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Cationic polymerization

• important polymerization technique for few electron-rich monomers

• Cationic polymerizations can, but not must be, living polymerizations

• Termination by recombination is absent, but other termination or transfer reactions are possible

• Highly pure monomers and solvents needed due to the high sensitivity of carbocations (in contrast

to CRP!!!). Typical solvents: methylene chloride, chloroform, benzene, toluene

• Avoid traces of water or methanol rigorous purification and HV techniques are required

• Temperatures from -78 °C to RT are typically used to control high reaction rates and suppress side

reactions (Friedel-Crafts-alkylation, deprotonation, proton transfer to monomer)
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Cationic polymerization: monomer scope

- electron-rich monomers

- cyclic ethers or amines
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Cationic polymerization: initiators

- Brönsted acids: HClO4, CF3SO3H, etc.
but: corresponding anion must not be more
nucleophilic than monomer! 
otherwise addition to double bond (e.g. HCl)

- Lewis acids: AlCl3, SnCl4, BF3, TiCl4 , SbCl5
Lewis acid + alcohol/ water: BF3 + ROH  [BF3OR]- H+

Lewis acid + acid chloride: 
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Cationic polymerization: side reactions

Transfer

Termination 

proton transfer to monomer 
intramolecular Friedel-Crafts-alkylation (intermolecular
is also possible branching)

rearrangement into tertiary carbo cations anion splitting/ degradation

reaction with impurities (H2O)
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Living cationic polymerization

Living cationic polymerization
INIFER- (INItiator-transFER) polymerization of isobutylene Applications PIB 

(Tg~-60°C)
- Kaumasse
- Gelbtafeln
- Dachpappe
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Anionic polymerization

• BUNA ~ 1927 (Walter Bock, Leverkusen): butadiene/Na 
• 1956:  M. Szwarc living polymerisation of styrene

• anionic polymerizations are living polymerizations! no termination, no transfer! 
• If initiation is fast, anionic polymerization is controlled and narrow MW distributions are obtained: 

D= 1.0-1.1
• Termination by recombination is absent as two negative chain ends are repulsive
• Highly pure monomers and solvents needed due to the high sensitivity of carbanions (in contrast to

CRP!!!). Typical solvents: THF, benzene, toluene, hexanes
• Both oxygen and water react with carbanions rigorous purification and HV techniques are

required
• Temperatures from -78 °C to RT are typically used to control high reaction rates and suppress side

reactions
• Monomers able to stabilize carbanions preferred

Nature178, 1168 (1956)

Michael Szwarc
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Anionic polymerization

Monomer scope

1. Non-polar vinyl monomers
- styrene, a-methyl styrene
- o,m,p-alkyl styrenes
- vinyl naphthalene
- dienes (butadiene, isoprene, …)

2. Polar electrophilic vinyl monomers
- vinyl pyridines
- (meth)acrylates
- N,N-dialkyl acrylamides
- (meth)acrylonitrile

3. Cyclic monomers
 Anionic ring opening polymerization
- oxides (ethylene oxide, propylene oxide)
- Lactones (e-caprolactone)
- Lactames (e-caprolactame)
- Siloxanes (octamethyltetrasiloxane)

4. Formaldehyde
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Anionic polymerization

Protected monomers

Monomers with acidic protons need to be protected:

- by silylation

- as tert-butyl ester

e.g. 2-hydroxyethyl 
methacrylate (HEMA)

e.g. 
methacrylic
acid:
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Anionic polymerization

Initiators

- Organometallic bases (monofunctional)

organolithium-based (n-BuLi, sec-BuLi): mostly for non-polar vinyl monomers and vinyl pyridines
alcoholates (NaOMe, t-BuOK, t-BuOLi): mostly for (meth)acrylates, cyanoacrylate and acrylonitrile
(Sekundenkleber: cyano acrylates H2O is initiator!)

- Electron transfer systems
(bifunctional) 

alkali metals (heterogeneous): 
Na, K: 

radical anions: 
sodium naphthalenide
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Anionic polymerization

Polymerization of acrylates
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Anionic polymerization

Microstructures of PB: constitution isomers! 

• High 1,2 content: polar 
solvents and alkali metal
counterions higher than
Li

• Unpolar solvents
(cyclohexane) and Li 
>90% 1,4 cis and trans

• Explained by different 
charge localisations at 
the chain end
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Anionic polymerization: kinetics
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Anionic polymerization: kinetics
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Anionic polymerization: kinetics
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second condition for a living polymerization: no transfer no new chains formed

[P]=[P-]+ [Pdead]= const= [I]0
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Anionic polymerization: molecular weight distribution

Anionic polymerization leads to very narrowly distributed Poisson distributions if fast 
initiation is present (Flory, 1940)
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Factors leading to Ɖ> 1 of anionic polymerization products: 1) inadequate mixing, 2) slow
initiation, 3) reversible polymerization 4) slow equilibria between species of different activity

%

M  

 
%

M

Poisson distribution: 
vi >> vp

Compare:
vi ≈ vp oder vi < vp
 Schulz-Flory distribution for e.g. 
free radical polymerizations
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Anionic polymerization: Examples

SBS and SIS triblock copolymers from styrene and butadien/ isoprene (Kraton ®)

• Thermoplastic elastomers
(TPE): thermoplastic and
elastomeric bahaviour!

•  possible due to
microphase separation
leads to doamin sizes at the
~20 nm range

• Microphase separation also 
leads to transparent 
materials! 

• Combination of soft (Tg PI 
~-60 °C and hard Tg PS 
~100 °C blocks

• Impact-resistent PS
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Anionic polymerization: Examples

two polymers are generally not miscible and therefore phase separate block 
copolymers have the same tendency but phase separate into ordered
superstructures due to their covalent linkage

SBS with fPS~25%  hard cylinders in soft matrix!
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Anionic polymerization: Examples

Polyformaldehyde, polyacetal or polyoxymethylene (POM): Staudinger 1920

-excellent thermal stability and dimensional stability, stiffness and low friction coefficient, high 
toughness down to -40 °C  precision parts with good properties and high and low temperatures, Tm
~170 °C

end capping with acetic
anhydride prohibits
depolymerization
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Switch from cationic to anionic polymerization

switch from cationic to anionic polymerization: Route to PIB-b-PtBMA block copolymers

Macromolecules, 2003, 36, 6985


