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Polymers in everday use

Mechanical properties

New applications

Personal care products
Pharmaceutical Applications

BASF, Unilever, Geltex, Avecia, etc
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Control over Polymer

architecture

Graft Copolymers

Star copolymers
Dendrimers

Non covalent crosslinking
Branching

Narrow MWD

Blocks
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Control

Macromonomer

P N e
®* Molecular Weight
Telechelic (Chain Length and Polydispersity)
X/\/\/\/\/Y
B 10 ck ® Chain Architecture
P (Block, Comb, etc)
Graft

®* Functionality

Rate / Exotherm
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M n

Test for Living Polymerisation
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Living Polymerisation

eANiONIC
eCationic

*Ring Opening
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Living Polymerisation

« Rate of termination ~ 0
« Rate of Initiation > Rate of Propagation

. PDi (MW/Mn) = 1 + 1/DP


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Living systems
*constant number of polymer
chains
*no permanent chain stopping
reactions
*dormant and active state
*control of chain-growth
*narrow MWD (Poisson)
*<Mn> vs. monomer conversion Is
linear
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Living Polymerisation

<>No Termination
<>No Chain Transfer

INITIATION

1* + M 7 IM* K,
PROPAGATION

IM*  + M 7 IMM* Kpi

IM,* + M 7 IM,M* Kon
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Rate of Initiation = ki[I][M ]

Rate of Propagation = k,[M*][M]

[M>*]=[I]

Integration leads to,

IN[M Jo/[M] = k,[M *]t

As the rate of termination = 0

[M*] is constant

Thus a plotofIn[M],/[M] vs tislinear
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Degree of Polymerisation = Dp,

Py

i.e. br
Dp, = [M]/[I] @ 100% conversion
Mn=Dp,x M,
(M, =mass of the repeat unit)

Thus a plotof Mn vs % Conversion is linear for
a living polymerisation
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If Rate of initiation (R;) ¥ or > Rate of

Propagation (R,)

and both Ryand R, > Rate of termination (R)

(Ideally R, = 0)

Then

PDi (MWD, Mn/Mw) is narrow and a Poisson

distribution.

PDi

1+1/[DP,]

e.g. For a polymer with DPn = 100,PDi=1.01
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ATRP R

propagation
activation -
+ Cu(llhX
R—X + Cu(l)X — Re o
deactivation

termination

R
R—R R-H + N\
+ Usually copper, but other metals can be used.

+ Usually in organic solvent at elevated temperatures.

+ Low M /M, (~1.1-1.2) possible.

+ Synthesis of block copolymers possible by macro-initiator
route or by sequential monomer addition (in some cases).

Gy or
§
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Mn

Living Polymerization

[MI,

[1o

Mn= xM_ x Conv.

Conversion

e Mn

e Structure
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+

Radical reactions

P—P,

P2

\Pl + P2

M — P+ M

S — p+8¢ {X)

Px — P * Px
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Free Radical Polymerisation

W idely used industrially

®* Advantages:

Very Robust Technique

Wide range of monomers and functionality’s

Almostanything with a double bond

W ide range of operating conditions

Aqueous Media: Emulsion polymerisation

®* Disadvantages

® Highly non-selective reaction

Non-trivial product control

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Living and Controlled
Polymerisations

* Living systems
— constant number of polymer chains
— No permanent chain stopping reactions
— dormant and active state
— control of chain-growth
— narrow MWD (Poisson)
— <M, > vs. monomer conversion is linear
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R-X +  M(n) © R* + M(n+1)-X

X =ClI, Br

R* can propagate or terminate

K. Matyjaszewski: Macromolecules 1997, 30, p7697; 7042; 7034; 7348; 8161; 7692; 6507,
6513, 6398 JACS 1997, 119, p674

V Percec: Macromolecules 1997, 30, p6705, 8526

M Sawamoto: Macromolecules 1997, 30, p2244, 2249
Teyssie: Macromolecules 1997, 30, p7631,
Haddleton: Macromolecules 1997, 30, p2190
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Suppressing radical
termination

RURp =k, [P]2/k,[M][P]
=k [Pk, [M]

ATRP Mechanism

>

CuBr/L + Br—P <C

 CuBr,/L + p-
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ATRP Systems

Metal Ligand Initiator
CuBr, CuCl Bipyridine X
Multidentate amine Eé
RuBr, PPh; + Al(OiPr),
@]
FeBr, PPh, \oJ—<X
NiBr, PPh,
PdBr PPh " /
2 3 0
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Macromolecules, 30 (25), 7697 -7700, 1997.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

2. ATRP Applications

A: Synthesis of polymers with controlled molecular weight

'IEG — ......: r - ......; - :n-l
, 1’
— A it
S 100 0 E i Y T
c | i |
sol | B R
E ] i ;:2 |
g b hk\
= I i P
= 40 ; £ i —l
= J \% ‘
= L -
D- i Liinl. & % iauE ---uml,_n_-i_u.n.u! 7
102 1 100 105 108 107 108
Molecular weight

A: PS standard
B: PS by ATRP

.._.-g——-—-—‘: C: PS by AIBN

Patten, T.E., Xia, J, Abernathy, T., Matyjaszewki, K. Science 1996, 272, 866.
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Factors affecting the molecular
weight control

« Fast initiation > Narrow
 Rapid deactivation MWD
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C'Xlnitiator = C'Xpolymer

. ~—~
Initiator matches Monomer
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Rapid deactivation

Mw Kp[R-X]
—_— = 1 +
Mn Kd[CuXz]
AN :
) [CuX :][P]
.  [CuX][P-X]

V

Kp - Temperature

CONV.=can not go too high

2—1
conv
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B: Synthesis block

copolymers
Macroinitiator method

CuX/L

R-X + My X

CuX/L | M

X-R-X+ M1 CuxiL , ) NP ¢

CuX/L| M»

ABA
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C: Synthesis of star polymers

Matyjaszewski, K., Miller, P. J. Pyun, J. Kickelbick, G. Diaamanti,

Macromolecules 1999, 32, 6526
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Macromolecules, 31 (20), 6762 -6768, 1998
Jiro Ueda, Masami Kamigaito, and Mitsuo Sawamoto

2
R: 0-C-CHCl,

-------------

63700
1.12
0
Caled (4)
o \,
OCCHCI, -
o
CH MeOQ O ‘ _
Ru'AI(OiPr), Caled (3)
CHy CHy | | S
occum(-cuz +cuz—c ci-Ru'" Caled (2)
Cc=0
OCHg OCH; 0 B L '
0 50 100

Conversion, %
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Macromolecules, 31 (20), 6756 -6761, 1998

Hiroko Uegaki, Yuzo Kotani, Masami Kamigaito, and Mitsuo Sawamoto

R R!
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D: Hyperbranched Polymers

Cl

e o

O

O
0= Og\
Br

Monomer-Initiator
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E. Synthesis of End-
functionalized Polymers

0
L/ g
HO/\/\OA&

0
‘ Cl N
—\O/\/\NH%
Cl
. | st

St, MMA, MA

St, MMA

MA (at low conversion)

MMA
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Challenges for ATRP

Low catalyst
efficiency

High catalyst :>-
residual

Purification === Catalystand
ligand waste
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1oo much “catalyst” leads to problems of cost and
residual metal in products.

Rate can be accelerated;
Reduction of copper(ll) to copper(l) e.g. disproportionation
with copper(0) - Matyjaszewski
Addition of rate enhancers e.g. acid, alcohols
Use of mildly co-ordinated solvents

However, for many applications we require
Much lower levels of metal
Recycling of metal

Acceptable rates of polymerisation


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Solution to the Problem ?
+ Catalyst supporting



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Mn and PDI vs conversion in MMA
polymerization by supported catalysts
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Haddleton,

Chem. Commun. 1999, 99.
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Supported catalysts for ATP

o Catalyst
) aans
—N N /N

Cu

Su

Ccl
Potassium
Phthallmlde -
\ DMF

Crosslinked PSTY
bead with 2 %
chlorostyrene N

N S . 2-Pyridine carbaldehyde
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WHY?

8

M < Kp[R-X] > < >
—_— — 1 —_— —
Mn Kd[CuX2] Conv
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Future development

Develop high reactive catalysts

Catalyst
Concentration.

o

Catalyst
residual

¥

N/

Coly

/ 0\
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\ What Can Living Polymerizations Do? |

(P, = AIMJI,; 200<M,<200,000; 1.04<M,M, <1.3 |

Compositions
Homopolymers Block Copolymers  Statistical oradlont ot
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Graft Copolymers

gﬂ + W
] Grafting To
Telechelic Polymer g\, o tional Polym er “\

4 Grafting Through
— '::::—

Macromonomer

Grafting From

qﬂ+w/

NMon om er Macroinitiator
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Brush Copolymer

@ﬁ\fﬁa
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TsCl/ CuBr ! dMbpy
—_—
O anisole, 50 °C

TMS
HEMA-TMS

2-trimethylsilyloxyethyl
meathacrylate

CuuDuongThanCong.com

1. TMS cleavage
KF [ TBAF

-

Q2. Incorporation of o
initiator group

M0

poly(HEMA-TMS)

R
Er

R=H :PEPEM
R = CH; : PE/BEM
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hitp:fpubs.acs org/Macromolecules MAMORBX

OCTOBER 7, 2003 VYOLUME 36, Number 22
ATRP
(HEMA-TMS # 2 ATRP
.. l , Esterification) nBuA

§

(e}

= [51_ :

Br r

Molecular visualization by AF

:

A PUBLICATION OF THE AMERICAN CHEMICAL SOCIETY
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Block copolymer side chains

ATRP
hhnulm nnnnnnnnnn
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Homopolymer side chains

Block copolymer side chains
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Synthests, characterization and application of well-defined

environmentally responsive polymer brushes
on the surface of colloid particles

Mingming Zhang ®, Li Liu **, Chenglin Wu *, Guogi Fu®, Hanying Zhao ", Binglin He

" Key Laboratory of Functiona Polymer Maserials, Minigry of Education, Instituge of Polymer Chemisyry,

College of Chemisiry, Nankal Universivy, Tianjin 3XK71, PR China
® Deparmment of Chemistry, College of Chemistry, Nankal University, Tianjin 300071, PR China

Polymer 48 (2007) 19891997
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Materials

2-(2-Bromoisobutyryloxy) ethyl methacrylate 0
(BIEM)

1]
H,C=C—C=0=CH,CH,-0=

CHs

2-(Dimethylamino) ethyl methacrylate (DMAEMA)

Hydroxylethyl methacrylate (HEMA)

Ethyl -2-bromoisobutyrate

HAuCl4,4H20

NaBH4

Potassium persulfate (KPS)
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H,C=C,_
Cc=0
/
O\
CH
i 0§ H,C ‘
H,C=C=C=0=CH,CH,-0~C~C—Br 4
> CH, CH, Br Br gr H,C” “CH;
(5 BIEM B Br DMAEMA
B L — Br Br —
5%DVB, KPS, 60 °C 5%DVB, KPS, 60 °C Br Br CuCl/bpy, 35 °C
Br Br Br
PS latex ATRP initiator-modified

latex particle PS-PBIEM

PDMAEMA-grafted particle AuCls immobilized particle gold composite nanoparticle

Synthesis of PDMAEMA brushes on the surface of colloid particles by ATRP.
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Fig. 1. "H NMR spectrum of PDMA EMA-grafted particles in CTIDCl,.
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FULISUR LPE NS

0.5

- without adding NaBH,
0.4 |
0.3
-\_‘ﬂ_?_-'\_-_'-:
0.2
UV —vis spectra of gold nanoparticles prepared on PDMAEMA -grafted

01 particles at Au/™N molar ratio 1:20 with and withowt NaBH,,.

WILN aaang Nakes, B -:H‘:\_e

-\-:‘L_\:\_q_‘—"\—'h—u_\._..___-‘__

0.0

L | L | L | L |

400 200 BO0 Fa0 800

Wavelength (nm)

UV=vis spectra of gold nanoparticles prepared on POMAEMA-grafied
particles at Au/N molar ranio 1:20 with and without NaBH,,
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