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1 Polymer chemistry & Physics

1.1 What are Polymers?

What are polymers? For one thing, they are complex and giant molecules and are differ-
ent from low molecular weight compounds like, say, common salt. To contrast the differ-
ence, the molecular weight of common salt is only 58.5, while that of a polymer can be as
high as several hundred thousands, even more than thousand thousands. These big molecules
or ‘macro-molecules’ are made up of much smaller molecules. The small molecules, which
combine to form a big molecule, can be of one or more chemical compounds. To illustrate,
imagine that a set of rings has the same size and is made of the same material. When these
rings are interlinked, the chain formed can be considered as representing a polymer from molecules
of the same compound. Alternatively, individual rings could be of different sizes and materials, and
interlinked to represent a polymer from molecules of different compounds.

This interlinking of many units has given the polymer its name, poly meaning ‘many’ and
mer meaning ‘part’ (in Greek). As an example, a gaseous compound called butadiene, with a
molecular weight of 54, combines nearly 4000 times and gives a polymer known as polybutadiene
(a synthetic rubber) with about 200000 molecular weight. The low molecular weight compounds
from which the polymers form are known as monomers. The picture is simply as follows: ‘

butadiene+ butadiene—+++- + butadiene—>polybutadiene
(4000 times)

One can thus see how a substance (monomer) with as small a molecular weight as 54 grows
to become a giant molecule (polymer) of (54X 4000=) 200000 molecule weight It is essential.ly
the ‘giantness’ of the size of the polymer molecule that makes its behavior dif ferent from that of
a commonly known chemical compound such as benzene. © Solid benzene, for instance, melts to be-
come liquid benzene at 5. 5°C and, on further heating, boils into gaseous benzene. As against this
well-defined behavior of a simple chemical compound, a polymer like polyethylene does not melt
sharply at one particular temperature into clean liquid. Instead, it becomes increasingly softer and,
ultimately, turns into a very viscous, tacky molten mass. Further heating of this hot, viscous,
molten polymer does convert it into various gases but it is no longer polyethylene (Fig. 1.1.1).

Another striking difference with respect to the behavior of a polymer and that of a low
molecular weight compound concerns the dissolution process. Let us take, for example, so-
dium chloride and add it slowly to a fixed quantity of water. The salt, which represents a low
molecular weight compound, dissolves in water up to a point (called saturation point) but,
thereafter, any further quantity added does not go into solution but settles at the bottom
and just remains there as solid. The viscosity of the saturated salt solution is not very much
different from that of water. But if we take a polymer instead, say polyvinyl alcohol, and

2
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Fig. 1. 1.1 Difference in behavior on heating of a low molecular weight

compound (benzene) and a polymer (polyethylene)

add it to a fixed quantity of water, the polymer does not go into solution immediately. The globules
of polyvinyl alcohol first absorb water, swell and get distorted in shape and a fter a long time go
into solution. @ Also, we can add a very large quantity of the polymer to the same quantity of water
without the saturation point ever being reached. As more and more quantity of polymer is added to
water, the time taken for the dissolution of the polymer obviously increases and the mix ultimately
assumes a soft, dough-like consistency. Another peculiarity is that, in water, polyvinyl alcohol
never retains its original powdery nature as the excess sodium chloride does in a saturated salt solu-
tion. @ In conclusion, we can say that the long time taken by polyvinyl alcohol for dissolution, the
absence of a saturation point, and the increase in the viscosity are all characteristics of a typical pol-
ymer being dissolved in a solvent and these characteristics are attributed mainly to the large molecu-
lar size of the polymer. The behavior of a low molecular weight compound and that of a polymer on
dissolution are illustrated in Fig. 1. 1. 2.

stir well add more
crystals
and stir
Sodium chloride crystals Crystals go into solution. Saturated solution
added to water Solution viscosity not is formed.Excess
much different from of crystals remains
water viscosity undissolved

Sodium Chloride Dissolution

allowed to stir well continue
stand stirring
Polyviny! alcohol Fragments start Fragments go ioto Viscous pplymer
fragments added swelling solution slowly solution is formed.
to water Solution viscosity

much higher
than water viscosiry

Fig. 1.1.2 Difference in solubility behaviour of a low molecular weight compound

(sodium chloride) and a polymer (polyvinyl alcohol)
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New Words and Expressions

polymer n. B&Y (), BEY saturation n. fFI
common salt n. Bk settle ». g (&) BE
macromolecule »n. K%F, BT viscosity n. BE (B
imagine v, %, N polyvinyl alcohol n. BZ JEBME
interlink w. Jeeeoee MHEHEERER globule #. /pER, B, Bib
butadiene n. T 4% swell v & n. BBk
monomer n. B dough n AEH, FEFHE
synthetic a. & RH consistency n. FE, FFAME
behavior =n. M€, T H powdery a. BPAREY
polyethylene n. BZ 4% solvent =z ¥
viscous a. FHFH peculiarity n. ¥
tacky a. (FHE) EFHN., BEH crystal n K, &5
dissolution n. KR fragment n. B, BH
dissolve v, fHiceeces BiR
for one thing B4t in conclusion M2, &E
with respect to %X F convert. . .into. .. e A R
as an example |10 be attributed to. .. FHEF, A B R
a quantity of... K&, —%&% W4 R
as against Fleereee %

Exercises

1. Translate the following into Chinese.

Not all polymers are built up from bonding together a single kind of repeating unit. At the oth-
er extreme, protein molecules are polyamides in which n amino acid repeat units are bonded togeth-
er. Although we might still call n the degree of polymerization in this case, it is less useful, since
an amino acid unit might be any one of some 20-odd molecules that are found in proteins. In this case
the molecular weight itself, rather than the degree of polymerization, is generally used to describe
molecule. When the actual content of individual amino acids is known, it is their sequence that is of
special interest to biochemists and molecular biologists.

2. Give a definition for each following word.

(1) molecule

(2) monomer

(3) polymer

3. Put the following words into Chinese.

structure data equation pressure liquid laboratory solid

molecule temperature measurement compound electrical

4. Put the following words into English.

B SR g #E S BT MR RE i WS RBEeY



Answers

L HEMAHBRYREOR - MERTR CEEE—RBERN, AUEHRSFRE
B2 MEERPTHESEREBRNEBE. BRARNETHK - VBEE, HEXSRK, X£
WA R THATREREEARSFFEAN -+ E2HEERS FHOEM—A. WEHEH
AaTREMERGERBERLSF. YRNMERRS THRIC RN, SEAERNSTFEY
FRENBHRE S TFHRF.

2. (1) Molecule is the smallest particle (usu. a group of atoms) to which a substance
can be reduced by subdivision without losing its chemical identity.

(2) A simple molecule that can form polymers by combining with identical or similar
molecules.

(3> A naturally occurring or synthetic substance consisting of giant molecules formed
from polymerization. .

3.8 BIE AKX ESH WK TRE EK HF BE WX &4y &
TH

4. science technology chemistry physics gas atom property experiment in-

crease decrease mixture



Reading Materials
Head to head polymers

A. Definition of head to tail and head to head linkages in polymers

Substituted monomers with carbon-carbon double bonds as well as substituted cyclic
monomers can be linked in principle in two ways, by the formation of head to tail (H-T)
(the normal linking) or by head to head (H-H) linkages.

The definition has been established for the so-called “vinyl” -monomers, substituted
ethylenes, where one hydrogen atom of the ethylene groups is replaced by groups X, which
might be aliphatic, aromatic or carboxylic acid groups, but might also be OR groups or hal-
ogens. The accepted nomenclature is that the “head” of the monomer is the more substituted
end, while the “tail” of the monomer refers to the less substituted end. The terminology of
H-H and H-T linkages in chain reaction polymers does not only apply to the monosubstituted
“vinyl” monomers (1), but also to the “vinylidene” monomers which are 1,1-disubstitut-
ed ([I). H-H and H-T placements can also occur on monosubstituted oxiranes (ethylene
oxides), such as propylene oxide, as well as in other substituted ring compounds. While
many radical polymerizations of vinyl monomers might lead to H-H linkages in the polymers,
ring opening polymerization reactions can also lead to H-H linkages. Another type of poly-
merization that can lead to H-H linkages is the 1,4 polymers of 1-substituted butadienes, or

2-substituted butadienes; the best example is chloroprene (2-chloro-1,3-butadiene).

i i
CH,==CH CH2=(l:
Y
tail head tail head
I I

If the polymerization of vinyl monomers is carried out by a radical polymerization mechanism,

the addition of the free radical to the vinyl monomer can occur in either of the two ways:

X
Mx—CHz—éH . D
Mx ++ CH,—CHX X
Mx—\CH——CHz . (V)

The relative rates of these alternative processes depend on the relative stability of the re-
sulting radicals ([} and (V). In the addition product ([[), the free radical is located on
the head end and the substituent is able to provide stabilization either by an inductive effect
or by a resonance effect or by both to the carbon atom bearing the unpaired electron. Nor-
mally, the product radical (Il[) will be more stable than (IV). Secondary or tertiary radi-
cals are known to be more stable than primary radicals due to the inductive influence of the
substituent. When the substituent is providing a resonance effect (i. e. X=CsHs), the acti-
vation energy for the reaction (]l) is lower than that for reaction (IV) by about 8~10kcal,

8
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