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INTRODUCTION

In 1952, the Sub-commission on Nomenclature to the IUPAC Commission on
Macromolecules published its first recommendations. In 1968 IUPAC formally
established the Commission on Macromolecular Nomenclature (Commission
IV.1), which became the leading nomenclature body in the field of polymers. In
2002 the Commission became the Subcommittee on Macromolecular
Terminology, and in 2005 was renamed the Subcommittee on Polymer

Terminology.

As well as being tasked with establishing terminological rules and
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As the former Commission, rules were developed for naming regular single-strand macromolecules,
copolymer molecules, irregular macromolecules, ladder and spiro macromolecules, and nonlinear and
network polymers. Rules for representing the structures of macromolecules were also developed. Latterly,
while still addressing issues of polymer nomenclature, the Subcommittee has worked to standardize
the terminology used in polymer science. Amongst other topics, it has developed a glossary of basic
terms, and made recommendations concerning the terminology of assemblies of polymer molecules and

non-linear macromolecules, polymer solutions, polymer crystals, types of polymerization, kinetics and
thermodynamics of polymerization, degradation and aging of polymers, and the mechanical behavior of

polymers.

definitions, the Subcommittee also advises the Chemical Nomenclature and

Structure Representation Division (VIII) on the development of polymer

nomenclature.
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Abstract: Chain polymerizations are defined as chain reactions where the propagation steps occur by reaction
between monomer(s) and active site(s) on the polymer chains with regeneration of the active site(s) at
each step. Many forms of chain polymerization can be distinguished according to the mechanism of the
propagation step (e.g., cyclopolymerization — when rings are formed, condensative chain polymerization —
when propagation is a condensation reaction, group-transfer polymerization, polyinsertion, ring-opening
polymerization — when rings are opened), whether they involve a termination step or not (e.g., living
polymerization — when termination is absent, reversible-deactivation polymerization), whether a transfer step
is involved (e.g., degenerative-transfer polymerization), and the type of chain carrier or active site (e.g.,
radical, ion, electrophile, nucleophile, coordination complex). The objective of this document is to provide a
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Abstract: A number of human activities require that certain complex molecules, referred to as active species
(drugs, dyes, peptides, proteins, genes, radioactive labels, etc.), be combined with substrates, often a macro-
molecule, to form temporary or permanent conjugates. The existing IUPAC organic, polymer, and inorganic
nomenclature principles can be applied to name such conjugates but it is not always appropriate. These
nomenclatures have two major shortcomings: (1) the resulting names are often excessively long and (2) iden-
tification of the components (substrate, active species, and link) can be difficult. The new IUPAC naming system
elaborates rules for unambiguous and facile naming of any conjugate. This naming system is not intended to
replace the existing nomenclature but to provide a suitable alternative when dictated by necessity. Although the
rules are intended to be primarily applicable to the naming of polymer conjugates, they are also applicable to
naming conjugates with other substrates, which include micelles, particles, minerals, surfaces, pores, etc. The
naming system should be used when recognition of the substrate and active substance is essential and will also
be useful when constraints of name length make the otherwise preferred [IUPAC nomenclatures untenable. The
proposed rules for the new naming system are complemented by a glossary of relevant terms.

Keywords: Active species; biologically active conjugate; carrier; conjugate; conjugation; drug delivery;
pharmacologically active conjugate; protein-based conjugate; substrate; support.
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Polycondensation

Polyaddition

?

polymerization

We do not recommend new terms here. Instead, members of SPT detail our concerns with
these terms and seek suggestions from the community on how to provide clear, simple,
and consistent terms to describe the two major mechanisms of polymer growth.
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IUPAC Recommendations
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Structure-based nomenclature for irregular
linear, star, comb, and brush polymers
(IUPAC Recommendations 2020)
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Abstract: The existing recommendations for the structure-based nomenclature of regular single-strand
organic polymers are extrapolated to complex polymers. The key proposal is that polymeric moieties may be
named substituents. The types of polymers covered include linear and branched polymers containing more
than one block of a single type of constitutional repeating unit (CRU) and branched polymers containing a
main chain from which one or more polymeric side chains emanate.

Keywords: Brush-shaped polymers; comb-shaped polymers; IUPAC Division of Chemical Nomenclature and
Structure Representation; IUPAC Polymer Division; linear polymers; Nomenclature Recommendations; star-
shaped polymers; structure-based polymer names.

SCB-1 Introduction

Between 1984 and 2012, the IUPAC published several documents containing recommendations for the
nomenclature of a wide variety of polymer types such as regular linear single-strand [1, 2], irregular single-
strand [2, 3], organic regular double-strand [2, 4], and cyclic organic macromolecules [5], non-linear macro-
molecules and macromolecular assemblies [2, 6], and quasi-single-strand inorganic and coordination poly-
mers [7]. More recently a document on source-based nomenclature for single-strand homopolymers and
copolymers was published in 2016 [8], and a document on nomenclature for dendrimers and hyperbranched
polymers was published in early 2019 [9]. However, structure-based nomenclature for certain types of
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bodies: IUPAC Chemical Nomenclature and Structure Representation Division and I[UPAC Polymer Division: see more details on page 994.
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Since its inception, the Subcommittee has attracted the participation of exceptional scientists from
academia, publishing houses, and the polymer industry.
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1) Introduction

The International Union of Pure and Applied Chemistry (IUPAC)
publishes definitions of terms to enable communication of information
worldwide. Definitions of terms commonly used in polymer chemistry
are paraphrased here with hyperlinks and screen-tips to approved
definitions in the Gold and Purple Books, or the original source
documents. This document complements the Brief Guide to Polymer
Nomenclature, the Brief Guide to Polymerization Terminology? and
other forthcoming brief guides.

2) Macromolecules and Polymers*#
The terms macromolecule and do not mean the same thing. A
polymer is a substance composed of macromolecules of high molar
mass (M). An oligomer molecule is of intermediate molar mass such
that a change in the number of units will noticeably alter its properties.
The (X) indicates the number of

making up a macromolecule. Each sample normally contains a
range of chain lengths. Dispersity () quantifies the breadth of this
distribution and is defined by £ = Mn/M,.° The number-average molar
mass (Mn) and mass-average molar mass (Mm or My,) (unit g mol), can
be calculated using the equations, respectively:

1

Mn= ——— o
aWu/M)  and Mm©Mu=QwM
M M
in which wy is the mass fraction of molar mass M.

A (CU) consists of one or more atoms that makes
up an essential part of a macromolecular structure. A monomeric unit is
the largest CU that can be identified as coming from a monomer
molecule. Importantly, (CRUs) are the
smallest CUs that can be used to identify the structure of the whole
chain. A regular macromolecule can be described by a single CRU
joined in the same way throughout, whereas an irregular macromolecule
comprises more than one CU or a non-uniformly connected CU.
Macromolecules can also be described using machine-readable IUPAC
International Chemical Identifiers.

WHHEE¥o

Fig. 1. Classes of macromolecular structures. Left to right: single-strand, ladder, spiro,
block, star, graft, & comb macromolecules; a network & a macrocycle. Image: H. C. Piva.

Polymers are classified by their macromolecular skeletal structure,
i.e.,, the sequence of atoms that defines their essential topological
representation, as shown in Fig. 1. Those with CUs joined by two atoms
are single-strand, and those with connected rings such as ladder and
spiro macromolecules are double-strand. A block macromolecule is
composed of linear sequences of blocks joined at a junction unit. A star
macromolecule has at least three chains at the junction unit. The graft
macromolecule has one or more side chains connected to a main chain,
with different structural features from the main chain. However, a comb
macromolecule typically has a higher density of side chains which do
not need to be different from the main chain. A is
highly interconnected, bonding each CU with many others. A

can be a cyclic macromolecule or just a cyclic part of a
structure. Other structures include the branched polymer which has

IUPAC. Pure Appl. Chem. 84, 2167 (2012).

IUPAC. Pure Appl. Chem. 94, 1079 (2022).

IUPAC. Pure Appl. Chem. 68, 2287 (1996).

IUPAC. Pure Appl. Chem. 81, 1131 (2009).

IUPAC. Pure Appl. Chem. 81, 351 (2015); Erratum ibid, 81, 779 (2009).
IUPAC. Pure Appl. Chem. 91, 523 (2019).
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branch points. This structure is noticeably different from the dendritic
macromolecule which is tree-like and carries one or more dendrons.® A
related class is that of macromonomer which has an end-group allowing
it to act as a monomer.

A homopolymer is made from one real or apparent monomer,
whereas a copolymer contains two or more. The monomeric units in
statistical and random copolymers, respectively, are distributed
following statistical laws or placed independently from the nature of the
adjacent units. A periodic copolymer has more than two monomeric
units in a regular sequence, while an alternating copolymer has only two
units in strict alternation.

An ionic polymer is made of macromolecules containing ionic or
ionizable groups.” An ionomer and a polyelectrolyte are composed of
macromolecules, respectively, with a small or a substantial number of
CUs carrying ionic or ionizable groups or both. An ampholytic polymer
contains both anionic and cationic groups, or corresponding ionizable
groups. A zwitterionic polymer contains ionic groups of opposite signs,
often on the same pendent group.

3) Configuration and Stereoisomerism?91°

Isomers have the same atomic composition but different line or
stereochemical formulae. An isomerization is a reaction that yields a
product that is isomeric to the reactant. Configuration is a spatial
arrangement of atoms or groups about a stereoisomeric center. This can
be a chiral center, a rigid group, or a cyclic moiety, as exemplified in
Fig. 2. Rigid centers are described using the preferred stereodescriptors
Z and E, respectively, denoting the lesser preferred terms, cisand trans.
Asymmetric carbons are described using R and S in accordance with
CIP priority rules. Diastereoisomers are stereoisomers that are not
mirror images.

CHj3

Fig. 2. Example stereodescriptors (left to right): poly[(Z)-ethene-1,2-diyl] & poly[(E)-
ethene-1,2-diyl]; poly[(2)-cyclopentane-1,3-diyl] & poly[(E)-cyclopentane-1,3-diyl]; &
poly[(R)-oxy(1-methylethane-1,2-diyl)] & poly[(S)-oxy(1-methylethane-1,2-diyl)].

A CU having one or more stereoisomeric sites is termed a
configurational unit, whereas a CRU with at least one stereoisomer is
called a configurational base unit (CBU). The smallest series of CBUs
that describe a configurational repetition of stereoisomerism in the main
chain is a configurational repeating unit (CFRU). A CRU having
stereoisomeric configurations at all main chain sites is a stereorepeating
unit (SRU). The tacticity of a polymer defines the orderliness of CFRUs
in the main chain (please see Fig. 3). A tactic macromolecule has
identical CFRUs, while isotactic and syndiotactic macromolecules have
CBUs with chiral atoms in the main chain uniquely or alternately
arranged with respect to their adjacent CUs, respectively. An atactic
macromolecule has CBUs in a random sequence. A diad comprises two
stereoisomeric centers next to each other. When they are the same, mis
used as a descriptor, and when they are different r is used.'* Thus,
syndiotactic chains have only r diads, isotactic chains are all m diads,
while atactic chains have both mand r diads in a random sequence.

2R =R

isotactic chain syndiotactic chain atactic chai
Fig. 3. The position of CBUs in stereoisomeric polymers.

7 IUPAC. Pure Appl. Chem. 78, 2067 (2006).
& |UPAC. Pure Appl. Chem. 68, 2193 (1996).
9 IUPAC. Pure Appl. Chem. 74, 915 (2002).
10 |UPAC. Pure Appl. Chem. 53, 733 (1981).
1 JUPAC. Pure Appl. Chem. 92, 1769 (2020).
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Abstract: As increasingly smaller molecular materials and material structures are devised or developed for
technological applications, the demands on the processes of lithography now routinely include feature sizes
that are of the order of 10 nm. In reaching such a fine level of resolution, the methods of lithography have
increased markedly in sophistication and brought into play 2terminology that is unfamiliar, on the one hand,
to scientists tasked with the development of new lithographic materials or, on the other, to the engineers who
design and operate the complex equipment that is required in modern-day processing. Publications produced
by scientists need to be understood by engineers and vice versa, and these commonly arise from collaborative
research that draws heavily on the terminology of two or more of the traditional disciplines. It is developments
in polymer science and material science that lead progress in areas that cross traditional boundaries, such as
microlithography. This document provides the exact definitions of a selection of unfamiliar terms that re-
searchers and practitioners from different disciplines might encounter.

Keywords: microlithography; nanotechnology; polymers; recommendations; terminology.
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