Unit 1 What are polymers?

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



mer meaning ‘part’ (in Greek).
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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 200 000molecular weight.
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The low molecular weight compounds from which the polymers form are known as

monomers. The picture is simply as follows:
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butadiene + butadiene + --- + butadiene--—polybutadiene(4 000 time)
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One can thus see how a substance (monomer) with as small a molecule weight as 54 grow

to become a giant molecule (polymer) of (54 X4 000~)200 000 molecular weight.
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It is essentially the “giantness” of the size of the polymer molecule that makes its
behavior (different from that of a commonly known chemical compound such as

benzene.)
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Solid benzene, for instance, melts to become liquid benzene at 5.5°C and , on further



heating, boils into gaseous benzene.
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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.
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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) .
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Another striking difference with respect to the behavior of a polymer and that of a low
molecular weight compound concerns the dissolution process.
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Let us take, for example, sodium chloride and add it slowly to 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.
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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 add it to a fixed quantity of

water, the polymer does not go into solution immediately.
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The globules of polyvinyl alcohol first absorb water, swell and get distorted in shape and
after a long time go into solution.
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Also, we can add a very large quantity of the polymer to the same quantity of water
without the saturation point ever being reached.
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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.
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Another peculiarity is that, in water, polyvinyl alcohol never retains its original powdery

nature [as the excess sodium chloride does] [in a saturated salt solution].
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In conclusion, we can say that (1) the long time taken by polyvinyl alcohol for dissolution,
(2) the absence of a saturation point, and (3) the increase in the viscosity are all
characteristics of a typical polymer being dissolved in a solvent and these characteristics

are attributed mainly to the large molecular size of the polymer.
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The behavior of a low molecular weight compound and that of a polymer on dissolution

are illustrated in Fig.1.2.
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Unit 2 Chain Polymerization

Many olefinic and vinyl

unsaturated compounds are able to form chain-like

macromolecules through elimination of the double bond, a phenomenon first recognized

by Staudinger. Diolefins polymerize in the same manner, however, only one of the two




double bonds is eliminated.
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Such reactions occur through the initial addition of a monomer molecule to an initiator
radical or an initiator ion, by which the active state is transferred from the initiator to the
added monomer.
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In the same way by means of a chain reaction, one monomer molecule after the other is
added (2023~20230 monomers per second) until the active state is terminated through a
different type of reaction.
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The polymerization is a chain reaction in two ways: because of the reaction kinetic and
because as a reaction product one obtains a chain molecule. The length of the chain
molecule is proportional to the kinetic chain length.
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One can summarize the process as follow (R. is equal to the initiator radical):
R A T IR (R HRS5EREHE) « B

One thus obtains polyvinylchloride from vinylchloride, or polystyrene from styrene, or
polyethylene from ethylene, etc.
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The length of the chain molecules, measured by means of the degree of polymerization,
can be varied over a large range through selection of suitable reaction conditions.
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Usually, with commercially prepared and utilized polymers, the degree of polymerization
lies in the range of 1000 to 5000, but in many cases it can be below 500 and over 10000.
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This should not be interpreted to mean that all molecules of a certain polymeric material
consist of 500, or 1000, or 5000 monomer units. In almost all cases, the polymeric
material consists of a mixture of polymer molecules of different degrees of
polymerization.
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Polymerization, a chain reaction, occurs according to the same mechanism as the well-
known chlorine-hydrogen reaction and the decomposition of phosegene.
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The initiation reaction, which is the activation process of the double bond, can be brought
about by heating, irradiation, ultrasonics, or initiators. The initiation of the chain reaction
can be observed most clearly with radical or ionic initiators.
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These are energy-rich compounds which can add suitable unsaturated compounds
(monomers) and maintain the activated radical or ionic state so that further monomer

molecules can be added in the same manner.
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For the individual steps of the growth reaction one needs only a relatively small
activation energy and therefore through a single activation step (the actual initiation
reaction) a large number of olefin molecules are converted, as is implied by the term
“chain reaction”.
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Because very small amounts of the initiator bring about the formation of a large amount

of polymeric material (1:1000 to 1:1000), it is possible to regard polymerization from a

superficial point of view as a catalytic reaction.
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For this reason, the initiators used in polymerization reactions are often designated as
polymerization catalysts, even though, in the strictest sense, they are not true catalysts
because the polymerization initiator enters into the reaction as a real partner and can be

found chemically bound in the reaction product ,i.e. ,the polymer.
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In addition to the ionic and radical initiators there are now metal complex initiators

(which can be obtained, for example, by the reaction of titanium tetrachloride or titanium

trichloride with aluminum alkyls), which play an important role in polymerization



reactions (Ziegler catalysts) ,The mechanism of their catalytic action is not yet completely

clear.
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UNIT 3 Step-Growth polymerization

Many different chemical reactions may be used to synthesize polymeric materials by
step-growth polymerization. These include esterification, amidation, the formation of
urethanes, aromatic substitution, etc.
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Polymerization proceeds by the reactions between two different functional groups, e.g.,
hydroxyl and carboxyl groups, or isocyanate and hydroxyl groups.
BEERMA—ERNERE, W, SENRE, NATREMEEZFATTREREGRK
All step-growth polymerization fall into two groups depending on the type of monomer(s)
employed. The first involves two different polyfunctional monomers in which each
monomer possesses only one type of functional group.
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A polyfunctional monomer is one with two or more functional groups per molecule. The
second involves a single monomer containing both types of functional groups.
—MZERARGEN T TERIREMERE. B _REAXEARRERANEAN
Hfk,

The synthesis of polyamides illustrates both groups of polymerization reactions. Thus,

polyamides can be obtained from the reaction of diamines with diacids or from the




reaction of amino acids with themselves.
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The two groups of reactions can be represented in a general manner by the equations as
follows
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Reaction (3.1) illustrates the former, while (3.2) is of the latter type.
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Polyesterification, whether between diol and dibasic acid or intermolecularly between
hydroxy acid molecules, is an example of a step-growth polymerization process.
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The esterification reaction occurs anywhere in the monomer matrix where two monomer
molecules collide, and once the ester has formed, it, too, can react further by virtue of its
still-reactive hydroxyl or carboxyl groups.
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The net effect of this is that monomer molecules are consumed rapidly without any large
increase in molecular weight.
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Fig. 3.1 illustrates this phenomenon. Assume, for example, that each square in Fig. 3.1a
represents a molecule of hydroxy acid. After the initial dimmer molecules from (b), half
the monomer molecules have been consumed and the average degree of polymerization

(DP) of polymeric species is 2.
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As trimer and more dimer molecules form (c), more than 80% of the monomer molecules
have reacted, but DP is still 2.5. When all the monomer molecules have reacted (d), DP is
4.
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But each polymer molecule that forms still has reactive end groups; hence the
polymerization reaction will continue in a stepwise fashion, with each esterification step
being identical in rate and mechanism to the initial esterification of monomers.
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Thus, molecular weight increases slowly even at high levels of monomer conversion, and
it will continue to increase until the viscosity build-up makes it mechanically too difficult
to remove water of esterification or for reactive end groups to find each other.
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It can also be shown that in the A-A+B-B type of polymerization, an exact stoichiometric
balance is necessary to achieve high molecular weights. If some monofunctional impurity
is present, its reaction will limit the molecular weight by rendering a chain end inactive.
FEA-A+B-
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Similarly, high-purity monomers are necessary in the A-B type of polycondensation and it



follows that high-yield reactions are the only practical ones for polymer formation, since

side reactions will upset the stoichiometric balance.
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UNIT 4 lonic Polymerization

lonic polymerization, similar to radical polymerization, also has the mechanism of a chain
reaction. The kinetics of ionic polymerization are, however, considerably different from
that of radical polymerization.
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(1) The initiation reaction of ionic polymerization needs only a small activation energy.
Therefore, the rate of polymerization depends only slightly on the temperature.

(B TFRENGERMNFTER/DPIELEE. Bk, RERMNIERRSRERENIK
lonic polymerizations occur in many cases with explosive violence even at temperature.
below 50°C(for example, the anionic polymerization of styrene at -70C in
tetrahydrofuran, or the cationic polymerization of isobutylene at - 100°C in liquid
ethylene).
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With ionic polymerization there is no compulsory chain termination through
recombination, because the growing chains can not react with each other.
MNTETRERE, BTEREZAARERERN, MAERBEESERMmETH
SRIEEEAIE

Chain termination takes place only through impurities, or through the addition of certain
compounds such as water, alcohols, acids, amines, or oxygen, and in general through
compounds which can react with polymerization ions under the formation of neutral
compounds or inactive ionic species.
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If the initiators are only partly dissociated, the initiation reaction is an equilibrium
reaction, where reaction in one direction gives rise to chain initiation and in the other
direction to chain termination.
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In general ionic polymerization can be initiated through acidic or basic compounds.
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For cationic polymerization, complexes of BF3, AICI3, TiCl4, and SnCl4 with water, or
alcohols, or tertiary oxonium salts have shown themselves to be particularly active. The
positive ions are the ones that cause chain initiation. For example:

S FHEFERERBKS, BF3,AICI3,TiCI4ARISnCI45/K, BRZEE, BBUEHIIEEY
HELER. ERETEESE. Fla:



However, also with HCl, H25S04, and KHSO4, one can initiate cationic polymerization.
Initiators for anionic polymerization are alkali metals and their organic compounds, such
as phenyllithium, butyllithium, phenyl sodium, and triphenylmethyl potassium, which are
more or less strongly dissociated in different solvents.

{HBF35HCI. H2SO4RIKHSO4tB T A EEFH B TR &R M. AR TRA RMIIF
ERERMENINEIERILEY, PInREE, TEEM=RFEHE, EIIEEH
TR EE R

To this group belong also the so called Alfin catalysts, which are a mixture of sodium
isopropylate, allyl sodium, and sodium chloride.

FriBBIAIfnEALFIBL R B TX—K, BREAFIRA NN JHHEERNIIAEIR
CE/E

With BF3 (and isobutylene as the monomer), it was demonstrated that the
polymerization is possible only in the presence of traces of traces of water or alcohol.

BF3 NGRS (RTMNEME) , FREKRCETRERNA AT AT

If one eliminates the trace of water, BF3 alone does not give rise to polymerization.
Water or alcohols are necessary in order to allow the formation of the BF3-complex and
the initiator cation according to the above reactions. However, one should not describe
the water or the alcohol as a “cocatalyst”.

RAERIRERIK, BRRMASSERGRM. X T LR, KEZEXN T
F3-ZEYMEEAETRLFN. AIKRIEANNNR “BHMELT” .

Just as by radical polymerization, one can also prepare copolymers by ionic
polymerization, for example, anionic copolymers of styrene and butadiene, or cationic

copolymers of isobutylene and styrene, or isobutylene and viny ethers, etc.



5EHERARMAR, BIETRARM B EILRY, B, XK/
ToREHBETIRY, BRTHE-RLEHETREY, BRT &-

LIGEBILRY), F5%.

As has been described in detail with radical polymerization, one can characterize each

monomer pair by so-called reactivity ratios rl and r2.

IExT B HERIR A Ca MR AR,
AR

MNATRT LA Frig R e R AR ri MIr2 RR AL R

lonic polymerization: & FHE4&

Cationic polymerization:fFH S 7R &
Anionic polymerization:fiE T+ ER &

lon, B F//ionic, & TH\//nonionic,
EEF

cation,IE (FH) BF//cationic,IE (FH) B
FH

Anion,fi (BH) BF//anionic, i (FA) &
FH

Radical polymerization: 5 HE RS
Kinetics 3 /7% thermodynamic: #\ /7%
Isobutylene, & T J#&//isoprene, 7 [ —J#
Tetrahydrofuran: (THF) U4k,

Tetra-: JU. Furan:PkiE

Pyrrole: FitM  thiophen:8EH;

Teriary: =JCHJ quarternary: JUJcHY

Alfin catalyst:F%(B8& & ))& 4L 57)

A catalyst derived from reaction of an alkali
alcoholate with an olefin halide; used to
convert olefins (for example, ethylene,
propylene, or butylenes) into polyolefin
polymers.

Isopropylate: R AEE B, RHNEMLERE
-ate: &, 5. Sodium sulfate: FRERSA

Allyl: A ZE. -CH2CH=CH2

Cation: IE(PFH)BF. Anion: £ (FH) & F

Cocatalyst: Bi{#E4L.5
Copolymer: ItE%¥). Copolymerization:
HR KM

Co-: 3L[FIHY. Covalent: 3L}

Oxonium: &8, 8 M E1,0-.

Positive,
1IERY,BH (4%) BJ//Neutral, 1 {EHY
//negative, i 15, (BH ) P HY

Triethyloxonium-borofluoride: (C2H5)30+
BF4-

Tri-: =. Ethyl:Z3. Boro: . Fluoride:
AW

alkali metal : P& J8, including : lithium,
sodium, potassium.
Phenyllithium: ZK3L4E
Butyllithium: ] &4
Phenylsodium: Z= 344
triphenylmethyl potassium: = FF L4
Methyl: . Ethyl: ZZ. Propyl: RZ.
Butyl: ] &
with explosive violence: . E|ZIHh.very
great force in action or feeling

The wind blew with explosive violence.
give rise
to-:5liE, 5, FEA, e RE.
lead to; to be the cause of

These bad conditions have given rise to
a lot of crime.
more or less: | am more or less tired after
such a long trip.
much less: | didn’t even see him, much less
speak to him.
so-called: They are so-called Christians who
show no love to anyone.

in the presence




Characterize: FR1F
reactivity ratio: 3% X%

Of"':%E ...... ﬁﬁzﬁ@)ﬁm"ﬁ‘, He

questioned in the presence of a large

was




Parameter: 2%} number of people.

Coordinative polymerization, | just as: He came just as | was leaving.
AL (EF)RE in detail: There is no time to explain in
detail

Stereoregular, SRR EE Y
Intermediate, F [8];F24), R4
Electrophilic substitution,3E BB
//nucleophilic substitution, 354 B
Proton, /i T //protic acid, i F &
Aliphatic
compound, g R4k &4/ /Aromatic
compound, 5 E AN E V)

UNIT 5 Introduction to Living Radical Polymerization

Traditional methods of living polymerization are based on ionic, coordination or group
transfer mechanisms.

EHERENZEABEREETE T, CAERERAEBIIE.

Ideally, the mechanism of living polymerization involves only initiation and propagation
steps.

i EEHRAIINER GE S MK R M.

All chains are initiated at the commencement of polymerization and propagation

continues until all monomer is consumed.

ARG RMAIBA NSRS SE, RERKRMGREE T XEIFTA IR AREHEE
5803 .

A type of novel techniques for living polymerization, known as living (possibly use
“controlled” or “mediated”) radical polymerization, is developed recently.
ERIFR T —Fm st B R R SREEREHER.

The first demonstration of living radical polymerization and the current definition of the
processes can be attributed to Szwarc.

B—FEEE HERSHNEN K B AT X —EREREEUE X M AT T Szwarc.

Up to now, several living radical polymerization processes, including atom transfer radical




polymerization (ATRP), reversible addition-fragmentation chain transfer polymerization
(RAFT), nitroxide-mediated polymerization (NMP), etc., have been reported one after
another.

Z|HETNLE, REFEHEHERETE, AR THEBEHERS, M-
MIREEBRE, HEEANTFREFRELE FEFEIRE.

The mechanism of living radical polymerization is quite different not only from that of
common radical polymerization but also from that of traditional living polymerization.
EiEE HERSINEMBES T REHERSHE, AR TEXNE
HEREHHE.

It relies on the introduction of a reagent that undergoes reversible termination with the
propagating radicals thereby converting them to a following dormant form:

ik E HE RSB T AR 5T UK B BT IS &R R, B
FRARBRFH -

The specificity in the reversible initiation-termination step is of critical importance in
achieving living characteristics.

XFPRFRRBY T8 5] - 2% 1k e X TR o T RS R AR e R EE R o

This enables the active species concentration to be controlled and thus allows such a
condition to be chosen that all chains are able to grow at a similar rate (if not
simultaneously) throughout the polymrization.

A ] R B AR E PR D BIIR B FT BAG DA . IXFERUA] DUOREFE A& BT R 24,
ERAERN RS RMEES (R ERH AT RN) A BT840 AT A DB R5% B
K.

This has, in turn, enabled the synthesis of polymers with controlled composition,

architecture and molecular weight distribution.



RHBAT A REAR ERR, WERNS FRESGNESY.

They also provide routes to narrow dispersity end-functional polymers, to high purity
block copolymers, and to stars and other more complex architecture.

XEET] R AEIRBIRE S MR INTHEEL R &Y, RARBRIEERY, BERRERERY
BRI THE RIETE .

The first step towards living radical polymerization was taken by Ostu and his colleagues
in 1982.

EiEE RS R ostufIi KR H T 1982 R 5 TT R Y.

In 1985, this was taken one step further with the development by Solomon et al. of
nitroxide-mediated polymerization (NMP).

19854, SolomonZEX EEAYIFE H HER S AMEFEEE HERSFRAKRE.
This work was first reported in the patent literature and in conference papers but was not
widely recognized until 1993 when Georges et al. applied the method in the synthesis of
narrow polydispersity polystyrene.

PSS TR DO S BGR SChiRE, A E 219934 Georges HHEIX 5 it
MNAEESFERAMRRLIGZIE, AR ZIAA.

The scope of NMP has been greatly expended and new, more versatile, methods have
appeared.

NMPEISUR EL B[R KRER, HIL T HHVE LRI .

The most notable methods are atom transfer radical polymerization (ATRP) and
polymerization with reversible addition fragmentation (RAFT).

&I N BB R R TS B hER SN SRR ES .

Up to 2023, this area already accounted for one third of all papers in the field of radical

polymerization, as shown in Fig.5.1.



220235, XANMFEHNRXEZ LA HHERSTEAXN=02—. WES.157

Ao

Naturally, the rapid growth of the number of the papers in the field since 1995 ought to

be almost totally attributable to development in this area.

REMR, BMN1995F LR, AR E IS SCHERIHER KM 24 582 TR AWM

group transfer mechanism FEHF#EBHLE

commencementH45

living polymerization JEMHR&
living radical polymerization
EHEEHERE

simultaneous reaction“F4T < M.
Specificity KemtE, T, Rtk
nitroxide-mediated polymerization

(NVP)REMNITRE B hERE

atom transfer radical polymerization
(ATRP)E FHEBEHERS

reversible addition-fragmentation chain
transfer polymerization (RAFT) T] ¥ b0 Ek-
W

dormantfRERHY

dormant speciesfRERF

active speciesi&

versatile &) 1Y

Simultaneously 47, BRI 1l

Be attributed to /5T, HETF

Rely on #&K#fi, &K+t

Convertes+++-to++. Jleeeees FEA R

Take the first step FFkffFEEHE

Account for: iEBH

With respect to: H %

in conclusion: &2

In summary: A2

Thus ; hence; therefore;

Equal to: & T
Approximate: X%
In the order to: #%--- X%

Approach: gL

EIE:E

% quarter

1/2 hemi,semi
1 mono,uni
2 di,bi,bis
3 ter,tri
4 tetra,
5 penta,
6 hexa
7 hepta,septi
8 octa
9 ennea,nona
10 deca

Mono- —, EL monomer B4k monoxide

HE ALY monoacid —JCER

Di- =, E, 18, B, X dimolecular

XNoFH]  dioxide —HAY)
BR(Z)ZR

diphenyl

Bi- i, =, X bimolecular X{4+FH

biphenyl BE(Z)ZK

Bis- X bisdiazo MUEE
Tri- = triangle =
methane =5 F k¢

Tetra- [ tetrahedron [YE{E
tetrachloride 4§84 A%

Add i1

Subtraction:J&
Multiplication:3fe

Divide: [

Power: 84

Extraction: Ji

figure 1= Fig. 1: &

trichloro

carbon




Formula: A3\ Diagram: Elfi#

equation lllustration: Ef#

1. macromolecule, polymer | Qutline:#EiR

BT, X “RHF” Table

2. supra polymer BEST Schedule: Xl

3. natural polymer RARBST Chart: %

4. inorganic polymer TALE S F Catalog: H3x

5. organic polymer BIESTF 10. Dimer g7

6. inorganic organic polymer JGAHl-|11. Trimer =4
BHILEST 12. Prepolymer WEY

7. Organometallic polymer | 13. Monodisperse polymer, uniform
EREIEREY polymer BOMEREY
8. element polymer TLRETF 14. Polydisperse polymer, non-uniform
9. Oligomer &3, | polymer LR EY
"EY) “ 15. carbon chain polymer BREREY
16. Heterochain polymer EERED

17. heterocyclic polymer EIETF

Unit 6 Molecular Weight and its Distributions of
Polymers

The molecular weight of a polymer is of prime importance in its synthesis and application.
Prime, YN, AN, HER, BAHN, REN, H—HRN
MEEGVNERMNATE, REPNs TERREEN.

The interesting and useful mechanical properties which are uniquely associated with
polymeric materials are a consequence of their high molecular weight.

L NBEIFHIMEF ERMER 2R S R TR ERNME— R Rk, X
R RSV S TR RN. REUMBNES TEHR T S ABRFNMES
B HMMER TR

Most important mechanical properties depend on and vary considerably with molecular
weight.

REENAZERBAT 2 TE, HFHARES TERUREMRKRZRL.

Thus, strength of polymer does not begin to develop until a minimum molecular weight

of about 5000~ 10 000 is achieved.




B i, B BB/ T B3 K B K5 000~10 000 J53K, A VIRSREEA 46 B H K.
Above that size, there is a rapid increase in the mechanical performance of polymers as
their molecular weight increases; the effect levels off at still higher molecular weights.
Level off--- B[I5 P4, BFE, BE

ATEAPNTRAERR, S TEIEK, REWRIyUmRE s RE ;2%
ERla TR, XA A R,

In most instances, there is some molecular weight range in which a given polymer
property will be optimum for a particular application.

In most instances, ZE XKL EUIRM T  Optimum, JiEXRY, BEE, REESH
ERSZHECRAT, TR RY, MRS HFEEX Mo TREE.
The control of molecular weight is essential for the practical application of a
polymerization process.

Be essential for-=:, Xfe----- @2 AFTH

RE&Wn TEMEFNREIENEFENMAT S RULFEN. HEFRNESIENS,
LRERREVNS TR

When one speaks of the molecular weight of a polymer, one means something quite
different from that which applies to small-sized compounds.

Speak of-++, KZE|-++ee .

IMNMTRB RS0 TRIR, MR AEH TR Tamis TR<E
A—FEHI 7 — B,

Polymers differ from the small-sized compounds in that they are polydisperse or
heterogeneous in molecular weight.

Differ frome::, Heeeooo AR, BA—BG Polydisperse, %578 14RY
Heterogeneous, A5, JEHAHRY,



RV 5/ TERUSYNA—HET RSN TER S RN ERA Y S,
Even if a polymer is synthesized free from contaminants and impurities, it is still not a
pure substance in the usually accepted sense.

Free from«::, /& -+ , Joeee++-..  Contaminant,i5#) Impurity, 2% In the usually
accepted sense---, TEREBE AN RZEZHE X L

BERREMEBRRHUMBA RPN TSR, EMITZEZNEXE, B8R4
AR -

Polymers, in their purest form, are mixture of molecules of different molecular weights.
RABRNREVNREGA RO TENS THHREY.

The reason for the polydispersity of polymers lies in the statistical variations present in
the polymerization processes.

Lie intss, FETreeeeee . Statistical, iC%HYJ Variation [vEari’eiSan],n, ZX{k, ik

RV oiitaETRead B2 RIIEFRL.

When one discusses the molecular weight of a polymer, one is actually involved with its
average molecular weight.

LRI R REVID T8, BRSSP0 TE.

Both the average molecular weight and the exact distribution of different molecular
weights within a polymer are required in order to fully characterize it.

In order to, A [ +e+

NTREHMBAEREY, AMMEFHSTER, FHEAERGUN A0 TEH
The control of molecular weight and molecular weight distribution (MWD) is often used

to obtain and improve certain desired physical properties in a polymer product.



NTRENREREYT P ELEENYEER, RITEEFEERN > TENS T
B0,

Various methods are available for the experimental measurement of the average
molecular weight of a polymer sample.

ER SV FY T RIRRNRTE SR UEHA .

These include methods based on colligative properties, light scattering, viscosity,
ultracentrifugation, and sedimentation.

Colligative property, #K¥uit:; Light scattering, JY&EUET Viscosity, ¥l B i
Ultracentrifugation, B B (045 Sedimentation, T F&iE

RLTEE TR B, LR, MR, BEREOE, JIREE.

The various methods do not yield the same average molecular weight.
A—HRE RN — R F 0 T’

Different average molecular weights are obtained because the properties being measured
are biased different toward the different sized polymer molecules in a polymer sample.
biase [‘baias],#£k, WHFIE, WA

Be biased toward:*., /5 - fw A, fRT -

N E—REYER T AT R, BTSRRI R AR
RREW T TEA—HFIRE.

Some methods are biased toward the larger sized polymer molecules, while other
methods are biased toward the smaller sized molecules.
FUEHTBRARSNREYSFERE (B , TSR s N X8 /» R~
RSN THEmRE BRI .

The result is that the average molecular weights obtained are correspondingly biased

toward the larger or smaller sized molecules.



FrRBRIF 7 TR A BRHRBDINGTH (WE) Bmtk.



The most important average molecular weights which are determined are the number-

average molecular weight Mn, the weight-average molecular weight Mw and the

viscosity-average molecular weight Mv..

eI e B EEF 2 7 TR A B0 T EMn, BT EMw, A 2T EMv.

In addition to the different average molecular weights of a polymer sample, it is

frequently desirable and necessary to know the exact distribution of molecular weights.
BRESVWFESNA—ER S TR, HEREEBHUING TES .

A variety of different fractionation methods are used to determine the molecular weight

distribution of a polymer sample.

A variety of--+, Z# % F£HY Fractionation[fraekSa’neiSan], 7> 2%

2 P S ARBIA — R 7 BB TR R B R A IR SR - T B 0 A7

These are based on fractionation of a polymer sample using properties, such as solubility

and permeability, which vary with molecular weight.

Solubility, YAf&E Permeability, &M

RS TR E AR, BENEERHITREMERN S, X R AR

TR

molecular weight distribution: 27 &2 1
Prime,
BV, EAK, BEN, BN, BfE
By, SE—UHY
Uniquely,
ME—, Fh—JC"Hh, JdUReHh, JERTILEL
Hh
Consequence,
nBUR, ER, EEME, BEX, M, 3
RRE
mechanical property: /7214588, HIMRIERE
Minimum:/ME, B/MY R SCRIBKRRY?
maximum

We should achieve the maximum of
efficiency with the minimum of labor.

Statistical:iC 3% HY. Statistics :i0FZ
Variation: 24k, 2L
Colligative: {KE ).

depend upon the ratio of the number of
solute particles to the number of solvent
molecules in a solution. They are
independent of the nature of the solute
particles .

Colligative properties include: (1) relative
lowering of vapor pressure; (2) elevation of
boiling point; (3) depression of freezing
point and (4) osmotic pressure

colligate vt. Z4S; 255, WIS to tie or
bind together

Light scattering: Y& BT




Today’s maximum temperature will be 40

degrees.

Strength: 52 E. #EE? Module

optimum(E ¥optima): best or most

favorable, Bi&EH M, BEE, BRESHN
Parents should establish\create

optimum conditions for their

children’s growth.

Polydisperse: 24 #(HY . Polydispersity n.

B 8H7? monodisperse

Heterogenous: A5, JEXAEHY.

Homogenous: 33511

Contaminant: 5%J. Contaminate: v.j5#%t

contaminant: -ant:

“eo g7 . “eee3Z” radiant,

defiant(Fkdk XTHLHY)

Be essential for+ % ... RN FH]

Air and water is essential for life.

Speak of+*, Tﬁ@] .........

In the usually accepted sense**

AT {Z%QH’J%XJ:

Free from«** 3 **** o TG,

biase ,R£8, MM, /WA .

Be

toward--+ & - AR, oo .

biased

Ultracentrifugation: 8% & .0 (5 5)
AR
Ultrasonic: #83EHY.
Sedimenation: JTf&Z:
number average
weight: #3508
weight average
weight: E¥) 7+ &
viscosity average
weight: #5353 7 &
fractionation:732%
Solubility, Y& B/ /Permeability, &M
Be associated with++, 5eeeeeees AR
Level off---B7E P4, FFLE, &%
In most instances, fEXZHIRM T: He
failed in the exam, but in most instances,
he is a good student.
A variety of-*, 2 Z-FEHY

The shop has a variety of toys.

His failure was due to a variety of
reasons.
Liein--,

ultra:

molecular

molecular

molecular

UNIT 7 Polymer Solution

Dissolving a polymer is a slow process that occurs in two stages.

BRERS TRE-HEZENIE, XITEIRLSWPERE.

First, solvent molecules slowly diffuse into the polymer to produce a swollen gel.

Diffuse, vt, ¥ 8. Diffusion, n, J B

B T RERY BEIR S T B KR .

This may be all that happens if, for example, the polymer-polymer intermolecular

forces are high because of crosslinking, crystallinity * or strong hydrogen bonding.

B,




REZLER, % RANRRINEAETERIERSTEA, REVPBERIEF BT
RRAFEEX .

But if these forces can be overcome by the introduction of strong polymer-solvent
interactions, the second stage of solution can take place.

A3 B ik 4 SR A G 4 TSR Z R EAME R SR AR, RIS Bt R AE.
Here  the gel gradually  disintegrates into a  true  solution.
Disintegrate, Mi#, Hif#, 703, BiZ; disintegrable, B& (FE/KF) HifER

B, BRIZEHIRR R — P B IERE -

Only this stage can be materially speeded by agitation.

Agitation, ik, agitate, vt, Rk, W3, BF. TE: stirZ APX R

Agitator, stirrer, HSRBiEERES, stirrerSE R EA RMAIIHERESR . Speed,
vt, J3E;  materially, ad ¥R b, SERE, KKHL, AR
REXAPB AT U@ B3 2 i B3 .

Even so, the solution process can be quite slow (days or weeks) for materials of very high
molecular weight. Evenso, EZRIL

BRWE, NESTENMETNS, BRIEREREERN JLREJIFHERD .
Solubility relations in polymer systems are more complex than those among low
molecular-weight compounds, because of the size differences between polymer and
solvent molecules, the viscosity of the system, and the effects of the texture and
molecular weight of the polymer.

BT & FHRFSFZ R ERXA, RIHEUERREY S TR ERASHIE
FIEmERE, BaFRRNBBREXRRLES> FRUEVEIREBZ.

In turn, the presence or absence of solubility as conditions(such as the nature of the



solvent, or the temperature)are varied can give much information about the polymer.



LA (B ST BRI B, B RN TR F 2 A RXMEEY
FIfER.

As specified in the literature, the arrangements of the polymer chain differing by reason
of rotations about single bands are termed conformations.

Specify, X, literature,3CBR, by reason of--- T HIRHE Be termed-
i€ SUN---., MYfi------..arrangement, HEAf, HEF]  Conformation, %
IEZESCER A BT SCRUARRE, B T S IR T B R A WEAR — R
HEAR A 2R -

In solution, a polymer molecule is a randomly coiling mass most of whose conformations
occupy[‘okjupai] many times the volume of its segments alone.

Segment, 88, randomly, TCHNIF], coiling, ZEFIRFEY, mass, ¥, =
FEBRBF, REWMFTRIERKER, TR ER SERS T H B ERNTFS .

The average density of segments within a dissolved polymer molecule is of 10-4~10-
5g/cm3.

BRREMT BRI FY R % E £10-4~10-5g/cm3

The size of the molecular coil is very much influenced by the polymer-solvent interaction
forces.

REY-E7Z RBIE R 1%t 078 B RSPE 1R KB .

In a thermodynamically “good” solvent, where polymer-solvent contacts are highly
favored, the coils are relatively extended.

AR ZE ERFENT, REW-BTWERER, LERMX R,

In a “poor” solvent they are relatively contracted.

Contracted, WZEHY, 45/MHY, Z8%EHY, BITIBHY

A RIEFIF, LR .



It is the purpose to describe the conformational properties of both ideal and real polymer



chains.

i H_ BT B IR R E AR M AN REWHEHR

The importance of the random-coil nature of the dissolved, molten, amorphous, and
glassy states of high polymers cannot be overemphasized.

Overemphasize, [ouva’emfasaiz], i R4

BAVLC R EFRIFEMB, BRE, TEBH, FESHRSTEAKEERNER
AL E .

Many important physical as well as thermodynamic properties of high polymers result
from this characteristic structural feature.

BTV 2 EENYE KRS E R X A 5] Y.

The random coil(Fig. 7. 1) arises from the relative freedom of rotation associated with the
chain bonds of most polymers and the formidably large number of conformations

accessible to the molecule.

Arise  from [T 04, TS EET----- Associate
with--- BB, Heooo RAEBES  Formidably, V1AM, MEXtfTHb, # 52MRH
Accessible to... A+« - FTREBIIE Y-+ .

ToARER (&7

)EERBTRAWE LR E hEm™EN, RAEERBTEREMTT

(5%5) 7T 28 E AR R B4/ . Fig. Tab.

One of these conformations, the fully extended chain has special interest because its
length, the contour length of the chain, can be calculated in a straightforward way.
Contour, #ME, % &, contourlength , fHEKF,

in a straightforward way, EL3ZHE



BATXEHRZ —, BERLMBRNEFTIKRNEY, HTENKE, HENHE
KEA BT R,

In all other cases the size of the random coil must be expressed in terms of statistical
parameters such as the root-mean-square distance between its ends, (r2)1/2, or its radius
of gyration, the root-mean-square distance of the elements of the chain from its center of
gravity, (s2)1/2.

the elements of the chain, &7 - radius of gyration , [F|33¥%, [HIEEE. For
linear polymers that are not appreciably extended beyond their most probable shape, the
mean-square end-to-end distance and the square of the radius of gyration are simply
related:r2=6s2. for extended chains r2>6s2.

Appreciably, FIffiviHh, WRRGEE]H

LB RSYINFRE A S RIFE AR RIPIRAL T, PR b BE B BP0 1 B #5242
Z AT AR AN 2% r2=6s2. XMHIBEENIE: r2>6s2.

The use of the radius of gyration is sometimes preferred because it can be determined
experimentally.

B RIREAEFENEH, HTEMUHRERFAE. center of gravity, E.l», il
TR AR, ML R BARHERSEORRE, WERmZ AR
FiR, (r2)1/28 ¥R, WAFEL (O BETERIR(s2)1/2

For linear polymers that are not appreciably | disintegrate: integrate B*] % 7]

extended beyond their most probable | The rocks are disintegrated by frost and
shape, the mean-square end-to-end | rain.

distance and the square of the radius of | dis-: /. Dislike: ~EXK

gyration are simply related:r2=6s2. for
extended chains r2>6s2. Agitation, HE, agitate, vt, #ERE, B
Appreciably, EI5i13, BJRGERH B, Hah. R stirz AKX
ALURSYNREAEIRIFERHR | Agitator, stirrer, ZHEPEPESE, stirrer®
PR, PR RERIE S MEEE | i2im BA R SRR,

B IAF] CATRIAMHIE 5C: r2=652. XMHRR | speed, vt, #3E;

BNA: r2>6s2. materially,




The use of the radius of gyration
sometimes preferred because it can be

is

ad,%)ﬁl:, ;h)ﬁ_t’ j(j(ﬂ'{_]u *ﬁﬁ"f@
Specify, & X,




determined experimentally.

B AR EENEH, HTEWTUAK
T8 R € -

Arrangement, Hiff, HEFI
conformation: FJ%  conform
fE—8. RS

We should try our best to conform the
newcomers to the new circumstances
quickly.

Segment: #E B
Thermodynamically: ¥ /7%

randomly, JCHENUIHY,

Coilng: ZRHEIFY. Coil: £RH.

Random coil: T3 £k A

Evenso, BRI

Associate

Witheee BEGreee., Heeour RAEERIK

by reason of..: The scheme failed by
reason of bad organization.

arise

from: T+ T2, TSR EFET

------ Accidents arise from carelessness.

vt.

in a straightforward way, EL3ZHE
in terms of.... He tends to think of
everything in terms of money.

literature, SCER
Amorphous: TGETEH], JEMBAHRI. Crystal:

LR

morpho- “JEIR” . “FEZA. Morphology
=

Contour:#}E, ¥, contour length
, HEKE,

Gyration:ig¥%, [H]jiE

gyro- “JE” . “I” . Gyroscope:
=] i@ A%

Mean-square end-to-end
distance:¥J 5 K 5 R

the elements of the chain, &7 .

center of gravity, EL», L.
Contracted, W¥EHY, 48/PVJ, Z5EHY
Overemphasize, [ouva’emfasaiz],id & 5 A

Formidably, M, MEXTATHE, M
7o AR H

Pseudoplastic: & 28 {4

Pseudo: &

Pseudo-first order: reaction #—2% Jx M.
ccessible to: A=+ FTRERITERY .

The goal is accessible to ordinary
people.

UNIT 8 Morphology of Solid Polymers

Solid polymers differ from ordinary, low molecular weight compounds in the nature of

their physical state or morphology.

E AR EMENESNERBESREN T RIESTELEY.

Most polymers simultaneously show the characteristics of both crystalline solids and

highly viscous liquids.

REHREWR DI & BN R AR

X-ray and electron diffraction patterns often show the sharp features typical of three-

dimensionally ordered, crystalline materials as well as the diffuse features materials

characteristic

of liquids.
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