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General considerations

n M    → -(M)n-

ΔHo ΔSo Result

negative       negative Ceiling T

negative       positive        spontaneous Polymerization (thermodynamically, not kinetically!)

positive         positive Floor T 

positive         negative      no polymerization at each T

Possible Thermodynamic Scenarios for Polymerizations 
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1. every [M] has
its own ceiling temperature
2. There is a min. conc. at which
polymerization takes place!
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 for [M]=1, convention: Tc is only defined for bulk polymerizations!

at equilibrium:
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exp. determination of Tc: polymerize at different T, wait for equi., plot
ln[M] vs 1/T. Read out 1/Tc for ln[M]0= bulk conc.

Determination of Tc by anionic polymerization
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Anionic polymerization of a-methyl styrene stops at ~61 °C  polymerisation equally
probable than depolymerisation

0)][]([
][

 
dpp kMkP

dt

Md

][]][[
][

1



  ndpnp PkPMk

dt

Md
][][ 1




  nn PPwith

ceiling temperature Tc:polymerization and
depolymerization are in equilibrium

0][  dppc kMkwhenTT

Determination of Tc by anionic polymerization
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Anionic polymerization allows to determine Tc as transfer and termination reactions are
absent
If kp and kdp are known, Tc can be determined:

0][  dppc kMkwhenTT

Determination of Tc by anionic polymerization
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0H : negativ (conversion π-bonds into σ-bonds)
0S : negativ (loss of entropy during polymerisation)

Monomer Mc/ mol/L Tc/ °C

Vinylacetate 1*10-9 -

Methyl acrylate 1*10-9 -

Styrene 1*10-6 310

Methylmethacrylate 1*10-3 220

α-methyl styrene 2.2 61

Mc: critical concentration (Grenzkonzentration) that
is required to enable polymerization at 25 °C
Tc: ceiling temperature in bulk

Tc values for some systems
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Monomer structure

• ΔS is almost constant and independent of (olefin) monomer structure
(ranges between -100 to -200 Jmol-1K-1). That is in contrast to
monomers for ROP !

• Thus, Tc of olefin polymerization is mainly determined by ΔH of 
polymerization. 

• Generally (for homogeneous systems without phase transition):  

ΔH = [E(π+σ) -2E(σ)]-ED – (ESM-ESP)    with

Tc is roughly determined by the ratio ΔHo/ ΔSo of polymerization: 

[E(π+σ) -2E(σ)]  is the difference of bonding energies (π → σ)
ED is the declocalization energy of the monomer 
ESM-ESP is the difference of ring strain (monomer to polymer in ROP)
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Monomer structure

Polymerisation enthalpies and entropies for some 1-olefins at 25 oC
(TFE and IB polymerization at other T, not specified) 
Molecular structure of monomer determines Tc

Monomer ΔHp / kJmol-1 Tc / oC -ΔS/Jmol-1K-1

F2C=CF2 (TFE) 193,0 580 
(different values in lit.) 

226

H2C=CH2 101,5 400 142

Propylene 85,9 300

Isobutene (IB) 53,0 ≈ 50

Vinylacetate 89,5 not defineable

Methacrylate 84,5 -

Acrylonitrile 77,5 -

MMA 57,5 220 121

Butadiene 73,0 312

Styrene 70,0 310 105

α-Methylstyrene 34,5 61 102
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The lowering of  ΔH in olefin polymerization is attributed to repulsive 
Interactions of substituents at  1,3-positions along the formed polymer 
chain.

Van der Waals radii

-H:    0.12

-Cl:   0.18

-CH3:   0.20

-C6H5:  0.37
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Monomer structure

TC may be different whether the same monomer is

polymerized in solution, in bulk or as solid or if precipitation

of polymer takes place during polymerization. Therefore, 

often different values for TC are reported. 
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Monomer Structure

Thermodynamics of hypothetical ring opening
polymerization of cycloalkanes at 25oC 

n for CnH2n ΔH/kJmol-1 ΔS/ Jmol-1K-1 ΔG/kJmol -1

3 -113 -69,1 -92
4 -105 -55,3 -90
5 -21 -42,7 -9,2
6 +2,1 -10,5 +5,9
7 -21,8 -15,9 -16,3

8 -34,8 -3,3 -34,3
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Carbonyl polymerization

• Carbonyl compounds do significantly differ in its π-bonding energy as function of 
substituent at carbonyl carbon atom due to strong impact of the Ϭ(substituent)-
π(carbonyl carbon) hyperconjugation:

Overall Bonding energy of the carbonyl group/kJ mol-1 Compound portion of π energy Tc / oC

712                                                                                                     formaldehyde 352                                        119

733                                                                                                     acetaldehyde 373                                         -39

754                                                                                                     acetone 394                                        < -100

C-O  σ-bonding energy is about 360 kJmol-1 for each compound

Why do common carbonyl compounds not spontaneously polymerize at 
ambient T? 

• Poly(acetone), if available at very low T,  spontaneously decays at room temperature.

• Poly(oxymethylene) (POM) (polyformaldehyde) is an important thermoplastic polymer with
excellent mechanical properties. Despite its low Tc, it can be processed at much higher
temperature because degradation is kinetically suppressed by end group functionalization and 
other tricks (copolymer with ethylenoxide).    
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Ceiling temperatures for aldehyde polymerizations ( O. Vogl)

Carbonyl polymerization
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Floor temperature

Monomer                                   ΔHp/kJmol-1 ΔSp/Jmol-1 K-1 TF/oC
Sulphur, S8                                         + 13.2             + 19.4               160
Octamethylcyclotetrasiloxane ≈ 0               +   6.7                n.d.
------------------------------------------------------------------------------------------------------------
Hexamethylcyclotrisiloxane -23.4             -3.0                   TC

ɛ-Caprolactame -11.8              +4.6                  n.d.    

Comparison of thermodynamic parameters for 
polymerization of cyclic monomers for discussion 
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Floor temperature

Below TF no polymerization occurs, rare examples. One important monomer for 
technical application. 

Floor Temperature  (TF) monomers are cyclic monomers with restricted motions 
of the molecule fragments , but resulting polymer shows high flexibility (low Tg) 
which is cause of positive ΔS.
Same mathematical expression as for the ceiling temperature, 
but ΔHo > 0 and  ΔS0 > 0. 

TF = ΔHo / (ΔS0 + R log [M]). 


