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PART A Introduction

Unit 1 Polymer Rawm

a7

KA/ KA
ZH MR

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 later case the structure develops into a
large three-dimensional network.

The small molecules used as the basic building blocks for these

| R /RRTHE (PVC)
TEEA

large molecules are known as monomers. For example poly(vinyl .
chloride) is made from the monomer vinyl chloride.[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 | & Z% & (PVA)
alcohol) is formally considered to be made of vinyl alcohol repeat units
but there is, in fact, no such monomer as vinyl alcohol. [2]To make this
polymer, it is necessary first to prepare poly(vinyl acetate) from the

monomer vinyl acetate, and then to hydrolyse the product to yield the

RLB THE: (PVAC)
K
polymeric alcohol.

The size of a polymer molecule may be defined either by its mass
or by the number of repeat units in molecule. This later indicator of size
is called the degree of polymerization, DP. The relative molar mass of | 4 & (DP) /4834
ThRE

the polymer is thus the product of the relative molar mass of the repeat
unit and the DP.
[3]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 10000 or a DP of at least 1000 are considered to fall into !
the domain of polymer chemistry.

The vast majority of polymers in commercial use are organic in nature, | 4 AL#

that is, they are based on covalent compounds of carbon. The other elements AR Y
involved in polymer chemistry most commonly include hydrogen, oxygen, /8,

nitrogen, chlorine, fluorine, phosphorus, sulfur and silicon, ie. those | RIS BB 5

D

1
'

elements which are able to form covalent bonds with carbon.
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New Words
polymer [polima] n. et
molecule ['moalikjuzl, 'mau-] n. 2T
linear ['linia] adj. LA
branch [bra:nt[] VL. 2%
interconnect Linta(:)ka'nekt] vt 15 F% 8
network ['netwa:k] n. W AR 4
monomer [monama] n. L 203
vinyl ['vainil, 'vinil] n. LA
chloride [klo:raid] n. g4
alcohol ['zelkahol] n. B2, LB
acetate ['eesiteit] n. BRBG S, LBRES, BEER
hydrolyse [haidralaiz] V. K
product ['prodakt] n. Edn, F4h, R
mass [mees] n. RE
indicator ['indikeita] n. ik od
polymerization [ipolimarai'zeif en] n. Re
molar ['maula] adj. BRE
boundary ['baundari] n. SR
domain [deu'mein] n. SLE, AU
organic [o:'geenik] adj. A AL
covalent [kau'veilant] adj. M8
element [‘elimant] n. E, RE
carbon [ka:ben] n. %
hydrogen ['haidraudzen] n. £
oxygen ['oksidzan] n. £
nitrogen ['naitradzen] n. £
chlorine [klo:ri:n] n. £
fluorine [flu(:)ari:n] n. #
phosphorus [fosforas] n. v 3
sulfur ['salfa] n. b5 3
silicon ['siliken] n. )3

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 of vinyl alcohol repeat units but there is, in fact, no such monomer as vinyl alcohol. &
VNERSGHBRT—BERATHE R ESWHBAHEMNN, AT, BHEHIS, mEzEeE
BEEREDCHEBESETAMRNY, HEFR EAFEZBEIXH A,



Unit 1 Polymer l 3

[2] To make this polymer, it is necessary first to prepare poly(vinyl acetate) from the monomer vinyl
acetate, and then to hydrolyse the product to yield the polymeric alcohol. E#l| 445 ZIABLXFEE
Y, RN LRBIESIER IR IER:, REHRLRZATKEERIR 5,

[3] 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 10000 or a DP of at least 1000 are
considered to fall into the domain of polymer chemistry. &Y 5H AL ESW 2 FHTHE
KIFReR, —RKBUSAEX S FRERIT 10000 CGRE R 10000 M4 FRIAESY).

Exercises

1.Translate the following into Chinese
Polymers are substances containing a large number of structural units joined by the same type

of linkage. The key characteristic that distinguishes polymers from other materials is their chain-like
molecular structure. This structure is also responsible for the unique properties and processing
behavior of polymers. Polymers in the natural world have been around since the beginning of time.
Starch, cellulose, and rubber all possess polymeric properties. Man-made polymers have been
studied since 1832. Today, the polymer industry has grown to be larger than the aluminum, copper
and steel industries combined.
2. Give a definition for each following word

(1) polymer (2) monomer

[Reading Materiall]

The Rise of Polymer Science

Since most chemists and chemical engineers are now involved in some phase of polymer
science or technology, some have called this the polymer age. Actually, we have always lived in a
polymer age.

Polymer is derived from the Greek poly and meros, meaning many and parts, respectively.
Some scientists prefer to use the word macromolecule, or large molecule, instead of polymer. Others
maintain that naturally occurring polymers, or biopolymers, and synthetic polymers should be
studied in different courses. However, the same principles apply to all polymers. If one discounts
the end uses, the differences between all polymers, including plastics, fibers and elastomers or
rubbers, are determined primarily by the intermolecular and intramolecular forces between the
molecules and within the individual molecule, respectively, and by the functional group present.

Since ancient times, naturally occurring polymers have been used by mankind for various
purposes. Proteins from meat and polysaccharides from grain are important sources of food. In
addition to being the basis of life itself, protein, which was the first polymer, was (and is) used as a
source of amino acids and energy. The ancients degraded or depolymerized the protein in tough
meat by aging and cooking and denatured egg albumin by heating or adding vinegar to the eggs.

Wool and silk, both proteins, serve as clothing. Wood, the main component of which is
cellulose, a polysaccharide, is used for building and fire-making. The use of asphalt as an adhesive
is mentioned in the Bible. Amber, a high-molar mass resin, was worn by the Greeks as a jewel.
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Early humans learned how to process, dye, and weave the natural proteinaceous fibers of wool
and silk and the carbohydrate fibers of flax and cotton. Early South American civilizations used
natural rubber for making elastic articles and for waterproofing of fabrics.

Nobel laureate Hermann Staudinger laid the groundwork for modern polymer science in the
1920s. The development of polymer technology since 1940s has been extremely rapid. The world
production of synthetic rubber has for a long time (in 1960s) exceeded that of natural rubber and
that the world production of synthetic fibers equaled to that of the natural fibers in 1970s. The
volume production of plastics in the world already exceeded that of steel in the end of 20th century.

New Words and Expressions

macromolecule [.imaekrau'moalikju:l] n. aef, X&F
principle [prinsepl] BB ER, B
elastomer [i'leestama(r)] Pk AR
intermolecular [iintrama'lekjula] ST 18] &5
intramolecular Lintrema'lekjula] adj. 2F A
functional group BALH
polysaccharide [pali'szekaraid] n. 58, R, 2RE
degrade [di'greid] ()EL
depolymerize [di:'palimaraiz] V. C3) 53
denature [di:'neit[ 8] vt. & W
albumin [eel'bjumin] 7. a%kg
vinegar ['viniga] n. B
cellulose ['seljulsus] n. sk
asphalt ['eesfaelt] n. HE
adhesive [ed'hi:siv] n. )& 2

adj. At g
amber [eemba] n #®H
resin ['rezin] #f R
dye [dai] n. FH, &
proteinaceous [proutirneifes,ti:i-]  adj. BaQRe, MEERY
carbohydrate [ka:bau'haidreit] n. BIKALSH, Wk
flax [fleeks] n. TR, BRA, BRRE 5
laureate [orriit] adj. R A 0

n. BAR R A



Unit2 Classification of Polymers Rehioir X

There are a number of methods of classifying polymers. [1]One is
to adopt the approach of using their response to thermal treatment and to # a2
divide them into thermoplastics and thermosets. Thermoplastics arei HA MR E IR A
polymers which melt when heated and resolidify when cooled, while | #4t/4n 2/ 5 Bl 4k/4-3p

thermosets are those which do not melt when heated but, at sufficiently :

high temperatures, decompose irreversibly. This system has the benefit N

that there is a useful chemical distinction between the two groups. |

[2]Thermoplastics comprise essentially linear or lightly branched

polymer molecules, while thermosets are substantially crosslinkedi RFE

materials, consisting of an extensive three-dimensional network of§

covalent chemical bonding. =K
Another classification system, first suggested by Carothers in 1929,

is based on the nature of the chemical reactions employed in the | H% BB

polymerization. Here the two major groups are the condensation and the | B4/ %%

addition polymers. [3]Condensation polymers are those prepared from bied X

monomers where reaction is accompanied by the loss of a sma11§
molecule, usually of water. By contrast, addition polymers are those
formed by the addition reaction of an unsaturated monomer, such as A g% BB R4, e Ak
takes place in the polymerization of vinyl chloride. LR
This system was slightly modified by P. J. Flory, who placed the

emphasis on the mechanisms of the polymerization reactions. He | &5 5 Ji #2

reclassified polymerizations as step reactions or chain reactions | %% B 5./ 48 &
corresponding approximately to condensations or addition in Carother’s !

scheme, but not completely. [4]A notable exception occurs with the

synthesis of polyurethanes, which are formed by reaction of isocyanates | 4~A/3 £.8%/5 $BR By
with hydroxyl compounds and follow “step” kinetics, but without the | & &AtAM/i% ¥ 3 A %
elimination of a small molecule.

[5]In the first of these, the kinetics are such that there is a gradual
built up of high relative molar mass material as reaction proceeds, with
the highest molar mass material not appearing until the very end of the
reaction. [6]On the other hand, chain reactions, which occur only at a
relatively few activated sites within the reaction medium, occur with e RGNS s ¥
rapid build up of a few high relative molar mass molecules while the
rest of the monomer remains unreacted. When formed, such
macromolecules stay essentially unchanged while the rest of the oF
monomer undergoes conversion. [7]This means that large molecules L2212
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appear very early in the polymerization reaction, which is charactered

by having both high relative molar mass and monomer molecules

present for most of the duration of the reaction.

New Words

classify ['kleesifai] A »k, 2%
thermal ['Ba:mal] adj. #u, BFY
thermoplastics [8a:ma'pleestiks] n. HARMAF, BB
thermoset ['Ba:maset] n. A E AT, BE MR

adj. # B
melt [melt] V. ()B4
solidify [se'lidifai] V. ()& B
decompose [di:kem'pauz] v. 41
comprise [kem'praiz] V. L4, W4k
crosslink ['kroslink] v/n. L 8: 3
polymerization [ipolimarai'zeif an] n. R4
condensation [konden'seif an] Rz
addition [a'difan] n. Ha g%,
unsaturated ['An'seet[ areitid] adj. RraFatl
mechanism ['mekonizem] n. W, B
scheme [ski:m] n. FE
synthesis ['sinBisis] n. A
polyurethane [poli'jusriBein] n. R BB
isocyanate [.aisau'saianeit] n. 7 HBR B
hydroxyl [hai'droksil) n. £33
kinetics [kai'netiks] n. shhF
elimination [ilimi'neifan] n. Bk,
activated ['eektiveitid] adj. AP
medium ['mi:djem] n. AR
unreacted ['anri'sektid] adj. AREBELHY
undergo [Anda'gau] A Y]
conversion [ken've:[an] A0
duration [djua'reif an] #Fauti, AH

Notes

[1] One is to adopt the approach of using their response to thermal treatment and to divide them into
thermoplastics and thermosets. Thermoplastics are polymers which melt when heated and
resolidify when cooled, while thermosets are those which do not melt when heated but, at
sufficiently high temperatures, decompose irreversibly. —# ZARIE AT I8 B 55 B
PR M. RBHRESTINEYEIL, BEIENL, TIAREEREVMAASEL, ERE
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o B R B U R AE A AT A

[2] Thermoplastics comprise essentially linear or lightly branched polymer molecules, while
thermosets are substantially crosslinked materials, consisting of an extensive three-dimensional
network of covalent chemical bonding. FIAMEREWHEA FE MM AL &S T4
B EHREYNRZSTEE, BREN M EERTRN = E MRS AR .

[3] Condensation polymers are those prepared from monomers where reaction is accompanied by
the loss of a small molecule, usually of water. By contrast, addition polymers are those formed
by the addition reaction of an unsaturated monomer, such as takes place in the polymerization of
vinyl chloride. ZFEM 2 HEAFBEL A A RNER, RMEEFEN THEK BHERK.
S5@ERYAR, MEYWRE A RAET IR RN, SR LEEARNES.

[4] A notable exception occurs with the synthesis of polyurethanes, which are formed by reaction of
isocyanates with hydroxyl compounds and follow “step™ kinetics, but without the elimination of

a small molecule. (_ERBMSHEAER—B) EREFROSTHRANE, REMmE D
FMB S RELAMRY, BREESRNHE, HRNIBPNEE DM TER.

[5] In the first of these, the kinetics are such that there is a gradual built up of high relative molar
mass material as reaction proceeds, with the highest molar mass material not appearing until the
very end of the reaction. F—XEE& (BELRE) WHERMERNKHIT, 2 TEES
Wi, HIRNERAHRDTER.

[6] On the other hand, chain reactions, which occur only at a relatively few activated sites within the
reaction medium, occur with rapid build up of a few high relative molar mass molecules while
the rest of the monomer remains unreacted. 5 —REYRE KN R BEDBEEH L L
17, RNBRPREERRS T, FNERPEEERRMKBEAE,

[7] This means that large molecules appear very early in the polymerization reaction, which is
charactered by having both high relative molar mass and monomer molecules present for most

of the duration of the reaction. XEKEH I TERERN—FHEMEERK, ERALFE
BT A A R 4 F R BAR S T R R AR EE

Exercises

Read the following short article and comprehend the classificaiton of polymers:
1) Natural — Synthetic

Based on the origin of the material, whether natural or synthesized.

2) Organic — Inorganic

Organic polymers have carbon backbone. PE, PP, PS etc.

Inorganic polymers do not contain carbon backbone. Glass, Silicone polymers.
3) Thermoplastic — Thermosetting

Thermoplastics soften on heating.

Thermosets do not soften or melt on heating. Cross-linked chains.

4) Plastics, elastomers, fibers, resins

Classified as per the use of polymeric material.

5) Addition polymers — Condensation polymers
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Based on manufacturing process.

The classification based on manufacturing process is important for the course, “Industrial
Polymerization”.

Addition Polymerization: Also called as Chain Polymerization, Chain growth Polymerization,
Chain Reaction Polymerization.

Condensation Polymerization: Also called as Step Polymerization, Step Growth Polymerization,

Step Reaction Polymerization.

POLYMERIZATION PROCESSES
Addition Polymerization Condensation Polymerization
(Chain growth) (Step growth)

Polycondensation Ring Opening  Polyaddition

l

Free Radical  lonic Catalytic

l

Cationic Anionic  Ziegler-Natta Metallocene Chromium
Catalyst Catalyst Catalyst

Examples:
Addition polymers: Polyethylene, Polypropylene, PVC, Polystyrene.
Condensation polymers: Polyesters, Nylon 66, Polycarbonates, Polyurethanes, Epoxy resins.

[Reading Material]

Polymer Architecture

An important microstructural feature determining polymer properties is the polymer
architecture. The simplest polymer architecture is a linear chain: a single backbone with no branches.
A related unbranching architecture is a ring polymer. A branched polymer molecule is composed of
a main chain with one or more substituent side chains or branches. Special types of branched
polymers include star polymers, comb polymers, brush polymers, dendronized polymers, ladders,
and dendrimers.

Branching of polymer chains affects the ability of chains to slide past one another by altering
intermolecular forces, in turn affecting bulk physical polymer properties. Long chain branches may
increase polymer strength, toughness, and the glass transition temperature due to an increase in the
number of entanglements per chain. The effect of such long-chain branches on the size of the
polymer in solution is characterized by the branching index. Random length and atactic short chains,
on the other hand, may reduce polymer strength due to disruption of organization and may likewise
reduce the crystallinity of the polymer.

A good example of this effect is related to the range of physical attributes of polyethylene.
High-density polyethylene (HDPE) has a very low degree of branching, is quite stiff, and is used in
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applications such as milk jugs. Low-density polyethylene (LDPE), on the other hand, has significant
numbers of both long and short branches, is quite flexible, and is used in applications such as plastic
films.

Dendrimers are a special case of polymer where every monomer unit is branched. This tends to
reduce intermolecular chain entanglement and crystallization. Alternatively, dendritic polymers are
not perfectly branched but share similar properties to dendrimers due to their high degree of
branching.

The architecture of the polymer is often physically determined by the functionality of the
monomers from which it is formed. This property of a monomer is defined as the number of
reaction sites at which may form chemical covalent bonds. The basic functionality required for
forming even a linear chain is two bonding sites. Higher functionality yields branched or even
crosslinked or networked polymer chains.

An effect related to branching is chemical crosslinking - the formation of covalent bonds
between chains. Crosslinking tends to increase T, and increase strength and toughness. Among other
applications, this process is used to strengthen rubbers in a process known as vulcanization, which
is based on crosslinking by sulfur. Car tires, for example, are highly crosslinked in order to reduce
the leaking of air out of the tire and to toughen their durability. Eraser rubber, on the other hand, is
not crosslinked to allow flaking of the rubber and prevent damage to the paper.

A crosslink suggests a branch point from which four or more distinct chains emanate. A
polymer molecule with a high degree of crosslinking is referred to as a polymer network.
Sufficiently high crosslink concentrations may lead to the formation of an infinite network, also
known as a gel, in which networks of chains are of unlimited extent-essentially all chains have
linked into one molecule.

Words and Expressions

architecture [a:kitekt[ a] n. Hyik

ring [rin] n. -2

side chain ek, X4k
star polymer EHEHRY
comb polymer HEZRM
dendronized polymer wH&HS>F
ladder ['leeda] n. H¥YEST
dendrimer n. RINLHHST
strength [strenf] n. B
toughness ['tafnis] n. I
entanglement [in'teenyglmant] n. B 4k
crystallinity [krista'liniti] n. A
high-density polyethylene (HDPE) BBEEARLH
degree of branching FACE

milk jug n. k4



