CHAPTER III

RESULTS AND DISCUSSION
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yield as shmm in Table 3.1.

Pentachlorophenyl acrylate and 2,4,5-trichlorophenyl
acrylate were whité solid with melting points 78-79 % ard 63-64 oc,
respectively. 4-Chloro-3-methylphenyl acrylate and 2,4,6-trichloro-

phenyl acrylate were colourless liquid. Both compounds have the
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decomposition points at 120 °%c, 10 mmHg. Attempts toO purify these
two compounds by  vacuum distillation were unsatisfactory.
Furthermore , the decomposition products were generated in the
solution mixture as shown by tlc. They were thus purified by column

chromatography using benzene as an eluent and silica gel as a

packing material.
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All these products were clearly identified by infrared , proton
ed

nuclear magnetic resonance and mass spectroscopy. The cbserv

elemental analysis values of these compounds agree very well with

the calculated ones (Table 3.2).
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3.1.2 Structural elucidation of the synthesized chlorophenyl

acrylates

3.1.2.1 Pentachlorophenyl acrylate

The infrared spectrum of pentachlorophenyl

acrylte and its assignmentywerd lshfghgin Figure 3.1 and Table 3.3 ,

rption band at 1635 cm™>

respectively. It shoudSy
which is assigned _teww@=C StrétchifigvmdioEmally , this band is a
characteristic peaie® ooafMofigier kin fred radagal polymerization and

will disappear whei
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Figure 3.1 Infrared spectrum of pentachlorophenyl acrylate (KBr)



Table 3.3 Assignment of the various important bands in the infrared

spectrum of pentachlorophenyl acrylate

Abscrption bands tcm_l ) assignments

C=0 stretching vibration

‘// . C=C stretching vikbration
d-ﬂ bending vibration ,

———

vinyl terminal

1760 (s)

1635 (m)
1410 (m), 1385 (s),
1140 (s), 1130 -0-C stretching vibration

980 (m) gt § =C-H bending vibration

795 (m), 780 (m),
\\
qure 3.2) shows the

maximum absorption at 240 Am— s f fole © am ') This confirms the

Its O

presence of a benZe acrylate.

200.0 225.0 250.0 275.0
WAVELENGTH (nm)

Figure 3.2 UV-Visible spectrum of pentachlorophenyl acrylate [CHC13]|
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The mass spectrum of this compound (Figure #.3)
exhibits the molecular ion at m/e 318. The ratio of M':M+2:Mtd:Mi6
is 100.0:163.0:106.0:34.7 which is the characteristic of molecule
contain 5 chlorine atoms. The base peak at m/e 55 is due to the

vinylacylium ion resulted from the clevage of C-0 bond.

o
Cl Cl
H,C =CH
¢ i o
Frr
+
0 So c
Cl
(& ]

ment ion at m/e 264 which

corresponds to the phenolif’ [taining five chlorine atoms.
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Eventhough the NMR spectrum of pentachlorophenyl
acrylate has been reported in the literatures (27, 28, 29), the
clear interpretation of its spectrum is not mentioned. Thus it is

worthwhile to deduce the structure of pentachlorophenyl acrylate by

NMR spectroscopy here.

The NMR wtachlorophenyl acrylate in

deuterochloroform shoWSst 1n: in the range between

6§ 6.08-6.90 com ':F17 ' -. e due to the wvinylic
r— o \
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Fiqure 3.4 ~H-NMR spectrum of pentachlorophenyl acrylate (CHCl,)
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* frem the Aldrich NMR ¢atalog vel .3, 1975



protcns. A well defined pair of doublets at § 6.10 and 6.21 ppm
(] = 3 Hz) is assigned to the geminal proton trans to the
chlorophenolic carboxyl group {HA'J . The other well defined pair of
doublets at & 6.67 and 6.86 ppm (J = 3 Hz) correspords to the

other geminal proton cis to orophenolic carboxyl group IIH.E} .

The signal for ast Vi (Ho), which is gem to the

chlorophenolic appear as a pair of

doublets due to the'C Hz) and with Hy {(J

BC

= 18 Hz) joublet falls at the same
positions of [ Prgtons. Svefore only one of
each doublet 1is CObsg 1 in the| spe e. & 6.41 and 6.53
ppm. This patternls SiE:s “to ‘those \\ vlate compounds (Figure

3.5a and 3.5b).

above spectral evidences the

—ephenyl acrylate.
..f' J
3&2 - a;:rylate

and the assignment of
245-tri M lﬂﬂﬁﬁiiﬁﬂﬂu 3.6 and Table 3.4,
mﬁr cu here that the

abscrp!ion E?m B ﬂtchlng , will

disappear if a polymer is formed.

synthesized compcln
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adrtant bands in the infrared

spectrum of F#‘r Fr 3Gk ophenyl acrylate

Absorptionb ba d '“ cm assignments

3090 (w) mu Eiﬁ qn El VI %’w ﬂjﬂiﬂ stretching vibration

QRN T M I

1450 (s), 1390 (s), 1410 (s) 1300 (s) C-H stretching vifbration
1225 (s), 1120 (s) c-O-C stretching vibration
970 (w) —c-H bending vibration

855 (s), 820 (s) c-Cl stretching vibration
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2.4, §—trichlorophenyl acrylate also exhibits

ultraviolet absorption maximum at A o 240 nm ( € 790 mle’l.m']‘]

#

with additional absorption at Amax 285 mm ( & 307 mle-l.cm )

and S 275 nm ( € 339 mle'lim_lll{l’igure 3.7). This is consistent

with the presence of a benzene ring in the molecule.

The NVR spictrum) 0% 2.4 trichlorophenyl acrylate in
deuterochloroform 1is Samils: entachlorophenyl acrylate

with the additiorf-" nglét, Jtea, .36 ppm (2H). This is

yxygen atom in benzene

spectrum, 6 6.02-6.82

pom, with an integFa protons are due to the

vinylic protons. With#n 2t ' this region, two pairs of

doublets are clearly ok . pattern is thus indicative of

the vinylic --, iral protons. NS L
“ﬁ =, l't- ompound also exhibits

uJ
(Figure 3.9). The nialecular ion at m/e 250 shows characteristic of 3

ilctos aﬂfﬁuﬁ@ 1'I‘I"H PENGTA T o =

55 due to the v ion
QRN 0 ll‘ﬂ%“'mﬁm}“e cievag of
# ""ﬁ" the C-0 bond, the same as in the
o] 0
s, - RNyl N case of pentachlorommyl acrylate.

Cl Cl
Tt also shows the other fragment
c1 ion, 2,4 ,6-trichlorophenolicium

ion at m/e 194.
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Figure 3.8 'H-NMR spectrum of 2,4 ,6=trichlorophenyl acrylate ICDCJ_a}
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3:1:2.3 24, 5-Trichlorophenyl acrylate

Fiqure 310 and Table 3.5 are the infrared spectrum of
2,4,5—trichlorephenyl acrylate and its assignments, respectively.
The C=C stretching also appears clearly at wavelength 1630 an: in

the spectrum.
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Table 3.5 Assignment of the various important bands in the IR

1

spectrum of 2,4,5-trichlorophenyl acrylate (value in cm )

Absorption bands ( t:m_ll assignments

arcmatic C-H stretching vibration
tretching vibration
Eegstretching vibration,

terminal

1405 (m), 1 C-H\bemding vibration

1240 (m), etching vibration
1120 (s)
990 (m 2 ‘ bhending vibration

890 (m), 800 (m)4 | stretching vibration

680 (m) e A
\Z ‘.
2_49_ ichlo STy e exhibits the
u
ultraviolet absorptithlba:ﬂ at A 240 nm ( € - 1800 mle"l-m'lj

e AR DHHNTHEMNG zom ¢

igure 3.11) gwhich is_ similar to‘,both mentioned

—AR1AINTAUNINYINY

In the NMR spectrum of 2,4,5-trichlorophenyl acrylate
(Figure 3.12), the pattern of the vinylic geminal protons which is
two pairs of doublets can again be identified easily. The two
singlets at & 7.34 (1H) and 7.55 (1H) ppm are assigned to the

phenylic protons ortho- and meta- to the oxygen atom. Therefore the
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Figure 3.12 ‘H-NMR

spectrum of 2,4, Ss-trichleorophenyl acrylate (CDCl 3}
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NMR spectrum seems to support the structure of 2,4,5-trichlorophenyl

The mass spectrum of 2,4 ,5-trichlorophenyl acrylate
(Figure 3.13) exhibits the molecular ion peak at m/e 250 . The ratio
of M*iMi2:M#d is 100 : 97.8 : 31.9 which show the characteristic of

the molecule contains 3 chlgpine atoms. The base peak at m/e 55

,/ ts for the formation of the

Hzc=?{ — éylium ion. It also shows
¢ 1]

2,4,5-trichlorophenc—
at m/e 195 which

e presence of 3

acrylate (4-C1-3-MPA)

2 ,--""- 3.6 are the infrared

d-chlbpa-3-methylphenyl acrylate (4-Cl-3-MPA) and its

mmmﬂ R N DRI o o 1635 o7 5
WS AR

chserved. These bands are belong to the aromatic C=C stretching.
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Table 3.6 Assig ant bards in the infrared
spectrum o £ gakat | phenyl aci:‘ylate
Absorption Bai 1‘,;——:‘_=-, snts

Y
sﬁetching of CHj,

aromatic C-H stretching

AL N El 19 V¥ G viesson

'_
3050 (w), zgsnmwl

1635 (m) e stretr:h vibration,
143D (s) C-H bending vibration, r:.'I-]3
aromatic
1409 (s), 1300 (m) C-H bending vibration,
vinyl terminal
1250 (s), 1230 (s), 1150 (s) C-0-C stretching vibration
985 (m), 900 (m) =C-H bending vibration

800 (m), 680 (m) c-Cl stretching vibration
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Figure 3.16 ‘H-NMR spectrum of 4-chloro-3-methylphenyl acrylate ICDC.‘;EJ
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4-Chloro-3-methylphenyl acrylate also exhibits the
ultraviolet absorption band at A 240 nm ( & 2272 mle_l_m'll x

(Figure 3.15) Thus a benzene ring is confirmed to be in the molecule

The proton NMR spectrum of 4-—chloro-3-methylphenyl

acrylate in deuterochloroform(Figure 3.16) shows two pairs of

doublets at & 5.94, 6.04ippmlasdf 45, 6.52, 6.71 ppm. This pattern
is characteristic peak ic protons. The multiplets
at & 6.84-7.38 ppm with.ehe inte Lign of total 3 protons are due
to the aromatic pue : \ weignal at é 2.36 ppm for

total 3 protons {41 57 tha ‘me thy Ngroups .

3-methylphenyl acrylate
(Figure 3.17) at m/e 196.5(M+:M+2 = 100

:32.6). The base pefl due to the vinyl acylium

J"'.r"'{ 'f-"'."
LW Z I

'he 4-chloro-3-methylpheno-
iop. is observed at m/e
,;*:' T confirms the presence
otine atom. It also shows
@the high intensity peak at m/e
ANUNTHIIDTeiomne = o

tion offld-chloro-3-methyl-

ammnim AT AR T s o

hydrogen atom, as following

" -
H,C= CH — H,C = CH
c c
A e
Q Ol' \ﬂ
+4
5P HaC
Cl
ks - Cl
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3.2 Preliminary study of copolymerization

Firutly,_p&ntuchlnrnphnnyl acrylate (PCPA) was copolymerized
with vinyl acetate by bulk polymerization technic . It was found

that solubility of pentnchlornphenyl acrylate in vinyl acetate could

not be more than one percent mole at 60 ®c. Attempts to prepare
mole higher than one percent

mole by bulk polymer thus unsuccessful. The

same problem

poly(2,4,5-TCPA-co-V

preparation of
slubility limit of the
acrylates in vinyl 3 s therefore attempted

in benzene.

AIBN is kna b tiator for polymerization

of vinyl monomer (1 ). eactive radical. It also

shows essentially not  enter transfer reactions. It

decomposes at “‘:(—-—:— 2 behigéne and essentially is

" 1!.
unaffected by inhibite The fﬂrﬂ AIBN was chosen

to be the initlafo:r for t:opulynar.tzati. setween the fungicidal

acrylate nﬂo%ﬂ ’ﬂdw&fﬂnﬁw f] mallwim equation

represents such reaction.

’Q‘WW&NﬂiﬂJ UAIINYAY

=2 ATEN il
nHC=Ci + mHC=GH s —(—Hz mHa:c
o=C t'i‘l benzene ?
I
2 o PR ;i o=
R CH, R CH
The acrylate  Vinyl acetate The copolymer

monomer R = The chlorophenyl groups



Several different conditions for copolymerization between
the acrylate and wvinyl acetate in benzene were tried out. The
temperature, the reaction time and the amount of AIBN were varied.

The condition leading to low conversion (less than15 %) is desired

ratios defined by Fineman

. It was finally found that

-‘.I‘I: one percent mole of

at 60 °c. cne hour of reactic

the total monomer c(

Since

ition for this study.

renge the radicals, the

ed” out both the presence and in the
S (=7 ' -

m-_i:f

copolymerizations wgre

absence of oxygen by e with l\l2 gas for 10

minutes before hea oth cases showed that the

acrylate monomer copolymer much more than
vinyl acetate ( Tahla‘ 1lts of the series of the
reactions in thda f were inconsistency.
This was presumabl] ‘9* acetate during the
removal oxygen. e 1nas of vinyl acetate from each mixture

unequally, ﬂdﬁﬁ Ea Wﬂw:ﬂd’ﬂ ﬂﬁmmx ratios in

the Bubsenuently affected tn the :.nmr’porat:.nn of the
e ) 5 A 00 Y e
mnvers:.%n of the polymer and itse effect on the monomer
incorporation inte the - polymer was never been reported, it is
therefore not necessary to eliminated oxygen from the solutiens

before polymerizaticns.



3.3 Copolymerization of the fungicidal acrylate monomers with

vinyl acetate

3.3.1 Pentachlorophenyl acrylate with vinyl acetate

n between  pentachlorophenyl

& carried out with wvarious
‘J

O er. The purity of each

copolymer was indi ath ﬁ_ in. ] »_chromatography and its
\\ or gquick monitoring bv

thin layer _:hrm araphy . sed as the developing

The
acrylate and winyl

monomer feeding rat

solvent. Usually, ome \ Ppears near the solvent

front, while copolym lggolve in methancl, stays

at the starting line. a monomer on a copolymer

was found in every as further confirmed by the

ptiion bands near 1635

infrared spectra wi E”j

S5 | J
and 98B0 cm ::F:l efinic moiety. It is of

interest to obse

em™' in thﬂ ﬁm qnww Mﬂﬁned to the c-o0

tlm carbonyl absnrptlnn bands at 1740 and 1780

stretching ofl the carbungl graup in v:nyl acetate and
~-RRIQ BTN NBARY. -
ussi ts are verified by spectra of poly(vinyl acetate)

(Figure 3.16) and poly(pentachlorophenyl acrylate) (FIgure .2 )

Furthermore, it should be noticed that the peak
heights at wave number 1740 and 1780 m" proporticnally vary with
the mole fraction of the monomer feeding. For instance, Figure 1.8

shows that poly(PCPA-co-VAc)I-lcontains PCPA moiety much more than

b1
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Figure 3.19 Infrared spectrum of poly (PCPA-co-VAc) VIII-1
(KBr)
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Figure 3.21 Infrared spectrum of poly(Vac) (film)
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VAc, while approximately the equal amount of each monomer in
poly (PCPA~co=VAC)VIII-1 ~is shown in Figure 1.0 . Indeed, the mole

fractions of PCPA in the feeding are 0.7 and 0.05, respectively.

e u—uumpy technic is not
: éﬂl‘ composition in this
study. This is beca twd absorptionipeaks seem to overlap

is  difficult to

\\ ther calculation.
N

3.3.2 2,4,648Tif pheny: -ylate with vinyl acetate
5=VAc) I-VIII were
obtained. Figure .l the infrared spectra of
pulyt?.ll.ﬁ—TCPh-cq—th VI respectively.
:;1»-. bands near 1635,

X

lefinic moiety, the
=1

1300 and 1015 em m
presence of two carbanyl absorption bands at 1770 and 1740 ©m

et 15 Eﬂuﬂgﬂl&mg PPN Fevivuted 0 coo

stretching v:.hrat:.nn of carbonyl gropp in 2,4,65ICP A and VAc

) UL PTTEI T Y (T

the carbonyl region is observed which depends on the mole fraction

of the feeding.
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3.3.3 2,4,5-Trichlorophenyl acrylate with vinyl acetate
In the same manner, poly(2,4,5-TCPA-co-VAc) I-VIIT
were pmnppnrad.1 The absence of the absorption bands near 1630,
1405, 1300 and 990 cm | (Figure .4 and Figure 1.5 ) obviously

indicates the generation of a polymer and no contamination of a

and 1740 em | are indicative

monomer. Two absorption bands a:

carbonyl groups in the

copolymers. These ars  due t eﬂ\:ﬁ! and VAc portions,

respectively.

3.3.4 4-Chlorgd3-#Mefhiphenyl acrylate wiyh vinyl acetate

VIII were similarly

prepared. all their the absence of the

985 cm™ | . However, only

1750 em~ | is ocbserved

absorption bands near 1€
one strong ahsorptiun

(Figure 1.% and Fi " that the carbunyl
*iﬂ

absorption of a pnly”—c ﬁbu 1750 em™} which

is very closed to the g of polyl\"l i.e. 1740 cm

ﬂuﬂ?ﬂﬂmﬂmﬂl '
M LA L ) (

acetate @ave very low conversion comparing othnr

polymerization mentioned above. This is probably due to chain

transfer reaction which will be discussed in more detail

in section 3. 4.
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Flgure 3.25 Infrared spectrum of poly(2,4,5-TCPA-co-VAc) VIII-1
(KBr)
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3.4 Homopolymerization of the fungicidal acrylate monomer

All homopolymerization was carried out in benzene in the
presence of equal amount of initiator, 0.0164 g of AIBN. Since the

purpose of this preparation is for being a standard fer the

determination of copolymer:c #i tion, no attempt to control the
degree of conversioni & aRture was heated at 60 °C for
n the solution during the
reaction, except & tats:l after 10 minutes
of the reactica y ie precipitation, the polymers were

cbtained (Table

Pﬂl?{z; .E-—‘KZPII]

ﬂﬁﬂﬁ‘ﬂ’ﬂ'ﬂ‘ﬁw BTe

P y{4-1:1-3—bﬂ'-‘ll 18.93

9 The infrared spectra of all these hounpalmi:s (Figure 1.0 ,
1.0,1.8, 1.9 ) are similar to their corresponding monomers (Figure
1.1, 3.6, 0.0, 0.0 ) except the disappearance of the absorption

bands near 1630 and 980 em™!

, which are due to the olefinic part.
By thin layer chromatographic technic , the purity of each

homopolymer was confirmed.
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3.5 Determination of the copolymer composition

3.5.1 Pentachlorcphenyl acrylate composition in copolymer

It has been known that two monomers differ markedly

in their tendencies to enter inteo copolymers. Therefore the

the incorporation of the

fungir_{ﬂnl mnm ke b u_s determined by using

Uv-Visible spectrosc 0
5

Ho pEcopy is an attractive

choice only when e folloking ons can be met : (1) the
g%*zz'f}' :

backbone units mus abscrhance maximaj; (2)

i ] ¥
2B w
solutions can be prepared, in.fionops solvents, (3) there are not

major shifts in spectral im _;_, :'_ * pesition of one backbone unit

A — . r— . —— i p—

due to ulﬂ L'-i,-fi_-lu_--;-l-—u-l_—-k‘ -

/ iz X |

Unfortunat ! » ﬁupnrnd as described in

Section 3.4, did nof dissolve in apy solvent. Attempts to increase

oo soaniafly 2Rl B i 3 B mmscsntocrony

result. This is probably @ue to its high molegular weight .

A RSN S AN VR IR, o

reaction was performed in methanol which is the non-solvent.

Poly(PCPA) was precipitated during the polymerization course. The
polymer of low molecular weight was thus obtained. These product

was able to dissolve in chloroform.
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It is of interest to notice that poly(4-Cl-3-MPA) has
the lowest percent of conversion. The resemble result was
obeerved before (see Section 3.3.4). The copolymerization of
4-Cl-3-MPA with vinyi acetate gave significantly lower percent of

conversion comparing to the ocnes of the other three chlorocphenyl

& cbservation is that the

panother species in the

acrylate monomers with vin

The rationali
growing chain radic
reaction. Since ilic protons, it can
therefore act as benzylic radical is
more stable than due to its rescnance

stabilization by bep®

ﬂumwﬂmwmm

Since uluana also hug a b-enz.yl:.c proton, it n be a chain
e Tl P11 ) RN
p-ntachluruphlnyl acrylate is carried out in toluene, low conversion
of the polymer product should be observed. Indeed, 29.B1 percent of
conversion was obtained when PCPA was polymerized in toluene .
Consequently, this result confirms the cbservation of the lower

percentage conversion of 4-Cl-3-MPA.
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Preliminary investigation reveals that with
poly(PCPA) and poly(PCPA-co-VAc) have the same absorption pattern of
maximum absorbance at 240 nm in chloroform (Figure 1.1 a, b ). Vinyl
acetate or poly(VAc) , of course, does not have any abscrption above
200 nm. Consequently, only the PCPA units in poly(PCPA-co-VAc)

absorbs the light. Subsequéntly, the number of PCPA units in

poly(PCPA-co-VAc) can ad Mirectly from the absorbance of

poly(PCPA-co-VAc) s lution afﬂmtratim by comparing to

poly(PCFA) which co . » PCPA units in the chain.

0.75 %

Absorbance

»
. —— Sy S— e
C=0 O

o/

0.0

ey

220.0 320.0 0 320.0
Wavelength(nm) Wavelength(nm)

Figure 3.31 UV-Visible spectra in t.‘:HC13 of
a) poly(PCPA)

b) poly(PCPA-co-VAc)




3.5.2 The novel chlerophenyl acrylate in the copolymers

15

The determination of the other three chlorophenyl

acrylates in copolymers was performed ‘in the same manner as

mentioned before. Fortunately, the copolymers and its corresponding

homopolymers have the same absorption patterns with maximum

absorption at 240 nm. a

Therefore, all the masur

n Figure 1.3
————

to Figure 1.M

0.5,

—(E C-—-ﬂ!a—
-
(F- o

0.0

L]

-
200.0 220.0 WAVELENGTH (nm) 320.0 200.0 220.0WAVELENGTH (nm)

Figure 3.32 UV-Visible spectra in CHCl3 of
a) poly(2,4,6-TCPA)

b) poly(2,4,6-TCPA-co-VAc)

320.0
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1.0 | 1.0

b)

,_/ &
0 L]

200.0 220.0 ﬂuﬂfﬁmﬂﬂ St i" 320.0
%"W"‘i‘*ﬂnim VY rimr; fu

Figure 3.33 UV-Visible spectra in CHCIE of

a) poly(2,4,5-TCPA)

b) poly(2,4,5-TCPA-co-VAc)
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B et ity =
c o
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Figure 3.3 UV-Visible spectra in CHCl, of

©320.0

(rm)

a) poly(4-C1-3-MPA)

b) poly(4-Cl-3-MPA-co-VAc)
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3.6 Preliminary study of copolymer composition by 'H-NMR

The progress of polymerization can be followed by 'H-MNR
spectroscopy. The amount of each monomer left in the sclution

which, in turn, leads to the one incorporated, intoc the polymer

erval of the reaction. This is

-

chain can also be cobtained at .z
however, successful only -:-4! itoring proton, which is

olefinic, of each moncEEr Sppeas: ﬂ:&nt chemical shift and

Figure 1.3 gtes " & 90=MHZ | proton NMR spectrun
of 2,4,5-TCPA-VAc
deuteriated benzengfsc
minutes of the olefinic protons of
2,4,5-TcPA ( & 5.51-6 ear at different chemical
shifts from the gemin : e [protons of vinyl acetate

( & 4.35-4.9 ppm).Twc signa.

the muthnx)r prntanﬂn .-

which was added t? the nu.xture as a reference to calibrate the

signal. ﬂumwﬂmwmm

o AKX RS ID TR X

These altarationn are due to the polymerization of 2,4,5-TCPA and

ane 3.63 ppm are due to

- m{mthyl methacrylate)

vinyl acetate. The signals responsible for the olefinic protons of

both compounds decreases with reaction time.

This is concomitant with the rising signals of the aliphatic

methylene protons of the polymer product. Accordingly,the ratie of




™
i —

e of 2,4,5-TCPA

Pigure 3.35 T /Z’/‘ ; and in the

////t l

ﬂﬂﬂ’l‘ﬂﬂﬂﬁﬂﬂ’m‘i
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b) after 69 minutes of reaction
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both compounds at any time of the reaction can be figured out

directly from the NMR spectrum.

In this case, a pair of doublets of one proton centered at

6 5.581 ppm and two pairs of doublets centered at & 4.85 and

& 4.398 ppm were taken f nt of each compound. These

+4,5-TCPA and one mole of
——

vinyl acetate, res ongegquently; the mole fractions of

signals are accountable

both 2,4,5-TCPA interval of reaction

time were calcula

Table 3.8 Mole fr of 2,4, cichlarophenyl acrylate
and :
time (min) le 4,5-TCP1fFvAC

3 0.3147

30 ¢ £0.2909 Q 0.7091 0.4102

o AUYLHRENINUANT o

U

05 | 200 20,8000 & 0.2500
el am ey o
165 0.1205 0.8795 0.1370

2,4,5-1cPa’ Fvac

it ecan be observed that during the induction period ( 36 minutes)

Figure 1.3 shows the plot of F against time.

the line shows positive slope and after this time the slope changes




to be negative.

F2 4,5-tcpa’Fyac
o
(5, ]

It can be rationalized ¢ :t period is the retardation

time. In this pe the reaction scavenges
LY | RY ) .

the radical ini -'-"-"- je to the equilibration

of the decnmpcaitz-- of initiator. In this pericd the polymerization

g "‘""““"ﬂ‘ﬁﬁl”‘?‘“ﬂ’ﬂﬂ?ﬂ HARG e =

with time. THils is due to the mnle fraction of vlnyl acetate
Eecreaﬂgﬁﬂiﬁﬂ ﬂlﬁm wqﬂmﬁ# bases on
the eva ation of low boiling point vinyl acetate (71-73 Sc). After
36 minutes, the- slope changes to be negative which implies that
2,4,5-TCPA decreased gquicklier than vinyl acetate. This is because

of the higher reactivity of the acrylate.

The calculation of the copolymer composition has been tried.

The mole fraction of 2,4,5-TCPA at 30 minute is 0.2209 which i=m

B4
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used to be the feeding mole fraction. This is due to the
polymerization reaction occurred in equilikbrium condition after the
retardation time (36 minutes). The polymer compositions-at time 69
minutes are calculated . The difference between the peak area of
the 2,4,5-trichlorophenyl acry time 30 minutes and 69 minutes
leads to the one inco: @ polymer chain. While the

1 acatatu at that time

difference between th

leads to the one ymer chain and the one

that is lost by evapo evaporation is made

by compared with e peak area of wvinyl

acetate during- the jfe atibn | time is , therefore, the

copolymer contains U. e, £na¢! e 2,4,5-trichlorophenyl

acrylate at 69 min M \ consistent with the
] F; & >

calculation from IN-'Jiaibl gPic technic.

However , . #hi pdlymerization is very

= 3

interesting. By _tA€ J¥He investigation was
preliminarily studied .Tn cbtain the rnliable ﬁmﬂts, the following

idea must haﬁﬂrﬁ /J Vl\:ﬁ W monomers must

be considerelll 2) the dmnun mtarnal standard should be
hMﬂVWﬂ AN ﬂ:m I3 ET'T&TEI Y

at & 0.5 ppm which does not interfere other signals of
the monomers 3) the proton NMR tube must be sealed to get rid of
evaporation of vinyl acetate 4) the equilibrium between gas phase
and liguid phase of vinyl acetate in the seal tube should be

studied.
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3.7 Monomer reactivity ratios of the chlorophenyl acrylate and

vinyl acetate

3.7.1 Pentachlorophenyl acrylate and vinyl acetate
When the copolymer composition has been known, the

moncmer reactivity ratios an4 b er, considered by several

/a the linearization method

develcped by Fineman and Ress | see é‘. In Fineman and Ross

the monomer feeding,

NS
“ Pl F,-1) o ek g 1)

2

\ af )°F,

_\- \ s of the corresponding
0 _-‘ -l tly, if one plﬂta

1,tha straight line will be

while F and F
comonomer in the

' 2
f1{1—2F1]f[1—f1]E1and f1
r

obtained with a '1?

V_—__“ f° )5 ,the mole fraction

(F,) of PCPA 1n!Baach opolymer was deagnminad by UV-Visible
A AN NSRS AL e
sl DZHQ}‘I ’ﬁ"ﬁiﬂimw"ﬂil:

cbtained from the plot of f {1-—2F ].u"'“-—f JP
£,2(r,-1)/(1-£)%F, (Figuress ). Itsslope  and intercept
.are 2.18 and 0.02 which are the monomer reactivity ratio of

PCPA and VAc, respectively.
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In order to verify the values of T, and Ty s F1 was
calculated by using the following equation which was rearranged from

copolymer equation.  The calculated F,I values of each copolymer were

F - r. f + f£.f (eq.2)

shown in Table 3. sion. with the cbserved F1, on
NN

agreement is indeed sfged/betwaen t t.s of values. This is

red and P.I calculated

mentioned in section

obviously seen from

against :I:',I as show

2.2 ., copolymerizatic rentach Lo fenyl acrylate with vinyl

acetate has been and coworkers(2%9).  They

reported that r, and r, fdr_comone E were 1.44 and 0.039 .These
1 2 ll‘_h?"l.‘w ;‘:FI_ '|-.
values were -,* ined using year least square method

developed by Ti “V.T : 7 ifferant from this

work. Naverthélassm it is not usually that ﬂe monomer reactivity

ratio of the ﬁﬂﬂmﬁ identical, when
different um

4 #18 A BELAAE B 1 o

litnraturﬂ, but r and r, were different. It probably due to
different data treatment process. The method of non linear least
square is based on the variation of parameter in the equation that
can fit with the observed values. It is different from the

linearization method which based on simple copolymerization kinetics.
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Table3.9 Copolymerization of pentachlorophenyl acrylata{l-",ll
and vinyl acetate {FE}
s f Lo %) Flobsa Flcalca
first run
0.6969 0.8563
0.5949 0.8056
0.4895 0.7517
0.4029 0.7059
- 0.2986 0.6481
0.1939 0.5846
0.0860 D.JQBS
0.0467 0.4401
second run
0.6775 0.8468
0.5737 m 0.7949
0.4842 0. 5}5 13. 0.7591 0.7489
v AUHANYBINYIAT| oo
0.2962 0.7038 & 13.5 £, 0.6673 g/ 0.6467

o1ap I mmfu 4L ’Joﬂsﬂ?fﬂ Blsare
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Figure 3.38 Dependence of copolymer composition PTm-:- the comoncmer
composition f.l : (o) observed value from the first run
(4) observed value from the second run ‘(=) predicted from
equation (2) using r.= 2.18 and r,= 0.02 as the

parameter values.




It investigates the two parameter from the average value. It was

revealed from literature that r, and rz which calculate from the

different method gave the different value. Cywar and coworker

worked on the styrene-acrylonitrile system, they reported that the

monomer reactivity ratio we 09 and 0.63, respectively, as

determined by penultimat de ] ) Doak and coworker

suggest for the same syste Eéﬁ.#ﬂ and 0.04 with the
—

simple copolymerizataeR mekFod (5 4.

as :\\\\t* several identical

samples of

different analyti se results clearly

show that bias in /& exist and that it

has a powerful influefice the. . ues. (32 )
€a3uses fc ¢ inconsistencies evident

in the literature o he used of either

a

bias polymer 'H',r F’ ‘fpil to described

2 thmpulmer.

the cnpolymarizaticg system u

daté)of Gruber and i.;liaa

mble 310 oS- TSR g P oo

2
C,H,0 0.52 0.46
Infrared 0.60 0.45
Ultraviolet 0.23 0.48
NMR 0.49 0.26

dn/dc 0.56 0.40
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However, the evaluation of r1 and r, for the

PCPA-VAc system by both two methods are at least in the same
trend.That is rl:i.s much greater than r,. This implies that P-:':PA
is more reactive than VAc toward propagating free radical
s that the free radicals of

jugating structure.

ﬂl'u &Mﬂwﬁwm ﬂt‘i radical has low

resonance S 111=at:|.nn. It" is due tn steric :mhiblt:.nn of
e BIRT RN I 9 St ==
in v:my acetate monomer was unreactive to fm radical initiator
but the free radical adduct of low resonance stabilization has high

reactivity with materials that can trap free radical such as oxygen.
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3.7.2. 2,4,6-Trichlorcphenylacrylate and vinyl acetate

By analegy with the PCPA-VAc system, the monomer
reactivity ratios of the 2,4,6-TCPA-VAc system were determined
.({Table '3.11) Figure 1,13 exhibits the straight line cbtained by

using Fineman and Ross method.

should be pointed out here that

the data from two sets - A wénts were used in order to
i e

intercept of the

straight line was tor andr, .

Accordingly, r1

fitting between ‘the*cs ated yaluieg and the ‘ebserved one.

3.7.3 2,4,5- e and vinyl acetate

Likewise, U cactivity ratios of the
2,4,5-TCPA-VAcC i Table- 3.12 and

Figure 3.4 . In th1:h:~ ‘yw-a-u.uas.
o ‘ It

ﬂ‘IJEI’J‘VIEWlﬁWEI'm‘i

3.7.4 4-Ch1nrnw3—metly1phany1 acrylate and yinyl acetate

q RIAAI IR NN - e

system wm gimilarly obtained (Table 3.13 and Figure 1.4 Ya

In this system r, is 0.808 and r_, 0.01.

2



Table 3.11 Copolymerization of 2,4,6-trichlorophenyl acrylate

(F,) and vinyl acetate [FEJ

5 t, {convy %) Fiobsa Ficalcd

first run
0.6978 0.7376
0.60510 0.6858
0.5020 0.6369
0.4038 0.5962
0.3223 0.5649
0.2092 0.5211
0.1073 0.4673
0.0488 0.3965

second run

0.7231 0.7533
0.5431 0.6555
0.4711 0.6236
0.4415 0.6113
0.3037 0.5579
0.1900 0.8100 € 6.5 £.0.5801 0s0.5129
AR AIATO NN uﬂsﬂ?rﬁ 8 Jases

q
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{ [.az-r} t;.

Y AT ’\\\\ -1 /01-£) %F,
; w\ a of 2,4,6-TCPA-co-VAc

Figure 3.39 Plot of f_l(

according to

1.0

¢ i T, h
AUSINUNITNYINT
RIFINTUNRAINYAP

0.0 T >
0.5 fl 1.0

Figure 3.40 Dependence of copolymer composition {F1} on the comonomer
composition (f,l} ' : (°) observed from the first run
(a) ocbserved from the second run (=)predicted from equation (2)

using r, = 0.80 and r, = 0.03 as the parameter values




Table 3.12 Copolymerization of 2,4,5-trichlorophenyl acrylate
{F,IJ and vinyl acetate {le
% Ficalca
first run
0.6819 0.7530
0.5757 0.6544
0.4847 0.6495
0.3952 0.6090
0.2905 0.5635
0.1999 0.5220
0.1055 0.4625
0.0490 0.3852
second run

0.6580 0.7393
0.5100 0.4 00 0.4 0.6623 0.6616
e B LB YIRIVET WE T | oo
0.3700 Y 0.6300 ¢ 7.67 8 0.6713- 0.5980
o &) ARG 1] W89 8] -
0.15q30 0.8470 10.1 0.5515 0.4685
0.0610 0.93590 2.4 0.4600 0.4087
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Figure 3.4]1 Plot of £

{F =1)/(1= £ ) F

according ta of 2,4,5-TCPA-co=-VAc
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Figure 3.42 pependence of copolymer composition (F,) on the comonomer
composition {f.l,'l : {(°) cbserved from the first run
(a) observed from the second run (=)predicted from equation (2)

using r, = 0.981 and }2 = 0.035 as the parameter values
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Table 3.13 Copolymerization of 4-chloro-3-methylphenyl am.-ylai:n
{F1J and vinyl acetate {le'
f £, {convs %) Fiobsa Ficalcd
first run - / 4
0.7769 0.2 .1 0.7810 0.7918
0.6675 0. y 335 0.7230
0.5678 0 - 38 0.6717
o) 413
0.5237 0. ; 11 0.6517
0.4004 " o. (e 406 0.6026
0.3011 0.6 4 5749 0.5685
i’ﬂ_‘ |
0.2137 0.786 gt 0.5375 0.5404
\ ' -t":-"‘
eecond run {? )
0.6606 0.7187
0.5705 0.6727
0.4900 100 T 0.5046 0.6374
[
Ll"Eﬁ ‘VIIEJﬂfW ST |
0.2800 0-920 g =0 0.571 0.5710
¢ o
AR AR R ITE A
| | | L F 1 e
0.0850 '0.9150 1.36 0.5073 0.4925
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£5(Fy-1)

(1-£,)%F, .

b
=3

LaTz-1)
(Laz-1) T3

LY =
ve & F(F,-1)/(1-£)%F,

he data of 4-Cl-3-MPA-co-VAc

" A
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Y
9

0.0 -
0.0 0.5 . 1.0
Figure 3.44 Dependence of copolymer composition (F,) on the comonomer

composition {f.li : (°) cbserved from the first run

(a) observed from the second run (=)predicted from egquation (2)

using r, = 0.808 and r, = 0.01 as the parameter values
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