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nylon

Zippers and shoelaces are made of nylon.

Polymer (macromolecules) : built by repetitive linking of many smaller units called monomers (EF2FA).

natural

Polymer

¢ synthetic

(small) molecule

carbohydrate, protein, nucleic acid

Nylon, Teflon, Styrofoam, polyurethane, polyethylene terephthalate (PET)



1. Classification of Polymers

Xt * Free-Radical Chain-Growth Polymerization

HT

Chain-growth polymer (addition polymer): G144 %& 11

 Cationic Chain-Growth Polymerization
* Anionic Chain-Growth Polymerization

polymerlzatlon

n CH,=CH; — +CH,—CH,

ethylene polyethylene

alkeneO| monomer2 &£

= catalyst required for initiation

= polymer= monomerl| 2= XSS ZOHC}

Step-growth polymer (condensation polymer) TtA| A& & X}
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HZN(CHz)éNHZ T HOC(CH2)4COH NH(CH2)6NHC(CH2)4C 7 +2#6 H—COH
1,6-diaminohexane hexanedioic acid nylon, a polyamide (H20)
(hexamethylenediamine) (adipic acid)
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= Monomers usually appear in alternating order in the polymer chain.



2. Free-Radical Chain-Growth Polymerization (Xt2IE &)

Free radical : an atom, molecule, or ion that has unpaired valence electrons
highly chemically reactive towards other substances
They often dimerize or polymerize if they come in contact with each other.
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Reactive Oxygen Species (ROS)
e = unpaired electrons
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Table 14.1  Some Commercial Chain-Growth (Vinyl) Polymers Prepared by Free-Radical Polymerization
Monomer name Formula Polymer Uses
ethylene CH,=CH, polyethylene sheets and films, blow- 'i' 'T'
(ethene) (PE) molded bottles, injection- C—C
molded toys and housewares, [
wire and cable coverings, H H/,
shipping containers
propylene CH,=CHCH,; polypropylene fiber products such as
(propene) (PP) indoor—outdoor carpeting, car
and truck parts, packaging,
toys, housewares
| packaging and containers B
styrene CH,~=CH polystyrene " (Styrofoam), toys, recreational
(PS) equipment, appliance parts, H
disposable food containers 7707(%
and utensils, insulation |1| |1|
acrylonitrile CH,=CHCN polyacrylonitrile sweaters and other ) "

(propenenitrile)

vinyl acetate
(ethenyl ethanoate)

methyl meth-
acrylate (methy.
2-methylpropenoate)

vinyl chloride
(chloroethene)

tetrafluoroethylene
(tetrafluoroethene)

I
CH,=CH—O0CCH3

I
CH, = C(CHy)— COCH,

CH,=CHClI

CF,=CF,

(Orlon, Acrilan)
(PAN)

polyvinyl acetate adhesives, latex paints
(PVA, PVAC), polyvinylalcohol(PVA) 2t 25X

clothing

polymethyl ks |objects that must be clear,

0
Hsc)J\o
4

methacrylate (Plex1§|as

Lucite)

polyvinyl chlori

(PVC)

(PMM

de WI-;. >

transparent, and tough (Z! I 725 XHERLS)
A) a lightweight or shatter-resistant alternative to glass.

plastic pipe and pipe H C'
fittings, films and sheets, c
|

) &

,x, W floor tile, coatings

polytetrafluoroet wylene coatings for utensils, F
(Teflon) (PTFE) electric insulators &
(hydrophobic, non-reactive(L{2tstd 2==), H A i
4,027 ojimet DN |C g el

Xl ore PTFEO] CHSH R047} 912

In 1941, Dow Chemical invented a Styrofoam process. In 1954, non-stick pans under the brandname Tefal.
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Linkage in head to tail manner, == 7}~

Termination
step:
WCH2(|3H

(radical coupling)

Initiator adds to the least substituted carbon.

—— In—CH,—CH
" ‘o Why? (two reasons)

L 1. less hindered
carbon radical 2. L stabilizes carbon radical
'/\EH{\ZQJHL .
InCHz(liHCH2$H = InCH2(|3HCH2(|3HCH2(|3H — and so on
L L L ¥ L
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The extent of the chain propagation reaction depends on several factors, some of which are the reaction
conditions (temperature, pressure, solvent, concentration of monomer, catalyst, for example); the nature

of the monomer, especially the substituent L; and the rates of competing reactions, which may
terminate the chain.

,CHE CHZ\\ chz,ﬁH chz,ﬁH chz,ﬁH chz,ﬁH f

st}rrene pnl}rstyrene

Problem 1. In PS, draw the intermediate radical, and show how it is stabilized through resonance.

The odd electron can be delocalized to the ortho and para carbons of the phenyl group.

TOT 0

= polymer chain
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initiator .
| | | linear polymer only
j L L L

vinyl monomer vinyl (or chain-growth) polymer

CH,—CH -dical, —CHzﬁ:HTCHZCHTCHZCH—

How about branched
chains?
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WCHzﬁiw "“CHz(l?“““ - DEXBACHHO|M S 7HK| AT BHS: 1. chain propagating
step, 2. chain-transfer step.
L / L P P
midchain radical branch = Monomer2| &5 solvent, s s 2% SO L2tM & 7t
from eq. 14.9 point X 78 gt32| 227t etz

= Radical additionO| O % W& B %, polymer= linear oij & A O| L},

= Radical addition 28 0] =& &%, chain-transfer reaction2| 754 0| =0tA branch”} B£0F& A
O| Cf,

» O£ =9 chain-transfer reactionO| radical addition2| 1/10 == 2}H, 1070 2] monomers 0| linearst
A gt 4ol = 170 Q| branch7F @ = Z{0|Ct,



CtE Chain-transfer reaction?] O (E2|H2| X2 == Als 40| =H)

hydrogen

~~CH,CH + RSH abstraction ~CH,CH, + RS+
L. RS - 2 reactiveStX| QFOFA
L L RSSR  polymerizationstX| @411
thiol Does not add to disulfide?} &l C.
double bonds;

dimerizes instead.

ThiolO| chain terminator 7} EICt. Polymerization= & thiol = additiondtH =T,

Chain-transfer reactions can be used to control the molecular weight of a polymer.

Therefore, thiols are chain terminators, and when added to a polymerization reaction mixture in small
amounts, they limit the polymer chain length.

Free radical chain growth polymerization2 0f % & 2| 2 O{L}7| I Z 0| 10007H O| & 2| monomer=0| AtE S
O|F =0 12 O[LHO| = 7} StCt.

benzoyl peroxide
CH2=CH© - 4+ CH,—CH

styrene polystyrene

PSO| Ewt ZAIE2 1~3 HH0| & =

ALt (n = 10,000~30,000)

Polystyrene popcorn used in packaging



Amorphous (F8d): 1EXt AFS=0| =7&5HA| Hi &, Chains are not regularly aligned, as in crystal.

Thermoplastic (B7F2&4): p

olymers can be reshaped by melting and heating, = &%= U= HESH 017t AS.

AN -
Thermosetting (BAd2Hd): €2 7t = =X =Lt 52 2T 0|A H|Z7I9d 287t Lo

IT - —

Cross linking (7t 2gh): S2|H{ 7t THEHSHA| ZotA| 2SO TIL} Ztn 7t gl 4

PS is an amorphous, thermoplastic polymer.

Styrofoam: 7152} 0| M pentane2} 22 X EX2 Q| Etat=AF HIHSHH
OFEO{ZICH Za|M7t 7= ) pentaneOI SEOIHM ZZ|HE T EA7|

O =0 2 Q0| 7| Z 7t A,

CH=CH, CH=CH,

s CH— CHZ*(H*(H —CH—CH,~

styrene

(mostly) CH=CH, o CH— CHz—(H CH,—CH—CH,

p-divinylbenzene
(0.1-1%)

cross-linked polystyrene

o benzoyl eHa Al 29| p-divinylbenzenes &7t
T peroxide St cross linking 2145 0| Y 0f LY,
V‘ O C|CE

It can be rigidified through cross-linking.

(e.g. BTEE 7|, ME[A0|2)
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SO, Na* SO, Na*
cross-linked polystyrene schematic structure of an ion-exchange resin

ion-exchange resin(0] 2 W2t =X|)

Ca?*, Mg?* 0| 252 7H|= d+&E Na*0| 2= 2 L M3 =L,

Aromatic ring2| SO;H
. HFS
Sulfonation BH8 + H,80, —= + H,0
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SO,H
SO,
H,SO,
benzenesulfonic

acid
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Cl .
polyvinyl chloride (PVC)

(“) CH,CH,

C—O—CH,CH(CH,);CH,

L—

” O—CH, (|3H(CH2)3CH3

CH,CHj;
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Problem 5 Using a three-monomer segment, write an equation for
a. the reaction of polystyrene with Cl, + FeCl,
b. the reaction of polystyrene with HNO, + H,SO,

a b.
d, l FeCl, HNO l H,S0,
K Y x Y

QO giele

a a a NO, NO, NO,



© + HONO," Sty + H,0
X

: + Xy FeXs + HX
Halogenation
X =Cl, Br
SO,H
. SO;
Sulfonation @ + HOSO;H et (j +H0

R
Alkylation + RCl Alch - + HCl
(Friedel-Crafts)

R = alkyl group

Alkylation © oo
2= 2

Electrophilic Aromatic Substitution

CH,CH,

+

o

Acylation 7 AL
(Friedel-Crafts) + hel




