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A Study on the Photosensitivity of Poly(vinyl cinnamoyl
acetate) Developable in Aqueous Base
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Abstract

Poly(vinyl cinnamate) had excellent resolution and no dark reaction and high etch
resistent. But it was developed in polar solvent. A aqueous—-photopolymer was synthesised
for improvement of developability. Poly(vinyl cinnamoyl acetate)(PVCiA) and aqueous-—
PVCIA(PVCiA-s) was prepared and was characterized with '"H-NMR. The characteristic of

sensitivity and developablity of coatings was investigated by Grayscale method.
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Poly(vinyl cinnamate)®} 7%=%& 8AFA17]17] $3te] 24l cinnamoyl7] Bt} 21 cinnamoyl
acetoxyl7] g %E3]1%F Zlo] Poly(vinyl cinnamoy! acetate)(°13} PVCiA)elth. PVCIAS ¥4 o))
g AT NISIKUBO, KIDANISHLUCHIDAY ¥ Z.o] a7} gje}.
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7 %}04 FARAAA Abgodel date] Asioict 44 #AA PVCIAS A 844 PVCIA
(13} PVCiA-9)& ®A3ta, o5 2ixte) 729 w43 'H-NMRE 243to] 439
th PVCiASt PVCiA-soll 2 7kA19] Absa S35 Avtste] gl g 2A8ha, 1dle] 24
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7rgA s EAEY] §FA el 4] Poly(vinyl alchol)(PVA)S PVA-217(KURARAY,d &)} PVA -
1500(JUNSEL Y 2)& AF£-3}%l 2w monochloroacetic acid, dimethylsulfoxide = succinic
anhydrider SdA1F(JUNSELYE)-& AHgslgdon &S FH5E A48t potassium

cinnamate cinnamic acid(SUNSEL Y 2)9} KOHZ vet&ZF o4 Eu)(1:DE ¥k3-A1H, A&
® AAEL B2)sto] oA B 23] AAEF Fol 50CAHAH AR AL A&



AR A Poly(vinyl cinnamoyl acetate)®] 7}3EAe] g 91 3
Z4ge) AL 2419 methyl glycol EFAIY(JUNSELY®)E A3y, Z27A|a
5-nitro acenaphtene, 2-nitofluore, 1,2-benzanthraquinoned S&A12F(JUNSEL Y &)-8 AH&3

ot

22 HoE=

PVCiA%} PVCiA-sZ A3lr] 918 A= 254, aurizl 39 47 54238 g2
Zo] Ax3t1 PVA, monochloro acetic acid 52 HI$E3 2 £4+& 3l Wrerld Y2

AHLEelA s $4E sHain

2.3 PVChAS| &4

PVChA¥ monochloroacetic acid®} acetic acid® Zetxze] Wi 70CoA A3 g3
F PVAS 1A7F 59t A48 ¥ F w258 110TE 84 4417 whg-3le 3431
t} wkez7L F 1o Ajstdch X 19 run 28§ B, kA, LA, $477F A"
100ml 47 Ee}~ 0] monochloroacetic acid 27.9g, acetic acid 30mlE Y1, 70C=E 7}d3}lH
L8 A Ak Al aubstEA PVA-217 (96g)& 1412 Fak A413] wamiA i3] 43412
F, 258 110TE &84, A" 58 A %oz AASEA 442 whg& et 1k
SEZ F, 500mi ol Fosle] mBAE AAMAIZ| 2, o] AHES oM E HHr}t el A
AA 7 AAE 23] skl 1 F, 50TeAlA 24413 At = sed

o

Table 1. Reaction Condition of PVA with Monochloroacetic Acid.

Run PVA monochloro Solvent Resin Yield

No. (g) acetic acid(g) (g) No. (%)
1 PVA-217(9. 6g) 27.9g 1 48
2 PVA-1500(9. 6g) 27.9¢ 2 56
3 PVA-217(9.6g) 27.9¢g H.0 2.7g 3 45
4 PVA-217(9. 6g) 27.9¢ H.0 2.7g 4 42

Reaction time 4.0hr, reaction temp. 110T
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24 PVCIAS| &4

PVCIAE el 43 PVChA2%E potassium cinnamateE E2tAFel| Y12 50TeolA 104]
Zb wk-gste] A stk wbe2AE & 20 Aestadch £ 29 run 2§ B, aAA, 2k
A, 77} AA R 100ml 47 E2k2 =] PVChA 2.0g, potassium cinnamate 3.6g, dimethyl
sulfoxide 20mlE ¥z, 50CellA] 1047 W& #, 200ml & F4date] TRAHE HA A 715,
o] AAEE ot Eol| HArirt ol A= HAE 23] WEEHct 2 F, 50Tl 24
AlZE b z skt

Table 2. Reaction Condition of PVChA with Potassium Cinnamate.

Run PVChA Resin Solvent potassium Resin Yield
No. No. (g) (ml) cinnamate(g) No. %

1 Resin-1(2.0g) DMSO 20.0g 3.6g 5 60
2 Resin-2(2.0g) DMSO 20. 0g 3.6g 6 64
3 Resin-3(2.0g) DMF  20.0g 2.3 7 60
4 Resin-4(2.0g) DMF  20.0g 1.3g 8 58

Reaction time 10hr, reacticn temp. 50T

25 PVCiA-se| &4

PVCiA-s& o4 4% PVCIAZ resin-7.8% succinic anhydride® &2kl 1, 100
TollA] 4417k uh-gatel gAsigdct wb-g 278 1 3o Aestgdch £ 39 run 1§ 2=, aib
Az A Tl AAE 100ml 47 FekAze] PVCIA (resin-7)5.0g, succinic anhydride
5.0g, dimethyl formaldehvde 50ml % triethyl- amine 0.5g-% 23, 100CellA] 447t wk-g-& 7
%, 200ml Eoll Fstel TEAE A1, o] AHEZ obdlEel FAchrt Eol AAAA
7= AAE 235 whEslodch 2 F 50TANAM 24417 ZRsbAd 23k
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Table 3. Reaction Condition of PVCIiA with Succinic Anhydride

Run PVCiA Resin Solvent succinic Resin Yield

Ne. No. (g) DMF(m! ) anhydride(g) No. (%)
1 Resin-7(5.0g) 50. 0g 5.0g 9 70
2 Resin-8(5.0g) 50.0g 5.0g 10 79

Reaction time 4.0hr, Additive : EtsN 0.5g, reaction temp. 100T

A aEAE FAR2EECDCY Ee FFA2E 2% DMSOd 433t 5%8-9&
ey |8 7] F2EA 4l tetramethylsiane(TMS) S A 7}sle] A8 AlAbstelch. 'H-NMREA
AAE EM-360 #xr]2d EF5IA(60MHz)E AM43stdth. 'H-NMR  spectrumell 4] 7}
pratondl] sl%atE chemical shift® &alslm, 2 F57]e ZA)A] WA} E A3,

27 #x =H(Sensitometry)

270" "rledol wE AFNZIES 2ALSE7] 918}l resin-5(0.2g)& methylglycol (2.0g)el
5-nitroacenaphtene 5 Z7HAll & 7k 25wt%, 5.0wt%, 75wt%, 10.0wt% A7}t
2rga)e zA st o] el TPRE AW A)aldt el spin coater® ¥, Axsbgdc}.
olwf o] Zoj} = FAZL AdAEEE IHAFE A AEE G 2§ 29
Kodak photographic step tablet T-27-& =2t :=Fstgdct d4 F B438 Hd G 3}
3, 2 2%l et T-279 $x(0Dmax)E 3, A#ste TPR(FASEHE 71533
o2 Abgsgen], o TPRE AESOE 10022 shelg o, 2A% 2ale] HejztE(SxE
th-& Aol thglste] Fatedch”

Sx = Sc¢ x antilog Dx / Dc

= antilog( 2 + Dx - Dc)

1714, Dx, Dce 243471 d 283 Wzek Eo of&-ste #d ND filter®] FXxo]c}
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FAT A 222 AHPZES AE7] $18HA, resin-5,69,1040 di3td o2lrbA] Fat
Aol AE ZAEZ A%t Zb resin(0.2g)& methyl glycol(2.0g)e) £38)3}3, 5-nitroace-
nahptene 5 23 A1E Swi%A sl F3dE Al 71E A3 TPRS AHE-3eH,
TPRE& Z7}4) S5-nitoacenaphteneo] 7H3Al 1B 2Le] HAZ:Fek2] 5wty AH7MHe] vk A2
$leob 2 whgeo 2 el

un

Ae7bx dabelel el Y4V ABY 2AL W4 HEEE A S5, resin-
5,6,9,10(0.2g)-% methyl glycol(2.0g)el &-ahst51, A2 5-nitroace-naphtened A7}sted 2t
Foi-g At AL 3-79 FESIAT & weg stof, YAzl dF Dmax2
Wshg b WAAe BN

HAAe] ol dAEE, U EE, A5 o] ok 1 F FAHEES Hrtely
o A SRS A4AZ) LR, A¥E Sol 4B 243 D5 WstE Pk £ 4y
e FAA 7 wistel ] el wWssl 39A oatelw Ee R A

3.1 PVChel 1H-NMR spectrum

ool Ae)ol4 PVASH monochloroacetic acide] ol ~H| 2318 o} M7 93l PVChAS
'H-NMR spectrum< 2438 7ol 8i(a)olt}l. o] spectrum®] 81.7-19ppmel L2242
methylene(a), §3.7-3.9¢ monochloroacetic acid ester®] chloromethyl proton(d), 84.5-49¢)
231212 methine(b)e] == alch. 83.7-3.9¢ chloro-methyl proton(d)e] FEH A el
monochloroacetic acid7} o223 =Hd&& o + U+

SARAS e /4 s AR Rk §44e z#ste), PVAS hydroxylZ| & @A
PVChAE 7] $lstel, £oi24 &8 #71ste] PVASLE monochloroacetic acidE W63+ 23}
A" PVChAS 'H-NMR spectrume] 23 1(b)olt}. o] spectrum® §1.7-19ppmel| L& A2}

ofr

2] methyene(a), 53.7-3.9¢] monochloroacetic acid ester2] chloromethy!l proton(d)7} =
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2ao] Arefolla] Fbel AzdE #EE mEAA S methine®] hydroxylZl7b & (e
3.1-3.6)%} monochloroacetic acid?} < Z(b, 845-49)2 wd=o #EHAct 2 F3, £
24 2& H718 PVChAe] 98 PVAS hydroxylZ|7} @l dololote A& ¢ & st

L CH—CH = —CH. oTi - —E-CH,—CH
y '. L h X ' ‘ Vo v n z
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Figure 1 'H-NMR Spectrum of PVChA

3.2 PVCiIAS]l 1H-NMR spectrum

PVChAS} potassium cinnamate®] W$-A3HE dob ®y] $isled PVCIASl 'H-NMR
spectrumS =A g 7ol &2a)elc}. o] spectrum® $1.6-19ppmel| ZEAH#}2] methylene
(f), 34.4- 4791 methylene(j), 8659} 87.69 J= 16.0Hz®] doublet®. 2 cinnamic acid ester?]
trans olefine(k) = (1), 57.1-7.2¢lt 3709 ¥8FZ proton, §7.3-7.52] £ x|o] 2719 ¥&= proton
o] A2t 53], & 47 ALY 7459 PVChAS potassium cinnamate®] W&}
= oo}l ] 98] PVCiA(resin-8)¢] 'H-NMR spectrum-g S4¥ Ro]l 132(b)elr}. o]
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spectrumell A& 83.3-350l LEAFH2] methine®] hydroxyl?l17b £ +(h)2} 84.8- 5.1
cinnamoyl! acetoxyl”]7} £& Z(g)Lg #AZx5 ¢t

1A 83.7-39¢] #EEUw monochloroacetic acid ester?] chloromethyl proton(d)7}
Aol Az, ™24 jklmne] THEEE  Zox, PVChA2] monochioro-acetoxyl”|7}

cinnamoy! acetoxyl7]| 2 sk 7-& o 5 qlr}

/ \ / ) ‘
TUCHe=CHuo =0CHy - Ci v - CH
’ 8 : Ly
O |
| OH 0COCH
o HoH
! m\ A/,
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Figure 2 'H-NMR Spectrum of PVCIA

3.3 PVCiA-s2| 'H-NMR spectrum

23 gnlg Ae-E A9 PVChA2} potassium cinnamated H-g-8te] PVCIAE i1, ©]
PVCiA%} succinic anydride® dimethylformamideZol4] #v) & triethylamines A7}8}e] qb&
sto], PVCiA®} hydroxyl717} succinic acid halfester® %% PVCiA-s& ¥4 stadct 2 &

A E ool B7] 95t} 'H-NMR spectrume A Zle] 133e]ct. o] spectrumelA] 3
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1.4-1.9ppmell 22412 methylene(o), $2.3-2.9¢ succinic acid halfester®] ethylene(q), &
4.2-4.7% methylene(r), 84.8-5.20 E2k412] methine(p), 56.85} 7.9¢] J= 16Hz4] doubleto.&
cinnamic acid ester?| trans olefine(s) % (t), §7.3-7.4¢] W2 proton, §7.6- 7.8 aslel 274
9] W= protono] &= g},

o A3 49E & wA A4 A$9 PVCiA-s(resin-10,783(b))®] succinic acid
halfester®] ethylene(@)7}, & A 4183 792 PVCiA-s(resin-9,2%¥3(a)®] succinic
acid halfester?] ethylene(q)2.ct At Ql =r}b =} el Soj2 BL o] A3} b R
2] PVCiA-s®lA succinic acid halfester7} Zeo] dolut 7S o 4= 9jch

4CH2 CH - CEO{Z—CH /\; oM
0] 0-CO- CHz 0O~-CO-CH-= ~CHW 0 H
C:O Hi H
CH,CH,COOH |

Q

(a) PVCiA-s(resin-9)
q

L , .
u v 3

s AN
o N h
e/ Ngwe

(b) P\CiA-s(resin-10)

v u : . . . i
’ A " /.' o~ \

o

ppm(g) 10 9 8 7 & 5 i 1

Figure 3 '"H-NMR Spectrum of PVCiA-s

34 HEYEY

FHA s BE AU EE 2A}eb7] 21819, resin-5(0.2g)& methyl giycol (2.0)0)] £
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3} 3, 5-nitroacenaphtene % £7HAE 242t 25wt%, 5.0wt%, 7.5wt%, 10.0wt% &Hr}sled 7+
Ng ZA}L, AR EE FAT AFHE 29400 Yepisich

2 A3}, 5-nitroacenaphtene®} 2-nitrofluorene-2 5.0wt%E H718tdL o Adizl=s 713+
Fgtot. 2 olAel FAMAE Avtsids o, AdzEsb 238 gasidd a2y
1,2-benzanthraquinone 10wt%7}x} Hrleko] Zrlat4E Azt Er} Z7bebg] o}, 10wt%o)
A8 A =2 st

F4T AP 282 ANFEE AR A3 resin-5,69,100] A7 F3HAE A
7}ete] AN EE 2% A3}, 1 F resin-59 resin-99] EAITAE 28569 el
2 A3 TPRE FF:=E 10022 3194 4, PVCiA(resin-5)9l| 5-nitroacenaphtene (5wt%)Z
b el Bxs 200, 2-nitrofluorene(Bwt%s) S A7ME 7P o] i 282
1,2-benzanthraquinone(5wt%)& A 71&t 433 o] A x+= 141014}, 2-nitroflucrene-S 713t
Zrgele zrezt 7Ht stk

@ Resin-5(5-nitroacenaphtene)
A Resin-5(2-nitrofluorene)
O Resin-5(1,2-benzantraquinone)

300
J A y;

) ] O

2 2004

£

:é ~

g . O e

g
>
/

j.
§
1 .
T ST | T i T T T
0 2.5 5.0 7.0 10.0

sensitizer{wt%)

(condition of processing . exposure time ; 100unit,

develeper ; polar solvent, development time | 2 min 30 sec)

Figure 4 Effect of Sensitizer conc. on Sensitivity of PVCiA(resin-5)
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thickness( % )

%A1 8 A Poly(vinyl cinnamoyl acetate)®] 7F3SAlell #g A3 11

o2 @0
100 @ TPR(S-NA) ,:« 100 @ TPR(S-NA)
@ PVCIA(S-NA) é @ PVCiA-s{5-NA)
@ PVCiA(2-NF) @ PVCiA-a(2-NF)
@ PYCIA(12-DA) @ PVCiA-8(1.2-BAY
504 50 “
'8 .5 18 ITG I'.l l'.2 l',u (;Tﬂ 0'.6 04 D‘.Z l')
densny of grayscale density of grayscale
5-NA ; 5-nitcoacenaphtens 5-NA : 5-nitrnscanaphiane
2-NF | Z-nitrofoorens 2-NF . 2-nitroloorens
1.2-BA | 1.2-benzantraguinore 1.2-BA ; 1,2-benzantraguinore
Figure 5 Characteristic Curve of Figure6 Characteristic Curve of
Sensitivity of PVCiA(resin-5) Sensitivity of PVCiA(resin-9)

3.5 Ztolgt(Gamma value)

Az, A AYA 2hzbe) zpsA mEAlel Ay AA x5 geighe A=y
resin-5,6,9,10(0.2g)-& methyl glycol(2.0g)ell £33}, F-ZHAI & 5-nitro acenaphtene(5wt%)&
Hrbste] zhgd-g zASch 4%, 48 Dok A feAAL F4E Tk, 2det
ZME AR, 7 resing] FAFAE 277l el A2 FE 10309} AE
1-100%2] F2o] ZEE ¥ & 2Astglth. o A3, TPRe ZehghE 3350191, resin-59
Zbulgk® 335019032, resin-99] Zwhghe 285, resin-109] Zeigd 2250144 &, TPR}
resin-59] z}eigke] 7H4 An, EEgAErt E FFAMgety Az Aeigke] A A4
#o] Fopd 71540l Z2E, TPRY resin-59] sie] ¢3tejet Azt
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= 1001 .

® @ resin—5

2

@ .

£ @ resin—6

g

5 .
@) resin—9
@ resin—10

50
1.8 1.6 1.4 1.2 o 0.6 0.6 .4 (.2 ¢

densiy sl gravseale

Figure7 Characteristic Curve of PVCIA and PVCiA-s Coating Solution
36 #AE M (Developability)

of2i7}z] dAtelel dis FAY A zmEAre] A4S A $8H, resin-5, 9,
10(0.2g)& methyl glycol(2.0g)el $-a3tx, $3HA| 2 5-nitroacenaphtene® A7}ste] 2Hgel&
zA ik, AAA7be) WE insoluble step?] W3 oA WAL E #Adsligdet 21 A3 X
4ol Ae)stsict. TPR?} resin-5%= EGMES} polarsolventell Al <f5.8tA 4] oa, 1919 ¥
Aol A= #AbE| 2] 949kl resin-9% polarsolvent, alkari-DP, PS-DPel| 4] k3 3l ®A} =
A, 19 dAlAA = gAbE A ebgtel. resin-102 alkari-DP, PS-DPellA] <FZ3tA &4
Holi, 10T Eollds 4= egter, 20T oA &=t

_12,_
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Table 4. Effect of Developers on Developability of Coating Solution

No coatipg developer inso]uple step No: changed step de\(eilop
solution dev. 2min dev. 4min number ability

1| TPR EGME 6 4 2 good

2 TPR polarsolvent 7 5 2 good

3 TPR 20T water not develope bad

4 TPR alkari DP not develope bad

5 TPR PS-DP not develope bad

6 Resin-5 EGME 6 4 2 good

7 Resin-5 polarsolvent 7 5 2 good

8 | Resin-5 20C water not develope bad

9 Resin-5 alkari-DP not develope bad

10| Resin-5 PS-DP not develope bad

11| Resin-9 polarsolvent 7 5 2 good

12| Resin-9 20C water not develope bad

13| Resin-9 10C water not develope , bad

14| Resin-9 alkari-DP 7 4 3 good

15] Resin-9 PS-DP 6 3 3 good ‘
16| Resin-10 polarsolvent 6 4 2 good l
17| Resin-s10 20C water striping bad 1
18| Resin-10 10C water not develope bad ,
19| Resin-10 alkari-DP 6 3 3 good

20| Resin-10 PSDP | 5 2 3 good ]

condition of coation solution :

addition of sensitizer . 5-nitroacenaphtene(5wt%s),

solvent : methyl glycol

exposure time : No.1-5100unit, No.6-10;50unit, No.11-15; 100unit
No0.16-20; 200unit

_13-
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4.7 2

AT AAA Y 2RAA~ES A Ho]l 5815, FATEEA WEAlAd o) Hejuh), #Aat
Al f718AE AHSStE R S AT, i g dmA steg o] & s ¢idt
FAEAAA Ao el AFasisicl 2 A ofgn e ARSIt

LoF2A Aziekel wistel o 3tmel wiste]l  gleld, PVCiA(resin-5)4 5-
nitroacenaphtenes #7138 A%, 25wt%d o] 80, 5wt%d uf 200, 75wt%Yd w 158, 10wt%
d w3201t} Swtded wi R Eokew, 1ot AS o3y xrsl Aststdd)
2-nitrofluorene®] 7 -, 5-nitroacenaphtene®] 73-5-2} w53k 784S Jehyigl o} Azt es)
=3k} 12-benzanthraquinone®] 74-$-3= 75wt%7tA] Hrleko| Z718 42 AL E7) ZolA
o, ool A 3] sttt

2. ALl Fiel W& el WA, PVCiAlresin-5)ell S35 5wi%d 7S o,
5-nitroacenaphtene= 200, 2-nitrofluorene<- 282, 1,2-banzanthraquinone<-+ 1410]¢jt}.
2-nitrofluorenee] 7H4 Fgkch

3. #Ad A4 PVCiA-s(resin-10)=, @718] 48 =& Al@sts PSHR KBRBURA A
S3bA dAE ek A RS 28 A W, B85 29 Wste 3dA o] Fe] .
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INE=A kA

r/ro 1 residual thickness, ro- initial coating thickness

r/ro 1 residual thickness, ro' initial coating thickness

r/ro - residual thickness, ro- initial coating thickness
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