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6. Diene Polymers: Natural and Synthetic Rubber

Natural rubber is an unsaturated hydrocarbon polymer.

natural rubber €, CH,=C—CH=CH,

|
CH; \\

head isoprene tail
2-methyl-1,3-butadiene

ok

Ziegler-Natta=0{ £ 0|23}0] Q2™ o 2 st = JHs3|Ct.

head tail head tail  head tail  head tail

Latex (natural rubber) is

obtained from the rubber
tree. isoprene molecules

(R3AI—TiCly)

:\ ¥/ NP Y XY T & 7 Ziegler-Natta catalyst -

(G +F2 +U0 =z 2F

O-IO-III)

1
!
I
1
I
I
I
I
|
¢

atural rubber segment (all Z ) (Cis)

double bond 7} A= LHO}QI 1, Z geometryE 2+ QI C}
(cis polymer)



Problem 9. Gutta-percha is also a polymer of isoprene with E double bonds. Draw the structural formula for a
three-monomer segment.

ol E: isopropenel| 7+ X7} LI E.

gutta-percha

= REEo 1R = A=l A= S et CH=X| 0 & 2AHE0| 188tZ H 1 0] 32 EHEFA| 7} 15,0007 Of
20| L.

= M9 (Crude) rubber= gazgge 0| 2| 0f| = 2.5~3.5%2] CHal &l 2.5~3.2%9| X4}, 0.1~1.2%2| 2, 12|10 A2
o 27|20 m3HE|0f ULt

= MILFEIHE EHAZ AL 23 B LIAL B2 Z0ls =¥ oA FAXH HES K= BHEO|

=  Vulcanization(Z}2h X 2| £ S}H Z2| AFEE 0| cross linking(Z}F
ﬂﬂ%ﬂ%%ﬂéqu%ﬂﬂE%EE%qﬂLqu7M

—

H

polymer chain

stretch

—_—
e
release WNV’;WW

cross-link



18390 O 7| M U2 0|7} HADNRE F O €12 U= HElZ U= T USLICH O] AFRFO| A
710l & A F0|0{(Charles Goodyear)L|Ct. D= MATET E 2A0t2|E =10 2 FE HizlslH &
2t2 20t2|0f 20210 USLICE O] AT AL O|F = 0| &2 Ha2 177t =X| 0 g2
HelA EX e HElhs A2 LA EAE. Eot 012 =2 A2 SN &A XX = AS Lot
= 0|4 E 7tz 12 (vulcanized rubber)2} & &5 L CH
wwn— CH,—CH=CH-CH,—CH,— CH=CH-CH,—CH,—CH=CH-CH,—==~
.fS_S\
wwne— CH— CH=CH-CH;—CH;— CH=CH-CH;— CH;— CH=CH-CH; + SI SI
S, 8
5—58

swe— CH—CH=CH-CH,—CH;—CH=CH-CH,—CH;—CH=CH—-CH,—»~~

w— CH,—C
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= 180 =70t HELFZ EHO|0f & 2t= B7 Et0|0fel S7|¥=S A= M3 OFRHEt. 177t Ch Li&-g(porous)O|
U7| =2 O UL,
~ MY AR FARSHHME stetMo 2= T E GE S 7HX= &8 L F(synthetic rubber) 7} 712 | RACY.

Elastomer: rubber-like polymer

nCH,=CHCgH; + 3n CH,=CH—CH=CH, ="
styrene (25%) (75%)

CsHs

CH & & Q1 elastomer

Styrene-butadiene rubber (SBR)

= 20%2| butadiene-2 1,4 additionO| Ol 1,2 addition B4l © 2 Zotg| 7| & SIC}
» MADE2QL EF2| double bond= E geometryS 2+ 11 QL.
- MM 7o THels RoiEL

- SBRO| Gi7HAbAREES H QI T2 MAtZRO| & Hj O] AfO|C}
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E0] 0f

SBROJ| carbon blackO|2H= = RIM|2 H0{A{ EFO|0{O| LI T1AIS 10HH O AF 7} A|Z 2 QIC}.
(EtO[0{7} A= O[7)

Carbon black2 EtE A0 7}& 2| AFRE|= STN 0|, ZA L, QAL LIORH S22 SMA 7= 9
sh2 SiCt,

Problem 14.10 Draw the structural formula for a three-monomer segment of poly(1,3-butadiene) in which
a. additionis 1,4 and double bonds are Z

b. additionis 1,4 and double bonds are E

c. additionis 1,2 for the middle unit and 1,4 for the outer units, with double bonds Z

X X X
Epoly(1,3-butadiene)

Zpoly(1,3-butadiene)




7. Copolymers (2&=¢H|)

Homopolymers (Tt Z&H) ot7HX| monomer2 £ & Bt E2|0
il
—AAAAA— —A?AAA— —AA1|‘\AA—
AA— —AAAAA—
linear branched cross-linked

Copolymers (Z2=8HH|) monomer mixture 2 £ £ 0t= Z2|H

— ABABAB— — A ABABBA — — AAAAABBBB— —A/|\AAT‘\AA—
—BBB BBB —

alternating random block graft

Radical A- reacts rapidly with B but slowly with A, and B- reacts rapidly with A but slowly with B.
alternating —~ABABAB-.

Monomers A and B are equally reactive: random —~AABABBA-.
Monomer A is much more reactive than B toward all radicals. A will be consumed first, followed more
slowly by B. A mixture of two homopolymer: -(A),-and-(B),,-




Problem 11. 1,1-dichloroethene and vinyl chloride form a copolymer. The monomer units tend to alternate in
the chain. Draw the structural formula for a 4-monomer segment.

Block copolymer2} graft copolymer= E &t BB © = OF= 0 RILC}.

Block copolymer: Monomer A7t 25 SBFA| 74 A A ZFISHY block A
—AAAAABBBB— —AAAAAAA— Bl
| | £ 0=, monomer BE A 7}510 S¢S A|2HSHH block B7| BH=
—BBB  BBB — ofziCY.
block graft

Graft copolymer: Monomer AZ O| & 0{ %l homopolymerE BtE 2

= -1 T

monomer BE M 7}51 04 homopolymer AFE 0] Q= ZH2 7| (double

M 1O

bond) 2 £ Ef 22 S22 AIFHA MEL blockS HE2A|ZICt

= -H7/

Addition of free radical initiator R- and second monomer (styrene) will graft onto the polybutadiene backbone
III R

|

¢ _,(‘I HCH,CH— CH_)('?H(T H 3(’3 H—
|
Ph Ph Ph Ph

poly-1,3-butadiene with polystyrene grafts



SBS1 &2 ]
(Poly(styrene-butadiene-styrene)) = ;

—Ecuz—TH—]“—Fc\H; CHylg—HCH—CH
[

SBS11 2 (Poly(styrene-butadiene-styrene), SBSR) = SHLhsE N2 2 A AlgF BIAF EFO|O] S2F 20| L+
40| 1 &[= 20| AFE Lt

=5 STYMEM THEMZM LE[H D 2ECAS AR S RALE

Orz D&t 20| Z2|AE[HArSALO[0| Z 2| FEIT|AALS O]

SEEEEES

Scl AFd Zo| AEA
2= 8=

[ 2=

(Block copolymer)

PS (polystyrene) : glassy
PB (polybutadiene) : rubbery



8. Step-Growth Polymerization: Dacron and Nylon

Reaction between two monomers which are difunctional.

B e Nt Pl —— e i s s Py o i P ae: P

O
—H0O
HO~OH + HO,CwCO,H —>—+ HO~0—C~CO,H
diol diacid alcohol  ester acid
(polyester)
00
HO—OH .~ HO#+O—Cw=C—O=~OH
: diester-diol
I 0 0
~~CO
HO 0 —Cr=COH 22228+ HO,C o C— 0=+ 0—C~CO,H
alcohol-ester-acid . diester-diacid
] P 0 0
HO~»QO—C~CO,H
i HOss0— O C— 0w l—CCOH

alcohol-triester-acid



Problem 13. What product will be formed if a diacid is treated with a large excess of a diol?
If a diol is treated with a large excess of a diacid?

n 0
HO,C v CO,H + HOwWOH —» HOwO—CwC—O w OH
(large excess) diester-diol
n 0 n I
HOwOH + HO—CwC—OH —» HO—CwC—OwwO—CwC—OH
(large excess) diester-diacid

Problem 14. Kodel is a polyester with the following structure, from what two monomers is it made?

0] O
EAQ*(HZ—O—CHZOCHZ—O HOZCO CO,H  and HOHZCO CH,OH



Biodegradable polymers

0 0

|l [l
HO-CH,-CH,-OH + Ho-cOc—OH

Ethylene Glycol Terephthalic Acid

R { O—C CH,-CH,-0 ]‘

J A Spun into fiber, textile

Polyethylene Terephthalate :
(PET, PETE, Dacron(brand name)) L)

Poly(lactic acid), (PLA) o 0
O -
\ ¢ H,0 _ HSC\HLO
I Oj‘ H,C  OH OTH\CHB
o N lactic acid 0 . y
(B A lactide (cyclic diester)
-H,0

a biodegradable thermoplastic aliphatic polyester

O [CH, 0
Hoj)Lo 0 ~Hon
CH, 0 "CH,
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Nylon: polyamide step growth polymer

I
c \ﬁ/\/\/c\Cl & HzN/\/\/\/NHZ
0
Adipoyl chloride Hexamethylene diamine
iaci diamine
(diacid) 0 ( ) |
—— eSS SN | spuniinto
(") <> fibers
Nylon-6,6 (polyamide) — > 19384 Dupont
Ol AEHE S
i = B
L
CH, NH
o, cn I
. 8 /% BOUIUC, L NHCH,CH,CH,CH,CH,C+ | Nylon-6,105 & 1T+,
(cyclic amide = lactam)] CH,—CH, (ring opening "

caprolactam

on heating)

O

nylon-6

Polymerisation of e-caprolactam to polyamide &

OH

O
O rno ="
OH
o O H O
MH: + n MH —= M N N H
o f




9. Polyurethanes and Other-Step Growth Polymers

i
O 1 2
|| R\O/C\N/R
R—N=C=0 + R'OH —— RNHCOR' |
isocyanate alcohol urethane R3
urethane (carbamate)2| 7+ =: a single carbonyl
groupOj| ester2} amide groupO| Q! C}.
mechanism . O - 5
. \«J - ool
R—N C= O +ROH — R— O—R’ — R—N—C—OR'
H+\j H ”

Polyurethane-2 diisocyanate2} diol 2| step growth polymerization© 2 & 0 XILC},



Problem 15. 1-Naphthyl-N-methylcarbamate is made from methyl isocyanate and 1-naphthol.

Write the equation. o

<

7
OH CHaNH o)

XY - omem — O

No small molecule is eliminated.

CH, CH, (“)
N=C=0 NH —C—OCH,CH,O~
N
T HOCH,CH,O0H — urethane
ethylene glycol group
N NH
(H: O :(|: urethane group
O OCH,CH,O—C—NH
tolylene diisocyanate [
(TDI) O
ITTH
C=

a polyurethane %



PolyurethaneS foam(Z &) JEfE N TS0 A S Of....
i
~N=C=0 + HOH — ~~NHCOH — ~~NH, + CO, }

isocyanate water carbamic acid amine

S AEF M7} 22 isocyanate?t B2 0| 7+ 3}C}
ZHA| Q1 carbamic acid= 2 9HH 510 &l Al 26} £| O] aminedt CO, S Hi| = $tC}.

I
polyurethane varnish(L| ) » 7|7} AN foam HEYT} EICH = HIIEl 20| k0 2 foamo| UL 7 AN

i
e lN—IC—0 + HolN = —— #=NHCNH =

isocyanate amine urea link

» M El amine2 CHA| isocyanatelt Ht-& = S| A ureas 2H= =7t QUL}.

o
= 0|Z4L cross linking (7}m) &g otC},
.I

=
» Cross linking0| & 4% AM=M0| 45+ HSQ (Spandex, Lycra)7} =ILC}.

polyurethane foam



Other step-growth polymers OH OH OH

CH, CH,
OH
H™, heat
+ CH,=0 —Ho CH, CH,
formaldehyde ’ HO | OH |
phenol
(electrophilic substitution
reaction) ' CH, CH,

OH

segment of Bakelite

(highly cross-linked, ortho- and para position0f| methylene group)

Thermosetting polymer(E€Zdshd D 2Xp: 7} E6tH J7F 7 O FHE|of Dt 2240 S22 H
s, glafof AEf 2 SOpThA| o

o
D "

Bakelite= 7|+ &ZH0|, 1 20| A E %= Q= missile nose cone2| A| = 0f A QILC},

uo



Ivory was highly prized for its beauty, durability, and suitability for carving.

The teeth of the hippopotamus, walrus, narwhal, sperm whale, and some types of
wild boar are also composed of ivory, however never found mcuh commercial
value because of their small size.

Since ancient times, ivory was used widely.

Unless a replacement had been found, elephants would now be extinct. There was
a great need for a synthetic material to replace elephant-tusk ivory. In 1907, the
Belgian chemist Leo Baekeland developed a synthetic replacement, called Bakelite.
This is made by another polymerization process, between phenol and

formaldehyde heated together. The reactions are complex, but the final result is a
hard "plastic™ made of crosslinked polymer chains.

phenaolic resin
ar
‘Bakelite’

This was the first true synthetic material (there are no natural analogues). It was used for
billiard balls, piano keys and knife handles from 1907, and rapidly replaced ivory.



Epoxy resin (0| FA| =X[) 2% 7l M2tY 52 S0l BN L HES /fE

CH,
H,C—CH—CH,—¢Cl + HO C OH —
S |
O CH;
epichlorohydrin bisphenol-A

CH,

((:H3 OH |
|
H,C —CH—CH, ()Oc —@ O—CH, —CH—CH,+0O ¢ O—CH, —CH—CH,
Yo/ | l N/
O =

CH,4 O

n



Mechanism of formation of
Bakelite

OH O

-H* © in the presence of base
O @)
H H
/\l /N —_— CHZ_O_
- S
H

O O
CH, ~ i
¢ OH loss of water
0 o‘} 0 H e
CH, |
\© — 9

OH OH

CHZ\

n



