Chapter 111

Experimental

3.1 General Information :

Perkin Elwer-781,

romet.ers Jeol FX

Gias, Liquid Clu*@.t-oa*!‘ﬂphh Shimadzu GC-9A,

ﬂﬂﬁ%ﬂﬂﬂﬁﬂﬂﬂﬂ’i

- Vacuum Oyen (Isotemp); Fisher Model 281, U.S.A.

A mquwma 4

-  High Vacuum Pump; Javac-JDS0, Australia
-  Differential Thermal Analyzer; Shimadzu
Thermal Analysis Instrument. DT-30, Japan.

TI1495169 b€



36

3.1.2 Chemicals and Solvents

2-Pheny lethyl bromide FLUKA AG, purum
Carbon disulfide MERCK
Anhvdrous zinc chloride FLUKA AG, purum

Paraformalde =

purum

purumn

PURISS
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Benzyl triethyl ammonium chloride FLUKA AG, PURUM
Trimethyl sulfonium iodide FLUKA AG
Sodium hydroxide MERCK
Chloroform MERCK
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Benzyl alcohol MERCK
N-propanol MERCK
Potassium iodide BDH
Bromophenol blue Indicator

Potassium bromide BDH

Styrene monomery FLUKA AG
Silicone

Dry it ‘;-—_ | 1====hr
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%
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3.2 Purification of Solvents and Chemicals
3.2.1 Azobis(isobutyronitrile)

AIBN was dissolved in anhydrous methanol and heated
below 60 °C, then filtergdh , The filtrate was allowed to cool

grystals recovered. After two

recrystallimabions, the _were dried under redu
more rystallim ‘ ver ied under ced

NS

rature for 2 days. The

purified ' \\ \ dark room to avoid
photoinitiatig \
3.2.2

calcium chloride for 1 weelk,

3.2.3 i Y

)

was dried gyer Linda type 4A molecular sieve

ra iofl u&:}wmzﬁawm Farate use.
ama«aﬁmﬂm'swma d

Styrene monomer was washed with aq. 5% NaOH to remove
inhibitor then with water. It was dried for several hours with
MgSO, and stored over Linda type 5A molecular sieve. It WasS
fractionally distilled before use.
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3.2.5 Other solvents

Petroleum ether, tert-butyl alcohol, diethyl ether,
toluene, dimethyl sulfoxide, acetone, ehtanol, methy lene
chloride, chloroform, benzyl alcohol, and n-propanol were
distilled before use.

rene [36]

=Phenylet.hyl bromide

2phenylethyl bromide was
dissolved in 50 m in a 500 ml three - necked

round - bottomed flasKesqui with a stirrer, gas inlet tube,

and a refli¥c ser.  Aithy giiloride as a catalyst,
(12.5 g) angl 3 _‘.‘;‘u“-,. to the flask in
three separate portions during the cou ‘of reaction.  Hydrogen
chloride was Bubbled into fbe reaction mixture with rapid

il W IR WE ARG . s

react.ion,the lower phasegof the reagtion mxt.u s dissolved in
amammwwww B st

hnnat.e, and again with water. After being dried with
anhydrous sodium sulfate, the carbon disulfide was distilled from
the product, and the unreacted 2-phenylethyl bromide  was

recovered by distillation at. a pressure of about. 10 torr.

The product., a mixture of ortho- and para-(2-bromoethyl)
benzyl chloride was obtained by distillation, bp. 90-94°C at 2
torr. The mixture was dissolved in 100 ml of petroleum ether and
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the solution was chilled overnight. in a refrigerator. The
remaining liquid was decanted, and solid obtained wagg
recrystallized 4 times from 200 ml of petroleum ether. The yies ld
was 48% , mp 50-51°C. ( literature [361: 51%, mp 48-50"C )

1

IR (KBr): 3 (em '), 3040, 2970, 1930, 1810, 1695,1270, 12=q

.94, 128.72, 128 g4,

e 2-Bromoethy | ben:_-:x i

Eplly Istyrene.

]

A 98 ¢ {niml ),portion of sodium metal yao

s SN U 5 v e

al the Ynetal r&act.ed the snlut.ion was moled. to  room
SR AT LRY AR
chldéride was added to a solution. The mixture was stirred at g35°
for 2 hrs. Then the reaction mixture was pnured into 3 literg
of water and extracted with ether. The extract was dried yjt}
anhydrous sodium sulfate. The ether was removed under reduceq
praésure and the residue was distilled in the presence f
p-tert-butylcatechol t(or cuprous chloride) as an inhibitor g
give 47.3g (77.8%) of p-chloromethylstyrene bp 92°C at 2 torr,
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IR(KBr): 3 (em '), 8090, 1920, 1830, 1630, 1515,1450, 1410,
1270, 915, 830, 690
'H NMR (CDCL,) = Sippm:, T.34 (s, 4H)
6.70 «d.d, J_,

17.8, Jn‘ = 10.8, 1H)
5.73 «(d.d, J_, = 17.6, 1H)

=10.98, 1H)

3.3.2 ylstyrene) and 1Its

hloromethy |styrene

ene was dissolved in 60 g

of benzene in a thre —_-: = ‘-. ound bottomed flask. 0.09 g of

AIBN, he splution was purged with
nitrogen f ,:',uj on was carried out.
under nit.rogﬁ at.mosy : fo w T hrs, with stirring

rate of 75 rpa. ‘- t.a-r the r on. the solution was poured into

oo 458 TR T WEAR o i

result. polymer was t.lapn pl.lt‘lf'l.Eti by recrrat.allizat.inn of its

G TR TELHN T B TR e cotmios

préiuct. had Mw 180,050 and, T, 116.44°C.
IR (film) : 3 (em ), 3040, 2940, 1920, 1800, 1610, 1515, 1450,
1430, 1270, B30, B840, 680
'H MR (CDCL,) : § (ppm>, 7.08, 6.50, 4.53, 1.56, 1.43
Elemental analysis found : C=71.18%, H=6.24%, Cl=22.48%
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3.3.2.2 Copolymerizat.ion of p-Chloromethylstyrene

with Stwrene Monomer.

The certain amount. of p-chloromethylstyrene and
styrene was dissolved in benzene in a three-necked round bottomed

flask, and AIBN was & The solut.ion was purged with nitrogen

gas for 30 minutes, Jrgepizat.ion was carried out uncer
nitrogen atmospheresab 60 C_ f el with stirring rate of 75
rpm. The amoun rs was varied as shoun
in Table 3.1. ion was poured into a
large amount. o ii.a.t.e the polymer. The
resulting polymghs w: isgolving in benzene
and reprecipitat b el at least. 3 times.

Table 3.1 Polyuerizataen s *hloromet.hylstyrene and

Copo lyne CHST[ Vs Zeng Weight of
i;,'r': Tmoler| U {2) |product (g)

4.401

ﬂ’u ’W} mwmm 5.2

ALY e T

# p - Chloromethylstyrene monomer

* * Styrene monomer

The products were white powder obtained with Ta, Mw, and
elemental analysis as exhibited in Table 3.2
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Table 3.2 Some physical properties and elemental analysis of

poelyip-chloromet.hy Istyrene-co-styrene)

Copolymer| Mw T_('C) Elemental analysis

tbat.ch) C (%) H %) Ccl %)

a 7.38 3.z

b 7.40 | 8.52

c B.62 14.00

d 6.57 19.38

e 6.39 21.32
The I 5 R Ape i of Lall the products were
recorded. #rof sinitar 1ich obher and showed significant

signals as follows
R (Film : 2 (on "T——3088y 2940, 1920, 1800, 1610, 1515,
B € 1§79, 830 - 840, 680

'H MR (CDCIL I E B (ppin; 7 R¥0l 1.54, and 1.42.
Iﬂ , ]
3.3.3 boxylat.ion of Pgly(p-chloromethylstyrene) and

f U8l A T UL Fetsrmme e
ARIAINIUURIINYIA Y

9 3.3.3.1 Carboxylation of Poly(p-chloromethylstyrene)

A 6.0 g of polytp-chloromethylstyrene) was stirred in
120 ml of dimethylsulfoxide with 2.54 g. of sodium bicarbonate at
155 C for 6 hrs. The resin was then collected on a glass filter,
washed with dimethylsulfoxide , hot. water, and a 2:1 mixture of
rdiﬂme and water, then rinsed with dioxane, acetone, ethanol,

methylene chloride, and benzene. The cream - coloured product,
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was obtained after dryving at 100°C under vacuum. The yield was
44.8 %. The chlorine content in the product was determined by
modified Volhard method. It was found to have the chlorine

content. of 0.0155 mmole/l1g.polymer.

.“\ carboxylaton of
“ e-co-styrene)

(e .
Copolymer P=CH—C LN % yield

u'jﬂ | 77.78
AuEInENineIR | =

QRGN TR U 9 290 ] e

# polytp-chloromet.hylstyrene-co-styrene)

The IR spectra of all the products were recorded. They
were similar to each other and showed significant. signals as
following:

IR (KBr) : 2 tem™ ') 3020, 2980, 2900, 1910, 1800, 1705, 1610,
1580, 1515 and 825.



The chloride content. in the products were investigated by
the same method as mentioned in section 3.4.3.1. It was found to
have the chlorine contents of 0.0098, 0.0139, 0.0144, 0.0145, and
0.0140 mmole/1g.polymer for batch a, b, e, d, and e, respectively.

. aqueous solution of
sodium hydroxidefuas ‘ nt.o 90 ml of dichloromethane
Bboxa ldehydestyrene), 0.7 g
origle and 2.02 g trimethyl

solut.ion containife
of benzyltriethyl amsidiiiu
v B

sulfonium chloride . Complete addition, the solution

mixture vasnrougt € 7 j 9 continued stirring
for 12 57 l8cted and washed with
water, met,hmﬁ and et oF dryi *jj 70°C under reduced
pressure, howed ; Mw 157,903 , 141.2 °c -
aaﬂau%mmwmmm a——_
det.aml. the epoxidation. content., Iease see on 3.6.1.3.

ARIANN I NW’TJV]EH@ d

9 preparation from trimethylsulfonium iodide (see section 2.7).
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3.3.4.2 Epoxidation of Poly(p-carboxaldehyde-
st.yrene-co-st.yrene)

Fpoxidat.ion of polytp-chloromethylstyrene-co-styrene)
was carried out by the same condition as for homopolymer. The
quant.ities of reactant polyme

1
\

s and reagents used in  epoxidat.ion

Table 3.4 n / epoxidat.ion of
po ¥ ( P-cRrboxal co-styrene)
» 4 v . +
copolymer | (B)-CHofft Cligbe 861 | . CH,Cl_|50% NaoH
2 :
tbat.ch) (ml) (ml)
a a0 45
b :J 40 20

AUEINENENEANT | | o

e Y 2.3 1.972

B

l‘1 ‘ 1 ] L ] 'l l‘. b
£ Mw and epoxidation content of products were determined and
the results were exhibited in Table 3.5




Table 3.5 Some results of poly ( p-epoxyst.yrene-co-styrene)

Copolymer Muw T Epoxidation content.

(batch) |tapproximately)| «°c ) (% conversion)

a 80.55
b 80.10
c 68.20
d 50,10
e 44.57

vt _/"g»\\\\

<de fida ‘: % \
WAL
3.4.1 Spin Coalbing b el \

2

"‘& sist. was dropped on
Indium tin q;— &ld on a bowl of spin

e

coater. A speed o € was F000 rpm for 30 seconds.

l‘ i

After the spin t.a was omplete, the thickness coated wafer was

around ﬂ% fg ‘H{]\swn t.ws&}.ﬂﬂa the temperature of

70 °C in hemren. t‘nrakoum

RIAINIUNRIINGIAY

3.4.2 Irradiation

After complete softbaking, the coated wafer was
connected under a mask, then it was irradiated under UV light.,
wavelength of 365 nm, 2-5 ancmz, for 2-3 seconds.
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3.4.3 Development.

After complete irradiation, placing the irradiated
substrate in a bath of made-up solution under the trade name
" OMR Negat.ive Developer " and agitating it gently in order to
move away the dissolving

of ymonomers and polymers

N

were recorded Mrared Spectrophotometer

model 780. The dicd wemor afe Fecorded as neat samples by
using NaCl cell. were examined by using KBr
method, while some

direct.ly examines

3.5.2 m
ﬂ%%l"ﬂ WL TR HRT o orrs

pulmrs re taken by using Fourier Transfnrn spect.romet.er,

4 ARER G5 WS HE G o

any9suitable solvents to make the solution of 5 % concentration.

ould be cast as films, then

X

onance (MMR) Measurement

3.5.3 Differential Thermal Analysis (DTA)

DTA  thermograms of polymers were obtained over the
temperature range of 40 - 400°C with heating rate of 10 'C/min,
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the N, (& flow rate of 30 ml/min and the sensitivity of 10 V
were selected. The weight, of specimens used was ms. The

reliable glass transition (T ) of polvmers were obtained.

3.5.4 High Performance Liquid Chromatography (HPLC)

andard polymers, molecular

weight. range 5€ obtained by using HPLC,

Shimadzu LC - 3

mmmmmmm
ARG RILHATFRR G Erorse

1nad. it was pure or not by using Gas Liquid Chromatography,
Shimadzu GC-9A. Sample was dissolved in carbon disulfide as 10 %
w/vsolution. A chromatogram was obtained, under the following
condition;
Column : Chromatopac C - R3A (capillary)
Column temp. : 180 °C
Injection temp. : 275 'C

Flow rate : 40 wl/min
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3.6 Analysis of Polymer Composition
3.6.1 Determination of Chloride in Polymers
To determine a chloride content. of polymer could be

2 \ modified Volhard method and

3.8 woride Apal¥sis.by a Modified Volhard Method

carried out in two

elemental analysis.

W ethylated polymer was

accurately weighiid / ated with pyridine (3ml)
for 2 hrs. at 10 ”‘ - ant.itatively transferred
into a 125 ml Erl ; . acetic acid (30 ml)» and
concentrated nitrig'e en added. The mixture was
stirred for 30 minut .

- ?' alum indicator (3 drops) and
ﬁl’ J,u
standard

re then added with
stirring. The side of -‘7-"51

washed with minimal
—— di%l il WNee Jlo nl) vas added.  The
solution was tdtra with rd NH_SCN solution. The

solutmﬂ%}%% %%Heﬁ]ﬂ@a at. the end point..
PGS,

The element content of polymer in the sample could be

examined by using Elemental Analyzer, Perkin Elmer 240 using the
following condition; combusion temp. 950 'C, reduction temp.650°C,
helium pressure 18.5 psi. and oxygen pressure 17.5 psi. The
suitable elemental percentage contents were obtained.
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3.6.2 Determination of Epoxide Content by Modified
Todomet.ric Method

Around 1 g of sample was weighed into Erlenmever
flask, and 25 ml of benzyl alcohol together with 25 ml of
n-propanol were added. ep 10 drops of bromophenol blue as  an
indicator and 3 g of K

wat er uere performed. The
solution was stikEs O m L mixing. Titration was

carried out with, , the Ll ion became vellow at. Lhe

Chloride by Ion Exchange

diameter of 3 cm, length of
ge resin of narrow size

50-100 mesh’, of 50-100 mesh, 60 g), was

desirable.
5.0 g q; iias dissolved in 5 ml
distilled wa ",i‘ BN wa "i gently poured into a

well-packed m . The sc-'lu was allnuad to elute from the

i B WEBALRGNHARG i ot

anion exthange, the obtajned solution was dried under reduced

¢Fva T llW]’J"ﬂEﬂﬁ d
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