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Abstract: This document summarizes and extends definitions and notations for the description of tactic
polymers and the diad structures of which they are composed. It formally recognizes and resolves apparent
inconsistencies between terminology used in the polymer field to describe tactic polymers and terminology in
more common use in organic chemistry. Specifically, the terms m and r diads are recommended to replace the
terms meso and racemo diads. The definitions are also updated from those in the existing Stereochemistry
Document to use the term ‘stereogenic centre’, rather than ‘chiral or prochiral atoms’. Further, the terms
relating to tacticity have been defined for the constituent macromolecules, rather than for the polymers
composed of those macromolecules. Therefore, this document also forms an addendum and corrigendum to
the 1981 document, ‘Stereochemical definitions and notations relating to polymers’.
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SD-1 Introduction

In 1981, the former IUPAC Commission on Macromolecular Nomenclature published the document, ‘Stereo-
chemical definitions and notations relating to polymers’ [1], which was reprinted in the Compendium of
Macromolecular Nomenclature, better known as the first (1991) edition of the IUPAC ‘Purple Book’ [2], and
again, with minor editorial corrections, in the second (2008) edition of the ‘Purple Book’ (the Compendium of
Polymer Terminology and Nomenclature) [3].

With the current document, it is intended to formally recognize and resolve apparent inconsistencies
between terminology in the polymer field and that in more common use in organic chemistry, as described in
the ‘Basic terminology of stereochemistry’ 4] and the IUPAC ‘Blue Book’ [5]. Recommendations are provided to
minimize any potential confusion. Also, some of the definitions in [1-3] are inconsistent with those in the
‘Glossary of Basic Terms in Polymer Science’, published in 1996 [6], and hence with those in the Compendium of
Chemical Terminology (the IUPAC ‘Gold Book’) [7]. Since both of these documents [1, 6] are reprinted in the
‘Purple Book’ [3], there is also inconsistency within that book.

The current document summarizes, revises, and extends the basic definitions and notations relating to
tactic polymers that were introduced in the Stereochemical Document [1-3]. It not only forms an addendum
and corrigendum to the 1981 document [1-3], which it supersedes in part, but also replaces the corresponding
definitions in [6, 7].

Attention is also drawn to the fact that the sections relating to crystalline polymers in the Stereochemical
Document [1-3] have been superseded with the publication of the revised ‘Definitions of terms relating to
crystalline polymers’ [8] in 2011.

SD-2 Terms for chirality centres

Centres or atoms referred to in the existing Stereochemical Document [1-3] as ‘chiral centres’ or ‘chiral atoms’
should be described as ‘chirality centres’, or as ‘stereogenic centres’ or ‘stereogenic units’, as appropriate
depending on context [4]. Some relevant definitions from [4] are reproduced below.
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SD-2.1 chirality centre

An atom holding a set of ligands in a spatial arrangement that is not superposable on its mirror image [4].

Note: Chirality centres are a subgroup of stereogenic centres, which are in turn a subgroup of stereogenic units.

SD-2.2 stereogenic unit

A grouping of atoms within a molecular entity that may be considered a focus of stereoisomerism [4].

Note 1: At least one of these must be present in every chiral chemical species (conversely, the presence of
stereogenic units does not imply that the corresponding chemical species are chiral).
Note 2: Modified from [4].

SD-2.3 diastereoisomerism

Stereoisomerism other than enantiomerism.

Note 1: Diastereoisomers (or diastereomers) are stereoisomers not related as mirror images.

Note 2: Diastereoisomers are characterized by differences in physical properties and by some differences in
chemical behaviour towards both achiral and chiral reagents.

Note 3: Definition from [4].

SD-2.4 diastereomorphism

The relationship between objects (or models) analogous to that between diastereoisomeric molecular entities.

Note: Definition from [4].

SD-2.5 enantiomer

One of a pair of molecular entities that are mirror images of each other and non-superposable.

Note: Definition from [4].

SD-2.6 enantiomorph

One of a pair of chiral objects or models that are non-superposable mirror images of each other.

Note 1: The adjective enantiomorphic is also applied to mirror-image related groups within a molecular entity.
Note 2: Definition from [4].

SD-3 Use of rotated Fischer projections in polymer publications

To eliminate possible confusion for those not familiar with the polymer literature, in particular with the
increased use of zigzag formulae with wedges to indicate configuration, it is recommended that rotated Fischer
projections should not be used in any publication unless (a) it is specified as such at or before its first usage and
(b) an appropriate reference (e.g., [1-3], alone or in combination with this document) is given to explain what is
meant by a rotated Fischer projection.
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SD-3.1 Fischer projection

Projection formula in which vertically drawn bonds are considered to lie below the projection plane and
horizontal bonds to lie above that plane. Thus, for the molecule comprising a tetrahedral carbon with sub-
stituents a, b, ¢, and d:

a
-Xunullm
o
a
o

olliinm

Note: Definition from [4].

SD-3.2 rotated Fischer projection

Projection formula for macromolecules in which horizontal lines denote polymer backbone bonds. At each
individual backbone carbon atom, horizontal lines represent bonds directed below the projection plane and
vertical lines represent bonds directed above that plane.

H  CH,
—C|:—|— e G——C il
CH; CHg CH; CHj H,C  H

rotated Fischer rotated spatial zigzag

spatial representation

projection representation representation
c H  CHs
H H Z
s B CHs H  CH; CHs H 2
] '
_T_T_ e G——C o] g 2
CHs H CHs H H  CH,
rotated Fischer . . rotated spatial zigzag
s spatial representation . .
projection representation representation

Note: Definition derived from the description in [1].

SD-4 Terms describing relative configuration (m and r structures)

Relative configuration is to be referred to, where appropriate, as m and r structures. The section in the
Stereochemistry Document [1-3] entitled, ‘meso and racemo structures’ should be retitled, ‘m and r structures’.

The historical connection of the terms m and r to meso and racemo, respectively, when describing
structures with a symmetrically-constituted connecting group between stereogenic centres of a polymer
backbone, such as -CH,—, —-CH,—CH,—, and —CR,—CH,—CR,—, is recognized. However, the usage of meso and
racemo in this context is not acceptable because of the potential for confusion with the similar terms used in
organic chemistry [4, 5], in particular since a single molecule cannot be racemic. The terms meso and racemo
are clearly incorrect if intended to describe structures where the connecting groups between stereogenic
centres are not symmetrically-constituted, such as in, for example, poly(oxypropylene), where the connecting
group is —CH,-O-.
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It is now recommended that the relative configuration of consecutive, but not necessarily contiguous,
constitutionally equivalent stereogenic centres be designated as m or r, as appropriate (Fig. 1). The m-
descriptor, formerly an abbreviation for meso, refers to a structure where the configuration of adjacent ster-
eogenic centres is maintained [9]. The r descriptor, previously an abbreviation for racemo, describes a structure
in which the relative configuration of adjacent stereogenic centres is reversed [9]. The connecting group need
not be symmetrically constituted. An example is provided in Fig. 2.

Higher order sequences are usually described as a sequence of diads. Thus, there are mm, rm, mr and rr
triads. The mr and rm triads are not distinguishable structures as long as the connector is symmetric. If the
connector is non-symmetric, they may be diastereomeric. The mm diad is often referred to as an isotactic triad,
the rr triad as a syndiotactic triad and the mr and rm triads as heterotactic triads.

SD-4.1 m diad

Pair of adjacent constitutionally equivalent stereogenic units that are of like configuration.

Note: Usage of the term meso diad for describing structures with a symmetrically constituted connecting group
is no longer acceptable because of the potential for confusion with the similar term used in organic
chemistry to describe small molecules.

SD-4.2 rdiad

Pair of adjacent constitutionally equivalent stereogenic units that are of unlike configuration.

Note: Usage of the term racemo diad for describing structures with a symmetrically-constituted connecting
group is no longer acceptable because of the potential for confusion with the similar term used in organic
chemistry to describe small molecules.

a b a b Fig. 1: Diagrammatic

a a
! ] 2 Z

WCJ\A/\—CW 2 , 2 , representations of individual
| | C C

m and r diads as rotated
Fischer projections (left) and

a b a b b a as zigzag Natta projections
: : E %, (right). The zigzag line
e AN N
l:|> CI: C\/\/\/\/c\/\/\/\/ —-/\/\/\- represents a

a

connecting group or bond,
r r which need not be
symmetrically-constituted.

GHa
O—?—CHZ g Fig. 2: Diagrammatic
H 0 representations of the

=)
S

configurational repeating unit
or stereorepeating unit (upper),

QH3 (;H;, QH3 /‘V L}LL. and the diad sequence (lower)
%OECHQO(H:CHzof_':CHz‘% fio O\/\O for isotactic

poly(oxypropylene), both as a

\ ) rotated Fischer projections
m — Y m — (left) and as a zigzag projection

m m (right).
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SD-5 Terms describing tactic polymers

It is worth recalling a comment from the introduction to the Polymer Stereochemistry Document [1], which
should be considered when dealing with the configuration and stereochemistry of polymers. It reads:

“In order to present clear concepts, it is necessary that idealized definitions be adopted, but it is recognized
that the realities of polymer science must be faced. Deviations from ideality arise with polymers at both
molecular and bulk levels in ways that have no parallel with the ordinary small molecules of organic or
inorganic chemistry. Although such deviations are not explicitly taken into account in the definitions below,
the nomenclature recommended can usefully be applied to the predominant structural features of real polymer
molecules, if necessary with self-explanatory, if imprecise, qualifications, such as ‘almost completely isotactic’
or ‘highly syndiotactic’. Although such expressions lack the rigour beloved of the purist, every experienced
polymer scientist knows that communication in this discipline is impossible without them.”

Given its importance, the substance of this comment is now included as notes to the specific terms.

The definitions are also revised from those in the Stereochemistry Document [1-3] to use the term ‘ster-
eogenic centre’, rather than ‘chiral or prochiral atoms’ (see SD-2). Further, the constituent macromolecules,
rather than the polymers composed of those macromolecules, are defined.

The basic definitions of configurational unit, configurational base unit, configurational repeating unit,
and stereorepeating unit are reiterated here [1-3]. They are, however, given in the wording of the ‘Gold Book’ [7]
as updated in 1996 [6].

For ease of reference and to assist the reader, in Section SD-5, cross-references to terms also defined in this
section are denoted in italic typeface.

SD-5.1 configurational unit

Constitutional unit having at least one site of defined configuration.

Note 1: The term configurational unit can also be used when the only stereogenic units are in side chains.
Note 2: Modified from [6, 7].

SD-5.2 configurational base unit

Constitutional repeating unit in a regular macromolecule, a regular oligomer molecule, a regular block, or a
regular chain, the configuration of which is defined at least at one site of stereoisomerism in the main chain [3, 6].
Note: In a regular macromolecule, a configurational base unit corresponds to the constitutional repeating unit.

SD-5.3 configurational repeating unit

Smallest set of successive configurational base units that prescribes configurational repetition at one or more
sites of stereoisomerism in the main chain of a regular macromolecule, a regular oligomer molecule, a regular
block, or a regular chain [3, 6].

Note: For a syndiotactic macromolecule, the configurational repeating unit will be composed of two consti-
tutional repeating units or configurational base units.
SD-5.4 stereorepeating unit

Configurational repeating unit having defined configuration at all sites of stereoisomerism in the main chain of a
regular macromolecule, a regular oligomer molecule, a regular block, or a regular chain [3, 6].
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Note 1: Two configurational units that correspond to the same constitutional unit are considered to be enan-
tiomorphic if they are non-superposable mirror images. Two non-superposable configurational units
that correspond to the same constitutional unit are considered to be diastereomorphic if they are not
mirror images.

Note 2: Modified from [1, 2, 3, 6].

SD-5.5 tactic macromolecule

Regular macromolecule in which essentially all configurational repeating units are identical.

Note 1: The prefix ta- is recommended to indicate a tactic macromolecule.
Note 2: Modified from [3, 6].

SD-5.6 tactic polymer

Polymer composed of tactic macromolecules [6, 7].

Note 1: The prefix ta- is recommended to indicate a tactic polymer.
Note 2: Modified from [1-3].

SD-5.7 isotactic macromolecule

Regular macromolecule having only one species of configurational base unit, which has stereogenic units in the
main chain in a unique arrangement with respect to its adjacent constitutional units.

Note 1: In an isotactic macromolecule, the configurational repeating unit is identical with the configurational

base unit.

Note 2: A macromolecule consisting only of m diads is isotactic.

Note 3: It is common practice to use the term isotactic macromolecule to refer to macromolecules with
predominantly (i.e. larger than 95 %) m diads. When a such a macromolecule has a measurable
quantity of r diads, it should be explicitly mentioned and, where possible, the tacticity should be
quantitatively described. Use of the term isotactic to describe a macromolecule that contains a sig-
nificant fraction of r diads (i.e. larger than 5 %) is not acceptable.

Note 4: The prefix it- is recommended to indicate an isotactic macromolecule.

Note 5: Isotactic polypropylene can be depicted by a rotated Fischer Projection (left) or a zigzag projection
(right) as follows. The configurational repeating unit is shown within brackets.

GHs ]GHa
§ C—CH, cI:—CHZ%
H H

%{_/

m

Note 6: Adapted from [3, 6].
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SD-5.8 isotactic polymer

Polymer composed of isotactic macromolecules [6, 7].

Note 1: The prefix it- is recommended to indicate an isotactic polymer.
Note 2: Modified from [1-3].

SD-5.9 syndiotactic macromolecule

Regular macromolecule consisting of alternating enantiomorphic configurational base units, which have stereogenic
centres in the main chain in a unique arrangement with respect to their adjacent constitutional units.

Note 1: In a syndiotactic macromolecule, the configurational repeating unit consists of two configurational base

units that are enantiomorphic.

Note 2: A macromolecule consisting only of r diads is syndiotactic.

Note 3: It is common practice to use the term syndiotactic macromolecule to refer to macromolecules with
predominantly (i.e. larger than 95 %) r diads. When a such a macromolecule has a measurable quantity
of mdiads, it shouldbe explicitly mentioned and, where possible, the tacticity should be quantitatively
described. Use of theterm syndiotactic to describe a macromolecule that contains a significant fraction
of m diads (i.e. larger than 5 %) is not acceptable.

Note 4: The prefix st- is recommended to indicate a syndiotactic macromolecule.

Note 5: Syndiotactic polypropylene can be depicted by a rotated Fischer Projection (left) and zigzag projection
(right) as follows. The configurational repeating unit is shown within brackets.

¢Hs  H H CH; HsC H
C—CH,—C—CH, % 3 : %L‘a
H CH, %

%_/%(—/

r r

Note 6: Adapted from [3, 6].

SD-5.10 syndiotactic polymer

Polymer composed of syndiotactic macromolecules [6, 7].

Note 1: The prefix st- is recommended to indicate a syndiotactic polymer.
Note 2: Modified from [1-3].

SD-5.11 heterotactic macromolecule

Regular macromolecule having a configurational repeating unit comprising four configurational base units, the
first two stereogenic units of which are identical and enantiomorphic to the last two.

Note 1: A macromolecule consisting only of m and r diads in alternating sequence (i.e. mr and rm triads) is
heterotactic. The configurational repeating unit consists of four configurational base units.
Note 2: The prefix ht- is recommended to indicate a heterotactic macromolecule.
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Note 3: A heterotactic polypropylene can be depicted by a rotated Fischer Projection (top) and zigzag projection
(bottom) as follows. The configurational repeating unit, a mrm tetrad, is shown within brackets. The
configurational repeating unit can be equally well defined as a rmr terad.

r r
A A
4 N7 A
A A GHa G A
%—CH2 C—CH,—C——CH,—C—CH,—C——CH, Q—CH2—§
CH;  CHj H H CHs
N AN J
Y Y
m m
H CHs H CHs HsC H HsC H H CH,

ks

SD-5.12 heterotactic polymer

Polymer composed of heterotactic macromolecules.
Note: The prefix ht- is recommended to indicate a heterotactic polymer.

SD-5.13 atactic macromolecule

Regular macromolecule having essentially equal numbers of the possible enantiomorphic configurational base
units that have stereogenic units in the main chain in a random sequence distribution.

Note 1: A macromolecule consisting of an essentially equal number of m and r diads in random sequence is atactic.

Note 2: It is common practice to use the term atactic macromolecule to refer to macromolecules where the
number of possible configurational base units is almost equal, for example, macromolecules formed
by radical polymerization of monosubstituted monomers (they usually contain a small [2 to 5 %] but
experimentally verifiable excess of r diads). When a such a macromolecule has a measurable imbal-
ance of m and r diads, it should be explicitly mentioned and, where possible, the tacticity should be
described quantitatively. Use of the term atactic to describe a macromolecule which departs signifi-
cantly (i.e., by more than 5 %) from a 1:1 ratio of m and r diads is not acceptable.

Note 3: The use of the term atactic to refer to a macromolecule where the stereochemical composition is simply
unknown or not determined is not acceptable.

Note 4: The prefix at- is recommended to indicate an atactic macromolecule.

Note 5: Adapted from [1-3]. A different definition was given in [6].

Note 6: An atactic polypropylene can be depicted by a rotated Fischer Projection (top) and zigzag projection
(bottom) as follows. The quantitative diad description follows from that used to describe lactic acid-
based polymers [10].

CHy
% C CH2 7C CH2

(ran 0.5:0.5 x, 50% m diads)

(ran 0.5:0.5 x, 50% m diads)
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SD-5.14 atactic polymer

Polymer composed of atactic macromolecules [6, 7].

Note 1: The prefix at- is recommended to indicate an atactic polymer.
Note 2: Modified from [1-3].
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