Chapber IV

Results and Discussions

4.1 Synthesis of p-Chloromet.hylstyrene

In this p-chloromethylstyrene was

svnthesized usingghl geet. al [361. This involved
- ﬂ
two steps of LT at.ion of  2-phenylethyl

bromide and deh noethy 1 benzy ] chloride

as following.

4.1.1 Chlogbagbhd Fat oot 25Phengil ethyl bromide

Therefore at.ion of  2-phenylethyl

hydrogen chloride gas and

fr’; ;
bromide was perr'mm‘l e

paraformaldehyde Ji e ydrpus ZnCl, as a catalyst.

ﬁy?;.— Y]

‘,-. . CH,-CH,Br

nClz
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employved in the chloromethylation of aromatic compound,
this reagent. now is known to bhe highly carcinogenic.Therefore, it

was nob used in this study.

48% vield of white crystal product was obtained after the
fourth recrystallization, while 51% was obtained after the second
recrystallizat.ion in the method by Kondo et al.



From several repetitions of these experiments, the
factors effected Lhe yield of the product could be concluded.,
First, the starting material, Z-phenylethyl bromide, must be of
high purity. Less product will be obtained if the starting
material was slightly brown. The purity of paraformaldehyde and
pesary. [L was found that the yield

anhydrous ZnCl, was alsc
of the product. decps " ar of them retained moisture.
Especially, in Lles Cl, which was a _catalyst,

moisture reduceg

The Dol
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Actually, o=-(2-bromoethyl)benzyl chloride was formed as
by product,but. it could easily be separated by a few consecutive
recrystallizat.ion from petroleum ether (bp 40-60°C). After fourth
recrystallization, only little amount. of o-(2-bromoethyl)benzyl
chloride (3.5%) rewnained as shown in the gas chromatogram at
the retention Lime 8.8 wi

j p&th@rlib&nﬂl chloride was

eanlgeshown that c-C1  bending
'\.,__‘\

3 (Figures 4.1).

IR(KB1r)
exhibited in Figutes

1

appeared at whing at Y 680 cm”

which indicatg hloromethyl group in the
&liyabsorption bands in the
IR spectrum of J2-phe ‘“"L"f iy, bre ‘\ iﬁur& 4.3). The other
absorption bands Figure 1428 Ger \-‘ in details in
Table 4.1. | | ‘ \

molecule compariic

AULINENINYINT
IR TUAMINYAE
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Table 4.1 The assignment for the IR spectrum of p-(2-bromoethyl)
benzyl chloride.

Absorption frequency Assignment

=1

Vien ')

C-H str. aromatic

"o str. aliphatic

ending (-CH_-CD)
bending (-CH_-Br)
H out. of plane bending
isubstituted aromatic)

] 5

-
=3
Mo i

<
i

ﬂ‘%ﬁ‘ﬂ’ﬂ‘ﬂﬂwlﬁﬁnﬂ@mm o this

product. lso showed two ?:m.b]et.s in the aromatic regiun at § 7.24

AR IUNAI TN e

ubst.ituti aromatic compound. other
signals were assigned in details in Table 4.2
H H
H‘| Hd
a
CH:—GI

p-(2-bromoethyl)benzyl chloride
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Table 4.2 The assignment. for the *H NMR spectrum of
p—t 2-bromoethyl)benzyl chloride.

Chemical shift Intensity Assignment.
d (ppm)
7.38 1, j&hj(B.36 Hz) H".aromat.ic ring

T.24 H", aromatic ring

4.57 ~CH,~Cl
3.55 ~CH,-Br
3.16 —CH,~

egfit.ive than bromine, two
protons at :l{f" ~ ortho-p E ,12.".4 (H') were more
strongly daﬂ]&l than“the“other two ,-;- close to bromine
(H°). Therefore, s~a doublet at/f 7.38 ppn was assigned to H"

proons P ier ol ﬂm A B B o protons.
’Q RARIRIRIHRIFRYAN B i

iuport.ant. carbon signal of chloromethyl group(-CH_Cl) was at

b 45.94 ppm. The other signals at 32.67, 38.84 ppm were the

signals of —thE— and -‘l‘.}Hz-Br, respectively and at

$128.72-139.07 ppm corresponded to aromatic carbons. The spectrum

also showed that there were seven cﬁe&ically distinct types of

carbons, the rest of four signals were of aromatic ring,
characteristic of para-disubsituted aromatic compound.



Consequent.ly, the 2e NMR spectrum confirmed the structure of
p-t 2-bromoethy 1) benzyl chloride.

Table 4.3 The assignment for the '“C NMR spectrum of
p-t2-bromoethyl)benzyl chloride.

= aromatic ring)

™ o,
B2/ A

)

AUEANETINEIN3

at. ic r

ARIRINTAMIINEIAY

139.07
(aromat.ic ring)

The Mass spectrum (Figure 4.6) of this compound showed a
molecular ion (M) at m/e 232 and the base peak at m/e 117 which
was the fragmentation from molecular ion by the loss of C1 atom
and HBr. Other fragmentations were shown at m/e 197, 153, and
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139.The peak at m/e 197 represented the loss of Cl radical from
M to yield a CH,CH_Br substituted tropylium ion. The loss of
Br radical from M was observed at m/e 153. Anot.her
fragmentation from M was the peak at m/e 139 which derived from
the loss of CH_Br radical to give a CH,Cl substituted tropylium

ion. The mass fragment.at. .~ jattern was summarized in Scheme 4.2.

I
@ —HE=CH ., CoM7

opylium ion Tropylium
CH=CHz2 ion
e 117 my/e 91

+
CHaCHoBr
_ 4+
@ sHescH y ol
HaCl m/e 99
CHa G ‘ 125

n;nluculnr ion( H-‘] ] |

m/e 232

AU mﬂmwmm

J

+
SV RN e 0D e 07
Tropylium ion m/e 90 | m/e 64
+ CH,CI
L () s=msad
m/e 104 m/e 78
Scheme 4.2

From all of the data, some physical properties and
spectroscopic technique (IR, NMR, Mass) confirmed that it was
p-(2-bromoet.hylibenzyl chloride.
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Fig.4.1. Chromatogram of p-(2-bromoethyl) benzyl chloride after recrystalization
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4.1.2 Dehydrobromination of p-(2-bromoethyl)benzyl chloride
t.o p-chloromet.hylstyrene

After comp let.ing the dehydrobromination of
p-lz-hmoet.h:,rllhenzyl chloride with potassium tert-butoxide at.

at. 2 mwHg and 65% ¥ o TREueLan the yield of overall

react.ions dehydrobromination was
31.5%.
GH'CHE
CH,Cl
1t | that  during  the
dehydrahrminatam, o Formaty f ether compound was somet.imes

s # rene and potassium
tert- but.mn. A

E _—i

CH-CH, ¢ o, CH-CH,

@memmmm:;]
RTRINT AN 8 ™

So the amount. of potassium tert-butoxide should be
carefully added in equivalent amount to that of p-(2-bromoethyl)
benzyl chloride, and, while purification of the product under
reduced pressure distillation was not performed over the
Lﬂmperat;ure 90-94°C at. 2 mmHg. To avoid the ether compound came
together with p-chloromethylstyrene. p-Chloromethylstyrene was so
much reactive. To avoid polymerization of this monomer, it must

be distilled right. after its formation.
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The product. could be characterized by spectroscopic
technique. IR (NaCl) spectrum was shown in Figure 4.7. The
absorption bands at) 3120, 1920, 1830, 1615-1450 and 830 cm >
clearly indicated that there was aromatic ring in the molecule.
The presence of the absorption bands at J 1410 and 915 cm *
concurrent. with the abseng the absorption band at ¥ 1220 em *
denoted that dehydrobi !‘

meurred The IR spectrum of

romet.hylstyrene reported

this compound agreses
by Arschady et

Table 4.4 T gheht fox e Kspectrum  of

1820

ﬂaUEI’J‘Vl VJ-%W&lQﬂ‘i

1640, 1515, 1450 £=C str. aromat

A RAANT TR HA VIR B

1270 C-Cl bending (CH_-C1)
915 = CH, out of plane bending of alkene
830 = C-H out of plane bending of aromatic

(para-disubstituted aromatic)
630 C-Cl str.
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Moreover, the 'H NMMR spectrum of p-chloromethylstyrene
also showed the signals at. § 6.70, 5.73 and 5.25 ppm which
corresponded to the olefinic protonst Table 4.5). A doublet. of
doublets at 6 6.70 ppm was due to proton H . It was strongly
deshielded by aromatic ring and coupled with proton Hb(.}'qh = 17.6

Hz) and with proton H™ 10.8 Hz). Likewise, a doublet of
: rotons H  which were coupled
with the H" protonskdo == w fadet.he H™ proton (J__ = 2 Hz).
A doublet. of doubleks™® b 51 ppimswase due to proton H® which
was coupled Hz) and with the H®

prot.on

Consequeq m (Figure 4.8) of this
compound conf irme

{ =ZC=CZT ) in the

.tucture of olefinic group
the pattern of its 'H NMR
that of the ons reported By
Kondo et al F8B1 T

spectrum absolutely

Qﬁ’W&Nﬂ‘iﬂJﬁJ wmmaa

p—chloromethy lst.yrene



Table 4.5 The assig uﬁ'f. or the 'H NMR spectrum of

p—-chloxgil EH”
Chemical shif Assignment.

% (ppm)

T.34 aromatic protons
[ a
H H

6.70 ”:°=¢1Hu
c a
H H

5.73 ::C=C:Hu
ML .

5.25 T “\.Hh

S.g 2H -, —cl
. - 2 119198 ~1 : erﬁaJEj
‘ 5 ‘ - - '; l‘ r . .
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4.2 Polymerization

4.2.1 Homopolymerization of p-chloromethylstyrene

p-Chloromethylstyrene was homopolymerized in benzene.

After the reaction, the solution was more viscous.

(-CH'CHE "'}n

The whitd pghdb s DLained, with 44.8% yield after the
third reprecipitdt ind 8.44 ‘C and M, 180,050.
Fron elenentdl fnaflysis: Abiaonka .\:-‘ C 7T1.18%, H 6.24% and
€l 22.48% which '

I j.n.
repeating unit, C 70.83EH 5.

e calculated value for the
Cl 23.23%.

The y ' wmpound was shown in
1

Figure 4.9. ..|~Y_. 21410 and 915 em
¥
disappeared uhi.le the absorpt.im band at 1440 cm concurrent ly

el LU NSRRI e o e

Bcame the ahpha}.m nﬂlety in the 'poiymer. The -CH_-Cl

"WWWWW&W‘T&W i .

respectively. The other were assigned
detailed in Table 4.86.



Table 4.6 The assignment for the IR spectrum of
poly(p—chloromethylstyrene)
Absorption frequency Assignment
3} tem )
3040 " \V, ke of aromatic
2940 B ; ‘ -__, * of aliphatic
1920 ecl.ovessegion
1800
1610
1515 = - M omatic ring
1450 Il \\
1440 bepding (aliphatic)
1270 - nding (—CH,~C1)
put. of plane bending of

S INENENEAR

mnhrmadql that, p—chlumngt.hylstyren monomer

QIR RIHITA AR S o e

singlets at.$1.56 and 1.43 ppm while there was not any signal in

the olef
assigned

73

nd was also

lymerized

inic region (Figure 4.10). The other signals were

as detailed in Table 4.7.
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4.2.2 Copolymerization of p-Chloromelhylstyrene and Styrene

Monomer.
CH =CH2 CH=CH (-CH-CH, —~CH-CH.. -
2 AN : 4 2 7m
n 4+ m
hnnmnu
CHZCI CH,CI

Though pn vy 45 1) d ko be of high contrast,but
it. had low sens ‘

-styrene and s

dzation of p-chloromethyl
ing the same method for
polymerization g elies, The composition ratios
of the two monomess as follows; a» 0.10 : 0.90,

b 0.25 : 0.75, ¢t

‘ 0.25 and e) 0.90 : 0.10.
Poly (p-chloromet.fy | $tyrei obtained was then
f“;-h (3, = )

converted into the fiN&l producky " poly (p-epoxystyrene-co-styrene)
which is described ﬂ"' o

The Tll:i: ; ; s ounds were shown in Figure

4.11. They were‘simlar to 'r.habof poly (p-chloromethylstyrene),

e WG 1 RS Y 10 @ e

found th8f the more m%hlnrmhhylstynene mme was in the

Zg:ﬂﬁﬁe ot.her W’%ﬂ B‘ﬁ]ﬂiﬂm’ on”" vas

rption bands were assigned as detailed
in Table 4.8.
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Table 4.8 The assignment. for the IR spectrum of

poly(p-chloromethy lst.yrene-co-styrene.

Absorption frequency Assignment.

Y e ")

C-H str. aromatic

._____.d: str. aliphatic

1 bending
C-H out. of plane

ending (aromatic)

L ————— e I— | S —

)2 mﬂmﬂ oy -
m{mmmm‘m g

$ 6.50-7.05 ppm(aromatic protons)”, § 1.54 ppm(-CH-CH, -

at.§ 1.42 ppm (-CH-CH_—)" were observed (Figure 4.12).Consequently,
the 'H NMR spectra confirmed  the structure of
poly (p-chloromethylstyrene-co-styrene) .

from both styrene and p-chloromethylstyrene
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#CH — CHy3—k CH— CHy, |

O ©

epe-co-styrene)

Other : ner and copolymers were
shown in Tab : 211 $.12, respectively. The
amount of chlorigé dhsf detdind
and the modified

content. increase

the elemental analysis
\ as found that the chlorine
d Fsig RV Cal an increase in the mole
fraction of p-ch -ﬁi --_- in the feed. This corresponds
with the reactivi ’Iy’ ne st-yréne and styrene
which were {,—f; respectively [361.
p—Chlormethyﬁ.y € =_';;» more reactive than
styrene mnnunoli. The caleulat. elemental analysis of starting

e Ll ey

the mole¥Mraction of p-ch ‘;I.uronat.hylst.yrane (F,) and styrene (F,)

RN IOLARTAN BT =

cldse too.

Molecular weight. : from the literature search, the
suitable molecular weight of polymers were mostly in the range of
50,000-200,000. Fortunately, all the resulted polymers could also
be synthesized with the molecular weights ranging from
50,000-200,000. In fact, a negative resist having high molecular
weightt needed a lower incident dose of light to cause
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crosslinking. It indicated that this negative resist. had high
sensitivity. With high wmolecular weight.,, the solution was too
viscous to make thin film, then resolution of a resist. was not
good. Therefore, the synthesis of polymer with suitable

molecular weight. was necessary.

Molecular weighlh distyit@tion : as the matter of fact,the
peorresponding narrowness in

molecular weight Unfortunately, from the

experiments \ had molecular weight
distribution raliic \\\\\\ 155 ‘difficult to control
/ﬁ M:\\

copolymer to obtafin S \:\ e to the difference in
monomer reactivitde b \

The :".""-"p: \ rature (T ) : poly
(p-chloromethyls (p—chloromethy lstyrene-co-
styrene) had thei 112.24, 112.93, 113.37 and

i F respectively (Figure
‘L‘ of having high glass
- pemt.ure is such that t.helymer will not deform
easily : loped film will

not. cl'sﬂwe fore the film is

W) mmdmm o

was low too.

116.44 ‘¢ “Fear bat:
Y
4.13). They weste

transition




Table 4.9 Polymerization data of poly(p-chloromethylstyrene-co-styrene)

81

)

AULINENINEINS
PR TUAMINYAE

Copolymer | F, Fa £y - mole of | mole of | * yield
(batch) cusTY” | STY"
a 0.10| 0.90| 0.07| 0.93| 0.022 0.290 13.10
* (30.2g)
\ 0.256 14.50
(28.Tg)
0.190 15.30
(20 g)
0,050 19.80
(5.2 g
0.020 21.88
(2.8 g)
- 44.80
: see Appendix I)



% mwwumlmmmmm
m-m

MWD

= peak average molecular weight

= molecular weight distribution

nfpulylers*.
a \\\ position ratios
Copolymer Mp v . ’ \ from elemental analysis
(bat.ch)
CMSTY (F)| STY (F,)
a 50,120 50,036 0.10 0.90
b 99,850| 103,540 0.28 0.72
c 110,200| 111,700|l %72 TIz2a}— = 0.51 0.49
d 119,855| 120,920 0.77 0.23
e 177,675| 180,057 2.19| _113.37 0.10 0.89 0.11
i e B e s 'm'w Y - | -
*

6] S s

zg



83

Table 4.11 The elemental analysis of poly(p-chloromethylstyrene)
and poly(p-chloromethylstyrene-co-styrene)

Elemental Analysis

Copolymer : ‘ cl (%)
(batch) - -

ound [Caled.| found

a 3.25 | 3.21
b 7.63 | 8.52
c 13.81| 14.00
d 18.92| 19.38
e 3,19, 21.59| 21.32
£ (homoy | TofB3)Fi1at | 23.23| 22.48

74 )

Y
J
s
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Table 4.12 Determination of chlorine in polymers by
modified Volhard method

The amount of chlorine
Copolymer (mmole / 1g. polymer)

)
AULINYNTNYINS
MIAATUAMINYAE



Transmission(% )

QRSB SHGITIf

’

LI | [ T ]
2000 1800 1600 1400 1200 @ 1000 800 |

Fig-4.11 IR spectra of poly (p-chloromethylstyrene —co-styrene) with
different monomer

styrene a), b), c), d) and e)

p-chloromethylstyrene and




7-0%

gL
'l. INUNINS

IR TG m‘ikmé’ w

Chamical shittippm)

Ll

10 5 8 7 H 5 a 3 2 1 0
Fig.412 '"H NMR spectra of poly (p-chloromethylstyrene-co -styrene)

with different monomer ratio of p-chloromethylstyrene
and styrene a), b), c),K d) and e)




Engoimsim f— AT —p Exsiharm Endathaim £=— &8 T —3 Ecstharm

Endatherm '—ﬁ.T — [ uaihaim

|

Eadstharm =— AT — ¢ -

a7

A A
RN IUINT)

1
i
3
- /
_/,// el —
e 1 llllllllllllllllllllll agiam r } Dirfaseatial Iharmal snsipsis diages
o peiylpemacamainginl rrans- o Wgranst &1 paiylp-ahacsmainpistyranad

Fig. 413 DTA thermograms of poty{p-m'lnmmalhylstyranu-co-styrenul: a,b, c,d

and e and poly(p-chlioromethylstyrene): 1 .



88

4.3 Carboxylation of Poly(p-chloromethylstyrene) and
Poly (p-chloromet.hy | st.yrene-co-slyrene)

(-CH-CH, =) (-CH-CH, =)

CH,CI

(8]

CH,Cl

chi@romethylstyrene) and poly
i p-chloromethy lst.yrenes l v were carried out by using
dimet,hz.rlsulf i | #', 155°c, for 6 hrs.
" everal solvents, then
dried under I;Buc e & cres :ccrlnred. products were
obtained and it ¢yas expected ghat the chloromethyl groups was

o] W B STRIG P TG omi e st

by the IR’Ispect.:-a. (Figurged.1d-4. 151

ARIANN I UR1INYIAY

From the IR spectra of all produclts, it indicated that

The products e

the oxidation of polyi(p-chloromethylstyrene) and their copolymers
with dimethylsulfoxide gave aidehydrin resins which showed an
intense ca.rlz;:myi absorption bands at 2 1700 cn™ ' and aldehydric
C-H stretching absorption at ) 2720 cn . While the absorption
bands of C-Cl1 bending at » 1270 cn™ ‘and C-Cl stretching at J es0
cm of starting polymers disappeared. The other absorption bands



were also interpreted in detail in Table 4.14. These values
are in good agreement. with those recorded by Ayres and Mann [41].

It was also found that the IR spectra of all products
were similar, except the intensity of the carbonyl group at the
absorption band of ¥/ 1700 cg}’s

Table 4.13 The a5 | ghe IR  spectra of

. aromat.ic

. aliphatic

#ldehyde

i"i:"
;ll"l Lic ring

u‘

1700 ‘n Et-r-

ﬂ‘lt!’EI’J'VIEJ ‘iwmﬂ‘i

c=C st.r. armt.

Q'mﬁﬁﬂim WW’J‘VIEI’]&EI

C-H out of plane bending

taromatic ring)
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The mechanism was proposed as shown in Scheme 4.3 [427:

Let (-CH-CH, - and -CH- - &

CH,CL CH,Cl

-
. S| g
(P—cHzc1 + . (®—cH—o ey

+
NacCI
®- —CHrO. s /c”“ R ©-¢ _QQ _-CHg
2 4 2 Ss

;'I:‘ 'H?

ﬂuaqwﬂwswwwn
ama\mmumwﬁ:}aﬂf ~

Scheme 4.3



a

Furthermore, all products were checked for the presence
of chlorine by the modified Volhard method. The result was shown
in Table 4.13. It was found that the amount of chlorine was left
merely little, consequently, it could not be observed in the IR
spectra. Although the chloromethyl groups could not completely
change into the boxa ldehyde groups, but. poly

#ip copolymers could also be used
as negative resist® e #i'
- o ‘ ‘ ‘.
Table 4.14 on ' rine content. of poly
_ their copolymers.
£ 1
Copolymer % b chlorine
(Batch) . #"'_'
'Parnemt!lg. polymer
a A3 1.18
b 0.862
C 0.37
d 0.0145 0.27
¢ o L7
AULINYRININT ==
4J¢ homo) 0.0155 0.25
¢ o

] N
C :
ing polymer.
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4.4 Epoxidations of Poly (p-carboxaldehydestyrene) and their
Copolymers, Puly(p—curhnwnLdehydastyrane—cn—atarﬂne}

Polytp-epoxystyrene) could be prepared by two different.

procedures as follows. The first approach made use of the simple

epoxidation of pnly:p—tfi‘ styrene) with m-chlorobenzoic acid

conditions and semELLELS fne 2 \ho Side re; i . For example the

use of long reaftigh £ijes A earance of a carbonyl
absorpt.ion band 4h #hd fiitrared Spec aihof  polyip-epoxystyrene)
suggest.ing thz cufing “of 'ths 4 ! n,g had occurred.

prepare  poly(p-epox¥st: ' 1 their copolymers was the
reaction of polyip=sarboxaide sne) and their copolymers

with trime " &m{_‘l:: ence of a phﬂﬁ&

transfer cat.a.t. m
P O A ‘Wﬂﬂﬂﬂﬁ also lead to poly

p-epoxystyrene) but it ve poor reault.s when ntt.mt.ped with

TS T
13 tal ed as iodides are often considered

undesirable for transfer reactions due to their excessive
solubility in organic medium. The same reaction carried out
under classical conditions using potassium t-butoxide in DMSO or
n-butyllithium in THF also gave poor results [447.

The reaction with trimethylsulfonium chloride and 50%
aqueous sodium hydroxide in the presence of benzyltriethyl
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ammonium chloride, as phase transfer catalyst, gave excellent

results.
(-CH-CHj =) (-CH-CHp =),
\ (CH a}‘._s*cr
CH (1l CH-CH,
Il N
o] o
(-CH-CHy 3—C "ﬁ.‘, ¢-CH-CH, F—-CH-CHp=)
CH-CH
cn e g
o o
However, loride was not. available.
It was thus obtag "f - nge of brimethylsulfonium

iodide through ©5in, DOWEX SBR-P. It was then

used as aqueoys s ent. of tri o chloride.
To filﬂ out, € e usgd for the conversion of

t.he carhﬂmldewg group int.vhe epoxide group, it was found

chat ﬂmghg RN SRS 1 atmorption tana

at ¥ 1700 %n~* and c-H stretching of the aldehydrjg group at.y 2720
SRR NS REIAEE -

redttion was followed by IR spectroscopy, monitoring at :J 1700
and 2720 cm . IL was found that the intensity of the absorption
band at Y 1700 and 2720 cm ' decreased while the appearance of
epoxide stretching bands of -C-0 symmetric stretching and -0-C
asymmetric stretching aty 1270 and 880 cm™*, respectively. This
indicated thal. Lhe aldehydric group was converted to the epoxide
group. However, after 15 hours of reaction, it seemed that not
much more conversion had occurred. This could be observed in the



IR spectra of Figure 4.16, and the amount of epoxidation was
determined by modified Todometric method (Table 4.15).
Therefore, the epoxidat.ion of poly
(p-carboxaldehydest.yrene-co-styrene) and poly
ip-carboxaldehydestyrene) were carried out for 15 hours. The

result were obtained in the same manner as the previous ones.

The IR spegtra b i ] w-ara shown in Figure 4,18
and 4.19. Not on Ly ihe=abs pand of aldehydric group but
also the otheg --':/ signed as detailed in
Table 4.18. tional groups should
disappeared cowplabely 2 experiment. the aldehydric

group still apglaged Zin! 4 Jetywn. It indicated that the

conversion of " Lhif peactity [ cgmplete (100%) as expected
because of the Ste > aldehydric groups; the
more the side group .,f_—r_,;“..’f » more difficult the epoxide

groups form comple sibi ‘t.;r was the opening of

LJ

ﬂ‘HEl’J‘VlEJVI‘ﬁWEI’]ﬂ‘i
QWWNﬂ‘iﬂJNMTAﬂEﬂﬁH



Epoxide formation data Wit}

Table 4.15 —
Copolymer 1g.polymer)
(bat.ch) at 10 hours. A § hours. IR spectra showed

- in Figure

a 1.073 5 1.440 A

b 1.025 7 1.799 B
1,234 .387 4.16

d 1.410 .703 D

e 1.056 2.694 E

doric PVl ) 'mzms Al ‘

arEstm R aah. .. .

16



Table 4.16 The assignment. for the IR spectrum of poly(p-epoxystyrene)

and their copolymers.

Absorpt.ion frequency Assignment
Y em 1)

C-H str. aromatic

str. aliphatic
str.aldehydric gr.
Suertone region of
at.ic ring

b SLT.

A4 W B o o i

group wak exhibited in 'I'a.ble 4, 1'L The percent. cnnverﬂlms were
UGN L A 1M1 1 Al
w The suitable composition ratio
copolymers was batch ¢ since it was the most compromising
between epoxidation contents and time used (Figure 4.17b).In fact,
epoxidation contents should incresse respectively from batch a
to f,and from the experiments the tendency of their epoxidation
contents also correspondingly increased. In contrast, percent
conversion of chloromethyl group to epoxide group decreased, it
was expected that it was due to the difficulty in epoxidation



step, the steric effect of aldehydric group as discussed earlier.
The other possibility was that some crosslinkings had occurred
with the effect of light and/or time used. So T‘ of polymers were
rather high too (Table 4.18).

The molecular weight of polyip-epoxystyrene) and

poly ( p-epoxystyrene Strehe not.  be determined
directly by gel permeation flegraphy because they did not
dissolve in tetrAh¥ ‘ ® which was used as mobile

phase. However, ieights  correspond with those of

polyip-chlorome and poly
(p-chloromethy 1sifreficf gt styas by, assuning that  the
chloromethyl the epoxide groups.

For example, e ; s amount.s spoxide groups were, the
higher the molec

Table 4.17 Determinatith

Copol ‘E Cont.ent.
( Batch )

| AusInpmiwerng -
ARTANIPNATINNALL

2.6602 68.20
d 2.8673 50.10
e 2.8750 44.57

f (homo) 2.6864 42.50




Table 4.18 Glass hre temperature of  poly

e i ':p-epﬂmt.yrene—m-st.yranel

}.i‘nm ware exhibi & in Figure 4.20.

ﬂﬂﬂ’mﬂﬂﬁwmﬂ’i
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Fig. 4.17 Graphs of epoxidation data: A and B
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Fig.4-19 IR spectra of poly(p-epoxystyrene - co-styrene) with different

composition ratio of | p-epoxystyrene and styrene a),
b), ) ,d) and e)
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Fig-4.20 DTA thermograms of poly(p-epoxystrene-co-styrene): a, b;n. d

and & , and poly(p-epoxyStyrene): f.
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From all the data, it indicated that epoxidation could
occur from the reaction using phase transfer catalyst. The
mechanism was proposed in Scheme 4.4C0451.

+ -
Let a phase transfer catalyst ; (D CH_ (C_H,), NH C]l = Q’Clﬁ

P.B. Phase boundary

]

= Organic phase
P.B. H,C-S-Cl (Orgim=RaoH Bqrm——) Jgsli—m;g (org)
cl
H,O + Na® (aq)
cl
P.B. (CH) Q" "t-é-:cuj (org)
+ Cl (aq)

AH

=CH-CH_, +Q s—:cH ho

ﬂuﬂawﬂwswawn¥
’QW’]MT]‘T@UW‘T’MH’]&H

So poly(p-epoxystyrene) and their copolymers were
obtained, but the epoxide ring seemed to open easily because of
the structural strain. From the experiment, epoxidation could not
be carried out completely due to possible steric hindrance of the
side carbonyl groups. Considering the T_ of polm&rs-, they were
rather high because some crosslinking had occurred during the
reaction.



Therefore, epoxidation of batch ¢ was carried out again.
In order to prevent. crosslinking, the reaction was performed
under the same condition, except it was cooled at. the temperature
of around 15 °C all the time. This gave the product with T, 115"
¢, the epoxidat.ion content was Z.790 mmole per 1g. polymer and

the conversion of chlo OMne hyl group (3.892 mmole per 1g.

polymer) to epoxide gro 4697 The result was obviously
better than the prewions . i 7 tra were also shown in

~ The ot : sarch work, besides the
attempt to i s " = st.:rrene} and poly
{p-epoxystyrene-cg=siy reile ¢ right composition of
the epoxide ' ar h leads to the good
negat.ive photoresis
these copolymers
microlithographic chAFatters | o done.  Unfortunately, no

ohjective the analysis of
spoxystyrene) in terms of

such equip Y_ :" all of these
compounds wer “ romolecule laboratory,
Montpellier Un vermt.e. France, the results were unsatisfactory

pmblﬂuuﬂhejnﬁwwm mg the synthesis or

delivery 4)

ARAINIUNIININL, .

subjected to the testing in the lithographic process comparing to
the commercial one. Unfortunately, the light source used was
IV which was not suitable for the negat.ive photoresist containing

p-epoxystyrene.
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Fig. 4.21 The IR tpa.-:-:ira ot a) polylp-chloromethylstyrene-co-styrene)
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