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/

The synthesis of poly (N-phenylmaleimide-co-p-epoxy-
styrene-co-styrene was started with the synthesis of two
monomers, N-phenylmaleimide and p-chloromethylstyrene. The
reaction of aniline and maleic anhydrlde afforded maleanilic
acid and then was converted to Rﬁ?enylmalelmlde by acetic
anhydride. p—Chloromethylstyre obtained from chloro-

methylation of 2-phenyiethyl brom ®_and subsequent dehydro-
bromination. Then, copolymeri zation"of p-chloromethylstyrene,
styrene and N—phenylmalelmlde as ‘carried out. The percentage

of N-phenylmaleimidewwas varied as 0 , 5, 10 , 25 and 50% by
mole. Consequently chloromethyl group was converted to
carboxaldehyde grou ffinally, underwent epoxidation to form
the epoxide group. ’e¢re 1ts showed that the more
percentage of N-phény IM1de in the copolymers, the higher
glass transition te All the synthe51zed
compounds were cha

L

N o
AT (ﬂ\“'\qwq S OT;‘“‘a1auamauam AvE - Walh

’:“/ - oA ¢ ;
2 N £
GRLRPE A ARAT AR aeia¥eea1sanSnu. g

= = 2 S 4 4 v
U SANY Y 2999 183930019158 NUInH 13N e




111

Acknowledgements

Firstly, I'd like to express my sincere appreciation to
Assoc. Prof. Dr. Supawan Tantayanon, my thesis advisor who
gave me a good opportunity for working this research. I'm
also deeply grateful for all of her kindness, valuable advice,

f u//é_,

and proof of my thesis.

I'm very tq'A of .Ratana Seangprasertkij
for verificationﬁ 1er kindness. The special
thanks are also . AN '1ﬁ‘sis committee for their

valuable comments

Finallf, shf :“”5,f‘ for kindness of laboraty
of Louis Pasteur at : ;_rfifs: A for the contribution
of some spectroscoplqﬂgqﬁ? -‘“Em”“ due to my parent for
I - tributed suggestions

and supports forH y

Thﬂ u&l AN UNTWRIN Tercen vcivure o

onal Metals and”Material 0102§3Center, National

e RS

owledged.



IV

CONTENT

Page
I
II
III
IV
IX
XII
Xv
CHAPTER
1
5
5
6
Y23 Irrid ation RRT'Y LR I IS -6
g ﬂ%ﬂ@%&lﬂﬁﬂﬂ’]ﬂﬁ ........ :
.0 5 Removal of €i0y ....&m.........Qd.....
ARASHERNTIENNY . |
q
1.3"Typeés of Mierol tthography . ... .o ineno 2 7
A3l Shprt-wavelength Photolithography .... 7
1. 308 FertRaC LARNORPAPNY .\ o b i it oo n it % 8
1.3.3 Blectron Beamm Lithography < ..s..iesi.s 9
1.3.4 Scanning Ion Beam Lithography ........ 10

T ROBEGEE -« vie ssw s ns m ol B a0l 11




IT.

111,

CONTENT (continued)

1.5 Chemistry of Resists ........

ooooooooooooooo

1.5.1 Single-Level Resist Chemistry ........

1.5.1.1 Negative Resist
1.5.1.2 Positive Resist

1.5.2 Non-Conventip

oooooooooooooo

Chemistry

1 Resist ¥ &
1.5.3 Multill AN %emistry ..........

t Processes

A —

nq;g;ifve Ion Etching
Tra Technique ...

oooooooooo

ooooooooooooo

2.1.2 X-rdySensitive glegative Resist ......

2 FlldGhodo a0 N Bk Rl ...

Literature Revietf of N-substitute

AEIASII AN

oooooooooooooooooo

2.3 Objective for-This Study -

Experiments

3.1 General Information .........

---------------

................

ooooooooooooooo

ooooooooooooooo

11

17

21

.2

26

29

29

32

32

38

w

9

52

55

55

56



CONTENT (continued)

Page

3.2 Purification of Solvents and Chemicals ..... 58
A SYNENES TS v v st SRl e 3 gy e G0 8 0 60
3.3.1 Synthesis of N-phenylmaleimide ....... 60

3.3.1.1 Syn is of Maleanilic acid.. 60

““to Nephenylfialeimide ......... 60
.32 Sﬁﬂ!-‘-—' ‘ . _i*- ae!hylstyrene SV 61

of 2-Phenyl-
i s W S AR 61
. a'u':m of p-(2-
RAN1 chioride
p= ymethylstyrene ..... 64
3'3'3_Synth&gﬁ%ﬁ%ﬁiﬂqu ; Chloromethylstyrene
_{,‘ oromethyl-
.-Niﬁhenylmalei-
MIGEA + oo oo oo PRI 2700 o+ o mthogs s 80w als ibie 8 65
A8 ’ﬂ NENIWEA DT crtore
styrene an 65
R st
methylstyrene, styrene and
N-phenylmaleimide ............ 66

3.3.4 Carboxylation of Poly(p-Chloromethyl-
styrene-co-styrene) and Poly(p-Chloro-
methylstyrene-co-styrene-co-N-phenyl-

MELEIMIAR Y %l ey » m S e o e 68



VII

CONTENT (continued)

Page
3.3.4.1 Carboxylation of poly(p-Chloro-
methylstyrene-co-styrene)..... 68
3.3.4.2 Carboxylation 9f poly(p-Chloro-
yrene-co-styrene-co-
Gmige) . . e 68
3.3.5 Oxidmwmes i hloromethylsty-
| '(p-Chloro—
\:co—N~phenyl-
‘ ‘\ ............ 68
.sx\'oly(p—Carbox—
co-styrene).. 70
poly(p-Carbox-
ene-co-styrene-co-
) ... .. 71

)

\ "/ F
3.4 Charactiﬁ S aEP_Polymers ks 712

3.5 Analysis gdngolymer co&nyosulon EEEERPPRE 74
5.6 prpatgdibn ot/ bbbk (ol i 3
‘ Yy .
Chloride " ¥ o« .. RN a5 & L ¥ SRR 75

QRAINIUNHIINEINE

IV. Results and Discussion
4.1 Synthesis of N-phenylmaleimide ............. T

4.1.1 Synthesis of Maleanilic acid.......... 77 .

N-phenylmaleimtde: . i dieses d5ossedo 80

4.2 Synthesis of p-Chloromethylstyrene ..... 85



CONTENT (continued)

4.2.1 Chloromethylation of 2-Phenyl-
thyV Esbromide i caiiaice e e siohms v sibess auteie s
4.2.2 Dehydrobromination of p-(2-bromo-

or1de to p-Chloro-

ethyl)benz 1

oooooooooooooooooo
ooooooooooooo

oooooooooooooo

4.4 Carboxylati of-Poly . loromethylstyrene

-co-styrene and: ,7 (p oromethyl-

-co- styraﬂg& and Poly Chloromethylstyrene-

AU mmymmm .........
~ATRINIUNMINLIAY

-------------------------

Refierences . . o nt s ani il g AU Sra s g o s ORISR

VILII

Page

85

95

101

101

105

115



LIST OF FIGURES

Figure

1.1 Scheme of the lithographic process

1

1

1

1.

o

.3

Photolithography using negative resist .........

Chemical reaction occuring during irradiation

of negative resist . . ................

Radiation- senmt@ y in negative,

cross-— 11nk1n

Effect of ﬁ

sensitivity

Effect of po on resist

contrast ... 4N ot s AN ... ..........

~irradiation

Structure ;_;", : "f  A sul &f‘ resist

Photochemiéﬁp'

substituted diaz onaphthoq inone dissolution

oi]a typical

mhlbﬂMEJ’WlEJWWEJ’]ﬂ‘i .........

cV, THeh R vTAE

ANd - MONOAZOEINE ok i i o e B o sain e P

Process sequence for several multilevel

resist scheme i . iivisn ous O R L I S

Representative contrast curves for

(a.) positive resist (b.) negative resist ......

----------------

oooooooooooooooooo

12

13

14

15

1

18

19

20

21

24

31

IX



LIST OF FIGURES(continued)

Figure
3.1 The apparatus for chloromethylation of 2-bromo-
phenylethyl bromide. ........ DR R
4.1 IR (KBr) spectrum of maleanilic acid. ..........
4.2 IR (KBr) ;pectrum of nylmaleimide..........
4.3 The 'H NMR spect@;‘ maleimide
in CDClj ... . . ; ...............
4.4 The mass spec / 'ﬁ-ff-gzmide. ........
4.5 IR (KBr) sp . 1)benzyl
chloride... 4% . ';.;:.5...‘.1. B - iceceienans
4.6 IR (NaCl) sp . 1 bromide.....
4.7 The 'H NMR sp ethyl )benzyl
chloride in COPlJaac - SRuEN " . . . . . cccoc0anvnn
4.8 The 13c NMR specifgﬁﬁbf’ bromoethyl )benzyl
chloride | L PP
4.9 The mass ségétr _'.;A eti}l)benzyl
CRIOride i o Wi s viv il s sin e mion o somm R o, 06 S 4
410 1R (Nﬁilusﬂ ANUUINLART e
&1 NMR ot flr 'ﬁﬁ EI ﬁé
wﬁl..ﬁ.ﬁﬁm.ﬁ ..... NERE...
4.12 The 'H NMR spectrum of poly(p-chloromethyl-
Styrene-corstyrena) in COCIg .. 00, ivcanvnnegs
4.13 IR (KBr) spectrum of poly(p-chloromethylstyrene

-co-styrene-co-N-phenylmaleimide)...............

Page
62
79

83

83

84

89

89

92

92

94

98

98



XI

LIST OF FIGURES(continued)

Figure Pagé
4.14 The 1H NMR speétrum of poly(p-chloromethyl-

styrene-co-styrene-co-N-phenylmaleimide) in

BELEELR o5 e sonin ain Wi i B S AR AR e O, b R s o N 108
4% 155 1IR (KBr) spectrum of ; i
(a.) poly(p-chlo ‘ %e-co—styrene)
(b.) poly(p-c eh; dé—co styrene). 118
4.16 IR (KBr) sp{ ‘ H
(a. ‘ i : ‘7' , .gfene—co-styrene
env 9 Le 3 ;“\\
(b.) ¥ ;:Nd.%- ‘ ‘\tyrene co-
e<0t ‘: 1e1m1de)..:.... 120
4.17 IR (KBr) spectn ystyrene-co-
SLyrene), s oo oae m_;:ﬂ AR e e+ 127

4.18 IR (KBr)

‘v-. ' |
(a.ﬂrc eiﬂyrene—co—

ﬁf rene-co-N- enylmalelmlde)

ﬂ%&%%%ﬂ@%ﬂ%ﬁene

N-phenylWaleimidedsg......... Q0 .. ... 129

- YRIANNTE RINEIRE



XII

LIST OF TABLES

Table Page
2.1 Negative X-ray T LR St N S RN S 39
2.2 Radical polymerization of N-substituted

maleimides in benzene at 50 °C for 5 hrs..... 49

3.1 Polymerization data f-L,hchlorometﬁylstyrene,

styrene and N-phenylmaleimides............... 66
32 ntal

anélysis‘of po 1 ‘ t&fene-co—

styrene-co-N- _ ;h 3;.  .1 ........ 67
3.3 Experimental of.poly

(p—chloromét

N-phenylmalei SELC AN B ; .......... 69
3.4

71

3.5

poly(p-chloromgapylstyrenqﬁpo styrene-co-

wonenfbddihided | I IIWELINT..... 72

4.1 The ass1gnment for the I

ama\'mmumwmaﬂ -

ooooooooooooooooooooooooooo

G152 The assignment for the IR spectrum of
DRPRCRYIMBLOIMETE 0. oo s sinhe o s o o sa e e 82
4.3 The assignment for the IR spectrum of
p-(2-bromoethyl )benzyl chloride ............. 88
4.4 The assignment for the 'H NMR spectrum of

p-(2-bromoethyl )benzyl chloride .......ococves 90



Table

LIST OF TABLES(continued)

4.5 The assignment for the 13¢ NMR spectrum of

4.

.9

.10

» 11

o

« B3

.14

p-(2-bromoethyl)benzyl chloride .............

The assignment for the IR spectrum of

p-chloromethylstyrene .r ....................
The assignment f \‘1%\, , spectrum of

styrene-co-Styrene) . ch{BrOmethyl—

styrene-co-stiyrene-co-N-phenylmaleimide)
E£

oo bk B BT S e

SR DIRIANETRY

The analysis of molecular weight and glass

transition temperature of poly(p-chloromethyl-

styrene-co-styrene) and poly(p-chloromethyl-
styrene-co-styrene-co-N-phenylmaleimide)
Determination of chlorine in polymers by

modified Volhard method ..........c00ieennnn

Page
91
97

100
102

103

106

111

112

113

114

XIII



LIST OF TABLES(continued)

Table - ‘ Page
4.15 The assignment for the IR spectrum of

poly(p-carboxaldehydestyrene-co-styrene)..... 117
4.16 The assignment for the IR spectrum of

poly(p—carboxaldehydeiﬂy ene-co-styrene-co-

N-phenylmaleimid \Q§ ...............

119

4.17 The determin cunon:ﬂﬂzzsptent in poly

(p-chloromethy ‘ \ \f and poly

(p-chloromet |

: 4 40 4 N

N-phenylmale .Fi = e ‘i .......... 122
4.18 The assignme

poly( p-epoxys ﬁéigwﬁ_ MAN 126
4.19 The assignment 'f ;_f

poly(p—carboxaldg@ﬁ@éggy o-styrene-co-

N-=pheny 1 i, . . . . . 128
4.20 The analysi_.ld'é'i' or de " . i@ of

epoxide contgfify . ....i . @gecrciactiiniiaen.n 131
.21 The a@m@mﬁ NINBINT

functlonal groups cofitents in e/

AWIAANSAIR T e A

g :
poly(p-chloromethylstyrene-co-styrene-co-
NephenYlmatodminB ) . . oo bl s sn ot b 132

4:22 The glass transition temperature of poly
(p-chloromethylstyrene-co-styrene) and
poly(p-chloromethylstyrene-co-styrene-co-

N-phenylmaleimide) .......coiiiinenmnnnnnn. 133

XIV



ABBREVIATION
AIBN azobis(isobutyronitrile)
X angstrom
C coulomb
cm” square centimeter
CEL Contrast enhancement level
CMS _ yvlstyrene
CVD < p 4 deposition
EA
d
dd
DMSO
GA
GC
GMA %2 glycid
GPCv ,;,_,___,_:jr “hitv ,W,r,eéromatography
hrs.
IR 1nfrared
© AUEINBNINGING
L liter
= ARIAN NINININYTIAY
ml millilitre
Mn ; number average molecular weight
Mw weight average molgéular weight
MWD molecular weight distribution
NMR : nuclear magnetic resonance

NPhMI N-phenylmaleimide

XV



XVI

ABBREVIATION(continued)

PéMS chloromethylated polystyrene
PDOP % poly(diallylorthophthalate)
PMMA poly(methyl methacrylate)
ppm part per million

psi. per square inch

PVA
PVK
RIE

rpm

secC.

ST

%T
T co__ glass transitioiltemperature
uv
¥ contrast

ﬂumwm‘wmm

b wavenumbers,

; ammnmumnmmaﬂ

M



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

