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ABSTRACT

Optimal combination of 3-component photoinitiation system to
increase the degree of conversion of resin monomers

Chang-Gyu Kim, Ho-Jin Moon, Dong-Hoon Shin*
Department of Conservative Dentistry, Dankook University College of Dentistry, Institute of Dental Science, Cheonan, Korea

Objectives: This study investigated the optimal combination of 3-component photoinitiation system, consist-
ing of CQ, p-octyloxy-phenyl-phenyl iodonium hexafluoroantimonate (OPPI), and 2-dimethylaminoethyl methacry-
late (DMAEMA) to increase the degree of conversion of resin monomers, and analyze the effect of the ratio of
the photoinitiator to the co-initiator.

Materials and Methods: Each photoinitiators (CQ and OPP) and co-initiator (DMAEMA) were mixed in
three levels with 0.2 wt.% (low concentration, L), 1.0 wt.% (medium concentration, M), and 2.0 wt.%
(high concentration, H). A total of nine groups using the Taguchi method were tested according to the fol-
lowing proportion of components in the photoinitiator system: LLL, LMM, LHH, MLM, MMH, MHL,
HLH, HML, HHM. Each monomer was polymerized using a quartz-tungsten-halogen curing unit
(Demetron 400, USA) for 5, 20, 40, 60, 300 sec and the degree of conversion (DC) was determined at
each exposure time using FTIR.

Results: Significant differences were found for DC values in groups. MMH group and HHM group exhibited
greater initial DC than the others. No significant difference was found with the ratio of the photoinitiators
(CQ, OPPI) to the co-initiator (DMAEMA). The concentrations of CQ didn't affect the DC values, but
those of OPPI did strongly.

Conclusions: MMH and HHM groups seem to be best ones to get increased DC. MMH group is indicated
for bright, translucent color and HHM group is good for dark, opaque colored-resin. (J Kor Acad Cons Dent
2011:36(4):313-323.)

Key words: Camphoroquinone: Concentration; Degree of conversion: DMAEMA; OPPI; Photoinitiator
-Received 20 June 2011 revised 9 July 2011; accepted 11 July 2011-

Kim CG, DDS, PhD student; Moon HJ, DDS, MS, Clinical professor; Shin DH, DDS PhD, Professor, Department of Conservative Dentistry,
Dankook University College of Dentistry, Institute of Dental Science, Cheonan, Korea

*Correspondence to Dong-Hoon Shin, DDS, PhD.

Professor, Department of Conservative Dentistry, Dankook University College of Dentistry, Institute of Dental Science, San 7-1, Shinbu-dong,
Dongnam-gu, Cheonan, Korea 330-716

TEL, +82-41-550-1965; FAX, +82-41-553-1258; E-mail, donyshin@dankook.ac.kr

w0 = 20108 % AR (25 ereR) o] Ado dmdtade] A9 ol ad 7] 2 AT 9 (No. 2010-0008350).

JKACD Volume 36, Number 4, 2011 Optimal combination of 3-component photoinitiation system 313



Basic research

M E
BEG BYAE 712 A3g ohugelt A3t =
| vlE7ks 717 :

, 223 XA Agete 58 T ol 7 AR wi
]j TFH Slo] T ARE df AHEH ¢
ol#13t Ege 7 dimethacrylate2 —TL/“Q

7]7‘] #7718 3, 2 Aoldf FEHo SlE 7
| ﬁller 7147} fillerg ‘EEOH = 24 (coupling
agent)7} 2ol o2 A= BEIMAA A
Eﬂ =07 :Ilzdﬂcﬂ 011’/} 1

Eﬂ;ﬂ 714& 2, 2-bis(4-(2-hydroxy-3-methacryloy-
loxypropoxy)phenyl) propane (BisGMA)e] 7} de]
o] &= 11 Sl=tl, ol& Axd aromatic MtE 7FAaL Q)
o2 o] v, 22 2o EAHg mg v] wjid
A F4o] A1, 55 A’ 57\]“} A7) Aol
Fa Ao Q) vl =& AHS 73 glo] HFel
olgi, 7714 fillers F&st=tl A7t ol £& T
Z‘i@rgg AL F glde TAE <z U wEkA
BisGMAS AEE 2371 93l triethylene glycol
dimethacrylate (TEGDMA)®} 22 dimethacrylate |
MAE AHEsHA HEdl o83 TEGDMA Sl 4°H 4
o] MM B vre A o] itEo] 2EARES =
T A 1!

THHgoNAM BisCMA 59 2FFAEL A7 (free
radical) ol &Jel A= F71H wak AF
TYAZ At o] v 24 HusHA b o
P& M= TN Alzrlo] Fasitt, ofelgt 5

2 1l fo mok L
NG

%o, o

A= AZHE (degree of conversion, DC) & FAEH | o]
= H‘%‘ﬂlz o] HF F4 9= A= 83 89o=
e AskES By, 744 A wFa nukg gk
e T2 T8 A2 A s oA F lenEs
o|Z W5 YellF e B AAES AL 5 glojof i}

FTYMA A adle2e FINAA D FFEZA (com

initiator)7H Sl o] & SRR L AR F
T e AR BTN AtE = ool diel] E
T8 MMk Bk, w2 EEE ARTIE 43

i, Fg iAo & ofof b WA SA4Jo] §li, Bt
QHgAdo] Folok sh= ofe] 7pA] g WSk 5&@.
188 $3 /HAA £ camphoroquinone (CQ),
1-phenyl-1,2-propanedione (PPD), diphenyliodonium
hexafluorophosphate (DPIHP), p-octyloxy-phenyl-

_{

¢

phenyl iodonium hexafluoroantimonate (OPPI) 5ol
JEH, °] % 19719 Dart®t Nemcek®o <& 7§atd
CQ7Y dAZA 71 BRA o2 ALgsa glom, X|7-g
B ek 1 o) 55 Pl A8k THEoiA

314 KimCGetal.

= 3z S} _L_‘——____
H], }?}EH;ﬂg_i ./J\_—/F}‘é% Eq% Hg—fio]:%—‘g] thyl 4~
(dimethylamino) benzoate (EDMAB) E& 144 A%

Z9] 2-(dimethylamino)ethyl methacrylate (DMAE-
MA) 9} 2& 37} ofRl5o] F=2 AHg-Ht,
CQe I 99 468 nmollA HU FHEE Hole o

dicarbonyl =42 X244 #53 @713} H2A| g %
HASHA AFEE 2 gl CQ“ WS W H gubdgoz

|
271 H”EHE AgkE] =], (1) SGEAAt e (singlet
state) = % FA o #o 0}?‘] &, (i) A4
(triplet state)= 2771 @/dol Tz, v &2 vkt
715 7H 2 e}, o A" AL dElel 9 W CQ #A
7} ob¥l ZAte} wh-g-sto] G e o] B3 (exiplex) & A
el H=dl ol 37 oMW CRRE 4 dAE FE
of Hl24 2718 WHEAl 9

a8y QY T &%l ¥ Al ¥ ¥
Frote Yk thE JHAA Hg) BoXTHCQ: 0.14,
PPD: 056 TPO 2.1, 1r819: 23) 53] »#*MOW

z3t
°ﬂ %ﬂ‘c‘?}ﬂ” %J% A 2 OJ'?} 5*3‘01] g = 9l
s

o o]¢lo = CQE FEHo] ¥A] & A2 (chromophore)
g 7K Ao 31 gigtEe]7] wEd|, @zl thEe]
CQE ¥ow o] AafA], W& A e 74 A9
370 Alge] oA HE AMYE HFT TEHE Y
Amligo] gk WA JEgh 7 ARgShe ol

ES-51o] charge-transfer B3
(CT complexes)” &2 43 °‘Efru(quaternary
ammonium salt)& W& =0, o]2ld 42k $4RE
& HZ ellA Hol ¥hg-sh= A7k A|AA17] L, 7‘%‘3 *J
o}ld Az 7]'_:_73: %401 ) ¥ o] Qo = n|Hkg ollo] T
o
15

N

E} T 7| Wal=(yellowing)

i
=

=
T
rE o
4

(o]

40,
o
ﬁ_
i,

LN -ﬂ ﬂL

Mo or =
[
24

~
U,

2,

i

(o]

o

(2
ofy
2t o
I
%3
PR =R Ty
ml

o

_l

= CQ% HE
%1k > a*dlketoneso] PPDE CQ
& A3} F3s( olymenzatlon kinetics)< 7§41
= 9 g o stk Guo &
<o, 1% DPIHPE CQ 3 ¥H&
4= (polymerization rate) % A gE|
7Vt tia stem | Arikawa o monoacylphos—
phine oxide (TPO)E violet-LEDZ #F3st9< of &
274 F71(QTH) & #5843 CQY AFHt F352
A g Adol o 4t " Shin? Rawlse CQ,

JKACD Volume 36, Number 4, 2011



Basic research

OPPI DMAEMAS] 3% F37iA] Al2Ele] CQ ¥5
CQ@r DMAEMAZ % o JIFET 9 =2 T3

2 o rﬂ JH

& Htka &t ® e ZRAIA o FX0A| 9] H]
o] FHHZE YIS FE o2 HuHu g} of
o TE7} CQY TR ow T B4 Alo]o] AEA<I
%= (spontaneous collision)©] Z01E0] A7} A <
CQ7F 999 A8 (fundamental state) 2 50}7“’3’*1
A7) dAg o] HojAt}. Brandt 53 Yoshida 52 74
AlA CQSF £314] DMAEMAS] H]&o] 1 : 2% wf A&
ol 74 Edtha 32, Schneider &< 7HAAIY %
F(CQ, PPD, CQ + PPD)el|l #AIGlo]l 1 2H]&°] 1 :
1.5,1:1,2: 1 w8 AgE, A= 2 L7} 718
Fefrt StAAIRE ofvlo] B E3Hzlo] FEA WA
Hoha st

olo] Wt Park & CQ9Jr PPDE %02 0.9 wt%
A ALEEt (F 1.8 wt%) ZZA91 N, N-cyanoethyl-
methylaniline (CEMA)E 0.2 wt% = 4 oW 45H94 Xl
FES Adet) 3t} oo Arikawa $& CQ,
PPD, TPO, Ir819% 2 /HAAIE 1.5 wt%. EDMAB
(ethyl p-dimethylamino benzoate) ¢} 22 XA 0.2
wt% = 410l 30 : 1¢] Hl& & g7k v Slehr

ole ¥ AFeAE= of2ig CQ, OPPI B DMAEMA®]

% FWINA2AS 5T A Lievle] 2UES 3

SHES
tskstr] el Zzte] o) g2l 24 e Alsision,
THNAA G} SEEAA S wleel] wE FEERES] A
°o|Z %7kttt ool el 1) 7+ FEgAAA2Ee =
A Hgdd e FIRLES AoVt glvke 7R 2)
A A9 wEo] FRHAREANE dFe FA

etk Mg AT,
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CQ OPPI DMAEMA Total con. ratio of initiator
Groups o
(wt.%) (wt.%) (wt.%) (wt.%) and co-initiator
LLL 0.2 0.2 0.2 0.6 2:1
LMM 0.2 1 1 2.2 1.2:1
LHH 0.2 2 2 4.2 1.1:1
MLM 1 0.2 1 2.2 1.2:1
MMH 1 2 4 1:1
MHL 1 2 0.2 3.2 15:1
HLH 2 0.2 2 4.2 1.1:1
HML 2 1 0.2 3.2 15:1
HHM 2 2 1 5 4:1

CQ, camphoroquinone: OPPI, p-octyloxy-phenyl-phenyl iodonium hexafluoroantimonate: DMAEMA, ethyl 4-dimethy-

laminobenzoate.

L, low concentration: M, medium concentration; H, high concentration.
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Figure 1. Degree of conversion of experimental groups with
various combination of photoinitiators according to
exposure time.
L, low concentration; M, medium concentration: H, high
concentration.

Table 2. Degree of conversion (%) in each experimental group Mean (SD)
Curing time
Groups

5 sec 20 sec 40 sec 60 sec 300 sec
LLL 19.27 (6.09) 46.39 (4.55) 52.20 (2.91) 60.62 (3.72) 65.47 (6.10)
LMM 24.19 (6.11) 50.12 (5.48) 54.96 (6.75) 63.99 (7.53) 68.22 (4.51)
LHH 33.75 (4.67) 57.11 (1.36) 61.31 (1.96) 68.85 (2.20) 70.48 (0.99)
MLM 9.19 (4.08) 28.40 (2.89) 49.91 (2.68) 62.91 (2.90) 67.05 (1.74)
MMH 54.03 (2.96) 61.77 (3.12) 64.23 (3.86) 71.28 (4.17) 74.02 (4.94)
MHL 49.16 (4.26) 57.73 (5.22) 60.64 (6.65) 68.62 (6.23) 70.92 (4.78)
HLH 2.56 (1.01) 13.00 (1.86) 39.23 (4.24) 62.12 (3.02) 63.47 (3.06)
HML 38.65 (1.96) 52.84 (2.14) 58.33 (2.86) 67.58 (3.00) 68.95 (1.45)
HHM 56.44 (4.42) 62.46 (4.03) 65.03 (3.45) 72.11 (4.91) 72.77 (2.78)

L, low concentration: M, medium concentration: H, high concentration.

316 KimCGetal.

JKACD Volume 36, Number 4, 2011



Basic research

1) 2t SEAARI] ST Zplof e SEEEES H(D

=
Flgure 3 (20??:), Figure 4 (40%), Figure 5 (60%),
Figure 6 (300%)°lA & 4 it}

5z5t F33 A$ole HHM 23 MMH o] 2+
56.44%, 54.03% % 7V =& THHATES BT v
HLH & 2.56%% 714 & s¥d&52 Bild
(Figure 2).

20% Bt FEe 4$ole HHM o3 MMH &, 1
g3 MHL o] 47} 62.46%, 61.77%, 57.713% % <&
THASES ook v HLH +3 MLM & 747}
13.00%, 28.40%% %<& T 8ES EAH(Figure 3).

o] % FF3 AlRto] Ao aE BE AdTdA FTFA

Degree of conversion at first 5 sec

60.00
£ w0
220 g ' -
000 L_4
@ Q@ @ e @ @ @ 8
N S 8 Q N N N
VS 3 e &SIy

Same letters in the parenthesis are not significantly different (p < 0.05).

Figure 2. Degree of conversion at the first 5 seconds of
irradiation.
L, low concentration; M, medium concentration: H, high

concentration.
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Same letters in the parenthesis are not significantly different (p < 0.05).

Figure 3. Degree of conversion at 20 seconds of irradiation.
L, low concentration; M, medium concentration: H, high

concentration.
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Figure 4. Degree of conversion at 40 seconds of irradiation.
L, low concentration; M, medium concentration: H, high
concentration.
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Figure 5. Degree of conversion at 60 seconds of irradiation.
L, low concentration; M, medium concentration: H, high

concentration.
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Figure 6. Degree of conversion at 300 seconds of irradiation.
L, low concentration; M, medium concentration: H, high
concentration.
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Table 3. Concentration ratio of photoinitiators (CQ +
OPPI) and amine (DMAEMA)

(CQ + OPPI) : DMAEMA Groups No.
1:1 MMH 5

1.1:1 LHH, HLH 10

1.2:1 LMM, MLM 10

2:1 LLL 5

4:1 HHM 5

15:1 MHL, HML 10

L, low concentration; M, medium concentration; H,

high concentration.
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Concentration ratio of photoinitiator (CQ + OPPI) to co-initiator (DMAEMA)

Figure 7. Degree of conversion with various concentration
of photoinitiators (CQ + OPPI) to co-initiator (DMAEMA).

Table 4. Degree of conversion (%) in groups according CQ concentration only Mean (SD)
Curing time
Groups No.
5 sec 20 sec 40 sec 60 sec 300 sec
Low (0.2 wt.%) 15 25.74 (8.14)a 51.21 (6.01)a  56.16 (5.67)a 64.49 (5.81)a 68.06 (4.61)a
Medium (1.0 wt.%) 15 37.46 (21.09)a 49.30 (15.81)a 58.29 (7.66)a  67.60 (5.61)a 70.66 (4.81)a
High (2.0 wt.%) 15 32.55 (23.35)a  42.76 (22.32)a  54.20 (11.78)a 67.27 (5.47)a  68.40 (4.59)a

Values followed by the same lower-case letters are not significantly different (p » 0.05) within the column.

Table 5. Degree of conversion (%) in groups according OPPI concentration only Mean (SD)
Curing time
Groups No.
5 sec 20 sec 40 sec 60 sec 300 sec
Low (0.2 wt.%) 15 10.34 (8.14)a 29.26 (14.45)a 47.12 (6.62)a  61.88 (3.15)a  65.33 (4.06)a
Medium (1.0 wt.%) 15 38.95 (13.17b  54.91 (6.26)b  59.17 (5.95)b  67.62 (5.76)b  70.39 (4.53)b
High (2.0 wt.%) 15 46.45 (10.63)b  59.10 (4.37)b  62.33 (4.60)b  69.86 (4.70)b  71.39 (3.18)b

Values followed by the same lower-case letters are not significantly different (p » 0.05) within the column.
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gA B dFda e deES 487 Y8 FTIR
(Nicolet 20, Nicolet Instrument Corp., Madison, WI)
& AHESRITE

AlEE 3 9l

vz}

il

Sato] A71E Adst
(co-initiator, = amine)tt.

Ty o X 38 B EERe SRMAA R
AHEE I Qe CQE T sl wom )’ A A
gk 27t ek =3k CQ AHA Y] o] el HE T
g e Andd® 2] 2 JaFe vt v
2 ATl AHgE & bE FIAAIY OPPIE A &3
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He A9 onium QO EA? ol A 3 gz
(cationic polymerization radical) ¥5+ obyz} 53+ &)
fF=817] 28l 1 A" OPPIE A% ek Ao] =
FoGA A Fa8lEo] phenyl BZS A=,
gz Sl #ASIAY oWl e B2 RH F
g FEote ¢ A7) S8 2og FET oA E
7 9ok OPPIE AW F37F 30

[ CTI 1
ik

[¢]
2l et 28y °| & borate 5 £ =83 4]
bimolecular photosensitization system©.Z A}4-31H &
BAi7E 71} G L ol Fdithe Hak ginh”
Shin?# Rawlse CQ, OPPI, DMAEMAY 3% %
Al Alzdle] 0Q ©E 52 CQF DMAEMAE %33
FHU U 22 $PASES Btk Tt &
A Al 2"l FE7t & 25F(3%)0] W 1
FAES Heltka siglon,
(5%)°ll glo] & ztel& HSIThal STt
= CQ. O
[e]

17

ol

S
——

e S oy

N2,

G
rol oot

ot o

(

A o

ol

PPI, DMAEMA®] A& 23l 9l
L xn 238 ol izl
< HHM % MMH +#,
A (Z+2+ 56.44%, 54.03%,
49.16%)< Hal, 2 HE HML (38.65%) , LHH
(33.75%) ¢, LMM (24.19%) &, LLL (19.27%) ]
Ko MLM (9.19%) &, HLH (2.56%) ] 7} &2
AES Btk = 2. 56%00A 56.44% 7HA] W He
Zo| ASE 2o]E Ho] ¥ o] 2 P AL &

2~ 0]

T M-T.
202 T AfolE, 74 A A%E A7) e
2 W3k HolA| ¢a 539t Zo] HHM +, MMH ,
Ein

MHL <, LHH , HML , LMM <, LLL &, MLM ¢,
HLH #9 #A4E Bgon HAIEL 13.00%°4
62.46%% 2T},

402 T A= £A9 atolE Holz| ko
39.23%°14 65.03%2 A& HA1 60 STl
of7te] A WgE EJoH(HHM « ) MMH
LHH # ) MHL ¥ ) HML & ) LMM & > MLM )
HLH & ) LLL ), o] ¥FE & BE A0l 60% °¢
o] AFES BYH60.62 - 72.11%). 300% <] 7
SO okzre] A ®skel A (MMH & ) HHM o )
MHL ¥ ) LHH & ) HML ¥ ) LMM & ) MLM & )
LLL & ) HLH &), 63.47%°14 74.02%2] A%&< &
o] 97f) AT Alolole BE S| A BAF Fo
A2 Blov(p € 0.05), 60% o]ZFo)E 1 zto]7} AA
Zoloe AEE B

o] gt B FTEAIZ | w2 2pol Mt op 2} A B
T AFES Hrgte fARE o2 Yeistt. 5 971

M
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1% % HHM +3 MMH o] 7V} & FdA8E (7
7t 65.76%, 65.07%)% B9, 21 55 MHL
(61.42%), HML #(58.30%), LHH +(57.27%),

< 471 9814= HHM &, MMH &, HML ¥3 2-&

Z3to] uigtAle) Holn o]d ma} % X wE A
SHe 2to] 7} §l& Aolghe A WA 7ML 717

=2 TEATES A7) AT FMAAYG FHAL of
Ne] & H]&d dfMe B =] 9}, Schneider
5& CQ, PPD, o}1(EDMAB)S AM&g+ AAollA CQF
EDMABRHS &3t 9ol 1:2>1:151:12>
2:19 2 Hg cor SIHSE
PPD) : EDMABY ZA$e®=1:2,1:15>1:12>2
119 24 HE o =8 A
Z INAIAIS] FRel BAIGO] FRNAIA L ZXAL] 1 ;2
Hlgo] A%E, WAL 9 SdmolA S5ttt skl
h* Musanje 5 CQ% o (EDMAB) = AH&-g A
A CQ : EDMAB9] Hl&°] 2.40 : 0.83 mol%& &%
o aF0] 7MY w2 THEES Holw Knoop HEO
doidE 1.44 : 0.429 1.05 : 1.65 mol%2 H]&<L
7b frElsttta ke th” o] 9ellE Arikawa & CQ,
PPD, TPO, Ir819¢} 2 /IAAIE 1.5 wt%, EDMAB
(ethyl p-dimethylamino benzoate) 9+ 22 714 (.2
wt% 2 4101 30 : 19] vl &R E3sI). o5 vkt 3
A(QTH, plasma-arc lamp, blue LED, custom-made
violet LED)S.2 F§ste] de&s H7kgk 247, TPO,
1819 3 @RS violet LEDZ 533+ Zo] QTHEZ 5
A3 CQ T Xl vlg] w2 AFES A2 F At
S i=

E AdlMe FAA(CQ + OPPI) @ $3HFZ
(DMAEMA)®] 24 Hl&o°] 1 : 194 15 : 1704 &5
A 71 23Fo 2 o] Fo| K tH(Table 3). 1 Z2}E Figure
TollA B & el 244 v e SPAFES 11 1
(MMH) #9A =& A8 ES Bl + 1.1 ¢
(LHH, HLH) ollA %obA 2 : 1 (LLL) &7k H]5:E
FFE Holtl 4 1 1 (HHM) oA thA] Eold & 1
01 (MHL, HML) wolA tha Yolrl B5& Bl

dot t o

d

2

N =

Ot

o|AH FIINAIAIE ZX1A9 vl &o] AR wtet FA
S0l Y FTIIAY il Fde HolA] &9
ovz T WA 7Mde JFFHAY olg e ARES YA
71=3 ATEY g2 Aoz ol g RieHe] dE
(BisGMA, TEGDMA) % &% F9 Aold| 7191 AL
2 Holth A3z o7 CQ, OPPI, DMAEMA® 3% #3
TAA 28 9] 5 v &e] Fito] wE Wl s 2

—
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HUpes 22 ARES Hole 54 5k 23S 2 Ao
HiAlE] Bt

S FRNAA S FFEIA Y] HEo] 22 AP
A, F8 7] ASES vmelEd 1.1 ¢ 19AE LHH
To] HLH TEt #& $X& B3lon, 1.2 @ 1dXe
LMM o] MLM w8t} o] &2 H3ES By E3t
H]go] 15 1 191 Z%-o& MHL o] HML ol Bla] <
2t 58 £32 BYth(Table 2). 3 1.1 @ 19 24 Hl&
o] A%, bz Bt FeFdSs W LHH ool 33.75%=
HLH #9] 2.56% ¥t} %9t1, 2029 4%l = LHH &
o] 57.11%= HLH 9] 13%Xt} =74 Yehsitt. 34
50| = yehd LHH #& HLH ol vl&] 22 &
o] olglz}t AFEe CQ, 28al 1¥=e] OPPIE o+
1 e AdFo|t), 1.2 1 1 H]E9 A$ox 5 B9t
%3 39S W LMM o] 24.19%%= MLM ] 9.19
2} Eokom 20% B FFH ¥ = 2tz
50.12%%} 28.4%% LMM o] MLM ol vl&] =& %
FHGES Bt} HAEEC] =& LMM 2 MLM 7
Hlg] 22 Fxo ol AFkel CQ, 1EEY OPPIE

24

X o o i r

49.16%)°] HML w(5%: 38.65%)°l & &< oA
FES Bk 20%9] Z$ole MHL ol 57.73%=
HML 9] 52.84%¢l Hl3 27t =2 FEAdES B
o BAHCR o3t Aol HelA] ¢yttt MHL &
HML wef] H]3] 22 w29 ol f A 5&e] CQ, AT%
°] OPPIE #Hrat Adwtelt), ojgfst A Jdoz
UE 59 CQY =& F=9 OPPIZL Btk 81E 4 3l
the 7k 4 S Hol

2 AFAE ZIMAAZ CQY OPPIZL AHEE Y
Hh FEASE tig o] 59 YIS fF3] Al o5
] TEE Vel R Hrheh. €Y Afole Al
5%9] 7% 25.74 - 37.46%, 20%9)= 42.76 - 51.21%,
40Z9)= 54.20 - 58.26%, 60%°l= 64.49 - 67.60%,
300Z°1E 68.06 - 70.66%<] AgHES HYoy F3 Al
Tl ARl AE%=(0.2 wt.%), =7 F=(1.0 wt.%),

[ R=R

AEE(2.0 wt.%) Aol F8HEES] Ato]lE HolA|
tHTable 4). ]dl| Bkl OPPI] 7 %ol 317 5
%9 A2 10.34 - 46.45%. 20%90= 29.26 - 59.10%.

40%E 47.12 - 62.33%, 602 61.88 - 69.86%,
300&90%E 65.33 - 71.39%9] ARES HoH, 2E
& AN F 55 2 1% Ao A A3
ol Hlg) EAZ R 423 (p ( 0.05) B FTANE
S 29 tHTable 5). o83 AFe £ SEAAES o
7] Yl E 4B 2 OPPL Hile $55% o449 »&7t
Egulojof dthe A& HojEr) ofgg o]gd TdHE
Ed| glo] CQ ¥% Brh= OPPIY %7} o 2 43S
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A= AsedX= =2 FBATE

=2 7FA oF gt} ?
CQ, OPPI, DMAEMAS] 243 A&
o= %&z'\i-?:}%" SN A 71E CQ +
DMAEMA Al2#d] OPPIEZ #H7gezH CQ ¥
DMAEMAS] %5 &9 CQ % DMAEMAY] 5% 37}
of w2 LA 7hsd o] GHE(FH &% At e
Z 3 Al A3k, A Ao i3t & 5
a2 ;}h 740]4 2 Oﬂ? 2%, WV = F
Hol AFe M
Sl *—'.‘01 ALIXE QE "‘Olv} 1 A Eﬂd -
7

2 aftbe FRUNAAC el S e F(FAb o,
t}2 shs 3ol (photoexcitation) ol 2J8f wHEo7l &
T FEE Edet FIA EAS vEol E S ole 2F
ojt}¥ o] F A= thA] Eahd AL e F53te T
g & ¥A&37A4 (molecular extinction coefficient) =
=
Ly
=z

ol
>,

ot 9= MMH % | H A4 o}ﬂri ke, gk
AEEANE & F4 AFE 7k dve 231E 5y
2= HHM ¥ ¥t MMH ?01 o] v g Aoz A
ZHATE O] TE CQE U3 7 S Y Fglemz
Bhe Aol B At feld & gloka AZE o
A DMAEMAS} 22 ofglo] iAoz & HHM w2
AlZE ATt mr2 %@}?ﬁé}ol MMH #Eth 2A Hez

e A Ee BFY AddA o 23 5 ok A7

oAl B3HZE A FHAFES Hol= T4
o] S F5& Uelor doh* 2y gukdgor
2 TPHSES S HH F shl 9 5%
HE #Aol itk & AFM e B TS ES 2
g 2ds AAR skles MMH, HHM <°] 7F &
< TPHSES Boy, S =& T v5e Y
7Fe/dol itk 5‘31} 271l Fgo] AA o|FAABR Al
b 73l w2 iHe-(dark curing)o] dHiH o2 Hof
A7V oE & %lﬂ;—‘i 7IAA gAo] oulg JIga W
A gt 9 EE S T ol BAE Uig F7H4
ol A7 E ettty Azeitt

CQ, OPPI, DMAEMA—E’ AR 3% ZSA A AE
BF, 4 ZAEY ' 2 et FEASEY Aol E
wolor ve/F *“*o“ﬂ Z2HE2(1.0 wt.%)9 0Q,
T52(2.0 wt. %)l DMAEMAE g3t
MMH o] FH3n, /550 Adls 1%5%(2.0

JKACD Volume 36, Number 4, 2011

wt.%)9] CQ, OPPI ¥ F7Hs=(2.0 wt.%)2] DMAE-
MAZ &3t HHM o] FHE T}

A FEHAA(CQ, OPPI 8=x49]1 DMAE-
MAS] H]&o] w2 F3ATES] AJolE Ho|x] gkgton,
Cle TEE AgEd 93 A &2 ¥, OPPIY &
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AREH: o] 7] FAAS 7L e 712 FNAAIRL CQeF A2 ZHAIAIQ] poctyloxy-phenyl-phenyl iodo-
nium hexafluoroantimonate (OPPI), S&EAIQ A W= o1 (DMAEMA)2 233 3% FIIAAI 282 g3t ¢
7 2] FIAES ST Se 47he] 24 v &S dopiu FINAA Y SEEHAA Y v o] w2 JgS F
Astaat steint,

A7 E ¥ 2 BisGMA/BisEMA/TEGDMA 249 @7 Rxer g A2 o ket 5% 239 CQ, OPPI,
DMAEMAZ &&si3ith 24H7te] 242 0.2 wt.% (A%E, L), 1.0 wt.% (5%, M), 2.0 wt.% (%%, H)9| 37}
A weg 3egon 1 % Hgd ug ole Adzoz Atk LLL, LMM, LHH, MLM, MMH, MHL,
HLH, HML, HHM (CQ-OPPI-DMAEMAS®] ¥%) $3 Al2®lo] 3¢ 27+ #7l Bew & NaCl diskell $2hek ot
< Demetron 400 #5715 o] &3] 5%, 20%, 40%, 60%, 300% B¢t #53 3191oH, FTIRE HE-E (Degree of
Conversion, DC)& Z233l%th 248 & ANOVASH Duncan AFFHAEE o] &3kl o S3AIA 9 S8=714] 9
Hlgo] 22 AdFE] Ao ude T-H4 = Al

Zak FINAN 2B o] F= 2B 5 23 wet FFASEY AolE BYor MMH w2 HHM w°] £ =
7] SEARES BT TIMAA(CQ, OPPD S $8EZ1A41Q1 DMAEMAS] H]&dl 2 S5 2jo] & Holx|
goron QY vt A%E 9GS T4 2 v, OPPIY v H&Ed Ja-s vt

ZE: F3ASE0] o Hhe Ato] I Qg A¢olE MMH 23S, 2AY B4 8 2$de MMH 28] 39}

Fothol: 3%, TINAIA SEAEE Camphoroquinone; DMAEMA; OPPI
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