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TONG HOP POLYMER




Radical Chain Polymerization

Ha Thuc Huy



Phan Ung tring hop day chuyén

« Tam hoat dong khdng hién dién san trén monomer

hoac duoc sinh ra tai ché dudi tac dung ctia nguén ning
R luong bén ngoai
- Tam
hoat dong
hoac théong qua viéc sir dung 1 tac nhan héa hoc ( chat
khoi mao)



 Tam hoat dong : c6 hoat tinh cao hon
monomer

 Tam hoat dong

S

DPoéng vai troé phét trién mach polymer théng qua su céng vao
monomer - phan tng diy chuyén

- Su phat trién cia mach polymer ngung lai khi tAm hoat déng bi
bat hoat bdi cac phan ung truyén mach hoac tat mach

* Mn kha I6n so véi phan tng triing ngung



Phan Ung trung hgp day chuyén
goc tu do
I/ Gigi thiéu :Monomer : vinylic , allylic, dien
. o

. |
nC=C > (C-C)

Tam hoat dong : goc tu do
Co ché day chuyén: 3 giai doan — 4 phan Ung:
 Khoi mao
e Phat trién mach
* Truyén mach
e Tatmach



11/ Su khai mao

Khoi mao héa hoc
. _ Khoi mao quang héa
4 phuong phap khoi
mao Khoi mao bic xa

Khoi mao nhiét

1. Khoi mao hoa hoc

A 2> 2R

R.+ M 2> RM.

A . Hoac duéi tac dung
Su phén hlly chat < chia nhiét dé

KM Hoac théng qua phan ting héa hoc



1a. Ban chat cua chat khoi mao

* Hop chat c6 chita N

N- nitrosoacétanillide ~ CeHs — 1\|I - C\: O
N=0 “H

Triphénylazobenzene  (C.H.),— N = C.H.

3

Azo bis isobutyronitrile (AIBN)  °>C—N=N—C, ~
zo bis isobutyronitrile ~N=N-C _
Y CH,” | | CH,
* Peroxydes CN CN

Peroxyde benzoyle CoHls — Cr; -0-0- qj_ CoHs

O O
Peroxyde acétyle CH; - (|:| -~0-0- CH_ CH,;

O O

CH,

|
Hydroperoxyde cumene CH.-C-0-0-H
CH,



1b. Su phan hdy nhiét cha chat khai mao

T
Phu thubc Ban chat chat khoi mao

MBGi truong phdn Ung
* Truéng hop peroxydes

R-C-0-0-C-R —2RCOO — 2R + 2CO,
0 O

Hiéu Gng “l6ng”

RCOO" + R* —— RCOOR

Lam giam tinh hiéu qua cla

chat khai mao . .
R+ R — R-R



Ngoai ra

R-C-0-0-C-R +R — R—(|:°—o—o—(|:|—R

O O C|) O

R

R-C-0 + R—C|3|—O—R’
I
O O

Hodac: R-O-O-H + R > RH + ROO

@ Mat 2 goc tu do cho moi loai phdn Gtng = hiéu qua khoi

mao giam



* Hop chat chita N

CH, _CH, R + N, +R
CH,” ]| | CH, : : -
3 R +R-N=N — 2R +N,

CN @ CN

CH.-N-CO-CH, —— CH.—-N=N-0O-CO-CH,
1\|IO Hop chat diazotique
N- nitrosoacétanillide J

Phan huy & T thap . .
CH. + CH,CO, + N,

|

CH, + CO,



1c. Khoi mao boi phan iing REDOX

Su phan huy cua chat khoi mao thdng qua phan tng héa hoc

Ex : phan tng oxyd héa - khir (REDOX)

st dung pho bién, dac biét 1a phdn Ung triing hop nhii
tuong



Hé REDOX : cho phép thuc hién phan tng & nhiét do thap
hon la truong hop phan huy nhiét chat khoi mao

AH = 40 kj/mol thay vi 120 kj/mol

EX: Fe2* + HO-OH = HO+ HO + Fe3
Fe2* + RO-OR = RO * RO + Fe¥

Fe** + RCOOOR > RCOO + RO + Fe*

0,5-0-0-5S0, + Fe?* > Fe¥ + SO + SO

. OH
R CHOH +Ce ------ > Ce + H +RC



Peroxyde + Amin

* Néu khong c6 amin, HS van toc cla
peroxydbenzoyl la 1,33.10-4 s-1 & 200C

* Néu coé N,N’diethylanilin: 1,25.10-2
l.mol-1s -1 & 600C

e 2,29.10-3 |l.mol-1s -1 & 300C



0 0 ] 0
|

+
CGHS B N(Et)Z + C6H5 -C-0 -0-C- C6H5 —> C6H5 ‘N(Et)Q 0-C - C6H5 ’ CGHS‘COO_

4 _ .
C6H5 - N (Et)2 ,C6H5COO + C6H5 COO




2. Khol mao quang hoa

(|)R
@ — |C|: — ? — @ dicetal benzyl
O OR'
i
@ _ ﬁ _ (|: R hydroxy alkylphenon
O OH
R
@) N C | (®{ minoceton
— —C—C — - ami
\ ; X | N(M@)Z
O R
@ —C— @ benzophenon
|

S
(@[ I@ thioxanthon
C



(Géc tu do sinh ra tir trang thai kich thich phai c6 hoat tinh véi monomer

. Chat cho H
Nang lwong
triplet Géc ty do —* monomer

Hap thu anh
sang

Quenching

polymer
(O,,...)
Photomnitiator  trang thai can ban I

deactivation



*Chat khoi mao quang héa bi cat dat dong ly & trang thai kich

thich
g Tao thanh 2 gac tu do
OR OR
| hy . L
C6H5—(|3|—C|]—X - C6H5—(|]| + (|3—X
O OR O OR
hy

CoH;— C— CH-CH, . CH.-C (|: ~C.H,
[
O OH 0 OH

*Chat khoi mao quang hoa, khdng cé kha néng cat dut dong ly &
trang thai kich thich, sé phan ting véi 1 chat cho H dé tao goc tu do :

monoimner

CeH; — (|:| — CgH; hy CH: - (i|— CH:. + R
0 RH OH |
benzophenon polymer




Pong hoc cua su phan huy nhiét
cua chat KM
* Half life of initiator: ~ |,Al H -

= k,t
aue "
t = ln_Z
P k,
= R, = R 2 f k,|1]
* Efficiency Factor: T T T d
CN 0
ﬂ\ .0 )\N'«N ﬂ\ .0 .0
0 \K lﬁ o l‘)Lo j<
di-tert-butylperoxide AIBN di-tert-butylperoxalate

f=0.65 f=0.75 f=0.95



III. PROPAGATION

RM + M > RM,

Cau tric cua polymer
Quyét dinh Tacticity

Cach thuc cong vao monomer



Biét tinh 1&p thé& ctia mach polymer

1. Cach thuc két hop

Head to Tail
Surcong hop Head to Head
Tail to Tail
Head to Tail sé chiém uu thé
Hiéu Ung lap thé Hi€u tng dién tu

~ronCH — (‘:H Puagc an dinh béi hiéu tng

cong huon
C6H5 oNng g



Ex : cach thirc cong hop

monomer

Styrene

Chlorur vinyle

Chlorur vinylidene

Fluorure vinylidene

Fluorure vinyle

% Head to Head

15

10

10

30



2. Tacticity

H——R H——R H——R
H——H H——H H——H
H——R R——H H——R
H— —H H— H H— H
H | R H | R R H

isotactic syndiotactic Atactic

(heterotactic)



Chain-growth: Tacticity

* |sotactic: all side groups in one direction
HRHRHRHRHRHR

*

HRHRHRHRHRH R
* Syndiotactic: side groups alternating

RHR HR HR HR HR H

*

HRHRHRHRHTRHR

* Atactic: side groups in random order
HRHRRHHRRAHRH

*

HRRHR HH RR HH R



Poi véi tinh diéu hoa lap thé (tacticity), su tién lai
gan nhau cla goc tu do va monomer sé theo
phuong cach lam gidm thi€u t6i da chudng ngai lap
thé

Cau trang thich hop - trans

-~ syndiotactique

< Ex:PMMA



/
H

AW
CH;

CH,

}lh-g-—COOCHg

H §§,,CH3
\\ /
C \\COOCH3

/ COOCH;

Transition state




3.Dong phan cla polydien
1 2 3 4
Butadien CH2=CH- CH = CH2

—~¢CH, - CH)—
1,2 (20%) :(|3H
su cOng o CH,
1,4 (80%) _(CH,-CH=CH-CH, }—

—~( CH-CH=CH-CH, ), ~

Isopren /
CH2 = C — CH = CH2 . (CH, = (FH)n

| ' CH =CH,
CH3

~(CH, ~CH);—
__CH =CH,
CH,




Propagation

I

Re + M 0Of~ R, -

n n+1

Rate of polymerisation:

|
S



Ceiling Temperature

Ay -
Rn * T M Rn+1 *
‘_% [ ]

AG = AG’ + RTInK

= AG" + RTIntes”

R, [M]



AG® = RT Iniim’
R, | [M]

C AS’ - RIn[M|,

For example:
MMA (pure monomer) 220 °C

a-Methylstyrene (25 °C) = 2.2 mol L™



IV. Phan ung truyén mach

Trong qué trinh phat tri€n mach < phan Ung phu di kém
. transfert reaction

g GoOc tu do dai phan tu truyén mach cho 1 phén tt khac c6
chtra nguyén tu co6 tinh linh dong (H, Cl, Br)

RM;1 - Mach dang phat trién
TX ->Tac nhan truyén mach
RM + TX > RMX + T’

T +M> T™



Téng s6 luong mach polymer

Transfert ) ‘
Giam chieu dai mach polymer

* Truyén mach cho chat khoi mao

RM + (CH)COOH > RM + (CH)COO

* Truy@n mach cho monomer

RMHCHZ-(.'ZH + CH,=CHR’> > RMCH,CHR’ + CH=CHR’
R,

o

hoa

C . .

RMHCHz-(EH + CH,=CHR’ - RM.CH=CHR’+ CH,-CH-R’
R’



*Truyén mach cho dung méi

RM,CH,-CH + CCl, - RM,CH,CH-Cl + CCl,
R’ R’

Application - Kiém soat Mn

* Truyén mach cho polymer

- Quan trong khi nong dé cua mach polymer tiang

R’

Phan nhanh

RM CH CH R’ + RCH -C-,..-CH -CH-R”>



EX : PE




Chain Stopping events

e Chain transfer:

e Bimolecular Termination

Re + R o Orf* ., P Combination

n n+m

R« + R+ ON_. P + P Disproportionation

n



Trung hop day chuyén Anionic

ANIONIC POLYMERIZATION



2 ~
Il mo dau :
B + H2C :(‘:H —>B*CH2’(‘:H_
R R
e + H,C-CH — > H,C-CH
) R R

H,C-CH * CHCH, — —H,G CH CH CHy
) R R R R

+t >
R- <>

Nhom thé rat dién ta :

- Lam bén tam hoat ddng anion = lam tang hoat
cho monomer vinyl

-NO2 > -C=0 > -502 > -COOR , -CN > C6H5 , -CH=CH2 >>>
CH3



1.1/ Tinh chat chung

M. MetT * M > ~M.

n’? n+l ?

Met *

- O+ A e .
~Mn - Met : ion héa khong hoan toan, lién két ion co

tinh cOng hoa tri

Anions = carbanions, oxanion, thioanion

+ | . V4 n
Met - Kim loai kiém, ammonium tu cap



1.2/ Cap ion hiru co —kim loai :

Vidu: R, Met
Hoat tinh phu thudc:
*Su phan bé mat d6 dién tir trén R
*Ban chat cia Met*
*Ban chat cla dung moi
o T

*Su hién dién cua ligand tao phuc vai Met*

*NOng do cua tam hoat déng



* Hop chat co kim cong hoa tri phan cuc :
Alkyllitum = c6 mot phan tinh cOng hoéa tri
- Kich thudc cation nho + kha nang phan cuc I16n

organolithium - tap hop trong méi truong khéng phan cuc

NRLI . (RLDN
* Cap ion : ex : Benzyl Natri = kich thudc cation 16n
- Cap ion solvat hoa : C-|3H2 . X THF, Li"
CH:
- C&p ion b phan ly boi CH, * N
ligand |C36H5 L '\/N\j



*lon tu do :

M6i trudng phan Ung c6 hang so6 dién méi cao = cap ion
phan ly thanh ion tu do

R-’ Met+ > R- , Met+

Hoat tinh cao hon rat nhiéu so
v@i cap ion
Il. Tring hop anion cua monomer ethylenic:

I1.1. Khoi mao _
Khoi mao cua tac nhan than hagh 5.
EX (BuLi). «— nBu -Li

e
Lif




Trong dung moi phan cuc (THF,...) : thuong st dung
carbanion aromatic v@i ion nghich la Na hoac K

g o

CHy-C . K+ 7 - CHy C—-CH,-C , K*
| C.H. | |
CeHs CsH: CsH:




2. Propagation

- + _ - +
~CH2-(|3H,Met + \ =~CH2—|CH—CH2—QH,|\/Iet

A A A

Gia ting van tdc phan Ung - s dung céac ligand dentate
N Np
EX: TMEDA ~N N~

\ 7
Tétramethyle tétraaza cycle tétradécante: (N/Nj

Hoat tinh 5000 lan >TMEDA N
NN
Agent complexant

A



Trong dung mei dioxane @O £ =225
g S

Anh hudng cla ion nghic dén
Contre - ion K, (I. mol* .s?) hoat tinh cua td m hoat dong (T=
25°C, d.moi dioxane)

Li+ 0.94
Na+* 3.4
K+ 19.8
Rb+* 21.5

Cs* 24.5



Trong dung moi phan cuc :

THF (g = 7.39)

EX:

~ (PS, Li*) + 2n THF
(PS-, n THF, Li*)

PS, LI

Contre -
ion
Li+
Na+
K+
Rb+

Cs*

160

80

60

50

22

2 (PS, n THF, Li*)

PS + Li*, nTHF
PS + Lit

Kdiss
2.2
1.5
0.8
0.1

0.02



lonic Polymerization

Cationic polymerization



. CATIONIC POLYMERIZATION OF THE
CARBON-CARBON DOUBLE BOND

1.1/ Initiation :
al Protonic acids

HA + RRC=CH, —= RRCA)
I
CH,

HA : Sulfuric acid, perchloric acid, phosphoric acid...

the anion of the acid should not be highly nucleophilic - combination

A
|
=S Eu'{?mr — = RR'C—CH;
CH;



b/ Lewis Acids

AICI3, BF3, SnCl4, ShCI5, ZnCIl2, TiCl4

Organometallic derivatives (e.g., RAICI2, R2AICI, R3CI)

HFE- T Hl{} — HF;DHE
BF3-OH; + (CHyC=CHy — (CHyhCHBF;0H)

AICk + (CHiRCCl === (CH;hCHAICY)

(CHiCHAICL)™ + 6CH=CH, —= (CH:CCHCHA(AICT



Initiation process :

;
| + ZY =— Y-li)

k
YA + M — YMYIZ)

anion IZ is far less nucleophilic than A

* self-initiation 7 AlBrs AIBrE (AlBry)™

AlBr7(AlBry)” + M — AlBnMAlBry)

Lewis acid acts as both initiator and coinitiator

BF;
BF, + M === BEMF === BEM*BF;



Ti>Al>B; Sn > Si; Sb > As
F>ClI>Br>1>RO >RCOO >R, Ar.

c/ Photoinitiation by Onium Salts

A
AdYPFE) — = AndiPFz) + Ars

lm

Arl + Y- + HTPFg)

A
ArSHSHEFE) — = ARSH(SbFg) + Ar-
lH"l:'
ArS + Y. + HYSbEg)

process is a photolytically induced redox reaction between the cation—radical
and HY



d/ Electroinitiation

- HY
Cloy ——= Cl0y. —= HCO,

ST 1 1
EH1=II:‘H — CHrtI?[-I — tITH—[‘HEEHg—tITH
OR OR OR OR
el lonizing Radiation
riion oo, (CHshCSCH;
(CHypC=CHy = (CHyhC=CH; = (CHhC™ + CHy=C=CH,

iy

Stable radical




l.2] Propagation
HECHOC) T BRORT + (0= —  BECH,CICH, F.CHOCHBRO

b

OF " WMHIZT + M — HMM*(Z

Rearrangements - stable carbocations



CHE =|:I:'H o E+ H: shift ]I_]C+
CH-,CH(CH-) O !
! B CH;CH(CH;3) CH>CH2CH{CH3h
] H: shifi
[;I :CH shift {I:H3 ]I‘]
o~ CHCHy — C* wr CHyCH2CH—C+

|

CH(CH; ), CH;

l H: shiffi

CH2 = CHa

p-Pinene



1.3/ Chain Transfer and Termination

al B-Proton Transfer

ke
HMMYIZT + M — M,., + HM1Z

*  HECHC(CH ) F-CH,C(CH),(BROH)™ + CHy=C(CHyy —
(CHy)iC*(BF;0H)™ + HECH,C(CHy), 3 CH,C(CH3) =CH,

*

HE CH,C(CHs ), F-CH,C(CHa 1 (BR0H)™ + CH=C(CHyy, —=

CHy=C(CHy)—CHy(BF;0H)™ + HECH,C(CH3), 3= CH,CH(CHy),



spontaneous

Chain transfer to counterion termination

b
HMMYIZT ——= My, + HTIZY

HHECH,CICHy), - CHCICHBR O —
BF:OH; + HECH;C(CHy) 4 CH,C(CHy) = CH,



Combination with Counterion

ks
HM M¥1LT —— HMMIZ

%* + -
I CHCH 7, CHCHAOCOCRT — HECHCHo-CH,CHo= 0COCF

*

H+CHA-C(CH3)s EIFCHQE:ICHﬂleFjﬂHﬁ_ —_—
[‘I‘ECHI{:[CHﬂ}_i?CHEClCHﬂTDH + BFa

HECH,C(CHs), = CHyCICH )a(BCLOH) - —
Hfleﬂ[CHjjghEHgﬂfHﬂlﬂ + BClLOH



Terminaton occurs by alkylation
2 CHy=CICH B (RAIC)T —= W CHy-CICHiR + RAICI
or hydndation:

A CHy=C(CH([CH;CH,LAICH) - —
NEI‘]zCH[CHﬂz + EI‘]1=CH1 + fCI']jf'Hﬂl.'i]Cl



Chain Transfer to Polymer

* Intramolecular electrophilic aromatic substituation (or backbiting)

H
NCHE-CH-CHE-EHMIZT A (CHy=

* Intermolecular hydride transfer to polymer

4 H H .
~CH=CR + 2w CHy-Cov ——= we(Hy=CR + ~CHy=Cor
H R H R



1.4/ Effect of Reaction Medium

* Solvent Effects

Polymerization rates and polymer molecular weights increase with
increasing solvent polarity

Effect of Solvent on Cationic Polvmerization
of p-Methoxystyrene by lodine at 3¢

Solvent JL;"" (L mol ™ 571
CH,Cl, 17
CH2Cl2/0C] 4, 311 1.8
CH,Cl-ACCl ., 171 0.3l

CCL 012

“Data from Kanoh et al. [ 1965].
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