Pure & Appl. Chem., Vol. 61, No. 2, pp 243-254, 1989
Printed in Great Britain.
© 1989 IUPAC

INTERNATIONAL UNION OF PURE
AND APPLIED CHEMISTRY

MACROMOLECULAR DIVISION
COMMISSION ON MACROMOLECULAR NOMENCLATURE*

A CLASSIFICATION OF LINEAR
SINGLE-STRAND POLYMERS

(Recommendations 1988)

Prepared by a Working Group Consisting of
N. A. PLATE (USSR) and I. M. PAPISOV (USSR)

*Membership of the Commission during the preparation of this report (1979-83) was as follows:

Titular Members: G. Allegra (Italy); N. M. Bikales (USA, Secretary); A. D. Jenkins (UK,
Chairman); P. Kratochvil (Czechoslovakia); I. Mita (Japan); I. M. Papisov (USSR); W. Ring
(FRG, to 1981); P Sigwalt (France); U. W. Suter (Switzerland, from 1981; Associate Member
to 1981).

Associate Members who have contributed to this report: L. G. Donaruma (USA); R. B. Fox
(USA); K. L. Loening (USA); R. H. Marchessault (Canada, to 1981); S. Penczek (Poland);
N. A. Platé (USSR); T. Tsuruta (Japan).

National Representatives who have contributed to this report: Hu Yadong (Chinese Chemical
Society, Beijing); E. B. Mano (Brazil).

Republication of this report is permitted without the need for formal IUPAC permission on condition that
an acknowledgement, with full reference together with IUPAC copyright symbol (© 1989 IUPAC), is printed.
Publication of a translation into another language is subject to the additional condition of prior approval
from the relevant IUPAC National Adhering Organization.



A classification of linear single-strand polymers
(Recommendations 1988)

The polymer literature lacks, at present, a widely applicable, internally consistent,
and easily recognizable system for classifying polymers. This situation prevails in spite
of the large number of polymers that are already known or will be synthesized in the
future. The classification scheme to be presented here facilitates logical indexing,
including through the use of computer techniques, information storage and retrieval.
At the present time, the scheme is limited to linear single-strand organic and inorganic
polymers. Itis consistent with previous IUPAC recommendations (References 1-5).

GENERAL PRINCIPLES

The classification consists of a hierarchical scheme for naming polymers according to
the chemical constitution of the repeating units in the main chain (backbone). It can
be applied to homopolymers, alternating copolymers, and other macromolecular sub-
stances in which the constitutional repeating units can be identified. All existing linear
single-strand polymers are embraced by this classification, which has been designed
so as to be capable of extension to include any new structures of this type. In view
of the open-ended nature of the classification, the tables below can only be illustrative,
not comprehensive.

Four hierarchical levels are used; in order of decreasing importance, they are:
classes, subclasses, groups, and individual polymers.

CLASSES

Polymers are divided into two principal classes on the basis of the constitution of the
main chain.

Homochain polymers are those in which the main chains are constructed from atoms
of a single element.

Rule 1

Homochain polymers are named by placing the name or symbol of the element in
the main chain immediately before the expression ‘-chain polymer’.

Examples (see also SUBCLASSES, below, and Table 1)
carbon-chain polymer or C-chain polymer;
sulfur-chain polymer or S-chain polymer.

Heterochain polymers are those in which the main chains are constructed from atoms
of two or more elements.
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Table 1. Examples of subclasses of homochain polymers
Class

homochain
polymers

Subclasses

carbon-chain
polymers

silicon-chain
polymers

boron-chain
polymers

germanium-chain
polymers

sulfur-chain
polymers

phosphorus-chain
polymers

Rule 2.1

Heterochain polymers are named by placing the names or symbols of all the elements
in the main chain, in parentheses, immediately before the expression ‘-chain polymer’.

Examples (see also SUBCLASSES, below, and Table 2)
(oxygen,carbon)-chain polymer or (O,C)-chain polymer;
(oxygen,nitrogen,carbon)-chain polymer or (O,N,C)-chain polymer.

Rule 2.2

The order of citation of the elements in heterochain polymers is that conventionally
used in inorganic nomenclature (Reference 6). For the common elements, the order
of citation is as follows: O, S, N, P, C, Si, B. Note that in those cases where the main
chain has bonds in common with cyclic structures, all atoms in the rings must be
considered for classification purposes. Thus I is a homochain polymer, whereas II is
a heterochain polymer.

N
N
I

II
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On the other hand, a polymer such as III, in which the main chain has no bonds in
common with the cyclic structure, is classified as a homochain polymer.

N
H

III

Rule 3.1

The presence of specific sidegroups, or specific elements in sidegroups, is indicated
by placing the name of the sidegroup, or of the element in the sidegroup, immediately
before the expression ‘-sidegroup polymer’.

Table 2. Examples of subclasses of heterochain polymers

Class

heterochain
polymers

Subclasses

(oxygen, carbon)-chain
polymers

(sulfur, carbon)-chain
polymers

(nitrogen, carbon)-chain
polymers

(carbon, silicon)-chain
polymers

(oxygen, phosphorus)-chain
polymers

(oxygen, silicon)-chain
polymers

(oxygen, carbon, silicon)-
chain polymers

(oxygen, nitrogen, carbon)-
chain polymers
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Rule 3.2

Where more than one element, or more than one sidegroup, is to be specified, the
names of the elements or sidegroups are placed in parentheses.

Examples

oxygen-sidegroup polymer;

hydroxyl-sidegroup polymer [for poly(1-hydroxyethylene), etc.];
ether-sidegroup polymer [for poly(1-methoxyethylene), etc.];
(O,N,P)-sidegroup polymer;

(ether,amide)-sidegroup polymer.

SUBCLASSES

Each class of polymers can be divided into various subclasses, according to the nature
of the elements in the main chain. Examples are given in Rules 1, 2.1, as well as in
Tables 1 and 2.

GROUPS

Each subclass can be further divided into groups having similar chemical structures.
Examples of carbon-chain polymers are polyalkylenes, polyarylenes, etc. (Table 3A).

Table 3A. Examples of groups of carbon-chain polymers

Subclass

carbon-chain
polymers

Groups

polyalkylenes C—C—
and polyalkylidenes C—CH—

——-—| polyalkenylenes ——C—=C—— ]
—-{ polyalkynylenes —C=C—— J

olycycloalkylenes C,,\
P ——C/ C—

Cn

polycycloalkenylenes

polyarylenes

EOEGO)
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Table 3B. Examples of groups of (oxygen,carbon)-chain polymers

Subclass

(oxygen, carbon)-
chain polymers

Groups

polyethers —O—C—

polyesters of o
carboxylic acids —O—H—
polyanhydrides Icl) ﬂ
of carboxylic acids _C—0Q—C—

(0]
polycarbonates ‘é

polypyrandiyls ‘ I | |
O

polydioxanediyls

L

Table 3C. Examples of groups of (sulfur,carbon)-chain polymers

Subclass

(sulfur, carbon)-
chain polymers

Groups
-——————I polythioethers —S—C—j
polysulfones ﬁ
—S§—C—
Il
O
polythiophenediyls
:S:
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Table 3D. Examples of groups of (nitrogen,carbon)-chain polymers
Subclass

(nitrogen,carbon)-
chain polymers

Groups
—I polyamines —N—C— l
—l polyimines —N—C— I
polyamides _N_ﬁ_
(0]
polyureas _N_ﬁ_N_
o
polymeric quaternized __N_c—
ammonium salts @
N
polypyridinediyls |
—
N
N\
polypyrimidinediyls l |
_~N
polyquinolinediyls
oo oot
~
N N/
polypiperidinediyls | |
N
H

Examples of (oxygen,carbon)-chain polymers are polyethers, polycarbonates, etc.
(Table 3B). Examples of other types can be found in Tables 3C and 3D.

It is convenient to retain such widely accepted terminology as polyacetals, polycar-
bonates, polyamides, polyesters, nucleic acids, etc., for naming the groups of polymers.

INDIVIDUAL POLYMERS

The lowest hierarchical ranking is given to the individual polymers, which are named
in accordance with accepted IUPAC nomenclature practice. The reader is referred
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to References 2 and 3 for recommendations for naming organic and inorganic single-
strand polymers, respectively.

It is to be noted that, for polymers of complex structure, assignment to more than
one subclass and/or group is sometimes possible. For example, the polymer

Il
Ny—C—O—CH,—. ..

-
N

may be classified as follows:

class: heterochain
subclass: (O,N,C)-chain polymer
groups:  polycarboxylate and/or pyridine-chain polymer

Additional examples are given in Table 4 and the Appendix.

Table 4. Examples of individual polymers

Group Individual polymers
(Structure) (Name)
Polyalkylenes CH; Poly(1,1-dimethylethylene)
¢ ClICHz . Polyisobutylene
CH;,
Polyalkenylenes —C=CHCH,CH,—)+ Poly(1-chloro-l-butenylene)
Polychloroprene
Cl
Polyethers Poly(oxy-1,4-phenylene)
—O 0 Poly(phenylene oxide)
Polyamides o) 0 Poly(iminoadipoyliminohexamethylene)

I I Poly(h thylene adipamid
+NHC(CH2)4CNH(CH2) —h oly(hexamethylene adipamide)

REFERENCES
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