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Abstract — A novel evaluation method was investigated for measuring the ability of acid amplification of acid ampli-
fier. The method was based on the measurement of conductivity change by the acid generation according to UV radia-
tion. It was found that the decrease of conductivity was caused by photopolymerization of epoxy monomer during UV
curing process of ink film and by the rate of UV curing. In this paper, the novel acid amplifiers were synthesized and
measured thermal stability by means of DSC. It was found that mono-type acid amplifiers were more stable than di-type.
It was possible to make the dynamical evaluation of the curing rate of UV curable ink in curing process by this method.
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2-1. A2t & F-I17|

B Aglo]] ALg-E 37H A A (photo-initiator: PI)i= UVI 6900(Union
Carbide)S AME-3F91 oM, o] A3ld w2 4-vinyley-
clohexenediepoxide(VCDO)(Aldrich Chem. Co., 98%)%} 3,4-epoxycy-
clohexylmethyl 3,4-epoxycyclohexanecarboxylate(ERL)(Aldrich Chem.
Co., 98%) T &= AHE3ISlth ol& AlEe 72242 Fig. 1%
Zom, uv el gzt o A3} WizhFL Fig. 20 eI
gHd el AFE-E A9k 4.4'-isopropylidene dicyclohexanol(Aldrich
Chem. Co., 95%)3} p-toluenesulfonyl chloride(Aldrich Chem. Co.,
98%)= JAIglo] ALgssl o, & pyridine(Junsei chemical
Co.) E53A|2kS AF2-31I T} TH-NMR spectrum JEOL JNM-ECP
400MHz(spectrophotometer) s AFE-8101 S731913, mpi= SHIMADZU
DSC-60°.2 7313},

Fig. 3°lli= UVAvis spectroscopy(SHIMADZU. UV-2101PC)E ©]
gl o5 Algel tigk FF 54 UERiSith AA 2 B

R

3,4-epoxycyclohexylmethyl
3,4-epoxycyclohexanecarboxylate
[ERL]

L~
SV

Bis [4-diphenylsulphonio]phenyl
sulphide bis-hexafluorephosphate
[UVI-6990]

4-vinylcyclohexene diepoxide
[VCDO]

Fig. 1. Structures of compounds used in this study.

AryS* X +ZH hv Ar,S* X"+ Z -+ HX + Ar -
HX +M H M X
H-M"+ nM H-M)n -M* X~

ZH=hydrogen donating agent
M=monomer

Fig. 2. Mechanism of the initiation of cationic polymerisation.
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Fig. 3. Absorption spectra of compounds used in this study.
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TE 20k o5 ARl tig 1714 540l tisto] AEsiith
f1e] AlRES S48l] f18lo] Fig. 49} o] AL ©]
slo] Sefo|= Feks Sl A=71e] 7] 2 mmE Al #9 A

[e]
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fa =
BE FAS oF 20 iR AP AR AZHAC,

Table 1. Ratio of monomer, PI, AA(mono), and AA(di)

Component

Sample Monomer PI AA(mono) AA(Di)
SM-1 lg x x x
SM-2 lg x 0.03g x
SM-3 lg x x 0.03 g
SM-4 lg 0.03g 0.03g x
SM-5 lg 0.03g x 0.03 g

UV Curable Ink
Al Electrode

Distance Between Electrodes 2(mm)

Fig. 4. Sample cell.
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Fig. 5. Apparatus for measurement of conduction current in UV curable layer.

Fig. 59 (a)¢} o] A&l 2+ A7E S5 98 uv &
39} Electrometer(M.617, Keithley Co.), GPIB interfaces card “12]
I PC(IBM) 5 ©]&3lo] S E 74313121, Labview 6.1
Program(NI Co.)& ©]&-3lo] &7 3|=& #lolalgict. 9o Z¢l
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2-3. ABAHIS] 2

2-3-1. Mono-type 45214

Mono-type AFs21#2] 42 Scheme 13} 2] cyclohexanediol
(CHD : M1) 0.05 mol(5.86 g), bicyclohexyldiol BCD:M2) 0.05 mol(9.90 g),
4,4'-isopropylidene dicyclohexanol(IPDH : M3) 0.05 mol(12.148 g)
< 250 ml 37" 5 Eekel A4 ¥, SR pyridine 150 ml
< Yol WRIAIZIEA 838 &, Ice bathE AME3IO] 0°C ©JslE
WZIAIZIT), o171l p-toluene sulfonyl chloride( pTSC) 0.04 mol(7.62
g)S €ol 0°C oJ3tellA] 244]7HEE WRESHAA HEG-AJTILE, o] )
Hlof| eJgh H7} ukg-5 £ol7] flal] Hle Apksitt. Rhgo] b
EY SEEEFORE 450 FE3 5 5% GAt FEHOE S

W Vo,

9
+ H;c@-g—m
5 0°C, 24h, stir
Pt

O°C 24h, stir

CH;
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0 'C, 24h, stir /(j \©\
HO'

Scheme 1. Synthesis of mono-type acid amplifier respectlvely.
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ARSI 232 8 ¥ AR ] ot gl pyridined 9441
AAsk= dl, o] o pHe =7d519] pyridine?] < o5 RIS
ST} Pyridine®] £ #A1A $- MgSO4 o] g3to] S AlASH
L, A%k Sete gullE Edvh 1§ ollekeat ER Ao
3]4 Fko) mono-type AF21Al (P1, P2, P3)E A& &= 9JSlth
P1: 'HNMR(CDCl,, ppm); 1.50-1.53(m, 4H), 1.77-1.92(m, 4H),
2.32(s, 3H), 3.55-3.56(m, 1H), 3.98(s, 1H), 4.37-4.47(m, 1H), 7.22(d,
2H, J=0.0207), 7.65(d, 2H, J=0.0206), m.p.: 142 °C, Yield: 50.1%.
P2: 'THNMR(CDCl,, ppm); 0.95-1.18(m, 10H), 1.70-1.72(m, 8H),
2.42(s, 3H), 3.46-3.50(m, 1H), 3.95(s, 1H) 4.30-4.34(m, 1H), 7.29(d,
2H, J=0.0207), 7.75(d, 2H, J=0.0207), m.p.: 102 °C, Yield: 57.5%.
P3: 1HNI\/IR(CDC13, ppm); 1.013-1.04(m, 8H), 1.18-1.21(m, SH),
1.22-1.43(m, 7H), 1.68(d, 2H, J=0.0257), 1.98(d, 2H, J=0.0257),
2.43(s, 3H), 3.49-3.51(m, 1H), 4.02(s, 1H), 4.27-4.39(m, 1H), 7.30(d,
2H, J=0.0207), 7.76(d, 2H, J=0.0206), m.p.: 127 °C, Yield: 43.8%.
2-3-2. Di-type A5=2]4]
Di-type At A9 342 Scheme 20l LEMH H}g} 72o]
cyclohexanediol(CHD : M1) 0.05 mol(5.86 g), bicyclohexyldiolBCD : M2)
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Scheme 2. Synthesis of di-type acid amplifier respectively.
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0.05 mol(9.90 g), 4,4'-isopropylidene dicyclo hexanol(IPDH:M3) 0.05
mol(12.148 gy& 250 ml 37" F-ZekAel 242 Wit S92 pyridine
150 ml o] WRIAZIHA]l 838t F, o 7]l p-toluenesulfonyl
chloride( pTSC) 0.2 mol(38.515 g)s Ho] =204 24413 F<F 1w
HkstaA] WESAIZITE, o] w) dlof| o] st 57} whg-& Zo]7] 93] ¥
& Apgeith, REgo] T 7ot AR AN E A5 AAS L, 4
=7 EERvee® 2.3/ 5% 7 5% it e oR
o} Q1= pyridines ANAFTE wAIPtO 2 AgER FhH o] AlXs)
o] pyridineS ¢H3 A|ABHL MgSO,= 7A%3te] fuiE Fl H of
2y B3 AlFd7dste] 32 o] ditype 2H21Al(P4, PS, P6)
£ 45 7 Utk

P4: "THNMR(CDCl;, ppm); 1.59-1.61(m, 4H), 1.82-1.85(m, 4H),
2.43(s, 6H), 4.59(m, 2H), 7.30(d, 4H, J=0.0215), 7.74(d, 4H, J=0.0207),
m.p.: 158 °C, Yield: 19.6%.

P5: 'HNMR(CDCl;, ppm); 0.95-1.01(m, 10H), 1.94-1.95(m, 8H),
2.42(s, 6H), 4.31-4.33(m, 2H), 7.29(d, 4H, J=0.0215), 7.75(d, 4H,
J=0.0198), m.p.: 131 °C, Yield: 32.1%.

P6: 'HNMR(CDCl;, ppm); 0.63-1.01(m, 8H), 1.10-1.52(m, 8H), 1.62-
1.65(m, 4H), 1.94-1.97(m, 4H), 2.43(s, 6H), 4.31-4.33(m, 2H), 7.30(d,
4H, J=0.0206), 7.76(d, 4H, J=0.0207), m.p.: 179 °C, Yield: 16.0%.
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3-1. UV 28t MI|IMEE w5}

UV 738 2iemel aizgke] A1) wsks dolry)
Qlate] 7F A 100 Vel = #7171 20 pmQ! A S (monomer+
PI+AA)S] UV FAL ARt et dr)dww wisle] 24 dys
Fig. 6o YERASITE & 24 2 AE 7] Aells 03-0.5 pA
o] A% M7/ 3= 100 V A S7F 5 30 pAEES] 9
AR 3R Ae & g vk B A & AR EE A
o] 50 §43] #Aadto] 0.5pA2 44 AR 2= A
ok 4= itk o] UV FHell &k 17] Ado] oF 1008 = A
o= RS oujsit}, ool F7IA]A] (cationic photoinitiator)”} 2!
< o} 7t e2d Ak (protonic acids)e] HAYERe] B} BEsh
= YOIA Hi= Zlolrt. ghH o] wf ARFAA ] AR Qlato] oF
PR A AR £E71E ol tiFe] R 2AAA ol

5E-05
UV ON
4.E-05 ‘
< 3.E05
k=
g
5
3 2E05+
1.E-0.5+
‘100(V)
1.E-0.76—=6=0" I L L 1 A% € © 9
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Fig. 6. Current change of by UV irradiation(Monomer+PI+AA).
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Ea] Bnjo] Zshhe 2471 ek 2 Al ekt 3 =
AL A AR 100 VAT tE Qole % ALY Al
o 3 24} 5 ARe] Wake mime] Yatel oo Fuae) 4
A2 =jo] AFYo] sk 2O AHnt,

o]9} & A QA70] AI1E HHFOE Epoxy 1G] Rierio]
ofe] 7H AEAAE Brhee] theat e AuE Ak

=

3-2. Z249| Al=0j| it M7 3

Aol ARESE Almel thste] FAR e AR wisHE St
B7] {3, A epoxyAl2 2] monomer(VCDO, ERL) Z}7}toll
100 V A8t A7F- 4= 23 3 ARE stoi% 271-744(0.3-
0.5 pA)ell= W37t dojubA] e4Sket. o= epoxyZl monomer
AARFO Z = UV el oJ8) ol Fite] dojubA] s &
T Q& Zlojth.

3-2-1. A=A (P1, P4) 712 UVl ot st

Epoxy 1€ 2] monomer(VCDO, ERL)%} AH5214] P1, P4Z
©] Table 191 WERA ZAdn]ef whe} 8714 €] AlE= vhse] UV &
A} AIZE| st 245 W3S 212F2] monomer 'HE 75107 Fig. 737
Fig. 8l YERHSITE

Fig. 7 4-vinylcyclohexenediepoxide(VCDO)I| F7)A]#]| 2} Ak
21 P1, PAE H7IeE 0% AZAATE Sol7HA] 9 AlRe] 2
7] AR5 pARTE ARSAAIE 7o 24 ARgo] 1-3 pA
AT =7 VeREor 13 di-type?] 25214 P47} mono-type]
A2 P1ET ARgtol A e & 5 Sltk

Fig. 8 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate
(ERLYI 918} 2= i o s AES whEo] S4% A=A Fig. 7
I o] A AAIE 7K EM 27] HFgke] 2-3u FHobs
& 4= QLY. o]} B2 A= UV Fol| sl FANAIAIZE 7St 3
“~H(potonic acidys TAYAIA monomer?] S-S FZIAT = gl
A Fato] ARSAAS] ElE YoA Fito] VAo ® St
st AYE B 4 9lom, VCDORL} O +43] 243185 1

8 ———— \CDO+PI
—+— VCDO+PI+CHD(Mono)
—s—  VCDO+PI+CHD(Di)

7 ——— VCDO+CHD

6

Current (uA)

0 30 60 90 120 150
UV irradiation time (sec)
Fig. 7. Current change of P1, P4 by UV irradiation(VCDO).
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A epoxy?] APt o wE-& & = Aojrk TS o] d B
A4 mono-typed] ASAIAIR T di-type A5 A7 F AFko]
A & A= o]9} 22 o]fY A0 Z AlH

3-222. AREAA| (P2, P3) H7HA UvEel 98k ARwst

Epoxy Al92] monomer(VCDO, ERL) ZtZ} ol 45214 P2, P5
£ 919 Table 1o UERA 2/du]el wje} 87F4] 9] HES w0l
UV ZAF Akl it 2d572] 3-E 22+] monomer 'HE 7331
A¥= Fig. 99} Fig. 109 YERASIT

Fig. 9% 4-vinylcyclohexenediepoxide(VCDO)el| F7)A A £} AF

———  VCDO+PI
——  VCDO+PI+BCD(mono)
—=—  VCDO+PI+BCD(di)
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Current (LA)
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UV irradiation time (sec)
Fig. 9. Current change of P2, PS5 by UV irradiation(VCDO).
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Fig. 10. Current change of P2, PS by UV irradiation(ERL).
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VIR 2 73} £ 5+ ERL monomer/} O 2] HashHs &
g 4= ATk

3-2-3. AF221(P3, P6) F7HA] Uvgell 2§t st

919} & HPHOE epoxy AlE Y monomer(VCDO, ERL)?};
Al P3, P62 &7HA 9] MES WHEC], UV A AlRtel] of

°

ofs
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il
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Fig. 11. Current change of P3, P6 by UV irradiation(VCDO).
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Fig. 12. Current change of P3, P6 by UV irradiation(ERL).
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7 UV ZAErE & A9l F A & RS L U
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UV ZAE ARkl oigh Ae] Wskel o] uv 3ol st
9] W3l Fig. 137 Fig. 14¢] YERIZITE VCDO monomere]]
AEAAE 7R AR AR kA ARSAAE 71 o
S AlERT} RS A0 718717 AA Ve B S e
4], 0]+ monomer®} AH52)A| P1, P42] &3tA] k3] L3)]E A
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kel aR Qate] v Az Aledch MR Fig. 14XE
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Fig. 13. Quantity of sample current changing by UV irradiation(VCDO).
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Fig. 14. Quantity of sample current changing by UV irradiation(ERL).
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Fig. 15. Quantity of sample current changing by UV irradiation(VCDO).
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Fig. 16. Quantity of sample current changing by UV irradiation(ERL).
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