Chapter III

Experimental

3.1 General Information

3.1.1 Instrum

- Infra Qﬂ- o net 5 Perkin Elmer - 1430,
USA.
- FT NM ‘ometer ; Bruker ACF-200

- \\_
- Mass 3] i l,!”i "‘ | 4300, Japan

- Gel Pe i \ aph ;5 Waters 600e, USA.

- Differep ’;3f< an; Calorimeter ; Du Pont

- EN f*"——*-—'?*~"—-—***7"xf lmer, Model Perkin-

Elmiﬂ

Gas Lg id Chroma graph 5 Shimadzu Model GC-14A,

ﬂummmwmm

0 P GRKHb(TH D o) (AT

Vacuum Oven (Isotémp) 5 Fisher Model 281, USA.

Refrigerated Bath 3 RB-12

High Vacuum Pump ; Jovac - JD60, Australia.

Rotary Evaporator ; Heidolph Model VV 2000
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3.1.2 Chemicals and Solvents

- 2-Phenylethyl bromide Aldrich

- Anhydrous zinc chloride Fluka AG, purum
- Paraformaldehyde Merck

- Carbon -disulfide . Merck

Conc. J.T. Baker
Mallinkrodt
Carlo Erba
FluKa AG, purum

J.T. Baker

FluKa AG, purum
Carlo Erba
J.T. Baker

Carlo Erba

Nacalai Tesque

ARFINENINYING =

AR IRATOIUNAINE P8 =

1,4-Dioxane Carlo Erba

- Acetone Merck
- Ethanol Carlo Erba
- Methylene chloride Carlo Erba

- Benzyltriethylammonium chloride Fluka AG, purum
- Trimethylsulfonium iodide Fluka AG

- Sodium hydroxide J.T. Baker
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Chlorofornm Merck
Benzyl alcohol Carlo Erba
n-Propyl alcohol Merck
Potassium iodide BDH
Bromophenol blue indicator M&B
Potassium bromide BDH
Styrene mononer Fluka AG.
Cuprous ch M&B

Sodium
Sodiuh_
Maleig'a

Aceticfaghydri

il

Silicon % ,
| J "

Anion e ange

Riedel - de Haen
Merck
Fluka AG, purum

Fluka AG, purum

OWEX SBR-P

d
i

AU INENTNEINS
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3.2 Purification of Solvents and Chemicals

3.2.1 Styrene monomer

Styrene -monomer was washed with 5 % NaOH solution to
remove inhibitor and then with water. It was dried for several

ver Linda type 5 A molecular

hours with MgSO, and store
sieves. It was fract10m!fp  £ d before use.
3.2.1 Ace ;
Acetic by azeotropic
distillation with cid - toluene azeotrope
f the remaining toluene,

boiled at 100.86

the acetic anhydride S t, L 1ec 1378 < 138 .05 C;

AIBN was ‘q&§solved i anhydrous methanol and heated

S o ﬁu&m@mmmmw e e

in the refrlgerator and® the whdte crystalsswere recovered.
After aqowgcasqmimﬁu,wag m'ﬂe:]saﬂe dried over
reduced pressure in a desiccator at room temperature for two
days. The purified initiator was stored in the dark robm to -

avoid photoinitiation.
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3.2.4 Benzene

Benzene was dried over calcium chloride for 1 week,

then it was distilled at 80 °cC.

3.2.5 Anhydrous methanol

Aniline H and distilled at reduced
pressure (b.p.65 £w5n¥.;.#v 1 \\ reatment with stannous

chloride removed sul satal impurities.

Acetone , ‘ethanol , thylene chloride , chlorofornm,

benzyl alcﬂ u H,armyy m%%ﬂ’}ﬂ,‘j dimethyl sulfoxide,

1,4- dloxane, cyclohexanes petroleum ethergsand tert-butyl

stoohof] HnasASTLaEINga 8
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3.3 Synthesis

3.3.1 Synthesis of N-phenylmaleimide [481]
3.3.1.1 Synthesis of maleanilic acid

Into a 1 1. three n c ed flask equipped with a stirrer,

a reflux condenser a v&\ funnel were placed 39.2 g.

(0.4 mole) of mal!@n

The stirrer was

500 ml. of diethyl ether.
he maleic anhydride was
dissolved, a (37.2 g., 0.4 mole) of

aniline in 40 ml. \ﬁ}xThe resulting thick sus-

pension was stirre "_f:?;"1 for 1 hour and was then
cool to 15-20 "¢ 1d the desired products.

The product was filt 7 _77;7'-/*&, iltration. It was a fine,

IR (KBr): z(cm ).;3200 - 2500, 3272 3210, 3072, 1700, 1634,

AU %ﬂﬂ%‘i‘ﬂ%ﬂﬂﬁ
AREAN ASBLUNATBUAAY o v

maleimide.

Into a 500 ml. Erlenmayer flask were placed 150 ml. of
acetic anhydride and 14.6 g. of anhydrous sodium acetate. The
maleanilic acid (71.0 g.) was addéd, and the resulting

suspension swirled and heated on a water bath for 30 minutes.
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The reaction mixture was cooled until slightly warmer than
room temperature and poured into 300 ml. of ice water. The
precipitated product was recovered by suction filtration,
washed three times with 150 ml. portions of cold water and
with 150 ml. of petroleum ether (b.p. 30-60 °C), and dried. The

yield of crude N-phenylmaleimide was 50.10 g. (77.5 %), m.p.

89.0-90.5 “C. A recrystallization from cyclohexane gave canary-

vellow needles, m.p. 89\??\%1//

) ___A:.f—-

IR (KBr): z(cm )

*H NMR (CDCl,):

Mass spectrum e peak), 146.1 and 129.1

g ,c

. yi:Zyrene £431]

u

ﬂ u%J QM@W@WH r]oﬂﬁphenylethyl bromide
1Ak AU TREARY broeite e

dissolved in 50 ml. of carbon disulfide in a 500 ml. three-

-

necked round bottom °"flask equipped with a stirrer, gas inlet
tube and a flux condenser. Anhydrous zinc chloride, as a cata-
lyst (12.5 g), and paraformaldehyde (15 g) were added to the
flask in three separate portions during the course of the reac-

tion. Hydrogen chloride was bubbled into the reaction mixture



 Joo\ fAutingmingins
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Figure 3.1 The apparatus for chloromethylation of 2-bromophenylethyl bromide.

29
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with rapid stirring for 20 hrs. at 35 - 40 °c (Figure 3.1).
After the reaction completed, the lower phase of the reaction
mixture was dissolved in water. The organic phase was washed
with water, dilute sodium carbonate solution, and again with
water. After being dried with anhydrous sodium sulfate, carbon
disulfide was removed from the product by distillation and the

was recovered by distillation

unreacted 2-phenylethyl bro

at the pressure of abo

90-94

ethyl) benzyl chlorides bbained by distillation, b.p.

o

C: At .2 HoTrT. olved in 100 ml of

petroleum ether
refrigerator. J‘ﬂﬁgﬂ-?”47‘ was decanted and the solid

obtained was recry

———

ether. The yiel%ﬁras QggiﬁgliaA
u ,

4. °C. (literature [431:51%,n.p.

48-50 ~C)

_—
IR (KBr): y(cm_l), 2#0, 297005 3930, 1810, 1695, 1270, 1220,

P E) bl fsolion. Vankodd 13
*H NMR Qqcﬁl:l as\ﬂpﬂj m;“ﬂ 3 fjévl Elzlr-il éJFJ

:
3.55 (t, J = 7.1, 2H)
4.57 (s, 2H)

7.24 (d, J = 8.1, 2H)

7.88 (d, J 8.4, 2H)




*®C NMR (cDCl,) : &(ppm), 32.67, 38.84, 45.94, 128.72, 128.94,

136.03, and 139.07
Mass spectrum : (m/e), 232(M°), 197, 153, 139, and 117 (base peak)

3.3.2.2 Dehydrobromination of p-(2-bromoethyl)

benz‘]’/chlorlde to p-chloromethylstyrene.

benzyl chloride wa d : ution. The mixture was
stirred at 35 ' t.ixe reaction mixture was
poured into 3 liters F ; == xtracted with ether. The
extract was dried with 5&1@;& i The ether was
the presence of cﬁp} | an hibitor to give 34.6 g.
(75.62 % yield) ofy —chloromet,hi}styrene, b.p. 92 °c at 2 torr.

AUEINENINEING

R(KBr) : 7/(Cm 1), 3090, ‘1920 1830, 1630, 4515, 1450, 1410,

ARIANNUIRAN LR

*H NMR (CDCl_) : s(ppm), 4.54 (s, 2H)

B. 25 uadis 9. = 10881
573 tdd, J L= 17.6, 3K
570 tdd, J., = 17.6; 3. = 1008 H0

cb ca

7.34 (s, 4H)



3.3.3. Synthesis of poly (p-chloromethylstyrene-co-

styrene) and poly(p-chloromethylstyrene-co

styrene-co-N-phenylmaleimide.

3.3.3.1 Copolymerization of p—chloromethylstyrene

and styrene.

yrene and 8.0 g. of styrene

were a three - necked
round bottom flas was added. The solution
was purged with ni nutes. The polymerization

was carried out

Tg 94.75 “C.

IR(film) ﬂ%ﬂ%oﬁﬂ%ﬁ%ﬂf}ﬁﬁsm 1515, 1450,

1450, #1270, 880-840, and 680

ARIANN I UANINEIAY

*H NMR (CDCI:3 # - 5¢ppe.) ., 7.05, 6,50, #.50, 1.54, and 1.42

Elemental analysis caled : # C = 79.58, ¥ H = 6.63, # N = 0.00
%Gl = 43,79
found : # C = 77.28, % H = 6.76, # N = 0.31

% Cl = 16.05



3.3.3.2. Copolymerization of p-chloromethyl-

styrene, styrene and N-phenylmaleimide.

Certain amount of p-chloromethylstyrene, styrene and
N—phenylmaleimide. were dissolved in benzene in a three-necked
round bottom flask and AIBN was added. The solution was purged
with nitrogen gas for 30 minutes then the polymerization was
carried out under nitrogen atﬁéﬁ?%gre at 60 "C for 7 hrs, with
stirring rate of 75 rpm. ﬁ}he‘aﬁaznt.of styrene and N-phenyl-
maleimide were varieq as shown in Table 3.1. After the reaction

taon w%s poured 1into a large amount of

completed, the

absolute methanol Ep‘iyfbcibitate the aimed polymer. The
# ", ‘Lf,*" j\ — sl
resulting polymerjyéréxﬁhen pgrified by redissolving in benzene

and reprecipitatihg;fr%m«ﬁbsol&xq methanol, at least 3 times.
J # *off
; i i,
J'.g"‘.:'. : _JJT"J:‘

Table 3.1 Polymerization data for.-p-chloromethylstyrene, styrene
Wittt B Ll 2l

e

and Nébhenylmaleimide. 53

Z v
Copolymer AIBN eMsT” STl NPhMI***| Weight of
(batch) product (g)

g. lxnole ! %mole| g« |#¥mole| ig.  |#*mole

b 0.30] 1.2 |11.60| 49.4|7.13| 44.5|1.32 4.9 10.66
c 0.30] 1.2 j11.60| 49.4]|6.34] 39.5|2.64 9.9 10.90
d 0.30f 1.2 |11.60| 49.4|3.97| 24.8|6.58| 24.6 9.89

e 0.30f 1.2 |[11.65]| 49.5| O 0 13.2}| 49.3 11.13
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% p-chloromethylstyrene monomer
%% styrene monomer

%%% N-phenylmaleimide monomer

The products were determined for Mw, T, and

elemental analysis as exhibited in Table 3.2

Table 3.2 Some phys a "ﬂt ies and elemental analysis
g 1 §tyrene—co—styrene-co-N—

Copolymer ' “ ?“"  Elemental analysis

(batch) Mw

N(%) Cl(#%)

1.19 14.46

c 87,32 1.78 12.94

A

d 143,302 | 135.69 5.47 2.71 § 10.3%
¥ o o/

e 1%%0&’%9%4&! %9‘” ’}ﬁa‘i 3o | 1esa6
ARIAINTUNRINYINY

The IR and 'H NMR spectra of all the products were

recorded. They were similar to each other and showed

significant signals as follows :

IR (KBr) : w(cm—i), 3055, 3024, 2919, 2848, 1710, 1599, 1494,

1450, 1378, 1265, 1181, 825, 755, and 700
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3.3.4 Carboxylation of poly(p-chloromethylstyrene-co-

styrene) and poly(p-chloromethylstyrene-co-

styrene-co-N-phenylmaleimide).

3.3.4.1 Carboxylation of poly(p-chloromethyl-

styrene-co-styrene).

A 6.00 g. of po *y ‘1# thylstyrene-co-styrene) was
"‘-.

stirred in 145 nml. Hgtzhmepsyl de with 3.00 g. of sodium

T A—
bicarbonate at 155"‘5——"_ 6 rs;%esin was then collected

on a glass filter

imethylsulfoxide, hot water
and 2:1 mixture ~and water then subsequently
rinsed with 1,4- anol, methylene chloride

and benzene. The was dried under vacuum.

IR (KBr) : w(cm ) 3020 2980, 2900 ig10, 1800, 1705, 1610,

ﬂuEJ '38%%]5?%‘}%85’1'(]3
AR18NR SRINBAINYAE Bhoronecn

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

A carboxylation of poly(p-chloromethylstyrene-co-
styrene-co-N-phenylmaleimide) was carried out by the same
manner as mentioned in section 3.3.4.1. The quantities of the

reactant polymers and reagents are shown in Table 3.3.
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Table 3.3 Experimental data for carboxylation of poly
(p-chloromethylstyrene-co-styrene-co-N-phenyl-

maleimide).

Copolymer '(::FCHeCI NaHCO, . DMSO % yield

(batch) : g (mL.)

The IR spe
|

were similar to %?ch other and showed significant signals as

follova : ﬂ‘IJEJ'WlEm'ﬁWEJ']ﬂ'ﬁ
e xnf) Wqé}‘ﬂﬂsﬁmsm&’n PYVRY sros. 1005

1493, 1450, 1387, 1211, 1168, 1015, 826,

0 ?Dts were recorded. They

759, and 700

The chloride content in the resulting polymers were
investigated by the same method as mentioned in section 3.5.1.1.

It was found to have chloride contents of 0.0642, 0.0736,0.4526
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and 0.4317 mmole/ 1g. polymer for batch b, ¢, d and e ,

respectively.

3.3.5 Epoxidation of poly(p-carboxaldehydestyrene-co-

styrene) and poly(p-carboxaldehydestyrene-co-

styrene—co—N—phenylmaleimidé)

34/3..5%1 EW%@/#/‘ poly(p-carboxaldehyde-

In the
slowly added
containing 1.01 g.
0.25 g. of benzyltri

ride and 0.83 g. of tri-

methylsulfonium chl complete addtion, the

solution mixture was broﬁiﬁt i room temperature and continued
et e ‘f -.' - .Ad i p ;

stirring for 12 e — ng polymer was then collected

v B A 4

and washed withiﬁate Efther. After drying at

70 °C under reducegégressure, the product showed : T, 102.7 g o

epomﬂ SIBIIBHI VTN R FAF-. rhe sothod for

determining e epoxide content could be seen @n section 3.5.2.

ARIANNIUNNTINEIAE

IR (KBr) : V(Cm_l), 3020, 2920, 2850, 1940, 1800, 1600, 1510,

1450, 1270, 1050, and 880

% Trimethylsulfonium chloride was prepared from trimethyl-

sulfonium iodide (see section 3.86)



3.3.5.2 Epoxidation of poly(p-carboxaldehyde-

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

Epoxidation of poly(p-carboxaldehydestyrene-co-styrene
-co-N-phenylmaleimide) was carried out by the same method
as mentioned in section 3.3.5.1. The amounts of the reactant

polymers and reagents are sh wn in Table 3.4. IR spectra of all

M&lar to each other.
e

products were recorded

v,,
IR (KBr) : _,,\‘mi\sss, 1563, 1496, 1444,
1078,.1020, 839, 759, and 696

Table

Copolymer " |CH,C1,|50%NaOH
(batch) (ml.)]| (ml.)
b 50.0 | 20.0

- A WIHNT 7.5 | 1.5

d 1.13 0.94 ° 0.28 56.5 22.5

e ¥ X6 0§ 0.94 0.29 58.0 23.0

*(:)-CO—H : poly(p-carboxaldehydestyrene-co-styrene-

co-N-phenylmaleimide)
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T, and epoxide contents of the products were determined

and the results are exhibited in Table 3.5.

Table 3.5 Some resulting T_ and époxide contents of poly-

(p—epoxystyrene—co-styrpne—co—N—phenylmaleimide).

Copolymer Epoxide content

(bat.ch

2

mmole/1 g.polymer)

3.0095

2.8053

1.7099

1.4824

AARINIDINIANYIAY e v

recorded by using Perkin - Elmer Infrared Spectrophotometer
model 1430. The liquid monomers were recorded as neat samples
by wusing NaCl cell. The polymer powders were examined as KBr

pellet.



3.4.2 Nuclear magnetic resonance spectrum (NMR)

measurement

The 'H NMR and ~°C NMR spectra of the monomers and
the polymers were taken on Fourier Transform NMR Spectrometer,
Model Bruker ACF-200. The samples were dissolved in CDCl, or

solutions of 5% concentratlon.

3.4:3 lefe & éalorimetry (DSC)

DSC thér . ers were obtained over a

suitable solvents to make H‘

range of 30-450 of 20 Tefmin., . the N,

gas flow rate he sensitivity of 1 V was
selected. used was milligrams.

The reliable glass __ﬂ::';w_, rature (T_) of the polymers

ﬂlm& APANG WA Srsner wotystyronss,

molecular welght range 2,980 - 8,420,000 was gobtained by using

are, %ﬂlﬁ&ﬂﬁ&ﬂ 12208288

Column Linear Ultrastyragel

Mobile Phase

Tetrahydrofuran (THF)

Reflextive Index Detector Model Water 410

Detector

=]

45 C

Temperature

Flow Rate

1 ml./min.



Pressure : 168 Bar.
Attenuation ¢ 1 V/full scale

Injection Volume : 100 wuL.

The standard polymers and sample solutions were

prepared by dissolving in THF to have 0.15% w/v concentration.

The suitable average moleiriar weights were obtained from the

chromatograms.

200 mg. oﬂ;&&e chlorom%Jhylated polymer was accurately

weighed in ﬂtu‘?_]tg o/Lie) Wared\| Fe Tdvdidine (s mi.) for 2

r'ss saatl 100 °C. The cordtents were quantitatively transferred
into a mf]na,ﬁn inmilmqgtmﬂqﬁ.ﬂ acid (30 ml.
and concentrated nitric acid (5 ml.) was then added. The
mixture was stirred for 30 minutes. Ferric Alum indicator (3
drops) and standard AgNO_, solution (20 ml., 0.05 M) were then
added with stirring. The side of the erlenmeyer flask was
washed with minimum amount of distilled water and 10 ml. of

toluene was added. The solution was titrated with standard
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NH_SCN solution. The solution became a permanent tinge of red-

brown as an end point of the titration.

3.5.1.2 Determination of chloride by elemental

analysis.

s of the polymer in the sample

The chloride cont
could be examined by ; 1 Analyzer, Perkin-Elmer 240
using helium press&aﬁ.% ps-r""""oxygen pressure 17.5 psi.,

combusion tempeV_ \g\reductlon temperature of

640 C.

was weighed in an erlenmayer
flask, and ogether with 25 ml. of
n-propanol were EP&-~ qﬂomophenol blues as an
indicator and 3ggg KI+in:5 g of water were placed into the

ﬂ,ummm WSIans.

0.1M HCI1 solutlon until tHe blue sciutlon became yellow.

’ﬂiﬁ’lﬂ\‘iﬂim HNT1INETRE

3.6 Preparation of trimethylsulfonium chloride by ion exchange

To prepare a well-packed column (diameter of 3 cnm.,
length of 60 cm.), a supply of an ion exchange resin of narrow
size (50-100 mesh), DOWEX SBR-P (size of 50-100 mesh,60 g.),

was used.
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5.0 g. of trimethylsulfonium iodide was dissolved in 5
ml. distilled water,then the solution was gently introduced
onto the well-packed column. The solution was allowed to elute
from the column at the rate of about 2 ml./min.. The -eluted

solution was evaporated to dryness under reduced pressure.

AULINENTNYINS
RININIUNRINYIAY
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