Chapter II
Literature Review
2.1 Literature Review of Negative Resists

Because of a high sensiﬁiv}ty of negative resists, much
work on negative resists Jhas, Deen done. They could be

classified into elge®r®n-beam, X-rayywand photosensitive reéist

due to the energY;fﬁpdbure. E
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2.1.1 Ele€tronsheam Sensitive Negative Resists
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Though many:classes of.fompounds were examined 1in the

bl

past as negative éleptron beawn resists [81, recent work was

concentrated on three_Q§qor ca@gggn;es : epoxy group containing

polymers, polyﬁers with pendant unﬁa&uration, and vinyl
_— w |
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aromatic polymers. It has generally- been shown that in the

epoxy group coﬁiaining polymer class:_the placement of epoxy
group as g§ide | chding/ of O/ the (/polyher, as opposed to in the
backbone, results in marked improvement in the contrast of the
resisti’) (NonogdkilS) and ) el | @1 7\0907/synthesiZzed the epoxide
containing polybutadiene by epoxidation of polybutadiene (1).
They had high sensitivity, but low contrast (lower than 1). As
a consequence of this,current efforts in this area are direqted
toward synthesizing and evaluating polymers prepared from
glycidyl estér monomers. Hamermesh and Crane [10] attempted to
prepare poly(ethylacrylate-co-glycidylmethylacrylate), which

was known under the trade name "COP"(2). Thomson and co-worker
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(11,121 tried to solve»the swelling problem of this copolymer
by copolymerization of glycidylmethylacrylate (GMA) with each
of the following monomers, i.e., styrene (3), phenylmethécry—
late(4), and 3-chlorostyrene (5). It was found that swelling
was reduced, while contrast, resolution, thermal stability and
etching resistance was better than that of COP. But sensitivity
of these copolymers were decreased comparing to the one of COP,
because of the prese w henyl ring. They also studied
deeply in the spin%\solv&;ed for the final wafer
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Feit et al [13]1 attempted to characterize the resist
fesponse of GMA homopolymer and copolymers with ethyl acrylate
(EA). This has been successful features for 5 um, and these
parameters could be related to the molecular properties of the
polymers. At lower feature sizes, however, other factors like
solvent-induced swelling of images, wetting properties of
developer and polymer and ;gel-rupture by forced development
came into play. Thomson -gnd co-workers [141 at Bell
Laboratories examined copg}ymers of GMA and glycidylacrylate
(GA) with styreme™(6) and phenyl methacrylate (7) as negative
electron resist ’gpférials.a These copolymers had sufficient
sensitivities féiffappligatipp and, 1in general, GA copolymers
were more sensitgzé'thaq fhéiq?rresponding GMA copolymers. All

these materials aléo shdﬁedﬂbetter thermal stability than the
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In  the s caseof ethylenically unsatuvated polymers, it
has again been established that when the unsaturation is in
the side chain of the poiymer, the sensitivities of the resist
are better than when they are in the backbone. One such
polymer that has recieved wide spread attention is poly
(diallyl-orthophthalate) (PDOP) (8), which 1is good thermal
stability ©[15]1. Recently, Yoneda et al [16]13 had optimized

molecular weight and dispersity of this material for making
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high-resolution patterns. Vertical wall profile with 1 um line
widths were obtained with sensitivities of 4x10"° C/cm” at
15 kV. This material showed acceptable fluorocarbon sputter

etching resistance.
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Cole and asso%iates at, General Electric Co. had

reported [171] 4 :sgnsétéve negative resists prepared as

alkenyl half—es'ér ?h _cd‘olymer of wvinyl ethers and maleic

|

anhydride (9). ;}IVLtleS- in the order of 10™° C/cm” at

¥ r,.l'jq L

9kV were reached he,ﬂlmpor ance of the ether group was

-h.

evident in these po}ymers, &Iﬁhough their exact function had

not yet Dbeen establyshéd Degbihe thelr high sensitivity, the
storage stabl1kQ;es_ni_hhese_1351shs_netpfqulte good.

|

Vinyl a;Bmatic polymers havéf been widely studied as
negative ebectron " resist. | The simplest|polymer of the rather
large group: is polystyrene and, although it has several dis-
advantages,’ | it «Isane of the'early | candidatés in electron-beam
lithographic applications. It has excellent processing proper-
ties but has a very low sensitivity (2x10”% cC/em”). Lai
and Shephered [£181 had recently examined the effect of the
molecular weight and its distribution on the performance of
polystyrene "as an electron resist. Their researches showed
that the sensitivity increased with molecular weight and narrow

dispersity gave improved contrast. Line widths <1.0um had been
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obtained with this negative resist. Sensitivities of 1x10™ "

C/cm” had been  reported, and very good plasma etching

resistance had been observed.

The rather poor sensitivity of polystyrene and yet its
good processibility and ready availability at a low price have
prompted significant research in chemically improving its
susceptibility to crosslink /bys electron-beam exposure. The
strategy ‘by which this problem ié'heing commonly addressed is
introducing electran-sensit;ve substituents into the phenyl
rings. Halogenated™ of / the!| phenyl rings has this effect, and
the use of 1od1n&fed polystyrene for this propose has recently
been described Eﬁg} Researehers at Hitachi Ltd. had prepared
iodinated polystxf;ué 'by;diégét iodination of polystyrene and
found the sensitivity 6f tﬁé?ﬁblymer to be increased through
this process. The r981st wouldfn@t crosslink in a vacuum after

-a'n.‘,

exposure, ind10at1ng__§ short llfetlme of the active species

produced by th irradlatlon. It was éqn—mlllable and showed
good thermal st¥ AT s

Feit mand) | stillwagonm «~F201 o had<prepared a chlorinated
polystyrene awith narrow molecular weight distribution and had
observed pbhat~aty 70, %~ chlior inat ion;, theomaterial] was 5.4 tihes
more' sensitive than polystyrene. As in the case of polystyrene,
the contrast was very sensitive to the dispersity of the
polymer and the latter is broadened by the chlorination

process.

Imamura . S [21] studied chloromethylated polystyrene

(CMPS) which prepared by chloromethylation of polystyrene. It



showed that the presence of a C-Cl bond (20 % by weight of
- chlorine) increased the sensitivity. As expected for negative
resist, the sensitivity increased with increasing molecular
weight, while the contrast increased with decreasing molecular
weight distribution. The resolution observed was about 0.3 um
and the plasma etching resistance was 40 A/min. Recently,
Choong H.S. thoroughly examined poly(chloromethylstyrene) (PCMS)
(10), whose 1lithographic proﬁén&jes were better than ﬂhose of
CMPS. Also 1its coepolyvner Jwith>;tyrene (11) improved the

contrast and etching" resistance ~“because  of the presence of

phenyl ring. : \
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Otheér vinyl aromatic polymers had been examined by
Jagt a4andifySeviien < (22T | @J4. pelydtifiyI3carbazole) (PVK) (12)
and poly(3-bromo-N-vinyl carbazole), like polystyrene(PS), had
a high contrastand dry etching resistance propefties, but the
sensitivities were not sufficiently high unless molecular
weights were very high. The bromo-derivative, however, has a
much  higher sensitivity (10°° c¢/en®). Experiments also
showed that the addition of organic bisazides, e.g., 4,4-

diazidostilbene, to polystyrene or poly(vinylcarbazole) was
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effective in increasing the sensitivity of these resists

tenfold, with no loss of contrast.

Gazard et al £231] had synthesized a poly
(methylmethacrylate) (PMMA) which was grafted with acrylic acid.
It formed a negative system on development with solvents for
PMMA. Sensitivities as high ,k as 2.8x10—8 C/cm® at 20 kV have

been reported for this process:ffs
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Taylon.ét al £[24] examined chloéine—containing acrylate
- g

homopolymers as- resists for X-ray expgéure at 3.5 mJ/cm” flux

(1C/cm” at 1 71V = 10°mJ/cn™). Highly sensitive materials,
requiring les's than a' minute| of ‘exposuré,) “had been found, but
these showed rather 1low contrast, attributed to competitive
intramogleculat icross=linkiing ‘reactions. 'Optiifaim properties were
obtained for poly(2,3-dichloro-i-propylacrylate) (13), which
also showed excellent stability. Lines and spaces of 1 unm

could be obtained with sensitivity of 7 mJ/cm”.

Several polyvinyl ethers have been reported as X-ray
resists [25]1. These polymers are prepared by the cationic poly-

[}
merization method, and the exposures have been done at 5.4 A.



The polymers with chlorine or vinyloxy group containing side
chains gave good sensitivity (>18 mJ/cmz), while those with
chlorine also showed good contrast (<2.2). The negative X-ray’

resists and their sensitivities were exhibited in Table 2.1

Table 2.1 Negative X-ray Resists

Polymer “Target f}/ Absorbing Sensitivity,
composition wavelength, arml 4 4 clement mJ/cm?®
glycidyl methacrylate— . 0.43 (Pd) _ 175
ethyl acrylate (COP) —
2,3-dichloropropyl 0.43 (Pﬁ) Cl 7.0
acrylate (DCPA) |
blend of COP and i V43 (Hd) : Cl 15.0
DCPA (DCOPA) g \ '
2,3-dibromopropyl / 0.46 (RIS) \ Br 15.0
* acrylate—glycidyl F 4 g 3
methacrylate 4 4 L-ig .
chloroethyl vinyl / £ [ pseve Ci 72
ether—ethyl vinyl ether .‘,4'“ ' - . :
chloroethyl vinyl / f -0.'34_‘(Mo$ B Cl 18
ether—vinyloxyethyl / ¥y & 7
acrylate v/ o A b 4
chloromethylstyrene / F *0.43 (Pd)s ;_’ { o 25
allyl methacrylate— ' : 9;24 (WAh 9
2-hydroxyethyl .f. r— ==,
methacrylate 4 ':",,".":J:‘
P P Ry
X = o R i
4 rE |
N -
wd xJ

2.1.3 Photosensitive Negative Résists

Optieal lithographic methods are most important for
the manuf@cture pgofy cintegrated rcircuits | /onra worldwide basis.
The photoresists used are mainly sensitive in the wavelength
from 300-500 nm. Some important research works could be

reviewed as follows.

The photochemical reaction between polyvinyl alcohol
(PVA) (14) and chromate species had been widely wused in

‘imaging devices. Steihler, Duncalf and Dunn [26] did some of
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the early mechanistic work on this system and more recently
Branin and Fonger [27] had examined the photochemical process.
Nice and Farlee ©[28] have studied the chromate ion reaction
with PVA in aqueous solutions by UV and electron paramagnetic
resonance spectroscopy. It was found that during irradiation,
the charge-transfer absorptions of the chromate esters
initiated the photochemical reaction. The results were compared
with those of the previous meghanistic studies made on this
system. A proposed stepwise wds*a reduction of the Cr species

W)
to Cr (II1I), which fimnally complexed with PVA.
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The sensitization of{?m romated PVA to visible laser

wavelengths had; been investigated bxf,Bloom and Burle ([291].

They found that“éompounds that were used Tor sensitization were
sodium fluorescein, 2,4,6-tritolylpyrilium tetrafluoroborate,

2,4-dinitro~1-naphthelynandomethyl) oranges:

Skobodlnin and co+waorkers (3034 /Had | examined the
relative merits of different drying and curing modes of PVA-
dichromate compositions. Undesirable post-polymerization was

found to appear to a‘large extent in infrared process.

Several chemically modified derivatives of PVA had
been developed recently to prepare negative photoresists. Thus,’

Daly and Engebrech [311 had prepared copolymers of vinyl
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cinnamate with vinyl naphthoate or vinyl-3-naphthyl acrylate
(15) by coesterifying PVA1l with the appropriate acid chlorides,
giving acid-resistant photoresists. After UV exposure and
development, the remaining crosslinked polymer could withstand
hot nitric acid "deep etch" conditions.

Polyvinyl ethérs with side chain unsaturation had been
synthesized by Biryukova eﬁjg}i£32] by polymerization of the
corresponding monomers wi#} a ;ﬁgtionic initiator 1like BF,.
C_H_OC_H_. These _podymers éave photochemical crosslinking with
benzoquinone—Mich}é?;.;lactoﬁe and, as photoresists, resolution
of 1 um 1line w:jfgzs;ere obtalned Koto and Nakane [331 had

recenﬁly descril .ftaoniceily polymerized 2-vinyloxyethyl

#

cinnamates (16) a }ég&ativefphotore31st with greater sensiti-
vity than commerci 1y ava;lable polyv1ny1 cinnamate resists,
and about twice as ig&éh seﬁ@;ﬁ1v1ty as the rubber-based
resists. 1Its resolutiégiawas{ﬁpggparable to photoresist under

the trade namé“"AZ-lBBO" which was reﬁarkable for a negative

=
I

photoresist. Tﬁé,materlal was also reported to be excellent in
terms of adhesiﬁn, thermal stability, and resistance to pin-

hole formationi

Cl)CH2CH3
'('CHZ——C‘ZH ')n—(-CHz—ClH—-)-m : +CH—(|:——+
o 0 4 0]
| I |
-

C=0 ; .CI2=O

(15) (16)



Cyclized rubbers (Scheme 2.1) had been used extensively
in the negative photoresist applications, and several commer-
cial materials of this class were available, e.g., KMER, KTFR,
Waycoat IC and SC, and Dynamic CMR and Micro-G. The most
common composition in this family is a cyclized form of
polyisoprene and photoactive crosslinker, typically a bisazide,

which photolizes to the highly reactive dinitrene.
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Treushmikov et al [341 had carried out theoretical and

experimental studies. to explain the” important contributing
factors that . affected. the photossensitivity of cyclorubber-
bisazide system. "It appedared from this work that, apart from
more crossdink.formations, parametersslike, the s/distribution of
bisazide " molecules in~ the film and the average number of the
structural formation per polymer molecule capable of
functioning as effective molecular network units were important.
This research group had also examined [35]1 the effect of such
factors as the method of solution preparation, solvent removal
from cast film, storage time of prepared solution, and air

versus vacuum exposure on the photo-sensitivity of cyclorubber-



2,6-bis(4-azidobenzal)cyclohexanone system, the changes- in
sensitivity of those materials which changes of drying
temperatures might be attributed more to molecular conformation
changes than to residual solvent. The effect of low-molecular-
weight solvent in c¢yclized rubber and polystyrene coating on
the mobility of the nitrenes formed by photolysis had also been
studied [361. Coating containing stable miérovoids did not
require solvents for nitrene m&b@%&ty and those that absorbed
wafer inhibited this mobilitﬂ Eyf“ghch absorption. Treushnikov
and co-workers [37].found that thewnegative photoresist FN-11
Fthe ?nteresting property of increased

and a bisazide 0%
light sensitivity

of / /' the A ‘unexposed areas. This was

explained theoretica ,;ﬁnd-experimentally by an oxygen-pumping

mechanisms from t qﬁ parts to the exposed parts. Exposure

“a £ A -'f' A p; T ¥
in air gave much lo eﬁ're§olut}5ns than in an inert atmosphere
¥ FYp o Y
where the crossliﬂki&g*,reac;:gp of dinitrene effectively

m— E—

competed with the much;faéter é?&g@g—nitrene reaction.

£
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Shinizu “aiduBiraNE SRR =1 but cd significantly to
the understandiﬁ§ of the mechanism of ﬁﬁotocuring of the cyclo-
rubber bisazidédsysteny/) At 01005 70, O the <oxidative crosslinking
by polymerizéation of the cycloisoprene was predominant over the
thermal™ ©erosslinking < producedl by thel |[bisdazidée. Significant
crosslinking of the resin inhibited further bisazide decomnpo-

sition by cage effect of the rigid matrix.

A 43 % quantum field was established for the simulta-
neous cleavage of both the azide groups in the molecule of the
 bisazide, from the absorption of one photon of energy. The_

products of the azide decomposition were implicated in
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inhibiting further bisazide decomposition by an energy
transfer process. The chemical mechanism of crosslinking and
reciprocity failure- 1is evidenced by the appearance, on
exposure, of a new absorption band at wavelength 410 nm. which
was attributed to +the bisamine crosslinking from comparison
with the model compound, 2,6-bis(p-dimethylaminobenzal)cyclo-
hexanone(17). The reciprocity effects were explained by
competitive reactions of the hatrene with oxygen and polymer;
the first being greater than 10% tines faster than the latter.
The sensitivity can_ be 81gn1f10ant1y enhanced by inert
atmosphere or rapid exposure, both of whiéh cause a low equili-
brium oxygen conteﬂ{ AN the eLposed areas. The azide-to-nitrene
reaction 1is notffaffected_ by the oxygen content, but the
consumption of thé  nitr§ne,éPnce formed, can be decreased by

minimizing the oxygen in’the fifm?
A /N
' g -'-I: F - "'IJ

.-.-_‘,

Cyclized cis- 1 4 polybuﬁadlene has also been developed

into a photorgslst. Th1s re31st showgdfa hlgher sensitivity

-

than cyclized ;ﬁblyisoprene and had good*&esolution properties

(1.6 um). The ~polymer showed no resist flow up to 250 °C,
and the decompos.itl ion tenperature- wmas~ higher than for
polyisoprene,, The" polymer "was prepared by cyclization of the
monomer. With _organo-aluminumg.catalysts.; ~The gsphotoinitiator

used was. 2,8-bis (4-azidobenzal)cyclohexanone.

Naumova et al [39] had photocrosslinked an oligomeric
1,3-cyclohexadiene using 2,G—bis(4-azidobenzal)—4—methylc§clo—
hexanone as a catalyst. Images of resolution 100-200Q0 lines/mm
had been successfully made with this material for

photofabrication of optical screens and scales.



The bisazide system has been used to crosslink for non-
rubber polymers to prepare negative photoresists in the recent
past. Thus, Akagi et al [40]1 had used a formulation based on
polyvinyl pyrrolidone, polyacrylamide, and 4,4-diazidostilbene-
2,2-disulfonic acid disodium salt (18) to prepare a reciprocity-
low-failing photorgsist, the photosensitivity of which

decreased rapidly with decrease in the light intensity.

ald dia
The machanism invo vqg,,genelgthon of dinitrenes from the
#J vandea L B
s :

" o

bisazide, which crossffﬁkedlﬁﬁg;resin. As the light intensity
_— ___ - :_; '*'-! - | ——

4

was lower thééé the presence of Qxxégn, the dinitrene was

effectively tf&éped. More oxygen thefgfgre permeated into the
layer and the crosslinking was further inhibited. This
explained #Hhe, jreciprocity~Low-failkling, ~characteristics of the

material.

.Some polyesters had been recently described in the area
of photoresist. These polyesters contain unsaturated ketone
moieties in the diol portion, e.g., substituted and unsubsti-
tuted. Bis(4-hydroxybenzylidene)acetone (19) and 2,5-bis(4-

hydroxy-3-methoxy-benzylidene)cyclopentanone (20).
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HO@CH =CH—C—CH=CH n
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'R=H;OC.H‘.
(19)
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A eravedzzzzgzii: latter, various metal
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partly the di solution condensation

reaction.

The resulti -w"Ly‘ " ‘ ere photosensitive and,
to UV-visible radiation
and solvent developedﬂggjﬁbrpﬂgﬁg

= f S

of the image bﬁ%}gpihﬁwmetal.
. S

.photoresists with 0.5-20 %

£

, e 1
Stolyaro;l and co-workers (4 had observed that in

ethylene ﬂﬁﬁfj wwﬁr’w ﬂys]aﬂriﬁ photocrosslinkers

caused incnﬂase sensitivity and contrast when exposures were
¢ e/ ;

carri tqﬁﬂﬁicﬂtmmmfj meﬂﬂﬁﬁ that 1in air.

From 1tfa ion data, solvent for this

copolymers was a 3:1 mixture of pentene-xylene.

Crosslinking reaction through epoxy group ring opening
has been demonstrated to be a feasible method of preparing
negative resists, if the ring-opening reaction can be photo-

chemically triggerred using a latent inhibitor. Thus, glycidyl



47

methacrylate polymers‘ were sucessfully crosslinked by photo-
chemically generating PF_ from p-chlorobenzene diazonium fluoro-
phosphate. The system sensitivity depended on the diazonium
salt ccncentration, glycidyl methacrylate concentration, and

the molecular weight of the comonomers.

2.2 Literature Review of N-substituted Maleimide Copolymers

F 4
F

Copolymers of - N- substltuted maleimides are mainly
prepared to obtain-new thermostable polymer materials. These

polymers are characterlzed iyith high temperature of vitrifying.
The interest on the polymalelmldes grew also because of their

-

unique propertlessasg el g:, phy31olog1ca1 activity (antipyrene

properties), optlaal and gatalytlc activity, etc. Based on

these propertles,‘3ccpolymers;‘f N-substituted maleimides are

ol X ...

used also for preparatlon of membranes. Copolymerization of

E——
—

maleimide by free rad10a1 X &njtiation has been studied

extensively.

r, ‘I S

Richard Turner et al [42]1 had synthesizd new, thermal
stable resists, poly (Btyrene<co+N-(p=t<butyloxycarbonyloxy-
phenyl) mal@imide(21). These copolymers were prepared either
by polymer modif ixcatdion) of | by copolymerizalion/ from monomers.
Exposuré of a resist formulated from the protected copolymers
and a photoacid generator followed by baking results in
efficient deprotection to produce the free phenolic copolymer
in the exposed areas. The resulting latent image can be
developed in either.positive or negative tone upon proper
choice of developers. The resulting relief images exhibit no

detectable
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change in size ;:j;fsﬁépe Tfter extended heating at 200 °C.
From DSC analysisyg t 1seoond:heating of a polymer showed a T,
at 235 C. Therm

5;meLrLs analysis of the t-BOC protected

copolymers showed, a recikaous loss of CO, and isobutene

(25.4 % of sample 5 s7) betweén 150 and 180 °C then a plateau

Jil"
follwed by slow decom6031tlon ibﬁ@§ o “cC.

Mohamed . A A. and Jebrael EJHS E4§] attempted to copoly-

%Slth (2- chlorophenyl)mﬁlemldes (22) by using

merize styrene’
AIBN as initiatﬁr. It has been shown that a charge-transfer
complex participateé imy ntthey process | of .copoelymerization. The
kinetic data, of these systems were investigated, but thermal

analysis was net studieds:

Tirrel D.A. [44]1 had prepared poly(N-phenylmaleimide
-co-styrene) (23) and poly(N-phenylmaleimide-co-2-chloroethyl
vinyl ether) (24) by using reductive demercuration to.generate
the 1-butyl and benzyl radicals in mixtures of N-phenylmalei-
mide and either of the donor olefins styrene or 2-chlorophenyl

vinyl ether. The mechanisms of these systems were investigated
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(22) R-=
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and found that the mechanisms differed from

mechanistic sch merization in which 1:1

monomer complexe rted manner to grewing

macroradicals. not been studied for

thermal analysis

Otsu T. et
tituted maleimide)

N-substitutent :§n

N-substituted

°c for 5 hrs

3

el Gy 3.8 oo® 2.1 213
1PMI CH(CH ), 1m0 o.osP 3.3 6.0
nSMI tCH - CH %8 0.7 15.9 2.6
18M! CH,CH(CHy), §656 10 50 6.9 3.0
sBMI CH(CH )CH,Ci 70,9 0.3 9.5 2.5
(821 ClcH,), 82.8  0.68 1%.9 2.5
AN C(CH ) ,CH CH M2 0.6 13.0 2.1
CHI cyclo- CGH” 9.1 0.279 A3 e
oM 4CH 3, CH w075 7.3 2.0
ol CICH) ,CH,C(CH,), 26,5 0.27 5.0 1.8
DMl HCHFRCH, s6.5”  0.69 162 2.0
0OM) (CH Y CH we? 0609 1%.0 2.0
BiML CH,Ph 20.8 0.13 0.9 2.7
NEzMI CH(CH;)Ph 87.5 0.30 7.4 2.0
OPRMMI-  CHPh, 0.4 o2 22 - 1.9
TeMl CPh, L 6.3 1.3
PRM) Ph 78,9 o0.10% -9 -°
1-MPh) 2-(CH,)-Ph 27.6 0.17 3.3 1.9
1,6~-DMPhM| 2,6-(CHJ) ,-Ph 20.4 0.10 1.9 1.6
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The polymerization reactivities, % yield, and molecular weight
of the polymers, were found to change depending on the
structure of +the N-substitutents. From the thermogravimetric
analysis showed that poly(N-cyclohexylmaleimide), poly(N-octa-
decylmaleimide, poly(N-phenylmaleimide), and poly(a-methylsty-
rene maleimide) had excellent thermal stability (T, _,> 360 °C,
I

ma x

were due to bulkiness of N-suﬁi}ﬁ}utents.
rd r M/

_ 430 °C). The high thermal stability of these polymers

-

9
Ranogajec F. .and c?—workers £461 had prepared poly(«-

methylstyrene-co—maiéﬁ {de(z‘). From the calorimetric curve it

n the presence of an excess of maleimide,

f o 4 &
alternating copolym w's_guﬁntitatively formed prior to the
formation of polymal de s éléss transition temperatures (T))
n

of polymers were §ﬁigaté§?'%y using differential scanning

was observed th

-

ddd ~dd,
calorimeter (DSC). . ,F§§ reygﬁ%ﬁd that T, of the alternating

-

copolymer and polymaleimide ‘blended with 80 % and 56.2 % of
-t 2k

alternating cqﬁblymer were 567 K (314°§4, 580 “K (307 “C) and

587 °K (314°C),L{@spectively, while pq&gmaleimide decomposes

on heating above~ 600 “K without any indication of o

MXCHT{H r
byt
|

H

(25)

Borbely J. and co-workers [47] performed radical poly-

merization of methyl methacrylate and N-(4-bromophenyl)
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maleimide (26) in dioxane at 60 °C with AIBN as initiator.
The glass transition temperature of copolymers with various
composition were measured. A 1linear correlation was found
between the T_ values and N-(4-bromophenyl)maleimide content.

The T_ values were in the range of 108.5-209.6 °C.

Ranogajec epared alternating co-

polymers of «-methy yimaleimides (RMI; R = Et;
n-Pr; Iso-Pr; at different monomer-to-

monomer ratios IBN as initiator. The

Kinetic data anifiam ere studie Jt was found that the
glass transitioi ' iﬂ poly(x-MeSt-alt-RMI)

decreased when hlngr alkyl chai n was introduced : R, T_/ “Kis

Et, 4623 ﬁuﬁ ’gnﬂaﬁjﬂs@ ‘W—H’] ﬂfé The alternating

copolymers o -methylstyrgne with N (Iso-pro yl)malelmlde had

e 2 R ETIF U 1113987 ﬁ d

XCHy~CH =~
CH3 R= ""CHZ"'%
0 ;Iq o) ' ~CH,— CH,~CH,
R — G, —CH,
CH,
— CH, —CH, — CH,— CH,

—CH,—CH, —CH, ~CH, —CH, —CH,

@n
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2.3 Objective for This Study

Due to high sensitivity of epoxy group and excellent
thermal stability of N-phenylmaleimide, the focus of this
research is aimed to synthesize polymers containing p-epoxysty-
rene and N-phenylmaleimide units in the main chain. Therefore,
various ratios of monomers ; will be performed for the prepara-
tion of poly(p—epoxystyrene—co-éﬁ{;ene) (28) and poly(p-epoxy-
styrene —co—styrene—co-N—pherlmaié;;ide) (29). The effect of N-

phenylmaleimide on td_the glaSs transition temperature of the

-
!

resulting polymers widl he inestigated by using differential

scanning calorimers JTr &) -

N

The synthesis consists of the following steps.

1. Synthesis of N-phenylmaleimide
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2. Chloromethylation of 2-phenylethyl bromide

CH; CHy Br CH; CH; Br

(CH,0)[ HCI (g)
CHCI

3 ¥ r .-""rr’ >
3. Dehydrobromination of p—(z-bromﬁéthyl)benzyl chloride
-

|
CH- - — CH=C
5 CH2 B:f’ - H2

g t BuO K‘buOH

CHzcl

# f lu“‘\k f - =
rFr. 5 i
4. Polymerization , g ;f iﬂ

4.1 Copolymeri agﬁon Qf pqutp ~chloromethylstyrene-co-styrene)

ey ‘d‘-n

ey 'AiBNIBenzwf ~EH- CHM oH - Cp
b’ ° L
CH, CI -2 60 C =1 CHC
;j“ v 2
- - (1)

4.2 CopOlygmerization of poly(pschloromethylstyrene-co-

styrene-co-N-phenylmaleimide)

Ha 2 f” Y AIBN/Banzene " | ~EH- CHO¢ H-m—ii Z
\
° [ p ;

CH2C| 60 C CH ¢l ()\
ol (TEe T Rl

5. Carboxylation of chloromethyl groups
(Let (I) and (1) =(P)CH,CD)

DMSO
‘ — L]
(BycH,c1  e—— ®'ﬁ b

NaHCO O
3



6. Epoxidation of carboxaldehyde groups.

(CH3£§ ci <
®—C— H e R ®-—CH ~—=Chs
] a8
o) NaOH 7 {CH, (CoHs)N*CT o

1 .,
AU INENTNEINS
ARIAINTAUNIINGAE
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