Chapter IV

Results and Discussions

4.1 Synthesis of N -Phenylmaleimide

In this wor synthesis N-phenylmaleimide

composed of two of maleanilic acid and |
conversion of m lmaleimide as following:

4.1.1 Sy

In this s 5 Yic & id was prepared by reaction
@ ymadaa "
of aniline and — iride by using diethyl ether as a

solvent.
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cream-colored powder was obtained. The melting point of this
product was 202.5-205.0°C (literatureC411] : 201-202°C, 97-98 %

yield)

IR(KBr) spectrum of maleanilic acid was shown in Figure
4.1.1It was clearly shown the 0-H stretching of carboxylic group

appeared at ¥ 3200-2400 cm ~ with C=0 stretching at » 1720cm_
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which indicated the presence of amide group in the molecule.
The other absorption bands  in Figure 4.1 were interpreted as

detailed in Table 4.1.

Table 4.1 The assignment for the IR spectrum of maleanilic

acid.

Wavenumber ‘ Assignment

str. of aromatic

2rtone region of aromatic

1624 =C. str. of aromatic ring
AUSINYNIHEIRI
QAN TUNPIINEINE




10 4

5 -

2.5

1 | 1 ! J
3500 3000 C 200 1000 800 600

4000 400

Figure 4.1 IR >f maleanilic ac 1d

ﬂuﬂqwsw5WBwnﬁ
‘qwmnsm YRIINYIAY



80

4.1.2 Conversion of Maleanilic acid to N-Phenylmaleimide

The resulting maleanilic acid in the last step without
purification was treated with acetic anhydride and sodium

acetate for 30 minutes at 100 °C.

(c % (cH,C0) O =©‘° .
gOH ”/f:# @

—

4

--_.‘__J_y.,

When the zﬁggk'

separated. After

f&nished, " N-Phenylmaleimide was

thiéd recrystallization in cyclohexane,

r i
F B4

B .‘JJ
the canary-yello S we?e obtained with 77.5 % yield and

m.p. 89.0-90.0 “C.4 The eforeé ‘the yield of overall reaction

&d

for synthesis of N- h ylmale1§hd@ %as 74.86 %.
4 -)J - Jf’.i

From the expep@pggt, iﬁigga_found that the purity of

A i £ : 2
acetic anhydride was essentigl —The dese purity of acetic anhy-
- i s

dride was, the 1é$s product would be obtained.

- EiF

The obtained 'N-phenylmaleimide could be characterized
by spectroscopic techniqué. Its IR&KBr) spectpum in Figure 4.2
exhibited the Absorption bands' 'at ¥ 3163, 3098,-1596, 150 and
1456cm_ ~ which indicated that aromatic ring was in the molecule
and there were absorption bands of amide group at » 1711 cm_l,
C=0 stretching, and 7 1395 cm—l, C-N stretching. The other

absorption bands were assigned as detailed in Table 4.2.
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Due to the symmetry of N-phenylmaleimide molecule, its

spectrum (Figure 4.3) exhibited two signals'at § 6.81

and 7.43 ppm. The first was attributed to the two imide protons

(

nylmaleimide showed the mo

was the

146.1 and 1298.1. Th

of CO rédical fro

) and the later was dued to the five phenyl protons.

The mass spectrum (Figure 4.4) of the synthesized N-phe-

) ular ion (M) at m/e 174.1 which

/ﬁntatlons were shown at m/e

ue to the fragmentation

base peak too.

he latter was derived

from the fragmenté' 7 ! : after the fragmentation of

the CO radical.

pattern was proposed in

Scheme 4.1.
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0_/:::\ S +; v
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Scheme 4.1
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The spectroscopic data (IR NMR and Mass) and a physical
property confirmed that the obtained product was N-phenylmalei-

mide.

Table 4.2 The assignment for the IR spectrum of N-phenyl-

maleimide

Wavenun Assignment

vrm of aromatic ring

1455
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Figure 4.3 The lH NMR spectrum of N-phenylmaleimide in CDCl;4
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4.2 Synthesis of p-Chloromethylstyrene

In this research work, the method of Kondo et al [361]
was used to synthesize p-chloromethylstyrene. This method
consisted of two steps of reactions, chloromethylation of 2-phe-
nylethyl bromide and dehydrobromination of p-(2-bromoethyl)-

benzyl <chloride. The detil) of each steps was described as

following : \%
E o

_ d : / I' .. .\

Therefore, » met hy ;\§$: of 2-phenylethyl bro-
mide was performe drogen chloride gas and
paraformaldehyde anhydrous ZnCl, as a

catalyst.

CH CH Br

ﬂumwmwmm

Though it was reparted that chlorometshy methyl ether
ammmm HI A mmm St el
compound, this reagent now is known to be highly carcinogenic

compound. Therefore, it was not used in this work.

The white needle crystal with 49 % yield was obtained
after the fourth recrystalization, while 50% yield was obtained

after second recrystallization in method of Kondo et al.
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From the observation in several repeating experiments,
it was found that the factors effected the yield of the
product could be concluded as following. First, the purity of
starting material, 2-phenylethyl bromide, must be high. Less
products will be obtained if the starting material was
slightly brown. The purities of paraformaldehyde and anhydrous

ZnCl,  were  also neccessary. It was found that the % yield of

product decreased if on talned moisture. Especially,

its reactivity was

ﬁ'-

CICH;0H,ZnC 1

ﬁumwam TLE.E JSA
D& mﬁm 8 g

H CHCI
CH,CH,Br CH,CH,Br
-H
B
H CHCI CHC1

Scheme 4.2
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Actually, o-(2-bromoethyl)benzyl chloride was formed as
a by product, but it could easily be separated by recrystalliza-
tion from petroleum ether (b.p. 40-80 °C). It was reported
that around 3.5 % of o-(2-bromoethyl)benzyl chloride remained

after the fourth recrystallization [491.

IR (KBr) spectrum of p-(2-bromoethyl)benzyl chloride

w iously observed C-Cl bending
— 3

An 1 stretching at » 660 cm

was shown in Figure 4.4

appearance at 7 1

.
i

which indicated loromethyl group in the

molecule concurre of such absorption bands

in the IR spectrum6f/pfphenylethyl bromide (Figure 4.5). The

0\

other absorptio hafd 15,8
4 b
detailed in Table 4.3 &‘&_Z'

Py

were interpreted as

s

AULINENTNEINS
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Table 4.3 The assignment for the IR spectrum of

p-(2-bromoethyl)benzyl chloride

Wavenumber Assignment

¥ (cm D)

str. of aromatic
2970 — .r. of aliphatic

region of aromatic

& @' . nclng
) \\\endlng
850 _“' === H ut of plane bending

of aromatic ring

ﬂuﬁﬁwﬂwﬁﬂﬂwni
Furéﬂermore, the ‘H NMR spectrum igure 4.7) of this
producﬂ A Fa T um@ W:El’l amw region at
§ T7.24 and 7.38 ppn which were the characteristic of para-sub-

stitution of aromatic compound. The other signals were assigned

as detailed in Table 4.4.
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b a
c"f-CHf—B'
c
H H
d d
H H
e
CHpy—~ C!

p-(2-bromoethyl)benzyl chloride

Chemical Shift Assignment

§ (ppm)
T .39 Hd, aromatic ring
.98 H°, aromatic ring
4.55 L CH_-C1
)
3.57 i -CH,_-Br
3.16 -CH_-
q‘ L]

. ¢ ‘ o ﬁ /
o BBl ohbh Al e Ued Bk Gl shan nronsae,

two protons at the ortho-position to chloromethyl group (H )
were more strongly deshielding than the other two protons close
to 2-bromoethyl group (H"). Therefore,.a doublet at & 7.38 ppm
was assigned to e protons, the other at 7.22 ppm was assigned

to H° protons.
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In addition,the *2Cc NMR spectrum (Figure 4.8) indicated
the important carbon signal of chloromethyl group was at
§ 45.94 ppm. The other signals at § 32.67, 38.84 ppm were the
signals of -bCHa— and —aCHz-Br, respectively and the signals
in the range of 128.72-139.07 ppm corresponded to the aromatic

carbons, characteristic of para-substituted aromatic compound

13

NMR spectrum confirmed the
% chloride.
L '

‘—

(Table 4.5). Consequently,

structure of p-(2-bro

C NMR spectrum of

=_10ride

Assignment

,_ﬁdzf?ww 67

\)xw ;h&' Sl

4§f 4 -“CH_-

'ﬂUE’}WEI TNYANT

(arematic ring)
AR ASNININTIRENAY
(aromatic ring)
136.03 -°c=

(aromatic ring)
139.07 -"c=

(aromatic ring)
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Figure 4.8 The 13¢ NMR spectrum of p-(2-bromoethyl)benzyl chloride.

in CDC13.
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The mass spectrum (Figure 4.9) of this compound had the
molecular ion (M') at m/e 232 and the base peak at 117 which
was the fragmentation from molecular ion by the loss of Cl atom
and HBr. Other f_ragmentations were observed at m/e 197;153, and
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 1loss of Br radical rom was observed at m/e 153.
Another fragmentatio %‘\ s the peak at m/e 139 which
derived from the Tbsls-vof" Cépdlcal to give a -CH_Cl

substituted tropy)w/

summarized in Sche

‘ragmentation pattern was

=5 +

—————> CqH7
' Tropylium ion Tropylium

+CH= CH2 ion
m,/e 91
+ &
e o
I CH2CH28|’
R
CH
C5HsCl
ﬂ m/e 99
CH2C|
Molecﬁ ﬁ(ﬁ
CsHa
Tropylium ion - m/e 90 m/e64
+CHoCl - ‘

-HC=CH 1

e 139 . -—-—-——-)”C CgHs

m/e 104 mfe 78

Scheme 4.3
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From all of the data, some physical properties and
spectroscopic technique (IR, NMR and Mass) confirmed that it

was p-(2-bromoethyl)benzyl chloride.

4.2.2 Dehydrobromination of p-(2-bromoethyl)benzyl

chloride to p-chloromethylstyrene

Dehydrobrominat.ion

‘4’// (2-bromoethyl)benzyl chloride

butoxide and tert-butanol
“

was carried out wi
abt. 867, € for 2 ing reaction, p-chloro-
methylstyrene w %90-94 °C at 2 &mHg. and
75.62 % yield. overall reaction from
chloromethylatio wvags 37.08 %. The

obtained product : ";Féyf; strong pungent odor.

It ﬁsu%j;ﬂgjtﬁtﬂ %{%ﬁ’é}ﬂ@ the formation of

ether compotund, was usua%ﬂy occurr d by reac n of p-chlorome-

thy 1ot oo ) ARIRLURIINLY Ei d

CH,CH, Br CH=cH
t-Buo K

CH_- CI : t - BuO-CH



96

Therefore, potassium tert-butoxide should be carefully
added in equivalent amount to that of p-(2-bromoethyl)benzyl
chloride. To avoid the accompanying of ether compound distilla-
tion of p-chloromethylstyrene was performed'in the temperature
range of 90-94 °C at 2 mmHg. It must be distilled as soon as

posible to prevent polymerization of this monomer.

Characterizati

’,& product was performed by

1) spectrum was shown in
“'ﬂsus 1920, 1829, 1615,

essence of the aromatic
v a 2ar

of the absorption bands

spectroscopic techn

Figure 4.10.

1508, 1450 and 830

1
at ¥ 1412 an 1[1' e with the absence of the
absorption band atj v j1é ‘J-' L" d'that dehydrobromination
was occurred. The bands were interpreted in

detail in Table 4.6.

X

2
ﬂumwﬂmwmm
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Table 4.6 The assignment for the IR spectrum of

p-chloromethylstyrene.

Wavenumber Assignment

¥ (em )

”/» str. of aromatic
1
ﬁ of aliphatic

region of aromatic

f aromatic ring

915 —CH out of plane bending of

ﬂuﬂ’mﬂﬂ‘ﬁ"ﬂfﬂ@eﬂ‘ﬁ

830 ut of pla e bending

AR &Nﬂim mﬂ'nfwma Fing

C-Cl str.

Furthermore, the *H NMR spectrum of p-chloromethylsty-
rene, Figure 4.11, also showed the signals at s 6.70, 5.75, and

5.25 ppm which one due to the olefinic protons (Table 4.7).
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Figure 4.11 The lH NMR spectrum of p-chloromethylstyrene

in CDC13.
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This confirmed that there was a structure of olefinic group
(C=C) in the molecule. A doublet of doublets at § 6.71 ppn
corresponded to the H® proton. It was strongly deshielded by
aromatic ring and coupled with 9% proton (J_,_=17.8 Hz) and with
H™ proton (Ji s = 10,8 Hz). . Moreover, a doublet of doublets at

§ 5.73 ppm was belong to H” protons which were coupled with H®

proton o(d . = 17.8 U2

b

the H™ proton (J_, = 2 Hz). A

b
\ w as due to H  proton was

1 %) and with the H® proton

doublet of doublets a

coupled with H® pro

0

‘dap—chloromﬁtpylstyrene

AUEINENINYINS
RIAINIUNRINYIAL



Table 4.7 The assignment for the H NMR spectrum of

" p-chloromethylstyrene

Chemical Shift Peak Type Assignment
§ (ppm)
7.34 aromatic protons
6.70 ,t'f\ v /Ha
/C——-C\Hb
5.7 HE, e
AR
5.25 HJ ~H?
Cc=c
Npb
4.54 -CH,-Cl

<)
]

AULINENINYINS
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4.3 Copolymerization

4.3.1 Copolymerization of p-Chloromethylstyrene and

Styrene

p-Chloromethylstyrene and styrene were copolymerized in

" benzene using AIBN as initiator. After reaction, the solution

was more viscous. {%‘V////

—
q--"'-r | | ——

/.

H=CH2

—CH- cr&-ES- c»;)—

CH,cl CHCl
The white po de = '$J,:f;¢ with 55.81 % yield after
the third recrystallization. It had T, 94.75 °C and Mv 32,995.
e f{ el L

From elementa C 77.28 %, H 6.76 %,

and Cl 14.23 % ﬁﬁfch- asl tre calculated value from

the repeating unlt of this co olymer, C 79.58 4, H 6.63 %, and

g %ﬂﬂﬂ?'ﬂﬂﬂ‘ﬁ“ﬂﬂ?ﬂ'ﬁ
REURI SUNAVINLARY v w1

Figure 4.15a. The absorption bands at » 1410 and 915 cm gt
appeared while the absorption band at ¥ 1449cm” " appeared.Thus,
it indicated that the olefinic group of the monomer became the
aliphatic moiety 1in the polymer. The -CH_,-Cl bending (wagging)
and C-Cl stretching remained at 7 1265 and 625 cm~ . The other

absorption 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-chloromethylstyrene-co-styrene)

Wavenumber Assignment

7 (cm )

of aromatic

- of aliphatic

region of aromatic

of aromatic ring

enEfng of aliphatic

1265 —CH -Cl bending (wagging)
ﬂ‘H%Js&]WEJW SRR oo
697 mbending ofiaromatic ring

awwa»&mmu Jed BE 1R E

Besides, the 'H NMR spectrum of this compound was also
confirmed that p-chloromethylstyrene were copolymerized to form
poly(p-chloromethylstyrene-co-styrene). This was shown by two

broad singlets at & 1.56 and 1.43 ppm, which were the chemical
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shifts of (-CH-CH,-) and (-CH-CH_-) respectively, while there
was no any signal in the olefinic region (Figure 4.12). The

other signals were assigned as detailed in Table 4.9.

Table 4.9 The assignment'for the 'H NMR spectrum of

poly(p-chloromethylstyrene-co-styrene)

Chemical "Shift '_ Assignment

aromatic

ﬂ‘iJEl’J‘V]EJVI‘iWEJ’]ﬂ?
QW']MﬂiﬂJNW]’W]EJ’]aEJ
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4.3.2 Copolymerization of p-Chloromethylstyrene, Styrene

and N-Phenylmaleimide

Bacause of a lTow glass “transition temperature kP ¥ of
poly(p—chloromethyf§“ g ne—ck-styrene), N-Phenylmaleimide had
’ \

been interested Hse a% a third monomer in polymerization

process. Copolymeriz =!m ot p “chloromethylstyrene, styrene and

N-phenylmaleimide arnleA out by using the same method for

ad

—thoroﬁéthylstyrene and styrene. The %

DA
mole of p-chlorometh 1styrene uas/kept constant at 50 %, while

copolymerization o

% mole of N—phenylmale;mlde was!yarled as follows 5 5 %, 10 %,

26, % . and 50 %—}_£Qx_baigh_b+_£*_d+_and,?, respectively, and %
w 4
mole of styrene was the rest of mole of p-chloromethylstyrene

Bl i

(&

and N-phenylmaleimide. The . resulting products were then
converted to the (final pnoducts, poly(p-epoxystyrene-co-styrene-

co-N-phenylmaleimide which will be sdescribed later.

The IR (KBr) spectra of these compounds were shown in
Figure 4.13. They were similar to each other except the
intensity of the absorption bands at » 1700 and 1421 cm ~ which
are due to C=0 stretching and C-N stretching of amide group,
respectively. It was found that the more N-phenylmaleimide was

in the polymer chain, the higher intensity of absorption bands
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at ¥ 1700 and 1421 cm", relative to the absorption band of

-CH_,-Cl Dbending at » 1267 cm—l, was observed. The other absorp-

tion bands were assigned’as detailed in Table 4.10.

Table 4.10 The assignment for the IR spectrum of poly

(p-chloromethylstyrene-co-styrene-co-N-phenyl-

maleimide)

Assignment

SLI .

of aromatic

,35'f3 r. of aliphatic

FJJ uﬁfj 1EIN @7 pronstic ring

1449 .| " i ;
YWIRNIUNBRIFRENNE
i 1378 : C-H bending of aliphatic
1270 -CH_-Cl bending (wagging)
910 C-H out of plane
832 }

bending of aromatic ring

700 C-Cl str.
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Figure 4.13 IR (KBr) spectrum of poly(p-chloromethylstyrene-co-

styrene—co—N—phenylmaleimide).
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N
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Figure 4.14 The the dm '.\»,,;_ p-chloromethylstyrene

—co-sté#fr ';‘vl‘ \ AR imide) in CDCl 3.

)
¢
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Theztypical *H NMR spectrum of poly(p-chloromethylsty-
rene-co-styrene-co-N-phenylmaleimide) was shown in Figure 4.14.

The more intense was the signal at § 3.08-3.17 ppm were attri-
i+ , HYc—coH :
buted to the protons of imide ring g’/ \™ . The other signals

\N/

at § 6.60-7.05,1.54 and 1.42 ppm were due to aromatic, (-CH-CH_-)
and (-CH-CH_-) protons respectively. Consequently, the H NMR
spectroscopy confirmed the structure of poly(p-chloromethyl-

styrene—co—styrene—co-N-phenyi‘}gpimide).

: o ¥
Other anlysﬁﬁ"pf;pol*(P-chloromethylstyrene—co—styrene)

and poly(P—ch1or723pﬂ§igtyre§e—co—styrene—co—N-phenylmaleimide),

such as elementalia glyéis,;ﬁweight average molecular weight,

and glass transitdo tempegature, were shown in Table 4.11,

&d ifd
mount- ofunitrogen content was determined
. o

by elemental analy is.{fi wa?é%pun@ that the nitrogen content

s 4
Jrs

it

4,12, and 4.13. "8

—

increased significantly when t&g‘% mole of N-phenylmaleimide in
e £ Ll -

T

the feed increq§§d. But the differencegyof nitrogen content

between the caf?élated and determined value from the elemental
analysis increasga when the % mole ofﬁﬁ;phenylmaleimide in the
feed increaged, "t might be | ‘due\te the bulkiness of N-phenyl-
maleimide induced hard propagation between copolymer radicals

and N-phenylmaleimide .nonomers:

From the obtained molecular weight of resulting copoly-
mers, it was seen that the more N-phenylmaleimide in the feed
was,the higher molecular weight of copolymers was obtained. It
might be resulted from the bulkiness of N-phenylmaleimide

induced slow termination between polymer radicals [451. Fron
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the literature, the suitable molecular weight of polymers were
mostly in the range of 50,000-200,000. But from the experiment,
the molecular weight of the resulting polymers were almost in
this range. In fact, a high molecular weight negative resist
needed a lower dose of incident light to cause crosslinking. In
the contrast of resolution, the solution of a high molecular
weight negative resist was' too viscous to make a thin film,

then resolution of resist was uéf;good Therefore, the synthe-

sis of polymer w1th a sultag}e moledﬁlar weight was necessary.

“_?2__—— I

/ |

For the molec lar we&ght distribution, as the matter of

the fact that th ‘Tist ef a resist is high with correspon-
ding narrowness 'mple&d?ar weight distribution C[461.

Unfortunately, esmltlnghpﬁlymers from the experiment had
.f

molecular weight 1str1butrush.rather broad since it was

difficult to controi,ggpolymﬁ@ghgo obtain nearly monodisperse

due to the different reactivities of g@é;three monomers used.
Y X

i

d
g LaF

The glass transition temperature(Tg) : The glass transi-
tion temperature = of poly(p—chloromethy1styrené—co—styrene) and
poly(p-chloromethylstyrene-costyrene-co-N-phenylmaleimide) were
94.75, 101.49, 1024 51¢ 236.88 ) 18l .40 ¢ [for| Bateh a,b,c,d,and e,
respectively. Glass transition temperature of the photoresist
showed significant role in irradiation step of photolithography.
The high glass transition temperature would have a good
thermal stability and did'not change its shape with high tempe-
rature during exposure. Image profiles that are stable to 200°C

are desirable for several processes used in semiconductor manu-



facturingC421. On the contrast, the low glass transition tempe-

rature polymer deformed easily and the resolution was low too.

Although glass transition temperature of resulting
polymers did not reach 200 °C, they increased with the

increasing of N-phenylmaleimide unit in the polymer chain. This

might be due to an imide rf restricting the rotation of its

C-C bonds in the poly

E—
Uffrfﬂ-'; i .~“‘ﬁﬁfﬂ‘boly(p—chloromethylsty—

Table 4.11 P

Copolymer
(batch) = 4'*~Ai————————-~ % Yield
EFhMI
56.02
83+17
52.986
44,586
e 50 : 0 50 44.86

% p-Chloromethylstyrene monomer
¥% Styrene monomer

%%%¥ N-Phenylmaleimide monomer
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Table 4.12 The elemental analysis of poly(p-chloromethyl-
styrene-co-styrene) and poly(p-chloromethyl-

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

Elemental Analysis
Copolymer
(batch) Cl(#%)

Calced|Found
a 13.79}16.05
b 13.47|14.46
(o 13.12112.94
d 12.14(110.37
e 10.90|10.10

AUEINENTNYINT
RINNINUMINGAY
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‘Table 4.13 The analysis of molecular weight and glass
transition temperature (T ) of poly(p-chloro-
methylstyrene-co-styrene) and poly(p-chloro-
methylstyrene-co-styrene-co-N-phenylmaleimide)

Copolymer Mn™ i W e T G
(batch)

2,5543 94.75

3.1875 101.47
5.7294 102.51
4.3905 135.96

4.1312 181.40

nolecular weight

] - lge molecul 'r weight
=
-h'ibution

J
i

AULINENTNEINS
RINININUNINGAY



Table 4.14 Determination of chlorine

modified Volhard method

in

114

polymers by

(batch)

The amount of chlorine

Copolymer (mmole/1g polymer)

Found

4.0097

3.8906

3.7057

3.3502

3.2046

AULINENINYINg
RIAINTUURING

Ny



4.4 Carboxylation of poly(p-chloromethylstyrene-co-styrene)

and poly(p-chloromethylstyrene-co-styrene-co-N-phenylma

leimide. j}/{
‘\ ,;‘.‘;,~ !
AN
\\’:F%§'~;~ PR
—CH - CHH CH - . - CHF ——
- H CH2—>- ilo —CH CH2—)-(- H CHZ-)'
nmn-n-nn-n-gup-
NaHCO
CHZG 3 ?=O
¥y H
# /_,,-

CH_CI
2

LEAY

# ¥

Carboxylatiqﬁ offﬁoly(iﬁ%}loromethylstyrene—co-styrene)
4 e st in Jod

# J xae *
- - a

and poly(p—chloromethy1sE&reneﬁﬁo;styrene—co—N—phenylmaleimide)
5 -

were carried%flout by using dimethyilsulfoxide and sodium
Y P X
bicarbonate at —155 C, for 6 hrst™ -After the completing of

reaction, the ;foducts were separatedsand purified by washing
with several® solvents, then dried mnder reduce pressure. The
cream-colored polymers obtained. It was expected that chloro-
methyl™) groups)’ were pcomnverted torcarboxaldehyde groups which

could be detected by IR spectroscopy (Figure 4.15b, 4.16b).

From the IR spectras of all the products,they indicated
that poly(p-chloromethylstyrene-co-styrene) and poly(p-chloro-
methylstyrene-co-styrene-co-N-phenylmaleimide) were oxidized

by dimethylsulfoxide and sodium bicarbonate. The resulting



products were aldehydic resins which showed an aldehydic C-H
stretching absorption at » 2,724 cm~’ and increased the inten-
sity of carbonyl absorption bands at » 1,700 cm '. While the
absorption bands of C-Cl bending (wagging) at » 1,212 cm © and
C-Cl stretching at » 700cm” " of starting polymers disappeared
(see Figure 4.15 and 4.16). The other absorption bands of poly

(p-carboxaldehyde-styrene-c

-styrene), Figure 4.15 b, and poly
(p-chloromethylstyren ?

‘ &/D-N -phenylmaleimide), Figure

4.16b , were also i " -te detalled in Table 4.14

.\\

and 4.15, respect t-r hat the IR spectras of

all products o g;styrene—co—styrene-co—N—

phenylmaleimide)

ﬂ‘lJEJ’J“fIEJWﬁWEJ’]ﬂ‘i
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Table 4.14 The assignment for the IR spectrum of

poly(p-carboxaldehydestyrene-co-styrene)

Wavenumber : ~Assignment

¥ (em )

of aromatic

of aliphatic

of aldehyde

of aromatic ring

-CH_-C1 bending (wagging)

_;; plane

Y]

\ding of aromatic ring
il

‘l

C-Cl strT.

=

TR P RALSRILR!
MIAINIUNNINGA Y




- .n--.

—_— T
3500 3000 ‘,—,M.,_.__;. ; 80 1000 800 600

Figure 4.15 IRQKBr) spectrum of m

A 132 SIS £ -comsrrene

U (v. ) poly(p-‘;arboxaldehydestyre e-co-styrene).
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Table 4.15 The assignment for the IR spectrum of
poly(p-carboxaldehydestryrene-co-styrene-

co-N-phenylmaleimide)

Wavenumber Assignment

7 (cm )

% Al v
df‘afﬁ1fﬁfg;#’
302 4 — ér. of aromatic
zﬁ ) C-H St¥. of aliphatic

of aldehyde group

. of amide

of aromatic ring

ﬁ 0 @of plane

bending of aromatic ring
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Auting
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Figure 4.16 IR (KBr) spectrum of

(a.) poly(péchlorométhylstyrene—co—styrene—co—
N-phenylmaleimide)
(b.) poly(pécarboxaldehydestyrene—co—styrepe—co—

N-phenylmaleimide).
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The mechanism was proposed as shown in Scheme 4.4 [501].

Let . and

ﬁh‘gé HENE qfﬁ@'c_é’bm;

cL kN mumwm{a

o
/7
(D_ + S
Rh IhC/ \Gh

Schene 4.4



Besides, all products were determined for chloride
content by modified Volhard method. The result was shown in

Table 4.16. It was found that the amount of chloride was left

only little.

Table 4.16 The determination of chloride content in poly

Copolymer

(batch)

% Conversion

a 97.81
b 98.35
é 3.7057 o 0.0756 98.06
o FIUE TR eHAN N oo
e v 50 3.2046 0.,4317 0s86.53
ARINIAIUUVNINLNAL

* Before carboxylation of polymers

%% After carboxylation of polymers




4.5 Epoxidation of Poly(p-carboxaldehydestyrene-co-styrene)
and Poly(p-carboxaldehydestyrene-co-styrene-co-N-phenyl-

maleimide.

A large number of functional polfmers have been pre-
pared by chemical modification of polystyrene under classical
conditions; more recently, phase transfer catalysis has been
used in modification of polysbé{gne in three phase systems. The
reactions 1nvolved mainly EPcleﬁ’;;&lc displacements on chloro-

resids, additions to carboxaldehyde subs-

methylated polysﬁzzggg,

o r}action of polystyrene derivatives

r
o 4

tituted polystyrene,

Hilidipendant groups with various elec-

nns qbdér phase transfer catalysis have

FY] xltl

having reactive

trophiles. These

catalyzed reactions affbrd iﬁékter results than those carried

i V-

out under clad61cal condltlons both 1ﬁﬁ}erm of polymer purity

: \Z )
and in term of fanctional yields. =

| L AR

Thé?| polymer! "wibh oxinane pendaht groups could be pre-
pared by using different procedures such as using the simple
epoxidat ion rof polymer (. having J vihyl pendant groups with
m-chloroperbenzoic acid (MCPBA) in dichloromethane, a reaction
which gave satisfactory results but required that the starting
polymer be available. The epoxidation reaction was found to be
very sensitive to reaction conditions and somewhat prone to
side reactions. For example the wuse of long réaction time

caused the presence of carbonyl group in the polymer chain



suggesting that opening of the epoxide ring had ocurred.

The better method, which was selected to use in this
work, for preparation of polymers with oxirane pendant, groups,
poly (p-epoxystyrene-co-styrene) and poly (p-epoxystyrene-co-sty-
rene-co-N-phenylmaleimide), involved the reaction of poly(p-car-
boxaldehydestyrene-co-styrene) or poly(p-carboxaldehydestyrene-
co—styrene—co—N—pheny1maleimiéé}ﬁ{ﬂith trimethylsulfonium chlo-

E,.#
ride in a presence of a phasS trafisfer catalyst [513].

|

o r 1
The sulfotiyn’;lid r%action gave poor results when

attempted with trim

/I Sulfodiam iodide under phase transfer
£ —y
conditions; this e Ltﬁw¢s\§dt totally unexpected as iodides

4 idd

undesirable for phase transfer reaction
# F |

are often consider d,

. ‘ ,,: e d.l;'-f:"a s .
due to excessive s,lub;jlty'ig;& organic medium. The same
ol o or i g B g

ot -

reaction carried out under classical conditions using potassium
BEp e -

tert-butoxide ig&@MSO SHE n—butyllithium{;in THF also gave poor

Y \¥
results [511]. - =

S

The peaction with trimethyl sulfonium chloride and 50 %
aqueous sodium hydroxidey in the . presence of benzyltriethyl

ammonium, chloride‘gave ;exceldent results.

— H-Cl;%-( H-c»;g (CH3£§ o —t H—Cl;-)-é H-CI?-

Y N T S o
o NaOH /PCH, (CHsN*CI" ‘{F(';}CHz

-0



\ ‘;'
\ "qq!s‘*‘

—CH-C H - C%: : (CH5§G| H-C [503;7_;)
é N NaOH I’SCHQ (CoHgN*CT N
@ H=CH, @

However, trim f@“% chloride was not available.

It was thus obt a qpn

iodide through y

used as aqueous sO

e of trimethylsulfonium

From thé
rene) and poly(p-e
Figure 4.17
increasing in intensitﬁﬁgﬁég
and -C-0 asymme

839 and 759 ia-jﬂ tEkt the carboxaldehyde

sroups converted #thpoxide groups. The other absorption bands
ot poly(p-@oi.ls&%ﬂc%JM§M £ ko (ot (p-epoxystyrene-co-

styrene- co-N phezslmalelmiﬁe wer interpreted as detailed in

A MR R RN HRDE

.g)

Table 4q1 a



Table 4.17 The assignment for

the

IR spectrum of

poly (p-epoxystryrene-co-styrene)

Wavenumber

¥ (cm )

Assignment

. of aromatic

. of aliphatic

.~ of aromatic ring

. str. of epoxide gr.

’ ym. str. of epoxide gr.
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Figure 4.17 IR (KBr) /sp \‘. >poxystyrene-co-styrene).
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Table 4.18 The assignment for the IR spectrum of poly

(p-epoxystryrene-co-styrene-co-N-phenylma-

leimide)

Wavenumber

7 (cm )

'l

Assignment

of aromatic

of aliphatic
of aromatic ring

str. of epoxide gr.

aiﬂm. str. of epoxide gr.

AUYINENINEINT

The proposed mec¢hanisnm

ef epoxidatioon reaction using

e BN SUA B QIENRY e e

shown in scheme 4.5 [451].
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Figure 4718 IR (KBr) spectrum of

4000 400

(a.) poly(p—carboxaldehydestyrene—co—styrene—éo—
N-phenylmaleimide)
(b.) poly(p-epoxystyrene-co-styrene-co-

N-phenylmaleimide).
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Let a phase transfer catalyst ; ¢CH_(C_H_)N'Cl~ = Q*cl~
P.B. : Phase boundary

0.P. : Organic phase

Let and

H-CHCH-CHY : —CH-CHI4CH-CH

2 2 2 2’ZZ__£
AN
y é e Th é N

=0

=ik

7
H

are presented by :

PB.  CH—S—Cl B, S—CH, (org) + H,0 + Na*(ag)

l

. Cl
LA . | | -
BB (Ch3)>—'S—C[—12 (org) c;——--——---- - i:' L—S—CH;), (org) + CI (aq)

9
o uaawawawwwn?

—-H\+ alCHz—S—(CHa)z (org)

RN U %m&m

-QIZ +‘ Q+ —S_—(CH3)2
|
2 e
Scheme 4.5



Table 4.19 The analysis data for determination of

epoxide content.

Copolymer Carboxaldahyde Epoxide Content % Conversion
(batch) Content™ (mmole/1g. polymer)

(mmole/1g. polynm

a 77.95

b 78.65

c 75.37

d 59.01

e 53.46

* The 3 DOX Shydl groups before epoxidation
which calcula@g@ﬁgionﬂ’“{glisappearence of chloride in

t'he carboxviation -step.

)

Thereforehgﬁge finish pro ducts still have chloromethyl

nﬂummwgwmmm

groups in the same polymér chain. But these materials could be
used f%ﬁaﬁﬂﬂrimmmagnwﬂaaﬂlst £431. The

amount of functional groups content in the resulting polymer

was summaried in Table 4.20.
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Table 4.20 The analysis data for functional group contents
in poly(P-epoxystyrene-co-styrene) and poly

(p-epoxystyrene-co-styrene-co-N-phenylmaleimide).

Functional Group Contents(mmole/1g. polymer)

Copolymer| NPhMI

(batch) | (%#mole) O ’.y/ Carboxaldehyde Epoxide

Group Group

a 0 40 1 0.8694 3.0574

b . 0.8169 3.0095
c 10 2.8053
d 25 1.7099
e 50 1.4824
In case ¢ -§ smperature, Table 4.21, it

was observed t’at glass trans1t1on was relatlvely little

increased ﬁﬂ Etj}q ﬂ%ﬁaﬂ Ejﬁ ﬂéjperature of poly (p-

chloromethyﬂutyrene co- st§rene) and poly(p- chloromethylstyrene—

co-st bR AUHBITNYAY
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Table 4.21 The glass transition temperature of poly
(p-epoxystyrene-co-styrene) and poly(p-epoxy-

styrene-co-styrene-co-N-phenylmaleinmide).

Copolymer ok g

(batch)

102.7

111.8

127.3

148.5

195.7

AULINENINYINg
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