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The paper proposes a model explaining the recently observed in [Chem. Phys. 394 (2012) 36] 

coincidence of the activation energies of charge carrier traps in thermoluminescence of a pure 

polymer poly(di-n-hexylsilane)  with the energies of the vibrational modes seen in Raman spectra. 

The model is based on the fact that the thermal equilibration occurs after illumination much faster in 

the vibrational subsystem as compared to the electron level subsystem. Transitions between the 

trapped charge carrier states accompanied by the disappearance of an optical vibration quantum are 

investigated. It is shown that localized charge carrier, depth of which coincides with the energy of the 

optical vibrational quanta, may escape the traps due to these transitions and give the contribution to 

thermoluminescence. The suggested model explains the observed discrete character of the activation 

energies in the system with the quasi-continuous spectrum of traps and predicts the appearance of a 

structure in TSL curve.   
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1. Introduction  
 

The study of the fractional low temperature thermostimulated luminescence (TSL) provides 

important information about the presence and the nature of traps and defects for charge 

carriers in silicon organic polymers that are promising materials for the transport [1] and 

luminescent layers in electro-optical devices [2]. One of the processes determining the 

properties of TSL is the process of the charge carriers’ escape from traps. In order to leave a 

trap and transit to a state with the energy above the mobility threshold a charge carrier has to 

acquire some additional energy. Moving, subsequently, it has a chance to encounter a 

localized charge of the opposite sign. The following recombination contributes to the TSL. 

Various mechanisms of the escape exist depending on the system and the type of the trap. 

Studies of polymers in a number of papers have revealed a connection between TSL 

processes and the processes of molecular relaxation: motion of the molecular groups 

connected to the polymer backbone, and other similar processes [3-10]. Manifestations of the 

molecular vibrations in the TSL are close to the features of other phenomena: 

thermostimulated currents, thermostimulated depolarization, glass transitions and melting as 

well as processes of the molecular relaxation. In some cases positioning of the TSL 

temperature peaks does not depend on the type of the impurities and is rather determined by 

the polymer matrix [7]. The molecular vibrations manifest themselves in various optical 

properties of polymers: in absorption, luminescence, Raman scattering. Yet, until recently 

the connection between optical phenomena and TSL features  has not been observed. 
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