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Absorbance Spectra Analysis of Photosensitizer and Reducing Agent
for Dental Light-cured Resin Monomers

Kunio Wakasa, N.A. Chowdhury, R. Priyawan, Nurhayaty Natsir*, Yasuhiro Yoshida**,
Atsuharu Ikeda, Tomoji Hirose and Masao Yamaki

(Received for publication, April 3, 1995)

ABSTRACT

Infrared analysis showed absorbance spectra of photo-
sensitizer (camphorquinone; CQ) or/and reducing agents
(dimethylaminoethyl methacrylate; DMAEMA, dimethyl-
para-toluidine; DMPT, and diethylaminoethyl methacry-
late; DEAEMA ) dissolved in bis-GMA, TEGDMA,
UDMA and bis-GMA/TEGDMA binary monomer in the
wavelength range 300 to 650 nm to examine the spectral
characteristics. Total amount (1.0 wt%) of photosensi-
tizer and reducing agent was dissolved in their monomers.
They were analyzed immediately after mixing it, or after
keeping it for 7 days at 37°C, showing that their absorb-
ance peak ranges were from 450 to 500 nm (about 470 nm)
similar to relative intensity peak obtained by visible light
curing source. The result suggests that the absorbance
peak ranges of photoinitiators (photosensitizer and reduc-
ing agent) to resin matrix agree with absorbance peak
range of visible light curing source.

INTRODUCTION

The photosensitizer (camphorquinone) with reducing
agents is used for dental visible light-cured (VL.C) compos-
ite resins, because the degree of conversion by the

Hiroshima. University School of Dentistry, Depart-
ment of Dental Materials (Chairman; Professor Masao
Yamaki)

* Hiroshima University School of Dentistry, Depart-
ment of Operative Dentistry (Chairman; Professor
Hideaki Shintani)

** Hiroshima University School of Dentistry, Depart-
ment of Removable Prosthodontics (Chairman; Profes-
sor Yasumasa Akagawa)

Correspondence to: Dr Kunio Wakasa, Hiroshima
University School of Dentistry, Department of Dental
Materials, Kasumi 1-chome, Minamiku, Hiroshima City,
734 Japan

photopolymerization is activated by the components and
the content of photoinitiators which are composed of
photosensitizer and reducing agent'~”. The radiation
energy in the wavelength range of 400 to 600 nm was
effective to photopolymerize VLC resins when irradiated
by visible light to transfer to the excited state®~1®. In
commercial dental composite resins'? and experimental
unfilled VLC resins, the photoinitiators used were ana-
lyzed'?~'®, The absorbance behaviour of photosen-
sitizer was analyzed by IR (infrared absorbance) method to
form free radicals by visible light irradiation in the
wavelength range. The visible light (VL) curing source
had the peak ranges of 450 to 470 nm in visible light

6-10  The results showed that their wavelength

range
ranges were useful for VL cured resin matrix. This
study was thus to evaluate the photosensitizer and reduc-
ing agents dissolved in resin monomer and binary monom-

er mixture in the wavelength range 350 to 600 nm.

MATERIALS AND METHODS

Polyfunctional methacrylate monomers (triethylene gly-
col dimethacrylate (TEGDMA; Tokyo Kasei Co, Tokyo),
bisphenol-A glycidyl dimetracrylate (bis-GMA, Shin-
Nakamura Chem, Wakayama)), UDMA (urethane
dimethacrylate, Shin-Nakamura Chem) were tested. 60
wt% bis-GMA/40 wt% TEGDMA binary monomer was
mixed in our laboratory, similar to our previous re-

67, The amount of photoinitiators (camphor-

ports
quinone and reducing agent) was 0.1 to 5.0 wt% to the
resin matrix*'%#!®, and thus the resin monomer and
binary monomer mixtures in this study included 1.0 wt%
as a total amount to them. The photoinitiators tested
were camphorquinone (CQ, Tokyo Kasei Co) as a photo-
sensitizer and reducing agents (DMAEMA; dimethy-
laminoethyl methacrylate, DMPT; dimethyl-para-tolui-
dine, and DEAEMA; diethylaminoethyl methacrylate,
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Tokyo Kasei Co). The absorbance of the photosensitizer
(CQ) and photoinitiators (CQ and DMAEMA, CQ and
DMPT, CQ and DEAEMA) was measured by the infrared
(IR) analysis as follows: Data mode =absolute value, band
width=2 nm, time constant=0.4 sec, wavelength set=
200 to 600 nm, wavelength scale=20 nm/sec, scan speed
glass (Nihon Bunkou

=400 nm/min, cell=quartz

Kougyou, Tokyo).
RESULTS

The values measured were three different wavelengths
and delta height (delta h) and the area between ramda 1
and ramda 2 (Figure 1). Table 1 indicates absorbance
spectra value of bis-GMA,TEGDMA and bis-GMA/
TEGDMA when CQ (1.0 wt%) was dissolved, represent-
ing that peak value (ramda 0) was approximately 467 nm.
The monomer dissolved was obtained immediately after
mixing of CQ to resin monomer. Table?2 indicates
absorbance wavelengths after keeping it at 37°C for 7
days, showing that the value was 467 nm. Table 3 indi-

Absolute
value

Wavelength

Figure1 An example of schematic figure; IR chromato-
gram in the wavelength range. See text for

key.

cates absorbance spectra of UDMA to which CQ, CQ and
DMAEMA and CQ and DMPT were dissolved (the mix-
ture was kept for 7 days at 37°C). The peak value of
wavelength was also approximately 467 nm. Table
4 indicates absorbance spectra of bis-GMA (60)/

Table 1 Wavelength of absorbance spectra of CQ when dissolved in bis-GMA,

TEGDMA and bis-GMA/TEGDMA binary monomer.

CQ=1.0 wt%.

The mixture was used immediately after mixing of CQ to the resin matrix.

Wavelength (nm)

Solvent CQ (wt%) A A 2o Ah Area

. 387.0 5157 4663  0.152  9.08
bis-GMA 1.0 2.2) 2.6) 0.2  (©.008  (0.54)
3813 520.7  467.9 0137  8.28

TEGDMA 1.0 9.6) (3.8) 0.2  ©.002 (0.2
bis-GMA/ Lo 375.7 5133 4675  0.099 5.9
TEGDMA : 6.9) 1.9) ©.5  (0.043)  (29)

bis-GMA/TEGDMA =60/40

After mixing of CQ to resin matrix (immediately)

Table 2 Absorbance spectra similarly to Table 1.

days at 37°C after mixing.

The mixture was kept for 7

Wavelength (nm)
Solvent CQ (wt%) A o o Ah Area
- 3853 5220 4664 0197 1193
bis-GMA 1.0 @.5) 3.3) ©0.6) .02 (152
386.3 5187  467.7 0123  7.85
TEGDMA 1.0 @.2) 8.4) ©5  (0.015  (0.15)
bis-GMA/ o 3713 517.0  467.9 0151  9.54
TEGDMA : G4 G 0.4 (0024 (131

bis-GMA/TEGDMA =60/40
At 37°C (7 days)
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Table 3 Absorbance spectra of UDMA including CQ, CQ and DMAEMA, and CQ
and DMPT. See text for key.

Photoinitiators

Wavelength (nm)

A Az Ao Ah Area

@ 388.0 5153 4671 0123  7.53
1.6) 1.9 0.7  ©0.001)  (0.24)

3853 5133  467.6 0133  7.89

CQ+DMAEMA 3.9) .9 ©.00  (0.00)  (0.47)
3907 5167  467.7 0125 7.2

CQ+DMPT (3.4) ©.9) ©.9  (0.005  (0.50)

Monomer; UDMA
At 37°C (7 days)

Table 4 Absorbance spectra of CQ and DMAEMA, CQ and DMPT, and CQ and
DEAEMA in bis-GMA (60)/ TEGDMA (40) binary monomer mixture.

Photoinitiators A Wavelerﬁth (o) Ao Ah Area
CQ-+DMAEMA oh Bs  ©o  omo 0
CQ+DMPT 3(39553 5&86? ‘t874)7 (81(1)82) «%I%g)
CQ+DEAEMA 3{368? 5{181)7 %8.721)7 (gﬁé(s)fls) (gﬁgé)

Comonomer; bis-GMA/TEGDMA=60/40
Photosensitizer +reducing agent; 1.0 wt% (total)

At 37°C (7 days)

TEGDMA (40) binary monomer mixture to which CQ and
DMAEMA, CQ and DMPT and CQ and DEAEMA were
dissolved (kept for 7 days at 37°C), and the peak value was
approximately 467 nm.

DISCUSSION

The wavelength peak range needed for photopolymeri-
zation of VLC composite resins was supposed to be
approximately 470 nm as shown during direct irradiation of
VL curing, showing that the wavelength peak of visible
light source was 450 to 500nm for VLC composite

810-13)  Greater integrated spectral irradiance

resins
(470 to 480 nm) improved curing performance of dental
bis-GMA/TEGDMA based unfilled resins*?.

The photopolymerization varied with the concentra-
tions of photoinitiators (photosensitizer and reducing
)12 At CQ=0.5% and more than 0.5 wt%, the
degree of photopolymerization was 76% in UDMA/

TEGDMA-based unfilled resins containing CQ and

agent

DMAEMA!. The formation of free radicals occurred
when irradiated by visible light, and reducing agents in
VLC resins were used with CQ. The absorption of one
quantum of radiation promoted the carbonyl groups to an
excited state and returned to the ground state by fluore-
The content of CQ and inhibitor controlled the

magnitude of conversion (photopolymerization) in the

sence.

monomer mixtures'?. The varying concentration of CQ
and DMAEMA exhibited different value of the degree of
conversion in UDMA/TEGDMA based resins'®. CQ
content in the set resins analyzed similarly to those
reported by FT-IR (Fourier transform-infrared spectros-
12 Cook reported that the in-
effective wavelength occurred at less than 410 nm and

copy) and GC methods

greater than 500 nm for CQ®. These result suggest, as
reported by Hirose et al'®, that the wavelength range
must be selectively filtered. In the wavelength around
705 nm with a strong spectral emmision, this radiation was

not effective in the photopolymerization. As described
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already in this study, the number of quanta spectrum of
radiation absorbed by CQ was the integral of the product
of the absorption by the spectral intensity of VL curing
source.

This study clarified that CQ absorbed with a peak (470
to 480 nm) between 400 to 500 nm and the other photo-
The photo-

sensitizer as accepter accelerated resin monomers with

sensitizers absorbed below 400 nm range.

reducing agents and forms free radicals in VLC resins.
The compositions in resin composites were chosen out of
consideration of viscosity and suitable ratio between reac-
tive groups. Thus, the additions of photosensitizer and
reducing agent were important with VL curing of VLC
resins. CQ was effective as a photosensitizer system
with an absorbance peak (around 470 nm) during VL

curing.
SUMMARY

The photosensitizer (CQ) or/ and reducing agents
(DMAEMA, DMPT and DEAEMA) showed absorbance
spectra in the wavelength rangeof 375 to 520 nm and a
peak at 467 nm when dissolved in bis-GMA, TEGDMA,
UDMA and bis-GMA/TEGDMA. The addition of CQ, or
CQ and reducing agents to bis-GMA, TEGDMA and
bis-GMA/TEGDMA was effectively available as shown by
Infrared method of absorbance spectra, because the spec-
tral peak range agreed with that of VL curing sourse.
The result suggests that additive photoinitiators are used
for visible light-cured resins as bis-GMA/TEGDMA resin

matrix.
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