CHAFTER II

EXPERIMENTAL
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2.1 General information
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without further pigf
Fluka and purified by

Vinyl acef
e It was then washed

shaking with 10 s iy
several times w: di JEE%EZE dried hydr SAG
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All of them were distilled before used.
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used to obtain the

The following instruments were

spectroscopic data and an elemental analysis

UV-Visible spectrophotometer, Shimadzu, model UV 240 with 10

nm matched quartz cells,
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Infrared Spectrophotometer, Perkin-Elmer, model Perkin-

Elmer 780, with grating infrared spectrophotometer,

Fourier-transform NMR spectrometer, Jeol, model JNX-FX s0Q,

Mass spectrometer, Jeol, model JMS-DX 300/JMA 2000 » with

electron ionization source

2.2 Syntheses g

s Mmodel Perkin-Elmer 240

2.24 (BcPa)

was prepared by the
reaction of pentachl 'v18v1 chloride in the presence
of triethylamine ee-necked round bottom flask
(500 ml, equ .,&:L;;‘;;E:J:.:;-;:ram::m"__.._:.:;.:a en inlet) was charged
with toluene t -;'€24 g , 0.09 mole) and
triethylamine [15 E ml, 0.11 mnle} The solution was then stirred

e ot S I AR i o mio

mole) was 1ow1y added }hrnugh a drnppxng ur nel . White
WMﬁhﬁ:’m Wx’]:’g;ﬂ%lm The reaction
nlturad by thin layer chrematoaraphy with silica gel as the
adsorbent using chloroform as the eluting solvent. After the
reaction was completed (disappearance of starting material as shown
by thin layer chromatographyv), the solution was allowed to warm to

room temperature. It was then filtered and washed several times with
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distilled water to remove unreacted acryloyl chloride. The toluene
layer was dried over anhydrous sodium sulfate and filtered, then
removed the toluene by vacuum distillation. The remaining brownish
solid was recrystallized from methanocl to yield 25 g (B7 %) of

pentachlorophenyl acrylate as a white solid , m.p. 78-79 °c

(s8 °c, 75 %, 82.5 %C).

Spectroscopic data:

IR (KBr) 5635 (w), 1415 (m), 1385 (g),
325 (m), 1140 (s), 1130 (s),
m), 780 (m), 710 (m) cm™|
v {CHcla} )
NMR {CDclal i 1” .- B B8 ppm
MS ; % RA  3.00

% RA 4.68
% RA 3.00
% RA  0.97
I pase pdek) % RA 51.95

Elemental ann%ijisd

AU AnaNI NN,
RIS IATaMRY

9

2.2.2 2,4,6-Trichlorophenyl acrylate (2,4,6=-TCPA)

In the same manner as described in 2.2.1, 2,4 ,6-

trichlorophenol (11.8 g,0.06 mole) was reacted with acrylovl
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chloride (6.1 ml, 0.08 mole) in the ence of triethylamine (10.4
ml, 0.08 mole). When the solvent was removed to give remaining
brownish liquid, the residue was purified by column chromatographic
method (packed with silica gel) using benzene as an eluent to yield

13.5 g (90 %) of 2,4,6-trichlorophenyl acrylate as colourless

liquid. (Decomposition point

Spectroscopic data

IR(neat) o0 (s), 1635 (m), 1570 (s),
n (=), 1295 (m), 1225 (=),
120 (s), 1015 (s), 980 (s),
5), 820 (s), 770 (8) cm™
uv (CHC1,)
339 )
307 )
NMR chClz.} }, 7.36 (s, 2H) ppm
MS i) s ra 9.68

% RA 9.42

RA 3.0%9

ﬂUB?ﬂUﬂiﬁﬂﬂﬂimmﬁ
mammmmuﬁﬁﬁ%ﬁ’ﬁ

found : %C, 43.22 , 5&H, 2.5

caled. for CEHEGZCIB : %C, 42.94 , 5%H, 1.9%
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2.2.3 2,4,5-Trichlorophenyl acrylate (2,4,5-TCPA)}

In the same manner as described in 2.21,; 2,4,5-
trichlorophenol (23.6 g, 0.12 mole) was reacted with acrylevyl

chloride (12.2 ml, 0.15 mole) in the presence of triethylamine

( 20.8 m1, 0.15 mole). 4olvent was removed, the remaining

residue was recrystal Bpol to yield 27.6 g (92%) of
2,4 ,5-trichlorophe 4 olid, m.p. 63-64 .

Spsctr&scupic data

IR (KBr) ,
’\ \ 350 (m), 1140 (s), 1120 (s),
990 (m), 895 (m), 795 (m) cm
UV (CHCL,) P 2496 (e 1800)
Vi - ‘:;'ﬂ' )
NMR  (CDC1,) J 5.00-6.80 (My3H), 7.34(s,1H),

. AUE? nﬂnfwﬂﬁmm
amaﬂmmuﬁﬁ%ma’ g

55 (base peak) % RA 50.58
Elemental analysis
found : %C, 42.89 ; %H, 1.92

caled. for CBH502C13 : %C, 42.94 ; %H, 1.99

N 55 (s), 1630 (m), 1455 (m),

-1




2.2.4 4-Chloro-3-methylphenyl acrylate (4-C1-3-MPA)

In the same manner as described in 2.2.1, 4-Chloro-
3-methylphenol (10.8 g , 0.08 mole) was reacted with
acryloyl chloride (7.7 ml, 0.09 mole) in the presence of

When the solvent was removed,

triethylamine (13.1 ml,
the remaining liquid wa olumn chromatographic method
{ packed with zene as an eluent to  yield

12.75 g (85%) acrylate as colourless

liguid (deccmpos

Spectroscopic dats

IR (neat) 320 (w), 1750 (s}, 1635 {(m),
m), 1580 (m), 1480 (s), 1405 (=),
=2 -ef
TR 3Q~(s), 1160 (s), 900 (m),
UV (cHCl,)
NMR (CDC1, s, 3H), 5.92-6.53 (m, 3H),

ﬂumwnmmm
awwmnﬁuui&wm Tag.

55 (base peak) Intensity 1000.0

ity 235.6

Elemental Analysis
found : %C, 61.19 ; %H, 4.60

calecd. for C1uH902C1 : ®%C, 61.07 ; %H, 4.58

013041
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2.3 Preliminary study of copolymerization

2.3.1 Bulk polymerization

A dried test tube (10 ml) was charged with

pentachlorcphenyl acrylate(PCPA), vinyl acetate(VAc) and benzoyl

pernxida(ﬂzzczl- After the

minutes, the tube wds Jd M s constant temperature bath at

60 °C. The observabson-da ﬁi‘ahle 2.1,

yre was purged with nitrogen for 10

Table 2.1 Bulk of i7atign of pentach orophenyl acrylate

with

PCPA VAc zgds " observation

(q) (q)

0.m 72 4.':‘ viscous solution

0.0470 4.24 viscous solution

0.0783 4.1861 c- 0485 5 viscous: aciution

i ‘LTEI ’J”‘V’I‘ﬂ NN YT e

berry praduct in hexane
0 1@%’} ﬂq‘ ﬂc!?m ll W‘]fs ﬂﬂfrﬁ:ﬂ solution to
give 0.1972 g of white
precipitated in hexane

0.1563 4.1950 D.0430 5 opague viscous solution
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After the reaction was worked up, the reaction
mixture was diluted with benzene and precipitated in hexane, to give
the rubberry material. Attempts to precipitate using other
nonsolvent, i.e. ether and light petroleum ether, also gave the same

tacky polymer.

Copoclymeris 2,4,5-trichlorophenyl

acrylate (2,4,5-TCPA™S tate by bulk peolymerization

technic was results were observed

{Tabla 2.2).
Table 2.2 Bulk copdlyfledZa 5# 2,4,5%trichlorophenyl acrylate

2,4,5-TCPAa observation
(gl &
)
0.0120 4,278 0.0485 5 “ viscous solution

i F'T"LTEI ¢ VIU W TW AT

.0 viscous snlut:l.nn
BRI TEUNIINEAR L < =
rubberry product in hexane
0.129 4.3109 0.0500 2.45 opagque viscous solution
to give white precipitate

in haxane
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2.3.2 Solution Polymerization

The polymerization tubes were each charged with
a,n'-azobisisobutyronitrile, benzene (10 ml) and with the guantities
of the acrylate monomers and vinyl acetate given in the Table 2.3.

Some of the mixtures were purged with nitrogen for 10 minutes in

order to scavenge oxyge: Tl )F iolution before heating. These

solutions were thei, ISatec at‘miffarant temperatures and

different length gfed reactions was gquenched,

the polymer was pitated to obtain white

solid. The perce ge from 0.45-38.00 %.

0 benzene and then applied
developing solvent, the
chromatogram was obtaine ‘ led Bhat no contamination of the
starting monomer on the e : uct. Some of these products was

also examined DY method).  Furthermore,

the UV-Visibletds e dt these polymers were

H |
|
=

it
|
i

recorded to de ine the incorporation oF the fungicidal monomer

" HUHINENTNGIN
RINNIUUNIININY



Table 2.3 . Solution polymerization

13

Monomer weight, Vinyl Acetate, Conversion r,."
I.’H‘I-l LI L

FCPA 0.8805 38.0 -

PCFA 1.4194 0.45 =

PCPA 0.62Z20 1.6 0.5993

2,4,5-  0.6194 23.0 =

TCPA

2,4,5- 0.5036 8.5 0.5151

TCPA

2,4,6- 0.7639 7.6 0.573

TCPA

2,4,6- 0.4789 6.4 0.608

TCPA .

4-Cl-3- 0.9792 435 | 0.0160 60 22 0.710

t-c1oo- 1208 ﬂ ‘H%II’J ¥ &l‘m N &nm 2o 0

ﬂﬂ’lmﬂﬁm TAANTA Y

F = The mole fraction of the chlorophenyl acrylate in copol ymer
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2.4 Solution copolymerization of fungicidal acrylate monomers with

vinyl acetate

2.4.1 Pentachlorophenyl acrylate with vinyl acetate

The polymerization was carried out by thoroughly

mixing certain acetate with pentachleorophenyl

acrylate in 10 ml n the reaction cell. Eight
reaction cells contained giff enéctiun of pentachlorophenyl
acrylate comonome ‘:-f-q‘s_\ g .7, 0.6, 0.5, 0.4, 0.3,
0.2, 0. an 0.4 #J. It was then added
0.0164 g of, o.jg
After heating a of ] pr 9ne he the mixture was cooled and
dissolved in benze aBodt o4l 1\‘ solution was then added
dropwise into 300 ) vigorously stirring and the
copolymer precipitated powder. The copolymer was
filtered, redis _—— igitated into hexane, and

\ y
filtered before :.' ] : ‘ t weight .
J J
F:.]Plly, the drlad precipitate was chromatographed

on a tlcﬂa‘H %%Hﬂﬁwﬂlﬂﬁoﬂnﬁ acrylate and using

methanol as" the developing ‘sulvant It revealed that neither monomer

~HARINIUMAAINY IR~ = =

faed:.ng ratio of pentachlorophenyl acrylate and vinyl acetate

was repeated twice. The polymerization data are listed in Table 2.4.
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Table 2.4 Data for copolymerization of pentachlorophenyl acrylate

with winyl acetate in benzene

Poly PCPA VAc copolymer conversion

(PCPA-co-VAc) (g) (g) (g) (%)

first run

11 0.166% 6.7
II-1 0.1603 7
III- 0.1286 6.4
v 0.1535 8.5
V-1 0.1500 9.6
VI 0.1527 11.6
VII- 0.0202 1.9
VIII- 0.0200 2.1
second run
I-2 ”l 0.719 8.96
I1-2 1 HBET I.'I 3670 017 7.74
ﬂﬂﬂ‘?ﬂﬂﬂ‘?ﬂmﬂ‘ﬁm 1
V-2 1.2108 0. 5355 o ZEE 15.24
ﬁW’lﬁ\‘lﬂ‘ﬁUNﬁ%ﬂmaH
vi4z ] 0.4519 0.7385 0.1100 g.21

2.4.2 The novel chlorophenyl acrylate

The same general procedure as that given in 2.4.1 for

the copolymerization was used, except the amount of the monomers as

_ shown in Table 2.5, 2.6, and 2.7.
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Table 2.5 Data ‘for copolymerization of 2.4 ,6=trichlorophenyl

acrylate with wvinyl acetate in benzene

Poly 2,4,6-TCPA VAc copolymer conversion

(2,4,6-TCPA-co-VAc) (qa) (gl (gl %

first run

141 0.1973 9.7
T1.4 0.1852 9.8
III-1 0.1487 8.7
V-1 0.1303 8.5
V-1 0.1250 8.8
VIl 0.0980 8.1
VII- 0.0079 0.8
VIII-1 0.0091 1.0
second r
1-2 0.2591 1217
1T-2 . 1.3857 19 0.1409 7.9
“IﬁuEI’J WW?WUTﬁ’ﬁ g
0.1782 6.18
AN IUIAINAY "
VI-2 0.4789 0.6990 0.0765 6.4

VII-2 0.2372 0.7802 0.02 1.97




Table 2.6 Data for copolymerization of 2,4,5-trichlorophenyl

acrylate with vinyl acetate in benzene

Poly 2,4,5-TCPA VAc copolymer conversion

(2,4,5-TCPA-co-VAc) (g) (g) (g) %

first run

I-1 0.1574 7.9
111 0.1416 7.8
TII- 0.1763 10.6
™v-1 0.1269 8.4
V-1 0.1128 8.4
VI-l [P ] 8.5
VII 0.0614 5.9
VIII- 0.m13 1.2
second run
I-2 0.16 8.2
II-2 1.2826 0.421 ' D.16 .58
= AUHINININEANG o e
Iv-2 0. 93‘95 I‘.‘.L 5424 0 113 T.72
PWAMNIHUNIRU A o
0.3848 0.7292 0.113 10.14

VIiIi-2 0.1534 0.8084 0.023 2.45
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Table 2.7 Data for copolymerization of 4-chloro-3-methylphenyl

acrylate with vinyl acatate

Poly 4-Cl-3-MPA VAc copolymer conversion

(4-Cl-3-MPA-co-VAc) (gl (gl (gl %

first run
I-1 0.1 93 1.7
II-1 0.0450 2.83
III- 0. S0 1.23
Iv-1 0.0228 1.59
V-1 0.0190 1.45
VI 0.0 64 1.39
VII- 0.0 92 1.7

second run
I-2 0.9 1.2
I1-2 0.027 1.8
III-2 : 0.9268 0.4390 0.m7 1.22
AU NN
055.02 06193 'IJD14 117

-

11

’QIW’I AN FEHUN VIR 1A

'J' I—Z 0.1867 0.7877 0.3 1 .31
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7.5 Homopolymerization of the chlorophenyl acrylates

By using the procedure described in section 2.4.1, 0.01 mole
of each of the chlorophenyl acrylates was homopolymerized in 10 ml

of benzene in the presence of o,a'-azobisisobutyronitrile (0.0164 g)

as the initiator. =4 of reaction, the corresponding

homopolymer was by  both thin layer
chromatography oscopy . Exceptionally,
homopolymeriza ate was carried out in
toluene instead héinopolymers obtained are

listed in Table

Table 2.8 Homopo ' -0 ghe c¢RloFophenyl acrylates

monomer weight of weight of
I"' or,(qg) product ;(g)
)

PCPA benzeng & 3.2028 g 0.0162 1.6259

e ﬂum D1 p—

2,4,6-TCPA banzene 23654 0.0154 0.7724

z mmmn FUUAINYANEY ome

4-Cl- 3--H?A benzene 1-8N38 0.01 74 0.3732




2.6 Determination of copolymer composition by Uv-Visible spectroscopy

A certain amount of each copolymer and each homopolymer was
individually dissolved in chloroform (Table 2.9-2.16). A
wavelength was sought at which cne homopolymer and its copolymer

showed a characteristic and the homopolymer of the other

constituents did no _‘ 4@ found that the wavelength at

240 nm is sultabdeses . @y preparing solutions of

various concentratiga

- sarpt:l.nn profile of the

‘ \ N
homopolymer was nef = BB \\l\ e} the absorbance against
N

tions ( Figure 2.1-2.4).

spectra were

the concentration
The absorbance at @auSlent : nlofithe known concentration of

o Ly obtained from their
fr‘i{
UV-Visible spectra. Th B—the—To ation of the desired residues

the corresponding u;,-

in the copolyme® calibration curve.

ﬂUEl’JVIH‘VI?WEI’]ﬂ‘i
ammn‘smum'mmaa
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Table 2.9 Relationship between concentration and UW-Visihle

absorption of poly (PCPA)

concentration absorption peak height*

{ ppm) at 240 nm (em)**

1.020
1.880
4.190

9.890

= mﬂfficiant
"] fJ ﬂ EJ 'Ta-gr:n:::::n peak height

r = correlation

E
>
100.00

height tm.hp%

concentration (ppm)

Figure 2.1 The concentration-absorption profile of poly(PCPA)
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Table 210 Relationship between concentration and UV- Visible

absorption of poly(PCPA-co-VAc)

—

Poly concentraticn absorption concentration

peak height of PCPA*

(PP A-co-VAc) of copolyme,

240 nm {(ecm) | { ppm)

first run

I-1 35.89
II-1 5110
III- 30.73
IvV-1 42 .44
v 30.04
VI-1 23.74
VII-] 24.75
VIII .06
second run
I-2 22.39
o AUEMENINEANT
IT1-2 32.6 ¢ 8.20 30.04
~ % WIANN:BEU URITNENAY =
V-2 28.2 6.93 24.87
VI-2 30.5 ; 7.37 26.66

* gbtained from the concentration-absorpticin profile in Figure 2.]
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Table 2.11 Relationship between concentration and UV - Visible

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

concentration absorption peak height

{ ppm) at 240 nm (cm)

sl

AT

o el

—>
500.00
concentration (ppm)

Figure 2.2 The concentration-absorption profile of poly (2,4,6-TCPA)
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Table 2.12 Relationship  between concentration and UV-Visible

absorptiion of poly(2,4 ,6=TCP A-co-VAc)

Pol concentration of absorption concentration
¥

peak height of 2,4,6-TCPA

/_;t 240 nom (cm) { ppm)

(2,4,6-TCPA-co-VAc) copol 4’1_"'

first run
I-1 219.65
I1- 142,16
I11-1 153.56
Iv-1 119.37
V-1 123.93
VI-l 98.86
VII-1 135.33
VIII- 152.63

second run
1 TT 5] 158.18
3% 5% ﬂuﬂqwﬂnjwalqmﬁ 156.41
2w 3.2 145.32
q NN INENRY e
183.4 3.5 146.65
VI-2 199.86 3.44 159.96
VII-2 17 .5 2.58 120.92

* pbtained from the concentration-absorption profile in Figure 2.2
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Table 2,13 Relationship between concentration and Uv-Visible

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

concentration absorption peak height

(ppm) at 240 nm (cm)

3.768 0.420
9.421 0.880
23.55 2.750
58.88 6.340

(s
AT

T

0.026

r = 0.998

60.00
concentration (ppm)

Figure 2.3 The concentrtation-absorption profile of poly(2,4,5-TCPA)
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Table 7 .14 Relationship between concentration and Uv-Visible

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

Poly concentration of absorption

(2,4,5-TCPA-co-VAe) copolymer peak height

concentration

of 2,4 ,5-TCPAa

at 240 nm(cm) {ppm)
first run

I-1 34.52
I 43.27
III- - 56.1 7
Iv-1 60.78
vl 41 .43
VIi-1 3B.12
VII-1 40.51
VIII- o 37.75

second run - “

A0 37.75
=~ AUEARNINEMG -
III-2 41 . % 34 .98
ARNININUUMT MNGY oo

64.7 539 49.63
VIi-2 59.8 5.08 46.78
VII-2 52.9 4.10 37.74

* obtained from the concentration-absorpticin profile in Figure 2.3
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Table 2,15 Relationship between concentration  and UW-Visible

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

concentration absorption peak height

{ppm) at 240 nm (cm}

ANk 'nwmaﬂ

100.0

concentration (ppm)

FiEe 2.4 The concentration-absorption profile of polyl(4-Cl-3-MPA)




Table 2.16 Relationship between concentration and UV-Visible

absorption of poly{4-Cl-3-MPA-co-VAc)

Poly concentration absorption concentration

peak height of 4-C1-3-MPA

{(4-Cl-3-MPA-co-VAc) of copolymer

at 240 nm (cm) { ppm)

I-1 54.15
II-1 B6.96
III- 48.99
V-1 70.36
V-1 57.79
VI-1 47.74
VII-I 50.25
second run
I-2 f}' 56.84
I1-2 774 : 61 .43
-~ guiineningms o~
Iv-2 49. 5 3 12 - 36.7
AN IUUMNINGIAY =
54.4 3.45 40.78
VII-2 65.4 3.85 45.88

* obtained from the concentration-absorption profile in Figure 2.4
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2.7 Preliminary study of copolymer composition by proton NMR

2,4,5-TPCA (0.1593 g), vinyl acetate (0.1334 g) and poly
(methyl methacrylate) (0.0511 g) were mixed with AIBN (0.0070g) in
deuterated benzene (2 ml) in the NMR tube (0.5 cm in diameter).
After complete dissclutic the tube was inserted in NMR-probe

whose temperature wagJSel 4t €0 3 The proton NMR spectrum of the
mixture was then? i ; 7 ain length of time during 3

hours of reactaef® _La€sc, ;'ygkﬁﬂhighhhfton NMR spectrometer was
Ny

particular adjuSte s §xpe £ 289following.

Hz
o
s , 60 pulse angle
sec
pulses

.l.IJ |
Non decoupling

Ho%? of lrradiatlan

A LS HEHEN gy

Tamperaturn

QW’WMﬂ‘iﬂJﬂstﬂﬁl’laﬂ

The polymer product remained in the mixture throughout the

course of this study.

1710292\ B
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