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Study of Polymerization Kinetics of
Dental Materials using the Golden
Gate® ATR




INSIDE: Investigate chemical composition of
dental bonding systems and to assess their
polymerization kinetics upon light exposure
for 20 seconds

Introduction

Dental composites are a suspension of inorganic glass particles
in a polymerizable organic matrix of monomethacrylate
and dimethacrylate monomers such as Bis-GMA, TEGDMA,
UDMA and HEMA [1]. The bonding systems are made up of
resin monomers and may contain fillers. These are generally
hydrophilic/hydrophobic, solvated monomeric mixtures which
may come in separate bottles or together in a single bottle [2].
Such materials polymerize via a free-radical polymerization
reaction, where a vinyl C=C bond is broken into a single bond
[3]. This reaction is generally initiated by visible blue light, as
they have a photoinitiation system within their composition.
To characterize these materials, ATR-FTIR techniques are
commonly used and are preferred over alternatives [4-7].

The Golden Gate is the original best-selling diamond ATR
accessory. A flagship product for more than two decades, the
Golden Gate remains unrivalled for choice of sampling options
and durability of construction.

® Robust and durable diamond ATR resists damage
from tough experimental conditions

e Signature bridge design applies 80 Ibs load for
repeatable sampling of hard and irregular solids

e Simple to upgrade with heated options and flow cells
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Figure 1: FTIR spectra of primers (top) and adhesives (bottom).
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Figure 2: FTIR spectra of the fillers.
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Figure 3: Degree of conversion (D_) as measured from the height of the
methacrylate peak at 1320 cm' for the two bonding systems.
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Experimental

Two commercial dental bonding systems were tested, Optibond
FL (Kerr, Orange, CA, USA) and Clearfill SE Bond 2 (Kuraray,
Tokyo, Japan). A Golden Gate diamond ATR accessory coupled
with a commercially available FTIR spectrometer was used
to collect spectra of separate primers/adhesives. Spectra of
isolated fillers were obtained following their separation from
the adhesives, and filler loads by analyzing three repetitions
using a gravimetric method (n=3). The bridge of the Golden
Gate ATR system was pressed down to ensure contact of the
diamond with the solid fillers. Spectral changes during light
exposure (20 s, LED curing unit 1100-1330 mW cm2) were used
to determine polymerization kinetics (n=3), by recording time-
resolved spectra before, during, and after light exposure, for
1000 s.

Results and Discussion

The spectra of primers and adhesives (Fig. 1) are dominated
by solvent peaks (3300 cm™ and 1635 cm”), with Clearfill SE
Bond 2 having double the solvent content of Optibond FL.
Adhesives show similar spectra, compatible with the presence
of hydrophobic monomers, with Bis-GMA C=C aromatic peaks
at 1610 cm™ and 1510 cm™.

FTIR spectra of the two fillers are shown in Figure 2. They
revealed a strong, broad band at 992 cm™ resulting from
overlapping contributions of Si-O bond stretching and B-O
vibration in the barium aluminoborosilicate glass. Optibond FL
has a peak in the 1400 cm™ region due to B-O stretching. Si-
CH2 in silanated particles is seen at 1200 cm”, while the peak
at 1060-1080 cm™ is due to Si-O asymmetric stretch of silica
particles. The 790 cm™ peak is due to symmetric stretching of
Si-O. The percentage degree of conversion (D) is calculated
using 100 x (h-h)/h,, where h; and h, represent the height of
the reaction methacrylate peak (1320 cm™) above background,
initially and at time t, after start of the polymerization. Light
curing began 20 s after start of spectral acquisition and lasted
for 20 s. Bonding systems reach or surpass 50% degree of
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conversion D_(%) before light irradiation stops. Clearfill SE Bond
2 attains higher final D_ (%) compared to Optibond FL (Fig. 3).

Conclusion

The ATR-FTIR method is very useful to characterize the chemistry
of dental bonding systems, as a monomeric liquid mixture but
also ofthe separated solids, in this case, the inorganic glassfillers.
Continuous spectral acquisition during photopolymerization,
without any disconnect from the ATR, allows monitoring of
the polymerization reaction and assessment of the degree of
conversion D. (%), with high reproducibility and without the

need for normalization.
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