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ARTICLE INFO ABSTRACT

The article presents the most reliable methodology for measuring the degree 
of conversion (DC) dental of resins in real time. It involves studying the kinetics of 
polymerization of the optical resin layer sandwiched between KBr crystals. Spectra of 
resins monomers and polymers were recorded from the parallel optical layers (about 
0.15 mm thickness) of samples placed between the KBr crystals. 
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Introduction

The degree of conversion of monomer in dental resin-based 
composites (RBCs) is a very important parameter and is still the 
subject of a large amount of contemporary work, e.g. [1-3]. The 
physical and mechanical properties of photo-cured RBCs are 
directly influenced by DC.  The cured compositions based on the 
derivatives of methacrylate’s exhibit a considerable number of 
remaining double bonds. In general, RBCs reach a DC ranging from 
50-70% [1,3] to even 94% depending on irradiance, exposure time 
(or dose), composite composition, temperature, type of activator 
or light source. Such a wide spread of DC values of even similar, 
typical materials is caused not only by different parameters of 
the polymerization process but also by different DC measurement 
methods and not very repeatable procedures.The current DC 
determination methods are based on a comparison of the absorption 
bandwidth typical for carbon double bonds (C = C) monomer and 
one of the carbon single bond reference bands. The most frequently 
used reference absorption band has a wavenumber of 1608 cm-1 

although another peak maximum e.g. 1730 or 4623 cm-1 are also  

 
used [4]. The method is correct if this reference band shows the  
same intensity over the entire DC range. This, however, as we have 
shown, is not accurate for any methyl methacrylate derivative. Even 
for pure methyl methacrylate, the 1638 cm-1 and 1608 cm-1bands 
are not sufficiently separated. 

Materials and Methods
The materials used in this study is Enamel Plus HRi (UE2). The 

collected sample was placed centrally on the KBr crystal (diameter 
25 mm, thickness 3 mm). On the edge of the crystal a spacer and a 
second KBr crystal were placed. Then the crystals were slowly press 
to the set thickness of 0.15 – 0.2 mm (equal thickness ofspacer) in 
a typical matrix for preparing pellets and then placed in the holder. 
DC was measured in real time by a Fourier transform infrared 
spectroscopy (Spectrophotometer IS50 Thermo Scientific). in 
transmission mode after photoinitiation The FTIR spectra were 
recorded in real time for 25 min, with two spectra per second. 
During the entire study, the same thin layer of material was placed 
between KBr crystals.
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Results and Discussion
Figure 1 shows examples of changes in the monomer spectrum 

over time after exposure (20s) with halogen source - EliparTrilight 
(ESPE, Germany).Polymerization of the tested resins consists of 
three different stages - very fast changes in time from 10-40s (DC: 
25-50%), medium (5- 25 min, DC: 40-60%) and very slow (days, 
weeks from DC: 60 -70). Polymerization studies of the same optical 

layers of the resin placed between the KBr crystals allow direct 
DC determination without the use of an internal standard. The 
presented method of measurement and analysis allows to accurate 
compare of polymerization or kinetics or DC and understanding 
influence of factors such as irradiance, monomer layer thickness, 
exposure time, type of source, post-polymerization processes in 
any time and under various conditions.

Figure 1: Example of kinetics polymerization.
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