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Statement of Purpose: Self-etch dentin adhesives have 
been designed to address the difficulties commonly 
associated with the clinical application of etch-and-rinse 
adhesives. The application procedure for self-etch 
adhesives is considered less time-consuming and, more 
importantly, less technique-sensitive. However, an 
intrinsic problem of self-etching systems is the acid-base 
reaction of the acidic monomers with the amines used in 
the initiator system, such as camphorquinone/ amine 
system in light-curing adhesives. Incomplete 
polymerization [1, 2] and continued dimineralization of the 
adjacent dentin structure were found in the tubules [3]. The 
interaction with dentin varied from the formation of a 
submicron, hydroxyapatite-containing hybrid layer for the 
"mild" self-etch adhesive Clearfil SE to a 3-5 microm 
thick, hydroxyapatite-depleted hybrid layer for the 
"strong" self-etch adhesive Adper Prompt [4]. Our group 
has shown increased dentin deimineralization and loss of 
adhesive integrity after 4 weeks aqueous storage [3]. The 
degree of monomer conversion at the interface was  
consistently greater than the conversion within the tubules. 
Detailed information of polymerization reaction of acidic 
resin in the presence of mineral has not been reported. 
Based upon these considerations, the objective of this 
work was to characterize the polymerization behavior of 
acidic resin before/after mineral neutralization using 
FTIR/ATR.  
Methods: The two adhesive systems used in this study 
were: Adper Prompt (3M ESPE, Seefeld, Germany) and 
organophosphate monomer bis[(2-methacryloxy) ethyl]-
phosphate (2MP, Aldrich, USA) solution made with 10 
mass% water. The photoinitiator camphorquinone (CQ), 
2-(dimethylamino) ethyl methacrylate (DMAEMA), 
diphenyliodonium hexafluorophosphate (DPIHP) and 
hydroxyapatite (HAp, Ca10(OH)2(PO4)6) powder were 
obtained from Aldrich (USA). The model adhesives were 
light-cured for 60s using a dental curing light (Spectrum® 
800, Dentsply, USA) operated at 550 mW/cm2. The 
photo-polymerization of the model adhesives during 
irradiation was monitored in situ using a Perkin-Elmer 
Spectrum One Fourier transform infrared 
spectrophotometer (FTIR) with a resolution of 4 cm-1 in 
the ATR sampling mode. A novel time-based spectrum 
collector (PerkinElmerTM Spectrum TimeBase) was also 
used to offer continuous and automatic collection of IR 
spectra of adhesives during polymerization. The change in 
the ratio of band intensities measured at 1637 cm-1 (C=C) 
to that at 1720 cm-1 (carbonyl) was monitored during 
polymerization. The degree of conversion (DC) was 
calculated based on the time-dependent decrease in the 
absorption intensity band ratios before and after light 
curing. 
Results:  

Clear uniform solution was formed in organophosphate 
monomer after the addition of HAp powder ≤ 5 wt%. 
With an increase of HAp content in 2MP solution, the 
reactive absorbance of the hydrogen-bonded carbonyl in 
FTIR spectra decreases and the stretching vibration of P-
OH derived from 2MP weakened showing an increased 
ionization. However, the binding of Ca2+ to the phosphate 
groups of model adhesive does not lead to a complete 
neutralization, but raises the pH value. Reacted with 
hydroxyapatite, the polymerization rate and final degree 
of conversion were enhanced in both the commercial 
Adper Prompt adhesive and the experimental 2MP 
solution as shown in Fig. 1. 
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Figure 1. Photopolymerization of acidic dental monomers 
in the presence of hydroxyapatite. 
 
Conclusions:   
Hydroxyapatite is often used as a tooth mineral mimic in 
chemical bonding studies of dental materials. Although 
the tooth mineral is not pure apatite, the chemical 
reactivity of synthetic apatite is similar. Reacted with 
mineral, self-etch adhesives show much more 
photopolymerization efficiency. An increase in the 
number of charged molecules at higher values of pH 
might lead to an increase in the shielding of dissociated 
acid groups at higher ionic strengths which potentially 
improves the polymerization.  
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