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1- Controlled radical polymerization vs conventiorediical polymerization
2- I3'CRP mechanism: Reversible Termination
3- 2d CRP mechanism: Atom Transfer Radical Polymerization

4- 39 CRP mechanism: Degenerative Transfer (DT)
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Classical radical polymerization
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Importance of the « classical » radical polymerization

radical | Q Radical polymerization is
polymerization » tolerant towards numerous functions

n H,C=CH ~ {CHyCH) (-COOH, -OH, -NH,...).

O 0 » applicable to a broad range of vinyl monomers
O : substituent > can.be ap_pl_ied to aqueous media (suspension,
emulsion, miniemulsion)
> highly reproducible (tolerant to impurities)

Some examples of polymers produced by this tecleniqu

oly(ethylene .
Poly(ethylene) —  oiy(vinyl chioride) poly(acrylonitrile)




Controlled radical polymerization




Controlled radical polymerization

Conventional radical polymerization

o ———

1- Initiation
2- Propagation : y= k, [P°] [M]
3- Occurrence of irreversible termination reactions: k, [P°]?

Controlled radical polymerization

NO irreversible termination reactions, only initiatiand propagation.
How to avoid the occurrence of irreversible terrimareaction ?
[P°] has to decrease v /v, ]
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Criteria for a controlled radical polymerization

1- Control of the molecular weight

Mn = ([M],/[I],) X Mw(M) x conv

= (my/n;) % conv

A [M], = monomer concentration at the initial stage
[I], = initiator concentration at the initial stage
30000+ Mw(M) = molecular weight of the monomer
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Criteria for a controlled radical polymerization

2- Resumption of the polymer chains

At the end of the polymerization, the chains are end-capped by the controlling agent
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Criteria for a controlled radical polymerization

2- Resumption of the polymer chains

At the end of the polymerization, the chains are end-capped by the controlling agent
= The chains can be reactivated and initiate the polymerization of a vinyl monomer

A
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Criteria for a controlled radical polymerization

2- Resumption of the polymer chains
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Criteria for a controlled radical polymerization

3- Kinetics is first order in monomer

V, =-d[M[/dt = k, x [M] x [P°]
By integration of y.

Ln([M]¢/[M]) =k, x [P°] x

1.2 -

Ln([M]O/[M]))

1 1 1 1 T 1 >
1 2 3 4 5 6 7 8
Time (hr)



Criteria for a controlled radical polymerization

3- Kinetics is first order in monomer

V, = -d[MJ/dt =k, x [M] x [P°]
By integration of y.

Ln([M]¢/[M]) =k, x [P°] x

1.2 1
1.0 1
S  08-
e
= 0.6
=
—
0.4 -
Slope =k x [P°
0.2 - pe =k x[P°]

1 1 1 1 T 1 >
1 2 3 4 5 6 7 8
Time (hr)



Polydispersity: a criterium for CRP ?

Polydispersity = Mw/Mn = size distribution of thelpmer chains.

For most of living and controlled polymerizatioropessedyiw/Mn - 1.

If Mw/Mn = 1: all the polymer chains have the samdength.

Mw/Mn - 1: ONLY if the initiation rate is faster than the propagatrate !!

A narrow polydispersity ilOT a criterium for « livingness » !! T
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CRP: a way to the macromolecular engineering

@mﬁw
Homopolymer 1- Control of Mn
Mn =
(IM1o/[I]p) x Mw(M) x conv.
fCceqafaceaeedaferqiea
Statistical copolymer Grafted (co)polymer
2- Control of the copolymer
SCaafeTg@eeadTa e’ (a composition
Alternated copolymer
3- Control of the architecture
factacastanccai*asaae
Gradient copolymer
4- Control of the functionality
Wm

Block copolymer Star-shaped (co)polymer
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Macromolecular engineering by CRP

358000009

Homopolymer Block copolymel Random copolyme: Gradient copolymer
Graft copolymer

A B, star-shaped  A,B star-shaped ABC star-shaped

A, star-shaped polymer
copolymer copolymer copolymer

More complex
architectures:




1st CRP mechanism: reversible termination

°‘0O—B

/ N

borinate radical

Ph P Ph
N \ Ph
N—N N Ph |
< N |
N—N Y R
° \
Ph

Ph

verdazyl radicals triazolinyl radicals

(TMP)CS

organocobalt porphyrin
complexes

Co(acac)
cobalt(l1) acetylacetonate

R = Ph, CN, CGMe,...
di- or triarylmethyl radicals



The Nitroxide-Mediated Radical Polymerization (NMP)

R R
/ /
%- +  ¢O—N — %—O—N
\ \
R i
Se nitroxide alkoxyamine
@

Two main approaches for NMP:

Bimolecular system:
free radical initiator + nitroxide

e O—N

TEMPO



The Nitroxide-Mediated Radical Polymerization (NMP)

R R
/ /
o o e O—N =  amae—o—N
@ ; A
nitroxide alkoxyamine

Two main approaches for NMP:

Bimolecular system:
free radical initiator + nitroxide

o o swrene Zp @*«5 ?p

95C 3.5h

alkoxyamine

Styrene T >100°C

*O~N [TEMPO/BPO]= 1.2 ©)k% : :

TEMPO



The Nitroxide-Mediated Radical Polymerization (NMP)

R R
/ /
IR T T = RRaage—O0—N
\ \
R i
Se nitroxide alkoxyamine

@

Two main approaches for NMP: Unimolecular system: use of alkoxyamines

Bimolecular system:

0
free radical initiator + nitroxide O—N
0 0 © |
lT
0
e O—N

TEMPO initiator nitroxide




Unimolecular system

@) @)
@) 1 @)

e

Alkoxyamine N

Initiator and control agent

Advantage of the unimolecular system: \J

= improved initiator efficiency @_/<o
= control of the chain-ends structure o o—N

Molecular weight calculation:

M = M, x MW,, x conv
n, th. [A|k]0 M

= (my/N) X conv

Conditions: in the bulk at 123°C

where ny, is the weight (g) of monomer; anc
Nk 1S the moles number of alkoxyamine

Hawker et al. J. Am. Chem. Soc. 1994, 116, 11185




Importance of the nitroxide structure

R K R
o . / deact /
Ph + *0O— N\ — = P,—0— N\
R’ Kact R’

R and R’ govern the stability and reactivity of thigroxide, but also k..et k.., and consequently, the
equilibrium active/dormant species.

Some important nitroxides active in NMP:

>(.j< >Lji© : O_J/ . ROWOR ;

Some alkoxyamines active in NMP:




>

00 0 0

Styrene polymerization

Polymerization time: 4-18 h

M, controlled up to 200000 g/mol
M = IVln,th

n,exp—

M, /M, : < 1.1 until Mn ~ 75000 g/mol and
1.2-1.25 until Mn ~ 200000 g/mol



Butyl acrylate polymerization

\|/ 120°C .
/N\H\ + N ﬁ —»  Poor control (fast polymerization and

@)
\( i CO.BU M, /M. = 1.5-2.2).
P

How to improve the control ?

\!/ 0.05 eq.

1 eq.

\|/ eq -o/N \!/
|

\( Ph n

Ry 123C Ph  CO,Bu

Ph

<@ Polymerization time : 16h at 123 et 48h at 95-10C.
S M, until 150000 g/mol

O I\/In,exp: IVln,th

o M,/M,,:=1.05-1.30

mmp A slight excess of free nitroxideis needed !



Monomers and solvents

Monomers
- styrenes, acrylates, acrylonitrile, (meth)acrgad, isoprene, ...

D T o T e <

isoprene

styrene acrylate methacrylate” acrylonitrile  acrylic acid

where R = 3&/\/N\ ‘ZS_'(/\/O)\ ';LL/\/OH

- NMP inefficient with vinyl chloride, vinyl acetat@nd methacrylates)

@) O R

vinyl chloride

vinylacetate  methacrylate

Solvents

- Most often, the polymerizations are carried outi@ bulk (T > 100°C)
- Non polar solvents (xylene, toluene,...) with a lvansfer constant.

- Aqueous media (suspension, miniemulsion, emulsion)



>Lj\/ OEt >Lj\/ OEt
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O Y = COOH, COOR, CN...
MONAMS
ﬂ\ f OEt
l |I “OEt
OH
(@]
Alcoxyamine MAMA-SG1 Nitroxyde SG1

561 based alkoxyamines

i, o O RO
o) N 0
N— G h
0
O .
‘2:0 — preparation of star-
. shaped (co)polymers

>Lf |

|| “OEt + 4\“/0'_'

Radical 1-carboxy-1-méthyléthyle

Efficient for styrene and acrylate polymerizatiomghout the use of excess nitroxides



2 ¢ 2 % »

Vo [ .

.s o.o .0

Bad pigment dispersion Good pigment disper<

Electrostatic stabilisation

electrical double-layer

Use of polyelectrolytes
(polyphosphates, poly(carboxylic acids),...)

lication:

F|-DDGI.I|EIES

igments stabilization

Dis persmn =

o © @ "

with dispersing agent

Steric stabilisation

Stabilizing compound
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Utilisation de (co)polymeéres



Application: pigments stabilization

Rl
|
R’ 130°C AN, R
R-O-N + n A2\ O R
o CO,Bu n
R CO,Bu

Stabilizing compound
/N 130°C| M :g/*O
f _leeg”

.-' ‘, _.-"' A

|
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Emulsion polymerization without any surfactant
1_ Preparation Of PAA ]

H3CQ, H n COOH HsCQ H H H >Z =01
OC gHO NéHS o~/ - oC C{C C%O _N(‘;Hg o/ MwiMn=1.17
; o SG1, 130T, dioxane CH3 COOH
MONAMS AN o

ChemComm 2005, 5, 614



Emulsion polymerization without any surfactant
1_ Preparation Of PAA ]

H3CQ, H n COOH HsCQ H H H >Z =01
OC gHO NéHS o~/ - oC C{C C%O _N(‘;Hg o/ MwiMn=1.17
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MONAMS AN o

2- Preparation of PAA-b-PS
(and PAA-b-PnBUA) in emulsion

HscQ K B H >L styréne, 120C  HsCQ Kl H ITI\ ,|TI H >
S¢{c-Cro—N_ 9 - > c-c{Cc—cy (G-¢yo—N O /
/y ] H \ J // | H n__ . ] ] \ 1l
O ¢Ht CBon CH- P—0 eau, NaOH O CH; COONa* H PhM CH-P—O

A o A o

ChemComm 2005, 5, 614



Emulsion polymerization without any surfactant
1_ Preparation Of PAA ]

:\
HsCQ H 0 " COOH  HyCQ lﬂ_('ﬂ Iﬁ% n=21
c c O—N / C-C{C-CtO—N Q =
ol CH3 CHP O > 7 T \H _/ Mw/Mn = 1.17

SG1, 130C, dioxane O CHa cOoH CHP o)
O
MONAMS N

2- Preparation of PAA-b-PS
(and PAA-b-PnBUA) in emulsion

C-C{C-Cro—N, ) - -
O cHt cBon CH P o eau, NaOH

OL

ChemComm 2005, 5, 614



Emulsion polymerization without any surfactant
1_ Preparation Of PAA ]
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2"d CRP mechanism: Atom Transfer Radical Polymerization

Ni(ll) Ni(l)

Ru(ll)

LM RU:

CI“‘/ \

PPhy

NMe,

Ni—Br

NMe,

Ru(ll)
''PPh /Il?u.,,
cl PPh
PPh
Fe(ll) Pd(0)
i .
/Few/ Pd.,,
x~ \_PPB PPy \. PPT
PPhy PPhy

Phs

PPhy
Rh
" Vp

PR

Re(V)
PPh

V4



Atom Transfer Radical Polymerization (ATRP)

n

. Mt
Overall reaction: R-X + n CH=CHY —& R-(CHy-CHY),-X

How to carry out an ATRP experiment ?

R-X + Mt + ligand + monomer. ATRP
[RXJ/[Mt-L] = 1/1



ATRP initiators

ATRP initiators = activated halogenoalcaneshaloketonesy-haloestersqa-nitriles, sulfonyl
chlorides,...

‘ @)
CH;_)‘BI' CH;-CH,-Br QH:; Tl
3 2 CHy~C—gr CH3j1-{_Br Me ﬁ—CI

o
0~ ~OEt 0~ "OMe OC,Hs
BzBr PEBr EBriB MBP i=0 CHz  CHj
H3;C—C—Br H;C~C—-CH,-C—Br
}:o }20 }:O
OC,Hs OCH; OCHj3

Generally, use of initiators which mimic the stiuwret
of the dormant chains:

Molecular weight calculation:

CH2-Br CHa CH,Br CHj
CHy—C—Br  CH3—CH—Br -
M
= X X
07 0kt 0% > 0OMe Mp. th. 40[RX]0 MW,, x conv
BzBr PEBr EBriB MBP = (my/Ngx) X conv
R{CH,-CHYBr GHs h e el E RN i
2 g R{CHy-C—}Br R—(CHz-CH-}nBr where g, is the weig (g)o monome
n and ryy is the moles number of initiatof
O~ "OMe 0~ 'OMe

pSt-Br pMMA-Br pMA-Br
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Some ATRP functional initiators
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Role of the ligands *r
1- Metal solubilisation in organic media
2- Adjusting the position and dynamics of the adtteemant species equilibrium

PimX + M,

oo . Ligands for ATRP

Ligands for Cli

Types of ligands
Cu: bipyridines, iminopyridines, polyamines | _ _ -
Ru: triarylphosphines, carbénes \N(\N/\N/ S
Ni: triarylphosphine, Granel g e S

Fe: trialkylphosphine, trialkylamine

NMe, ©
Br k
w0




Some important CYCuBr et CuCl) complexes

Cu(l)/Ligand molar
ratios:

7\

7/ N\

| l
N
:Cu iy
ihl N"‘"-- l '
R

1/2

...and CU (CuBr2 et CuCl) complexes

T

X- Cu‘N

I 'N
N AN
N
KE\D

Ligands for ATRP

VL

N\ I
N“““Cu’“"N <\\ N~

1/1 1/1




w-chain end functionalization

I®PBU3

OBr
A

BusSnH
in Situ P(n-Bu)s

O
M
;//\/m
NaN,;, DMF
= 3 PPh _
vvvwv/\/ - WN 8 > /N"‘“PphS

_~_-SiMe; TiCl,

O-SiMe; H,N —on \UA|H4 /H20.THF

R

@

M/U\R Y et " \/\OH

Chem. Rev. 2001, 101, 2921



Monomers and solvents

Monomers
- styrenes, acrylates, methacrylates, acrylonit(rieeth)acrylic acid, ...

Ralie) T o

styrene acrylate methacrylate  acrylonitrile acrylic acid

|
where R = 3&/\/N\ ‘7-{(/\/0% '}LL/\/OH

- ATRP inefficient with vinyl chloride, vinyl acetatand dienes because the radical is too reactiye an
poorly stabilized= C-X bond at theo-chain-end is too stable.

o Ty = ==

vinyl chloride isoprene butadiene

vinyl acetate

Solvents

- Most often, the polymerizations are carried outi@ bulk

- Non polar solvents (xylene, toluene,...) with a lvansfer constant.
- Aqueous media (suspension, miniemulsion, emulsion)

- Alcohols



Halogen exchange in ATRP

i i nBuA COBu COEL ar
Br—C—CH;—CH;~C—Br . Br X
(IJOZEt (|302Et ATRP "n COEt COBu
Diethyl meso-2,5-dibromoadipate (DEMDBA)
ATRP MMA
COMe CO,Bu COEt
X-PMMA-PnBuA-PMMA- X X -
m n COEt CO,Bu

For preparing such copolymer, the halogen exchaguired.
Optimal conditions for the MMA polymerizatio@uCl + CuC} (10mol%)

Br-PnBuA-Br

X
m
COMe



Halogen exchange in ATRP

COBu COEL COMe CO,Bu COsEt
Br MMA X
n COEt CO,Bu ATRP m n CO,Et COBu COMe
CuBr CuCl CuCl/CuCl,
M, SEC Reaction time M, SEC Reaction time M, SEC Reaction time
M._/M Conv. M,/M, Conv. M, /M, Conv.
Conditions: i 48500 4h15 60000 f 11h30
1 1.32 Yo . 1 %
toluene, 85°C, . o e ; o
[MMA] = 4.67M, ;
[Br-PnBuA-Br] = 4mM, §
33500 ! 4h30
[catalyseur] = 4mM 116 L 25%

17600 2h
1.16 10%

1
I
I
1
1
)
i
i
[}
1
3
t
]
]
'
i
]
i
1
1
1
]
!
[}
]
]
L}
|
1
I
I
]
)
1
]
]
!
1

10500
1.10

Oh 10500
0% 1.10

Elution Time Elution Time Elution Time



Kact Halogen exchange in ATRP

PX + M =~——— Py + MX

kdeact U
+M
k

p
Why is this halogen exchange useful ?

CuBr CuCl (+CuCl)
Macroinitiator

j G g
MCHz—-CI‘,—-Br m—-—*CHz—-(li—-Br M—-CHZ——C| -Cl

CO,Bu CO,Me COMe

EP;]; [if::lg] - initiation [_I;;]_;[Pwml] = ] |
] ] propagation propagation

i . MMA _ ’:) W—CHZ——C :)mw\
mc}{i—(l; B --«r-»-w——-CH2 C MMA COzMe

CO,Bu COzMe

Without halogen exchange, MMA propagation is fast compé#vdditiation. Unreacted macroinitiator will
thus be left at the end of the MMA polymerization.

With halogen exchange (Cl in place of Br), MMA propagatis decreased because C-Cl bond atuthe

chain end of PMMA is more stable than the C-Br hadmdiation would thus be favoured compared to
propagation.
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Preparation of hydrosoluble block copolymers

PEO-b-PMADAME



Preparation of hydrosoluble block copolymers

@)
Br>—< 0
ol 7
O OH > 3%~
n
Br

NEt, n
PEO-OH
CuCl/CuC}, m :§7
HMTETA Q
50C O \N_
/
Y
O
m ®||\] Br ~— HSC\O/G\/O;\/\ ml |
g >N
O O/\/N\
aecirasmaacatTeaaae e PEO-b-PMADAME
DR EDDD



Antibacterial copolymers

Some exemples
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Antibacterial copolymers for LDPE
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Antibacterial testings of LDPE bottels containing PEB-b-PTBAEMA
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Polymer/biomolecules biohybrides
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Scheme 2 Reagents and conditions: (i) 2-Bromopropionic acid, dicyclo-

hexylcarbodiimide, CH,Cly; (i) 2-bromo-2-methylpropionyl bromide,
t= 1 triethylamine, CH,Cly; (i) Cu()Br, N-(ethyl)-2-pyridylmethanimine,
poly(ethylene glycol) methyl ether methacrylate, toluene 50% vfv;
[PEGMA]:[initiator}{Cu(D)Br]{ligand] = 5:1:1:2.
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Fig. 2 SEC HPLC traces following the reaction of N-succinimidyl esters
functionalised Poly(mPEGMA) (M, = 6400 g mol™', My/M, = L.11)

with Iys ) Fig. 3 SDS-PAGE for the conjugation of lysozyme with 3. (a) Protein
Chem. Comm. 2004, 2026 standards. (b) Lysozyme. (c) Protein-polymer bioconjugate.



374 mechanism: degenerative transfert (DT)

An atom or group of atoms is rapidly and reverstbiysfered from a dormant chain to an active chain.
During this transfer, the dormant chain becomels@cand the active chain becomes dormant.

For the polymerization to be controlled, the tran$fas to be fast compared to propagation !

Some exemples of DT reagents:

CHs

1-phenyl ethyl iodide thiocarbonylthio compounds



Reversible Addition-Fragmentation chain Transfer (RAFT)

Activating group

— R~ Leaving group

(initiating group)

a Z=Ph, R =C(Ch),Ph e Z=Ph,R=C(CH,CN
b Z=Ph, R = CH(CK)Ph f Z=CH R=CHPh
¢ Z=Ph,R=ChPh g Z=Ph, R = C(CK(CN)CH,CH,CH,OH

d Z=Ph,R=C(CR(CN)CHCH,CO,Na  h Z=Ph, R=C(Ch)(CN)CH,CH,CO,H

How to carry out a RAFT experiment ?

RAFT agent + free radical initiator + monomer 2 » RAFT

Advantages: A [RAFT agent]/ [free radical initiator] = 10/1 to15/
==) Only organic reagents

==) A wide range of monomers: methacrylates, acrylatgsene styrene sulfonatevinyl benzoate2-
hydroxyethyl methacrylatacrylic acid dimethylaminoethyl methacrylate, acrylamides,

=m) T:60-100C; polymerizations in bulk, solutions and aquedlispersed) media



RAFT mechanism

. initiation .
| + M —» P,

addition o fragmentation
Py + S=G—S—R -— PS¢ S—R -— Pn—S—?ZS + R
Z Z Z
1 2 3

. re-initiation .
R + M —» Pqy

addition o fragmentation
Pm  + S¢TSThR - Pn—S—¢T SR - Pn—S—¢=S + R
Z Z Z

O] 4 R,

Overall process

Initiator + Monomer +7




How to choose the RAFT agent ?

1) Importance of Z and R groups

Z = activating group= has to activate the RAFT agent for the additioradicals

addition
Py  + F(ll—S—R = P;—S

([ ]
]
Z Z
2

1

R = leaving group= has to be a good leaving “radicalar” group in orgpromote
the fragmentation in the good direction

fragmentation

2) Choice of the RAFT agent = f(monomer)




How to choose the RAFT agent ?
Methacrylates

CHs
~AMAACH, C/- ) Sterically hindered propagating radical with a modtx
\C— i reactivity
/Y Hs
@)
addition . fragmentation
Py + $=C—S—R -— Pi—S—C—S—R -— PiS—E=S + R
Z Z Z
1 2 3

In order to transform the active chdim® into dormant chair8, the S-R bond (intermedia®) has to
break. If this S-R bond is too stable compared 4, $ond, the dormant speci@swill not form. No
control will be observed.

S

y: C(CHACN S)<CH2CH2CH20H
o g (CHg)2 o C—
_

Phenyl group Activated tertiary alkyl
group



Acrylates et acrylic acid
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How to choose the RAFT agent ?

Low steric hindrance and high reactivity of thegagating
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How to prepare block copolymers by RAFT ?

1- Monomers with similar reactivities
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How to prepare block copolymers by RAFT ?

1- Monomers with similar reactivities
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2- Monomers with different reactivities
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How to prepare block copolymers by RAFT ?

1- Monomers with similar reactivities
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How to prepare block copolymers by RAFT ?

1- Monomers with similar reactivities
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2- Monomers with different reactivities
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Other architectures by RAFT

3:<s~~—< >—-s>\;Ph

Difunctional RAFT agent




Other architectures by RAFT
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RAFT agents et MADIX agents
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End-functionalization of (co)polymers

Toluene CH
— Ay RN in o CH —'§—<CN
AIBN, 60 C. 8h C—=S AII?N in eﬁcess 2 YR
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34 % conversion
Mechanism otu-chain end functionalization:
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Macromolecules 2005, 38, 2033 CO,CHs CO,CHj



CTA

Polymer

End-functionalization of (co)polymers

Cleavage initiator

Modified Polymer

Recycled CTA
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Preparation of polyelectrolytes

Hooc ™~ N=Ny™~~cooH

CN CN
ﬁ CN 70°C, water
Ph/C\ S)\/\/COOH -
)

NH

NH3*CI

General procedure for the RAFT polymerization of AMPA: CTP
(0.0078 g, 0.028 mmol) and AMPA (1.00 g, 5.6 mmol) were added
along with deionized (DI) water (2.0 mL) to an ampoule. V-501
(0.00156 g, 0.0056 mmol) dissolved in dioxane (1.0mL) was then
added. The solution was stirred until all the CTP was dissolved. The
ampoule was sparged with nitrogen for approximately 30 min and
then placed in a preheated oil bath at 70°C. The reaction was
terminated after a specified time by cooling the reaction tube in an ice
bath followed by exposure to air. The product was purified by dialysis
against water (pH 4-5) and isolated by lyophilization.

Block copolymer synthesis: NIPAM (0.272g, 2.4 mmol),
PAMPA (0.20 g), and V-501 (0.8 mg, 0.0024 mmol, dissolved in
0.6 g dioxane) were added along with DI water (0.8 mL) to an
ampoule. After sparging with nitrogen for 30 min, the reaction was
allowed to proceed at 70°C for 2 h. The reaction was quenched by
cooling the reaction vessel in an ice bath and exposure to air. The
product was purified by dialysis against deionized water and isolated
by lyophilization.
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Angew. Chem. Int. Ed. 2006, 45, 5792



Synthesis of PEO-b-PAA

CH S
o DCC CH; s

| |
CH,O(CH,CH,0),.CH,CH,OH + Hooc:-clz-s-c:-s-c:le25 CHBO(CHZCHZO)45CH2CHZ-OOC-C-S-é-S-ClZHZS
I
g [PEO-AR] CH,
CH, S

| Il
[PEO-AR] ME F’EO-OOC-CE-F’AA-S-C-S-Cle25

80°C CH
AIBN

3

Polymerization conditions : [RAFT agent] : [AIBN] 20: 1
[AA] =4 M in DMF at 80°C.

CODE Ligand DP IP
(NMR) | (GPC)

E21-1 PAA-PEO 48-45

E21-2 PAA-PEO 83-45 | 1.16




Synthesis of PAA-b-PAMPEO

CH, ﬁ CH3 S

| |
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Polymerization condition : [RAFT agent] : [AIBN] =081
[AMPEQO] = 0.5 M in DMF at 80°C.
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Application to coatings

s hydrophilic s
)J\ monomer )k
B hydrophilic|
z SR z 57" block R
e.g.: 3 CHs @ .S CO,H CH,
CH,S” 8 RH 5 S OH
4 5 g C4HeS™ 78 5
E (o]
L
. . , : . 3
1- Acrylic acid is polymerized in water (pH = 6) uidP ~ 5. &
2- Butyl acrylate is slowly added in order to forrmghiphilic 3
. . . . . £
PAA-b-PnBuA which forms micelles. Micelles are giag with
the monomer conversion to form the latex. &
1 Conversion
12 1 z )Ksmhydrophobic hydrophilic R
. block block
.
o 6 X . ) e.g.: S COzBu COzH CH3
§ 5 mlf:elhzatlon OH
g, in water C4H,S™ 7S 20 5
3 \ il
2 1 | v
1 r\/"\-
0 A e e e
14 16 18 20 22 24 26 28 30
Time (min) & ‘: . further polymerization to form particles
Advantages . 5}% -
- Control of Mn M S

- No free surfactant> no migration of surfactant out of the coating
- Functionnalization of the latex particles possible

- No organic solvent Macromolecules 2005, 38, 2191



Some criteria for the use of CRP at the industrial scale

Cheap CRP systeﬁn Use of the existing reactors and lines
v'Cheap and readily available Same conditions as for conventional
starting products technique

v'Fast polymerization

=4

No purification and treatment of the final polyme

!

v' Odorless polymers Stability of the polymer during processing
v Colorless polymers

'S

Polymers not contaminated by toxic residues



