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Synthesis and Characterization of various Sulfonate Esters of

Isopropylidene Dicyclohexanol as Acid Amplifiers

Fun Ju Lee

Department of Photographic Science and Information Technology

Gradute School of Pukyong National University

Abstract

Since the developing semiconductor industries need novel generation
technologies, increasing attention has been focused on chemically amplified
photoresists (CAPs) system for deep UV photolithography. In CAPs, a photoacid
generator is decomposed to produce a strong acid as a result of its photolysis. A
subsequent acid-catalyzed thermal reaction of an acid-sensitive component takes
place upon post-exposure bake to render exposed areas of a photoresist layer
soluble in the case of positive-working photoresist or insoluble in
negative-working photoresist. Acid proliferation type photoesists have been
formulated by addition of the acid amplifiers to CAPs. An acid amplifier is defined
as an acid-generating agent which is decomposed autocatalytically to produce new
strongly acidic molecules in a non-liner manner. The addition of the acid
amplifiers to CAPs result in the improvement of photosensitivity due to the
amplified generation of catalytic acid molecules as a result of the decomposition
of acid amplifiers.

In this research we synthesized and evaluated p-styrenesulfonate ester
derivatives (HSI, DSI, STI), trifluoromethylbenzenesulfonate ester derivatives
(2-8TI, 2-DTI, 3-HTI, 3-DTI} and nitrobenzenesulfonate ester derivatives (2-HNI,
2-DNI, 3-HNI, 3-DNI, 4-HNI, 4-DNI) of isopropylidene dicyclohexanol as novel acid
amplifiers. As polymeric acid amplifiers, poly (HSI-co-tBMA) and poly (STI-co-tBMa},
were synthesized by radical copolymerization of acid amplifiying monomer, HSI or
STI and tBMA with acid-sensitive functional group. These acid amplifiers,

poly (HSI-co-tBMA) film and poly{STI-co-tBMA) film showed reasonable thermal



stability for our process to estimate acid proliferation. As estimated by the
sensitivity curve, acid amplifiers exhibited higher photosensitivity compared to
PtBMA film without acid amplifiers. Poly(STI-co-tBMA) film exhibits 2X higher
photogsensitivity, whereas poly(HSI-co-tBMA) film show 2X lower photosensitivity
compared with ptBMA homopolymer. The attachment of acid-amplifying units to
polymer backbones could provides a novel way tc enhance the photosensitivity of
acid-sensitive polymers depending on the structure of acid-amplifying units.
Application of acid amplifiers to photofunctional materials, including
photoresists, are described as a consequence of the combination of the acid
amplifiers with photoacid generator.

Sulfonate ester have been reported as acid amplifier in a chemically amplified
photoresist systems. Also, it has been discovered that the decomposition
temperatures of a number of sulfonate esters are changed when placed in a phenolic
derivatives. In this research we report the effect of various phenclic derivatives
on thermal decomposition of 4,4'-ditosyloxy isopropylidene dicyclohexane (A},
4,4'—di~2—(trifluoromethyl)benzenesulfonyloxy isopropylidene dicyclohexane (RE)
and 4,4'-di-3- (trifluoromethyl)benzenesulfonyloxy isopropylidene dic¢yclohexane
(F} as sulfonate ester acid amplifiers. A reduction in decomposition temperature
of the sulfonate ester is found to bhe a general phencmenon when phenolic
derivatives is added to the sulfonate ester. However, the degree of acid
generation by thermal decomposition of the sulfonate ester is affected by the
structure of the phenolic derivatives. As the number of hydroxy group bonded to
the phenclic derivatives is increased, there is a concomitant increase in the
efficiency of acid generation. Thus it can be concluded that both steric hindrance
of the sulfonate ester linkage and the electronic effect of the Functional groups
on the phenclic derivatives plays important roles in the degree of acid
generation. Thermal decomposition of the sulfonate ester acid amplifier results in
the generation of p-toluenesulfonic acid, trifluoromethylbenzenesulfonic acid

and, therefore, provides possible applicability to thermoacid generator (TAG).

- -
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Figure 2. Schematic representation of the lithograpic process.
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T dark reaction®] PEBE <] dojyrmz CAPd oAy @A w34 93
o PAGERY A= o Rl AR o @& e Alo] A 243 g
A 2ee] w=BHAM AAEEZ CAPdA Bo A =43 gyRArEdr] 7+

S(sensitivity) 7} 2 g} 214

PAG — Y H*

Acid Amplifier ———— H*

N

COOR

COOH

(atkaline soluble)

Figure 4. Expected reaction scheme of acid amplified resist system.

Figure 49 4 348 4 2EA00A Ao Aoz dist Bee Y
ENQT. PGAZL =B & Wob WA A2 AMSH, of Aol PEB Fotol

Al AAE FEIAA FARS AT AAZRRE AAE Aol Al AA
& A7l HHEE Fosa o] v Ay F4eol dojuA "o
(Figuer 5). o] 4 A AAZHE A A% PAGEHE AAE As opzirbz
2 3ol 2R %3 (deprotection) W20 7]dddto g2 A ZAH HAAE

o #x7F sdEY.



Chemical amplification

<Acid generation > < Deprotection >
m=1 -
[Hi) [COOH] m=1.4
dose [H*]

Acid amplification

non-linear

[ H+add ]

Figure 5. Reaction comparison of chemical amplification and acid amplification_“m

4. AAF LA A

Al dbs AAAE e #Hel B e e dAdee
Hoolel de] o] g5 led Bk 24 (photoacid generator, PAGIE &
gy og olgdr) olejg i FZY

XEAALENME dALE BF9 w359 Alwgie fax o) s}
e b Bl hgo] dojath ik AR g4 Ak vt
AALEGNE 7twE dovied o]&Hn EAEE YA AEHE B

3 33 FEYH FEYA2EN



3} 98-8 doy|e=d o gH)

ol 2)ahx] G dAgd oste] g TAAYE da wgA
(thermoacid generator, TAG)7} #AF3F W7lU &0 7 48 Asi=v of
24 5 glen, G BAAE o] &3 »F glo] dAeld st Ae A
F ool @ 22 ARE Agsh=d ojgd & AR s 22y g
ALEAA AF FHAZA 53 AsE delle o3 744 £F4 o2
2e e deEgddr 23 AAFAde] AstHo] FHecr ol &
ol ejshe] ko] ARG o) Wi fEAV DAL sl S E
AHolaElEet S22 WBEE Fe wUFoR dYe 5 o metd #H=
FEAe Age] AXNAY AA Aot A 24 shH DEFH
B Axe FrtshAl 5o o]l2 <l d7 % (thermosensitivity) 7} 2315},

o
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= AdTolME e S 8 CAPYl H7RA I 4 ZTHARAM o4

zegded tAFZALE (4,4 -isopropylidene dicyclohexanol, IPDH)¥} <



n
oX
o
h
2
2L
=

2] 7+A] sulfonate esterZ® o ~H 23 ateoa FAlew 1
A st ch

HA p EFAEIANEY AT o & R FAHE p 2EHUSZA
S A S ZEAlel A" £ g B9 ollet FTEYAAE mRA YR
A =4AZ e 28A FE718 23 g N2 A ZHAR o|a
Zzdd yAZ2dNL p-2EgASES FEAE YA

ooz AR (electron withdrawing group)& 2Ha glo]A] p-AE)
WaZi 2o Axrt o 2 eq FAHE 2 FHARE =g EFFeavd
AN HESWAEAASE 2 Fu EaAd zhzt QA" 5 gle o
zzway GANZZYNLY EAETORUYANSEY oAb 2 § 2

_4

S

Uhgo 2 Abe wizkst 2F8 1A tert-butyl methacrylate(tBMA)<H
A 1S e p2HAEEN FEAE A7 o FEHRANA LR

A3 4

of)
>
X

{polymeric acid amplifier, PAA)E Al std o},

rkAlEte g oy 7}A] sulfonate ester7b G4F 2 A4l (thermoacid
generator, TA@ME &4 5 =7 W FeA9 2/ 3 259 wa
A AeE dEEsith = sE4 dadzd Hy frAg ¥3ste
ptBMA film& Az3dte] dA8] F 238 wi% TMAH 974 40 Ay
AA E AreAY 548 2AEEH
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n-1. 4 3

1. Al ¢

Fdel AHgH Aok 44 -isopropylidene dicyclohexanol (IPDH) (Aldrich
95%), 2-(trifluoromethyl)benzenesulfonyl chloride (2-TBSC) (Aldrich 97%),
3-(trifluoromethyl)benzenesulfonyl chloride (3-TBSC) (Aldrich 95%), 2-nitro
benzenesulfonyl chloride (2-NBSC) (Aldrich 97%), 3-nitrobenzenesulfonyl
chloride(3-NBSC) (Aldrich 97%), 4-nitrobenzenesulfonyl chloride (4-NBSC)
(Aldrich 97%)%= A A §le] AMg-3hdo

p-styrenesulfonyl chloride= p-styrenesulfonic acid, sodium salt hydrate
¢t phosphorus pentachloride] &3 AN @BWEL o] 8ate] Ax£d & ethyl
acetate * hexane = 211 (v/v) &% &vlE ol &3] 9L AAsIA Al gslgdx
4 hydroxy-4'-tosyloxy isopropylidene dicyclohexane& & o) u}e} &4l sty
o2 guyg Abgs pyridine?®} methylene chloride: Junsel chemicalA}ol] A
TH3e] 2HE AFESHA R tetrahydrofuran (THF)E Call,® ZHale A4
sddt. w3l MAAME AFS-E 22 -azobisisobutyronitrile (AIBN) (Junsei
chemical)> methanoldl A ZAA3 F A18892, tert-butyl methacrylate
(tBMA) (Junsei chemical)x= AM&2@el basic &Fuv APL EFRAY £
A+-8-51 51

Hab 84 diphenyl-4-thiophenoxyphenyl sulfonium triflate (DTSOTE)
T ()T ErEt e 2R E 7 wol of o]l AaAl flo] AlgEtRi &
dBo® ALE-3 tetramethylamonium hydroxide (TMAH) 2.38 wt% <& <f
+ Clariant Industries (Korea) Ltd.ol M 78] Ab-&&}sich. Poly(tertbutyl

-1 -



methacrylate) (ptBMA) ( Mw = 2.15x10°, Mw/ Mn = 1.78)%= wldeld ahr)
2 F3ate] ALgsddo

2. 7171 &4

'H-NMR$t  “F-NMR  spectrum®  JEOL JNM-ECP  400MHz
(spectrophotometer) &  AM&3te] ZA39a, £vE CDCLE  AMgsarch
FT-IR spectrum? BOMEM MB-100 #3742 Z=AHs9n DSC/TGA
thermograms =7 -& Perkin Elmer 7& Al€3lod $#24£% 10 C/min® 2 No
ZI1Fstl A FA8 . 5= & Fisherrte] model IA-9100 §HZA 72 o
3o FAsH oM 2 ge A flo] MFadt 2R E Carlo Erba
Ab E® CHNS/O 1108 9484715 A48 helium 7|HstelA] BA359
th THFel 591 mEAe] Fapake polystyrened 7]5 9 2 calibration curve
& ol &% GPC (Waters Alliance 2690) W o2 ZAFAY A% FE=
() E-H-CAF SC-1008 AR&3te] whet vl e & Qi 200 W 2ghs

A
T P$EZo Karl suss MJB 3 w=%7|2 =32 Fon da Sy

_12_



3.8 F4A F4
3-1. p-2HAEE Jd2H2 {24

3-1-1. 4-Hydroxy-4'-p-styrenesulfonyloxy isopropylidene dicyclohexane

20 ml A+ T ovie g Hald 81 mis}d 4,4 -isopropylidene
dicyclohexanol (IPDH) (12.01 g, 0.05 mol)& Y i 4l Al7]HA] =< 7 3
225 0 T2 WAAZIG 0 T o3 2 Wzlo] 9w Fal~34 p-styrene-
sulfonyl chloride (p-SSC) (1013 g, 0.05 mol)E H7}star 0 TAA 24A 7
e wwk A ukgAlzich whgo] Eubd AAE dL dESstY AAs R
AAFTL7IZ 70 ColA Y %39 HAde AAIY 100 ml ILE
%3 80 ml CHCLZE 29 &% ¥, 10% 94 £89 100 m=2 48 ReJA
dotde FEdE AARG. FHFFE 1M e 1, 10% NaHCO; 52890
2 T vpAR e R 100 ml FHTE Aoldt FAT 29§58
T MgSOs2 IAZAI7] o8 MgSO4E AlAsn, 739 ¥E35e gmjs =
2l H ethyl acetate : hexane = 5:1 (v/v) £ 802 o] &3 Au)s12 2 =
2rtEad s el AF A 2440 Axste] P wdM Bw
s AdES 2t

vield: 36%; mp: 152 C; IR(KBr, em™): 3436 (-OH), 2940 (-CHs), 1597
(CH:=CH-), 1175 (~SOy); 'H-NMR(CDCl; §): 7.85-7.87 (d, 2H), 753-7.55
(d, 2H), 6.72-6.76 (dd, J = 10.98, 17.58 Hz, 1H), 588-592 (d, J = 17.58 Hz,
IH), 544-547 (d, J = 1098 Hz, 1H), 4.36-4.38 (m, 1H), 4.04 (s, 1H),
350-352 (m, 1H), 0.67-2.04 (m, 24H); Found: C, 68.11; H, 898; S, 7.63.
Calc. for CuHaSO4 C, 67.95; H, 8.43; S, 7.89.

_13_



3-1-2. 4,4’ -Di-p-styrenesulfonyloxy isopropylidene dicyclohexane

200 ml At w2 e Feb~3ed Hed 81 ml¢ IPDH (1201 g, 0.05
ik AlZ|EAM 50 F FexE 0 T2 Y440 0 T o8
W E@2Ae p-SSC (2026 g, 010 moD)E #7Fstar 0 ColA
48A|ZF EFQF =y FAA wbgA|Zich wbgo] Euw 99 EUE wyow
woste =3 PO deyg2 YHELS A9

fl

vield: 42%; mp: 133 C; IR(KBr, cm™): 2942 (-CHa), 1594 (CH;=CH-), 1163
(-S02); 'H-NMR(CDClL;, &): 7.83-7.86 (d, 4H), 7.52-754 (d, 4H), 6.71-6.76
(dd, J = 10.80, 17.57 Hz, 2H), 5.87-5.92 (d, J = 1757 Hz, 2H), 5.44-5.47 (d,
J = 1080 Hz, 2H), 4.35-4.37 (m, 2H), 0.64-2.04 (m, 24H); Found: C, 6520;
H, 751; S, 10.85. Calc. for CyHwS:06 C, 65.00; H, 7.04; S, 11.19.

3-1-3. 4-p-Styrenesulfonyloxy -4’ -tosyloxy isopropylidene dicyclohexane

250 ml A7 S vle FebaFed wW2ld 81 mig 4-hydroxy-4'tosyl-
oxy isopropylidene dicyclohexane'® (19.73 g, 005 moDE Y1 iyl Al7]9H A
=9 5 FLEE 0 CZ WAAAG 0 T olstE Wato]l Hw Eepraol
p-55C (1013 g, 0.05 moh& H7FehaL 0 TellA 24A17F Fob b shwia wt
AT Wgol BUW Sl9h FU PPow Reste] A v Rul
At

ez AYE

o

- 14 -



yield: 48%; mp: 135 T IR(KBr, ecm ): 2941 (-CHas), 1596 (CHz=CH-),
1171 (-SO2); 'H-NMR(CDCl, 8): 7.83 (d, 2H) 7.76-7.78 (d, 2H), 752-754
(d, 2H), 7.25-7.32 (d, 2H), 6.71-6.75 (dd, J = 10.84, 17.64 Hz, 1H), 587-591
(d, J = 1764 Hz, 1H), 544-546 (d, J = 10.84 Hz, 1H), 4.31-4.33 (m, 2H),
243 (s, 3H), 0.62-2.16 (m, 24H); Found: C, 6450; H, 767, S, 11.08 Calc.
for CxHaoS:06: C, 64.26; H, 7.19; S, 11.43.

3-2. EREFo2vdilAEZA NAHEZ G
3-2-1. 4-Hydroxy -4'-(2-trifluoromethyl)benzenesulfonyloxy

isopropylidene dicyclohexane

100 ml 4 §< vte E¢b2=9 IPDH 481 g, 002 mohst Had
(3200 ml, 040 moh& Hi wWWk N7IEA %9 H gexd 0 Tz 374
Zith, 0 C o]3t2 Wdzto] 5 Xglx o 2-(trifluoromethyl)benzenesulfonyl
chloride (2-TBSC)} (3.10 ml], 0.02 moD)E #H7}al 0 CollA 24417 E9F
gt AT ghgo] 2y el 5 whH o2 MojFEu) Al

Y 7154 P4 MgSO:2 UEAL e MgSE AAste, 7Y w3

o] GulE £ 9 ethyl acetate : hexane = 2:11 (v/v) 3 LojE o] &3
de7Ad w agctEag s g BEdg AT L8N %A Azdt 8
AP P2 AHES Ao

yield: 30%; mp: 136 T; IR(KBr, cm™'): 3359 (-OH), 2943 (-CHs), 1447
(-CFs), 1189 (-SO») 725 (-CeHs)i 'H-NMR(CDCl;, 8): 824-827 (d, 1H),
789 (d, 1H), 775-7.77 (m, 2H), 455-459 (m, 1H), 4.04 (s, 1H), 3.48-359

_15_



(m, 1H), 1.03-2.05 (m, 18H), 068075 (m, 6H); “F-NMR(CDCls &)
-59.67; Found: C, 59.03; H, 742; S, 691. Calc. for CxHu1SOsFs: C, 58.93; H,
6.92; S, 7.14.

3-2-2. 44’-Di—(2-trifluoromethyl)benzenesulfonyloxy isopropylidene

dicyclohexane

100 ml A7 F< dte E8bsae] IPDH (481 g, 0.02 mol9 92l
(3200 mi, 040 mol)& ¥ Rt AJF|EA 59 F22£E 0 TR YA
itk 0 T olstz Wzbo] H4W
7vekal 0 ColA 24413 5
TAdS wWyjew Fstd

ZgpA=d 2-TBSC (6.20 ml, 0.04 mol)E& &
gF wRb A HES A ZIG wkSe] Eud e}

< F34 S8 JH Y4ES It

ne
Mo

vield: 36%; mp: 118 C; IR(KBr, cm '): 2950 (-CHg), 1443 (-CF3), 1184
(-S0s) 695 (-Cells; 'H-NMR(CDCl;, 8): 825 (d, 2H), 7.89 (d, 2H),
7.73-7.75 (m, 4H), 4.58-460 (m, 2H), 0.66-2.09 (m, 24H); “F-NMR(CDCl,
8): -60.00; Found: C, 5315 H, 556; S, 9.44. Cale. for CxuHuS:06Fs C,
53.05; H, 5.18 S, 9.76.

3-2-3. 4-Hydroxy 4’ (3-trifluoromethyl)benzenesulfonyloxy

isopropylidene dicyclohexane

i

100 ml A7 Fi* wheh Zebezel IPDH (481 g, 0.02 mol9t ¥ %l

(32.00 ml, 0.40 moh)g& Y ik AZIHAN =3 FH F2xE 0 TE ¥4

_16_



ZItt. ¢ C ol3tE Yzte] =W FebaAel 3-(trifluoromethyl)benzenesulfonyl
chloride (3-TBSC) (3.10 ml, 0.02 mol)E 78t 0 TellA 24417 53k o
b spA A ghg AT dhgo]l Eyd fje FAURE e s FEsid #A

AA HHE GHES AT

yield: 26%; IR(KBr, cm '): 3420 (-OH), 2941 (-CHs), 1449 (-CF3), 1184
(-S0p 695 (-CeHs); 'H-NMR(CDCl;, §): 812-8.17 (d, 1H), 8.10 (d, 1H),
7.89-791 (d, 1H), 7.72 (d, 1H), 4.03 (s. 1H}, 3561-353 (m, 1H), 3.27 (s,
1H), 1.03-2.02 (m, 18H), 0.68 (m, 6H); “F-NMR(CDCls 8): -62.65; Found:
C, 59.10; H, 7.22; S, 6.96. Calc. for CxHzS504F3 C, 58.93; H, 6.92; S, 7.14.

3-2-4. 44'-Di—(3-trifluoromethyl)benzenesulfonyloxy isopropylidene

dicyclohexane

100 ml 4+ & wvbg Ze2=0 IPDH 481 g, 0.02 moDs ##d
(32.00 ml, 040 mob)& Wil WRt Al7|WA =2l § F2xE 0 TE F4A
k. 0 C ol8t2 Wzto] W Zat2~ o) 3-TBSC (620 ml, 004 mol}E #H
7hstal 0 CTollM 24A17F F<F wb sAA ghg-A 7Y, wkgo] EUH 49
TUAT WHo R FEdtd 4 AN AHE AAES AU

vield: 32%; IR(KBr, cm'): 2946 (-CHa), 1437 (-CF3), 1184 (-S0») 722
(-CeHs); 'H-NMR(CDCls 8): 816 (d, 2H), 8.08-810 (d, 2H), 7.88-7.90 (d,
2H), 769-771 (d, 2H), 444-446 (m, 2H), 066-2.03 (m, 24II)
PF-NMR(CDCl3 8): -6396; Found: C, 52.12; H, 542; S, 950. Calc. for
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CaoHuS206Fs: C, 53.05; H, 5.18; 5, 9.76.

3-3. HERAASEY J2HE Fiki
3-3-1. 4-Hydroxy—-4’-(2-nitrobenzene)sulfonyloxy isopropylidene

dicyclohexane

100 ml A7 & web ZeA=0] [PDH (481 g, 0.02 moh9 329
(16.20 ml, 0.20 mol), methylene chloride (12.80 ml, 0.20 mol)& ¥ WHE A
1AM 5 FH d2xE 0 TE YAAN 0 T o3z Yzto] HE &
239} 2-nitrobenzenesulfony! chloride (2-NBSC) (443 g, 0.02 mo)E& #H7}
il O CellA 20A17F F¢t agk A whgAlIth whgo] By fl9 F
A oz FEste H4 F¢ g2 AH4ES I

vield: 11%; mp: 134 C; IR(KBr, cm™): 3391 (-OH), 2939 (-CHs), 1544
(-NO2), 1197 (-SO2); 'H-NMR(CDCl3 8): 814-816 (d, 1H), 7.76-7.78 (m,
3H), 467-469 (m, 1H), 4.04 (s, 1H), 3.49-355 (m, 3H), 0.69-2.03 (m, 22H);
Found: C, 59.40; H, 7.82; S, 7.29. Calc. for CaHuSOsN: C, 59.29; H, 7.29;
S, 7.53.

3-3-2. 4,4'-Di-(2nitrobenzene)sulfonyloxy isopropylidene dicyclohexane
100 ml A+ S upet Zebazd IPDH (481 g, 0.02 moDt & d

(16.20 ml, 0.20 mol), methylene chloride (12.80 ml, 0.20 mo)E 23 WRE A
71HA el § F2xz= 0 CE YzhA g, 0 T ol3t2 Wzte] =W £

- 18 -



230 2-NBSC (886 g, 0.04 moDE #H7Fshal 0 TeollA 4241 F<¢b wwt
stHA HEAIRITE jEgo] Eud et FAd Wy o Yt M B

dHz AYdEs dsin

vield: 35%; mp: 110 C; IR(KBr, cm ') 2963 (-CHs), 1545 (-NOy), 1183
(-S02); 'H-NMR(CDCls;, 8): 8.14-816 (d, 2H), 7.76-7.78 (m, 6H), 4.67-4.69
(m, 2H), 0.69-2.17 (m, 24H); Found: C, 53.21; H, 598; S, 10.16. Calc. for
CoHuS:010N2: C, 53.11; H, 557; S, 10.49.

3-3-3. 4-Hydroxy-4'-(3-nitrobenzene)sulfonyloxy isopropylidene

dicyclohexane

100 ml A7 57 wg Zea=6 IPDH (481 g, 002 mol)st HId
(16.20 ml, 0.20 mol), methylene chloride (12.80 ml, 0.20 mol)& Y3 Wyl A
71MM =9 H P2xE 0 TR WZAAZG 0 T olst= Wyzho] HH I
23| 3-nitrobenzenesulfonyl chloride (3-NBSC) (443 g, 0.02 moDE #7}
kil 0 TollA 23A)7F ¢ wyk st A wbgA zin) ghge] Zvbd 99 F

dF oz Este Y B FHE AQES A}

—

yield: 13%; mp: 158 C; IR(KBr, cm '): 3381 (-OH), 2937 (-CHa), 1536
(-NO2), 1190 (-SO2); 'H-NMR(CDCly, 8): 876 (s, 1H), 848-850 (d, 1H),
823-825 (d, 1H), 7.78-7.80 (&, 1H), 451-454 (m, 2H), 404 (s, 1H),
351-353 (m, 2H), 0.69-2.05 (m, 22H); Found: C, 59.34; H, 7.72; S, 7.28.
Cale. for CaHzSOsN: C, 59.29; H, 7.29; 5, 7.53.
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3-3-4. 4,4’-Di— (3-nitrobenzene)sulfonyloxy isopropylidene dicyclohexane

100 ml 47 < #tg E@ 240 IPDH (481 g, 002 moD)et 3 #dl
(16.20 ml, 0.20 mol), methylene chloride (12.80 ml, 0.20 mo)& Q1 WH} A
1WA 52 FH F225 0 T2 ¥Z4AZY 0 C olaz Wato] gy =

J

£40] 3-NBSC (886 g, 0.04 mo)& H7}st3 0 TellA 24A17F T wul
SAA AT Wgol BUW s 599 WPon Fese du ww

FHE YPES AU

yvield: 52%; mp: 1149 T; IR(KBr, cm '): 2955 (-CHs), 1534 (-NOg), 1186
(-S0y); 'H-NMR(CDCl3, 8): 875 (s, 2H), 847-8.49 (d, ZH), 822-824 (d,
2H), 7775-779 (t, 2H), 450-452 (m, 2H), 0.66-2.04 (m, 24H); Found: C,
03.19 H, 5.89; 5, 10.26. Calc. for CxHzS:000Nz: C, 53.11; H, 557; S, 10.49.

3-3-5. 4-Hydroxy-4'-(4-nitrobenzene)sulfonyloxy isopropylidene

dicyclohexane

100 ml 7 $ ot Feh230 IPDH (481 g, 0.02 moDst ¥4
(16.20 ml, 0.20 mol), methylene chloride (12.80 ml, 0.20 mol)& Y ¥ A
719 =9 H FLx2B 0 T2 WZAA4Y 0 T olets Wzo| HY =g
230 4-nitrobenzenesulfonyl chloride (4-NBSC) (4.43 g, 0.02 mol)Z A7}
St 0 Coll A 24A17F FoF Wk 3bAAM whgAlZITh whgo] w9l
A FHo R RBedle] 34 21 He2 YHES Ao}
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yield: 20%; mp: 119 C: IR(KBr, cm™): 3411 (-OH), 2938 (-CHy), 1532
(-NOw), 1185 (-S02); 'H-NMR(CDCl; §): 838-840 (d, 2H), 809-812 (d,
2H), 449-4.51 (m, 1H), 4.03 (s, 1H), 3.45-3.56 (m, 1H), 0.68-2.04 (m, 24H);
Found: C, 5942; H, 742; 5, 7.35. Calc. for CaHaSOeN: C, 59.29; H, 7.29;
S, 753.

3-3-6. 4,4'-Di—(4-nitrobenzene)sulfonyloxy isopropylidene dicyclohexane

100 ml A4+ &< vtd EZF2A6 IPDH (481 g, 0.02 mol)st 4
(16.20 ml, 0.20 mol), methylene chloride (12.80 ml, 0.20 mol)E 231 WRF A]
WA el | FEZE 0 T2 BZAAAG 0 C ol3E Wato] Hm
23] 4-NBSC (886 g, 0.04 moDE 733 0 TelA 36413 F<¢F wwt
st A jESAIZITH whgeo] Euy Y9 FUd dgow Fesie] A 2
dHlz AHES AU

yield: 66%; mp: 102 C; IR(KBr, cm '): 2960 (-CHa), 1534 (-NOg), 1186
(-S0); 'H-NMR(CDCl;, 8): 838-839 (d, 4H), 8.08-811 (d, 4H), 447 4.49
(m, 2H), 0.66-2.02 (m, 24H); Found: C, 53.22; H, 588; S, 10.28. Calc. for
CorH3sS:010N2: C, 53.11; H, 557; S, 10.49.
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3-4. 1 TAEH 2 FA A FA
3-4-1. Poly(HSIs-co-tBMAgs)

4-Hydroxy-4'-p-styrenesulfonyloxy isopropylidene dicyclohexane (HSI)
(020 g, 0.50 mmol)$} tert-butyl methacrylate (tBMA) (1.35 g, 0.95 mmol)
2 Z83¥" THF (105 mDel =2 3 22'-azobisisobutyronitrile (AIBN) (0.15
g)& Al A4 713l 70 TE 24 A2k FoF wwlk s gz F
T Tl B ¥ THFE H7MAA 3 A7] L methanol @ FFF =

101 (v/v) EF&ro) HAANNG 3 wRAE AFOEA Ao

i

AN Az 5 F A | FAANA 79% F&9 AR TE AT ( Mw

&

1.90x10*, Mw/ Mn = 3.22)
IR(KBr, ecm'!): 3540 (-OH), 2979 (-CHs), 1723 (C=0), 1139 ( -SO.);
"H-NMR(CDCls, 8): 7.75 (d, 2H), 7.26 (d, 2H), 557 (m, 2H), 405 (m, 2H),
352 (m, 1H), 1.02-2.06 {m, 37H). Found: C, 66.54; H, 9.75; S, 0.41.
3-4-2. Poly(HSliy—co-tBMAg)

HSI (040 g, 1.00 mmol)$} tBMA (1.28 g, 9.00 mmol)E o)z Z23st
o oulgo] U 99l 3 wHlog Rydled 80% &9 IMETLS

ATt ( Mw = 1.25x10° Mw/ Mn = 2.00)

IRCKKBr, cm'): 3539 (-OH), 2976 (-CH), 1722 (C=0), 1138 (-SOq);
'H-NMR(CDCls, 8): 7.74 (d, 2H), 726 (d, 2H), 556-557 (m, 2H), 4.03 (s,
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2H), 352 (m, 1H), 0.72-1.98 (m, 37H). Found: C, 66.63; H, 9.81; S, 0.85.

3-4-3. Poly(STIs-co tBMAgs)

4-p-Styrenesulfonyloxy-4'-tosyloxy isopropylidene dicyclohexane (STI)
(0.28 g, 0.50 mmol)®} tBMA (1.35 g, 0.95 mmoD & &dZ FF5act ¢9f

TAdd o Badled 8% &9 AMRTL At ( Mw = 210x10%

Mw/ Mn = 2.49)

IR(KBr, cm'): 2978 (-CHs), 1722 (C=0), 1138 (~SOp); 'H-NMR(CDC,
8): 7.77-779 (d, 4H), 7.26-7.33 (d, 4H), 4.32-433 (m, 1H), 3.73-3.76 (m,
1H), 2.44 (s, 3H), 0.63-1.81 (m, 41H). Found: C, 66.12; H, 9.45; 5, 1.26.

3-4-4. Poly(STIo-co-tBMAg)
STI (057 g, 1.00 mmol)¢} tBMA (1.28 g, 9.00 mmoh)E &l 553
o} wbgo] Zulw 9o} FAd uhHowm BEsio 82% &2 MRS

AArt ( Mw = 1.35x10° Muw/ Mn = 2.14)

IR(KBr, cm 1): 2078 (-CHa), 1722 (C=0), 1139 (-503); Found: C, 66.03; H,
9.30; S, 2.12. 'H-NMR(CDCls, 8): 7.77-7.79 (d, 4H), 7.25-7.33 (d, 4H), 4.31
(m, 1H), 3.75 (m, 1H), 2.44 (s, 3H), 063-1.81 (m, 41H).
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4. Wb dE o] A AR

o2 7px] SEL dz2H2 A

ol

A1 A

rlr

Z5% THF &ule] ptBMA
( Mw = 215x10°, Mw/ Mn = 179)E =9} 10 wt% $4L w55 of7)d 3
Ab gragel DTSOTEY §A S A 2445 247 ptBMA %9 5 wt% g 3
AN A FAE g, niAE A FAAE FFF THF &0 3%
B2y A FAAE ma 10 wt% 98 e orjd #3al S
DTSOTIE 5 wt% E7HAA €43 =eivh 2 & 23 3H2 (2500 rpmel
A 7%, 1500 rpmell A 7&x) AelZ sleolwel ¥h0.23~0.35 m) o2 AW
o} A2 deolHd ZeE vute] 44 bAHAL2 FT-IR spectrophotometer
g o]&3) 110 T, 120 T, 130 T ZZte] £xdlA Azl & 54 339
Astes SA e AR A

l:l

o
il

o

. 3t= 44
99} 2o dhieR FHEte wute] TEGAAE FES AL F 70 T
ol A} 20% %<} prebakeE 3dteol @& &vlE AASATE 200 W ¢ 72

#ize] Karr suss MJB 3 =375 ol-&ste] =4S F31, 120 TAA 2% &
ot bakeE 3ttt 2.38 wt% TMAH F&4o% 30x F< s T
of 30& E¢F FAE F 2447 FF 40 T AFLEANA Azt A4
Fo AESE vrete] FA2 Perkin ElmerAl®] Lamda 40 UV/Vis
spectrophotometer® 7HJ & o] &3t A5ttt
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n-2. 4 9

1. Aje} 9@ F41717]
4 4'-ditosyloxy isopropylidene dicyclohexane (A),
(B), 1A4-ditosyloxy

EELLF o 2dH 2]l
isopropylidene dicyclohexane
gHo we G4

4-hydroxy-4' -tosyloxy
cyclohexane (C), 1-hydroxy-4-tosyloxy cyclohexane (D)<
44" -di- 2 (trifluoromethylbenzenesulfonyloxy  isopropylidene

_31_%1 -3 [:1 [23-24]
dicyclohexane (E)¢ 4,4'-di-3-(trifluoromethyl)benzenesulfonyloxy isopro-
pylidene dicyclohexane (F)&= 4 ZAA2 §43 EEFoZvdasl o
A= F2A2 283 1-napthol, phenol (1),

H2 f=AE AME3ad

catechol (2), 1,2 3-pyrogallol (3), 4-bromophenol (4), 2,6-di-tert-butyl-4-
(BHT) (5), 246-trimethylphenol (6), hydroquinone (7),
resorcinol (8), 4-tert-butyl-phenol (9), p-xylenol (10), 2,3,5-trimethylphenol

methvlphenol
(11), 4 nitrophenol (12)2 Aldrich Aol Al Fdate] AAl gle] 1= A3

Art FE A o2 AYE-3 tetrahydrofuran (THF) Call:2 S H3to AF&
A}&3%F  tetramethylamonium hydroxide (TMAH) 2.38
Ab&-st o},

Ao o2

S at
wt% 589 Clariant Industries (Korea) Ltd.elA %3}
Poly{tert-butyl methacrylate) (ptBMA) ( Mw = 2.]5X104, Muw/ Mn = 178)=

WA A 2o Tk AMEssith
£ Perkin Elmer 7& AM&3le] o245 10
AN e A

3

DSC/TGA thermograms 3
T/min®2 Ny 7188t A ZAsAn g8 o9 4L
a3

FT-IR spectrophotometer® o] &3] Az Aol wpE 54 vz W
wral ZElQ

b |

82 &2Astd AAsEer 28 2EH SC-100& AEstd
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3 9ut £ A= Perkin ElmerAte] Lamda 40 UV/Vis spectrophotometer® 2}
AL o]l &3t F43 .

2. 9 23] 2 2y = AA

AR A e Ay 29 s A9 FH maEME gEg. |
A Ael 2xod wE 4 B A AFYES ARy, S5 THF &l
ptBMAl 7)1&3te &&E4 d2d2 vt F=AE 44 16 wtde F7TAA
A3 =l g AW FHZ (2500 rpmolA 7E, 1500 rpmel A 7E) A2
2ol wral(eF 023~025 m)o. 2 FEEF F 40 T AT oA 308
2ot prebakeZE 3o @Fe £ulE A A FT-IR spectrophotometer&
ol g8 70 T, 90 T, 110 T, 120 C, 130 T z}zre] 2%eA Az A7kl
e 54 v Wales Ao AAAT g R £F4 dAaHZo
afa Hlm fEAe FRu Az AR ek g2 dHoes d
DIBMA filme @8 &e] oJato] AL BgA7=d 1 A2 593 L5
Aol dx] Alzbe] W& 54 w6 Was SH3te 2AFAT

3. 44 wAQA 9 A 44
Aob 22 wor aEA dadHast de #EAE 22 16 wiks ¥

st ptBMA filmg 92 F 40 €T AF 2ol 30% 52 prebakeE 3t
g guj2 Arisdck 120 TAM EH8E & F 238 wt% TMAH &
}.
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m-1. 43 2@ 23z

1. 7% 39 2 93 44 24
1-1. p-2ElAEE J2H =2 F5A

)' NE

EAEE ¥EAA2EY Zr FE % AP FAAZ oo wad
prEFAEEARGFM Aur o 2 Qe FHHE paHALENS A
Zuf EajAe] AAE 0SB oY TEHA2E IEA HAAE =
dAE e 2HA A8IE 4 2L 4 FAAZ olaERHe

Fadago p-aHdeFEs o A2 §EA HSI DSI, STIE &4
A¥AoR O T2EF AT dEAHoE
HSI?) 'H-NMR3 FT-IR spectrum-$ Figure 63 Figure 79 YJehH v

!
32
rir

HSI= 4,4 -isopropylidene dicyclohexanol (IPDH)#} p-styrenesulfonyl
chloride (p-SSC)9] o ~d| = 8} wH2-of 29la] A3 HScheme 1).

CHa 0
w<:>— @— + c&(ﬁ;@—cwcm

W
OO oo
pyridine J} i
Ha 0
HSI

Scheme 1. Synthesis of 4-hydroxy-4'-p-styrenesulfonyloxy isopropylidenedicyclo—-
hexane (HSI).
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DSIE= IPDHS p-SSCe o ~8 23t vkge] old €8t ohScheme 2).

T 7
HO—Q?—QOH + 201—%@—@?0&42
CHs o
CH3 ?
s O OF e O
pyridine II é

Scheme 2. Synthesis of 44'-di-p-styrenesulfonyloxy isopropylidene dicyclohexane

(DSD.

STIE= 4 -hydroxy-4'-tosyloxy isopropylidene dicyclohexane$t p-SSCé]
of ~¥] 23} gh3of o]&] & AdEH tHScheme 3).

o CHS ﬁ)
HaC_QZ O—<:>— —O— + CI—E~©—CH=CH2

=0

CHa
pyrldlne _Q|| < > < > o= < > H=Ch,

STI

O=Ww

Scheme 3. Synthesis of 4-p-styrenesulfonyloxy-4'-tosyloxy isopropylidene dicyclo-

hexane (STI.
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Figure 6. '"H-NMR spectrum of 4-hydroxy-4'-p-styrenesulfonyloxy

isopropylidene
dicyclohexane (HSD.
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Figure 7. FT-IR spectrum of 4-hydroxy-4'-p-styrenesulfonyloxy isopropylidene
dicyclohexane (HSI).
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zAEn zRdxase] ¥R FAE 4T A4 FAAR AXnevlE R
T ol p-2EAEEA B AErt o F AR FAHHE B 2=
WA s EAL A Eu) FajAlel A4 F Qe olazzddd gAZEE

axeo edEsozudwadaZa JdaH=Z fFx=A 2-HTL, 2-DTI
3-HTL 3-DTLZ #4432 'H-NMR, "F-NMR, FT-IR % fd48Me=®
7222 solstgct WEA ez 2-HTIY 'H-NMR, "F-NMR, 223 FT-IR
spectrum® Figure 8 Figure 9, 2] Figure 10°] WEH] 2t

9 HTIE IPDHS 2-(trifluoromethyl)benzenesulfonyl chloride (2-TBSC) 9
of 2823 utgd o3l @A & tHScheme 4).

CH3
S
C:j C:j |
CH3

CFa
T 7
o o ot
pyridine | I
CHas O /
CF3
2-HTI

Scheme 4. Synthesis of 4-hydroxy-4'—(2-trifluoromethyl)benzenesulfonyloxy

isopropylidene dicyclohexane (2-HTI).
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2-DTIE IPDHSF 2-TBSCS o ~g)l=3) e o) 439 Scheme
5).

CHa 0
O—Q—C;O— 2 cn—:ﬁj—Q

O CHa
——
pyridine O-<:>- —Q @
O CH3 /
CFS CF3

2-DTI
Scheme 5. Synthesis of 4,4'-di—(2-trifluoromethybenzenesulfonyloxy

isopropylidene dicyclohexane (2-DTI).

3-HTI+= IPDH®} 3-(trifluoromethyl)benzenesulfonyl chloride (3-TBSC)<]
of ~ell 28t k3o 2 395U HScheme 6).

CH3 ﬁ
O O o Q)

CFa

st <O %}% HO

CF3
3—HTI

Scheme 6. Synthesis of 4-hydroxy-4'-(3-trifluoromethyl)benzenesulfonyloxy

isopropylidene dicyclohexane (3-HTI).
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3-DTI= IPDH% 3-TBSC2) ol 2~dH 23} vk 93] T4 3l cHScheme

7.
CH
[ T
HO—D-C—O—OH + 2C|—ﬁ—©
|
CH3 0 \
CFs
'e) CHa
I | O__@
pyridine 5 G
It | |
/ O CHa O \
CFa CFa
3-DTI

Scheme 7. Synthesis of 4,4'-di—(3-trifluoromethyl)benzenesulfonyloxy

isopropylidene dicyclohexane (3-DTI).

128

~OFO 0

CFg

s ke A 4e se s e e 0

10 28 30 a0

. .JL S— ,)\MJ’L JL___,J Lﬂjqa

- T T T U T T
* Ll 79 -~ 58 48 38 18 lj' L

-

Figure 8. '"H-NMR spectrum of 4-hydroxy-4'-(2-trifluoromethyl)benzenesulfonyloxy

isopropylidene dicyclchexane (2-HTI).
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Figure 9. “"F-NMR spectrum of 4-hydroxy-4'-(2-triflucromethyl)benzenesulfonyloxy

isopropylidene dicyclohexane (2-HTI).
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Figure 10. FT-IR spectrum of 4-hydroxy-4'-(2-triflucromethyl)benzenesulfonyloxy

isopropylidene dicvelohexane (2-HTID.
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1-3. JEEfA=Zd d2d=2 §54

EAEE EEAXN2ES] 2% FAUS A% A FAHL Auesg 7@
I QoM p-2EAEEA B} AR ¥ F ALE FAHE A FAAR
olaZzddd JAZZINEe] HEZAEELL g2y
ozt stk A EFof Baal AAEE JEZHAEEAY) dEE Az
=719 JEZ 389 A4 uwe @Ex=z f£27F & 2-HNI, 2-DNI,
3-HNI, 3-DNI, 4-HNI, 4-DNIZ $#4stn 'H-NMR, FT-IR ¥ f4a¥yoz

2 #9849 gxH o2 2-HNI® 'H-NMR#} FT-IR spectrum$
Figure 113 Figure 12o1 Jebfic).

2-HNI= IPDH$} 2-nitrobenzenesulfonyl chloride (2-NBSC)2] o 2| 2 3}
REg-o o)&) 4 8t vHScheme 8).

CH3
Q—Q ‘<:>~ + CI‘*E@
NO;
CH3
oyr!dme WQ ‘O'O_
CH3

2—HNI

=0

o

N 2

O=w

Scheme 8. Synthesis of 4-hydroxy-4'-(2-nitrobenzene)sulfonyloxy isopropylidene

dicyclohexane (2-HNI).
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2-DNIX IPDH2} 2-NBSC9) o ~d 23} w3-of ols) st tHScheme

9).
CHs
| T
H C OH + 2cr—ﬁ
|
CHa o/
NO,
BN
II
I |
\ O
N02 NOZ
2—-DNI

Scheme 9. Synthesis of 4,4’ -di—{(2-nitrobenzene)sulfonyloxy isopropylidene

dicyclohexane (2-DNI).

3-HNI= IPDH$} 3-nitrobenzenesulfonyl chloride (3-NBSC)¢} of ~ €23}
gb-Sof o]3] A3 A th(Scheme 10).

Dvndme O_Q-C;QO_ O

NOg
3-HNI

Scheme 10. Synthesis of 4-hydroxy-4'-(3-nitrobenzene)sulfonyloxy isopropylidene

dicyclohexane (3-HNID.
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3-DNIE IPDHSF 3-NBSC2] o ~H 23} o 9&) 34 &3l cHScheme
11).

CH3 ﬁ
o~ 0 _< N—ort 4 m—ﬁ©
CH3 0 \
NO»
O CH3 ICI)
e Loy ‘QO‘}?@
O CH3 9]

NOZ NOz
3—-DNI

Scheme 11. Synthesis of 4,4'-di-{(3-nitrebenzene)sulfonyloxy isopropylidene

dicyclohexame (3-DNI),

4-HNI= IPDH$ 4-nitrobenzenesulfonyl chioride (4-NBSC)<| ol A~ H| =8}
k& ola] ¥4d st th(Scheme 12).

CHa ﬁ
Q—Q O + cr—E—Q—Nog
yrldme O—O'cﬁ O_ NO2

4-HNI
Scheme 12. Synthesis of 4-hydroxy-4'-(4-nitrobenzene)sulfonyloxy isepropylidene
dicyclohexane (4-HNI).
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4-DNI= IPDHS}F 4-NBSC9 o ~H 23} wk-geol 23] §H4d3tArHScheme
13).

CH3 W
OO s O
CH3 0
CH3
—@— —o~ —( }—o— —NO;
pyndme §|
CHs

4-DNI

Scheme 13. Synthesis of 4,4'-di-(4-nitrobenzene)sulfonyloxy isopropylidene
dicyclohexane (4-DNI).
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Figure 11. 'H-NMR spectrum of 4-hydroxy-4'-(2-nitrobenzene)sulfonyloxy

isopropylidene dicyclohexane (2-HND.
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Figure 12. FT-IR spectrum of 4-hydroxy-4'-(2-nitrobenzene)sulfonvloxy

isopropylidene dicyclohexane (2-HNID).
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1-4. A2AF A 449 34

et FEY TEUA2E(CAPs) 4 SHAE HIE A 24Y 2R

ArEE BEE FYAINE ABE FALT FoIA OB A FHAR ol

Axgvgd rAZzdase g8 712 A AHE {eAd distd AHR
kot
CAPsell o2t AEAY 2 FHAAE Hrbad Fd=e S a4

ol ARt HARE FoayEe LI A FAAG A FAAY e o5
o A48 kol g B4k ddel st Aol AstEE FAH 24
ol Ak o) Hold 48 HAEL e AUE A7 AAME 2
e e A A olFAHE AAAFE Aol A T
£ AgkatA "ok ol 5EE 2Aste kA s wye A 54
A 7EE e FEE 1A FH FHETeR wo] g Aotk ue
A, 2 ZE2 7] (acid-amplifying group)®t 4Abell "17+&F #H Al<&(acid-sensitive
side chain)& = of 37 zZta = FFFAS AxsAx, ol ¥ A
ol FHATL Foko AREHA Y A FAA Froh FRE S Y
Bl B398 d9lstnat st

2 A oldF dIEe At gAY A FHA (polymeric

o[){

acid amplifiers, PAAs)E 2toll 973t 2 47|5 ZE= tert-butyl methacrylate
(tBMAYS} 2F 54 715 ZE p-2HAeZA FEZAMHS] or STDHE 27}
gz #5F FA I (Scheme 14). olFA I 2 EFAF 4 FAA
poly(HSIs;—co-tBMAgs) (P-1), poly(HSLin—co-tBMAg) (P-2), poly{STIs—co-
tBMAg) (P-3), 283 poly(STls-co-tBMAg) (P-4)+= 'H-NMR, FT-IR %
UrPMoL o F2F glsHt.
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BEH T poly(HSh-co-tBMAs)9l 'H-NMR#% FT-IR spectrum$
Figure 137} Figure 149 JEhNc) Figure 139 'H-NMR spectra® ®¥,
6.72. 588, 544 ppmolA WEE monomer?] vinylic hydrogens peak7} $15=
ROF RBol FFFo] HAZFET AT F AW 3 Figure 149 FT-IR
spectra® 2 W, 1722 cm "¢} acrylate group$) C=0 bond®] F+W=rF Yehtn
1739 cm !9} sulfonate group$) SO; bond®] F5ui=rt vehles oz
o] HALS &g & AU

A =4 7% S 3t monomer(HSI or STDE) &l o2 a8 Anry
&l 42 k& composition©. % FFHAE Pt Table 19 4 2
A5 AF Z2A(PAAsY2] compositiond monomere] molar feed ratio®} ¥} alshe]
vehdigdth @elx FF Aol monomer(HSI or STDH9 #FaFe Y4 o
3 sulfur HFE o)&3te] ZAFEd], ol FFEA HWolE drt dof
FEEANA A debgds F9F  dAt e €9, HSI?H tBMAS] feed
ratio”t 5:95%) P-1& composition©] 21088 TETA Wold dru vA Jehd
o} o224 Aojz PAAsT GPC #Ao® B3 #4tes ZAA s Table |
o YERHSITH

Table 1. Composition of polymeric acid amplifiers.

o . S
PAAs | Monomer molar feed ratio ! Composition® Mu® Muw/ Mn®
P-1 | HSEBMA-595 HSItBMA=2:98 | 1.90x10" 392

P2 | 10:00 496 1.95x10" 2.00
P-3 _STIItBMA=5295 STI tBMA 3 977 ) 77”2.10><104 2.49
P-4 10:90 59 135x10" | 214

? determined by elemental analysis

® determined by GPC analysis
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HaC— C—CHs

OH

HsC_ "—CHa

CHg

HaC— C—CHa

OH

poly(HSI,—co-tBMA,)

CHa

poly(STh—co-tBMA,)

Scheme 14. Synthesis of polymeric acid amplifiers.
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2. $3x= 44

TEHAAES do|He mET o wuhg A5y 9 FEd LA
Bz Agdc gEx e F1 298 A7) Y6 TEHA2E YIhE
Ae A 2AAE TEHALE S $& &84S 7tk ¥Aol A
A Btk g4 A 44 3-HTI®E 3-DTIE AAdelold S3led dHE
F g A FAA2 4T 449 BEAEE F718ME ol 85t 3 wid

gog wmo gade AYson @A Bt 4§ 0, $EAeE Hi

Table 2& p-~EldEFEA d2da2 A FAAHSL DSI, STDH EYEFL
g AEZAd dAH2 A FAAC-HTL 2-DTDel thaid el
Table 3= YEZWMAEEAR ofaglE A Z2A(2-HNI, 2-DNI, 3-HNI,
3-DNI, 4-HNI, 4-DNDell di&lA vepdiadct
HA p-AE A EEA o AR 4 ZAAE AR, HSIE di-s A9
RE F7lgujol & o} galAdol FaEtAwk DSISH STl 4, Wk,

e go grjo] x| e 84S vridnh 53 HSIe ¥RIAASE
o] gujz F7 A}E3lE EL, PGME, 183 PGMEA®] £2 &34 & e

ol A ut DSIYE STIE W& L& vepy S 8elE & ik

gdgog EfEFZuEddesEl) JdaHE =
2-HTIE 48 AjYe 2E §F7180d & =el fafAdol f-FabARt
2-DTIi= ol ghe, 4 Wag g2 g =4 ¥& §i44S ekt =
gy = o TERAES Sujz Fg A4sE EL, PGME 183
PGMEAd] £& &s4d2 velgs 13 + .

g2 Loz YEZHAEEMN ol 2d2 4 FAAE AHRY, ortho A

&

é

=
&

2
of
>,
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o] YEZZE 2'3 e 2-HNI® 2-DNIE olA&E, WA, 2223 & ¢
2ade g fr]gud 2 ol wEd BHAdES vebdth metalt pare
xle| VER7E zZ3 9= 3-HNI, 3-DNI, 4-HNI, 221t 4-DNI¢| 834
& AW RY, %o hydroxy groupg A AT A7 o F5EFE FQ
st 4 9leict, webA, 3-HNIZh 4-HNIE S4bg A e #F71 &0
of =% 3-DNIZ} 4-DNI= kb &3]4do] "ol & ¢

mgo g REAY A FAA FAEE FWHEY, 3
2o} Frl&vol 2 & £3A4S R

& I 2
4
pa's
o

Table 2. Solubility properties of prepared acid amplifiers in a various kind of

solvents.
T AA
Solvent\\‘“\\ H51 D51 STI 2-HTI 2-DHI
Acetone O O O o O
Benzene O A 5 - i
- Chloroform O O o o o
Ethyl aceéate O O A o o
Ethyl ether O A y . - N
Ethanol O ' X « o N
Hexér;e x X, ” « A . 7
Meth;l(;ne chloride O O o o 5
~ Methanol O X X o «
THF o o o - -
Toi;eﬁe O O ' o o O
- ELa T O“ y N - 5 5 —
PGME" | © A . - o
PGMEA® 0 ) X 5 =
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Table 3. Solubility properties of prepared acid amplifiers in a various kind of

solvents.

Solvent \\\—S

2-DNI

3-HNI

3-DNI

4-HNI

4-DNI

Acetone

Benzene

Chloroform

b I v

Ethyl acetate
Ethyl ether

[ I~

Ethanol

OO |0

IO |O |0

Hexane

X

Methyvlene chloride

Methanol

THF

Toluene

EL?
PGME"

PGMEA®

B> ID>IOP O

a

ethyl lactate

b propylene glvcol monomethyl ether

c

" propyvlene glycol monomethyl ether acetate
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p-=HAE T 22 A FAAMHSL DS, 28w STDE A F4

o7 ¥AF xeHe 747 152 T, 132 € 283 134 Tgen 4
T ¥4 ZIE Figure 159 Yebiglo. HSI DSI, 2812 STI 5% 57)
1Zata A 1287 dojvtn 2% Eolel wel A Bzt dejve
g 1 B2 s BY HSIL 175 TAA 12287 dojya DSI STIx
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Figure 15. TGA thermograms of p-styvrencsulfonate ester acid amplifiers.
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Figure 16. TGA thermograms of trifluoromethylbenzenesulfonate ester acid amplifiers.
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Figure 17. TGA thermograms of nitrobenzenesulfonate ester acid amplifiers.
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Figure 19. FT-IR spectra of ptBMA film containing 5 wt% of acid amplifier in
the presence of 5 wt% DTSOTY stored for (1) 0, (2) 5 and (3) 20 min at 140 T.
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Figure 20. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt2 of HSI in the presence of 5 wt% DTSOT! at various temperatures.
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Figure 21. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of DSI in the presence of 5 wt% DTSOTY at various temperatures.
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Figure 22. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of STI in the presence of 5 wit% DTSOTS at various temperatures.
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Figure 23. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of 2-HTI in the presence of 5 wt% DTSQTY at various temperatures.
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Figure 2Z24. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of 2-DTI in the presence of 5 wt% DTSOTT at various temperatures.
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Figure 25. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of 3-HTI in the presence of 5 wt% DTSOTS at various temperatures.
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Figure 26. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of 3-DTI in the presence of 5 wt% DTSOTT at various temperatures.
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Figure 27. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of 2-HNI in the presence of 5 wt% DTSOTS at various temperatures.
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Figure 28. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of 2-DNI in the presence of 5 wt% DTSOTT at various temperatures.
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Figure 29. Time course of the consumption of the sulfonyl group of ptBMA  film

containing 5 wt% of 3-HNI in the presence of 5 wt% DTSOTY at various temperatures.
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Figure 30. Time coursc of the consumption of the sulfonyl group of ptBMA  film

containing 5 wt% of 3-DNI in the presence of 5 wt% DTSQOTE at various temperatures.
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Figure 31. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt? of 4-HNI in the presence of 5 wt% DTSOTT at various temperatures.
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Figure 32. Time course of the consumption of the sulfonyl group of ptBMA film

containing 5 wt% of 4-DNI in the presence of 5 wt% DTSOTS at various termperatures.
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Figure 37. Photosensitivity curves of ptBMA film doped with 5 wt2% of acid amplifiers

in the presence of 5 wt% DTSOTY as a photoacid generator.(film thickness: 0.35 )
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Figure 38. Photosensitivity curves of ptBMA film doped with 5 wt% of acid amplifiers

in the presence of 5 wt% DTSOTY as a photoacid generator. (film thickness: 0.23 m)
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Figure 39. Photosensitivity curves of ptBMA film doped with 5 wt% of acid amplifiers

in the presence of 5 wt% DTSOTY as a photoacid generator. (film thickness: 0.23 m)
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Figure 40. Photosensitivity curves of ptBMA film doped with 5 wt%6 of acid amplifiers

in the presence of 5 wt% DTSOTY as a photoacid generator. (film thickness: 0.33 zm)
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Figure 41. Photosensitivity curves of ptBMA film doped with 5 wt% of acid amplifiers

in the presence of 5 wt% DTSOTY as a photoacid generator. (film thickness: 0.33 ym)
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Figure 43. Photosensitivity curves of poly(HSI-co-tBMA) film in the presence of

5 wt% DTSOTS as a photoacid generator. ({film thickness: 0.23 ym)
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Figure 45. Photosensitivity curves of poly(STI-co-tBMA) film in the presence of

5 wt?% DTSOTT as a photoacid generator. (film thickness: 0.23 )
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Figure 47. Structures of Phenolic Derivatives.

_75_



Table 4. Decomposition Temperature of a various kind of Sulfonate Esters.

Decomposition temp® (T)
DSC |
Sulfonate Esters | " neat in 1-Napthol (1)
) A 1470 1044
i B 150.7 1290
C 168.5 142.9
D 1453 1327 |

* Determined at heating rate of 10 C/min under No.

® Mixture of various sulfonate esters with same weight of 1-naphtol (1).

Table 5. Effect of Various Phenolic Derivatives on the Decomposition of Sulfonate

Ester (A).

L decomposition temp® (T)
DSC
Phenolic Derivatives . : X YN
mp neat in Phenolic Derivatives® (A)
1-Napthol 988 | | ) 104.4
- 2 1067 | i |4
3 135.2 06l
I 1 642 e
B 5 712 no detect ____
6 75.0 140.8
7 180.9 e 1229
8 107.0 97.0
9 1015 121.2
. o 72 B 1273
1 976 | i 127.9
12 usr | 97 B

* Determined by DSC at heating rate of 10 T/min under No.

b Mixture of sulfonate ester (A) with same weight of various phenolic derivatives.
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Figure 48. Structures of Sulfonate Esters.

Table 6. Effect of Various Phenolic Derivatives on the Decomposition of Sulfonate
Ester (E)

o o decomposition temp® (T)
. .. a DSC
Phenolic Derlvraitives mp | neat in Phenolic Derivatives® (E)
1 4.0 84.4
2 1067 | | immeasurable
3 135.2 1059
4 i | T ey
b 71.2 immeasurable
-
L 6 75.0 B i 115.0

* Determined at heating rate of 10 C/min under Na.

" Mixture of sulfonate esters (E) with same welght of various phenolic derivatives.
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Figure 50. Time course of the consumption of the tert-butyl group of ptBMA
film containing 15 wt% of (A) and 15 wt% of 5 (BHT) at various temperatures.
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Figure 51. Time course of the consumption of the tert-butyl group of ptBMA
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Figure 53. Time course of the consumption of the tert-hutyl group of ptBMA film

containing 15 wt% of (A} and of 15 wt% of various phenolic derivatives at 90 C.
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Figure 54. Time course of the consumption of the tert-butyl group of ptBMA film

containing 15 wt% of (E) and 15 wit% of 2 (catechol) at various temperatures.
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Figure 55. Time course of the consumption of the tert=butyl group of ptBMA film

containing 15 wt% of (F) and 15 wt% of 2 (catechol) at various temperatures.
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Figure 56. Time course of the consumption of the tert-butyl group of ptBMA
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Figure 58. Time course of the consumption of the tert-butyl group of ptBMA film

containing 15 wt% of (E) and of 15 wt% of various phenolic derivatives at 120 C.
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Figure 59. Time course of the consumption of the tert-butyl group of ptBMA film

containing 15 wt% of (F) and of 15 wt% of various phenolic derivatives at 120 T.
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Figure 60. Thermosensitivity curves of ptBMA film doped with 15 wt% of (A)
and 15 wt% of various phenolic derivatives at 120 C. (film thickness: 0.25 tm)
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Figure 61. Thermosensitivity curves of ptBMA film doped with 15 wi% of (A)

and 15 wt2% of various phenolic derivatives at 120 T. (film thickness: 0.25 m)
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Figure 62. Thermosensitivity curves of ptBMA film doped with 15 wt% of (E)

and 15 wt? of various phenolic derivatives at 120 C. (film thickness: 0.23 um)
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Figure 63. Thermosensitivity curves of ptBMA film doped with 15 wt% of (F)

and 15 wt? of various phenolic derivatives at 120 C. (film thickness: 0.23 sm)
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Figure 64. Thermosensitivity curves of ptBMA film doped with 15 wt% of (E)

and 15 wt% of various phenolic derivatives at 120 C. (film thickness: 0.23 m)
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Figure 65. Thermosensitivity curves of ptBMA film doped with 15 wt% of (IF)

and 15 wt% of various phenolic derivatives at 120 C. (film thickness: 0.23 m}
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