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ABSTRACT

I sotactic pol ynethacrylic acid (PMA) has been prepared by
hydrol ysing the isotactic pol ynethyl met hacryl ate (PMVA) which was
prepared fromthe nonomer (MVA) using Gignard reagent initiator in
toluene. The nost suitable method of hydrolysis waa found to involve the
use of glacial acetic acid with para-tol uene sul phonic acid as catal yst.
This nethod of hydrolysis resulted in conpl ete hydrol ysis.

The interaction between isotactic polymethacrylic acid (i-FM)
and divalent netal ions has been studied at 25°C and varyi ng experi -
mental conditions of ionic strength, degree of ionization, cation concen-
tration using two different techni ques. The experinental techniques
used for these studies are equilibriumdialysis and potentiometric
titration techni ques.

Results fromthe two methods of studies reveal that copper and
zinc interact quite strongly with preionized isotactic EVMA while
nmagnesi umonly binds weakly. The binding strength of the ions has been
found to be Cu*?>Zn*2>- Mg*2.

Copper and zinc ions bind with i-PMA to formconpl exes invol ving

two carboxylate groups to one netal ion.



The isotaotic PMA exists in conpactly coil ed state when unneutr a-
lised and at very | ow degrees of ionization (apha<0.25>). The unionized
acid was also found to be insolubles The ionized nol ecul es under go
configurational transition in the range al pha=0.5to 0.7.

In chapter 4 the binding of divalent nmetal ions with isotactic
PVA has been conpared with that of conventional PMA using existing data.
It was found that both copper and zinc bind nmore to the isotactic PVA

than to conventional PNA,
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Chapter 1 o;}fﬁffﬂj

14 .. . 7 INTRODUCTION ' .

_ Polyelecirolytes are macromolecular compounds which carry many |
ionizable groups attached to their polymerie chains. The combination
of large molecular weights with high charge densities leads to some
unique physico-chemical properties which set polyelecirolytes apart
from simple electrolytes and from uncharged polymers.

There are two distinct classes of polyelectrolytes namelys
naturally cceuring biclogically important pdlyuers (esg. proteins,
nueleic acid and pectins) and synthetic materials (e.g. polyacrylic
acid, poly-methacrylic acid, polyvinyl pyrolidine and polyvinyl
pyridipium halides). Further subdivisions exists depending on the
chemical constitution (organic and inorganic), nature of the ionic
groups attached to the polymeric chain {cationic, anionic and poly-
ampholytes), and conformational structure (atactic, isotactic and
syndiotactic podymers). Polymers with different steric order or
configuration arige due 1o existence of stereoisomeric centres. The
more important amongst such sterecisomeric centres ares (a) double bonds
which can have cis- or trans- configurations and {b) tetrahedral
sterecisomeric centres which have carbon atoms along the chain bonded
to two different substituents. The latter give rise te stereoregular

polymers. Thus one hag eutactic polymer which is a regular polymer

:1
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completely devoid of any element of structural disorder along its

molecular chain, while atactic¢ polymer has a completely random

sequence of these centres. Isotactic polymer is that whose monomeric

' units are

that when

asymetric, The monomeric units are ordered in such a way

passing from one monomeric unit to the other, cne finds

repetition of the unit configuration. In syndiotactic polymer, the

pogsition and structural arrangements are identical with those of

isotactic

Ixamples are:

polymer, but the unit configuration are arranged alternately,

Py

CH3 CH3 COOH CE COOH COOH
l \ V ) 2 i |
f - CH, - f - CE, - ? - CH, = f - CH, - f - CH, - ? - CH,=
C
OOH COCH CH3 COOH CH3 CHB
Atactic Polymethaerylic Acid,.
¢ C C g
3 ™3 3 o3 73 3
f - CH, - ? - CH, = ? - CH, = ? ~ CH, = f ~ CH, - ? - CH,
COOR COOH COOH COOH COOH COOR

j;-;QL.Iaotactic Polymethacrylic 4cid,

CH COOH CH COOH CH COOH

| 3 | } 3 l j 3 i

? - CH, ~ ? - cH, - ? - CH, - f - CH, - ? - CH, - ? - cH,
COOH CH coon iy COOH CHy

3 .
Syndiotactic Polymethacrylic Acid,



The steric configuration becomes more complex when one has more
than one sterecisomeric centres. 'l-f“" e

Some simple stereoregular polymergoccur in nature and function o
a8 structural materials (e.g. chitin and rubber) and as reserved food
mterials in the cell (e.g. starch and cellulose). Much of the stime
lation for the study of stereoregular macromolecules stems from the
fact that, what had exclusively been in the power of nature, namely
to join macromclecule with a predetermined gteric order, and not at
random iz now alsc possible for man, Mankind since c¢reation, has
been uneonsciously using macromolecules with preordered steric struce
ture such as those cccuring in clothing, building materials, food ste.,
but only about two decades age did he get a clue to the synthesis,

Apart from synthesising these stereoregular polymers, studies
carried out an their physico=-chemical properties, in particular those
of polyelectrolytes would serve as a useful guide to the behaviour of
natural polyelectrolytes and biopolymers many of which are sterically
erdered in structure. The very striking modification in the polymer
produced by the attachment of large numbers of jonized groups
{(cationic, anionic and polyampholytes) to a macromolecular chain make
| atudies of polyelectrolytes fascinating. The weakly caticnic polymer
has weakly basic group attached, while the anionic has acidic group
attached, s¢ that the charge density can be varied at will by changing

the degree of neutralisation.



Polyelectrolytes are usually studied in aqueous solutions, and
their properties in solution are greatly affected by such factors as
molecular weight and molecular weight distribution, rigidity of the
molecules, the conformation of the polymer molecule and addition of
simple electrolytes. The polymer chain is in a coiled form, but can
undergo extension in a solvent medium depending on the energetic
interaction of the polymer segment with solvent molecules, An uncharged
polymer chain, which is ionized by either titration or some other
chemical modification, may undergo chain expansion due to mutual
repulsion of the fixed charges. Thus the unionized molecule may be
transformed from the coiled configuration into the extended configue-
ration on complete ionization, However the ionic charges attached to
the polymeric backbone not only affect the conformation of the polymer,
but create a high local charge density which affects strongly the
properties of simple ions in solution, Thus with ionized functional
groups attached to the macromolecules, the forces between the charges
are very much larger than the dispersion forces or the dipole = dipole
interactions, Moreover these forces then act over relatively large
distances. The polyion has a large effect in reducing the activities
of counterions in sclution but is without major influence on byions,
Simple divalent cations in solution will also interact with polyanions

thus causing a distribution of the icns which modifies the expansion



of the chain, On the other hand the polyanion will determine the
interacticn with cations, Such interaction with simple divalent
cations will produce a shift in the titration curve of the polymeric
acid., Therefore, there are various phenomena concerned in the under-
standing of this study. It is the author's intention to investigate
the extent of expansion as a result of mutual repulsion, and the effect
of such expansion on the solution properties, It is also intended
to study the modification in the electrochemistry of the polyelectrolyte
cauged by the simple ions in solution, i.e. the effect of such complex
forming cations on the stability of structure as well as the effect ©f
isotacticity of the polymer on the properties ocutlined above,

There is a scapcity of data on the comparison of the behaviour
of isotactic and conventional polymethacrylic acid (PMA), Though many
workers have prepared and studied the degree of stereoregularity in
PMA, little work has been done on the complex formation of isotactic
PMA with divalent metal ions,

The present work involves, preparation of isotactic polymethacrylic
acid and investigation of its affinity for metal ions, viz: Cu+2,
Mé+2 and Zn+2, so as to be able to compare the stability of complexes
formed with those of conventionally prepared PMA using existing data.
Isotactic polymethacrylic acid was prepared by hydrolysing the corres—
ponding polymethylmethacrylate prepared using Grignard reagent initiator

in toluene. Various methods of hydrolysis were used including acid



and alkaline methods of hydrolysis and transesterification technigues.
The polyacid produced was used in the studies of binding with metal
ions, The techniques used in the physico-chemical gtudies were
equilibrium dialysis and potentiometric titration methods.

From the equilibrium dialysis technique the amount of wvarious
metal ions bound can be obtained, while potentiometric titration gives
the amount of carboxylate groups bound. From a combination of both

results, the binding constants can be computed,



142 ' ACCOUNTS OF PREVIOUS WORKS DONE

1.2.1 On Preparation of Isotactic Polymethylmethacrylate
and Isotactic Polymethacrylic acid:

Studies on the preparation of polymethylmethacrylate of various
stereoregularities have been carried out more extensively than any
other vinyl polymer, This is the author's view, is due to the fact
that the properties of polymethlmethacrylate (PMMA) vary markedly with
synthesis conditions due to very large variations in tacticity. The
stereoregularity of the polymer chain ig affected by such factors as,
the nature of the innitiator, the types of solvents used in the
reaction system, and the temperature at which the polymerisation is
carried out,

The author will now very briefly review the available experimental
evidence on the various factors affecting the stereoregularity of
PMMA. The preparation of stereoregular PMMA was first reported in
1958 by various workers (1-3). Fox and co-workers@yreported the
synthesis of crystallizable PMMA, by free radical and anionic
polymerisation. They obtained three different types of stereoregular
polymers depending on reaction conditions: (a) isotactic polymer
obtained with 9-fluorenyllithium at -60°C in hydrocarbons, for instance

toluene (b) syndiotactic polymer obtained using the same : initiator in



1,2-dimethoxyethane at =60°C and (c) a sterecblock co-polymer
coneisting of isotactic and syndiotactic blocks formed with
9~fluorenyllithium in toluene containing small amounts of dioxane.
This was confirmed by Glusker and co-workera (L) in their polymerisa-
tion of methylmethacrylate using 9=fluorenyllithium in toluene, where
predominantly isotactic polymer was obtained whereas in a mixture of
toluene and tetrahydrofuran (THF) the fraction of isotactic links
decreases rapidly with increasing concentration of THF., An extensive
study of the effect of various Grignard reagents on stereoregularity
of PMMA was carried out by Nishioka and co-workers (6), They found
that the stereoregularity of PMMA can be controlled over a wide range,
by selection of suitable alkyl groups in the Grignard reagents, and
temperature for polymerisation. Isotactic polymer was produced by
branched chain alkyl Grignard reagents, phenylmagnesium bromide in
toluene above OOC, and cyclohexyl magnesium bromide., Straight chain
alkyl Grignard reagents in toluene produced stereoblock polymers.
Increasing isotacticity is shown with increase in temperature from
—TOOC to +20°C, but pure isotactic polymer was difficult to attain with
these sets of catalysta. This result is consistent with those of
other workers (7333,52) who assigned an isotactic configuration to
polymer prepared using Grignard reagent in toluene, Goode and

co=workers (8) observed that the nature of the solvent is of profound



influence on the cocurse of the propagation reaction in their preparation
of PMMA innitiated by organometallic compounds. In toluene and other
weakly polar solvents isotactic linking predominates but with THF or
dimethoxyethane, syndiotactic polymers were formed,

These various investigation using different ‘dnitiator systems
all showed that anionic polymerisation of methylmethacrylate ( “MA)
in nonepolar solvents yields primarily isotactic polymer, whereas in
polar solvents syndiotactic propagation is favoured. It was also
observed (17) that stereospecificity of propagation not only depends
on the extent of polarisation of carbon-metal bond, or on the solvation
of the terminal ionic groups of the chain but is also influenced by
the radius of metal ions of the idnitiator,

It is essential to have an efficient means of determining the
tacticity of polymers, Infra=red spectra served as a useful means
innitially (8, 11-13) but now nuclear magnetic resonance (NMR) has
become the primary means for this purpose, ©OSuch determinations were
fist carried out by Bovey and Tiers ( 18) and lat@s’ many cther workers
have used NMR to examine steric isomerism in PMMA prepared under
different conditions (17-22), This is because the absence of hydrogen
atoms directly bonded to the g~—carbon atom, and the adequate chemical
shifts differences between the two methyl groups and the methylene

group result in little complication of spin-spin coupling,
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The ereation of polymethacrylic acid (PMA) whose isotacticity
approaches 100% has to proceed through the synthesis of a corresponding
ester and its subsequent hydrolysis. In doing this methods would have
to involve gradual hydrolysis without degrading the pelymer, nor
altering the tacticity. Several methods used by many workers to effect
hydrolysis will now be reviewed,

Glavis (23) carried out alkaline hydrolysis in a heterogenous
system containing PMMA, an organic solvent and aqueous hase, As much
as 75% hydrolysis was obtained if hydrolysis was allowed to run for
L8 hours, The conventional polymer and the syndiotactic polymer were
found to hydrolyse relatively slowly while isotactic PMMA was hydrolysed
faster and to a higher final conversion than the other two. The greater
ease of hydrolysis for isotactic PMMA was latter confirmed by
Selegny (26) who worked with the same heterogenous system. Alkaline
hydrolysis in homogenous phase i,e, reflux heating of a solution of
polymer already 75-80% hydrolyzed, was found (26,53) to follow the
same trend as above except that a new limit of B85%-hydrolysis was
attained.

Morawetz and Kandanian (25) obtained isctactic PMA by dissolving
the isotactic PMMA in cold 96% sulphuric acid, and warming for 30 minutes
at 6000, precipitated in excess water and purified by prolonged
dialysis, The unionised form of their polymeric acid was insoluble in

waters This method of hydrolysis was latés observed (26,27) to give
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a degraded polymer at high conversion both in mass and tacticity.

The isotactic polymer gave dark brown or black products even after
geveral purifications, while the syndiotactic gave green, but the order
of reactivity remained the same, The mechanism of hydrolysis of this
polymer was studied by Semen and Lando (28)., Their result on the

order of reactivity was consistent with those of other workers (5,25-27,
42)., They propesed that the mechanism of hydrolysis must proceed
through anhydride formation. Another method of hydrolysis of isotactic
PMMA reported (26) was that in which a mixture of hydriodic and acetic
acid was used., About 90% hydrolysis was reported, and the technique
was found to cause no alteration in moleoular mass and tacticity.

The results of the various workers on the order of reactivity were
agreeable, however the limit of hydrolysis seems to depend on the
method used and none seem to give a complete hydrolysis, The use of
concentrated sulphuric acid is likely to give rise to degradation both
in mags and tacticity.

None of the above methods were found suitable in the author's
case, and the method used has been reported elsewhere in the thesis,
The kinetics observed by several workers followed no simple behaviour
and it has been proposed (29,30) that the rate of hydrolysis of a given
ester group is affected by the configuration of the groups proximate

to it, The great differences in chemical reactivity must therefore
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arise from difference in backbone configuration of the polymers. The
1limit of hydrolysis of about 90% could be due (26) to the necessity of
forming a six-membered ring anhydride cycles which are generally

accepted in hydrolysis mechanism,
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1.2,2 On Conformation and ion binding of Steréoiégglar
Polymethacrylic acid: U

Polymethacrylic acid (PMA) is the first example; in the author's
opinion, in which the influence of chemical constitution and | |
I.Istereoregularity on the properties of vinyl polyelectrolytes in aqeous
solution has generated a great interest. This might be due to the
fact that its chain can undergo a pH-induced conformational transition,
and alsoc because pdlyméfhécrylic acid ig available in different degrees
and types of stereoregularity.

The author will now brlefly review the various studies carried

r

out on the conformation and ionblndlng of PMA Ehpha51s will however
be layed on the stereoregular FMA, -

- In studying the physicow-chemical properties of PMA in solution,

| éo hany teohniques have been used by various authors, prominent
amongst which are: equilibrium dialysis measurements, potentiometric
ﬁitration, viscqmeﬁric technique, electrophoretic, conductance,
éﬁéétroécopid and folarographic methods, Various authors have used
the potentiometric method to investigate the structural changes of
PMA in solution, Mandel and Leyte (31) first recognised the exiatence
of two conformations of PMA and reported that this was respongible for
its abnormal behaviour, Crescenzi (32) showed that in the potentio=
metric titration of syndiotactic and isotactic PMA, the isotactic PMA
was seen to bahave as a weaker acid over the whole range of degree of

C 4 em
e ot
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neutralisation ©<). Similar results were cbtained by Nagasawa and
co=workers (33) who found that the pK, values for the isotactic form
were always higher than for syndiotactic, while the corresponding values
for atactic gnd oconventional PMA were intermediate., The differences
between the stereoregular PMA were accounted for by assuming that the
isotactic form has a locally helical structure, whereas the symdiotactic
one has a planar zig-zag conformation. An indication of this possibility
was earlier given by Loebl and O'neill (34) who reported that signifi-
cant differences exist in the titration behaviour of isotactic and
atactic PMA, their apparent dissociation constant differing by 0.3 pKa
units. 1In all these cases potentiometric plots reveal a clearly

defined step between values of A= 0,1 to 0.3 which is found absent

in the titration of other vinyl polyelectrolytes. These anomalies have
been attributed (31) to a conformational transition of PMA chains
taking place with a distinctly co-operative character in a narrow

range of J” values, Furthermore the phenomencn is largely independent

of polymer molecular weight and concentration., From the peculiar trend
of PMA viscogity against degree of neutralisation it was first argued
(31) that the conformational transition of PMA can be visualized as

an unwinding of a tightly coiled unionized polyacid, stable at low
degrees of ionization, The tighly coiled form of isotactic PMA seems

to be more stable at low degrees of neutralisaticn as indicated by

its insolubility (33,3}4,39) at lowdvalues up to N = 0,3, It is
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intereating. to n.ote'. that isotactic P‘MA b.e.cc-mes soluble only at a pH
beyond the conformational transition of conventional and syndiotactic
EMA. This will be expected to confirm some specifie properties of
the isotactic PMA. This observation can be linked with the revelation
from potentiometric plots where a fraction of the carboxyl groups would
not be accessible in the compact PMA gtructure stable at low pH values,
ap these become only titratable only above the transition., Differences
in the electrophoretic mobility of isctactic and syndiotactic PMA
have been reported (38), indicating that the isotactic form is the
slower moving one. & discontinuous dependence of neutralisation on cf
wasg observed, and again the effect has been consistently ascribed to
the conformational transition of the polyelectrolyte, Hydrophobic
interaction would play a mejor role on the stability of the tightly
colled PMA chains at low pHs es has been emphasized by Liquori and
co-workers {35) whose views é&e essentially consistent with those of
Birshtein (37)‘ i . DRI

dpart from the conformational changes in PMA, another interesting
aspect of the influence of stereoregularity on physico-chemical
properties is in its ion-binding. The association of both mono- and
divalent cations with polyelectrolytes has been investigated by many
workers. The various systems investigated include those containing
sodium, zinc, cadmium,copper, nickel and magnesium with partially

ionized conventional PMA (43-48). The divalent cations form more stable
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complexes with polyanions than monovalent ions, Of the cations studied
the chelation of Cu(II) with partially ionized PMA has received

greater attention. In the 1=!*h9.--01a1"'2 system the ligand groups are

evenly spaced along the polyion and the cation is capable of forming
complexes with up to four carboxylate groups. Kotlair and Morawetz (w
studied the Cu(II)=binding with PMA from equilibrium dialysis measure=-
ments, Such measurements were carried out using large polymeric acid/

Cu+2

ratios in the presence of high concentrations of potassium nitrate
to swamp the Donnan effect and minimize the electrical free energy of
complexation,

Various authors (LO,43=48) have used potentiometric titration
to demonstrate complex formation of PMA with copper and zinc,
Pronounced shifts to lower pH values in the titration ocurves were
obtained and these were attiibuted to complex formation, Similar
concentrations of alkaline earth metal ions produce no shifts in the
titration curves of PMA, Spectroscopic studies on P’!‘[ﬁx—-t}t.f"2 system
by Kotlair and Morawetz (48) and by Morawetgfindicated formation of
copper-tetracarboxylate complex with PMA, which is in agreement with
results from dialysis equilibrium (20). Mandel and Leyte (3]) have
also studied the binding of zinc, magnesium, cadmium, nickel and cobalt
by PMA using potentiometric methcd. They showed that Cu"'2 bound more
strongly to PMA than any of these ions, It was noted that the order

of binding was: Go+2< Ni+2<. Cu+2) Zn+2<’. Cd+2.



17

It has long been recognized by various authors that many of
the properties of polyelectrolytes in sclution cannot be adequately
accounted for by the average electrostatic potential of the polyelectro-
lyte molecule, The guestion of whether, the formation of a chelate
complex by a polyion with small cations involves ligands attached to
neighbouring residues of the polymer chain has to be clarified, If
such neighbouring ligands are involved then the steric configuration
of the polymer chain should have an appreciable effect on the stability
of the chelate,

Some striking and interesting results have been obtained on the
influence of stereoregularity on the binding of counterions by PMA,
0'neill and Loebl (Hf) did comparative studies of cu*? and Hg"'g ions
binding with isotactic and syndiotactic PMA using equilibrium dialysis
over a range of degrees of ionization of the polyacids, It was found
that the isotactic PMA has higher affinity for m"’z while Mg+2 is
bound mere strongly to syndiotactic polymer, the difference becoming
mere pronounced as the degree of ionization increases, Significant
differences have also been found in the extent to which Na' ions bind
to isotactic and syndiotactic PMA (48), with fraction of Nat ions bound
to syndiotactic PMA greater than that bound to isotactic PMA, The
order of binding to both conventional and isotactic PMA were found to

+2

be the same in the ionss Co )Cu+2‘=‘ﬂi+2)!1g+2 using turbidimetrie

teckmiques (LB),
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The binding of Hg+2 and bispyridinium bolaform cations to
partially neutralised polyacrylic acid (PAA), isotactic and syndiotactic
PMA was studied by Morawetz and co-workers (25) using dialysis equili-
brium technique. The three polymeric acids differ from one another
with the isotactic PMA less efficient, and the syndiotactic more
efficient than PAA in the binding of bolaform cations, The characteris-
tics of M@*z binding were found to have a surprisingly low sensitivity
to the concentration of added salt (NaBr). At the higher degrees of
ionization Mg*? ion is bound much more strongly to the syndiotactic
PMA., The affinity of isotactic PMA and syndiotactic PMA for Mg*g is
thus in an opposite order to that found for 0u+2, which is consistent
with the results of O'neill and Loehl @‘). Very recently a atudy on
the effect of chain facticity on dye-binding (acridine-orange dye)
to stereoregular PMA was carried out (49). It was found that the
binding strength of the dye is higher and its stacking coefficient
was lower in the presence of isotactic PMA, This was interpreted as
due to the higher probability for the dye molecules to be located
between couples of negatively charged groups arranged in helical
sequences when bound to the isotactic polymer,

From the various results obtained the specificity observed in
binding with stereoregular PMA, would indicate, in the author's opinion,

that neighbouring carboxylate groups along the chain of the polymeric
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acid are involved in the chelate formation, Only in this way can the
prenounced effects of stereorregularity on chelate stability be

acecounted for.



1.3 Preparation of Isolactic PMMA and its hydrolysis:

In order to prepare isotactic polymethylmethacrylate (PMMA) a
modification of the technique of Goode and co-workers (B) was used,
The methylmethacrylate (MMA) monomer was polymerised using phenyl
magnesium bromide and ethylmagnesium bromide in toluene as initiators
at different temperatures, =75°C, =25, +4°C,

The hydrolysis of the isotactic PMMA was carried out using
various methods, The alkaline hydrolysis in both heterogenous and
homogenous phases (23-26), the acid hydrolysis using concentrated
sulphuric acid (26, 28, 33,34,39) and hydrolysis using a mixture of
hydroiodic acid Andacetic acid (26) were used, but the results obtained
were unsatisfactory. The method used by the author for effective
hydrolysis of the polymer is reported in detail latter in this section.
This method involves use of acetic acid with para toluene sulphoniec

acid as the catalyst,

1e341 T, tal Details:
Te3e141 tion of Isotactic Polymethylmethacrylate:

1.3+1.1.1 Materials:
The methylmethacrylate monomer was obtained £rom Xochelight

Laboratories, and was distilled freshly and stored over calcium
hydride before use. The toluene used was distilled and stored over
sodium wires, Purified dry nitrogen gas was used as the inert

atmosphere for the reaction. The jmitiators used were ethylmagnesium



Fig. 1.4 Grignard generator and polymerization set ups
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bromide and phenylmagnesium bromide prepared in anhydrous ether, All

other reagents used were of analytical grade.

1631612 Po rizations

Figure (L) shows the diagrams for the Grignard generator and
polymerization vessel, To prepare the Grignard reagent 2 grams of
magnegium turnings were added to the T-test tube d, fitted with a
straight vacuum take off adaptor. The apparatus was flame dried, and
fitted with a serum stopper and drying tube containing caleium sulphate,
before cooling., Using an hypoedermic syringe previously stored in a
desiccator, 12.8 om> of ethyl bromide and 28 cm3 of anhydrous ether
were added to the T-test tube through the serum stopper a. The reaction
was allowed to proceed, cooling at intervals, until effervescence was
minimal,

The four necked flask g, was equiped with a magnetic stirrer ,
a predried addition funnel e, serum stopper, drying tube containing
calcium sulphate, and a low temperature thermometer, 400 cm3 of the
toluene wag added into the flask and 20 cm3 of the monomer into the
addition funnel e, in the diagram. The flask was cooled to L°C (+1)
by immersing it in an ice bath. The nitrogen inlet tube was fixed into
the addition funnel, After passing the nitrogen gas through a series
of Piesers' solutions, (e absorb any traces of oxygen) and drying tubes
containing calcium sulphate, a slow stream was bubbled through the

monomer (methylmethacrylate) and passed over the stirred toluene for
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30 minutes. The nitrogen inlet tube was then removed and quickly
replaced with a drying tube b2 while the drying tube b3 on the flask
was then stoppered, With the temperature at h°c, 12 0m3 of the
Grignard reagent was intreoduced through the serum stopper a,, using the
hypodermic syringe. The stopcock of the addition funnel was then
opened and the monomer added dropwise at a rate sufficient to maintain
the temperature at 4,°C, The reaction was allowed to proceed for | hours.

At the end of the polymerisation period, the contents of the
flask was poured into one litre of well stirred petroleum ether. The
mixture was filtered and the filter cake was washed several times with
distilled water acidified with dilute hydrochloric acid to dissolve
the inorganic salts, The polymer obtained was dissolved in the minimum
amount of tetrahydrofuran and extracted with petroleum other. This was
repeated several timee to make sure that the polymer was free from
monomer and initiator, The fluffy precipitate was dried in the wvacuum
oven at 6000, and weighed to determine the yield. The experiment was
repeated at two other temperatures (-75°C, —2500) uging in turn ethyl-
and phenylmagnesium bromide initiators.

The infra red and NMR spectra of the samples were taken., From
the NMR spectra, the coupling constant, J, was determined. The
molecular weight of the polymer samples were obtained from viscometric
determinations in chloroform solution at 25 4 1°¢ using the equation
obtained by Evans (52). This relationship has been found to be valid

for isoctactic PMMA,
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14342 RESULTS AND DISCUSSION

Table I:+ Results of Polymerization innitiated by Grignard
reagent initiators.

Tnitiator |Temp, °C %ﬁﬂdcﬁgngﬁvxm*rghMmﬁuw
Phenyl MgBr +L 3543 15.5 540 91.2
Ethyl MgBr +4 6@+0 15.5 LeB 91,2
Phenyl MgBr | =75 124 15,1 - 88.8
Ethyl MgBr =75 15.1 15.0 10 88,2
Bthyl MgBr | =25 20,0 15,2 640 89.1

From the NMR spectra the PMMA obtained using ethylmagnesium
bromide and phenylmagnesium bromide initiators have similar tacticity,
At low temperature of =75°C the yield was very low, 12-15%. The yield
was found to increase with increase in temperature of polymerization
with the yield for ethylmagnesium bromide often higher than that for
phenylmagnesium bromide. A maximum yield of 60% was obtained using
ethylmagnesium bromide at hOC whereas the yield for phenylmagnesium

bromide was about 35% at that temperature,



The interesting aspect of the result was the fact that ethyl
magnesjum bromide initiator {i.e. a straight chain allyl Grignard
reagent initiator) gave a polymer of high isotacticity (about 91%)
comparabie with that obtained using phenylmagnesium bromide. This is
different from what was reported by Nishioka {6) and other worksrs that
ethyl megnesium bromide gave mainly stereoblock co=polymer. It was also
observed that in the present work, the yield increases with temperature
increase, .

The infra red spectra fig.l-1 of the samples compare favourably well

%f, with those”of other workers, with high imotacticity. The NMR of the

samﬁié ﬂ;teimined in chloroform is shown in fig,)-2. The extreme right
hand line belongs to the internal standard tetramethyl silane (TMB)
while the position of other peaks are given in‘S unita with respect to
the gignal of TMS taken as &= 0. The signal of the ester group appears
at 3.684 . The signal for the two methylene protons appesrs as a qua-
druplet as a result of geminal spin-spin coupling between the magnetically
nonrequivalenﬁ:pfbtﬁns. Three of the expected four peaks can be gseen
distinctly, the fourth is under the & ~methyl rescnance which appears

at 1,28. The coupling constant J was found to be 15.5 cycles per
second, This indicates an isotacticity of about 91%, which is compara-
ble with that obtained by other workers (18, 25, 33). It is qmite
reasonabie to say that even straight chain alkyl Grignard reagent

initistors produce whelly isotactic PMMA contrary to the previcus beliefs,
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1¢3¢3 lysis of the Isotactic :

1.3.3.1 Experimental:

5 grams of the polymer was dissolved in a solution of 3 grams

3 acetic acid and 10 cm3

paratoluene sulphonic acid in 38,1 em of water,
The solution obtained was refluxed at 110°C, using an oil bath, for
336 hours. The product was isolated by precipitation in ether, The
precipitate was filtered, dissolved in methanol and reprecipitated in
ether, This process was repeated several times to get rid of any
acetic acid. The polyacid so obtained was dried in a vacuum oven at
6000. The white dried sample was weighed and infra red spectrum was

determined.

1.3¢3+.2 Results:

The sample obtained was white in colour and the unionised form
of the polyacid was insoluble up to = 0.25, both with and without
added potassium nitrate. The infra red spectra of the PMA (fig.;.3)
showed absorpticn at 1700 cm-1 instead of 1730 om'1, indicating complete
hydrolysis has taken place., From the colour of the sample, and the
viscosity average molecular weight of the reesterified PMA, there was
no evidence of degradation of the polymer both in isotacticity and
molecular mass., These facts show that this method would be better

than the methods previously used (26,28,33,34,39) for hydrolysing
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isotactic PMMA, It is also interesting to note that the tacticity
is unaffected.

1.ly Theory of Binding:

In the binding of ions or molecules to a macromolecule, a large
number of combining sites is always available, Treatment of such
binding must therefore take into account the fact that more than one

ion or molecule can bind to the available sites.

The strength of the complex formed between a metal ion and ligand
in solution is usually expressed in terms of the dissociation constant.
The following equations define the equilibrium constants between a

polymer P and metal ion M,

P + M ;—'ﬁ 2 K" -"'[:_ 1 . lt.i..ll(1-1)
LP 1M
Mo+ NN, X ‘._w';'—-—-]- sinsuasl1ud)
i ' LPMJLM
Pi%_1 + M= n K, = Lﬂqnj eeeessns(1=3)

(o303

where P denotes the concentration of free polymer mclecules and M
denotes the concentration of free metal ion that can be bound., The

concentration of individual species are usually not obtainable experi=-

mentally. However a more useful quantity in describing the
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metal-polymer interaction is r, which is defined by

Mcles of M bound

Total moles of polymer present seosaeaas(1=l)

The methods for determining r have been described inuﬁppfopriate
sections In this thegis. 1 can be expregsed in terms of the asseociation

constants u91ng the aquationa (1-1, -2, 1-3) fi.f!}?’ .

EPM]
L#,]

K1[M'[P]
KELMIPM'] = K1K2|:Pj EMJ2

i}

u-.oa..o('!"S)
(] = 13_1»1] = K4k xn[p [ﬂ’
so that the equation for r becomes _f;'“
T [PM.J + 2[?1"1:‘ + o-unp.-t-.-o nLPi'I-}

lf.!l’lllll(1-6)

L—il:2

(2] + ] + [mn

Substituting from equations (1=1, = 1-3) for the concentrations
"of each species of complex in equation (1-6) in terme of the free metel,

free polymer and equilibrium constants

r - K1[M'| + K KM+ ceeeanis KKoueen K THT (e
.:- aadEn 1-7
"ﬁ:; 1+ K LM] + KK am]2 $ crnesans K1K2""‘Kh[hJ

ST
ars T,
S

Equation (1-7) is a general equation and the only assumption made is

that the interaction is reversible and that the polymer hes a fixed

. : R SR Y
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)

number ofwsites for binding the metal ion, :Ty{,f R TR SO

1.,e1 Binding, by identical and independent Sites with no

Interaction between them:

The situation for binding by identical and completely independent
sites wlll now be considered, Let P denote & polymer having n sites
for binding to ligand M. Congider the simplest case in which the

rolymeric molecule P combines with only one molecule of M to form complex

-r
STl

™ i.e.

P o4+ Mg % M -.“...........(1—8)

The: aaaOCLation constant K is deflnad as
. o . :

- ;f-' | | —[P“ !
L \ L?ﬂ LMJ

where sguare brackets denote the concentration of the respective speciss,

--co.-;ooocco-o(1-9)

From equation (1=9) above

Cfm] s mEYHT .eeeensl(1-10)
Ir [PﬁJ 1s the total polymer concentration than e _
[Pt] Lm] + [P] -.-.a--(1-‘11) ﬂ

Comblnlng equations (1-10) and (1=11)

e ) . K{[_Pt] [ijj B} .eee(1-12)
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Rearranging equation (1-12) equation (1-13) is obtained.

(] = k7[e] = kM) B] eevenenna(1-13)

of _Elf-_]_ " K[H]

- 0..'....Il...(1-1h)
[F@J 1+ K[kJ
whe LFM] is the number of moles of M bound per mole of total polymer,
(p,]
[?t] 1 + K[Mj

Many alternative forms of equation (1-15) are useful in fitting
equations to data, For such purpcses a linear equivalent is more desirable,

Rearrangement of equation (1=15) leads to

o
1
—— = = 4+ M -onau.c!.i(1-16)
- K
or % = %‘% + 1 --nn.00.(1-17)
or 1": = 1-.KLMJ = 1 EERER R (1-18)
14k M) 1+KE”:?

From equation (1-18) it follows that == = K[H]



Therefore if a graph of < is plotted against 3 then K is obtained from

slope and the intercept is 1.

1.4.2 Binding by identical and non-independent sites:

Suppose a macromolecule has n identical electrostatically charged
sites which interact with one another in such a way that the binding at
any site affects the binding affinity at other sites, Consider for
example the aliphatic dibasic acid HUOC—(GHa)n-COOH, it can be seen that

the affinity of the species D0C=(CH,),-C00™ for H' ions will be greater

2)2
than the affinity of HDOC-—(CH?)n-COO-. This is because the extra €00~
on the former species provides extra electrostatic attraction for the H+
ions, than the latter., This electrostatic attraction will therefore
make the first association constant KT’ greater than the second associa-
tion constant K, If n is large then mutual interaction of the co0™
groups is reduced and K1 and K2 approach each other., It is possible to
allow for the former effect without in any way altering equation (1-18)
simply by allowing K and AF° (standard free energy of complexation) to
vary as r varies, The intrinsic association constant Ki,4 can be
defined as the limiting value of Kasa when v = 0 i,e, before any
interaction due to binding takes place. Corresponding to Kt there is
A F° which is standard free emergy when electrostatic factors are

int
taken into account and is given by

AF° = AF°mt. + BT B(Z) eeeeee(1=19)
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where @(T) is some fanction of r such that #(r) = Ofwhén;; = Oléﬁd

#(T) ie a completely unrestrioted function.

| If @#(r) is an inoreasing function of Ty binding at some sites
makes binding Q;RSther sites difficult, but if #(T) is a decreasing
function of ¥, then there is co-operative interaction between sites i.e.

occupation of some sites faoilitates binding at other sites,.

143 Single Set of Sites with co-operative Intersction

between thems:

There are some examples of psiymef.complexes where the uptake of
aﬁe firat metal ion makes it easier for the second metal ion te approach
the charged sites on the maoromoleocules In puch com=operative interactions
the second association constent will never be reduced, compared to the
firat, az much ag would be expected from statistical consideraticns,

Infact the secqnd agaqoiation conptant may even be larger than
the first. The rafib of'éugeeasive apsociation constants, corrected fox

statistical factors, may be defined as an interaction constant. It has

been shown (53) that for n sites with independent intrinsic affinities

B B

Oé. a 4.1 ..........(1-20)

S

vhere & is a constant for interaction between a pair of species, When

a =1 all sites possess the same intrineic free energy of assoctiation,

%
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and the above equation reduces to equation (1-21)

= KK iiiveeeeesed(1=21)

=R

which for a single binding site reduces to equation (1=16)

E}gul-l'n
T K

However it must be pointed out that when electrostatic intereaction do

ocour the exponent a in equation (1-20) is always greater than unity,

kMJ®
1+K£HJ“

S
i

a>1 -nnnoccanac(1-22).
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Chepter 2

DIALYSIS EQUILIBRIUM

2.1 Introductions:
The use of equilibrium dialysis technique permits the gathering

of precise quantitative data on polyelectrolyte-metal equilibria in
solution, The technique has been used by many workers to obtain infor-
mation on the polyelectrolyte~metal interaction., In principle the
technique consists of a vessel divided into two compartments by a
specially prepared membrane which is permeable to the small molecules
and ions but impermeable to the macromolecule§. If the macromolecules
are confined to one compartment, and if they bind some of the small
ions in the macromolecule - containing chamber, then the number of
small ions in this chamber will exceed that in the macromolecule-free
chamber, The difference between the two concentrations is a measure of
the amount of bound ions, provided the Donnan effect has been suppressed

or accounted for,

2.2 Brief Theory of Dorman's Equilibrium:

Some peculiar electrical and other effects have been observed (1,2)
in a system where two solutions containing electrolytes are separated

by a membrane which is freely permeable to most of the ions but

36
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impermeable to one specie; To.ﬁﬁderstand thig a ve;y éimple case may
be considered. Suppose that a membrane M meparates twoe solutions 1 and
2 of equal conetant volume containing only the salte WaA and KA respec—
tively., The membrene is permeable to Na+ and X but not A” iona, The
gation oan therefore exchange plages by diffusion across the membrane
but this is subject to the restraint condition of equimolar quantities.
At firat one might be inclined to think that the interchange of Na@ and
k* ions would continue until they are equally distributed throughcut
the whole system. This would occur if the system were permeable to A~
ion also, but that it will not cccur readily in present oase can be
seen in the following illustration., Assuming complete ionization, the

initial and final states can he represented as follows:_g'

C1Na+ 21{"‘02 01-xNa.+ E Natx
- - . +
C & ﬁAOE o X 2 K"Cz"_"_'__‘
e Dy 22 ,

Initial state ..-. . A
N oo Equilibrium state

If F denotes the free energy of the system then the equilibrium state
is characterised by the condition (cm)P p = 0 If the following variation
*

is considered, dn Moles Na© w 2 S

dn Moles K¥ = 1 )




then the electrical work terms vanish and we get

aF = RT{dn 103&:1 + dn logﬂ
[w'], g

+9 +
S0 that &' ) [na"], ..
[y + C
LK (K", 2

=0

2

Thus only when 01 = C, is it true that for equilibrium

2

(ma*], = [x*], = (],

Let the above simple consideration be applied to a polyelectrolyte of
high molecular weight separated by a semi permeable membrane from water.
Although the polyelectrolyte contains mobile counterions which can pass
through the membrane no such passage will be possible, since this will
result into a papid build up of very large electrostatic charges of
opposite sign in the two portions of the system, However, if a
uni-univalent salt such as KN03 is added on either side of the membrane,
its anions and caticns may diffuse together, Such distribution of the
salt between the two portions of the system must satisfy two conditions
according to Donnan (1, 3). The first condition requires that the
soluticn on either side of the membrane must be electroneutral, Thus
if mp is the molarity of the fixed charges in sclution containing the

polyelectrolyte, and m is the molarity of the added uni-univalent salt,
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then molarity of the bylon will be m = mg and molarity of counterion
m, = m, + M. In the dialyzate both ions will be at the same molarity
ml') = m; = m; « The second condition is that at equilibrium the
diffusible electrolyte must have the same thermodynamic activity on both

gides of the dialysis membrane,
2 2 =P ~e
mbmcb’i = m'n Iﬂo (Xi) .

(e + mn¥l = () )AX)? ceenneen@s)

where Y :a.nd &, are the mean ionic activity coefficients in the
abgence :nd prea;nce of polyelectrolyte respectively.

Consider first, the result which would be obtained if the activity
coefficients could be neglected. REquation{%1) then gives for a relation

’
between mg and m

" - ;_1'”_ + '\[mf 2)24- (m] )* seveo (i)

1f m; /o £4.1 then m, = mg (mﬁ‘/mf) i.es the added salt is excluded

from the polyelectrolyte solution. In the other extreme case when
uy
== 1, and expansion of (2-2) yields:

f

m,2 = m’, ~m m,2 -
8 a _£ + r < sesrenee 3)
> T -
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so that the difference in the total molarity of mobile ions m; on the
two sides of the membrane is

By oW,k ~my -m) smdm )
Bquation (L) shows that the value of m;, which contributed to the
osmotic pressure of the polyelectrolyte solution, is minimised with
increase in concentration of the added salt.

In the system studied, partially ionized PMA of concentration P
on one side of the semi-permeable membrane is brought to equilibrium
with the cation solution of concentration M in the same solvent as is
on the other side., The low molecular weight cation passes freely across
the membrane such that its activity on both sides of the membrane is
reached, The soluticns on the two sides were made suffiociently similar

by addition of simple electrolyte - KNO, so that activity coefficients

3
should also be the same on both sides. This was necessary because both
P and M are ionic and Domnan's effect must be suppressed,

The theory of dialysis equilibrium just discussed has an interes-—
ting bearing cn the ionic and other exchanges which take place in
living cells or tissues and their circumnatant fluids, In these cases,
however, the phenomena may be complicated by the variable permeability
of the cell membranes and by many other factors, so that the extremely

simple relationships which result from ideal membrane equilibria as
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presented in the foregoing sections will represent only a very small

part of the associated complex of phenomena which make up the reaction

of the cell towards variation of its environment, However the complexity
in living matter can only be understood by analysing it into its

simplest constituente and ascertaining, one by one, the laws which
govern the operation - the action and the equilibrium - of these consti-

tuents.

2.3 Experimental Details
2.3«1 Materials

Semi~-permeable membrane (viskintubing 2};/32 inch) which is
permeable to water, small molecules and ions, but impermeable to PMA
molecules, Pyrex test tubes, low temperature bath, buffer solution
pH=10, The buffer solution used was prepared by adding 142 om3 of concen-
trated ammonia solution to 17.5 g of analar ammonium chloride and dilu~
ting to 250 om® with distilled water. Eriochrome black T indicator (4),
used for the determination of both zinc and magnesium ions, was prepared
by dissolving the dye in triethanolamine and absolute alcohol. 0.5
percent solution of Fast Sulphon Black F indicator Ul)‘was used for
estimation of copper. 0,1M stock solution of EDTA was prepared by
dissolving 37.23 g of analar disodium dihydrogen ethylenediamine
tetra~acetate dihydrate in distilled water and diluting to one litre

with distilled water.



L2

243,2 Method

2.3.2,1 Preparation of Membrane and Filling of Dialysis Tubing
Appropriate lengths of the viskin tubings to be used were put in

distilled water and heated for one hour, The tubings were transfered
to fresh water and reheated for another one hour, The tubings were next
soaked in water for a few hours and then in 0,1M KNO3 for another
2Ly hours, adjusting the pH oocasionally to the required one. A piece
of dialysis tubing was removed from the KN03 solution and a knot was
tied at one end of it. 5 cm3 of PMA sclution at a given degree of
ionization <. , and enough KHO3 was added to give the desired ionic
strength of 0,10 in a total acid volume of 10 omj. The other end of the
tubing was closed and tied using a nylon thread. The membrane bag was
suspended in a test tube containing polymer-free solution. The polymer-
free solution contained 5 om® of zinc ion of varicus concentrations,
and enough KN03 solution to give the desired ionic strength of 0,1 in a
total volume of 10 om®. In all the experiments 2,5 x 10" base molar
PMA solution was used and the studies were carried out at varying degrees
of neutralisation,

Adequate mixing was necessary to attain equilibrium in the mini-
mum possible time, The dialysis bag was made taut and bhad an air space
provided in the bag, The dialysis was carried out at 25 + 0.1°C. The

time required for equilibration was determined for each metal ion, and
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minimun time was found to be five days. It was also necessary to
determine that an appreciable amount of Zn+2 ion did not bind to the
dialysis bag within the time required for equilibration, The amount of

Zn+2

iong bound to the membrane was negligible.
The above procedure was repeated for Cu+2 and Mg*z ions, and the

amounts of Cu+2 or Mg’Q bound to membrane were negligible,

243.242 Analysis of Solution at Equilibrium

The analysis of the PMA-free solution was carried out using an
adaptation of the volumetric analysis, where 2 cm3 of the polymer=free
solution was used for titration., In principle the solution was buffered
to pH = 10 and titrated against 25 x 107 M EDTA solution in the presence
of Ewiochrome black T indicator. The metal ions form chelate complexes
with the EDTA where the absence of zinc ions is indicated by a colour
change from wine-red to blue., The unknown concentration of zinc ion

can be determined, by reading from the calibration curve, once the volume

of EDTA used was known,

2.3.2,3 Calibration Curve

A calibration curve has to be prepared for the zine ion. To do this
3

2 cm” of Zn(N03)2 golution of known concentrations ranging from 0 to
20 x 10™M was titrated against 25 x 10™M EDTA solution. 4 plot of

concentration of zinec ion against volume of EDTA used was made.



The unknown concentration of zinc ion can thus be dotermined.

. The amount of zinc icn bound can be detexrmined, and is the difference

il

between the amount of zinc ilon put in and the amount of free zinec ion

found from titration,

"' The analysis of other ions were similarly carried out except that

'tﬁe buffer sclution uzed for Cu+2 waa concentrated ammonia solution, and

the indicator was Sulphon Black F, but buffer and indicator used for

Mg*z were the same as for zine ion, The whole equklibrium dialysis

meagurement was repeated at least thrice for each degree of neutralisa-—
" tiom studied. -
. ' The average number of metal ions bound per base molar PMA molecule
r; is equal to the meolar concentration of bound metal ion divi&ed by

_ the melar concentration of the polymer present.

-
! [
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2.4 RESULTS AND DISCUSSIONS

A lot of work has been done to determine the co-ordination numbers
and stability constants of chelate complexes formed between macro=
molecules and metallic ions. Bolewski and Lublina (§) have applied the
theory of multiple equilibria %o study the interaction between conven-
tional PMA (o~PMA) and Zn"'g, ca*? end Cu*? ione using polarographic
techniques, Other analytical methods such as potentiometric titration
(8) spectrophotometric (6, 8) and equilibrium dialysis (7, 8, 9)
techniques have been used to determine the co-ordination numbers and
gtability comstants of Cu(II) = PMA complexes. Kolawole (8) in his
studies of Zn-c~-PML and Cu-c-PMA complexes considered two types of
reactions to be taking place. The reaction between Mo* and c~PMA has
been considered as (a) straight forward chelation and (b) as chelation
leading to dimerization of the macromolecules,

In the first case the reaction

W+ (000T) == m(coo),

[.M(COO)ZJ, has been considered. From the above reaction
[){co0D,

it has been shown (8) that © =

giving K1

2

KM ]

+ 2 ulotuotto(2—5)



=I F(coo)

é]total

L —

e If -1- is plotted against 1- the slope is =

f

X

i " 1
*f;f;y- In the second case (b) if the co-ordination number is assumed %o

and the intercept is 2,

L6

2 i,e. n = 2, one can either have bi-co-ardinate complex or dimeri-

; zation involving two COO Eroups. L.€, M?+

o glving K

s

" From thia equatlon 1t has heen shown that

oL msE

:IIThe above equation also applies to an equilibrium involving a

+ 20000 =2 M(C00) 2
[M(COO)E t ...-....'.."10(2“6) . & ;—f‘
[ﬁ f][COO ]2 : ..\5”. .
| ...”......(.2_7)

{‘*/Mb . u(x-n,,)}
R

‘= Concentration of the metal ion bound

= Concentration of free metal ions,

tetra-co=ordinate complex

Mt .

2(co0”) =

M(COO")h

RS

where 1, is here the original concentration of (COO-)z resulting in the

tetra~co-ordinate complex.

Both equations (2~5) and (2~7) have been

tested in the present study and the results have been reported later

in this chapter.

G

L
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Summary of results obtained from dialysis equilibrium studies
o showing the amount of the metal ion bound and the amount of metal ion
added at various degress of ionlzation of i=PMA in 0,10 M KI\I(}3 at

e * O.1°C. All concentrations are in moles/litre.

Table 2-I

d“ﬁooi
Zn+2]ma§ad10h 5.0 7.5 10.0 12,5 15.0 17.5 20.0 25,0
[Zn+2]b0§nd1oh 0.92 1.80 2.25 2.90 3.35 3.65 3.85 3.90

(2] & 10" 5.0 7.5 10,0 12,5 15.0 17.5 20,0 25,0
Ez“+2]bou§a 10% 1,20 2,20 3.15 3.87 LuhO 4aT5 490 5.00
(zn*? mﬁed*u:v"l 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25,0
[2a*2] & 10% 1.55 2.60 3.65 4.60 S.12 S.h3 5.80 5.80
[2a*%) x .1o*

- -e.dﬁed
l—zn+2.]'bo§nd_10h 2.30 3.45 L.33 5.00 505 5.80 6,02 6,27

O 745 10,0 12.5 15.0 17,5 20.0 25,0
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Table 2-IT

= (.

[Cu+2 10h

ada¥a

5.0

[°“+2]bou§d1oh 1.075

& =2.0.l
42"
f_Cn --laddnet

+27
To™

b
d10

Y
ouﬁd10

.ot “’wanf L

5.0

5.0

1.65

5.0

2,05

1'30 1.50

T:5 10,0

2,30 3.20

7.5 10,0

2.82 3.98

7.5 10.0

8.0

1.68

12.5

h.Qo

12.5

L.83

12.5

6.15

10.8

2.10

15,0

bS5

1540

5.35

15.0

675

12.0

2451

17,5

1745

5475

17.5

7.1&

14,0

2,88

2040

495

20.0

20.0

7ko

16,0

3.18

25.0

5.00

25.0

6430

25.0

7465



X 10h 5.0 10.0 15.0__20,0_ 25.0 30.0 35.0 40.C L45.0

0.12 0.30 040 0.50 0.71 1,06 1,40 1,56 1,60

ng*2] gz 10" 5,0 10.0 15,0 20,0 25.0 30.0 35.0 40.0 45,0

2'lb xml* 0;23 046 0.60 0.69 0.90 1.31 1.63 1479 1.81

L““ Jtaga¥al® o -“jf; 10,0 15,0 20,0 25.0 30,0 35.0 L40.0 L5.0

[”Mg*21 e 10 1 0,61 0,72 0.8, 1.08 1 L8 1.80 1.92 1.94
bound - . “ . . | . _, . . ) .

I



Table 2-IV

A | [zn2 MAX o °°°'/Z°§2
0.3 3090 1092
Oy S.15 1.94
I
0.5 5.80 2,15
0.6 6,90 2,17 J
Table 2=V
ISR N
0.3 3-75 2.%
0.4 5.0 2,00
0.5 6.45 1.94
0.6 7.65 1.96
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2.4s1 Resulta:

Figurea 2.1-7 show the plots from egquilibrium dialysis studies,
Figures 2.1, 2.4 and 2.7 are the plots of the amount of metal ion
bound againgt the total amount of divalent metal ion added. Tables
2~1, 2-II and 2-I11 show the amount of metal ion bound and the amount
of metal ion added at variocus degrees of ionization, while tables 2.1V
and 2=V show the co-ordination number n [j 000—:]1 e, maximum number
of carboxylate group bound per metal ion when the maximum amount of

metal ion is bound, 5 e “th“.'
o !

IPan

.h 2 Discussion: o

Figures 2,71 and 2.4 shuw a gradual increase in the emount of Zn'e
and Cu+2 ion bound regspeotively, indicating & gradual build up of the
complex which finally levels off for each degrec of ionization studied,
As tre amount of metal ilons added increases the amount bound increages

ag the concentration of the metal-i-FMA complex builds up, until finally
a levelling off in tlie curves ig observed. The levelling off indlcates
that beyond a certain concentration, no matter how much of the metal

ion 1g added, the amount of metal bound remaing the game. This meana
that all the available binding sites at any particular degree of
neutralisation (<) have been taken up and no further binding is possible.

The amount of metal ion bound iz ° 1 in all cases (figures 2,1 and
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expected since the net charge on the polyanion increases with degree
of neutraligation. From the values of [}é?' when levelling off
ocoured, the co-ordination number n{ = CO00_ ) was obtained and was
found to be 2 for both copper and zinc +aa seen from tables 2-IV and
2=V, The ratio 000;/M§+ decreases as binding takes place probaly due
to decrease in the amount of free CO0 groups available as metal ion
binding takes place, When maximum binding has occured the ratioc stays
congtant,

A gituation more difficult to analyse is observed in the case of
H32+-Ivm.uomplex. The shapes of the curves in figure 2.7 show two types

of equilibria. There is a gradual rise in the amount of Mg='

ion bound
followed by an almost flat region where little rise in Hg§+ is observed
with increase in the amount of H32+ added, This portion is then followed
by a moderately sharp rise in Hg§+ which eventually levels off. There
is obviously a gradual build up of some sort of association between M32+
and i-PMA, which because of the build up in electrostatic energy (highel )
is unstable, and so breaks down to form a new type of association,
As expected the amount of M32+ bound increases with increase in the
degree of neutralisation.

Figure 2.8 shows a plot of maximum metal ion bound against degree

of ionization for the three metal ions studied. The figure shows that
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when the amount +2

of H?* bound at the same 2® m~value is compared, Cu
binds more to the i~PMA than Zn+2 which in tum binds much more than

M'g"2. These findings suggest the order of binding as Gu*27Zn+2"77 Mg+2.

- 'This order is expected sinee the binding of the metal ions to the

. :f: polymer proceeds through oxygen; i.e. the greater the sz—a-o attraction

the stronger the binding of the M2+ to the macromolecuie. The order

of electronegativity is infact Cu+23> Zn+21> Nng which will be the

M+2 2

order for ~» 0 attraction. In the binding between M * ana the

carboxylate groups some water molecules are being replaced from the

hydrated M2+ by the €00~ groups. Since the greater the hydration energy

the more difficult it im for water molecules to be displaced, then the
greater the hydration energy of the T the less effective the binding
of the macromolecule, It follows that Mg+2 with greater hydration

energy will bind less to the maoromolecule.

24402.1 Effect of binding on polyion configuration:

The high concentration of k* lons (0.1M) will provide a shielding
of the fixed charges of the polyion, and so the expansion of the ohain
backbone, resulting from mutual electrostatic repulsion of the fixed

charges will be greatly reduced i.e. the molecule wounld still exist in

e
the coiled forms Undexr these conditiones and from,.data pregented in

tables 2-IV and 2V, two ways in which the interaction of metal ion
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with polymer are suggested. One can either have (a) intrachain
interaction which involves binding within a polymer chain or (b) inter-
chain interaction which involvee two chains alligned together, such

that the M'® fon forms a sort of bridge between the two chains. (&) In
the intrachain interactions binding of a cation to a polymer will involve
carboxylete groups from the same polymer chain i.e., two neighbouring
carboxylate groups would be involved. This mode of interaction is
likely to lead to coiling of the molecules at low degrees of neutrali-
sation. Intrachain chain interaction in which more than two neighbouring
carboxylate groups (e.g. L) are involved would be very difficult on
account of steric strain, If more than two carboxylate groups are

bound, then interchain interaction is more favoured. For isotactic
polymethacrylic acid, the following arrangement may be found for

intrachin interaction.

\\\\\‘n2*//’ ‘\\\\\ /” \‘N\\_H? “\\\

/\ /\ 0/\ 4\_
0" O 0 0
C=0 C=0 MGHO C=0 C=0 C=0 C=0
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.. This mode of imteraction can either involve t;o:carboxylate

| groups within helix vhere an intes-galated type of bridging is formed
or involves bridging between adjacent turns of the helix. Since both
.c0pper and zinc form tetrahedral complexes then the above type of
representation is favoured. However the tetrahedral complex of copper
is more stable than that of zinc, since the d9 orbital in copper allows
for distortion which further stabilises the structure,

In interchain interaction, two chains will be alligned in such a
way that either (a) the two remaining water molecunles bonded to M2+ are
replaced by two carboxylate groups from the other polymer chain or
{v) the M2+ icn forms a bridge between twe carboxylate groups one from
each i=-FMA chain. The former will involve four carboxylate groups to
one metal ion , which has not beén ﬁﬁserved in the present study. The
latter will involve two carboxylate groups to one metal jon i,e. 2 sort
of dimerization of the macromolecules, Thia ig unlikely because two
highly charged macromolecules will find it very difficult to approach
each other because of the strong elesctrostatic repulsive forces. The
closeness of the €00  groups {in helical gtructure) of isotactic PMA
will reinforce this effect and make such coming together of two chains
for interchain interaction almost imposaible. Thus the intrachain

interaction is more likely to take place. This conclusion seems to

C oA . |'.I Lo
L . X
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agree with Kolawole's recent result in viscometric studies (10) that

24

the binding of M t0 1-PMA is likely to be intramolecular rather than

intermolecular binding, ST

2.4,2.2 Stability of M2+-i—PMA Coemplexes:

In calculating the binding constant for Cu~cwPMA and Zn-c<PMA
complexes Kolawole (8) obtained equations(e~S)and(2-7). From a plot of
% against %;, the r»eciprocal slope gives the binding constant while the
intercept gives n { = co-ordination number). These equations have also
been employed in the present study. It was not clear from the deriva=
tion the type of interacticn asgsumed before deriving these equstions,
but from the study of the equations it would sppear that equation (2-5)
agsunea Intramolecular binding mechanism whilst equation(Q-ﬁ.assumes

. intermolecular binding mechaniam.
Figures 2.7 and 2.5 show the plot of-% versus %g when equation
(g-ﬁjis used, and figures 2.3 and 2.6 are obtained when equation(2-7)
is used, Pigures 2,2 and 2.5 give atraight line graphs vhile 2.3 and
2.6 do not, Thus it is reasonable to conclude that from the shape of
these curves, the 1likely mode of binding is intramoleoular binding,
It is also clear that intermolecular binding would probably involve nmore
than two CO0  groups. The straight line obtained in figures 2.2 and
2.5 would rather suggest oﬁerﬁype of complex for both copper and zinc,



57

The equation 2-5 also predicts one binding constant which would support
the reaction
Wt o+ (0007), == M(coo"),

The binding constant was found to be 1.98 x ‘IO3 for zinc while
for copper it was 2,62 x 107 (at 25 4 0.1°¢). This shows again that
Cu"'z forms a more stable complex with i-PMA than zinc does,

The binding constant for zinc-c-PMA wae reported (8) to be
1.8LL x 1'.’)3 y which indicates that zinc forms more stable complex with
isotactic PMA than it does with conventional PMA., However, for copper
the binding with c-PMA was reported by Kolawole (8) to result in more
than one complex formation. Some of the results obtained in the present
work is in agreement with those of previous workers (11, 12) who

reported that Cu' binds more than Mg™> to i~PMA.
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Chapter 3

POTENTIOMETRIC TITRATION

3.1 Theo;x H
The potentiometric titration technique can be most useful for

obtaining information about the chemical nature of bound ionic groups,

and the sites and the shapes of macromolecules, It can also provide an
insight into the mechanism of ccnformational changes which occur as a
consequence of ionizations and yield information about the forces which
play a part in the stabilization of macromolecule-metal complex structures,

A carboxylic acid in aquecus sclution dissociates as follows
- COOR = =C00" + H'  ,ievees(B=1)

The conventional disscciation constant ko is defined by

K, = L:gge:l_ﬁéfﬁ, ........(3_2)
(=coon]

Equation (3-2) can be rewritten to give
-
pH = p!(o - 108 [M—I oocooc(:}-3)
on
Where the degree of ionizationdr is defined as:

M = [;Coo_j

sssaspanise H‘
fcoo™) + [coor G

59



LT

The lonization equilibria in a dibasic aocid may be represented
HY!;-%  ; ﬂihf;! ‘f.t-u._fé.f i o "

L T T

L e COOH CO0H <+ COCH oY)

L, T L - +
o o Hz,ﬁ *..,.:“_'?: HA + H ca-.-.ono--(B"‘S)
.. % . COOH COOT W= C00" GO0

HA— —— A2 4 H+ ..o.nctooal(M)

Poraer

" The ionization constants k1 and k, are defined as

L}ilii . t' .;5.. E: J3H+ : f; cecessncaas(3=T)

R - -"ufk-"Jf'
- ;! k, = [:H g]aﬂ+  vecossseass(3-8)

" gnd the degree of lonizabion is given by . .

k, kK, =y

IRl BT B z; * Gy
o ) Kk,
L v

sevene(3-9)

L

whe?e at is the activity of the hydrogen ion and {n ig the concentration
.of the dicarboxylic acid. If the lonizable groups are far from each
other, the ease of ionization of each of the carboxyl groups will be
independent of the state of ionization of the other, The titration curve

will then be the same as that for menocarboxylio acid treated above,
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If the carboxyls are sufficiently close to one another, the

“5f: removal of the proton will be impeded by the electrostatic attraction

0 of the neighbouriné' 'carbowlate group, In order to overcome thim, an

| .~ @dditional amount of work is required. Thus the molar free energy for

-~ the second ionization step will have tq be inoreaged by "electrostatic

. . free energy of ionization® éﬁﬁil given by

chil = N~j e _EE dr = ﬁﬂf o (j';d)
. r==r 2 Dre LR AR N L ENE YNNI }

where £ is the distence between the two ionizable groups, and the ratio

of the first and second ionization constants becomes then -

|
2 k) 1
.E; = E oxp (""ﬁ"%""“ o---n-..aoovo(j'”.l)

For a polymeric acid having p monomer units per polymer molecule,

the apparent stepwise dissoeiation constant is defined by .

e v - | 1~ [ - ooo.ataon.oa.o(B"“Z)
e ) . A . i
LR T A LV B

S Ty

W n srsesassanes(3=13)
- [?§-n+1 A]

Lo
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Hence the degree of ionization is given by I

A
o~ = 251[-{{2:’3-:-1-—] erisnsnainel tl)

n
i.e, a" = (W niki

o.-.---..co(}-“S)

F 2
aH+ "iki

Mg Mg

8]

where qn is the concentration of the acid in moles per litre. In the
above expressions the hydrogen ion activity has been used rather than
hydrogen ion concentration, The hydrogen ion activity is considered to
be pH = =log ay+ in all the work done.

The constants ki which appear in equation (3 - 15) above are
stepwise apparent dissociation ccnstant for a reaction such as
-COOH =~ =C00~ + H' at single sites.
The apparent dissociation ki is a function of the pH or degree of ioni-
zation, The values of the ki for each dissociation is practically
impossible to determine, and so many authora (1-l) have developed
empirical formulae which relate the potentiometric behaviour of polymeric
acids to a single dissociation constant. Kern (4) and Katchalsky and
Spitnik (5) found that a single titration curve of polymeric acid may

be described emperically by constants pK and n according to the following



. equations

e

. equationsi -

. PH | = PK + BPH -u.tat...o( 3"16) o

( e pH = pKa - n log f .......(3 - 17)
Equatlon (3 - 16) was that obtained by Xern and equation (3 - 17) vy
' Katchalsky and Spitnik. This is a modified form of the Henderson-
. Hasselbach’s equation {3 - 2) above, where pK*, B, pKa and n are
conatants for a given titration.

© . Attempts by many other workers to analyse the potentiometric

~ behaviocur of polyelectrolytes (6, 7) can be summarised by the following

| -

pH = PKO - log 1;‘.&— + O'ILE%M( ﬁe)k cto-t.cec(B - 18)

where pK0 ig an intrinsic dismociation constant charadteristic of the
jonizable group of the polymer and independent of ionic strength, Fe is
the electrostatic free energy of the ilonized polyelectrolyte moleoculs

carrying V negatively charged groups and k is the inverse Debye radius

o determined by the concentration of the small ions in the solution.

Katchalsky and Lifaon (8) proposed the following expression for

| re.ndomly linked polycarboxylic aoid

(é_)k - 2Vf )\n (1 + 61’1 | M - SO! Gh/kh 2 -E ..(3_19)

ko2 __;zuf : 1_-357kh %J

‘ Here h is the end to end distance of the ionized polymolecule, stretched



by the electrostatic repulsion of the V charges spread over the
molecule. If this equation is new introduced into equation (3-18)

for potentiometric titration of polymeric acid one gets
T -

_ 1 = Ve - (X¥h_2 + 6h)
PH = pKo -~ log = + KT log (3]

2
Kho

0,43L3(8, = 8 ). 6h
25 Khbz + 6u

crieavses( 3~ 20)

sl

where h = Zb and b = hydro dynamic length of the'monomer and 7 the degree
of polymerization, According to Kuhn (9)

o 2

| h2 = 25b
where § is the number of monemers per statigtical element. The value

of S depends on steric factors and on solute-solvent interaction, When
the polyacid is highly scluble, 5 is independent of J.. . When the
polyacid is only slightly soluble at low degrees of ionization and _
becoming highly solvated with increasing 4., then S becomes markedly'f”

dependent on the degree of ionization,

3.2 Exporimeptal Details:
A Pye-Unicam pH meter model 290 was used for these titrations at
25 i_o.1°c. The model 290 pH meter has a combined glass and reference

electrode for the pH determination,



65

Solutions at § x 10~ pase molar PMA at various degrees of
neutralisation were made, 2,5 x 10™> base molar solution wes used
throughout for the potentiometric titrations. The general procedure for
the titration was as follows:

Since the unionised form of the isotactic PMA was insoluble in
water, solution of PMA at various degrees of neutralisation were always
made, that is, the polymer was pretitrated to varying degrees of neutra=
lisation A « (0.3 = 1.0). This was done by dissolving a known weight
of the PMA in a calculated quantity of 0,05M KOH to give the desired
value of , and a final concentration of 5.0 x 1072 base molar PMA when
diluted to 250 am3. Such solutione were prepared fresh each time they

3 of the 5.0 x 10> base molar PMA was pipetted

were required., 10 cm
intc the titrating vessel and enough KNOB was added to give the desired
ionic strength when the solution was diluted to 20 mls, The solution

was then titrated against 0,01M Zn(NO golution and the pH of the

V2
sclution read from the pH meter after the addition and after stirring
for about two minutes. The volume added each time was noted. Two

concentrations of added salt were used (0,1, 0.05)M KNO A blank

3.
titration was carried out for each titration, in order to find out the
effect of dilution on metal-polymer interaction., The titration procedure

was repeated using two other metal ions viz;Cu+2 and Hg*z.



3.3 RESULTS AND DISCUSSIONS

The potentiometric titration of isotactic polymethacrylic acid
(i-PMA) has been studied by some workers (1-3). The experimental
results for a single titration have been expressed by the modified form
of Handerson-Hasselbach's equation,

pi = PK. + n log ﬁ saesasd{3=01)

a

Differences in behaviour between isotactic, syndiotactic and conventional
PMA have been reported (10, 11, 13, 15). It has been proposed by
Nagasawa and co-workers (2) on the basis of their potentiometric titra-
tion data that isotactic PMA has a locally helical conformation which

has a higher charge density than the presumed planar zig-zag structure

of the syndiotactic PMA, Various investigators (15, 16) have also shown

that i~FMA forms more stable complexes with Cu+2

ions than it does with
Mg*z ions, However none seem to have determined the co-ordination
number of the metal-polymer complexes for i-PMA, nor have they studied
the effect of binding of metal ion, on the electrochemistiry of the system.
The potentiometric behaviour of igotactic polymethacrylie acid
(i-PMA) has been studied in the present work. The pH behaviour of the
i-PMA pretitrated to various degrees cof neutralisation followed by
titration with divalent metals at various constant ionic strengths has

been reported here,
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3.3.1 Results:

The results reported in this section were obtained by the method
cf potentiometric titration at constant ionic strengths and constant
polymer concentration. Figures 3.1-18 are the various plots obtained
from potentiometric titrations of isotactic PMA with and without divalent
metal ions and in the presence of varying ionic strengths. Figures
3.1 and 3.2 are obtained from potentiometric tittations of i-PMA with
KOH at constant PMA concentration (2.5 x 10-3!4) and two different ionic
strengths (I = 0,05, 0.10) at 25°C, The plots are designed to show the
golution properties of isotactic PMA mdfgﬁtained frem the results of
the above titration using equation (3-21). Figure’ 3.1 is a plot of pH
against log&while figure 3.2 is a plot of PK_ = (pH ~ log -%)
against 3~ . Figures 3,3 and 3.4, figures 3,7 and 3,8 and figures 3.11

and 3.12 are the various plots of oH + log COOH against Cu'>

Ma‘+2 ion concentrations respectively. Figures 3,15-18 are comparison

,Zn+2and

plots. Figure 3.1 is a comparison plot of i-PMA and c-PMA.

3¢3.2 Discugsion

3.3.2.1 Potentiometric behaviour of agueous solution of i-PMA:

According to some previous workers (19), the plot of pH against
log % for a polyacid should give a straight line corresponding to
equation (3-21). Kolawole (17) in his studies with conventional PMA

(c=PMA) obtained some curves. Fig. 3.1 is a plot of pH against log %,
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for i=-PMA, which is not a straight line and is strikingly different

from the curve obtained for c=-PMA as is seen from the plot in figure 3.1.
There is an inflkction point which occurs at the same value of 3~ for the
two ionic strengths in the case of isotactic PMA, Figure 3.2 shows the
plot of pKa against > at the two ionic strengths studied. The figure

reveals that the dissociation constant defined as

o - [ fo07)

[coon} cessesssnces(3=22)

is infact not a constant but varies with the degree of ionization.

Some of the previous workers (11, 12) reported that i-PMA was insoluble
at &~ below 0.3, while some said (h) that i=-PMA was soluble at all c~
values (0O = 1,0), The findings in the present work are contrary to these
views, Here it is found that i-PMA was insoluble below & = 0,25 and
from d~ = 0,25 it became soluble. At low <& values the molecules are
presumably largely impenetrable to solvent and unless the hydroxyl groups
(OH™) are present up to a certain minimum concentration there will be no
effect on the solubility. The shape of the curve in figure 3,2 shows

a gradual increase in pKa from 0,3 to 0,5 which marks the onset of the
i-PMA conformational transition, and then the tight coil rapidly unwinds
into a stretched helical structure between d~ = 0.5 and 0.7. The situa-

tion at o~ = 0.3 to 0.5 can be visualized as an intermediate state



between the tightly coiled structure, which does not allow solvent
penetration and the open helical structure where the COOH groups are

exposed for easy access. The process of unwinding of the polymer

molecule can be represented thuas
o -

Lo TR WA
o tightly coiled o helical structure

- structure JRRAES e

| At low &~ values the amount of available charged sites is small,
so electrostatio repulsion by the neighbouring €00~ will be small, and
therefore the expansion will be small, As the degres of neutralisation
increases, the electrostatic repulsion increases. Betweend- = 0,5 and
0.8 the number of carboxylate groups available for effective near neigh-

bour. interaction increases and therefore electrostatic repulzion between

the charged groups bacomes much greater.
. e g R

334242 Potentiometric behavicour of agqueouns splutions of i-PMA in

the presence of Copper, Zinc and Magnesium nitrate Solutions:

: For this study the hydrogen ion concentration [ﬁf], was measured
Jaéainat the concentration of metal ion, It was observed that as the

. 4;;’.-,3 !
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M*2 ion was added to the pretitrated PMA solution at constant ionic

strength, the pH of the solution decreased. The pH changes can thus be

+2

uged as a measure of the amount of M'2 (M+2 - Cu*z, Zn" e, Mg+2) which

has been bound to the polyion. The reaction mey be represented as:
coo st + M? = coo” + M2 4 HY

measured in

assooiated I
CLoslyeeh oo solution

i . A ) - | E

R ’”":\.. ’ i . [ A
.

thé.ﬁﬁgnifude in thé fali.oflpH of.the solution can be used to estimate
quantitatively the affinity of M+2 for polyion. Figures 3.3 and 3.4,
figures 3.7 and 3.8 and figures 3.11 and 3.12 are plots of pH + log[EOOH]
for the Cu+2-PMA, Zn+2-PMh and Hg+2-PMA complexes respectively. The plots
were obtained from plots of pH against metal ion concentrations. The
curveg can be divided into two sections, first a region of sharp decreage
in pH + 1og-ECOQ@] followed by a moderate fall which then levels off at
high concentration of metal ion. The two sections are more prominent

2 +2 +2

in the case of Cu™ and at higher & values for both Gu — and Zn .

Thie obsexvation is true at the two ionic strengths studied.

The amount of hydrogen icns produced in solution [Hf]P is dus to

the binding by counterion M'2, If the amownt of |H' o 1s kmown then

the amount of free carboxylate groups available for binding can be

 determined. The pE behavicur and therefore [Hf]p is dependent on the

R [
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degree of netralisation (3, which is related to the number of C00™

groups in solution as follows:
Lcoo™ ] = a&¢

where C is the concentration of COOH in moles/l initially present.,

Similarly the pH of the solution is related to C by the relation.

pH - pKa' * 108 %—'C |l-o.-ooo(3-23)

This equation is a modification of Handerson-Hasselbach's equation. The
observed changes in pH in figures 3.3 and 3.4, figures 3.7 and 3.8 and
figures 3.11 and 3.12 may be attributed to changes in concentration of
€00™ as cations are bound which cause the release of H' ione into the
solution, With the above relationship one can caleculate the amount of

C00™ bound as M*¢

ions are added.
The experimental data might be understood better if a sort of
double layer effect is considred, to see the effect of polymer environe

ment on measured pH.
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Polymer Associated Bulk
chain layer solution

The picture presented above shows a polymer chain carrying negative
charges., These fixed charges are surrounded by H+, k¥ with some negatively
charged byions, so that a sort of double layer is obtained. Now

agsuming that a hypothetical situation exists where the double layer
(associated layer) is separated by a membrane from the bulk solution.

When electrodes are dipped intc the solution the [H*] in the bulk of the
solution is being measured. If there are in addition to ' and X* ions

in the associated layer, the cations H*z, then three situations can now he

congidered,
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The binding mechanism has been postulated to be a sort of competi=
tion between the H', X' and M*2 jone for the charged sites. Diagram (i)
represents the cherged polymer surrounded by H+ iong which are in close
proximity to it., This situation is observed in the absence of supporting
electrolyte and divalent metal ions (I = 0, M'° = 0). Due to the strong
electrostatic attraction of COO™ for H+, very little of H* ions is
released into the bulk solution. However with addition of supporting
electrolyte in (ii) the k' ions, which bind etronger than H ions, now
displace B' ions into the solution, which results in observed fall in
pH. In (3i1) addition of M*° will displace K and H* ions into the bulk
goluticn., Since H"'a binds stronger than either k" or BY ions to i-PMA,
a further lowering in pH of solution occurs. It has also been observed
that K* binds more strongly to i=PMA than to c-PMA (18)s The binding
equilibrium which exists between the polymer and the ions in the =
associated layer will depend on a number of factors, The amount of H+2
in the decuble layer will be affected by the amount of k* ions, At higher
ionic strength (i.e. more k') more shielding of the charged sites by
k* will take place, and this will decrease the amount of H' and M™ in
the double layer, That means that at higher ionic strength and low
[H+2] there will be decrease in binding of H+2 to the polymer. However
in the presence of excess [‘M*'?_}, since M' 2 ion is a stronger binder, it

will be able to penetrate the double layer to bind wnto the charged sites.
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This means that no decreased binding will be observed at higher ionic
strength and higher metal ion concentration, in other words binding
will be independent of ionic strength at high metal ion concentration.

The movement of ions across the hypothetical membrane leads to
two types of equilibria,(a) an equilibrium exists between the double
layer and the polymer and this equilibrium depends on the concentration
of the ions in the double layer, (b) an equilibrium exists between the
double layer and the bulk solution.

From point of view of Donnan's equilibrium treated in chapter 1,
the concentration of ions in the double layer will be affected by the
concentration of ions in the bulk solution, One would expect then that
if the concentration of H' in the double layer is decreased, more will
be produced by further ionization of the polymer molecule to maintain

the equilibrium

COOH = €00~ + H'

Such a decrease in H' will result from binding of H+2 to CoO™,
This binding of H+2 to some CO0~ will facilitate near neighbour inter—
action, and make adjacent COOH groups to ionize more and so release more

g into the solution.






