of
Ref. 1) in combination with the name of the corresponding linear hydride as derived in
Section IR-6.2.2.1.

Examples:

1. H H

(i) hexasilinohexasiline
(i1) decasilanaphthalene

2. Ho Ho
NN
HeSi%g ' TSI 2 J'SiH,

H,Si 8 SiH 4 SiH
: I\s7i/ > S o
Ho Ha

(i1) and (iii) decasilabicyclo[4.4.0]decane
(iii) bicyclo[4.4.0]decasilane

IR-6.2.3 Boron hydrides

IR-6.2.3.1 Stoichiometric names

Neutral polyboron hydrides are called boranes and the simplest possible parent structure,
BH;, is given the name ‘borane’. The number of boron atoms in a boron hydride molecule is
indicated by a multiplicative prefix. The principal difference between this system of naming
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and hydrocarbon nomenclature is that the number of hydrogen atoms must be defined; it
cannot be inferred from simple bonding considerations. The number of hydrogen atoms is
indicated by the appropriate arabic numeral in parentheses directly following the name. Such
names convey only compositional information.

Examples:
1. B,Hg diborane(6)
2. ByoHie icosaborane(16)

Structural descriptor names

More structural information is obtained by augmenting the stoichiometric name by a
structural descriptor. The descriptor is based on electron-counting relationships® and is
presented in Table IR-6.2.

Table IR-6.2 Summary of common polyboron hydride structure types according to stoichiometry and
electron-counting relationships®

Descriptor Skeletal Parent Description of structure
electron hydride
pairs
closo n+1 B,H, > Closed polyhedral structure with triangular faces only.
nido n+2 B, H, 4 Nest-like non-closed polyhedral structure; n vertices of
the parent (n+1)-atom closo polyhedron occupied.
arachno n+3 B,H, .6 Web-like non-closed polyhedral structure; n vertices of
the parent (n+2)-atom closo polyhedron occupied.
hypho n+4 B,H, s Net-like non-closed polyhedral structure; n vertices of
the parent (n+3)-atom closo polyhedron occupied.
klado n+5 B,H, 10 Open branch-like polyhedral structure; n vertices of the

parent (n+44)-atom closo polyhedron occupied.

 The structural relationships are often represented by a Rudolph diagram.’

Examples:

1.

nido-pentaborane(9), BsHo
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arachno-tetraborane(10), B4H;q

The two structures in Examples 1 and 2 can be thought of as related to that of closo-BgHg”~
as follows:

The structures are obtained formally by removal of one (Example 1) or two (Example 2)
BH groups and the addition of the appropriate number of hydrogen atoms.

It should be noted that the prefixes nido, arachno, etc. are not used for the simplest
boranes for which formal derivation from closo parent structures by successive subtractions
might seem to be far-fetched.

Chain compounds may be explicitly specified as such by using the prefix ‘catena’.

Examples:

3.

diborane(6), BoHg
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4. H,BBHBH, catena-triborane(5)
5. HB=BBH, catena-triborene(3)

For cyclic systems, the prefix ‘cyclo’ in connection with the name of the corresponding
chain compound, or the Hantzsch-Widman (H-W) nomenclature system (see Section
IR-6.2.4.3), may be used.

Example:
° SN
]
B—B
/ AN
H H
cyclotetraborane

H-W name: tetraboretane

Systematic numbering of polyhedral clusters

It is necessary to number the boron skeleton for each cluster systematically, so as to permit
the unambiguous naming of the substituted derivatives. For this purpose, the boron atoms of
closo structures are considered to occupy planes disposed sequentially, perpendicular to the
axis of highest order symmetry. (If there are two such axes, the ‘longer’, in terms of the
greater number of perpendicular planes crossed, is chosen.)

Numbering begins at the nearest boron atom when the cluster is viewed along this axis
and proceeds either clockwise or anti-clockwise, dealing with all skeletal atoms of the first
plane. Numbering then continues in the same sense in the next plane, beginning with the
boron atom nearest to the lowest numbered boron atom in the preceding plane when going
forward in the direction of numbering.

Example:
1.

closo—B10H102_ (hydrogen atoms omitted for clarity)

The numbering in nido clusters is derived from that of the related closo cluster. In the case of
arachno and more open clusters, the opened side is presented towards the observer and the
boron atoms considered as projected onto a plane at the rear. They are then numbered
sequentially in zones, commencing at the central boron atom of highest connectivity and
proceeding clockwise or anti-clockwise until the innermost zone is completed. The next
zone is then numbered in the same sense starting from the 12 o’clock position, and so on
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until the outermost zone is completed. This treatment means that the numbering of the closo
parent is unlikely to carry over into the corresponding arachno system.

Example:
2.

arachno-B;H3 (hydrogen atoms omitted for clarity)

When there is a choice, the molecule is so oriented that the 12 o’clock position is decided by
sequential application of the following criteria:

(i) the 12 o’clock position lies in a symmetry plane, that contains as few boron atoms as
possible;

(i) the 12 o’clock position lies in that portion of the symmetry plane which contains the
greatest number of skeletal atoms;

(iii) the 12 o’clock position lies opposite the greater number of bridging atoms.

The use of criteria (i)—(iii) may fail to effect a decision, and where a symmetry plane is
lacking they are inapplicable. In such cases the general principles of organic numbering are
used, such as choosing a numbering scheme which gives substituted atoms the lowest locants.

Systematic naming giving hydrogen atom distribution

In open boranes each boron atom can be assumed to carry at least one terminal hydrogen
atom. However, it is necessary to specify the positions of the bridging hydrogen atoms by
using the symbol p, preceded by the locants for the skeletal positions so bridged in ascending
numerical order. The designator H is used for the bridging hydrogen atoms in the name.

Example:
1.

2,3:2,5:3,4:4,5-tetra-pH-nido-pentaborane(9)

93



IR-6.2.4

IR-6.2.4.1

SUBSTITUTIVE NOMENCLATURE IR-6.2

This method of locating bridging hydrogen atoms is adapted from the ‘indicated
hydrogen’ method in organic nomenclature (see Section P-14.6 of Ref. 1). The ‘indicated
hydrogen’ method would yield the name (2,3-uH),(2,5-uH),(3.4-1H),(4,5-H)-nido-
pentaborane(9).

Heteronuclear parent hydrides

Heteronuclear acyclic parent hydrides in general

When at least four carbon atoms in an unbranched-chain parent hydrocarbon are replaced by
heteroatoms, alike or different, and the terminal carbon atoms either remain or are replaced
by P, As, Sb, Bi, Si, Ge, Sn, Pb, B, Al, Ga, In, or T, skeletal replacement nomenclature (‘a’
nomenclature) may be used to indicate the heteroatoms (see Sections P-15.4 and P-21.2 of
Ref. 1).

In this method, the chain is named first as if it were composed entirely of carbon atoms.
Any heteroatoms in the chain are then designated by appropriate replacement prefixes (‘a’
terms) from Table X cited in the order given by Table VI, each preceded by its appropriate
locant. The locants are assigned by numbering the chain from that end which gives lower
locants to the heteroatom set as a whole and, if these are equal, from that end which gives
the lower locant or locant set to the replacement prefix first cited. If there is still a choice,
lower locants are assigned to the sites of unsaturation.

Only chains with four or more heteroatoms (or strictly speaking, four or more
heterounits) are given parent names constructed in this way. A heterounit is a sequence of
heteroatoms which is in itself the skeleton of a parent hydride, e.g. Se and SS and SiOSi
(see Section IR-6.2.4.2), but not OSiO. Heteroatoms must not belong to the principal
characteristic group (see Section IR-6.3.1) (if there is one) when counting them for this
purpose. Heteronuclear chains with fewer heterounits, and heteronuclear chains not
terminating in any of the atoms listed above, are named substitutively as derivatives of
homonuclear parent hydrides and are not themselves used as parents.

Examples:
1. H
N
HN PN NH,
N-(2-aminoethyl)ethane-1,2-diamine
2. H
N NH
H,N s \/\H/\/ 2
NN -bis(2-aminoethyl)ethane-1,2-diamine

3.

11 10 9 8 76 5 4 3 21
CH;0 CH,CH,OCH,CH,SiH,CH,SCH;

7,10-dioxa-2-thia-4-silaundecane

(Parent name. Note the name is not 2,5-dioxa-10-thia-8-silaundecane because the
locant set 2,4,7,10 takes precedence over the locant set 2,5,8,10.)
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Unambiguous parent names for non-carbon-containing heteronuclear chains can be derived
from a hydrocarbon parent or a non-carbon homonuclear chain parent (cf. Section IR-6.2.2.1).
Alternatively, heteronuclear chains may be named additively by the method described in
Section IR-7.4. However, such names cannot be used as parent names in substitutive
nomenclature.

Example:

4.
12 3. 4 5
SIH3SIHQSIH2GCH281H3
1,2,3,5-tetrasila-4-germapentane (not 1,3,4,5-tetrasila-2-germapentane), or

2-germapentasilane (note: based on different numbering), or
1,1,1,2,2,3,3,4,4,5,5,5-dodecahydrido-4-germy-1,2,3,5-tetrasily-[5]catena

Hydrides consisting of chains of alternating skeletal atoms

Chain hydrides with a backbone of alternating atoms of two elements A and E, neither of
which is carbon, i.e. of sequences (AE),A, where element A occurs later in the sequence of
Table VI, can be named by successive citation of the following name parts:

(i) a multiplicative prefix (Table IV) denoting the number of atoms of element A, with no
elision of a terminal vowel of this prefix;

(i) replacement prefixes ending in ‘a’ (Table X) denoting elements A and E in that order
(with elision of the terminal ‘a’ of the replacement prefix before another ‘a’ or an ‘0’);

(iii) the ending ‘ne’.

Examples:
1. SnH30SnH,OSnH,OSnH; tetrastannoxane
2. SiH;3SSiH,SSiH,SSiH; tetrasilathiane
3. PH,NHPHNHPH, triphosphazane
4. SiH;NHSiH; disilazane
5.
1 2 34 5 6 7
PH,N=PNHPHNHPH, tetraphosphaz-2-ene

The first four structures are parent hydrides, but not the unsaturated compound (see remarks
in Section IR-6.2.2.3).

Heteronuclear monocyclic parent hydrides; Hantzsch—Widman nomenclature

For heteronuclear monocyclic parent hydrides there are two general naming systems and, in
certain cases, a third possibility.

(i)  In the (extended) Hantzsch—-Widman (H-W) system (Section P-22.2 of Ref. 1), names
are constructed so as to convey the ring size, the presence of heteroatoms (i.e. non-carbon
atoms) and the degree of hydrogenation (either mancude, i.e. with the maximum number
of non-cumulative double bonds, or saturated) by means of characteristic prefixes and
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endings. The endings are given in Table IR-6.3. (Hydrides with intermediate degrees of
hydrogenation are named by the use of the prefix ‘hydro’ together with an appropriate
multiplicative prefix. However, such hydrides are not parents.)

The order of citation of the heteroatoms follows Table VI, i.e. F>Cl>Br>
I>0>...etc., where ‘>’ means ‘is cited before’. Locants are assigned to the hetero-
atoms so as to ensure first that the locant ‘1’ is given to the atom cited first and then that
the total set of locants is as low as possible consistent with sequential numbering of the
ring positions (ordering locant sets alphanumerically). The heteroatoms are cited by the
replacement prefixes (‘a’ terms) given in Table X together with appropriate multipli-
cative prefixes. (As exceptions, the ‘a’ terms for aluminium and indium in the Hantzsch—
Widman system are ‘aluma’ and ‘indiga’.) In the case of six-membered rings, the ring
heteroatom which is cited last decides which of the alternative endings in Table IR-6.3 is
chosen.

Tautomers may be distinguished using indicated hydrogen to specify the location
of the hydrogen atom(s) which can be placed in more than one way [and thus,
indirectly, the location of the double bond(s)], as in Example 2 below.

Table IR-6.3 Endings in the Hantzsch—Widman system

Number of Mancude® Saturated
atoms in ring

3

4
5
6(A)°
6(B)°
6(C)°
7

8

9

10

irene (‘irine’ for rings irane (‘iridine’ for rings containing N)
with N as only heteroatom)

ete etane (‘etidine’ for rings containing N)
ole olane (‘olidine’ for rings containing N)
ine ane

ine inane

inine inane

epine epane

ocine ocane

onine onane

ecine ecane

# Maximum number of non-cumulative double bonds.
b 6(A) is used when the last-cited heteroatom is O, S, Se, Te, Po or Bi; 6(B) is used when the last-cited
heteroatom is N, Si, Ge, Sn or Pb; and 6(C) is used when the last-cited heteroatom is F, Cl, Br, I, P, As,

Sb, B,

(ii)

(iii)

Al, Ga, In or Tl

Alternatively, the name is based on the name of the corresponding carbocycle, and the
heteroatoms are indicated by the replacement prefixes (‘a’ terms) from Table X together
with appropriate multiplicative prefixes. The order of citation is again given by Table VI.
For the special case of saturated rings of two alternating skeletal atoms (as in
Examples 3-6 below), the name may be constructed using the prefix ‘cyclo’ followed
by the replacement prefixes (Table X) cited in the reverse of the order in which the
corresponding elements appear in Table VI. The name ends with ‘ane’.

The Hantzsch—Widman names are preferred for rings with up to 10 members, in organic

nomenclature. For saturated rings and mancude rings (rings with the maximum number of
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non-cumulative double bonds) with more than 10 members method (ii) is used. For more
detailed rules on large-ring parent hydrides, see Section P-22.2 of Ref. 1.

Examples:

1.

Hp
Ge

H28|_S|H2

(1) H-W name: disilagermirane
(i) disilagermacyclopropane

H, H
3 Ge 3 Ge
& VAN
HSi——SiH HSi——SiH»
2 1 2 1

(a) (b)

H-W names: 3H-1,2,3-disilagermirene (a), and 1H-1,2,3-disilagermirene (b)

1

(0]
4/ \ 2
HSb SbH

\o _
3

(i) H-W name: 1,3,2,4-dioxadistibetane
(i1) 1,3-dioxa-2,4-distibacyclobutane
(iii) cyclodistiboxane

N
6 2
HB/1\BH
HN 4 _NH
5\5/3
H

(i) H-W name: 1,3,5,2,4,6-triazatriborinane
(i1) 1,3,5-triaza-2,4,6-triboracyclohexane
(iii) cyclotriborazane

1
6 O_ 2
HB/ \BH
| |
Oo_ 4 _O
5 ~ B/ 3
H
(i) H-W name: 1,3,5,2,4,6-trioxatriborinane
(i) 1,3,5-trioxa-2,4,6-triboracyclohexane
(iii) cyclotriboroxane
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(i) H-W name: 1,3,5,2,4,6-trithiatriborinane
(ii) 1,3,5-trithia-2,4,6-triboracyclohexane
(iii) cyclotriborathiane

The names borazole, boroxole and borthiole, respectively, for the three compounds in
Examples 4, 5 and 6 have been abandoned long ago as they imply five-membered rings
in the Hantzsch—-Widman system. The names borazin(e), boroxin and borthiin indicate
six-membered rings with unsaturation and only one boron atom and one other heteroatom
(although the order of the element name stems is wrong) and are also not acceptable.

Example:
7. 1
6 N2
Hsi” siH
| I
N_4_N
5 g7 3
H

(i) H-W name: 1,3,5,2,4,6-triazatrisiline
(ii) 1,3,5-triaza-2,4,6-trisilacyclohexa-1,3,5-triene

Where ring atoms have a connectivity different from their standard bonding number (see
Section IR-6.2.1), their actual bonding number is expressed as an arabic superscript to the
Greek letter lambda following immediately after an appropriate locant.

Example:
8. 1
6 N_ 2
Hp” X PH,
N_ 4 N
5 p/ 3
Hop

(i) H-W name: 1,3,5,21°,41° 6\>-triazatriphosphinine
(ii) 1,3,5-triaza-21%,42° 61> -triphosphacyclohexa-1,3,5-triene

Skeletal replacement in boron hydrides

It is possible that the essential skeletal structure of the boron hydrides is preserved in
derivatives in which one or more of the boron atoms are replaced by other atoms. The names
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of such species are formed by an adaptation of replacement nomenclature, giving
carbaboranes, azaboranes, phosphaboranes, thiaboranes, etc.

In the heteroboranes, the number of nearest neighbours to the heteroatom is variable
and can be 5, 6, 7, efc. Therefore, in the adaptation of replacement nomenclature to
polyborane compounds, the replacement of a boron atom by another atom is indicated in
the name along with the number of hydrogen atoms in the resulting polyhedral structure.
The prefixes closo, nido, arachno, etc., are retained as described for boron hydrides
(Section IR-6.2.3.2). The positions of the supplanting heteroatoms in the polyhedral
framework are indicated by locants which are the lowest possible numbers taken as a set
consistent with the numbering of the parent polyborane. If a choice remains for locant
assignment within a given set, then lower numbering should be assigned to the element
encountered first using Table VI

The hydrogen atom population of the actual compound concerned (and not that of the
parent all-boron skeletal compound) is added as an arabic numeral in parentheses at the end
of the name. The numeral is retained upon hydrogen substitution.

Examples:

1. B;oCH» dicarba-closo-dodecaborane(12)
2. B3C2H5

3. B,C,Hyg

4,5:5,6-di-puH-2,3-dicarba-nido-hexaborane(8)

Note that locants for skeletal replacement take precedence over those for bridging hydrogen
atoms. The number of bridging hydrogen atoms is usually different for heteroboranes
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compared with parent polyboranes, and for numbering purposes only the parent boron
skeleton is considered.

Examples:

4.

6,9-bis(pentamethyl-n°-cyclopentadienyl)-5,6:6,7:8,9:9,10-tetra-uH-6,9-dicobalta-
nido-decaborane(12) (one terminal hydrogen atom on each boron atom omitted for
clarity)

2,2,2-tricarbonyl-1,6-dicarba-2-ferra-closo-hexaborane(5) (one terminal
hydrogen atom on each boron and carbon atom omitted for clarity)

Heteronuclear polycyclic parent hydrides

Parent names of heteronuclear polycycles may be constructed by three methods:

(1)  specifying the fusion of relevant monocycles (see Section P-25.3 of Ref. 1), named by
the Hantzsch—Widman system (see Section IR-6.2.4.3);

(i) using replacement prefixes (‘a’ terms) from Table X to specify replacement of carbon
atoms in the corresponding carbocyclic compound. Heteroatoms are cited in the order
given by Table VI and appropriate multiplicative prefixes are added;

(iii) for ring systems consisting of repeating units, using the von Baeyer notation to specify
the ring structure combined with the appropriate multiplicative prefix and the
replacement prefixes from Table X appropriate to the repeating unit, cf. the names
discussed in Section IR-6.2.4.2.
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Example:
1. H H
7 8a 2
HB/ 8\B/ 1 \BH
| | |
HN_ 5 _N NH
6 g~ 4 p” 3
H H

{Numbering is only for method (i)}

(i) octahydro[1,3,5,2,4,6]triazatriborinino[1,3,5,2,4,6]triazatriborinine
(ii) octahydro-1,3,4a,6,8-pentaaza-2,4,5,7,8a-pentaboranaphthalene
(iii) bicyclo[4.4.0]pentaborazane

In this example, names (i) and (ii) need the additional ‘octahydro’ prefix because the available
parent hydrides for these constructions (triazatriborinine and naphthalene, respectively) are
mancude (i.e. have the maximum number of non-cumulative double bonds).

SUBSTITUTIVE NAMES OF DERIVATIVES OF PARENT HYDRIDES

Use of suffixes and prefixes

Substituent groups (or substituents), considered as replacing hydrogen atoms in parent
hydrides, are named using appropriate suffixes (‘ol’, ‘thiol’, ‘peroxol’, ‘carboxylic acid’,
etc.) and prefixes (‘hydroxy’, ‘phosphanyl’, ‘bromo’, ‘nitro’, efc.). Substituent suffixes are
ranked in Section P-43 of Ref. 1. Prefixes are extensively listed in Appendix 2 of Ref. 1.
The case of substituents formed by removal of one or more hydrogen atoms from a
parent hydride is explained briefly, with examples, in Section IR-6.4.7, and prefixes for
many common inorganic substituents are included in Table IX.

Some substituents are always cited as prefixes, most notably halogen atoms. Otherwise,
the highest-ranking substituent (the principal characteristic group) is cited as a suffix and the
rest of the substituents as prefixes. Except for ‘hydro’, prefixes are cited in alphabetical order
before the name of the parent hydride, parentheses being used to avoid ambiguity.

Multiplicative prefixes indicate the presence of two or more identical substituents; if the
substituents themselves are substituted, the prefixes ‘bis’, ‘tris’, ‘tetrakis’, efc. are used. In
the case of a multiplicative prefix ending in ‘a’ and a suffix starting with a vowel, the ‘a’ is
elided (see Example 2 below). The final ‘e’ of a parent hydride name is elided in front of a
suffix starting with a vowel (see Examples 1 and 5 below).

Where there is a choice of parent hydride among those listed in Table IR-6.1 (or
corresponding hydrides with non-standard bonding numbers, cf. Section IR-6.2.2.2), the
name is based on the parent hydride of the element occurring first in the sequence: N, P, As,
Sb, Bi, Si, Ge, Sn, Pb, B, Al, Ga, In, T1, O, S, Se, Te, C, F, Cl, Br, 1.

The above exposition is only a very brief overview of the most important principles of
substitutive nomenclature. In Ref. 1, an extensive system of rules is developed for choosing
one name among the many unambiguous substitutive names that may often be constructed
for organic compounds. A corresponding extensive set of rules has not been developed for
non-carbon-containing compounds, partly because many such compounds can just as well be
given additive names (Chapter IR-7), and often are.
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The following names exemplify the above principles. In some cases, additive names are

given for comparison.

Examples:
1. SiH3;0H
2. Si(OH)4
3. SFs
4. TIH,CN
5. SiH3NH,
6. PH,CI
7. PH,Et
8. TIH,OOOTIH,
9. PbEty
10. GeH(SMe);
11.  PhGeCl,SiCls
12. MePHSiH;

silanol

silanetetrol (substitutive),
or tetrahydroxidosilicon (additive)

hexafluoro-A%-sulfane (substitutive),
or hexafluoridosulfur (additive)

thallanecarbonitrile (substitutive),
or cyanidodihydridothallium (additive)

silanamine (substitutive),
or amidotrihydridosilicon (additive)

chlorophosphane
ethylphosphane
trioxidanediylbis(thallane)

tetracthylplumbane (substitutive),
or tetraethyllead (additive)

tris(methylsulfanyl)germane

trichloro[dichloro(phenyl)germyl]silane,
not dichloro(phenyl)(trichlorosilyl)germane
methyl(silyl)phosphane,

not (methylphosphanyl)silane or
(silylphosphanyl)methane

For polynuclear parent hydrides, numerical locants are often needed to specify the positions
of substituent groups. If there are several equivalent numberings of the parent hydride
skeletal atoms relative to the substituents after relevant rules from Section IR-6.2 have been
applied, the numbering is chosen which leads to the lowest set of locants for the compound
as a whole. If there is still a choice, lowest locants are assigned to the substituent cited first
in the name. If all substitutable hydrogen atoms are replaced by the same substituent, the
locants can be omitted, as in Example 20 below.

Examples:

13. H3GeGeGeH,GeBr3

14.

15.
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HOOCSiH, SiH,SiH;
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HN=NNHMe

4,4 4-tribromo-2A-tetragermane
(numbering of parent fixed by A designator)

trisilane- 1-carboxylic acid

3-methyltriaz-1-ene (not 1-methyltriaz-3-ene)
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unsaturation)
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16.
12 3 4 5 ) )
CISiH, SiHCISiH,SiH,SiH,Cl 1,2,5-trichloropentasilane (not 1,4,5-)
17. ,
1 3
BrSnH,SnCl,SnH,C;H; 1-bromo-2,2-dichloro-3-propyltristannane
(bromo preferred to propyl for lowest
locant)
18.
1 23 45 67
HSnCl,OSn H,OSn H,OSn H,C1 1,1,7-trichlorotetrastannoxane
19. H
N
2 /NG
Me,Si SiHEt
(2] I\ 5 / |
N
H
4-ethyl-2,2-dimethylcyclodisilazane
H-W name: 4-ethyl-2,2-dimethyl-1,3,2,4-diazadisiletane
(locant set 2,2,4 preferred to 2,4,4 in both names)
20. Et;PbPbEt; 1,1,1,2,2,2-hexaethyldiplumbane,
or hexaethyldiplumbane (substitutive),
or bis(triethyllead)(Pb—PDb) (additive)
21. MeNHN=NMe 1,3-dimethyltriaz-1-ene

The names of branched structures are based on the longest available unbranched chain,
which is regarded as defining the parent hydride, and the names of the shorter chains, which
are treated as substituents and appropriately cited. Once the longest chain has been chosen, it
is numbered so as to give the lowest set of locants to the substituents.

Examples:
22. H,B
B—BH,
H,B
2-boranyltriborane(5)
23. 12 56 7
HSiSiH, SiH,SiH,SiH,
3 4
HSi—SiH
VR NN
H3Si SiH,SiH5

4-disilanyl-3-silylheptasilane
(not 4-disilanyl-5-silylheptasilane)

If a choice of principal chain cannot be made on the basis of chain length alone, unsaturation
is the next selection criterion and then the greatest number of substituents.
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Example:
24. CIH,Si SiH,Cl
2 \2 H 4/ 2
HSi—Si—SiH
/BN
C|38| 3 S|HC|2
1 5
1,1,1,5,5-pentachloro-2,4-bis(chlorosilyl)pentasilane
(all other five-silicon chains have fewer substituents)
IR-6.3.2 Hydrogen substitution in boron hydrides

The construction of names of derivatives of boron hydrides where hydrogen atoms have
been replaced by substituent groups follows the procedures given in Section IR-6.3.1. The
only special feature is the need for specifying replacement of a bridging hydrogen atom, in
which case the designator ‘p-’ is used in front of the substituent group name, as in Example

4 below.
Examples:

1. F,B

B—BF,
FQB/
2-(difluoroboranyl)-1,1,3,3-tetrafluorotriborane(5)
2.
@®=CH; Q=F
2-fluoro-1,3-dimethylpentaborane(9), or
2-fluoro-1,3-dimethyl-2,3:2,5:3,4:4,5-tetra-pWH-nido-pentaborane(9)
3.

Q =NH;

diboran(6)amine
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Q =NH;

diboran(6)-p-amine

NAMES OF IONS AND RADICALS DERIVED FROM
PARENT HYDRIDES

This section presents names of ions and radicals that can be formally derived from hydrides
by the operations of removal or addition of hydrogen atoms, hydride ions or hydrons. A
great many ions and radicals can also be named by additive methods, as described in
Chapter IR-7. Many simple ions and radicals are named in Table IX, often by both
nomenclature types.

Cations derived from parent hydrides by addition of one or more hydrons

The name of an ion formally derived by adding a hydron to a parent hydride is obtained by
adding the suffix ‘ium’ to the name of the parent hydride, with elision of a final ‘e’. For
polycations formed in this way, the suffixes ‘diium’, ‘tritum’, efc., are used without elision
of any final ‘e’ on the parent hydride name. Any necessary locants are placed immediately
preceding the suffix. Locants for added hydrons take precedence over locants for
unsaturation, as in Example 8 below.

The alternative names ammonium, hydrazinium, hydrazinediium and oxonium are used
for naming organic derivatives, see Section IR-6.4.3 and Section P-73.1 of Ref. 1.

Examples:
1. NH," azanium, or ammonium
2. N2H5jL diazanium, or hydrazinium
3. N2H62+ diazanediium, or hydrazinediium
4. H,O" oxidanium, or oxonium (not hydronium)
5. H,0*" oxidanediium
6. H;0,*" dioxidanium
7. TH;PPHPH;™ triphosphane-1,3-diium
8. "H;NN=NH triaz-2-en-1-ium

Cations derived from parent hydrides by loss of one or more hydride ions

A cation produced by formal loss of a hydride ion from a parent hydride is named by adding
the suffix ‘ylium’ to the parent name, with elision of a final ‘e’. For polycations formed in
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this way, the suffixes ‘diylium’, ‘triylium’, efc., are used without elision of any final ‘e’ on
the parent hydride name. Any necessary locants are placed immediately preceding the suffix.
Locants for removed hydride ions take precedence over locants for unsaturation, as in
Example 5 below.

For the names silane, germane, stannane and plumbane, as well as a number
of hydrocarbon names, ‘ylium’ replaces the ending ‘ane’ of the parent hydride (cf. Section
P-73.2 of Ref. 1).

Examples:
1. PH,* phosphanylium
2. Si,Hs" disilanylium
3. SiHz" silylium
4. BH," boranylium
5. "HNN=NH triaz-2-en-1-ylium

Substituted cations

Names of substituted derivatives of cations are formed from the modified parent hydride
names (as described in IR-6.4.1 and IR-6.4.2) by adding appropriate substituent prefixes.
When numbering derivatives of polynuclear parents, the locants for added hydrons or
removed hydride ions take precedence over locants for substituents, as in Example 6 below.

Examples:
1. [NEgq* tetrafluoroazanium, or tetrafluoroammonium
2. [PCl,]T tetrachlorophosphanium
3. [NMe4]" tetramethylazanium, or tetramethylammonium
4. [SEtMePh]™ ethyl(methyl)phenylsulfanium
5. [MeOH,]*" methyloxidanium, or methyloxonium
6. [CIPHPH,;]" 2-chlorodiphosphan-1-ium

Anions derived from parent hydrides by loss of one or more hydrons

An anion formally obtained by removal of one or more hydrons from a parent hydride is
named by adding ‘ide’, ‘diide’, etc., to the parent name, with elision of a terminal ‘e’ before
‘ide’ but not in any other cases. Any necessary locants are placed immediately preceding the
suffix. Locants for removed hydrons take precedence over locants for unsaturation, as in
Example 10 below.

Examples:
1. NH,™ azanide, or amide
2. NH*>~ azanediide, or imide
3. H,NNH™ diazanide, or hydrazinide
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4. H2NN2_ diazane-1,1-diide, or hydrazine-1,1-diide
5. "HNNH™ diazane-1,2-diide, or hydrazine-1,2-diide
6. SiH;™ silanide
7. GeHs™ germanide
8. SnHj3™ stannanide
9. SH™ sulfanide

10. "THNN=NH triaz-2-en-1-ide

Names of anions derived by formal loss of one or more hydrons from hydroxy groups and
their chalcogen analogues (characterized by suffixes such as ‘ol’ and ‘thiol’) are formed by
adding the ending ‘ate’ to the appropriate name.

Examples:
11. SiH;0™ silanolate
12. PH,S™ phosphanethiolate

The anion in Example 12 may also be named as a derivative of phosphinothious acid,
H,PSH, thus giving the name ‘phosphinothioite’. This type of name is used as the basis for
naming organic derivatives of H,PSH. (See discussion of inorganic acids in Chapter IR-8.)

Anions derived from parent hydrides by addition of one or more hydride ions

The addition of a hydride ion to a parent hydride is designated by the ending ‘uide’ (see
Section P-72.3 of Ref. 1). Rules regarding locants are analogous to the rules for the ‘ide’
suffix (see Section IR-6.4.4). For compounds of this kind, additive names (Chapter IR-7) are
common and acceptable alternatives.

Example:

1. [BH4]™ boranuide (from borane), or
tetrahydridoborate(1—) (additive)

Substituted anions

Names of substituted derivatives of anions are formed from parent hydride names modified
as above (see Sections IR-6.4.4 and IR-6.4.5) by further adding appropriate prefixes for the
substituents. When numbering the structure, the position where a hydron was removed or a
hydride ion was added takes precedence over the positions with substituents, as in Example
4 below. In many cases, additive names are common and acceptable alternatives.

Examples:
1. SnCl;~ trichlorostannanide (from stannane),
or trichloridostannate(1—) (additive)
2. MePH™ methylphosphanide
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3. MeNH™ methylazanide, or methylamide, or
methanaminide (all substitutive, see Section
P-72.2 of Ref. 1)

4.
1 2 3 45 6 7 8 9
_SHH20 Sn HzO Sn HzO Sn Hzo Sn C13
9,9,9-trichloropentastannoxan-1-ide
5. [BH;CN]™ cyanoboranuide (from borane),
or cyanidotrihydridoborate(1—) (additive)
6. [PFq]l™ hexafluoro-)\>-phosphanuide (from phosphane),

or hexafluoridophosphate(1—) (additive)

Radicals and substituent groups

Radicals and substituent groups derived from parent hydrides by removal of one or more
hydrogen atoms are named by modifying the parent hydride name as follows:

(i) removal of one hydrogen atom: add suffix ‘yl’ (eliding final ‘e’ of parent hydride
name);

(i) removal of two or more hydrogen atoms: add suffix ‘ylI’ with appropriate
multiplicative prefix (no vowel elision).

The suffix ‘ylidene’ is used on a substituent group if a double bond is implied when a
skeletal atom has formally lost two hydrogen atoms. If a triple bond is implied, the ending
‘ylidyne’ is used. With these endings, the ending ‘e’ of the parent hydride name is again elided.

For radicals, if two hydrogens are removed from the same atom the suffix ‘ylidene’ is used.

Locants may be needed to indicate the skeletal atoms from which hydrogen atoms have
been removed. Such locants are placed immediately before the suffix. When numbering the
structure, the positions where hydrogen atoms were removed take precedence over
unsaturation, as in Example 9 below.

Radicals may also be named using additive nomenclature, see Section IR-7.1.4 and
examples in subsequent sections of Chapter IR-7.

Examples:

1. NH>* azanylidene

2. PH,*® and H,P— phosphanyl

3. PH?® and HP= phosphanylidene

4. HP< phosphanediyl

5. P= phosphanylidyne

6. H,Br® and H,Br— A3-bromanyl

7. H,NNH® and H,NNH— diazanyl or hydrazinyl

8. *HNNH® and —HNNH-— diazane-1,2-diyl or
hydrazine-1,2-diyl

9. HP=NP°NHPH® and HPzNIl’NHPH— triphosphaz-4-ene-1,3-diyl
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In a number of cases, the established name of a substituent group or radical is non-
systematic or is a shorter version obtained by replacing the ending ‘ane’ of the parent name
by the suffix ‘yI’ or the suffix ‘ylidene’:

Examples:
10. OH® hydroxyl (for oxidanyl)
11. OH- hydroxy (for oxidanyl)
12. NH,* aminyl (for azanyl)
13. NH,— amino (for azanyl)
14. CH,>* methylidene (for methanylidene),

or kz-methane, or carbene

15. SiH3*® and SiH;— silyl (for silanyl)
16. GeH;® and GeH;— germyl (for germanyl)
17. SnH;°® and SnH;— stannyl (for stannanyl)
18. PbH;® and PbH;— plumbyl (for plumbanyl)
19. SiH,** silylidene

This list is exhaustive as far as non-carbon parent hydrides are concerned. A number of
established shortened or entirely non-systematic names are also used for carbon-based
hydrides: methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclohexyl, phenyl, naphthyl, etc.

Substituted radicals or substituent groups

Radicals or substituent groups formally derived by removing one or more hydrogen atoms
and introducing substituents in parent hydrides are named using prefixes for the substituents
as explained in Section IR-6.3.1. The positions from which the hydrogen atoms were removed
take priority over the positions with substituents. Several sim