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Which is the correlation 
between morphology 

Phase transitions
and relaxations processes

Polymer motions, 
phase transitions and polymer relaxation processes



outline
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Polymer motions, phase transitions and polymer relaxation processes
Photoluminescence spectroscopy and polymer relaxation processes

fluorescence
phosphorescence
quenching processes 
time resolved spectroscopy

Luminescence in polymers
Non-fluorescent polymers (host-guest systems)
Polymers modified with luminescent groups
Intrinsically luminescent polymers
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Polymer systems

Macromolecules = several chemically bonded 
repeated units

Polymer matrix = several macromolecules 
organized according a certain morphology

Special properties resulted from the 
macromolecular structure and from the 
morphology



Polymer systems : morphology of semicrystalline 
polymers

L. H. Sperling, Introduction to Physical Polymer Science, 1986



Polymer systems : amorphous polymers



Polymer systems : crosslinked polymers



First order phase transitions = 
thermodymanic process

Gα = Gγ



Evidences of first order phase transition in crystals: 
melting point

Typical example of melting point



First order phase transition in a semicrystalline 
polymer (low density polyethyelene)

Technique: differential scanning calorimetry

Broad transition

Talhavini, et al. Polymer 1996



Evidences of crystal structure in semicrystalline polymers: 
X-ray diffraction (low density polyethylene)

Talhavini, et al. Polymer 1996



Polymer relaxation processes: glass transition 
temperature in an amorphous polymer

Technique: differential scanning calorimetry



glass transition temperature in an amorphous 
polymer by several thermal methods

Differential 
scanning calorimety (DSC)

Dynamic mechanical
thermal analysis (DMTA)

Atvars, Quimica Nova, 2002



Yamaki, et al. Eur. Polym. J. 2002



Polymer motions, phase transitions and 
polymer relaxation processes

Translational 
movements

Rotational movements 
of large groups

Rotational movements 
of small groups

Effect of the thermal transitions 
on the molar volume



Other examples of possible movements in 
polymers = polymer relaxation processes

J. E. Guillet, in Photophysical and photochemical tools in Polymer Science, 
conformation, dynamics and morphology, 1986.



Examples of possible movements in 
polymers chain: poly(methyl methacrylate)

Christoff, Atvars, Macromolecules, 1999



how to acess the relaxation processes?

De Deus, et al. Macromolecules, 2005

Several techniques: DSC, DMTA, RMN, fluorescence pectroscopy, 
etc



Photoluminescence spectroscopy and 
polymer relaxation processes

Some examples of methods

fluorescence
phosphorescence
quenching processes 
time resolved spectroscopy
anisotropy
etc



Example of steady state fluorescence versus 
temperature

Temperature dependent



Talhavini et al., Polymer 1996

Example: anthracene in low density polyethylene



Example of steady state 
phosphorescence versus temperature



Christoff, Atvars, Macromolecules, 1999

Phosphorecence of flavones 
in acrylates and polystyrene

In PS



Christoff, Atvars, Macromolecules, 1999

Phosphorecence in acrylates and polystyrene



Activation energies for relaxaton processes by 
phosphorescence emission

Christoff, Atvars, Macromolecules, 1999



Steady state phosphorescence emission versus 
temperature – several examples

J. E. Guillet, in Photophysical and photochemical tools in Polymer Science, conformation, 
dynamics and morphology, 1986.



J. E. Guillet, in Photophysical and photochemical tools in Polymer Science, conformation, 
dynamics and morphology, 1986.



J. E. Guillet, 1986



Using quenching processes of phosphorescence: 
diffusion of oxygen in polymers

J. E. Guillet, in Photophysical and photochemical tools in Polymer Science, conformation, 
dynamics and morphology, 1986.



Using excimer emission – example: diphant in 
polybutadiene

Bokobza et al.: in Photophysical and photochemical tools in Polymer Science, conformation, 
dynamics and morphology, 1986.



Using excimer emission – example: 1,3-dipyrenyl 
propane in low density polyethylene

Vigil et al. Curr. Org. Chem. 2003.
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1,3-dipyrenyl propane in LDPE

Vigil et al. Curr. Org. Chem. 2003.





Pozuelo, et al. Macromol. Theor. Simul., 2001

Dynamic of the relaxation



Pozuelo, et al. Macromol. Theor. Simul., 2001

β-relaxation process
Melting point 

(DSC)

357 K
α-relaxation



Time resolved spectroscopy – example: Diphant in 
poly(butadiene) and copolymers with styrene

Bokobza et al.: in Photophysical and photochemical tools in Polymer Science, conformation, 
dynamics and morphology,1986.

Tg



Bokobza et al.: in Photophysical and photochemical tools in Polymer Science, conformation, 
dynamics and morphology, 1986.



Using 
time resolved 
spectroscopy: 

J. Y. Ye e al., Phys. Rev. B, 1997

Malachite green in
polybutadiene



J. Y. Ye e al., Phys. Rev. B, 1997



J. Y. Ye e al., Phys. Rev. B, 1997

T < Tg
T > Tc



Several methods can be employed to determine 
polymer transitions and relaxation processes
Photophysical methods are useful in 
understanding the molecular mechanism of these 
processes
Methods of simulation can be useful to understand 
the dynamics of these processes – depends on 
how good is the description of the macromolecular 
structure
There is no general model to correlate the 
relaxation behavior from photophysical methods 
and rheological behavior

Some remarks
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