CHAPTER 1III

RESULTS AND DISCUSSION

3.1 Synthesis of the Chlorophenyl Acrylates

To prepare polym:s hemically bound fungicides ,

the vinyl monomers g . zic ¥ = [irstly synthesized .

The fungicides ch nentachlorophenol ,1,

2,4,5-trichloropk, +3, and 4-chloro-3-
methylphenol,}.

Each fun group. Consequently,
the acrylic este ere readily prepared
(18,20) by direct | . sponding chlorophenolie
compounds and excess dry toluene under the
- nitrogen atmosphere anﬂﬂ-i:ﬂ___: mence of freshly distilled

triethylamine @L,_‘_____u___ﬁff, E
V.. LY )
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During the reaction , the disappearance of the reactant and
the formation of the product were monitored by thin layer chroma-
tography in comparison with each chlorophencl . By this method,
four chlorophenyl acrylates were obtained with high yield as

shown in Table 3.1 .

Table 3.1 The chlorophengs

CH. = CH wan . /b.p.(°C)
I
uﬁc‘
Cl Cl . W
Ar = Cl c1 ' 15-76(s)
C1
Cc1
Ar = c1 63-64(s)
Cl
c1©c1 £
Ar = T FJ (dec. at 10 mmHg)
Ar = @ca ia -3-MPA 8 \
r iﬂl 3 gk} Tu - 120(dec. at 10 mmHg)

chlor nyl mgrnphanyl
acrr%ﬂﬁQﬁs mﬁﬁflﬁ nﬂ 1 63-64 C,
respectively , while 2,4,6-trichlorophenyl acrylate and 4-chloro-
-3-methylphenyl acrylate were colour liquid with the same decomposi-
tion point at 120°¢C (10 mmHg). The formation of these acrylates was

clearly indicated by the IR and 1H—HHR spectra (see Appendix III)

(38). It should be mentioned here that pentachlorophenyl acrylate




k1

has been synthesized by the other research groups, different melting
o
points, 58°C (21), 75.C (20), 78°C (38) and 82.5°C (39) were how-

ever reported.

3.2 Structural Identification of the Synthesized Chlorophenyl

Acrylates

All four chlors exhibited the =similar IR

absorption at v max -g-ﬂ-} and 1640-1635 (m,
C=C) (see Appendi; er band is a charac-
teristic peak ymerization and dis-
appears when a
N acrylates (see Appen-
dix III) in deute ‘ _;? % Al h E7 absorption peaks in the
u vinyliu protons. While
the 'H-NMR spectruj n;}ggr = \ acrylate showed only a
multiplet( & 6.08-6.86_ 2 spectra of the other chloro-
phenyl ncryl ;*-4*—"— — :'J 1s in the aromatic

region; 1i.e., '} ==Cr 2,4,5- trichloro-
H

phenyl acrylntu, 'P 7.38 (s,2H) fur 2,4,6-Ufichlorophenyl acrylate

and & ﬂﬁuﬂ(?m wsm1 acrylate. More-

over, the ‘I-HHH of h—chlnra-a-methylpheny acrylate explicited a
QRN I NI TR

These spectroscopic datas are nﬂﬂnt W lﬁe ones re-
ported by Miss Tongjaroensirikul (38). Accordingly, the structures

of four chlorophenyl acrylates are individually confirmed.




3.3 Homopolymerization of the Chlorophenyl Acrylate Monomers

The homopolymer of each chlorophenyl acrylate monomer Wwas
prepared by solution polymerization technic.The reaction was carried
out in benzene at 5D°C. and benzoyl peroxide of 0.5 mole percent of

the total monomer content used for polymerization of PCPA  while

0.6 and 1.0 mole percent used

" ﬁ?l and 2,4,6-TCPA, respec-

were good for A47-71%

a ,a"-azobisisobutyronitrj
for polymerization of 5
tively. It was foun
conversion. The pror:

W 2ted from benzene into

hexane several tim Sonomer contaminated in

the homopolymer ar< chromatography. Since
the synthesized b’ as the standards
for the determinatio “aedh ';3 - \polition, no attempt had
been made on low c n A |

The disapp&aranc . appearance of polymer could
also be f‘olln PR ngeared and ultraviolet

absorption spec{ Y Jiopolymer was dried
under vacuum,the 'lf: Fraren Syeeesmss—eecoch hi ” jpolymer was recorded.

Figure 3.1 3.4 fsyegwed the infr@yed spectra of the homopolymers

of pentnth]ﬂ u.ﬂg nﬂms wﬁlqiﬂaﬁen,ﬂ acrylate, of

trichlnro hen:.rl acryla®®, and of Ysghloro-3-metiylphenyl acry-
ﬂm’h N B U180 3B V) conansra-
tion of the acrylate monomer was found in each purified homopolymer.
The examination was performed by monitoring the absence of the
absorption bands near 1640,1350 and 900 cmd which corresponding to

C=C stretching, CH_, vibration and C-H stretching of the olefinic end

2
group, respectively. Simultaneously, the vibration of the {?HE Eroup

4z
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in the polymer chain appeared at 750 cm_1. Such feature was a char-
acteristic of the formation of a polymer. Consequently, the infrared
spectra suggest that homopolymers of pentachlorophenyl acrylate, of
2,4,5-trichlorophenyl acrylate, of 2,4,6-trichlorophenyl acrylate

and of 4-chlero-3-methylphenyl acrylate were obtained.

3.4 Copolymerization of ti
Acrylate

Y4=nyl Acrylate and Methyl Metha-

3.4.1
copolymerized with

feed compositions.

gave unsatisfactor ) 3 fﬂ“ A gvx»'iun polymerization in

benzene using a ,o g S - %x H"--.-4|'LI!.‘»I'II\| as the initiator,
Ve \

each of the synthesiz T _ sl tes was successfully co-

polymerized with methyl

T T scheme 3.2 ).

scheme |2 4 N -
V. A
| s ..; ~E

~ —Ea, W Eon,-01

henzene SG |

= AUEANENINY DT o
TSRl YA

|
The reaction was carried out in the same manner as for homo-

EHEtC + CH r-(. /

o
polymerization (50 C ,AIBN 0.5 mole%). A series of each copolymer
was prepared under such condition. It should be pointed out that the
low degrees of conversion (less than 15 wt%) of the comonomers to

the copolymer has been made to minimize errors in the use of the

45
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differential copolymer equation. The examination of the purity and
the identificatin of all copolymers have been performed. Figure 3.5
to 3.12 showed the infrared spectra of each copolymer. Each spectrum
also confirms that no contamination of the chorophenyl acrylate

monomer was found in each purified copolymer. No absorption bands

near 1640, 1350 and 900 ¢ gerved in all spectra. This,

clearly, indicated th inic end group. Concomi-

tantly, the band q_;, L4 =——cedly observed in all

spectra.

Since botk: - ' %=, the infrared spec-
trum of each co gyl &= ‘. x“y:n bands in the same
region as that of '’ .' -b_'_L i. VQ monomer. Nevertheless,
the spectrum resenpl ‘b o4 7 f » \ Eft acrylate (Figure 3.13)
rather than the cori / 14l 7% any | §iciylate monomer.

It should be puin-'  - ~Wwo absorption bands appeared

- _",'.-"‘J'-:".f‘: v

in the carbonyl weg ur!ir PCPA-MMA copoly-

Y | presumably due to

the carbonyl stref}aing e m—eLLle tL; band at 1730 cn“ is

mer (Figure 3. y

assigned  that €faMA unit. Singparly, the infrared spectra of

2,4 ,5-rm.ﬂnu%jﬂ VI\ Elm 5 w&l ';].ﬂ 54 6-TCPA-MMA co-

pnlymer [Figura 3.9,3.10) shbwed the ahmprption bandgat 1770 cm-1

 ARIRIATN R DIV B o
E,H,E- CPA and MMA, respectively. For 4-Cl1-3-MPA-MMA copolymer
(Figure 3.11,3.12), the absorption bands in the carbonyl region were
very close up. However,it could be pointed out that the band at 1740
cm“ was due to carbonyl stretching of L4-Cl-3-MPA unit while at 1730

em was assigned to that of MMA unit.
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Furthermore, it should be noticed that the peak heights at
the carbonyl region of all copolymers proportionally varied with the
mole fraction of the monomer feeding. For instance, Figure 3.5 re-
vealed that poly (PCPA-co-MMA), PC-III, containing PCPA moiety was

less than MMA while the peak height of each darbonyl in poly (PCPA-

co-MMA), PC-V, was rather equil.As

seen in Figure 3.6. Indeed, the
’ 1

mole fractions of PCPA ing “-re 0.3, 0.5, respectively.

piec is not applicable for

determination Of L™ T — this research. This is

because those tw, vibration seem to

overlap to some a it is difficult to

clearify each por 4 rther calculation.

AUt Ingninens
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3.4.2 High-Conversion Copolymerization

The high-conversion copolymers of all four chloro-
phenyl acrylate monomers with methyl methacrylate were prepared in
the same manner as for the low-conversion copolymerization, except
much more AIBN was needed to reduce the reaction time. After the

reaction was quenched, the rgjyper left in the solution will be

determined by using quar F & iid chromatographic technic.
In this case, n-dode . .d t.ernal standard because
its retention time : | om that of all mono-
mers which want t fere the copolymer-
ization. After ™2l monomer was moni-
tored, some copo] N eir IR spectra were
recorded. Indeed, ;nds and no trace of
the carbon-carbon A aﬁd were observed in
either case. Accordiiffy -r.r_ -uMl>f each high-conversion
copolymer was considerabﬂ ST gat of the corresponding low-

conversion copojlsa4s
\v’:'
3.5 Determination |{}” Cop W,

fmmmmﬁm (1 Relbesics
- RIS pIOE L Py g0

composition can not be determined from a knowledge of the homo-
polymerization rates of the two monomers. Although there are a
number of methods for analysis of copolymers, including infrared
spectroscopy, elemental analysis, NMR and UV - Visible spectroscopy,

all methods except UV - Visible spectroscopy are troublesome.
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Attempts to analyze copolymers by using 90 M!-lz 1H-HMR spectroscopic
technic was unsuccessful. In this research work, incorporation of
the fungicidal chlorophenyl acrylate monomer into the copolymer .is
thus investigated by using UV-Visible spectroscopic technic.However,
UV-Visible spectroscopy is an attractive choice when the following

conditions can be met:

1. The backbone _ ) have overlapping absorbance

maxima; 7 é

gopaque solvents;

3. stral intensity or posi-
tion of one back, "I 7 il the other.

All four . A\ Wate compounds give UV-
Visible absorptic ’ s R-320 nm,but not methyl
methacrylate. Preli g JF & A\ eal that both copolymers

\
and homopolymers shoy, i absorption pattern as the

corresponding chlorophe sonomers. The fraction of the

chlorophenyl (4 - ingh yof ould thus obtained
by comparison gl"fi.

11
polymer with tha=#f the corresponaing fungi®dial monomer, and even

= AU inenns.. o .
RNy

cidal monomer units in the copolymer. Therefore, the number of the

p welength. of the co-

fugicidal monomers incorporated into the copolymer can be obtained
by comparison of the UV-Visible absorption of the copolymer with the
homopolymer of the corresponding fungicidal monomers. Certainly, the

concentration-absorption profiles of each homopolymer have to be



constructed.
When the absorption of a certain concentration sclution of
each copolymer was measured, concentration of the fungicidal monomer

could be cbtained from the corresponding concentration-absorption

profile and subsequent calculation. Finally, mole fraction of the
!

fungicidal monomer in thegs be established.

2.5.1 ‘=it in Methyl Methacrylate
opolymer
a S orepared as mentioned
in section 2.3, v - \ though it was
attemted to increg razy el W\ the temperature.
Pentachlorophenyl ac Yy £ % a reference instead of
polypentachlorophenyl, hows the same absorption

pattern of maximum . nm in chloroform as MMA-PCPA

¥
P -

copolymer, Po)(iM:t - ‘ t) g methacrylate, of

course, do not i AL ) avelength 200 nm.

Jed above, cue uumoer of PJhe pentachlorophenyl

As ment |
acrylate omers frﬁr orated intl’tha_cnpgljrmer were obtained by
cnmparimnﬁ;' ﬂHQMHmJnWHQ naimer with penta-
chlnrnptﬁvl acrylate mannmm‘. The conceEkration-absofigtion profile

LONE] TEUN R AIE ARE) o oo

Figure 2.1. The ultraviolet cutoff wavelength of chloroform is at

of p

245 nm near the characteristic peak of the chlorophenyl acrylate
unit. Therefore, the absorption was detected by the double beam UV-

Visible spectrometer. The UV-Visible spectra of FCPA and MMA-PCPA
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copolymer in chloroform were measured in the range of 200-350 nm
(Figure 3.14). The concentration of the pentachlorophenyl acrylate
monomer in the copolymer solution was obtained from the concentra-
tion-absorption profile of PCPA. The mole fraction of PCPA unit in

coﬁ}rmer was established (Table 3.2).

3.5.2 The Other Ci

3 Acrylate Unit in the

the concentrntian—#' ; .ﬁ.relevant homopolymer.
Both 2,4,5-trichlor = \ §-trichlorophenyl acry-
late monomer unii sk F Jon (- ‘ ,H=#1 nm,while 4-chloro-
3-methylphenyl aci = “u : absorption at 242 nm.
Fortunately, the I-eaponding homopolymers
show similar ahaarpti‘n 7’: 3.15,3.16 and 3.17 show the
UV-Visible specgra g LoV solymar, MMA - 2,4,6-TCPA
copolymer and ;— - f‘ .ively and the cor-

responding humup{évau . . ;15L“V. The mole fraction

{F ) of 2,4,5-TCPA ‘E 4,6-TCPA and C1—3-HTA unit in the copolymers

Sy WeA ‘HEI’/I&? HEAAD
im’l ANNIN NN INENAY
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Table 3.2 The incorporation of the PCPA monomer into the MMA-PCPA

copolymer

PCPA monomer unit

Poly (MMA-co-PCPA)

wkion in copolymer

(mole%)
PC-1-I 8.79
PC-1-I1 15.96
PC-1-11 21.10
PC-1-IV 27.84
PC-1-V 27.25
PC-1-VI 56.25
PC-1-VIL 41.09
PC-2-1 7 8.67
PC-2- ,___________;;;W ' 15.82
Pc-z-'}'r_i_r 22.03
PC-2-TV 10-3787 ' 26.86

L IneSneng

CLUEN (eI el uD L .
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Table 3.3 The incorporation of the 2,4,5 -TCPA monomer into the

MMA - 2,4,5-TCPA copolymer

2,4,5 -TCPA monomer unit

Poly (MMA-co-2,4,5-TCPA)
in solution in copolymer

J 4 mole/1) (mole%)

eV 33.41

"

TC=2=- ﬂ' 34.28

ﬂ%&nmmswmm 3.3

Tﬂ—E*?II 4.7412 53.80
: o : |




Table 3.4 The incorporation of the 2,4,6-TCPA monomer into the

MMA - 2,4,6-TCPA copolymer

2,4,6 -TCPA monomer unit

Poly (MMA-co-2,4,6-TCPA)
in solution in copolymer
= u“3

mole/1) (mole%)

TP-1-I — T 14,14
TP-1- =7 | 29.67
v AN, 35.91
44,78
52.40
55.20
14.08
29.24
» 35.82
e . 45.67
i 3 52.74

55.89

QRN TN INY 1A
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Table 3.5 The incorporation of the 4-Cl-3-MPA monomer into

MMA - 4-C1-3-MPA copolymer

the

4-C1-3-MPA monomer unit

Poly (MMA-co-U4-Cl-3-MPA)

in solutiecn in copolymer

(mole%)

22.72
30.28
35.98
46.70
45.07
49.51
22.917
30.44
36.62

-

Y
cH-2 | - 47.02

i

§7.12

CM:

m—z-*.ri.ﬂ 58592 46.01

"ARTNTHiN I TRY

mole/1
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3.6 Determination of Monomer Feed Composition

When the formation of copolymer occurred, monomers Were con-
siderably differently consumed. Consequently, the monomer feed
compositions at different time are usually not the same except for

the case that the degrees of conversion to copolymer are low .

‘*1mples, gas-liquid chromato-

ﬁ#“ ied to investigate the

ary 1H-NHR investigation

Several instrumentation m
graphy and 1H—HHR BR=
monomer feed composis o
of the mixture sol 5 and the chlorophenyl
acrylates in be: hSls of each monomer
clearly separated other. For this
reason, 1E-HHR spF o this work. Thus gas-
liquid chromatograph W\spectroscopy and applied
to this research.

Preliminary quant vestigation of the copoly-

merization sq.% n. ‘ {grious

conditions,
i.e., temperat !;'-" te to achieve the

optimum conditi to use 1N viae FUiK. A g ; resolution of each

peak was ﬁuu rfoBathe followi condition: column, 10%SE-30;

AN NN DT, v

C in 16 min detector mege, FID, ESDQJC, injection

::gq:m SASEHAINEIRY

samples of the pure monomers, i.e., methyl methacrylate and the

carrier ga

corresponding fungicidal chlorophenyl acrylate, and the internal
standard compound, n-dodecane. Each mixture solution is composed of
benzene, MMA, n-dodecane and the chlorophenyl acrylate. A series of

each monomer solution was investigated under such condition.
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Table 3.6 shows the retention time of each compound. It
has been known that the retention time of each compound depended on
its boiling point and polarity. In fact, it was found that the more
molecular weight of compounds give the more retention time. The
chromatogram of each monomer solution showed the same pattern. The

number of methyl methacrylate the chlorophenyl acrylate mono-

mer residues can be obts 4 son of the peak area of the

't““ii ‘*ant standard monomer.
Certainly, the cg — ] o) NYa of edch standard
monomer have to . 4= internal standard

method, therefor v ‘ fore = oS iy the ratio of peak

area of each mono 4

Table 3.6 Retenti

tion time (min)

Henzanukﬂ Tl 95

L i

wmwﬂmwsﬁﬁs
QRN TN AN Y

When the peak area of each monomer solution was monitored,

concentration of MMA and the chlorophenyl acrylate monomer could be




attained from the corresponding concentration-peak area profile.
Finally, the degree of total conversion of monomers to copolymers

could be established from the following equation:

%conversion =[H1]G—[H1]+[H2]n—[HEJ

M 1 +[M.]
o

# o, and Methyl Methacrylate

3.6.1
lysis of monomer feed
composition in the 10" g ‘ "“IiﬂxfT“a,:f -PCPA, MMA-2,4 ,5-TCPA,
MMA-2,4,6-TCPA ana L 4 // 4 1 I ' H".;; . Subsequently, the

concentration of 2Ned in Table 3.7-3.10 in

the same order # 1,o%,.] are the molar
concentration of and the chlorophenyl

acrylate( HE} at b', - e %xuh ization, respectively.

AUt Ingninens
QRINNIUNRIINGINY
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Table 3.7 Monomer feed compositions of the copolymerizatiana
of methyl methacrylate ( H1} and pentachlorophenyl

acrylate (M, )

M., [HEJﬂ TIME(hr) [M.] [M,]  CONV (%)

0.0461 26.11
11-5 1.0352 0.0377 43.27
II1-15  0.844g 17 RN 0.0758 31.60
V18 0.67uo e/ AN N 0. 0954 40,28
v-50 o.uc® ALl ANG LW 3535 34,59

VI-50 0. 4214 . 3447 37.90

mole% AIBN

Auganenineans
QRINNIUNRIINGINY




Table 3.8 Monomer feed compositions of the cnpclrnarizatinna

of methyl methacrylate ( M

acrylate ( H2 )

1

) and 2,4,5-trichlorophenyl

[HEJG

I-6
II-9
I1I-40
IV-60

V-65

TIME(hr) [H1]

[M,]

CONV (%)

33.73
35.82
27.21
4o .14
4o.83

AULINININYINS

QRIANIUNNINGA Y
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Table 3.9 Monomer feed compositions of the r.:t:r;:u:rl:,ﬂm.-.x'il.:e:eni.'.i.t:mnll
of methyl methacrylate ( H1 ) and 2,4,6-trichlophenyl

acrylate ( M)

[H1 ] 0 (M1, TIME(hr) {HIJ [Hzil CONV (%)
I-10 1.1385 0.0993  9.29
II-10 1.1385 0.0913  15.46

II1-50  0.2887 a7/ DRSS, 0.2052  50.25
IV-50  0.2887 " ¢ CORRL RSN, 0.1551  61.93

V-80 0.1253 PN NN, " 0.3265  29.95

a) each ' mole% AIBN




73

Table 3.10 Monomer feed compositions of the nopnlymarizationa
of methyl methacrylate (H1J and 4-chloro-3-methyl=-

phenyl acrylate {HEJ

[H1:|u [Hz]ﬂ TIME (hr) [H1] M

& 2] CONV (%)

I-10 0.9488 0.0493 35.82

II-10 0.8682 0.0778 19.69

III-30  0.6745 il a0 . 2082 25.73

Iv-4o 0.48078 / \ NSO 2331 40.73

V-80  0.22424 NN . 3777 57.53
a) each EWHT mole% AIBN

AUt Ingninens
ARINNIUNRIINGINY
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3.7 Evaluation of Monomer Reactivity Ratio of the Chlorophenyl

Acerylate and Methyl Methacrylate

3.7.1 The Fineman - Ross Method

When the copolymer composition has been known, the

be evaluated. Among  several

é developed by Fineman and

Ross is the most cole—— e, copolymerization (see

monomer reactivity rat!

methods (1,4,40), the

Appendix I ), whick 77/ A% N e to this work as well

In the Fineman ar ! AN COMN Lty ratios r, and r

1 2

for the monomer determined by using

the following equy

where f and F are Th J ractions of monomer M

1
and ¥, in feeding and coft

-

P tively. Consequently, if one
plots f(F-1)/5= wial be obtained with
the slope of r {¥§ iy} ors involved in the

reactivity ratik}raluea - : 1om tﬂ: standard deviations

in the slope and dptercept ofgjhe straight line .

Augd Y!LLZL.Wl!,ﬂ AldE
QRRNTUEIINIALY.... ..

mole fraction of PCPA unit in each of eight copolymers was

determined by ultraviolet-visible spectroscopy. Thus the terms of
f(F-1)/F and f'E.-*F were attained (Table 3.11). Then the plot of
f(F-1)/F and fEfF led to the straight line (Figure 3.22). From the

slope and the intercept of this straight line, monomer reactivity
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ratios of the HHA{H1}—PCPE{HEJ copolymer were obtained , i.e.,
r, =1.07 + 0.03 and P . 0.08 + 0.11.
It has been known that the reactivity of a monomer toward a

radical depends on the reactivities of both the monomer and the

radical. The MMA reactivity ratio {r1} revealed that the wvalue

So, the MMA radical had

éwn and the other monomer

methacrylate monomer

of the rate constant k“ [
a similar reactivity
(PCPA). This could

can form both homopc. -“-=h;ne same rate. However,in

the copolymerizat’ AV S s monomer  pair (PCPn;rEJ

is essential to be swove. The value of PCPA

reactivity {rzl iny nt k.. is much less

22

than k y toward its own mono-

21"

mer is probably du¥ }21- ance of the chlorophenyl

pendant group between it ’ 1 Lo which it is adding. Thus
the PCPA propagsti <=

mer, MMA. Altl v

added the other mono-
F‘-chlaraphenyl acry-
|

late radical chiflj en ¢ Pendfl:y toward alternation

¥ d¥

which was auppartqﬂ the r.r, p ogduct, 0.08, methyl methacrylate

e AUBANGNTNYARG e e

chain. Thar ore, the cnpolg'er will cnntain a larger proportion of

- -mmnmuwnwmaa

In order to verify the values of r, and rz. was calcu-

1 1

lated by using the following equation which was rearranged from the

copolymer equation.

2 2 2
F. = ( r1f1 + f‘1f2 YA r1f1 +2f1f2+r2f‘2

1 )
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The calculated F, values of each copolymer were listed in

1
Table 3.12 . Figure 3.23 showed the copolymer composition as a
function of methyl methacrylate in the feeding based on the
experimentally determined reactivity ratios in the copolymerization

of methyl methacrylate and pentachlorophenyl acrylate. The curve

jeristic of copolymerization with

: ““‘l- imental values {F1 obsd]

e ’,,d} with ry = 1.07 and

illustrates an interestines

a tendency toward alte

fit well to the thk-

r, = 0.08, while™iED" show a drift from the

2

calculated. This ur: t in the monomer feed

ratio as the degre: ner increase but  the
Fineman and Rcd : ! 3*4 itant composition of
the relevant mo,

Roman et . {41 “;;E' d t‘ T activity ratios of 2-

chlorophenyl anrrla:- iLd a capnlymer and that of 4-

chlorophenyl anrylgt- = cppulwmar. l.e., rz—C1-Pﬁ

= 0.4240.02, V VI;‘ 0.3040.04, rg,, =

1.08+0.05, reapéqwi' raTlys of ethyl acrylate
) ¥

{H1] and PCPA cﬁFulymer were r, = G 88+0.19 and r, = 0.21+0.06

reported ﬂ %ﬁ‘}%’lﬂ[ﬂ?%&’}ﬂeﬁ the reactivity

ratios shofllthat both methy} methacrylate and ethyl aurylat.e have

ARIAINTUUR CLCACT:
phenyHd acrylate which corresponded with the reactivity ratios of
MMA-PCPA copolymer in this study.

3.7.1.2 2,4,5-Trichlorophenyl Acrylate and Methyl

Methacrylate

As mentioned in section 2.5 and 3.5, the
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incorporation of the chlorophenyl acrylate monomer into the polymer
of each of MMA-2,4,5-TCPA copolymer was determined by wusing UV-
Visible spectroscopic technic. Therefore, the terms of f(F-1)/F and
rEr‘F were attained (Table 3.13). The Fineman-Ross plot between
£(F-1)/F and f°/F (Figure 3.24) gave r, = 0.8430.11 and r, =

0.36+0.05. The reactivity ratiqe showed that each monomer prefered

to cross-propagate, thu 1/ P would exhibit a tendency to
alternate as well as ] :rmer. But rtrE{D.ET} of
MMA-2,4 ,5-TCPA cr 4 2 MMA-PCPA copolymer,
thus the alterna | : copolymer is smaller
than that in M sense, the copoly=-
merization will aM-nating and  random.
Comparison of tF : E the calculated F,I

value (Table 3.14) 4 \ Wtained values of r, and

r,. For this case, { ' § , are less than unity the
F, versus f, curve _ﬂ,,;-‘;: A gsses the line representing
F, = £, (the d _— 1 » (o) or crossover point
the copolymer Y " and copolymerization

ny

1]
occurs without a “aange in the feed composit™..

aglate and Methyl

Y. RER TR 10kl foh 1L o

ratios of mﬁ.[H,l )-2,4,6-TCPA copolymer, r, is0.58 + 0.01 and r, is

0.20 + 0.05. Certainly, the calculated F.l values were determined,

then compared with the observed F, values to verify the value of r

1 1

and r, (Table 3.16). Moreover, the copolymer composition curve

(Figure 3.27) showed the same characteristic as that of MMA-2,4,5-
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TCPA copolymer.

3.7.1.4 M4-Chloro-3-Methylphenyl Acrylate and Methyl

Methacrylate

The reactivity ratios of PH.HH,I )=-4-C1-3-MPA

copolymer were calculated in the same manner as shown in Table 3.17

and Figure 3.28. It was fcy = 0.67+0.02 and r, = 0.33+0.02.

Similarly, the F, va & by using the obtained r

1

and re and listed 3

Versus f.l »

1
29 showed the plot of F1

N i, four copolymer systems
lead to deduction ysystems shows the small
tendency towar Y P Y = units and methyl
methacrylate  tid 22 \ ®'n more easily than

chlorophenyl acryli
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Table 3.11 Variables for the evaluation of the reactivity ratioa of

the MMA-PCPA copolymer by the Fineman-Ross method

mole ratio
£2/F £(F-1)/F

in feed,f in copolygs

8.9273 ~a 8.0679

4.0079 3.2469
2.3515 1.7226
1.5007 0.9218
1.0078 0.6302
0.6719 -0.1918
0.4356 0.1318
9.0229 Foz 55 L\ 7271 8.1665
4.0087 | ' 3.0203 3.2552
2.31¢A4 i . ” 1.6619
1504548 B 0.9519
1.0104 2.5609 0.39% 0.6158
0f 749 Ei'fj' ; ﬂ uw 5 -0.1711
n:y | ﬂg‘! 5 ﬁl:m ' 0.1917
7 . it = ST




f(F=-1)/F

9 3
af ‘ 0~
T
4 i ‘ll i\
J -
2 L
1} o
%
oF o
=1 ° 3
). . ; £ivi
Fig.3.22 F ‘ tion of reactivituy

.ratioé for the copol gmeriz t.mn of MMA with PCPA

ﬂummmswmm
qmmn‘smumwmaa
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Table 3.12 Low-conversion copolymerization of pentachlorophenyl

acrylate {HE} and methyl methacrylate [H1J

F

MMA
fHHA convers?’ ) (copolymer)

(feed) caled

0.8993 0.9128

- 0.8003 0.8386
0.7016 0.7736

0.6001 0.7T121
0.5019 0.6602*
D.4018 0.6088*

0.3034 0.5581

0.9002 0.9135

0. 8004 g ) 0.8384

0.6985 = 0.7708

f o 0.6008 g 7 85 u 7314 0.7138
Hﬁ&l’!ﬂﬂﬂiﬂﬁ’]ﬂ‘fﬁ“‘
D. 505?'

ﬂﬁ”lﬂ*‘lﬂ’im AR TINY TR




Xe)
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o
o

mole fraction of MMA in copolymer

01. ? I.D
i no hon gil er
e A HEARURE WHART i
of MMA(M;) aml'PCPAr j&y benzenea at

AT
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Table 3.13 Variables for the evaluation of the reactivity ratios of

the MMA-2,4,5-TCPA copolymer by the Fineman-Ross method

mole ratio
= /F r(F-1)/F

in feed,rl in copoly rT F

8.9179 7.8257
4.0365 3.0706
2.3395 1.4214
1.5049 0.7419
0.9951 0. 1494
0.6720 -0.0389
0.4292 | -0.1022
8.9874 e ' T 7.8861
3.9668 3.0209
2. 326 A 1.4335
1.519 v_f_l- . 0.7571
1.5127 ¥  1.9164 1.10% 0.7233
.y 4 0.2368
WA AENINGINT ..
_ ¢ o v

“ARTANITIUAATINETRY
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Table 3.14 Low-conversion copolymerization of 2,4,5-trichlorophenyl

acrylate {Hz} and methyl methacrylate {H1]

F

MMA
fHHA (copolymer)
(feed) ' ad caled

0.8999 0.8916

0.8014 0.8012

0.7005 0.7198

0.6008 0.6463

0.4988 0.5742

0.4019 0.5046

0.3003 0.4253

0.8992 0.8920

0. 798 i ) 0.8006

0.6994 ‘E; N o 7213

0.6031 ~ 3.21 0.6659 =  0.6507

AHe NNy
RTINS N TNy T4y




ad

L2

mole fraction of MMA in copolymer

ﬂummmwmns
qmai‘mm"ﬁﬁ‘i E’;"[é; - i
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Table 3.15 Variables for the evaluation of the reactivity ratios of

the MMA-2 4 6-TCPA copolymer by the Fineman-Ross method

mole ratio
r=/F f(F-1)/F

in feed,f in copol

8.9550 7 7.4767
2.2907 = | S 1.3241
1.4920 7/ | NN 0.6558

1.o1c® A1 72 NN 0.1917
0.6658 | L‘w | f ~0.0671
0.4392 Y &or 7 1Jl, ; -0.1024
9.0207 7.5423
2.3356 1.3702
1.5536 0.6862
1.040) 0.1664
0.66 %l 3 -0.0769
0.4294 0.7891 -0.1147

‘o Q/

| _
QRN IUUNING IS




f(F-1) /F

88

8
il

8 B

6t

5}

4 4

3 ! r ‘,

21 ’ |

- I k.3

1 a)/ N

o ' : :
] e . , d . -
: 12 14

/ =3 activit
Fig. 3. 26 (v Y bnation of re .

. ios for cim oepe-suerlizat. of MMA with 2,4,6-TCPA
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Table 3.16 Low-conversion copolymerization of 2,4,6-trichlorophenyl

acrylate {Hz} and methyl methacrylate (H1}

Fl'!'l.l

(copolymer)

(feed) ‘ a>=d caled

0.8995 0.8629"
0.6961 * 0.6807
0.5987 0.6219
0.5035 0.5702
0.3997 0.5159
0.3052 “t v \ 0.4630
0.9002 ; s 0.8590
0.7002 2076 0.6844
0. 608\ A 54 0.6275
0.5109 4 = 0.5740
0.3982 ¥ 7.3 o0.u126 @ o512

AL INENTNENAT
RINNTANRINGIAE
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mole fraction of MMA in copolymer
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Table 3.17 Variables for the evaluation of the reactivity ratios
of the MMA-4-C1l-3-MPA cupnlyher by the Fineman-Ross

method

mole ratioc

2 /F £(F=1)/F
in feed,f

3.9754 _ N0 2.8067
2.3245" NN 1.3145
1.5012 2ABNNN N 0.6573
1.0064 NG AN 0.1245
0.9986 / :_'.i" A FH N\ 0.1791
0.6490 ¥ PR Ka h 0.0124
3.9514 oo ey 2.7728
2.3187 SN , 1.3038
Y
B 0.6330
1.0060 [ i 0.1094
1.0028 f ‘ 1.1266 0. Egzﬁ 0.1127

ﬂﬁﬂ?%ﬂiﬂﬁ%ﬂ‘i ety
qmmmmum’mmaﬂ
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Table 3.18 Low-conversion copolymerization of U4-chloro-3-methyl-

phenyl acrylate {HE) and methyl methacrylate {H1J

Fava

fHHA CONVERSION (copolymer)

(feed) ‘ 4 obad caled
0.7990 0.7737
0.6992 0.6932
0.6000 0.6235
0.5015 0.5591
0.4997 0.5579
0.3936 0.4886
0.7980 0.7709
0.6987 0.6909
0.5999 0.6216
0.5015 1; 0.5576
0.5007 | 0.55T
0.4003 ‘.ﬁ,ﬁ .63 .JD'5399 0.4920

QRIANIUNNINGIAY
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3.7.2 The Mayo-Lewis Method

3.7.2.1 Pentachlorophenyl Acrylate and Methyl

Methacrylate

In evaluation of the monomer reactivity

ratios from monomer concentrations at the start and end of

“4egrated form, eqs. (16) and (17)

. / is used. In the Mayo and

- are inserted into eqgs.

copolymerization experime:
in Appendix II, of th
Lewis method (119
(16) and (17) to. , _‘ » _ __ r, values for each

copolymerization versus r, are then

constructed A% the results of each
experiment. N s c | ; \ N langular intersection
then defines ¢t 5 = 1, hx he system. This 1is

1l1lustrated in cbtained in MMA-PCPA

|
copolymerization It can be seen that the

L‘-’"f.:a

plots of r, versus g

1
The. ;"_.—77 v':';‘ ordinates from eqs.

(16) and {TT}I"is o WS mjll be calculated, and

A¥

considerable axpeli nting is ruquirad before appropriate P values

e s R APURSHYIRS rem srsim

eimplify té“ calculation 1n1f1ved in s h studies {s Appendix II).
m‘iﬁ’lﬂﬂﬂﬁiﬂvﬂd%’l‘ﬂ BN, ~ -
coordinates, given the concentration of the initial and final
monomer mixture, were then ecalculated. Yalues of ry and Ty
coordinates suitable for manual plotting could then be selected from

the output. The equations for the straight lines passing through

the calculated r, and r, coordinates were determined by a linear



least-squares technic (Table 3.19). The three lines with different
proportions of monomer and given the smallest size of area  bounded
by these lines were then chosen. The monomer reactivity ratios were
then determined from the center of gravity of the triangular
intersection of these three lines.

It was noticed that ’ plopes of these lines are positive

and increase as [MMA] The lines with 1least and

greatest slope co : to experiments which

initially contain The monomer reactivity

ratios of this s 0.08. Although these

values (i.e.,r neman-Ross and Mayo-

1

Lewis method are = AT g bit a similar tendency

OBl Acrylate and Methyl

96

h the MMA-PCPA system, the

monomer L) TcPA system were

-
)
)

determined. Thy.: o = =tion from Mayo-Lewis

Ll )
plot. Figure ,.31 exhibits the atraight

- = mmm 11 I
ammﬁmmm"r 1+ s

are of the same order as those of similar copolymer systems that

~ne ubtainﬂd by using

contain acrylate and MMA as described in section 3.7.1.1 .

3.7.2.3 2,4,6-Trichlorophenyl Acrylate and Methyl

Methacrylate

The monomer reactivity ratios of MMA-2,4,6-
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TCPA system were similarly determined. Linear equation of a
series of r, and r, coordinates is list in Table 3.21. The ry and

values obtained (Figure 3.32) are r,= 0.63 and r, = 0.12 .

3.7.2.4 U4-Chloro-3-Methylphenyl Acrylate and Methyl
Methacrylate

J j e monomer reactivity ratios of

Fa

MMA-4-Cl-3-MFA system results calculated by the

Mayo-Lewis equati — . WS. The r, and r, values

obtained (Figure f'ﬁr“mhfimqg r, = 0.37 .

AULININTNEINS
ARINNTUNRINGINY
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Table 3.19 Linear equation of Mayo-Lewis plot from the copolymeri-

zation of MMA [H1J and PCPA (HE}

equation

j
¢

AUEINYNINYINT
RINNTUNNIINGIAY
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Fig. 3.30 Hayn—I.-?xs plot ; higb-mnve:sinn data for

ﬂ»id&l@#l&l DIPEARTersce ot
ﬂﬂ’l ANNIUNNIINYIAY
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Table 3.20 Linear equation of Mayo-Lewis plot from the copolymeri-

zation of MMA [H1} and 2,4,5-TCPA {Hz}

equation

AUEINININYINS
AN TUUMINYIAY
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2.0

Fig. 3.31 Mayo-Zidvis plot ; nign-conversioridata for

AU TMEN NGy <o o
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Table 3.21 Linear equation of Mayo-Lewis plot from the copolymeri-

zation of I-HHHIJand 2,4,6-TCPA I’HEJ

equation

NINYINT
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Fig. 3.32 Hayn—Lem' ot g h.igh-— rsion data for

gl ugla mms WD cciece coporyne:
‘m’] aNNINUNINYIAY
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Table 3.22 Linear equation of Mayo-Lewis plot from the copolymeri-

zation of MMA(M JJnnd 4-C1-3-MPA (M 2-:'

AutIneningIns
RINNTUNRIINGIAY
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2.0

l.0 |

0.0 |

Fig. 3.33 Mayo-is F' Flﬂt F high—mnversinn e,
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