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3. Cationic Chain-Growth Polymerization (F0o|24)

Of [ B vinyl compound =2 cationic intermediate (¥ 0|28 SZHA)2 A M SEHS O] Y0f L},

CH; CH;
Initiation : CH :C/ AlClsoj CH _E/ =  Friedel-Craft Z0{ AE
2 LY BF; H ® Sew = QHEDE 3%t carbocation O] 44
3 3
isobutylene tertiary carbocation
S T W I il U G P &
Propagation : VA
CH3—<|;+ +CH=C  — CH3(|I—CH2—(|Z+ — CH3—(|3—-CH2—(|3——CH2—L|‘+
CH, < CH, CH, CH, CH, CH,
=  Markovnikov’s ruleOf| [t2f X 7HEES
Termination : (|:H3 <CH, CIZHs CH
/ 2
(CH,)C CHZ-—C|3 —(l 5 230 CHs— ? CHZ—C\ = |oss of proton
CH; CH; CH; CHs

n - n

polyisobutylene

Polyisobutylenes are used as additives in lubricating oil and as adhesives in pressure-sensitive tape and removable
paper labels.



Initiator?} aluminum trichloride(AICL,) & 4% initiation step 2}
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4. Anionic Chain-Growth Polymerization (20| 274)
Alkene0| electron-withdrawing group(EWG)O| =X SHH carbanion S ZHA| 7 &G & = QUC}

Initiation :

Propagation :

Termination :

Iy T
R~ Lit CH2=(|3H i R—CH,—CH LiT
L L

organometallic(8-7| &%) compound2 4= =07 = 3“4.
L2 MAE & o7 T X2l H|H X 2l (delocalization) S &

O] 7|43} resonanceE Lo Z 4= QULH

—_

© 74 carbanion2| 2HH 3}

L2 cyano (CN), carbomethoxy (CO,CH,), phenyl, and vinyl (CH=CH,)& 0| 7} S}C},

e N
o .. CH,==CHL
RCH2$H Li+ g RCHzCllHCHZ(le Li*, andsoon
L L L
LO| cyano group A2
water 5= alcohol= A 7+SHH proton | I|{ 1|{ |
source7f E|01 protonationOf| 2|5H0] HF o CHe—C i <> o CHL—
3= D TP
i i
5
e N

-4 (resonance)



Organometallic Compound
e ———————————————— dry ether
Grignard Reagent R—X + Mg - ~ R—MgX

a Grignard reagent

Grignard found that when magnesium turnings are stirred with an ether solution of an alkyl or aryl
halide, an exothermic reaction occurs. The Mg, which is insoluble in ether, disappears as it reacts
with the halide to give solutions of ether-soluble Grignard reagents.

R R
g
O
R — Mg— x  Actingasa Lewis base, ether Ether oxygen helps to stablilize the
5 stabilizes a Grignard reagent. magnesium through coordination.
Pl Y
R R
th
CH,—I + Mg ——  CH;Mgl
methyl methylmagnesium
iodide iodide

QBr+Mg cther QMgBr

bromobenzene phenylmagnesium bromide



o— o+
R—MgX Grignard reagent RO| carbanionX & g =SHC},

- .
R—MgX + H—OH —— R—H + Mg*"(OH) X~
stronger base  stronger acid weaker acid weaker base

ether

p-bromotoluene p-tolylmagnesium bromide p-deuteriotoluene



Organometallic Compound

Organolithium compound
o+ o— ether o— o+

R—X+2L —— R—Li + Li"X~™
an alkyllithium

It can be prepared in a manner similar to that for Grignard reagents.

2 Li D50
CH,CH,CH,Br —— =  CH;CH,CH,Li »  CH3CH,CHoD
ether
+
LiBr
Acetylide (eq. 3.53)

R—C=C—H + Na*NH,~ 4N _p_ Cc=C: Na*+ NH,

}  sodium amide a sodium acetylide

|
this hydrogen is
weakly acidic



Problem 6. Methyl methacrylate can be polymerized by catalytic amounts of n-butyllithium. Show the intermediate
carbanion is resonance-stabilized.

+
CHs Li

n-C4H6-Li + )\ /O —_— n-C4H9\)\
AU ¢

OCHs OCH3

I

CHs CHs
n'C4H9\/*\/KC/'O“‘ D n'C4H9\/KC
CO,CHg3 I J [
OCHs i OCH; |
l and so on CH?’Oﬁ‘/‘k CHs

(|:H3 :0O:
—— H,C— Cl:_); poly(methyl methacrylate)
CO,CHs



Problem 7. Ethylene oxide can be polymerized by base to give carbowax, a water-soluble wax. Suggest a
mechanism for the reaction.

CH, —CH, O HOCH,CH,-OCH,CH,+-OCH,CH,0H
>0
ethylene oxide carbowax
Ce -
/ \ —_— HOCH>CH>O
H,C—CH>
HO
(/O\ HOCH,CH,OCH,CH,O ~
—_—
H,C—CH, 2T Iz
HOCH,CH,O ™

HOCH,CH;0— (CH2CH,0) —

carbowax (PEG, PEO)



5. Stereoregular Polymers; Ziegler-Natta Polymerization

A Ziegler-Natta catalyst, named after Karl Zlegler and Giulio Natta, is a catalyst used in the
synthesis of polymers of alkenes (olefins). > ZHOIE LHTH S2EE 1963 L& 3ot 2 35 =&

stereocenter

CH2=(|3H — —CHZ—(?H—CHg—(FH—CHz—(IZH—
L L L L

H, CH,H CH,H CH,
/, / f, / ZC/ ’,C/

~
~cH, cHS cHf cHS

= atactic: stereocenters have random configurations ! I 1 I\! I 1 I 1 W
™1 1 1~ 1 1 (a) (b)

Isotactic: stereocenters have the same configuration

~

(syndiotactic)

= syndiotactic: stereocenters alternate in configuration (isotactic)

Z2 monomerE &2 UK T M E CHE physical “
propertiesE 211 Q'Ef.

(atactic)

Isotactic and syndiotactic polymer+ crystalline O| 11, atactic polymer= amorphous©O| L},
Isotactic and syndiotactic polymer+ stereoregularStil, atatctic polymer= stereorandomStLCt,



Polypropylene

H H H HH H H H H H H H H H H H
T T e
CH, H CH H CH, H CH, H CH; H CH, H CH, H CH; H
CHb H H H CH,H H H CH,H H H CH H H H
bbbl b L Ll L L b (syndiotactic)
I T A A A PR A AR

e |
(syndiotactic) E _ﬁ:_H @$_H H_(F

H—{—H H—{—H

W H_$4© Hji‘;@ @7(%_}[

7 7 77 7 H=—H H——H H——H

CH; H CH3 H H CH3 CHz H HAF‘@ ('[‘—H @$—H
H——H H H

0 R G



T, syndiotactic

20 °C 0 °C —8 °C
PMMA 100 °C 130 °C 120 °C
Of DB FAHQI AL AW UXE 0] YOD TH FHNL DYO= woj ZYI HRE Tt
OfEhE| B2|AE|M T} 20| O] OB AHYO 2 TS 4 glck
Sxbe 2p7|of B2 BUOR M7l DAt FAKOE WA 4 7| GEO|C
(Of: 32t BOILt Axtet M4AHS BILHO) 471 4IPLE BT XIS B 47]E oYL

Ziegler and Natta of mixed organometallic catalysts that produce stereoregular polymers was a landmark in polymer
chemistry.

One such catalyst system is a mixture of triethylaluminum (or other trialkylaluminums) and titanium tetrachloride.

Cl =N
Cl., | A ol CH;CH— AL, CH3
“Ti L., | Al | 2 CH,
c1/| N ;Ti\.,. + H3CH2(:”M‘CHECH3 — = Cl., | A
C1 o | N "'---Ti\\
ED19| FIEHS2 HIOI2E “l a” | o
d-2HIZS ALY AL cl1
O] Al(C,H.),Cl= *H—Pol O E1E= =070t ElEts0|A ©of=2 O 1pPg o ol
M StLte| HARKE F oo} b HaC
~ CHyCH, —AL; 11{ H__CH,
O|=Z¢ge| pi TA=0| d orbital= 2Lt Cl | 2
T Cy
a”” | Sa
Cl
Z2mA0| x-ARSES ElEHEY
HO2E d-2HSES A2A 2UL



What is glass transition temperature (Tg, /72/Z&10/2£) 2

The glass-transition temperature 7, of a material characterizes the range of temperatures over
which this glass transition occurs. It is always lower than the melting temperature, 7., of the
crystalline state of the material, if one exists.

What is glass transition ?

The glass-liquid transition or glass transition for short is the reversible transition in
amorphous materials (or in amorphous regions within semicrystalline materials) from a hard and
relatively brittle "glassy" state into a molten or rubber-like state, as the temperature is increased.
An amorphous solid that exhibits a glass transition is called a glass.

Hard plastics like polystyrene and poly(methyl methacrylate) are used well below their glass
transition temperatures, that is in their glassy state. Their 7, values are well above room
temperature, both at around 100 °C (212 °F). Rubber elastomers like polyisoprene and
polyisobutylene are used above their 7, that is, in the rubbery state, where they are soft and
flexible.

In ironing, a fabric is heated through
the glass-rubber transition
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R R R CH=CH; R R
| |

| !
/ CH=CH- '. insertion /
~~CHCH,—Ti porar “’W‘CHCHZ—TI\ S wCHCHzCHCHz—Tl\ and so on

step

(coordination of the monomer to metal)
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Coordination and insertion occur in a stereoregular manner and can be controlled to give either an isotatic or a syndiotatic
polymer.



Z2|OtM| E 3l (polyacetylene) and conducting polymer

olymerization
I L - e NS YL Y
acetylene molecules polyacetylene

oxidation

radical cation

CH CH H CH  Emwne
PO G G

i Polymerization
Y
o / / - y =
“cH \cn{ Nl ot > Polyacetylene I e
CH ./'CH /.CM\ /CN\ Alternative bonding / // @ N N N /
\CH \Cl'i \CH CH 2 representation
" NP NN
\J Doping with iodine
CH CH CH CH  Pproduces polymer with
/-/ - ,/ Z . electron vacancy (positive)
\cﬂ/ \CH/ \CM/ \cﬂ/ charge carriers



Substituent Effects:
Solubility _ R R R R R
Conductivity doped with |, R=Me, Br,Cl...... etc.
> 10 S/cm doped with 1,; < 0.001 S/cm
Steric hindrance effect of substituent is very important
Because,
- R group destroy the coplanarity of the conjugation system
Reduce electron mobility of intrachain and interchain
N NFNANF
N " Coplanarity gives best overlaping
between n orbitals
Coplanarity s U_
is the key for full overlaping
grining high - Distortion from coplanarity
conductivity , T e reduces the electron mobility

partiél ovéﬂaping

\WW * 90° distortion lead to conjugation defects
i

no overlaping



In the beginning...

H. Shirakawa, A.G. MacDiarmid, and A. J. Heeger first reported
polymer conduction from oxidized (“doped”) polyacetylene

J. Chem. Soc., Chem. Commun. 1977, 578.

H\ /H H\ /H ( CH) o = 10° S/cm (insulator)
C=C C==C x |
/ \C=C/ \ ° =C/ o = 38 S/cm (conducting plastic)
/N / 0\
H H H H 2000 Nobel prize in Chemist

Alan McDiarmid
dances the Mauri’s
‘Haka’ during the
‘Nobel’ ceremony in
Stockholm, 2000

* 1986, Organic photovoltaic cell OPV (Ching W Tang, Kodak)
* 1986, Orgaic field-effect transistor OFET (H Koezuka, Mitsubishi)
* 1987, Organic light-emitting diode OLED (Ching W Tang, Kodak)



Conducting organic polymer= & 2|21 22 metal2 O = U= =EO|LH

IodlneOE doping2t 4 organic polymer2| ™ =4 0| Z7}3HLt, (lodine= At2LA| 2 A polyacetylene
£ radical cation@ 2 DHECL})

The charge can move along the polyacetylene chain and also be transferred from one polyacetylene chain to
another.

Organic polymers are lightweight and strong yet flexible.

Ol2{3t Mg DEXt9| 2740 Z 20004 O Shirakawa, MacDiarmid, Heeger7t 352 2 -l o} ahA

o o — -1 O
= T IO,



