CHAPTER II

THEORY
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2.1 Ring-opening polyn
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The nring-opening pqumerlzét.lon of cyclic monomers

has been ﬂfu&l Q mﬂm imoﬂnmie both ionic and

molecular specles. Initisgtors resulks in openi f the ring to
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neutral molecule depending on the initiator.
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Where Z represents the functional group on the monomer

molecule and I is symbolized for the initiator. The examples of
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the initiators used for ionic ring-opening polymerization are Na,
RO, HO, and BF,. The prime initiator of the molecular type is
water. The more reactive and stronger ionic initiators are
essentially required by most monomers. Oon the other hand, the

molecular type initiators are required by only the more reactive

cyclic monomers to un

The il ] rows by the successive

ring-opening a i f /many \0NET B cules.
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" The M : ; srowth in the ring-opening
polymerization bears 3 esemblance to that in the
chain polymerizations =~ |
are able t.o
step polymerllo
ring-opening polw izations as ain or step polymerizations is
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laws and he distribution of polymer molecular weights with
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o or a chain polymerization depending on its characteristics.

i g—oening polymerizations
‘. either chain or

T}ﬁ classification of the

The ease of polymerization of cyclic monomers depends
on thermodynamic and kinetic factors. The relative stabilities
of the rings and according linear structures including enthalpy,

entropy and free energy changes for conversion of cyclic monomers
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to the 1linear polymer are considered as thermodynamic factors
which determine whether a cyclic monomer can be converted to
linear polymer. Not only the thermodynamic feasibility does

garantee the actual polymerization of cyclic monomers, but the

kinetic path way also be r <’7zred for the ring to be opened and

undergo polymerization

2.1.2 Ring-opening-polymer “'u_“_ cyclic monomers

The X 1 nany: geyelic' monemers that can undergo

ring-opening polymgriZafion b -,\- e of initiators under

the suitable condifions. -m_:. onomers are cyclic ethers,
qu.f.a f R M
cyclic amides, 11(&{5)@ " lic esters or lactones

G B Each o equires different types of

the initiators polymerizations and their

mechanisms

cationic ring—%

which can be po}y rized by bo anionic and cationic initiator
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types of the initiators, cationic, anionic, and water. The last

] preferably undergo
%:ept to the epoxides

one is referred to the oldest and yet most important initiator for
ring-polymerization since it has been used in commercial process
for producing polyamides. Anionic initiation. is also practical
for commercial manufacturing. However, cationic initiation is

not. useful because the conversions and polymer molecular weights
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that can be obtained are not high enough. The productions of
Nylon-6, Nylon-12, and to a lesser extent, Nylon-8, are , for
instance, of commercial importance.

Cyclosiloxanes the compounds containing Si-O0 ring

in which Si and O ately bonded together. The

ring containing 's called cyclotrisiloxane

( D. ), can be

3

tiators in the presence
of donor sol 29 ), diglime ¢ 30 ),
DME ( 31 ), a siloxanes can undergo
rapid polymeri erse polymers. Cyclo-
tetrasiloxanes l 4-0 atoms, can also be

"~ polymerized but ation is much lower than

that of D,.

Al 9, ‘olynerizat. ions, that
of lactone oyEByc 5 sée{ﬁto be more interesting

since they givespelymers withy,ester backbone or polyester.

Ahphmﬂ Tefibeg 41 £l ‘5 W B Yodnemic myarorysis

and con81dered as a potentdal biodegpadable polymers ( 32,33 ).
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gl Ring-opening polymerization of lactone

The polymerizations of lactones have been
studied widely. The ring-opening reactions of lactones can give
homopolymers, copolymers and terpolymers depending on numbers of

the type of monomers used. The lactones are classified into



18

groups and according nomenclature are given. The polymerizations

of lactones are briefly discussed as follows:

The pivalolactone, «,x-dimethyl-g-propiolactone, is

remarkedly easy to be pol ‘erized by anionic ring-opening

polymerization. The reachic place rapidly and completely

in organic media at.mi Early studied on pivalo-
lactone ( 34 ) ization is initiated by
tertiary amine bion was v1sua1ized as

occuring in fol

RN: + V' OEEh - N-CH_-C-CO_~ £ 2.8 1
( R,P3)

J:“ Initiaton
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Propagation

There are initiators for polymerizing of lactones
such as cyclic amine (35), AlEt_/H,0 and ZnEt /H,0  (36),

aluminium porphyrin and its derivatives (37,38) and ug-oxo-bime-



tallic trinuclear alkoxides (39).

Inoue and Aida (37) found that ring-opening of
g-lactone by tetraphenylporphinato aluminum chloride ( TPPAIC1 )
preferably takes place at the alkyl-oxygen bond ( Equa. 2.5 ).

The phenomenons 1is con yz: observed strong absorption
e ™ 2

band of carboxyla and a triplet signal at

-0.7 ppm ( s ' pT e methylene group of a

porphinatoalumi
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: —;\‘ ined from the ring-

opening polymeriZation o t DO yﬁ-caprolactone)( PCL )
Many initiators ‘( sometimes ¢ 1 ed catalysts ) are used to
e 6 YA HR  TITY P
gox, et a . reported that ‘the ring-o n1ng of E- was initiated

by ammﬂwmmv%’m B anyarons

toluene, at 80 ° C, and under nitrogen atmosphere. Pitt, et al.
( 40 ) found that the polymerizations of &-CL which are performed
in bulk systems and initiated with stannous octoate at different
temperatures and reaction times, are characterized by rapid
initiation, invariance of the number of growing chains corres-

ponding to the amount of initiator, and a dominant role played by
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ester interchange reactions. Morton and Wu ( 41 ) reported that
rapid polymerizations and high molecular weights are obtained
the ring-opening of &-CL initiated with butyllithium and

lithium t-butoxide in tetrahydrofuran and benzene solvents, at

25 ° C. Inoue, et al. ( 42 ) found that ¢ 5, 10, 15, 20-tetra-
phenylporphinato) aluminum a alcohol system { (TPP) AlOR )}
is an excellent initi®ter f ,WEp0lgmerization of £-CL to give

the correspondi 3y ing & narrow molecular weight

distribution.

ﬂ‘HEl’J'VIWI‘iWEHﬂ‘i

gTPP) AlOR
However, the nolecular weight of obtalned polymers
was quite low ( ¢ 30,000 ) and the reaction of that system had
'another disadvantage for taking a long time. The polymerization

of E-CL initiated with (TPP) AlOR is represented by Equation 2.8.
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0 0

(TPP)AIOR + m(CH,), |———> (TPP)Al—~0-(CH,) -C——OR [ 2.8 ]

C=0

The grafé thod for synthesizing a

L C

so called ; molecules with one or

more species ¢ chain as side chains
baving consti features that differ:
from those in 13, - af branch points. The
simplest case . an be represented by the

structure below;

~A-AA-A-A-A= “A=X-A-A-A+A-A-A-A-A-A-A-A-

e AF

ﬂ‘lJEl’JVIEWIﬁWEI’]ﬂ‘i
qmaﬂﬂmum?wmaﬂ

Scheme 2.1 The representation of graft copolymer; ( A) is the
repeating unit of the main chain, ( B ) is of the side

chain and ( X ) is the branch point.
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where a sequence of A monomer units is referred to as the main
chain or backbone, the sequence of B units is the side chain or
graft, and X is represented for the units in the backbone to
which the grafted chains are attached. 1In graft copolymers the

backbone and the side chalns may both be homopolymeric, the

backbone may be homope

or vice versa, or vackb side chains may be

the side chains copolymeric

copolymeric but of di ositions.

branches are usually
aft copolymers can:be
"Bhe solid state. Fﬁee
radical polymerizati [_ _vff'Y 2 the oldest and most widely
used for the synthes ;ufﬁ gﬁ yolymers since they are very

simple and 'relat1vef.a'w tica: 2 Y

prac However, they usually

give heterogenéd ials that are diFFieult to characterize.

2:2.1" 8Stare as a raw later1a1

ﬂumwﬂmwmm

Starch ( 44, 45 ), the pr1nc1ple reserved polysaccha-

) A TR VR £ e o o

dlet. It is connonly known that starches are stored in many

parts of plants such as seeds, fruits, tubers, roots, stem pith,
etc, and are produced commercially from corn, uheet, rice,
tapioca, potato, sago, and other sources. Corn starch is the
most important starches manufactured in the United States.

Starch of excellent quality can be prepared from white potatoes.
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Starches from other sources (¢ cassava, tapioca, etc ) are

prepared in a manner similar to that for corn or potato starch.

Starch ( 46 ) is composed of two polysaccharides; amylose

and amylopectin, both po ers consisting of linked D-anhydro-

1 the residues are joined by

&i In the large branched

are grafted to the linear «- 1,4-

glucose residues.
«-1,4-linkages toi;
amylopectin

polymer by a si rvals of 20 units or so.

.- string elements of a

\\\?1 to as a racesome

These branche
tassle. This

structure.

Scheme 2.2 The structures of amylose and amylopectin
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Natural starches occur in a number of different polymor-
phic forms. The cereal starches give an X-ray pattern classed
as " A ", and the starches of tubers yield a " B " pattern. The
most probable mode for crystallization of starches is double

| helix and that the uniquely ed amylopectin molecule, with its

clusters of short e predominant ecrystalline

component. Inde solely of amylopectin
crystalline as ) pse containing amylose.
The presence 0 3 ?ﬁhbkr. linity, with both "A"
and " B " stru "héing ".~7,a*f%\\; srms of hydrates.

The si jary from 2 to 150 u m.

Rice starch has and potato the largest.

Microscopic examin 'vfﬁf--{_: gsranules reveals a distinct

cleft call hilum of the granule,ie, it is

the nucleus af 5"-' o red.
Undamagedysstarch granul are insoluble in cold water but

e UUINIATNBART sower. 0

water a. large irreversible swelllng‘gpcnrs prod g gelatiniza-

i) ] i ored wum@mmagum depends

on types of starches as shown in Table 2.1.
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Table 2.1 The temperature ranges for starch gelatinization

Starch Range, °C

pot.ato 59-68
tapioca ’,// 58.5-70
62-72

. """--.., 63-72

58-64

At a certain temp ocess ( the lower limit

of the gelatini e kinetic energy of the
system is sufficient/ike ove The hydrogen bonding in the
interior of the The amorphous regions of the
granule are so ad. m“"‘ 11s rapidly, event-

ually to many mn

a consequence oi. it, some of the linear amylose molecules are

leached oﬂ 6t ¢hs %aﬂl&};ﬂ? Lipfon”| 7] The selatinization

(:.ellperat.urai is the rangg between the lower 1 t, indiecating

o 008 P B M) ) ﬁ&svondm to

the Ppoint where almost all granules are 100 % gelatinized. The

murmg swelling, and as

gelatinizaton rangé depends upon the methods used to measure it.
The most sensitive method follows microscopically the loss of
birefringence of a starch slurry heated on a Xofler hot .st.age.
Other chemicals present in the slurry may affect the

gelatinization range in a predictable way, and this information
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may be important to certain industrial applications of starch.
Certain chemicals, such as sodium sulfate, sucrose, and dextrose,
inhibit gelatinization and increase the gelatinization
temperature, probably by competing for available water. Other

chemicals such as sodium nitrate, alkali, and urea, lower the

gelatinization temperatus 2\ na) /)ossmly by disrupting granular

intermolecular hydrogen b
2.2.2 Pol

Poly urally occuring polymers or

\\m\
in

anabolism. The well-known

biopolymers obts of the corresponding

saccharide units d

polysaccharides arg gx i *¢h, and thier complexing

derivatives such as cggg"“;ﬁm p, and fiber. Polysaccha-
rides are degneded easily as th ;_;—_:_,_;,w int carbon and energy
O c—————— -
i ‘ L
sources for most.o ali¢ catalysis can undergo

elther inside or outs1de organ1sn cells.

ﬂumwﬁmwmm

9 The graft copo}ynerlzatlons of various v1ny] RONOMErs
ontﬂ WﬁMﬂﬁm ”% ’TC}%E}G}J&E}M videly in
ordel to get more applicable materials. The modified starch
prepared by Mn (III) initiated grafting of acrylonitrile onto
starch, absorbed water vapor 1like other polysaccharides at
relative humidities ( RH ) up to 95-97 %. At higher RH the
water vapor absorption was increased quickly. In contact with

liquid distilled water the modified starch became superabéorbent
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by retaining very large amounts of water ( up to 800 g/g) ( 47 ).
The graft copolymerization of acrylonitrile onto starches carried
out in the presence of ceric ammonium nitrate as an initiator
gave graft copolymers which were converted into water-water
absorbents by saponification or alkali-hydrolysis ( 48-51 ). The

\ ' ,,}/) omers have been developted by
“in & solution as an initiator.

—

The Mn(III) gra , _ applied as an efficient

graft copolymerization

using Mn(III) ion di

process for prep s materials (52).

ion-exchange na i AusSe ey had capacities available for

ion-exchange and , f “*;»" Change was quite rapid enough

synthesis of

starch and cellulose by~ a simple method that

involves ﬂﬁlﬁff}ﬂﬂﬂﬁﬁ mﬂ? polysaccharides,

styrene, ‘@nd an aqueous solution of potassium persulfate ( 54 ).

The;] wes] aﬁmgﬁ ﬁ.wqﬁﬂlm )at’oﬂd be used to

prepare graft copolymers having polymethyl methacrylate ( 55 )

gsrafted onto

and polybutyl acrylate ( 56 ) as side chains. Some of the starch
graft copolymers were investigated thier biodegradability and
found they were potentially biodegradable. Graft copolymeri-
zation of polysaccharides are initiated with various types of

initiators ( 57 ) and among them, the ceric ion initiator is the
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most promising and practical one. It is believed that grafting
of vinyl monomer onto cellulose and starch occurs via free-
radical reactions. The reaction occurs firstly by radical

production;

E 2.7 )

saction followss

i

The initiation of ¢

Grafting initiatipn

¥ S b LY
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N

n CH =CH-X {==S0H

HOCH,-CH CH=0 winidiilisiuelh. - BOCH S -CH H=0 E 281
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Grafting termination: Termination is mostly caused by ceric ion.

5
0
(llﬁb i C
o/ % //"JJ | /
HOCH —(l: -—-@copolyner + Ce (IID) + H
}

L 229 |1

eous oxidation.

é
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%

HOCH_-CH CH=0 + Ce(IID
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2.2.3 The mechanism of grafting copolymerization

CH=0

HOCH _-CH CH-—Oﬁie (IV)

The mechanism of grafting suggested by Samal, et al.

( 57 ) 1is reasonably plausible for the reaction of cellulose.

Mahmood, et al. ( 58 ) also postulated the mechanism of graft
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copolymerization onto jute fiber initiated by ceric ion. These
two mechanisms are similar. The mechanism of starch graft copo-

lymerization is supposed to be similar to that of cellulose.

Initiation:
~ {,ﬂ" |
Ce (IV) + ST-H o) Ce (ITD) + H [ 2.11 1
LU [2.12 ]
Ce (IV) + X P
Pfopagation:
mesxE ¥ [ 2.14 ]
Rt B £ 2.483
—fﬂ'fmm ‘UEI’EI?IEWITWEﬂﬂ‘ﬁ
ST-*Q mmmmmmxmm B ¢aten
E¥ 4+ Ce (IV) e M A OREEIT) . 4 n CUENE
K‘i‘
ST-M_% + ST*¥ —— Stabilization [ 2.18 ]
K

ST¥ + Ce (IV) —— oOxidative product+ Ce(IIID+ H° [ 2.19 3
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where ST-H denotes a reactive group in starch, M is a monomer,

i
, §

K is the equilibrium constant, and k. k., . kp. kpt’ k‘, k“, and

K_ are rate constants.

equilibrium step, may represent the

Step [ 2.11 1,

adsorptioh of Ce (IV) hen followed by the decompo-

: give active free-radical on
starch. The of ‘{;:i:::;ajnitiate step [ 2.12 1.
:5%;}:::3:\H by Ce (IV) to give

[ 2.16 1 and by i ¢ ‘,1f Grafting is affected when

sition of

The monomer
monomeric free The growing of side
chains is in s ated by Ce (IV) in step
step [ 2.12 1 . step [ 2.13 1, which is
the initiation of" homeopelyme i is predominant. The

predominant steps iwwxp» ] are essentially required

-
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