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CHAPTER 1 Introduction

CHAPTER 1

Cntroducltion

1.1 Basic Concepts

A polymer is a large molecule built up from numerous smaller molecules. These large molecules
may be linear, slightly branched, or highly interconnected. In the latter case the structure develops into
a large three-dimensional network.

The small molecules used as the basic building blocks for these large molecules are known as
monomers. For example the commercially important material poly(vinyl chloride) is made from the
monomer vinyl chloride. The repeat unit in the polymer usually corresponds to the monomer from
which the polymer was made. There are exceptions to this, though. Poly(vinyl alcohol) is formally
considered to be made up of vinyl alcohol (CH,== CHOH) repeat units but there is, in fact, no such
monomer as vinyl alcohol. The appropriate molecular unit exists in the alternative tautomeric form,
ethanal (CH;CHO). To make this polymer, it is necessary first to prepare poly(vinyl ethanoate) from
the monomer vinyl ethanoate, and then to hydrolyse the product to yield the polymeric alcohol'"’.

The size of a polymer molecule may be defined either by its mass or by the number of repeat
units in the molecule. This latter indicator of size is called the degree of polymerisation, DP. The
relative molar mass of the polymer is thus the product of the relative molar mass of the repeat unit and
the DP.

There is no clear cut boundary between polymer chemistry and the rest of chemistry. As a very
rough guide, molecules of relative molar mass of at least 1,000 or a DP of at least 100 are considered
to fall into the domain of polymer chemistry. The vast majority of polymers in commercial use are
organic in nature, that is they are based on covalent compounds of carbon. This is also true of the
silicones which, though based on silicon-oxygen backbones, also generally contain significant
proportions of hydrocarbon groups. The other elements involved in polymer chemistry most
commonly include hydrogen, oxygen, chlorine, fluorine, phosphorus, and sulfur, i.e. those elements
which are able to form covalent bonds, albeit of some polarity, with carbon.

As is characteristic of covalent compounds, in addition to primary valence forces, polymer
molecules are also subject to various secondary intermolecular forces™. These include dipole forces
between oppositely charged ends of polar bonds and dispersion forces which arise due to perturbations
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of the electron clouds about individual atoms within the polymer molecule. Hydrogen bonding, which
arises from the particularly intense dipoles associated with hydrogen atoms attached to electronegative
elements such as oxygen or nitrogen, is important in certain polymers, notably proteins. Hydrogen
bonds have the effect of fixing the molecule in a particular orientation. These fixed structures are
essential for the specific functions that proteins have in the biochemical processes of life.

Words and Phrases

polymer ['polima] n. B-&H

building block A< #4) A ¥ 4>

monomer ['monoma] n. A

poly(vinyl chloride) % 4 Z # . vinyl ['vainil] n. Z % %t ; chloride ['klo:raid] n. k¥ ;
vinyl chloride % 2/

poly(vinyl alcohol) % Z. #%®%. alcohol ['elkohal] n. s, X HAFE 2 B
tautomeric adj. H7E 7

ethanal ['eBonzl] n. Z [, [Flacetaldehyde [eesi'teeldohaid]

poly(vinyl ethanoate) RZMRZMEEE, KBS Z MBS . ethanoate [e'Oeinouit] n. BEERER, BS MR
ih; vinyl ethanoate ZFRZIGEE, BEMR ZMHES

degree of polymerization R4& &

molar mass & /R Jii &

silicone ['silikoun] n. BfikE& ke

hydrocarbon ['haidrou'ka:boun] n. %%, RIS

chlorine ['klo:ri:n] n. 54

fluorine ['fluer:n, 'flo:rin] 7.

phosphorus ['fosforas] n. B

sulfur ['salfa] n. i, B#

albeit [o:1'bicit, &l-] conj. /R4, BPff

primary valence force F4t /1

secondary intermolecular force 43 [E WK /1

dipole force f##% 11, dipole ['daipaul] n. itk ¥

dispersion force AL 11

electronegative element Hi fi{ T &

hydrogen bond &%

Notes

[1] The repeat unit in the polymer usually corresponds to the monomer from which the polymer
was made. There are exceptions to this, though. Poly(vinyl alcohol) is formally considered to be made
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CHAPTER 1 Introduction

up of vinyl alcohol (CH,==CHOH) repeat units but there is, in fact, no such monomer as vinyl
alcohol. The appropriate molecular unit exists in the alternative tautomeric form, ethanal (CH;CHO).
To make this polymer, it is necessary first to prepare poly(vinyl ethanoate) from the monomer vinyl
ethanoate, and then to hydrolyse the product to yield the polymeric alcohol.

REY) 00 S B I0IE H XA M RCE BB, (Bl BAh . R MR WIE AT LA 2
H 2} BE(CH, == CHOH)E & HoTh i i, {H, H5E E3A M fh ik, a7
BITLA T —Fh S R SR XA AE . R MIX TR G, T E M LR 06 TR A R
BR TR, RIEH YK R B R G SR

[2] As is characteristic of covalent compounds, in addition to primary valence forces, polymer
molecules are also subject to various secondary intermolecular forces.

Ko HA LM A WRERHE , BrUABR T =M 4h, REW T2 BN & 07 E R4 1
MITER .

be characteristic of ... “HAF---- HIHFAE”

1.2 The History of the Concept of the
Macromolecule

Modern books about polymer chemistry explain that the word polymer is derived from the Greek
words ‘poly’ meaning many and ‘meros’ meaning part. They often then infer that it follows that this
term applies to giant molecules built up of large numbers of interconnected monomer units!"). In fact
this is misleading since historically the word polymer was coined for other reasons. The concept of
polymerism was originally applied to the situation in which molecules had identical empirical
formulae but very different chemical and physical properties. For example, benzene (CsHs; empirical
formula CH) was considered to be a polymer of acetylene (C,H,; empirical formula also CH). Thus
the word ‘polymer’ is to be found in textbooks of organic chemistry published up to about 1920 but
not with its modern meaning.

The situation is confused, however, by the case of certain chemicals. Styrene, for example, was
known from the mid-nineteenth century as a clear organic liquid of characteristic pungent odour. It
was also known to convert itself under certain circumstances into a clear resinous solid that was
almost odour-free, this resin then being called metastyrene. The formation of metastyrene from styrene
was described as a polymerisation and metastyrene was held to be a polymer of styrene. However,
these terms applied only in the sense that there was no change in empirical formula despite the very
profound alteration in chemical and physical properties. There was no understanding of the cause of
this change and certainly the chemists of the time had no idea of what had happened to the styrene that
was remotely akin to the modern view of polymerisation'.

Understanding of the fundamental nature of those materials now called polymers had to wait
until the 1920s, when Herman Staudinger coined the word ‘macromolecule’ and thus clarified thinking.

3
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There was no ambiguity about this new term — it meant ‘large molecule’, again from the Greek, and
these days is used almost interchangeably with the word polymer. Strictly speaking, though, the words
are not synonymous. There is no reason in principle for a macromolecule to be composed of repeating
structural units; in practice, however, they usually are. Staudinger’s concept of macromolecules was
not at all well received at first. His wife once recalled that he had ‘encountered opposition in all his
lectures’. Typical of this opposition was that of one distinguished organic chemist who declared that it
was as if zoologists ‘were told that somewhere in Africa an elephant was found who was 1,500 feet
long and 300 feet high*®!,

There were essentially three reasons for this opposition. Firstly, many macromolecular
compounds in solution behave as colloids. Hence they were assumed to be identical with the then
known inorganic colloids. This in turn implied that they were not macromolecular at all, but were
actually composed of small molecules bound together by ill-defined secondary forces. Such thinking
led the German chemist C. D. Harries to pursue the search for the ‘rubber molecule’ in the early years
of the twentieth century. He used various mild degradations of natural rubber, which he believed
would destroy the colloidal character of the material and yield its constituent molecules, which were
assumed to be fairly small. He was, of course, unsuccessful.

The second reason for opposition to Staudinger’s hypothesis was that it meant the loss of the
concept of a single formula for a single compound. Macromolecules had to be written in the form
(CH,=—=CHX),, where n was a large number. Moreover, no means were available, or indeed are
available, for discretely separating molecules where »=100 from those where »=101. Any such
attempted fractionation always gives a distribution of values of » and, even if the mean value of a
fraction is actually #»=100, there are significant numbers of molecules of »=99, n=101, and so on'.
Now the concept of one compound, one formula, with one formula being capable of both physical (i.e.
spatial) and chemical interpretation, had been developed slowly and at some cost, with many long,
hard-fought battles. Organic chemists could not easily throw it out, particularly in view of the fact that
it had been so conspicuously successful with much of the rest of organic chemistry.

The third reason for opposition lay in the nature of many of the polymeric materials then known.
Not only were they apparently ill-characterised, but they were also frequently non-crystalline, existing
as gums and resins. Just the sort of unpromising media, in fact, from which dextrous organic chemists
had become used to extracting crystalline substances of well characterised physical and chemical
properties. To accept such resins as inherently non-crystallizable and not capable of purification in the
traditional sense of the word was too much for the self-esteem of many professional organic
chemists"’.

Staudinger’s original paper opposing the prevalent colloidal view of certain organic materials
was published in 1920 and contained mainly negative evidence. Firstly, he showed that the organic
substances retained their colloidal nature in all solvents in which they dissolve; by contrast, inorganic
colloids lose their colloidal character when the solvent is changed. Secondly, contrary to what would
have been expected, colloidal character was able to survive chemical modification of the original
substance.

By about 1930 Staudinger and others had accumulated much evidence in favour of the

4



CHAPTER 1 Introduction

macromolecular hypothesis. The final part in establishing the concept was carried out by Wallace
Carothers of the Du Pont company in the USA. He began his work in 1929 and stated at the outset that
the aim was to prepare polymers of definite structure through the use of established organic reactions.
Though his personal life was tragic, Carothers was an excellent chemist who succeeded brilliantly in
his aim. By the end of his work he had not only demonstrated the relationship between structure and
properties for a number of polymers, but he had invented materials of tremendous commercial
importance, including neoprene rubber and the nylons.

Words and Phrases

coin [koin] n. fHI; ve. ¥53E, QlxE CFria) ), X HREAEHia # &8
polymerism [po'limorizm] n. BA& (¥ ), ®H (HE)

benzene ['benzi:n] n. 7

acetylene [o'setili:n] n. Z.4R

empirical formula £

pungent ['pandzont] n. F L ; RELH

resinous ['rezinos] adj. MR, BHAGFE A, MAEHIA . resin ['rezin] n. #HE
metastyrene [meto'stairi:n] n. /K L

ambiguity [ @mbi'gju:iti] ». #4E M A]

ill-defined A&/

discretely ANHEZER, BRI

fractionation ( REY ) TR

non-crystalline JE4% ). crystalline ['kristolain] adj. 45 &t
ill-characterised FAF A M, characterise ['keriktoraiz] ve. RAE
dextrous ['dekstras] adj. HLI5 69, HEBHR

macromolecular [;ma:krou'molikju:le] adj. K5+

hypothesis [hai'poBisis] n. ik, &%, AiH

Notes

[1] Modern books about polymer chemistry explain that the word polymer is derived from the
Greek words ‘poly’ meaning many and ‘meros’ meaning part. They often then infer that it follows that
this term applies to giant molecules built up of large numbers of interconnected monomer units.

AL TF RAWILF N BER polymer —iAlf# B AR A B E AT Z AR “poly”
BB R340 1 75 B 18] “meros” . HLPELHEWT, :X—id ( polymer ) & T H K EAH &
P2 B BT R B RO T

infer ve. BT, R

infer that it follows that... J&—/ that ZJ& A& it FT#ERA93R 5,
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X &) 5 he R AR A B LR, MM key X —KiE (term) EA THREHE
HR KRR E XS T

[2] The formation of metastyrene from styrene was described as a polymerisation and
metastyrene was held to be a polymer of styrene. However, these terms applied only in the sense that
there was no change in empirical formula despite the very profound alteration in chemical and
physical properties. There was no understanding of the cause of this change and certainly the chemists
of the time had no idea of what had happened to the styrene that was remotely akin to the modern
view of polymerisation.

NHROIHEHRTE BRI REGHR, HAANELHEELIFBHOREY . AR, XERIE
EAFER A RN EXTER, AERFMYEEREAE T 22582002816, Xt
FAFT, XA A X SR 1 JE RN RE R AR , T LA 2SI 1k 22 5 S SRR AR B 2 208 & A ) AR
b, WA SRS WA

that was remotely akin to... % idea #9 %%,

[3] Staudinger’s concept of macromolecules was not at all well received at first. His wife once
recalled that he had ‘encountered opposition in all his lectures’. Typical of this opposition was that of
one distinguished organic chemist who declared that it was as if zoologists ‘were told that somewhere
in Africa an elephant was found who was 1,500 feet long and 300 feet high’.

Staudinger K> FHESEVIMRA SRR HEZ . METG R, BILF “FER
AV ARG B R, o, — (AP R B AY, 'S FR ( Staudinger AR ) HE
i ER AATEEMAB T —% 1,500 ZRK 300 EREH AR .

“Typical of this opposition was ...” %83 4], that of one distinguished organic chemist, 3 ¥
that 4§ opposition,

[4] Moreover, no means were available, or indeed are available, for discretely separating
molecules where #=100 from those where #»=101. Any such attempted fractionation always gives a
distribution of values of » and, even if the mean value of a fraction is actually #»=100, there are
significant numbers of molecules of =99, n=101, and so on.

A, WA, FEEWRTEAEE =100 M5 FMN n=101 B4 FhaEtisk, &
sy B2l BB n B — 00, BMES B A — DRV =100, BEFFEREM
n=99, n=101 45 ¥.

[5] To accept such resins as inherently non-crystallizable and not capable of purification in the
traditional sense of the word was too much for the self-esteem of many professional organic chemists.

MARGERE S, FHe s X SR R A it _E AR 45 b B 1T ELAS AT BEAEAL X FE AL, MR ZHR
A Bk F A R e o) o

1.3 Polymer Nomenclature

There is wide diversity in the practice of naming polymers, we will concentrate on the most
utilized systems.
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CHAPTER 1 Introduction

1.3.1 Common Names

Little thyme or reason is associated with the common names of polymers. Some names are
derived from the place of origin of the material, such as Hevea brasiliensis — literally “rubber from
Brazil” — for natural rubber. Other polymers are named after their discoverer, as is Bakelite, the
three-dimensional polymer produced by condensation of phenol and formaldehyde, which was
commercialized by Leo Baekeland in 1905,

For some important groups of polymers, special names and systems of nomenclature were
invented. For example, the nylons were named according to the number of carbons in the diamine and
carboxylic acid reactants (monomers) used in their syntheses. The nylon produced by the condensation
of hexamethylenediamine (6 carbons) and sebacic acid (10 carbons) is called nylon 6,10,

[ | Il Il
nHyN(CHy)gNH, + nHOC—(CH,)g—COH — —-HN(CH,)NH—C—(CHp)y—C+- +2n H,0

hexamethylenediamine sebacic acid Nylon 6, 10

Similarly, the polymer from hexamethylenediamine and adipic acid (each with 6 carbons) is
called nylon 6, 6 or nylon 66, and the nylon from the single reactant caprolactam (6 carbons) is called
nylon 6.

1.3.2 Source-based Names

Most polymer names used by polymer scientists are source-based; i.e., they are based on the
common name of the reactant monomer, preceded by the prefix “poly”. For example, polystyrene is
the most frequently used name for the polymer derived from the monomer 1-phenylethene, which has
the common name styrene.

nH,C==CH, —+CH—CH,3-
<liadle
styrene polystyrene

The vast majority of polymers based on the vinyl group (CH,== CHX) or the vinylidene group
(CH,==CX;) as the repeat unit are known by their source-based names. For example, polyethylene is
derived from the monomer ethylene, poly(vinyl chloride) from the monomer vinyl chloride, and
poly(methyl methacrylate) from methyl methacrylate™:

COOCH; COOCH;
n CH,=C — _['CHZ_C_]T,
n, b,
methyl methacrylate poly(methyl methacrylate)
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Many condensation polymers are also named in this manner. In the case of poly(ethyleneterephthalate),
the glycol portion of the name of the monomer, ethylene glycol, is used in constructing the polymer
name, so that the name is actually a hybrid of a source-based and a structure-based name'*!.

O O = (0] O

Il Il ‘ Il I
n HOCH,CH,OH + n HOC COH — —-OCH,CH,0—C C+ +2nH,0
ethylene glycol terephthalic acid poly(ethylene terephthalate)

This polymer is well known by trade names, such as Dacron, or its common grouping, polyester.
Although it is often suggested that parentheses be used in naming polymers of more than one word
[like poly(vinylidene chloride)] but not for single-word polymers (like polyethylene), many authors
omit entirely the use of parentheses for either case (like polyvinylidene chloride). Thus there exists a
variety of practices with respect to even source-based names'"".

Copolymers are composed of two or more monomer units. Source-based names are conveniently
used to describe copolymers by using an appropriate term between the names of the monomers. Any
of a half dozen or so connecting terms may be used, depending on what is known about the structure
of the copolymer. When no information is specified about the sequence of monomer units in the
copolymer, the connective term co is used in the general format poly(A-co-B), where A and B are the
names of the two monomers. An unspecified copolymer of styrene and methyl methacrylate would be
called poly[styrene-co-(methyl memacrylate)][6].

Kraton, the yellow rubber-like material on the bottom of many running shoes, is an example of a
copolymer about which structural information is available. It is formed from a group of styrene units,
i.e., a “block” of polystyrene, attached to a group of butadiene units, or a block of polybutadiene,
which is attached to another block of polystyrene forming a triblock copolymer. The general
representation of such a block copolymer is— AAAAABBBBBAAAAA—, where each A or B
represents an individual monomer unit. The proper source-based name for Kraton is

polystyrene-block-polybutadiene-block-polystyrene, with the prefix “poly” being retained for each
block!”.

1.3.3 Structure-based Names

Although source-based names are generally employed for simple polymers, the international
body responsible for systematic nomenclature of chemicals, [UPAC, has published a number of
reports for the naming of polymers, now being accepted for more complex polymers. The IUPAC
system names the components of the repeat unit, arranged in a prescribed order. The rules for selecting
the order of the components to be used as the repeat unit are found elsewhere. However, once the
order is selected, the naming is straightforward for simple linear molecules, as indicated in the
following examplesm:

8



CHAPTER 1 Introduction

polystyrene poly(methyl methacrylate)
¢ —cH, - (|3H3
+ ? —CH, "}',,
H,COC=0

poly(1-phenylethylene) poly[1-(methoxycarbonyl)-1-methylethylene]

A listing of source- and structure-based names for some common polymers is given in Table 1.1°,

Table 1.1 Source- and Structure-based Names

Source-based Names

Structure-based Names

Polyacrylonitrile

Poly(1-cyanoethylene)

Poly(ethylene oxide)

Poly(oxyethylene)

Poly(ethylene terephthalate)

Poly(oxyethyleneoxyterephthaloxyl)

Polyisobutylene

Poly(1, 1-dimethylethylene)

Poly(methyl methacrylate)

Poly[(1-methoxycarbonyl)-1-methylethylene]

Polypropylene Poly(1-methylethylene)
Polystyrene Poly(1-phenylethylene)
Polytetrafluroethylene Poly(difluromethylene)
Poly(vinyl acetate) Poly(1-acetoxyethylene)
Poly(vinyl alcohol) Poly(1-hydroxyethylene)
Poly(vinyl chloride) Poly(1-chloroethylene)

Poly(vinyl butyral)

Poly[(2-propyl-1, 3-dioxane-4, 6-diyl)methylene]

1.3.4 Linkage-based Names

Many polymer “families” are referred to by the name of the particular linkage that connects

the polymers (Table 1.2 ). The family name is “poly” followed by the linkage name. Thus, those
polymers that contain the carbonate linkage are known as polycarbonates; those containing the ether
linkage are called polyethers, etc.

Table 1.2 Linkage-based Names

Family Name Linkage Family Name Linkage
[6)
Polyamide N g Polyvinyl —C—C—
Polyest Polyanhydrid: ﬁ (I?
olyester D olyanhydride R
o
Polyurethane —o—-!:—N— Polyurea _N_g_N_
0
Polyether —0— Polycarbonate Il
—0—C—0—
i
Polysiloxane —O0—Si— Polyphosphate ester —O—ll’ —O0—R—
OR
i
Polysulfide —S—R— Polysulfones —isl—
(6]
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Words and Phrases

nomenclature [nou'menklot{a] n. &k, W&, Kif

formaldehyde [fo:'maldihaid] ». H &

hexamethylenediamine ) —Ji%

sebacic acid [si'baesik 'esid] n. %% &

adipic acid [2'dipik '@sid] n. & &

caprolactam [keeprou'lektom] n. Pk

vinyl ['vainl] n. 243k

vinyl chloride &A%

methyl methacrylate F 3L 9 & BR B i . methacrylate [me'Ozkraleit] H 3 P9 4% BR 5
poly(ethyleneterephthalate) XK —HIRZ. g, terephthalate ['teref'Oleit] Xf7 —HFEg (k)
glycol [glaikol] n. Z — %, —FEIERE

dacron ['dekron] n. &4, BHEEL 4

Notes

[1] Little rhyme or reason is associated with the common names of polymers. Some names are
derived from the place of origin of the material, such as Hevea brasiliensis — literally “rubber from
Brazil” — for natural rubber. Other polymers are named after their discoverer, as is Bakelite, the
three-dimensional polymer produced by condensation of phenol and formaldehyde, which was
commercialized by Leo Baekeland in 1905.

REVHHE ML ILFRA MBI, AL PREA ™1, Ak Hevea brasiliensis—
FHEER RACRFEMBRE" — EARABRKN AR, HMRS YR U EIE K4
(), 4N Bakelite J2& Hy 2% f) Al FF 40 7 T AR B — 4R &%, | Leo Baekeland F 1905 4F5CEE
Tl ey .

rhyme or reason ¥ 4, 1522, rhyme[raim] A& % #94 L& 35iF L a93789,

[2] For some important groups of polymers, special names and systems of nomenclature were
invented. For example, the nylons were named according to the number of carbons in the diamine and
carboxylic acid reactants (monomers) used in their syntheses. The nylon produced by the condensation
of hexamethylenediamine (6 carbons) and sebacic acid (10 carbons) is called nylon 6, 10.

P EEMREGYAER, Gl TR AR RSN G, MRYE-S ErH
SN R AURER (R ) RIBRIETREORM A B, e T (6 kIR ) MIZE G e
FEFRAETE 6,10,

[3] The vast majority of polymers based on the vinyl group (CH,== CHX) or the vinylidene
group (CH,==CX;) as the repeat unit are known by their source-based names. For example,
polyethylene is derived from the monomer ethylene, poly(vinyl chloride) from the monomer vinyl
chloride, and poly(methyl methacrylate) from methyl methacrylate:

Y KB CIRES T 25 (B ) A EE HTi R G YIRA TR TRERZFR. W
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RO ARRLIE, RALHE A BT A, BT P D995 B8 7 BR 15 B0 A 5 79 445 1 PP S

vast majority %X % 4

ARBRAEGE, EXFT—EFEAIERE, REPIF, ARAELKNTM ‘B F, ok
X “poly(vinyl chloride)” TTH ¥ L&A F=H “BRATH".

[4] Many condensation polymers are also named in this manner. In the case of poly
(ethyleneterephthalate), the glycol portion of the name of the monomer, ethylene glycol, is used in
constructing the polymer name, so that the name is actually a hybrid of a source-based and a
structure-based name.

REGHSREVOLUXF AT AL M FRUEZHFRL R, SR BKRMG BT —
LF—UmHATHBREGYNZFR, ik, ZREEY N A RIEZPR bR I U5 A T 450 i
ARSI

[5] This polymer is well known by trade names, such as Dacron, or its common grouping,
polyester. Although it is often suggested that parentheses be used in naming polymers of more than
one word [like poly(vinylidene chloride)] but not for single-word polymers (like polyethylene), many
authors omit entirely the use of parentheses for either case (like polyvinylidene chloride). Thus there
exists a variety of practices with respect to even source-based names.

XFREWHRE S (NRE ) Sl AL (RER) BAMAE. REARER
2 F—™ 118 ¥4 BB 3R B W0 4% FR T INFE 5S-[0 poly(vinylidene chloride)], ifi#E H1— 4N ial#4 % i
REYWARPAHEES (0 polyethylene ), R ZEFEMFEE FTEHELEM TS (0 poly
vinylidene chloride ), K, # 5 %F 5 Tk 5 24 FRULEEE S Fhar 42 7.

[6] Copolymers are composed of two or more monomer units. Source-based names are
conveniently used to describe copolymers by using an appropriate term between the names of the
monomers. Any of a half dozen or so connecting terms may be used, depending on what is known
about the structure of the copolymer. When no information is specified about the sequence of
monomer units in the copolymer, the connective term co is used in the general format poly(A-co-B),
where A and B are the names of the two monomers. An unspecified copolymer of styrene and methyl
methacrylate would be called poly[styrene-co-(methyl methacrylate)].

SEIR Yy ey Ao SRR Db ) S A BT AR o 3 A A LA 42 R ) (6 P O 2 A FERRA] , BE TR
UR I 2 FR T 7 (3 A TGRS IR Y . W R A E SR Z9°F 4T, FIRRIE SR o T 3 LR ) 45
AR . IR A AR TE S R Y TP EME R, XRAERET co, Hil HMEZ
poly(A-co-B), M A Fl B PRI EIKMZFR. RE XK Z MR EFNER PR LRY
- ATLAFRA R (E LM -co-H BN IR S ).

1At (B TAFF LR ) (2EMFEARLIAFEER LA, 2005), FXERM
%% ikt T

(1) 2 “R” FH4, REEET FTERSGOEARIABARTERESF XN PN ERT
H, ko (KTH-co-AmMnk ), £ TAT XM (unspecified) E£H4. HiEE2ol “ERKHp”
AR, A RKIH-AHEERS

(2) HERESGEAAATIHS 7 (HeLA ) 55, BREMAL XREH X4
B R IGERE, REXGERM BN R - A ERY”. BkAZEdk 1.3,
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