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2 o ¥ A79AME sodium 2-diazo-1-naphthoquinone-5-sulfonateE chlorinationdte] 2-diazo-naphthoquinone-5-sulfonyl chloride(NQD-CDE &4 8}
Atk NQD Cl& o2 ¥/ hydroxybenzophenone =39} esterificationd}®] hydroxy group®} 2-diazo-naphthoquinone-5-sulfonyl(NQD) group S 2
AgH Q2] F79 1,2-naphthoguinone-(1,2)-diazide-5-sulfonic acid esters(NQD-ester) %+EH& #4319 th. NQD-ester 579 $5EZ 27149
71 A8 methoxy groupo] EU® FEAG o9 HIFE 98] hydroxy groupTS 7FAE benzophenone SEAE Agdte] wlmstud. zHzh
NQD-ester f=49] &3;54E 2AH 29, novolacFA 9 E-&(formulation)dted 723AL Azste LFn|Fod] £X, AZ3d PSHLE A=zeg
o PSR AFE4H FEARS P AFS =R AL A en, AWBES gray scale(GS)H o2 ZAEY Y A#E NQD group?]
o uhzt GSH 98 A \:HZjE F B2A dedes A& & F AU Methoxy groupe] £U ¥ NQD-ester FEAE £ £354L HAFgon
ABEE PSS 5Y% =3Z2A0M vnd 2 Fx 5o -?“’F‘?} ZAEE Bt

Abstract: 2-Diazo-1-naphthoquinone-5-sulfonyl chloride(NQD-CD) was synthesized from sodium 2-diazo-naphthoquinone-5-sulfonate by chlorina-
tion. NQD-Cl was esterified with hydroxybenzophenones to give several 1,2-naphthoquinone-(2)-diazide-5-sulfonic acid ester derivatives(NQD-
esters). We have compared benzophenone derivatives with methoxy group to benzophenone derivatives with hydroxy group. Solubility of each
NQD-ester was studied. Each of NQD-esters was formulated with novolac base resin and PS plates were manufactured. Photosensitivity,
bleachability, compatible exposed time and relative sensitivity were determined by UV spectrophotometry, imaged by UV lithographic techniques,
and the gray scale method. According to the number of substituted NQD group, it showed that relative sensitivity was different from gray scale
method. NQD-esters with methoxy group showed a good solubility and higher sensitivity than commercial PS ones.

Keywords: 1,2-naphthoquinone-(2)diazide-5-sulfonic acid esters, methoxy group, solubility, PS plates, photosensitivity
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Sodium  2-diazo-1-naphthoquinone-5-sulfonate® novolac4>#]
MW =70000= (F)htU 2525 A32kew chlorosulfonic acid
= KANTOARS] Alekg AAIQel AHEstlon ballast® AMe-H
hydroxybenzophenone f+EA|+ 2-hydroxy-4-methoxybenzophenone,
2,4-dihydroxybenzophenone % 2,344 ~tetrahydroxybenzophenone
T TCIAHS A %F& 44 -dihydroxybenzophenone, 2,2’ -dihy-
droxy-4-methoxybenzophenone, 2,34-trihydroxybenzophenone, 2,44’ -
trihydroxybenzophenone 2 2,2’ 4,4’ ~tetrahydroxybenzophenone’=
AldrichAte] Alebg AAIglel A4-3l5th Dioxane, butylcellusolve,
7 ~butyrolactone &9 &viv dFA LS T2 A&aTh

2.2. PACY &4 o Zgolol =
2.2.1. 2-Diazonaphthoquinone-5-sulfonyl chioride2| 3t
1000 mL 37 Ze23¢ chlorosulfonic acid 1000 g(858 mol)
€ 931 2EE 7 T olstz fA8¥A sodium 2-diazo-naphth-
oquinone-5-sulfonate 150 g(0.55 mol)S A8 Hsistg). s}
7t SEEY oA 0 FE o mutd & g FFEL 58
TollA 12717 9 A AT o] SREY uleEe 2xs 4o
o2 iy F 1089 RuE /X E Q2o W33 Halsiy
o A8E FAES AU AdHem YA4z 240 2 qriA) A
Y ¥ A9 AFs =34 ZA 9 2-diazo-naphthoquinone-5-
sulfonyl chloride 118 g& AAHFE 80%).
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Figure 1. Benzophenone derivatives with hydroxy functional groups.
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Scheme 1. Synthesis of 2-Diazo~-naphthoquinone-5-sulfonyl chloride.

Rf 057 (1:1 Ethyl acetate-Hexane); IR(KBr) 2122 (C=N=N),
1614 (C=0), 1234 (0=S=0) ecm; 'H NMR(DMSO-ds): 69.27 (d,
1H, J=7.8 Hz, naphthoquinone 8-H), 9.03 (d, 1H, J=78 Hz,
naphthoquinone 6-H), 825 (t, 1H, /=78 Hz, naphthoquinone
7-H), 814 (d, 1H, J=9.7 Hz, naphthoquinone 4-H), 801 (d, 1H,
J=9.7 Hz, naphthoquinone 3-H), UV 320~420 nm (max =355 nm)

2.2.2. 2-Diazo-1-naphthoguinone-5-sulfonyl Acid Ester %
LA g

Sodium 2-diazo-naphthoquinone-5-sulfonyl chloride$} 7—}7—}9]
ballastg dioxane® THF9 EFELA2: 1o E3A17)
7 T olgt2 FAANZ AuaEA 20% NaCOs &S pH7} 9
olidol B w7t WA HestA). HeES 36 oA FHS
of A8 Arlsle] AAES dAh HAES A% 44 ¥ F
Aol & YR fAste Fi 7eF HEste] =3 A9 NQD-
ester FEAE AUk AHEE NQD-CI ZH2he) ballast®l %3
F8& Table 15} 7t}

2-hydroxy-4-methoxybenzophenone bis[DIAZ0-2,1,5]

Ef 076 (4:1 Ethyl acetate-Hexane); mp=148 C ; IR(KBr)
2120 (C=N=N), 1614 (C=0), 1261 (0=S=0) cm™; 'H NMR
(DMSO-ds): 6852 (d, 1H, J=7.8 Hz, naphthoquinone 6-H),
811 (d, 1H, J=78 Hz, naphthoquinone 8-H), 761 (m, 3H),
7.43 (m, 5H), 6.89 (s, 1H, benzophenone 3-H); UV 320~420
nm (max =355 nm)

2,2'-dihydroxy-4-methoxybenzophenone bis[DIAZ0-2,1,5]
Rf 045 (4 : 1 Ethyl acetate-Hexane); mp =200 C decompose,
IR(KBr) 2120 (C=N=N), 1614 (C=0), 1261 (0=S=0) cm™’; 'H
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0
0
N2
O‘ NazCOg 20%(aq) N2
+ ROH ————————»
Dioxane 7C

SO2Cl  ballast (hydroxy derivatives) SOR

Scheme 2. Synthesis of 2-Diazo-1-naphthoquinone-5-sulfonyl
acid ester.

Table 1. Reaction Conditions and Yields of NQD-ester

Yield of
Ballast NQD-ClI NQD-ester
(%)
Hydroxybenzophenone derivatives Wilgslt(g) Welgolg(g)
2-Hydroxy-4-methoxybenzophenone 10 14 91
00438 005256
2,2'-Dihydroxy-4-methoxybenzophenone 9 24 80
00368 00893
2,4-Dihydroxybenzophenone 9 24 65
00420  0.0893
4,4'-Dihydroxybenzophenone 9 24 84
00420 00893
2,3,4- Trihydroxybenzophenone 8 32 %
00347 01191
2,4,4'-Trihydroxybenzophenone 8 32 Q0
00347 01191
2,34,4'-Tetrahydroxybenzophenone 9 42 20
00366 01563
2,2' 4,4'-Tetrahydroxybenzophenone 9 42 89
00366 01563

NMR(DMSO-ds): 6853 (t, 2H, naphthoquinone 6-H), 7.99 (t,
2H, naphthoquinone 8-H), 750 (m, 8H), 7.03 (t, 2H, /=6, 99
Hz, naphthoquinone 3-H), 692 (d, 1H, /=81 Hz, benzophenone
5-H), 6.85 (d, 1H, J=87 Hz, benzophenone 3'-H), 6.15 (s, 1H,
benzophenone 3-H), 364 (s, 3H, methoxy); UV 320~420 nm
(max = 355 nm).

2.3. PSEo| Hx ¢ 2 EAs
2.3.1. NQD-ester Rz B354

NQD-ester FEA9 £3154S Zolury] Y3 dtgoz A
255 849 cellusolveZF 79 NQD-ester fr=4 o] th3t &3)%=

%<& 7 -butyrolactones AH&3te] £354S SHse H9k
. NQD-ester EA9] &35 A o5 &49 PACY
HgE gutdog PSH AZA AILHI Y= 8:19 FFH|ES
Agstdct. B3EAHL 43 g8HE -°r9} BEAoz g3
Hol 258 60 TE 7tgstoof £al=E A4, a8a 44 &
A g AR vrol SHsYT

I'P_

00>

2.3.2. PSE| H=x

Matrix?! novolac+# ¢t &4% Z+Z9] PACES 4:19 FA
H &2 A8}t 7 -butyrolactone™} butyl cellusolved) 1:1 &
d BE AR Agste] TIRY £A49 v &L 6:42 3o
8o ofd A& shate FAZE ik 3 A f8A2
F o719 02%°] 488 Hrtete AN FA B F filter
2 distd 7239E Az tH4]l. Formulation 5‘.24_2 Table 2
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Table 2. Formulation Condition of NQD-ester Compositions

Weight Weight %
Novolac resin 20g 30%
PAC 5g 7.7%
Solvent 40 g 62%
Dyelcrystal violet) 02 g 0.3%

ol YeRdc A2 ’\}%E]E dFnERS 21U 23 &
F(coating)A HAA< % t
Aot dzE ARAe A=
A7t HEE 2EEUA LFv
el &A47F ZESE =B (exposure)d] HWaj8lo] HEE 100~
120 CoAAN 6023 AZ7IGA LA A% AAs S PSHE A
239t =% USHIOAY 3 KW high pressure halogen lamp
g AHgste 202 B¢ =Rk @49 Agga e 97
4 Agds ‘:’LO]Q‘@H—E 1:89 3] dlgo F4A0=z 343}
o 5 25 TE FA3¥EA =3d PSS 34,
ol 232 Ay A4S
AAFG o™ A 602904 1002 o|WZ ARttt A
t7] 93l & 7 Z(hard baking)Z 100 C

2.3.3. ZEMzo £
A|ZH PS#ol halogen lampE AF&3l 10% 74E o2 w34
7]13 acetonitriled] £3A171 & SCINCO UV S-2040 spectro-

meterg ©]-&8te] FHAEE Glon 43 FHBA F
FE7 AR} Hed 22 DS FASAT 249 A
PS#ef =3Al FRF AZtolnz o]E :=FA|Zh A gstgrt

2.3.4. sigMEol ol A4r =Y

PS¥tel 5% Fdo] HAFAHS filme A&t =Fatgon
dgstel A gHol FAHE AP APALE 2L &
A9 @EALE 92 £79 image filme o83t =3 PSH
o] @Az Hgst. dAstel AAME patteme  image
analyzerg Arg-3te] &Q13ldct

ZEEAL gray scaled S AHgsld Adgdzs ZAsdcH4).
Gray scale®e AAA #4FAH $A& X, A2 o|Fd 3
—rﬂrg 1 944 71402 th27 AR step tabletS YHAA =
B F AR ol EA wiix Burso] Waso] 7+
<] "117} A& Ael o3 positived ZFAQY A$dE AAH

I negative® TZAQL Fole dAHE Aog Yehiy o)g
2L B ¥ g8 vehdE g4 A3E 2359 A
7Aeg Faigr

S/Se = 100 @
71N S = 71EANE BE

S = YzAE ZE

Dr = 71& A&7 YyehE k g5 A e &

D = d2AR7 YellE j d4dA e 55

2 AN E 9571 20 stepolZ 2 4 2371 010290
step tablet& A3 ol#E L2 1EstH ¢ (DAL
ol 4oz x¥d + vk F AU A= s|EANEY =4
WA AE] g o] (k-j)o &gt

Si/Se = 107D )

T, A104d A 8 &, 199

4. 24 9 717|

4" NQD-CI3} NQD-ester Fr=AE &2st7] 93] 300 MHz
'H NMR(VARIAN UNITY plus 300) spectrometer® A3tk

4= DMSO-ds, W EFAERE TMSE A3kt IRAH
EY BN KBr#t 84 pellets “}501 NICOLET 800 spectro-
photometerg Ab&atg o FF 49, Ad 5 o)A A )9
UV =%Fd B F5 Fojag #sE A8y 93 SCINCO
S-2040 UV spectrophotometerg o] &3ttt UV =%7]9 34
& USHIOAN 3 kW high pressure halogen lampel® <164
PSA7AA S AE 40 cml =37)1E AHgsAY

3. @ o 2%

3.1. ZEx e &Y
3.1.1. 2-Diazonaphthoquinone-5-sulfonyl chloride&] &4
NQD-CI9} #3}A] chlorosulfonic acid®t 2 &g ukgo] Yojr}
o i avh 2R LRt AssEE He) Ak 248}
o &7 T T olstzZ {AFook 3 10 T o]do] HYE &
o] ol HEES JdSEd H5e o B °of«] A4 7hA7b
B ASEY Fo] BEFE @MY £5E RS AL
& Sl 43 NQD-Cle AHedA XA 3 T5H7} HEZ
Aol Yol WA BAS 39k Chlorosulfonic acid® @717} &
7] W] ¥H§ v]l&& ubFo] chiorosulfonic acide] Al&#S 2
olel F&o] & HE&E ZASH Z3 NQD-Cloh B8 chloro-
sulfonic acid®] F#o] 7~8ulY B¢ FA Ffo T2 AL &

T A+

fo

m:i

L

3.1.2. 2-Diazo-1-naphthoquinone-5-sulfonyl Acid Ester $
TAe A

FAA o2 ALL-3HE 14-dioxaned] fpr} 11.8 CTol7] w0
ice bathE AME3l 2&=& WE 2% 47t dovlgr] Wi
o FFFe] EFLE WHE *}%o}%ldr hydroxy717} kA
3] NQD7I2 X|&o] Hojof &}7] W&o w-go] A1&¥ ballaste)
hydroxy719] mole5™3 ¢k 1.2812] NQD-CI& AH&5t¢ ). uh$-¢)
XY=+ pH meterst Thin Layer Chromatography(TLC)Z el
dRqom m w3 NQD-Cle g7 F&dd =7 wjZo oz
F A AAEZ s 48 NQD-ester £E4= NQD-Cl
o HlF tAAo| mol B Yol YrdA BFFATE

3.2, #EAe 54 "ot
3.2.1. 8354

4354 Z3 NQD-ester +EA9] F2o] o3 L35 ] &
FAE Ag FAT & YA ALLF F7]800 Eﬂf?} %'HEE—
Table 37 2t} Benzophenone® hydroxy groupe] $#3 NQD
group2 2 X #HE NQD-ester 54 3 g3 TLzE 7}* T fE
ASL f718vd i L7t 24 gL AL B 4 gl9en
methoxy”]7} =99 22’ -dihydroxy-4-methoxybenzophenone bis
[DIAZO-2,15]& & £38154€ R Q)

3.2.2. ZElMx 53 29}

FEHATE A3 98 102 HEo® =F5t9 UV &
d& ZAM 43 NQD7F 17H T 207 23" AL 30x9
B=7 AAAZE 59 37 T 4471 38 AL 0x9 F
7 He A & 4 YAk Figure 29 3914 UV AZEd A3}
2-hydroxy-4-methoxybenzophenone  bis[DIAZO-2,151% 2,2'-
dihydroxy-4-methoxybenzophenone bis[DIAZO-2,15)¢] FE AT

)

e, 4 gloh [m

b3

J
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Table 3. Results on the Solvent Test of NQD-ester

Methyl  Butyl
NQD-ester cellusolve cellusolve 7 Butyrolacione

2-Hydroxy-4-methoxybenzophenone A A o}
bis[DIAZ0O~2,1,5]

2,2'-Dihydroxy-4-methoxybenzophenone (0] 0] e}
bis[DIAZO-2,1,5]

2,4-Dihydroxybenzophenone o] o] 0
bis[DIAZO-2,1,5]

4,4’-Dihydroxybenzophenone X X A
bis[DIAZO-2,1,5]

2,3,4-Trihydroxybenzophenone o} 0 e]
bis[DIAZO-2,1,5]

2,44’ -Trihydroxybenzophenone e} o} 0
bis[DIAZO-2,1,5]

2,34,4' - Tetrahydroxybenzophenone o] o] o]
bis[DIAZO-2,1,5]

2,2' 4,4’ -Tetrahydroxybenzophenone X X A

bis[DIAZO-2,1,5]

O: solvent at room temperature. A: soluble at 60 C, X: insoluble

37 T
2
8
(=1 H
L ! No expose
< 10sec
17 20sec
30sec
o T T ] —
200 250 300 350 400 450 500

Wavelength / nm
Figure 2. UV spectra of 2-Hydroxy-4-methoxybenzophenone
bis[DIAZO-2,1,5].

3= ]
027
g
£
2
<
1
0 Bl 7 j 7 =1

Wavelength / nm
Figure 3. UV spectra of 2,2'-Dihydroxy-4-methoxybenzo-
phenone bis[DIAZO-2,15].

Figure 4. Positive image of PS plate (2,2'-Dihydroxy-4-
methoxybenzophenone bis[DIAZO-2,15]).

Figure 5. 5% Dot image of PS plate (2,2'-Dihydroxy-4-
methoxybenzophenone bis[DIAZO-2,1,5)).

RIFSI. kB} HHE PuBse TP gon o
Caah e LIELICE LS EEIEL RS PEIET L
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Table 4. Relative Sensitivities of NQD-ester
NQD-ester Step number time (sec) Number of NQD  Relative sensitivity
Standard (commercial product) 6 60 100
2-Hydroxy-4-methoxybenzophenone bis[DIAZO-2,1,5] 8 60 1 160
2,2'-Dihydroxy-4-methoxybenzophenone bis[DIAZO-2,15] 10 60 2 256
2,4-Dihydroxybenzophenone bis[DIAZO-2,1,5] 8 60 2 160
4,4'-Dihydroxybenzophenone bis[DIAZO-2,1,5] 9 60 2 202
2,3,4-Trihydroxybenzophenone bis[DIAZO-2,1,5] 9 60 3 202
24,4’ -Trihydroxybenzophenone bis[DIAZO-2,1,5] 10 60 3 256
2,3,4,4'-Tetrahydroxybenzophenone bis[DIAZO-2,1,5] 10 60 4 256
2,2' 4,4'-Tetrahydroxybenzophenone bis[DIAZ0O-2,1,5] 9 60 4 202
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