CHAPTER I

INTRODUCTION

1.1 Eogglgggrization

Polymerization i: to convert monomer molecules
inte a macromolecu ' Famerization is most useful
defined as polymer s W  ans re structurally distinct
monomers are incor- [P ;rtymer chain (1-3). This
involves a defini* Y/ SR, monomer M, and M,. Two
most important r ¥ -i-ﬁ “and addition poly-
merization. Cond Sy e (i< F ‘:11 formed by reactions
involving the a“l le, such as water, at
each step. Addit W in the formation of a
macromolecule Hhich-;a s

}Taa-r-,ic: TN jgactions are very closely
related to ;,— I.E."' #/] of single olefin

monomers in tr“' D pricijil chain reaction with

» ¥

discrete 1n1t1at prnpagatiu , and termination steps. Never-

theless, ﬂ”ﬂ’@%ﬂﬂ%‘ﬁﬂ'}ﬂ%’" of two olefin

monomers © tn show rate ani.mechanism characteristics considerably
iﬁ’]ﬁﬁﬁ‘ﬁﬂl HNATNRARY o« o
monoder alone. That is, the two monomers enter into the copolymer in
overall amounts determined by their relative con-centrations and

reactivities.
The behavior of monomers in copolymerization is especially

useful for studying the effect of chemical structure on reactivity.



Furthermore, copolymerization allows the synthesis of an almost
unlimited number of different products by variations in the nature
and relative amounts of the two monomer units in the copolymer
product, while homopolymerization is relatively 1limited (2).
However, compatibility with respect to chemical reactivity

of a monomer with other mone

“jessential for copolymer formation
which lead to new prody valuable properties. For
example, pulystyrenr,' ind has limited practical

utility, while ca W¥ith butadiene leads to
electromeric 2aces the usefulness of

polystyrene.

When two , ‘_ I -npaﬂ nWized it is common to

¥y \
characterize the read®iciiae . monomer reactivity ratios
which define the rate cdcliv/sZd an chain and adding its own

monomer relat adding the other

Y
monomers. These =4 -es Esm:. a rich source of
h 1
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information which 1Ft only can be usnd to describe copolymerization,
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reactivity §) radical addition raaction.
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copolymer systems . It was found that monomers
differed markedly in their tendencies to enter into copolymers. The
composition of copolymer being formed at any instant is given by the

following equation which is known as the copoymer equation (1-3).
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[H1] and [HEII are the concentrations of each of two monomers in the
monomer feeding, while d[H1] and d[Hz:I are their corresponding

concentrations in the copolvrgry gThe monomer reactivity ratios r

1

and are defined of the reactivity of the

2
propagating species o the reactivity of the
propagation speci

Monomer snsidered by several
methods (5-11) 1 [eq.{1)] or on the
integral copoly:’ copolymer equation
[eq.(1)] describe nstantaneously .formed
copolymer as ' Lk W omer feed composition
only. Therefore, it == olymerization experiments
in which calculation anomer reactivity ratics are
based oON 0. udi— L j)as to be kept as
V. X

small as possiC¥=™

The F:I.maI y 1-Ross method is one of ral methods to compute
monomer r \d ‘r?ﬂ i’ ] A8 1 equation and on
data canﬂHH the 1 1ﬂ;ﬂo nﬂ ﬂdﬁiﬂjulmn\g copolymer
co ¢ v i L r% systematic
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(1) The ratio of the instantaneous monomer consumption is
approximated by the copolymer composition.

(2) Most copolymerization reactions inevitably show a drift
of the molar feed ratio and so the differential is only

approximately valid.




(3) the reactivity ratios are computed, using simple least-
square methods, thereby neglecting the error in the so-called
independent variable. Because of factors (1) and (2) the dif-
ferential copolymer equation is only approximately valid.

Integration of eq.(1) yields an exact relationship between

4he degree of conversion. Most

_ étha experimental technique

molar feed ratio as the

the changing monomerfeed

copolymerization reacisy
applied, will inavii'
degree of coversion _ O -xgrfion the integrated form
should be prefer: c i : slorm of the copolymer
equation in relial W\ for reactivity ratios.
Because the errof °t exist in this case.
The dete a£l ity ratios using the
integrated form « : invelves compositional
analysis of monome Frellis: ' on. However, the reactivity
ratios which e catdt (e A bod are inaccurate if a
drift of the i1 ;,— I._:"[ f the monomer feed

composition is [} serss pevan jiire of this method is

! » ¥

treatment of the dqf which cnmple alculations are required.
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their "decoration effect but also for the protection of the substrate

from deterioration due to the environment. Mildew or fungal growth
on the surface produces unsightly black discoloration and can
penetrate the underlying substrate causing detectable damage. In

fact, estimates of losses due to mildew defacement exceed one




HOOYAND I Ry IneuinT

ariinanidluwrIvean 5

million dollars annually (14). Thus, mildew defacement is recognized

as a serious problem, especially in areas of high humidity.
Conventional solutions to the mildew defacement problem

involve the incorporation of one or more of a large number of

commercially available antifungal agents into the paint. This

approach has met with var of success with respect to the

: Yy there are four major
7z :

duration of mildew
prcblems  associatl ' gf most  non-mercurial
fungicides after a N o time. They are:
{1) Leac* 'v , i ™aihe porous nature of
M\ity of the fungicide.
(2) ; - _eﬂlﬁ HE. Eka}}'due to the physical
properties of the i 32 7 g HE EH onditions.
(3) Photo-Te Jdatlas l‘, 1 3 mical properties of the
fungiecide during expﬁsurg v

(1) React =4 i acoronents due to the

functional grc‘f: ,rdiatructura of the

fungicide.
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The use of curial fungjgjde has been severely curtailed

or is nnnﬂ u&l @ﬂ] &Pﬂnﬁ w-&lq-ﬂnﬁ damage. Thus,

the major rahlema associgted with cyap ent systemsg p 2 short
vwﬂﬁ’]ﬂaﬂﬂﬁﬁuﬂ%ﬁ?}%ﬂ] At

he proprosed solution to these problems involves the
application of controlled release concept. Many design concepts have
been studies in developement of controlled-release formulations for
fungicides. One of the basic controlled release concepts using

chemical bonding of a fungicide to a natural or synthetic polymeric



material, as by pendant ester or anhydride linkages, which control
the release of the agent by hydrolysis, ete. 1is 1indicated con-
ceptually in Figure 1.1 (15,16). The theoretical comparison of the
rate of loss of fungicide from a film for a typical free fungicide

and a controlled release (constant rate) fungicide is shown in

Figure 1.2 (14,17). Clearls Jorease in the duration of mildew

inhibition can be expzs rnlled release fungicide. In
addition, an - : - — exneptaq (Figure 1.3)
through a reductici™ i — oree required for the same
level of control. \ % Q:.already in use can be
improved to mini | \ ;' ;E-Hd toxicchemicals and
to extend the d 'n (77415 ,1 ? ness.

The advs i 2 AN controlled release
concept include 1 f_ = :.71 of less toxicant, and
reduced emission l environment. Indeed,
controlled release ¢m“’f5523_; /s semically anchored fungicides
has already S —— s, al. (18-22) and

Y, ¢

other pnlymer-b-:-: = essfully utilized as

4

herbicides (23). Tﬁprrare, this appraach deserves serious considera-
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Several problems are encountered when an organic fungicide

is simply mixed into a paint (24). The most serious one is that the
fungicide tends to be leached or vaporized from the paint film over
long time periods. Daily exposure to sun, rain, wind, heat, etc.

will cause eventual loss of protection by leaching, evaporation and
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Fig. 1.2 Rate of loss of free fungicide and

controlled release fungicide
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Scheme 1.1 A polymer releasing fungicide on attack by fungi




migration (19, 22, 25-35). After the concentration of fungicide
drops below critical levels, mildew may start growing on the coating
surface (25). However, the losting fungicide could further be
harmful to the environment and to humans.

Recently, much attention has been paid on the synthesis of

the polymers containing ¢ chored fungicides. There are

several advantages ing the fungicide to the
binder, as compares to the paint. since the
polymer attached nqﬂ*ﬁﬁierly dispersed along the
polymer chain, it N discrete particles as
the film dried. So’ " gration problems would
also be eliminat™d. . el Y A\ ~3: : would respresent only
small mole percer . . & reason, would avoid
changing substant crel %. 1 ties of the polymeric
binder (i.e., Tg, etl.

A fungicida ghed to the polymer through

a functional .,:' ‘; lyzed to free the
|

V.
fungicide. Somejjjttr=s upgilinclude amide, ester

=
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and glucoside 1iik 5. Theugh the hydrolytic process could,

Petent-ialﬂ u%’ ’}:ﬂﬂﬁ«ﬁ wrﬂqﬂlﬁene, it might be

found that ngieide releaeirueuld accelerate only u d r conditions
-ARARINTUHINTINEIAY <
exocellular enzymes from the microorganisms would, themselves,
cleave the fungicide (scheme 1.1). This mode of hydrolysis would

supply the fungicide only when needed.
A detailed literature search revealed that little work had

been done with the concept of polymer-anchoring a fungicide. The
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copolymerization of vinyl acetate, acrylic monomers with fungicidal
acrylates was prepared by Pittman et. al. (18, 20, 21). The
fungicides chosen for their study were as followings; pentachloro-
phenol, 8-hydroxyquinoline, 3,4,5-tribromosalicylanilide, o-benzyl-

p-chlorophenol, salicylanilide,2-(4'-thiazoyl)-benzimidazole and 2-

mercapto-pyridine-N-oxidg

More recentlwv

‘ “/’i; synthesized poly(methyl

methacrylate) cont=" _ :ﬁ ' - ~_the fungicidal chloro-
phenyl acrylate. | gtachlorophenol, 2,4,5-
trichlorophenol ., - ‘ "avere chosen for her
study. Only smal’gFin e \ (1-5 % by mole) has
been copolymerize | to keep the properties
of the synthesized g Yedg ) . vmethyl methacrylate).
Although, the cnpé ¥ 7~;u_— ng Wd21 to a variety of some
microorganisms, they see ‘- . 5 active than the free parent
fungicide. »

Howeve! ;’ » ,‘-:J merization Kkinetics

-
for such monome i} has DeCr S in nr 4~ to know the monomer

reactivity ratios ‘?ﬂch system, @bfis study deals with the copoly-

wwrssnslbld o VRIS WBE M scsons srcmrs.

Firatly, fuur fungicidal morn@mers, i.e. Lpentachloropgenyl acrylate

A WABNFEIEU BIANYIREY. e
trich arnphen:.rl acrylate (2,4,6-TCPA) and U4-chloro--3-methylphenyl
*acrylate (4-Cl-3-MPA), were prepared for subsequent  homopoly-

merization and copolymerization with methyl methacrylate.
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