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PREAMBLE

In the growing field of polymer science, structure-based concepts have
received increasing emphasis in the past decades. As a consequence, many
of the basic definitions have required refinement.

This report updates and supersedes portions of the 1952 and later reports
of the Sub-Commission on Nomenclature of the ITUPAC Commission on
Macromolecules!® ¢ as well as that of the present Commission?.

The present report is intended to serve the needs of those working in the
fundamental arecas of polymer science, although the existence of a con-
siderable overlap between the areas of fundamental and applied polymer
science is recognized. For definitions in the field of plastics, readers are
referred to the ISO Recommendations?.

For the presentation of clear concepts, idealized definitions are required.
Atthe same time, the realities of polymer science must be faced. Real polymers
deviate more or less from ideality on the molecular as well as on the bulk
levels. In these definitions, such deviations are neglected. Nevertheless, the
definitions given here can be applied as well to the predominating structural
features of real polymer molecules.

Two broad sets of definitions are presented. One of these is based on the
structure of polymer molecules and the other on the processes by which
polymeric substances come into being. The first type of definition is termed
‘structure-based’ and the second ‘process-based’. The primary definition of
polymer is structure-based. The process-based set of definitions is linked to
the primary definition of polymer through the definitions of the term polymer-
ization and monomer. All other definitions are derived from these terms.
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Term

1—Primary Definitions

1.1 Polymer

1.2 Oligomer

1.3 Constitutional unit

2—Secondary Definitions

2.1 Monomer

2.2 Polymerization

2.3 Oligomerization

3—Derived Definitions
3.1 Regular polymer

3.2 Irregular polymer

3.3 Constitutional
repeating unit

Definition

A substance composed of molecules characterized
by the multiple repetition of one or more species
of atoms or groups of atoms (constitutional units,
see definition 1.3) linked to each other in amounts
sufficient to provide a set of properties that do not
vary markedly with the addition or removal of one
or a few of the constitutional units.
(structure-based)
A substance composed of molecules containing a
few of one or more species of atoms or groups of
atoms (constitutional units) repetitively linked to
each other. The physical properties of an oligomer
vary with the addition or removal of one or a few
of the constitutional units from its molecules.
(structure-based)
A species of atom or group of atoms present in a
chain of a polymer or oligomer molecule.
(structure-based)

A compound consisting of molecules each of which
can provide one or more constitutional units.
(process-based)
The process of converting a monomer or a mixture
of monomers into a polymer.
(process-based).
The process of converting a monomer or a mixture
of monomers into an oligomer.
(process-based)

A polymer whose molecules can be described by
only one species of constitutional unit in a single
sequential arrangement.

(structure-based)
A polymer whose molecules cannot be described by
only one species of constitutional unit in a single
sequential arrangement.

(structure-based)
The smallest constitutional unit whose repetition
describes a regular polymer.

(structure-based)
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Term

Definition

3.4 Configurational unit A constitutional unit having one or more sites of

3.5 Configurational
base unit

3.6 Configurational
repeating unit

3.7 Stereorepeating unit

3.8 Tactic polymer

3.9 Tacticity

3.10 Isotactic polymer

3.11 Syndiotactic
polymer

defined stereoisomerism.
(structure-based)
A constitutional repeating unit whose configura-
tion is defined at least at one site of stereoisomerism
in the main chain of a polymer molecule.
Note 1: In a regular polymer, a configurational
base unit corresponds to the constitutional re-
peating unit.
Note 2: Two configurational base units are called
enantiomeric when they are mirror images at the
plane containing the main-chain bonds.
(structure-based)
The smallest set of one, two or more successive
configurational base units that prescribes con-
figurational repetition at one or more sites of
stereoisomerism in the main chain of a polymer
molecule.
(structure-based)
A configurational repeating unit having defined
configuration at all sites of stereoisomerism in the
main chain of a polymer molecule.
(structure-based)
A regular polymer whose molecules can be des-
cribed by only one species of configurational
repeating unit in a single sequential arrangement.
(structure-based)

The orderliness of the succession of configurational
repeating units in the main chain of a polymer
molecule.

(structure-based)

A regular polymer whose molecules can be des-
cribed by only one species of configurational base
unit (having chiral or prochiral atoms in the main
chain) in a single sequential arrangement.

Note: In an isotactic polymer molecule the con-
figurational repeating unit is identical with the
configurational base unit.

(structure-based)

A regular polymer whose molecules can be des-
cribed by alternation of configurational base units
that are enantiomeric.
Note: In a syndiotactic polymer the configurational
repeating unit consists of two configurational base
units that are enantiomeric.

(structure-based)
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Term

3.12 Stereoregular
polymer

3.13 Atactic polymer

3.14 Block

3.15 Regular block

3.16 Irregular block

3.17 Tactic block

3.18 Atactic block

3.19 Stereoblock

3.20 Block polymer

3.21 Block
polymerization

3.22 Tactic block
polymer

3.23 Stereoblock
polymer

Definition

A regular polymer whose molecules can be des-
cribed by only one species of stereorepeating unit
in a single sequential arrangement.

(structure-based)
A regular polymer whose molecules have a random
distribution of equal numbers of the possible con-
figurational base units.

(structure-based)
A portion of a polymer molecule comprising many
constitutional units, that has at least one constitu-
tional or configurational feature not present in the
adjacent portions.
Note: The definitions that relate to polymer can
also be applied to block.

(structure-based)
A block that can be described by only one species
of constitutional repeating unit in a single sequential

arrangement.
(structure-based)

A block that cannot be described by only one
species of constitutional repeating unit in a single
sequential arrangement.

(structure-based)
A regular block that can be described by only one
species of configurational repeating unit in a single
sequential arrangement.

(structure-based)

A regular block that has a random distribution of
equal numbers of the possible configurational base

units.
(structure-based)

A regular block that can be described by one species
of stereorepeating unit in a single sequential
arrangement. (structure-based)

A polymer whose molecules consist of blocks con-
nected linearly. The blocks are connected directly
or through a constitutional unit that is not part of

the blocks.
(structure-based)

Polymerization in which a block polymer is formed.
{process-based)
A polymer whose molecules consist of tactic blocks
connected linearly.
(structure-based)
A polymer whose molecules consist of stereoblocks
connected linearly.
(structure-based)
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Term

3.24 Graft polymer

3.25 Graft
polymerization

3.26 Monomeric unit
Mer

3.27 Degree of

polymerization of a

molecule of a
polymer

3.28 Degree of
polymerization of
a polymer

3.29 Addition
polymerization

3.30 Condensation
polymerization;
polycondensation

3.31 Homopolymer

3.32 Copolymer

3.33 Alternating
copolymer

3.34 Random copolymer

3.35 Block copolymer

3.36 Graft copolymer

Definition

A polymer whose molecules have one or more
species of block connected to the main chain as
side chains, these side chains having constitutional
or configurational features different from the
constitutional units comprising the main chain,
exclusive of junction points.

(structure-based)
Polymerization in which a graft polymer is formed.

(process-based)
The largest constitutional unit contributed by a
single monomer molecule in a polymerization
process.

(process-based)
The number of monomeric units in a molecule of
a polymer.

(process-based)
The average value of the degree of polymerization
of the molecules of a polymer.
Note: The method of averaging must be stated:
for example, number-average degree of polymer-
ization.
(process-based)
Polymerization by a repeated addition process.
(process-based)
Polymerization by a repeated condensation pro-
cess (i.e. with elimination of simple molecules).
{process-based)
A polymer derived from one species of monomer.
(process-based)
A polymer derived from more than one species of
monomer.
(process-based)
A copolymer in whose molecules two species of
monomeric units are distributed in alternating
sequence.
(process-based)
A copolymer in whose molecules two or more
species of monomeric units are distributed in ran-
dom sequence.
{process-based)
A block polymer derived from more than one
species of monomer.
(process-based)
A graft polymer derived from more than one
species of monomer.
(process-based)
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Term

3.37 Bipolymer

3.38 Terpolymer
3.39 Quaterpolymer

3.40 Homopolymeriza-
tion
3.41 Copolymerization

3.42 Alternating
copolymerization

3.43 Random
copolymerization

3.44 Block
copolymerization

3.45 Graft
copolymerization

3.46 Stereospecific
polymerization

3.47 Stereoselective
polymerization

Constitutional unit

The polymer chain (1)

Definition

A polymer derived from two species of monomer.
(process-based)

A polymer derived from three species of monomer.
(process-based)

A polymer derived from four species of monomer.
(process-based)

Polymerization in which a homopolymer is formed.
(process-based)

Polymerization in which a copolymer is formed.
(process-based)

Polymerization in which an alternating copolymer

is formed.
(process-based)

Polymerization in which a random copolymer is

formed.
(process-based)

Polymerization in which a block copolymer is
formed.

(process-based)
Polymerization in which a graft copolymer is
formed.

(process-based)
Polymerization in which a tactic polymer is
formed.

(process-based)
Polymerization in which a polymer molecule is
formed from a mixture of stereoisomeric monomer
molecules by incorporation of only one stereo-
isomeric species.

(process-based)

EXAMPLES
—CHCH,[CHCH,],CHCH,,- (1)
R R

can provide the constitutional units*

* The convention of_ orienting polymer structures (and the corresponding constitutional
and configurational units) from left to right is used in this document. Thus, the bracketied

constitutional units in

r 1 i
~ ICHCH, | CHCH, CHICH; - CHICH,
I

|
iR

Ll | L
J‘R RL R

are regarded as different, even though their repetition leads to the same regular polymer.
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—CHCH,—, —CH,CH—, -~ CH,—, —CH —, —C~HCH2CHﬂ etc.
| l
R R R
(1a) (1b)

Only the first two constitutional units (1a and 1b) are the smallest ones
completely describing this polymer chain.
Constitutional repeating unit
Regular polymer
Either of the constitutional units (1a) or (1b) is a constitutional repeating
unit, and the polymer whose molecules can be described by (1) is a regular
polymer.
Irregular polymer
The fragment (2)
—CH,CHCH,CHCHCH,CHCH,CHCH, — (93]
RROR &
of a polymer molecule cannot be described by only one constitutional
unit, such as (1a) or (1b), in a single sequential arrangement. The polymer
whose molecules consist of a random arrangement of (1a) and (1b), as in (2)
is an irregular polymer.
A polymer whose molecules consist of a random arrangement of

—CHCH ,— and —CHCH,—
|
R Y
units provides fragments like (3):
~(|3HCH2CHCHZCHCHzCHCH2CHCH2~ 3
I | | l
R Y Y Y R

In this fragment there are the constitutional units

-—CH,;, —CH—, —CH—, —CH,CH—, —CH,CH-—, —CHCH,—

| l | |

R Y R Y R
— CHCH,—, —CHCH,CHCH,CHCH, , etc.

Y Y

The constitution of (3) cannot be described by any one of these constitu-
tional units alone. Therefore, the polymer molecules corresponding to (3)
are those of an irregular polymer.

Monomer
The monomer molecule CH,=—=CHCH=CH, can provide the constitu-
tional units:

—CH,CH=CHCH,— or —CHCH,—

|
CH=CH,
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The monomer molecule CH,N, can provide the constitutional unit

—CH,— The monomer molecule C=0 can provide the constitu-
tional unit H
@)
|
—NH[CH,]5s—C—

By a condensation process, the monomer molecules H,N(CH,) NH, and
CICO(CH,),COCI can lead to the regular polymer molecule

+NH(CH )¢ NHCO(CH,),CO+,
which contains the constitutional units

_ NH(CH,),NH— and —CO(CH,),CO—

Configurational base unit
In the regular polymer molecule
—[CH(CH,)CH,],— poly(propylene)

the constitutional repeating unit is —CH(CH;)CH,— and the configura-
tional base units are*

H CH,

| |
—(13~CH2— and wC!?——CHI—

CH, H

These two configurational base units are enantiomeric to each other.

Stereorepeating unit
In a stereoregular poly(propylene), possible stereorepeating units are :

}li (}3H3 1’{ CH, CH, H
D | |
—C-—-CH,~, —C—CH,—C—CH,—, —C—CH,—C—CH, C CH,

| ! | | | i

CH, H CH, H H CH,

* In the drawing of configurations horizontal bonds are below the plane of the paper and
vertical bonds above [See IUPAC Rules on Fundamental Stereochemistry. J. Org. Chem. 35,2849
(1970), Rule E-7.1, note 2]. The main-chain bonds of polymer molecules are drawn as horizontal
bonds. Unless otherwise stated the drawings of a configurational base unit, configurational
repeating unit, stereorepeating unit, etc. provide information concerning relative configurations.

The absence in a formula of any one of the horizontal and/or vertical bonds at a chiral or
prochiral carbon atom, or of the cis and trans designations, means lack of knowledge about the
configuration of the corresponding stereoisomeric center.
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Stereoregular polymer
The corresponding stereoregular polymers are:

H CH, H CH, CH, H

‘ | 5
C CH,}C—CH,—C -CH,}-+C—CH,-C—CH,—C—CH,

CH, |, |H CH, |, |H H CH,
(6)

n

(an isotactic polymer) (a syndiotactic polymer)

Configurational repeating unit

Tactic polymer

Isotactic polymer

Syndiotactic polymer
In the polymer -F-CH(CO,R)CH(CH)-;, if only one main-chain stereo-
isomeric site of each constitutional repeating unit is defined, as in (7):

H H
I 1
—C- CH(CH,) - LCCH(CH,)
CO,R CO,R .
M ®

then (7) is a configurational repeating unit and the corresponding polymer
(8) is a tactic (isotactic) polymer. Another example of a configurational
repeating unit is (9) :

H CO,R H CO,R
I I |
—C—CH(CH ;) —C—CH(CH)— ~+C—CH(CH;)—C-CH(CH )
CO,R H CO,R H .
9 (10)

and the corresponding polymer (10) is a tactic (syndiotactic) polymer.
Examples (8) and (10) are not stereoregular because the configuration at
the stereoisomeric center —CH(CH 3}~ is not defined. Similarly, (11) and

i i
CH(COZR)-_-?— -~ -} CH(CO,R)—C—CH(CO,R)—C
CH,|, _ CH, H |
(11) (12)

(12) are not stereoregular because of lack of knowledge about the stereo-
isomeric center —CH(CO,R)—. Examples (4), (5), (6), (8), (10), (11) and
(12) are tactic polymers. A stereoregular polymer is always a tactic polymer,
but a tactic polymer is not always stereoregular, since a tactic polymer
need not have every site of stereoisomerism defined.
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Atactic polymer
A regular polymer that is atactic contains a random distribution of equal
numbers of the possible configurational base units corresponding to the
constitutional repeating unit. Some examples are:

Constitutional Configurational
Repeating unit Base units
H
1
— C-—CH,—
|
CH,
—CH(CH,)CH,—
CH,
|
—C—CH,-
|
H
H H
CH,CH,:
—CH=CHCH,CH,—
) C=C )
/=
H CH,CH,-
Block
Regular block
Block polymer

In the polymer molecule

A, B, A, B (13)

m Pa

A, B, A,, and B, are blocks, and the individual blocks are regular. In the
block polymer molecule (13), A and B may be

—CHCH;— - CHCH ,—
and
CO,CH, OCOCH;,
(14 (15)

Block copolymer
The block polymer whose molecules consist of (14) and (15) is a hlock
copolymer because (14) and (15) arise from different monomer species.
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Tactic block
In the block polymer molecule (13) A and B may be:

CH, CO,CH, CH,
| |
~C-—CH,— (1§ ~—C———CH, C CH,— (17)
l
CO,CH, CH, CO,CH,

Stereoblock
The blocks are stereoblocks. The block polymer whose molecules consist
of (16) and (17) is not a block copolymer because (16) and (17) arise from
the same monomer species.

Graft polymer

Gralft copolymer
In the graft polymer molecule

AAAAAAAAAAAA

I

B B

the A-chain, B,, and B, are regular blocks, the A-chain is the main chain,
and B,, and B, are the side-chain grafts. The -—A— units are junction

m n

points and are considered to be part of the main chain. Where A and B
are derived from the same monomer, as in

— CH=CHCH,CH,—~  —CH,CH—
CH=CH,
(A) (B)

the polymer is a graft polymer. The graft polymer whose molecules
consist of A = (14) and B = (15) is a graft copolymer.
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