CHAPTER II

EXPERIMENTALS

2.1 Chemicals and Instruments

Acryloyl chloride ' lamine were obtained from Fluka

®henol, 2,4,6-trichloro-
phenol, Y4-chloro-= 7 obtained from

Methyl mr gfir Lt ) : 1nu:l from Fluka and
purified by shair g 4 e (I 4NN N hydroxide solution.
It was then vasill /A Bhed vater, dried over
anhydrous sodium n._. Y L A e r to use.

Toluene, mu ar; £ ’ #iere commercial grade, but
benzene and chioroagsil VA and _obtained from Merck.
All of them we ;‘ E.{

Melting 'Ent. : B Jcjll-Fisher electrothermal

dF

melting point apgega’ tus with a cgyer glass sample holder and are

mvruﬂﬂﬂﬂ’)ﬂ&lﬂiﬂ&l’]ﬂ‘i

Thu LC analysis Haﬁocarried ou b:,r using Ga rumatng,raph,

% The following instrument was used to obtain the
spectroscopic data.

UV-Visible Spectrophotometer, Shimudzu, model UV 240 with 10

nm matched quartz cells,




Infrared Spectrophotometer, Perkin-Elmer, model Perkin=Elmer
780, with grating infrared spectrophotometer,

Fourier-transform NMR spectrometer, Jeol, model JNX-FX 90 Q.

2.2 Syntheses of the Chlorophenyl Acrylate Monomers

2.2.1 General Pro _
éﬂd (0.15 mole), tolulene
(400 mL) and trietMe— - , charged into a three-
necked round bott- N ‘ with a condenser, a
nitrogen inlet an” a5, solution was cooled at
ESnC then acr:.rluﬂ - r added dropwise to
the cooling soiut :. wsuring the reaction,
white solid of té#le ,,adintelr precipitated.
After about 3 hcfir g . terred to remove tri-
ethylaminehydrochloride * lashing of the filtrate with
distilled water,rems Y oyl chloride. The toluene

layer was «y_ ' 11:'.{- and toluene was

removed by red||j:d poion JMl yield a solid or a

-l 4

liquid. The aynt* nompn was purified by either re-

mmﬁaummmwemﬂ@ P

using 5111 gel as an adporbent and benzene as eluent. The

s;m I B BT R
produéts are elucidated by the infrared and the proton NMR
spectroscopy.

2.2.1.1 Pentachlorophenyl Acrylate (PCPA)

Pentachlorophenyl acrylate was prepared by

the reaction of pentachlorophenol and acryloyl chloride in the
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presence of triethylamine (20). A round-bottomed flask (500 mL,
egquipped with a condenser and nitrogen blanket) was previously
charged with toluene (400 mL), pentachlorophenol (40.0 g, 0.15 mole),
and triethylamine (24.9 mL, 0.18 mole). The flask was then main-

tained at EG—ESnC while aecryloyl chloride (14.6 mL, 0.18 mole)

funnel. White triethylamine

é.:ipit.ated. After 3 hours,
d

was added sequentially bv
hydrochloride (m.p. 253
“llowed to warm to room
temperature. After - metion was filtered and
washed several t* % (400 mL) to remove
unreacted acryloy] ‘ ayer was dried by
anhydrous sodium s \\acuum rotaevaporation.
The remaining br ¥/ 12ed from methanol to
yield 40 g (83%) pelit J 119' 2ry \"‘-,. as a white solid, m.p.
= C.

Spectrog

IR (KBr) v ,;; (m), 1405 (m),

B

1390 (s), 1365 (s), ™40 (s), 1120 (s), 982

TH-NMR tcmﬂutﬂnjnﬁm jﬁﬂ" ﬂ”?” o |
R AR TUNBIINGIAE) 5o

Similarly, 2,4,5-trichlorophenyl acrylate
was prepared by the reaction of 2,4,5-trichlorophencl (30 g ,0.15
mole) and aeryloyl chloride (14.6 mL , 0.18 mole) in toluene (400

mL) and in the presence of triethylamine (24.9 mL , 0.18 mole).

Other procedure was carried out in the same way as that of Section
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2.2.1.1. A colourless needle solid of 2,4,5-trichlorophenyl acrylate

o
was ultimately obtained to yield 33 g (B6%), m.p. 63 C.

Spectroscopic data:

1

IR (KBr) v (em™1): 3095 (s), 1755 (s), 1635 (m), 1460 (m), 1410

max
(m), 1350 (m), 1300 (m), 1245 (m), 1125 (m),
11 45 (m), 895 (m), 870 (m), 855
/ ‘é:w} and 680 (w)
1 i 4__'
H-NMR {CDE13] & (ppo : — 3l (s,1H), 7.55 (s,1H)
2. " -rylate (2,4,6-TCPA)
. P,4,6-trichlorophenyl
acrylate was pref ? \ 1_ N 5-trichlorophenol (30

\ N 0.18 mole) in toluene
(24.9 mL, 0.18 mole).

Eventually, the colj xr,%égggggié W tained and purified by
column chromatograph “!EQ;;g¥ /] as an adsorbent and benzene

as an eluent tos==—C" phenyl acrylate.

-
-
!

1

Spectroscopic ;léa.

(cm =1y: 3090 (w), 175n (s), 1038 (m), 1570 (s), 1450

ﬂ“ﬂ’} ﬁ’lﬂﬂﬁw EIdTﬂ.Tzs (s), 1200 (w),

985 {m], 860 {m} 825 (m), 51ﬂ (w) and 775 (m)

ﬂﬁ’lﬂ’ﬂ’ﬂ?ﬁ!ﬂwf‘a IR Y

2.2.1.4 4-Chloro-3-methylphenyl acrylate (4-Cl-3-MPA)

IR (NaCl) -

In the same manner, the reaction of Y-chloro-
3-methylphenol (21.7 g,0.15 wole) and acryloyl chloride (14.6 mL,
0.18 mole) in the presence of triethylamine (24.9 mL,0.18 mole) was

carried out in toluene (400 mL). After purification from column



chromatography, a pale yellow 1liquid of UY-chloro-3-methylphenyl

acrylate (26 g, B7%) was finally obtained.

Spectroscopic data :
IR (NaCl) v, (cn™'): 3040 (m),2930 (w), 1760 (s), 1640 (m), 1480

(s), 1405 (s8), 1298 (m),1250 (m), 1230 (s),

‘g(m), 1030 (m), 990 (m), 900

' /J’iuz. 685 (m)

TH-NMR (CDC1,) & (ppT e "3 (m,3H), 6.69-7.38(m,

2.3 HomopolymerIZTat 4 o ' .. -y late Monomers

The chlor Lo as dissolved in benzene

(10 mL) 4in a reactic \zooisisobutyronitrile (1

mole %) was added. purged with nitrogen for

s
10 minutes, it was heat bath whose temperature was

maintained at N e e -rgmd out for a certain

-

- -
-

length of --‘Fi, AY ) rature. The cool

solution was thll addec omemmmmmence 4@l oL of hexane with

vigorously _ tﬁﬁ&‘!‘he precipitfe was filtered, redissolved in
benzene anﬁa Qtn ﬂﬂrﬁ“&lnﬂ;mination of the
monomer “:.- dvataected as mvﬁled by thjs, layer chroggtography and
oo B AN U RAINBAREe o
to constant weight. The homopolymerization data of the chloro-

phenyl acrylate are listed in Table 2.1 .

015847
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Table 2.1 Homopolymerization data of the chlorophenyl acrylates

Monomer Weight Time Polymer Conversion
(g) (hr) (g) (%)
pcPA" 3.2090 5.30 1.5194 47.30

2,4,5-TCPA 20 0.4836 19.28

2,4,6-TCPA ﬁ.aauu 71.72

4-C1-3-MPA = G40 65.76
® Benz- * ‘ W% intiator.

2.4 Copolymeriz erylate Monomer and

carried out by thoroughly

mixing cert.ai e @#ith the chlorophenyl

AR 4
acrylate in Q&% f¥ Jon cell. For each

chlorophenyl achiliate, Toow—. peees cellls were prepared and

A

contained differeftgymole fractiogy of the chlorophenyl acrylate

cnsrner B WEL DU HAFMEANT v 01 2 e

then added 0.0164 g of o, 0" -azobjmjsobutyronitgiie into each

Qmammummmw of tine,
the solution was cooled and added dropwise into 600 mL of hexane
with vigorously stirring. The white powder of the copolymer was
filtered off, redissolved in benzene, reprecipitated inte methanol

and filtered then dried under vacuum at 50“(: to constant weight.

16
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Finally, the dried precipitate was chromatagraphed on tle
plate comparing with the corresponding chlorophenyl acrylate and
using methanol as the developing solvent. It revealed that neither
monomer contaminated with the precipitate. The polymerization for
each monomer feeding ratio of the chlorophenyl acrylate and methyl

methacrylate was repeated t

jThe polymerization data of each
chlorophenyl acrylate rvlate were listed in Table

2-2-245 -

e

AU INININEINS
ARIANTUNRIINGINY
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Table 2.2 Data for copolymerization of pentachlorophenyl acrylate

and methyl methacrylate

AN 38U,

Poly PCFA MMA Benzene Time Copolymer Conversion

(PCPA-co-MMA) (g) (z) (mL) (hr) (g) (%)
first run
PC-1-I 0.2620 8.54
PC-1-1I1 0.3877 10.7T1
PC-1-III 0.6216 14.91
PC=1=-IV 0.6847 14,49
PC=1=V 0.7917 15.00
PC-1-VI 0.6263 10.75
PC-1-VII 0.1714 2.68
second run
PC-2-I 0.4500 14.80
PC-2-11  0.0406 1.40
PC-2-II1 _ 0.1332 4.00
PC-2-1V Wsco5 T ICeT— M o0.2066 7.85
PC-2-V Iy ﬂ 1.2654 9.1 0.2300 4.35
’FI UHANENINYANT.
PC- -1.'11 " ﬁzﬁll 07639 25 & 9.00 0.9%1 15.00
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Table 2.3 Data for copolymerization of 2,4,5-trichlorophenyl

acrylate and methyl methacrylate

Polymer 2,4,5-TCPFA MMA Benzene Time Copolymer Conversion
(g) (g) (mL) (hr) (g) (%)

first run

TC-1-1 0.6365 0.3396 11.72
TC-1-I1 1.2553 25—,  0.3347  10.22
TC-1-III  1.88% \ 0.2800 7.67
TC-1-IV  2.51 NN 0. 1411 3.50
TC-1-V 2.52¢ 2\ 0.1730 4.90
TC-1-VI 3.7797 o '-: 0.2059 4.30

TC-1-VI1I L. .4007 0.5481 10.64

second run

TC-2-1 0.f D.3481 15.00
TC-2-11 1. ,’,.:- !.._“r 0.3388 10.32
TC-2-I1I 1.33“1 .00} 0.2990 B.22
TC-2-1V 2. EEDE‘ 1.5248 3.30 0.1297 3.21
re-2-y FIe%JcEI ot 7r] mw Eﬂﬂﬁm
TC-2-V1I .51!]6 1- I‘JI‘JE‘.’)‘ 20 0. Ell

ﬂfﬁ’bﬁhﬂﬂ?ﬁmﬂ’l’mﬂ’}ﬁﬂ i




Table 2.4 Data for copolymerization of 2,4,6-trichlorophenyl

acrylate and methyl methacrylate

Polymer 2,4,6-TCPA MMA Benzene Time Copolymer Conversion
(g) (g) (mL) (hr) (g) (%)

first run

TP-1-I 0.5047 : 0.2339 10.14
TP-1-II 1,518 . e 0.2985 10.28
TP-1-I1II  2.013 77/ \ . i;f' 0.3353 10.45

TP=1-1IV 2.51 0.2800 7.92

TP-1-V 3.02744 = \\ 0.2775 7.25
worvr ssaf f 0 WA 0218 6.67
second run _ | le
TP-2-1 0.5035 ff; >."i A 0.2192 9.48
TP-2-I1  1.5092 175057 10 0.3780  12.97
Tp-2-T1T 2.0l B £.1151 3.52

TP-2-IV 2.4 " ﬂ'. 3153 8.83

TP-2-V 0.7961 20 9.50% 0.2952 7.73

ARG ﬂﬁﬂ’mﬂﬁwmﬂﬁm
qmmn‘mumwmaa
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Table 2.5 Data for copolymerization of U-chloro-3-methylphenyl

acrylate and methyl methacrylate

21

Polymer U4-C1-3-MPA MMA EBenzene Time Copolymer Conversion

o ik FH;TEI 'J”P‘FEI NINYITT

(g) (g) (mL) (hr) (g) (%)
first run
CM-1-1 0.7928 0.3068 12.79
CM-1-11 1.189 ’ e 0.2242 8.63
M-1-I1I  1.5808% g NN 0.3453 12.38
CM-1-IV 1.974¢ , e NN 0.3209 10.76
CH-1-V 1,974 £/ : A 4\ O 04413 14.82
em-1-vi 2.52148 £ F 0.2826 8.68
second run - \\
CM-2-I 0.8005 0.3606 14.95
CM-2-I1 1.1825 _F BN Ty .00  0.1316 5.10
CM-2-II1 1, y ‘)_3553 13.11
CM-2-1IV 1.96tps =4 0.3410 11.46
CM-2-V 1. 91&4 0063 Wéa 8.00 © 0.2897 9.73
6.63

qmmmmumqwmaa




2.4.2 High-Conversion Copolymerization

In the same manner, The high-conversion copolymeriza-
tion of the chlorophenyl acrylate and methyl methacrylate was
carried out in 10 mL of benzene and in the presence of ©, o  -azo-

o
bisisobutyronitrile at 50 C and under nitrogen atmosphere. In this

32 mL) was added into the solution

j éhlornphenyl acrylate, seven

reaction cel ]l : =l — s reaction cell contained

case, n-dodecane (0.35%

as an internal sg

different mole 17 . PN =3:§en31 acrylate comonomer in
sating for a certain length
of time, the re el | .“~i: monomer-feed composition

before b (4= F. wu. rmined by gas-liquid

2.5 Determinatior ,-f* i f tion by UV-Visible Spectroscopy

A certai vmer and each homopolymer was

:I.ndividunll; : Z .5-2.13}. A wavelength

was sought ﬂt'“li' it

I. 4

corresponding copolymer
showed a chnriftaristic peak and the other constituents did not

o SRR P TP B 20 = = o

one forlkach case. By pﬁ;pnring snlution of various concentrations
QRIRTUUMIINHTNY

centration-absorption profile of the homopolymer were  then
obtained by plotting the absorbance agalnst the concentration of
each homopolymer solution (Figure 2.1-2.4). The absorbance at
wavelength 241-243 nm of the known concentration of the corres-

ponding copolymeric samples was then obtained from their UV-Visible

12
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spectra. Thus the concentration of the desired groups in the co-

polymer was determined from the ecalibration curve.

Table 2.6 Relationship between concentration and ultraviolet

absorption of PCPA

sorbance at
242 nm

UAANENa Y

: 2%
conc 15,00 X104

Fig. 2.1 Concentration-Absorption profile of PCPA in chloroform
conc= (14.85xABS-0.833)x10"° M

corr. coef. = 0.999



Table 2.7 Relationship between concentration and ultraviolet

absorption of poly (PCPA-co-MMA)

24

Poly HeightB ﬁbsorhanceb
(PCPA-co-MMA) (g)

0.729
0.850
0.676
0.845
0.624
0.664
0.868
0.712
0.845
0.814
0.755
0.616

< oov1 0.00130 0.930

AuETnandiienng™
R IRMINA Y
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Table 2.8 Relationship Dbetween concentration and ultraviolet

absorption of poly (2,4,5-TCPA)

ﬂnncentrﬁtibn Absorbance at
(x 10 M) 242 nm

]
i F AN

AULPENINEN
AT iEN A

on profile of poly (2,4,5-TCPA)

Fig. 2.2 Concentration-Absorpti

-4
in chloroform: conc = [G.EBGxABS—O.l#S}xlﬂ M

corr. coef. = 0.994
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Table 2.9 Relationship between concentration and ultraviclet

absorption of poly (2,4,5-TCPA-co-MMA)

Poly Heig;htIl Absnrbanceh
(2,4,5-TGPA-co-MMA) (g)

0.543
0.688
0.782
0.710
0.750
0.683
0.831
0.648
0.521
0.597
0.783

0.822

0.650

At et -
RISV ANy 18
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Table 2.10 Relationship between concentration and ultraviolet

absorption of poly (2,4,6-TCPA)

Concentragtion Absorbance at
(x 10 M) 241 nm

Fig. 2.3 Concentration-Absorption profile of poly (2,4,6-TCPA)
in chloroform: conc = IEE.EQxABS—l.EEE}xlﬂ_4H

corr. coef. = 0.994



Table 2.11 Relationship between concentration and ultraviolet

absorption of poly (2,4,6-TCPA-co-MMA)

Poly ﬂeighta Abaarbanceb

(2,4,6-TCPA-co-MMA) (g)

0.865
0.788
0.867
0.628
0.823
0.805
0.841
0.827
0.876
0.826

0.983

o-v1 1 0.925

[ — QL
A UELANANINGINT

RIRASH N Ingay
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Table 2.12 Relationship between concentration and ultraviolet

absorption of poly (4-Cl-3-MPA)

Conﬂentgﬁtion Absorbance at
(x 10 M) 242 nm

0.921
0.T745
0.599
0.365

C A

NINBING
ARINNTURATINENY

Fig. 2.4 Concentration-A»sorption profile of poly (4-Cl-3-MPA)

in chloroform: conc = fy.lﬂdxnns-ﬂ.JEJJxla*4H

corr. coef. = (0,995




Table 2.13 Relationship between concentration and ultraviolet

absorption of poly (4-Cl-3-MPA-co-MMA)

30

Poly H:ighta ﬂhsorbanceh
(4-C1-3~MPA-co-MMA) (g)

0.410
0.TNn
0.794
0.725
0.763
0.753
0.605
0.682
0.713
0.727

d 0.869

0.704

ﬂymmmwmm
QRIRNSTUNING 1A Y
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2.6 Determination of Monomer Feed Composition by Gna-Liguid
Chormatography

A certain amount of the chlorophenyl acrylate monomer and
methyl methacrylate was dissolved in benzene (10 mL). It was then

added n-dodecane (0.3513 mole/1.2 mL) into the solution as an

internal standard . The was sought at which the

‘//i », benzene and n-dodecane

chlorophenyl acrylat-

peak could complete: ing solution of various

concentrations cof different chromatogram
were recorded . ofile of each standard
monomer was the #fc’ p= I| W pesk area against its
concentration (Tab 4 Lo \ | -2.8).The concentration

of each mnomﬁr' g ‘“-,\ “ ter heating was then

The gas chrn__‘ : — quipped with 2a 2 m x 3 mm i.d.

stainless ste N ) on Chrom W-AWDMCS.

All determinaledd W tion. The conditions

oy "y

for analysis e as foitows & Column telderature program , 40°c

(held for mﬂﬂn 230°C_ (h8M for U miy 16 ° C/min; FID
tempuraturﬂ;u ’;Jhmilm ﬂﬂ’jﬁ ESOQC ; detector
attenuati vn} range, 25x103 "m’-’.‘i’ - Mer gas ﬁl ogen at 30
ARSI A"
ratan.l hydrogen at 0.5 kg;'cnz and air at 0.3 kgfcmz .

Results from monomer feed determination by GLC are
collected in Table 2.18-2.21 where Au and At are the area ratios

between monomer and n-dodecane at the initial and final condition,

respectively.
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Table 2.14 Relationship between concentration and peak area of

the standard pentachlorophenyl acrylate and methyl
methacrylate
meclar concentration ) area
MMA FCPA
5.0322 1.0522
3.4554 1.8385
. 0606 2.9884
-3707 3.4362

L

6.0000

area

a;ﬂﬂﬂ '4’ "" I '

Fig. 2.5 Concentration-Peak Area profile of

a) MMA : conc = 0.2066xArea+0.0255 ; coIr. coef.

h) PCPA : conc = 0.1369xArea+0.0050 ; corr. coef.

0.9994

0.9999
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Table 2.15 Relationship between concentration and peak area of

the standard 2,4,5-trichlorophenyl acrylate and methyl

methacrylate

molar concentration area

[MMA] [2,4,5- MMA 2,4,5-TCPA

6.0000

¥

area

0.0000

conc

Fig. 2.6 Concentration-Peak Area profile of

a) MMA : conc = 0.2129xArea+0.0343 ; corr. coef. = 0.9998

») 2,4,5-TCPA : conc = 0.1015xArea+0.0305 ;

corr. coef. = 0.9998"
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Table 2.16 Relationship between concentration and peak area of

the standard 2,4,6-trichlorophenyl acrylate and methyl

methacrylate

molar concentration area

MMA 2,4,6-TCPA

[MMA] [2.

4.7093
3.4028
2.6819
2.0562

5.0000 ¢

area

0.0000
conc 1.000 cong 0.8000

Fig. 2.7 Concentration-Peak Area profile of

a) MMA : conc = 0.2137xArea+0.0302 ;cOIr. coef. = 0.99939

b) 2,4,6-TCFA : conc = 0.1495xArea-0.0051 ;

corr. coef, = (0.9998
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Table 2.17 Relationship between concentration and peak area of

the standard 4-chloro-3-methylphenyl acrylate and methyl

methacrylate
molar concentration area
4-C1-3-MPA
1.1330
2.3110
3.1360
4,.1570

5.0000}

area

Ll

Fig. 2.8 Concentration-Peak Area profile of

a) MNA : conc = 0.2240xArea+0.0040 ; corr. coef. = 0.9998

b) 4-Cl-3-MPA : conc = 0.1470xArea+0,0110;

corr. coaf, = 0.99%96 .




Table 2.18 GLC analytical data of the copolymerization of MMA with

PCPA

MMA

PCPA

TIME A

(hr) MMA PCPA

D0.3002
0.2388
0.5170
0.6601
2.5444

2.4801

;o

CAF

AULINYNTNYINS

QRIANIUNNINGA Y
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Table 2.19 GLC analytical data of the

copolymerization of MMA with

2,4,5-TCPA
A TIME A,

MMA 2,4,5-TCPA M b (hr) 2,4,5-TCPA
1-6 3.6519 e 0.0335
I1-9 §.7412 | ¢ 0.3346
ITI-40  2.534C AN ; 1.9764
V-60  1.891% J0. 73 AR N N 2.9183
V-65 1.2475 [ )30 LY 3.3681

L dF

AU ININTNYINT
ARININTUNRINGINY

37
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Table 2.20 GLC analytical data of the copomerization of MMA with

2,4,6-TCPA

ﬁn TIME ' ﬁt

MMA 2,4,6-TCPA (hr) MMA 2,4,6-TCPA

I-10 5.1862 F4.7047 0.6983

II-10 5.1862 . 3808 0.6448
III-50  1.2096 AN -““w.%ﬁ 1.4067
IV-50  1.209F R 2 1.0715

v-80 0.4450 - AN N\ 2.2180

Table 2.21 GLC analy xg‘_ﬁw" , y W olymerization of MMA with

4§-C1-3-MPA =
»

MMA 4-C1-3-MPA

(hr) l-Cc1-3MPA
‘a Q/
I1-10 0.2605
Skl
W’iﬁiﬁﬂ‘iﬂmm 'Zlil’ﬂﬂﬂ!m
V-40  2.1263 2.5674  9.30 1.2273 1.5109

V-B80 0.5415 2.8742 9.30 0.0987 1.3612
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