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ABBREVIATION

PVPy = Poly(4-vinyl pyridine)

PVPyCl = Poly(4-vinyl pyridinium chloride)
(NaPOg),, = Poly sodium phosphate

PA = Polyanion

PC = Polycation

PEC = Polyelectrolyte complex

PABA = Paraamino benzoic acid

PABCI = Paraamino benzoil chloride
NaPABA = Sodium salt of paraamino benzoic acid
PCOH = Polycation base

HPA = Polyanion acid



SUMMARY

The interaction between oppositely charged polyelectrolytes both in
solid state and in solution results in complexation reactions depending on
the polyelectrolyte concentration. The oppositely charged polyelectrolytes
react by means of strong electrostatic attraction and give off their associated
counter ions. If the reaction medium contains additional salts such as NaCl,
NaBr, the interpretation of the results may lead to understanding reactions
between micro ions and polyelectrolyte complexes encountered in biological
system as well as the structural characteristics of both neutral and synthetic
polyelectrolyte chains. .

Literature studies reveals that most of the studies concern of polye-
lectrolyte complexes which are formed by polyions of strong acids and bas-
' es or their salts. Little is known about the dilute solution interaction of polye-
lectrolytes which have relatively weak acid and base functions. In the
present study, the reaction between poly(4-vinyl pyridinium chloride) cation
(PC) and poly(sodium phosphate) (PA) anion in an aqueous solution in the
presence and absence of NaBr, NaCl and paraamino benzoic acid salts
(NaPABA, PABCI) were studied by conductometry, turbidimetry potentiome-
try, viscosimetry and swelling properties of PEC were examined in different
solvent mixtures. In addition, the interaction between polyions and the salt
form of paraamino benzoic acid which have internal acid and base functions
(zwitter ion) and swelling properties of polyelectrolyte complex in different
solvent mixture were investigated.
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SULU GOZELTILERDEKI POLIANYON - POLIKATYON GIRISIMLERININ
KONDUKTOMETRIK YONTEMLE INCELENMESI

OZET

Polimer zincirinde iyonik gruplar iceren ve elektrolit 6zellikleri tagiyan
makromolekillere "polielektrolit" denir. Polielektrolitler polar ¢éziicllerde
¢ozunurler. Katyonik ve anyonik polielektrolitlerin gerek kati durumda gerek-
se g¢Ozeltideki girigimleri "Polielektrolit kompleks" (PEC)'leri olusturur. Iki zit
yukli sentetik polielektrolitin sulu ¢ézeltideki girigimleri, polielektrolit konsan-
trasyonuna bagl olarak iki tip reaksiyon verir.

1-  Iki zit yikl) poliiyon yiiksek konsantrasyonda karigtinlirsa polie-
lektrolit kompleks jel meydana gelir. PEC'ler suda sigerek hidrojelleri
olustururlar. Hidrojeller reaksiyon kosullar ve baglangi¢c polielektrolitlerin
6zellikleri kontrol edilerek hazirlanir. Ylksek poliiyon konsantrasyonlarinda
olusan jeller saydam olur. i

2- lki zit yukla poliiyon nispeten dusiik konsantrasyonda
karigtinlirsa ¢cokelti verir. Bu gokeltilere "poli tuz" denir. Poli tuzlar, ¢arpraz
bagh karigik (scrambled) veya poliiyonlardaki tim iyonik gruplann karst
kargiya geldigi duzenli (ordered, ladder) yap: gosterirler. Polituzlar bazen
olusum sirecinde ince film olustururlar,

Polimerik yapili asit, baz ve tuzlarin olugturduklari kompleksler, PEC
sinifinin en 6énemli bdlimini olusturur. Bugline kadar yapilan ¢alismalarda
genellikle kuvvetli asit, baz ve bunlarin tuzu olan poliiyonlan iceren sistemler
incelenmig, orta derecede zayif asidik ve bazik fonksiyonlara ait poliiyonlarin
girigimlerine ait ¢ok az sayida ¢alisma yapimigtir.

Orta derecede zayif asidik ve bazik 6zelliklere sahip poliiyonlarin
seyreltik sulu ¢dzeltideki reaksiyonlarinin incelenmesi dogal ve sentetik poli-
merlerin yapisal karakteristiklerinin é6grenilmesinden bagka, biyolojik sistem-
lerdeki makromolekiller ile proteinlerin reaksiyon mekanizmalarinin
anlagiimasina olanak verecektir. Bu ¢alismada, polianyon olarak polisod-
yumfosfat segilmesi, fosfatlarin canli hayatindaki fonksiyonlarn ve fosfor
iceren polimerik maddelerle kazanilan endiistriyel 6zellikler dikkate alinarak
dastnilmugtar. PEC'ler baglangi¢ maddelerinden farkli 6zellikleri nedeniyle
endistride degisik ve 6nemli alanlarda kullaniirlar. Bu alaniar kisaca:

a) Ultrafiltrasyon i¢in membran yapiminda
b) lyon degistirici olarak
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c) Plastik teknolojisinde, plastik tabakalarin nem aligverigini
arttirmada ‘
d) Enzim teknolojisinde ve polimer iretiminde
e) PEC'ler elektrolit ile doyuruldugu zaman disik direng
gostererek pilin i¢ direncini kontrol olanag sagladiklari i¢in pil endistrisinde
f)  PEC'ler protein yapilarina benzerler. Hidrojel yapidaki PEC'ler
vicut proteinlerinin dogal 6zelliklerini bozmaziar. Vicut yapisinda bulunan
tanecikleri ve sivilan ayirma 6zellikleri nedeniyle tipta kullaniliriar.

PEC'lerin olusum reaksiyonlari genel olarak baglica iletkenlik
yontemi olmak (zere viskozimetri, potansiyometri, turbidimetri, kalorimetri,
kinetik sedimentasyon ve X-iginlar difraksiyonu ile incelenmektedir. Ancak,
PEC'leri olusturan polielektrolitler ve ¢cozeltileri ile ilgili kuramlar tam olarak
gelismemisgtir.

DENEYSEL CALISMALAR

1- Kimyasal Maddeler ve Aletler:

Kullanilan tim kimyasallar piiranaliz Merck &rini olarak
secgilmistir. Cozeltiler islemlere goére gerekli konsantrasyonlarda
hazirlanmigtir. Caligmada polianyon olarak segilen poli(sodyumfosfat)
Merck tarafindan Gretilmigtir, polikatyon ise 4-vinil piridin'in (Merck) azot at-

mosferinde ve 70 C'de polimerizasyonu ile elde edilmistir.

Calismada WTW konduktometre ve pH metre, Hatch Radio
tirbidimetre, Oswald viskozimetre kullaniimigtir. ‘

2-  Poliiyonlann Molekil Agirhiklan Tayini:

Polianyon ve polikatyonun molekil agirlikiar vis‘kozimetrik yoéntem
kullanilarak tayin edilmistir. Polianyonun polimerizasyon derecesi "Son
grup" titrasyon yéntemi ile belirlenmigtir (Tablo 3-1).

3- Poliiyonlann Ekivalent Agirliklar Tayini:

Polianyonun ekivalent agirigi alkalimetri, polikatyonun ekivalent
agirhigs ise arjantometrik yontem kullanilarak tayin edilmigtir.

4- Polielektrolit Kompleks Stokiyometrisinin. Kondliktometrik
Yontemle Tayini:

Polielektrolit kompleks stokiyometrisi igin kondiktometrik yéntemle
yaptlan calismalarda iki tip él¢tim yapilimigtir.

1) Farkh mol oranlarinda kangtinilan PK-PA cdézeltilerinin ve PK ve
PA'nin p-aminobenzoik asit tuzlan ile farkli mol oranindaki karigimlarinin
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tuzsuz ortamda direkt iletkenlik dlgumi (Tablo 3-6, Sekil 17, 29, 30).

2 ) Poliiyonlarn birbirleriyle ve poliiyonlarin p-amino benzoik asitle
girisim reaksiyonlari igin iletkenlik titrasyonu.

Titrasyon iglemleri;

a) PKve PA'nin Tablo 3-5'de gériilen gesitli titrasyon kombinasyo-
nu ile farkh titrant-cézelti konsantrasyonlarinda, tuzsuz ve farkl konsantras-
yonlarda NaCl ve NaBr tuzlan iceren ¢ézeltilerde yapilmisgtir (Tablo 3-5,

Sekil 5-16).

b) p-aminobenzoik asidin sodyum ve klordr tuzlarinin polianyon ve
polikatyon ile g¢esitli kombinasyonlardaki titrasyonlan, farkh titrant-¢gozelti
konsantrasyonlarinda, tuzsuz ve farkli konsantrasyonlarda NaCl, NaBr
iceren ¢ézeltilerde yapilmigtir (Tablo 3-7, Sekil 18-28).

5- Polielektrolit Kompleks Stokiyometrisinin Potansiyometrik
Yoéntemle Tayini:

Poli(sodyum fosfat), kuvvetli asit Amberlite IR-120, kolondan
gegirilerek sodyum iyonlari hidrojen iyonlari ile poly(4-vinilpiridinyumklorr),
kuvvetli bazik lonexchanger Ill kolondan gegirilerek klortr iyonlari hidroksil
iyonlan ile degistirildikten sonra elde edilen sirasiyla asit ve baz poliiyonlann
birbirleriyle tuzsuz ortamda potansiyometrik yéntemle titrasyonlan
yapilmigtir (Sekil 32).

6- Polielektrolit Kompleks Stokiyometrisinin Turbidimetrik
Yéntemle Tayini:

Farkli mol oranlarinda karistirilan PK-PA ¢ozeltilerinin bulantkliklan
tarbidimetre ile dlculmuigtir. Ayni sekilde, p-aminobenzoikasidin sodyum tu-
zunun PK ile yapilan gesitli mol oranlarindaki karisimlarinin bulanikliklan
tayin edilmistir (Sekil 33, 34).

7- Supernatant Analizi:

Polianyon ve polikatyon ¢ozeltileri farklt mol oranlarinda
karigtiriidiktan sonra elde edilen PEC, santrifiijlenerek ayrilir. Supernatant
¢Ozeltisindeki polikatyondan gelen klorir iyonlan arjentometrik, polianyonun
icerdigi fosfor, ortofosfata hidrolizlendikten sonra fosfat iyonlar halinde alka-
limetrik titrasyonla tayin edilmistir. Supernatantta bulunabilecek poliiyonlar
ayrica, referans kontrol ¢gézeltileri kullanilarak viskozite ydntemi ile de tayin
edilmigtir.

8- Sisme Deneyleri:

Polianyon ve polikatyonu ekimolar oranda karigtirilarak hazirlanan
polielektrolit kompleks su ve asetonla yikanip vakum etiiviinde kurutulduk-



tan sonra sisme deneyleri igin kullanilmigtir PEC'ten alinan belirli miktar, be-
lirli hacimde su, elektrolit, su-elektrolit-organik ¢ézlicl sistemlerinde 1-3 gln
bekletilerek PEC'nin gigme orani tayin edilmistir (Tablo 3-12).

Ayrica PEC tarafindan tutulan farkli elektrolitler, elektrolit konsan-
trasyonunun fonksiyonu olarak belirlenmistir (Tablo 3-13).

SONUGLAR
PK-PA Reaksiyonu:

iletkenlik yéntemi ile yapilan ¢caligmalar PK ve PA'nin tuz icermeyen
ortamda ekimolar oranda birlestigini mikroiyonik tuzlarnin (NaCl, NaBr)
bulundugu ortamda ve ylksek poliiyon konsantrasyonlarinda stokiyometrinin
kaydigint géstermigtir. TUrbidimetrik-élgimler ve supernatant analizieri
sonuglarin birbirini destekledigini géstermistir.

PK-NaPABA ve PA-PABCI Reaksiyonu

iletkenlik ve Turbidimetrik yontemler tuzsuz ortamda PK - NaPABA
ve PA-PABCI'nin ekimolar oranda birlestigini, tuz igeren ortamlardaki reak-
siyonlarda ise tim stokiyometrilerin 1;1 oranindan saptigt bulunmustur.

Sisme:

Sisme deneyleri, olusan polielektrolit kompleksin 48 saatte maksi-
mum sgigmeye ulastigini, en fazla sismenin Aseton + Su, NaBr + Su, NaBr +
Su + Aseton karisiminda oldugunu ve % sisme oraninin % 120 ile % 140
arasinda degistigini goéstermistir.

Poliiyonlarin ve mikroiyonlarin bulundugu sulu ¢oézeltilerde, baglica
elektrostatik etkilegim sonucu, PEC olugsumu reaksiyonlarn gelisir. Olusan
PEC stokiyometrisi blylk &lglide, girisim yapan poliiyonlarin toplam yik
yogunluklarinin farkina baghdir. Poliiyonlar su gibi ylksek dielektrik sabitine
sahip ¢bzlctlilerde agik zincir yapisindadir. Poliiyon zincirleri (zerindeki asi-
dik ve bazik fonksiyonlar birbirleriyle girisim yaparken poliiyonlardan
uzaklasan kars: iyonlarin poliiyonlar (izerinde biraktigi elektrik ylkleri reak-
siyonun baglangicinda, poliiyonlarin yik yogunluklarinin yaninda ihmal edi-
lir.

Reaksiyon ilerledikge karsi iyonlarin dnemli 6l¢lide iyonlagmasi ile
polilyon gevresinde artan yik yogunlugu karsi iyonlarin daha sonraki iyoni-
zasyonunu bastirir. Poliiyonlarin yaklagmasini engeller ve poliiyonlar
Ozerindeki asidik ve bazik fonksiyonlarin etkilesimini yavaslatir. Bu arada bir
miktar aktif grup etkilesmeden, absorpsiyon veya adsorpsiyon mekanizmasi
ile olugan PEC ile birlikte kalabilir. Bu durumda, poliiyonlar asidik ve bazik
fonksiyonlarinin etkilegsmesini saglayabilmek igin agtk zincir yapisindan sor-



mal (coiled) yaptya gegerler. Sonug¢ olarak poliiyon zincir yapisindaki
degisim, stokiyometriden koymaya neden olur. Ortamda hareketli iyonlarin
disinda bulunabilecek ylksek konsantrasyondaki mikroiyonik tuziar
poliiyonlarin sarmal yapisinin siki bir gekilde gelismesine katkida
bulunacaklarindan stokiyometriden kayma dogal olarak gelisir.



CHAPTER 1- INTRODUCTION

Polyelectrolytes can interact with each other in an aqueous medium
through coulombic forces to form polyelectrolyte complexes and give off their
associated counter ions. Two types of complexation reactions result in de-
pending on the polyelectrolyte concentration[1].

1- Heteregenous network complexes that is, polyelectrolyte gels
which contain different ratios of polycation and polyanion can be obtained[2].

2- Such an interaction gives a precipitate which may form thin
films[1,3]. Polycomplex salts, or polycation and polyanion remain in the solu-
tion as aggregates without significant phase separation. Interpretation of the
results for the interactions of polyions in the presence of additional salts such
as NaCl and NaBr etc in aqueous solution, may lead to understand the reac-
tions between microions and polyelectrolyte complexes encountered in bio-
logical system as well as the structural characteristics of both natural and
synthetic polymer chains.

Studies done on the solution characteristics of polyelectrolyte com-
plexes mainly deals with the polyions of strong acids and bases or their
salts[3,4,5]. No investigation has been encountered for the PEC which have
relatively weak acid and base functions in aqueous solutions.

. In this study poly(4-vinyl pyridinium chloride) was used as polycation.
Because vinyl pyridine is an important class of polymers exhibiting interest-
ing properties due to the presence of the nitrogen atom in the pyridine ring.
The weakly basic nitrogen atom makes possible a variety of reactions an vi-
nyl pyridine polymers because of its unique characteristics in polymerization
mechanism. Vinyl pyridine polymers are particularly important in applications
as polyelectrolytes]6].

Polyelectrolyte properties of polyphosphate have been largely
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studied and they have some advantages to organic polymers so that they
are easily prepared to a degree of purity higher than organic polymers and
their biological functions are important in living organism([7]. Therefore, poly-
sodium phosphate has attracted the attention as polyanion in this study.

The feature of PEC stoichiometry in the presence of paraamino ben-
zoic acid which has internal acid and base functions was suggested to en-
large the complex molecule in order to gain further properties in the PEC na-
ture so that such approach may lead an interesting feature for swelling
mechanism of PEC.

Swelling is the first step in the solubilizing of a macromolecule there-
fore, polyelectrolyte complexes might be dissolved in a ternary solvent mix-
ture which contain water, a strongly ionized simple electrolyte and a polar or-
ganic solvent miscible with electrolyte solution. Moderate or even very low
concentrations of specific polyelectrolytes can plasticize the polyelectrolyte
complex. This plasticizing action of a polyelectrolyte may be manisfested as
softening and swelling of the polyelectrolyte complex. Alkali and specially al-
kali earth elements interact strongly with polyelectrolyte complexes with a
site binding mechanism which reduces the strength of ionic crosslinks so
that swelling occurs.

In the present study, a number of variables which affect the complex
stoichiometry such as the types of released counter ions and added microi-
onic salts, concentration of polyions, order of polyion addition, the stirring
mode were undertaken to determine the interaction characteristics of polyi-
ons as well as the zwitter ion interaction with polyions and the swelling prop-
erty of the polyelectrolyte complex formed in aqueous solution.



CHAPTER 2- THEORETICAL PART

2.1. Polyelectrolytes:

Polymers with ionizable groups along the chain, named polyelectroly-
tes and normally exhibit properties in solution which are quite different from
those with nonionizable structures. Three major properties result in when
polyelectrolytes are dissolved in aqueous solution. First, the mutual repuision
of the polyion and counter ions cause the expansion of the chain. The size of
the polyelectrolyte random coil is a function of the concentration of polyion.
Second, the ionization of the electrolyte groups leads a variety of unusual ef-
fect in the presence of small amounts_of added salt. Finally, the ionic charg-
es attached to the chains create regions of high local density, affecting the
activity coefficients and properties of small ions in these localities.

Those properties depending on the size of the chain such as viscosi-
ty is strongly affected by chain expansion. The viscosity may even increase
as polymer concentration decreases with the increase in the ionization of the
polymer. When very high chain extensions are reached the effect reverses,
but it does not disappear at infinite dilution. On the other hand, the addition
of low molecular weight electrolyte to the aqueous solution increases the ion-
ic strength of the solution outside the polymer coil relative to that inside and
reduces the thickness of the bond layer of counterions around the chain[8]. If
a polymer unit is positively charged, polyelectrolyte is called cationic polye-
lectrolyte (polycation). The associated counter-anions, the mobile ions be-
longing to the polyelectrolyte, may diffuse into the outer solution and they
leave a residual net charge within the domain of the molecule. As a result of
this net charge, the potential within the molecule is increased relative to the
surroundings and further loss of anion is prevented. In this study, poly(4-vinyl
pyridinium) is the cationic polyelectrolyte which is prepared by quarternizing
poly(4-vinyl pyridine) with HCI.
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The product is an analog of polystyrene with a substituent and positive
charge at para position in each aromatic ring. It is a strong electrolyte by the
fact that the quaternary ammonium ion claims the halogen ions only by elec-
trostatic forces.

Polyelectrolyte which has negatively charged polymer unit is called
anionic polyelectrolyte (polyanion). Poly(sodium phosphate) is an example of
polyanion which is under this study.
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At higher concentrations of the polyelectrolyte molecules overlap one
another and a diluted regions which are not occupied by polymer molecules
appear. The greater the dilution, the greater will be the volume of these re-
gions compared with those occupied by polymer molecules and more of the
mobile counter-ions will diffuse from the molecule into the intervening re-
gions of pure solvent. Continued dilution removes more counter-ions from
the domains of the molecules. As the net charge is increased on the mole-
cules, further loss of counter-ions becomes more difficult so that extreme di-
lutions may be required before most of them are removed.

Polyelectrolyte solutions show large conductances. Conductance
experiments give further information on the nature of polyelectrolytes in
solution. Conductance of a polyelectrolyte increases when the dielectric
constant of the medium is increased. Because the energy of removal of a
mobile ion from the electrostatic field of the molecule decreases as the die-
lectric constant is increased and the number of "free" ions and the net
charge on the polymeric ion should increase so that both contribute to in-



crease the conductane[9].

The characteristics phenomena of a polyelectrolyte soiution are elec-
trostatic dissociation and association. Debye-Hickel theory can not be valid
for polyelectrolyte solution because of the high electrical charges of polyions.
The theory of complete dissociation can only give distribution of dissociation
degree in hypothetical dilute solution. For very rare polyelectrolytes in limited
concentration range I = 1/2 (C; . Z2) equation can be valid.

Theories on the solution behaviour of polyelectrolytes has been pro-
gressed yet. The latest theory valid to an extend is the theory of Poisson-
Boltzman.

2.2. Polyphosphates as Polyelectrolytes:

Sodium phosphate polymerizes by condensation process when it is
heated above 650°C and water soluble glasses are obtained. These prod-
ucts are known under various names such as Graham's Salt and poly(so-
diumphosphate). For several reasons, the polyphosphates are ideally suited
for a study of polyelectrolyte behavior. First, they are easily prepared to a de-
gree of purity. Second, molecular weight distribution function has been deter-
mined both theoretically and experimentaly. Third, viscosity behavior is un-
complicated because polyphosphate chains are unbrached[4,5]. In addition
phosphorous element impart particular property to the synthetic polymer de-
pending on phosphorous concentration. The structural differences of phos-
phorous containing polymer, e.g., whether phosphorous is linked to the main
chain or to side chain or whether it is incorporated homogeneously or inho-
mogeneously exhibit important properties such as inflammability, increased
water absorption, polarity and adhesion to glass, ceramic materials and met-
als etc. Graham's salts contain long chain phosphates and it is good precipi-
tating agent. In general there are two types of precipitates formed with Gra-
ham's salt. One of them is viscous oils and jellies. It also precipitates with
high molecular weight cations such as quarternary amines. Linear polyphos-
phates are stable in neutral or alkaline solutions at room temperature. The
hydrolysis of polyphosphates are very slow so that the half life of P-O-P
bond at 25°C is in the magnitude of years. They can not be converted to or-
tophosphate unless they are boiled with acid catalyst.
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2.3. Polyelectrolyte Complexes (PEC):

Polyelectrolyte complexes can be prepared by mixing solutions of op-
positely charged polyelectrolytes. The interaction of two polyelectrolytes de-
pends on the characteristics of interacting groups. The position of interacting
sites and the type of branching influence the formation and composition of
PEC[10]. The product of interactions may precipitate as polysaits or when
sufficiently concentrated solutions of strongly ionized polyelectrolytes are
mixed, instead of a precipitate, thin continuous film is obtained at the inter-
face between the two polyelectrolytes so that this film completely block fur-
ther interpolymer reaction. The bond strenght of a polyelectrolyte complex is
in the second order because, these bonds can be hydrogen bond, ionic bond
and bond of hydrophobic strength mainly. In dilute solution interactions, pre-
cipitate is occured only in a narrow range of relative concentrations of ionic
polyelectrolytes. At the maximum precipitation point polyelectrolytes are
quantitatively reacted and no unreacted polyelectrolyte can be found in the
supernatant liquid.

Pendent-pendent type PEC has a equimolar composition at any mix-
ing ratio of polyanion and polycation and they are insoluble in water but, inte-
gral-pendent type PEC are soluble in water. Polyelectrolyte complexes are
permeable to water and to small solute molecules. Permeability of solute
molecules is selective. PEC might be dissolved in a ternary solvent consist-
ing of water, a strongly ionized simple electrolyte and organic solvent misci-
ble with the electrolyte solution[11].

2.4. Applications of PEC:

The major potential applications of polyelectrolyte complexes are in
membranes, battery separators and in biomedical materials.

Membranes:

Ultrafiltration separates molecules in solution on the basis of size and
shape. The high water permeability of PEC, with their controllable permse-
lectivity to water-soluble solutes has led to their development as practical ul-
trafiltration membranes.



Battery Separators:

The use of PEC as battery separators is based on the following prop-
etties:

a) Low resistivity when saturated with electorlytes
b) Controllable permeability

Medical Field:

In many ways polyelectrolyte complexes have properties similar to
protein structures. These include their ionic charge characteristics, controlla-
ble permeabilities to water and to solutes found in body fluids. PEC mem-
branes show promise in dialytic-type artificial kidney. A new type of artificial
kidney based on ultrafiltration of blood rather than dialysis employs PEC
membranes. PEC are also being evaluated and promoted for use as materi-
als for body repair such as coating and components of hearts valves, artifi-
cial hearts, for tissue repair. The optical clarity of these hydrojels, combined
with the properties has prompted their use in contact lenses.

Miscellaneous Fields:

The sensitivity of conductive properties of polyelectrolyte complexes
to moisture content and ion content suggests their use as detectors of mois-
ture and detectors of specific ions. PEC are suitable for enzyme technology.

2.5. Zwitter lon:

A substance that can behave both as an acid or a base when dis-
solved in a suitable solvent is called amphiprotic. If either its acidic or its ba-
sic character prodominates sufficiently, titration of the species with a strong
base or a strong acid may be feasible.

The simple amino acids represent an important class of amphiprotic
compounds which owe their acid-base properties to the presence of both a
weakly acid and a weakly basic functional group. In an aqueous solution of a
typical amino acid such as glycine and paraaminobenzoic acid the following



equilibria exist,

NH, CHy, COOH % NH3CH,COO

NHE CH,COO™ + HyO %5 NH,CH,COO™ + HzO*

NH3 CHyCOO™ + HyO %5 NH3 CHyCOOH + OH
NHyCgH,COOH % NHICgH,COO
NH3CgH4CO0™ + HyO ¥ NH,CgH,COO +H50*
NH3CgH4COO™ + HyO ¥ NHECGH4COOH + OH™  [12]

All amino acids have at least two dissociation constants, one for the carboxyl
group and one for the amino group. In addition several aminoacids have an
ionizable side chains with a third dissociation constant, such as Glutamine,
Asparagine.

The pH of a solution and dissociation of an ionizable group in solu-
tion are related by the Henderson-Hasselbalch equation.

Al

pH = pK, + log
[HA]

This equation can be used to determine the fraction of ionizable groups
found in each of the possible ionization states in solution at a known pH. At
pH = pK, half of the ionizable groups are dissociated. The pK's of the ioniz-
able groups of amino acids are affected by neighboring chemical groups on
the molecule[13].

The amino acid species bearing a positive and a negative charge is
called a Zwitter lon. The Zwitter lon of an amino acid has no tendency to mi-
grate in an electric field. On the other hand, the singly charged anionic or the
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cationic species is attracted to the positive and the negative electrodes re-
spectively. No net migration of the amino acid occurs in an electric field
when the pH of the solvent is such that the concentration of the anionic and
the cationic forms are identical. The pH at which no net migration occurs is
called the isoelectric point. The isoelectric point is related to the dissosiation
constants for the species. Dissociation constant for paraamino benzoic acid
is given with the following equation,

[H0*] [NH,CgH,COO" ] K [OH" ] INHCgH 4COOH]

+ a + b
[NHZ CgH4CO0™] [NH3 CqH,COO™ ]

At the isoelectric point, cationic form concentration is equal to anionic
form concentration of the given aminoacid thus,
K
[H,0M Ka - Ko
a _ Mo and [Hg0*] = /——
Kp [OH]

2.6. The Conductance of Electrolytes

By studying electrical conductance much useful information can be
obtained about electrolytes. This is measured in terms of the electrolytic con-
ductivity of the solution. Electrolytic conductivity is defined as the conduc-
tance between the opposite faces of a 1 m2. Since conductance is the recip-
rocal of resistance, the units are Sm! (S= 9"1).

Measurement of electrolytic conductance is based on the wheatstone
bridge principle. The resistance of a portion of a solution which is bounded
by electrodes is measured. Usually platinum-platinum electrodes are used in
conductivity measurements..

The conductivity is not the most convenient quantity to use for the
study of electrolytic conduction. Because it measures the passage of current
across a 1 m® of solution and it will varry with the number of ions present in
that volume with the concentration of the solution. It is more useful to define
molar conductivity which is equal to the conductivity divided by the concen-
tration of the electrolyte. If the concentration of the solution.is mol.m.™3 then



- 10 -

the molar conductivity Q is Sm?2 mol!. The value of Q is equivalent to the
conductance across a 1 m path, caused by all the ions in a volume of solu-
tion containing 1 mol of the electrolyte. Molar conductivity varies with con-
centration. For a weak electrolyte the value of Q falls very rapidly with in-
creasing concentration. A strong electrolyte shows a small drop in Q as the
concentration increases. If Q is plotted against /C, it gives a straight fine
and from extrapolation to zero concentration the limiting molar conductivity
(Q,) is obtained.

The current passing through an electrolyte is made up of two parts

a) The current carried by the cations
b) The current carried by the anions

The total conductance is the sum of the conductances of the iwo
types of ion.

Q . an Q_ are the ionic conductivities of the cation and anion re-
spectively[14,15,16].

The conductance or specific and equivalent conductivity are the di-
rectly accesible properties that reflect the electric transport of the micro ions
which have low molecular mass but this quantities do not truly reveal the
transport of polyions and counter ions released from the polyions through the
solution. In fact, no completely satisfactory theory for the conductivity of poly-

_electrolyte solutions is available. Many difficulties arise because of the asym-
metry between the large, highly charged macroions and the small point like
counter ions and coions with one of a few elementary charges only as well
as the influence of the flexibility of polyelectrolyte chains. However the
known treatment of conductivity and related phonemena in polyelectrolyte
solution are in conflict apparently, conductivity is one of the valid method in
the study of polyelectrolyte solutions. The following empirical equation repre-
sent the equivalent conductivity of a polyelectrolyte solution.

Q="f(Q+ ﬁp)
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Q°,, equivalent conductance of counterion at infinite dilute solution.
Qy, equivalent conductance of polyion.

f', a correction factor related to the effective degree of ionization of
the polyion, taking into account of association of condensation.

In fact, this empirical equation has been given a theoretical justifica-
tion based on rodlike-condensation model (un-valid for the spherical and cy-
lindrical polyions) so that f' represents the fraction of free counterions and it
is derived from the self-diffusion coefficient for counterions and also from the
thermodynamic arguments.



CHAPTER 3- EXPERIMENTAL PART

3.1. Chemicals

4-vinyl pyridine (Merck) was purified by vacuum distillation. Benzoil
peroxide (Merck), sodium stearat, acetone (Merck) methyl alcohol (Merck),
ether (Merck) were used in the polymerization process of polycation. Com-
mercially available poly sodium phosphate (Merck) was utilized as polyanion.
For the standardization of polyanion and polycation, silver nitrate (Merck),
potassium chromate, sodium hydroxide (Merck), hydrochloric acid (Merck)
were used. lon exchanger Il (Merck) (Strong base) and Amberlite IR 120
(Merck) (Strong acid) were used as ion exchange resins in the necessary re-
actions.

3.2. Solutions:
All solutions were freshly prepared for a weak period.
102 M PVPyCI

0.170 g of PVPy is dissolved in 1 M, 1 ml of HCI and then diluted to
100 ml with distilled water (Stock solution pH; 2.7).

-10"1 M (NaPOy),,

1.02 g of (NaPQg),, is dissolved in 100 ml of distilled water (Stock so-
lution pH, 4,36).

-10"3M PABCI

0,014 g of PABA is dissolved in 0,1 M, 1 ml of HCI, then diluted to
100 ml with distilled water (Stock solution pH, 3.05).
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—-10"1 M NaPABA

1,37 g of PABA is dissolved in 1 M, 10 ml of NaOH, then diluted to
100 ml with distilled water (Stock solution pH 5.12).

3.3. Apparatus:

The following instruments were used in measurements.
Conductometer, WTW

pH meter, WTW

Turbidimeter, Hatch, Radiometer

Viscosimeter, Ostwald

Atomic Absorption Spektrometer (Beckman 1272)

IR Spectrophotometer Perkin Elmer

3.4. Experiments:
3.4.1. Polimerization of 4-vinyl pyridine[17]:
In polymerization process 4-vinyl pyridine was purified by vacuum

distillation. Under nitrogen atmosphere, 4-vinyl pyridine was polymerized us-
ing benzoil peroxide as an initiator at 70°C.

HC = CH,
N
7 Ny
N N
/
N

3.4.2. Molecular Weight Determination of Polyions:

Molecular weight of polyions were determined viscosimetry. In addi-
tion, molecular weight of polyanian was also calculated from the polymeriza
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zation degree which was determined by end group titration.
3.4.2.1. Molecular Weight Determination of PA[18]:

1- End Group Titration

0,5 g of polysodium phosphate was dissolved in 100 ml of water and
pH was lowered to about 3 using HCI (1 M) and then titrated potentiometri-
cally with standart NaOH (0,05 M) solution until the pH value of 4,5 and the
procedure was continued beyond the second end point at about pH, 9 and

the number of milli equivalents of base, A ml, consumed between two end
points were determined. The curve is given in the following.

14 -

10 4 /

pH

0 1 2 3 4 5 6 7 8 9 10
ml 0,05 M NaOH

Figure 3.1. End Group Titration Curve of (NaPO3),

The total phosphorus amount of the phosphate was determined in
another poly sodium phosphate sample of the same weight after a complete
hydrolysis procedure. The‘complete reversion of the polyphosphate to the
orthophosphate form can be achieved by gently boiling the sample in a
HNOg5(1 M) solution for three hours under reflux then, pH was lowered to
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about 3 and the solution was titrated with standart NaOH solution until the
beyond of second end point near pH value of 9 then, A, milli equivalent of
base consumption was obtained. The curve is as follows,

12 =

0000

o -

e
4 ——
aO’O/
o-C
7
O -
0 5 10 15 20 25 30 35

ml 0,05 M NaOH

Figure 3.2. Titration curve of (NaPOy), After Hydrolysis

Finally P,O5 % (End Group) and P,O¢ (Total) were calculated.

P205 %Eng Group = (A/Ap) x 100

P,Og (Total) n o
P05 (End) ~ 2 (2 indicates two end groups)



- 16 -

Table 3-1. The Results of End Group Titration

Relative
Titration mi of Base Precision
Procedure Added P20s % ppt
For End Group 1,39 5,60 2,0
For Total Phosphorus 24,80 70,4 6,0 .

n=2514
Molecular Weight: 2564,28

Determination of moisture content:

A weighed amount of sample was dried at 110°C in furnace until a
constant weight then, moisture % was calculated.

; Loss of weight
Moisture % = ————— x 100
Sample weight

Determination of composition water

The dried sample was kept in oven at 440 + 10°C upto a constant
weight then, composition water % was calculated.

. Loss of weight
Composition water % = ————  x 100
Sample weight

Determination of P,O content

A weighed amount of dried sample was dissolved in water and P,Og
was determined by ammonium molybdate method after the hydrolysis reac-
tion then P,Og % was calculated. All the results are shown in table 3-2.
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Table 3-2. The Results of The Average Chain Length Determination of (NaPO4)

Composition Relative
Na20 % P20s % Moisture % Water % Precision ppt
29,21 69,58 0,20 1,01 5,0-20,0
n = 26,49
Molecular Weight: 2701,91

2- Viscosimetry

Solution viscosity is basically a measure of the size of polymer mole-
cules and it is emprically related to molecular weight of polymers. Thus, vis-
cosity measurement constitues on extremely valuable tool for the molecular
characterization of polymer. |

Dilute solution viscosity is usually measured in capillary viscometer of
the Ostwald or Ubbelohde type and concentration, ¢, is expressed in grams
per deciliter (g/dl, g/100 ml). Measurements of solution viscosity are usually
made by comparing the effux time, t, required for a specific volume of poly-
mer solution to flow through a capillary tube with the corresponding effux
time, t,, for the solvent. From t,, and the solute concentration the following
equations are derived.

Relative viscosity n, = t4,

Specific viscosity ngp = tt"o —n,-1
(o]

Reduced viscosity ngy =ngp/c
Intrinsic viscosity [n] = (nsp/c)c=0

The molecular weights of linear polyions were calculated from the in-
trinsic viscosity of the solution by the following equation:

[n] = K.M2
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a,K = Constants depending on the temperature, solvent and polymer
characteristics

M = Molecular weight
Procedure: Ostwald type of viscometer was used for the viscosity

measurements of poly (sodium phosphate) in NaBr. The results are given in
the table 3-3 and in Figure 3.

Table 3-3. Viscosity of Poly (sodium phosphate)} (a=0,50 K=49,4.1 05in NaBr)

Soiute
Concentration
C (g/mi) t(min) Ny () Ngp Ngp/C
0,36 3,181 1,013 0,013 0,042
0,42 3,193 1,017 0,017 0,040
0,50 3,200 1,019 0,019 0,038
The Calculated Molecuiar Weight: 7500
0.045 +
=
(72}
[l
0.035 { } {
0.36 0.42 0.5
C(g/ml)

Figure 3.3. Viscosity Curve of Poly (Sodium phosphate) in NaBr.
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3.4.2.2. Molecular Weight Determination of Polycation By Viscosimetry:
Ostwald type of viscometer was used for the viscosity measurements
of poly(4-vinyl pyridinium chioride) in ethyl alcohol solution. The results are

given in Table 3-4 and Figure 4.

Table 3-4. Viscosity of Poly (4-vinyl pyridine) (a=0,52 K=1,51.1 03in ethyl alcohol)

Solute
Concentration
C (g/mi) {min) Ny gp 'qsp/c
0,25 11,87 1,335 0,335 0,670
0,33 12,22 1,242 0,242 0,730
0,50 13,12 1,207 0,207 0,830
The Caicuiated Molecular Weight: 278000

0.81 -

Msplc

0.6

L o
L
b

0.25 0.33 0.5
C(g/ml)

Figure 3.4. Viscosity Curve of Poly (4-vinyl pyridine) in Ethyl Alcohol

3.4.3. Equivalent Weight Determination of Polyions:

The ionic equivalent weights of polycation and polyanion were deter-
mined by argentometry and alkalimetry respectively and were found 170 g
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for polycation with relative precision of 8 ppt and 102 g for polyanion with the
relative precision of 2 ppt.

3.4.4. Conductometric Measurements:

Main features of PEC stoichiometry and PABA salt interaction with
PA and PC in different experimental parameters were determined by con-
ductometric measurements. Several runs were carried out to check the re-
producibility of all the titrations.

3.4.4.1. Conductometric Measurements For Polyelectrolyte Complex
Stoichiometry:

Two sets of conductometric measurements were carried out as in the
following.

a) For the complex stoichiometry the conductometric titrations of PA
with PC and also the reverse titrations were carried out for different polyions
concentration in sait free and in NaBr, NaCl solutions with different concen-
trations to see the microions affect on the complex formation. The titration
curves are shown in figures 5-16.

0.6

0.5 4+ \
0.4 + \

0.2 4

0.1 +

1L L L J
L] L) L

0 S 10 15 20 25 30 35 40 45 50
ml PA

Figure 3.5. Conductometric Titration of 25 ml 4.10°> M PC with 4.10°% M
PA, Salt Free Solution
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-o- (NaCl) . ~e~ (NaBr)
0.6 +
o
0.5 + \
Y
- 0.4 T \\
£ ®
» ==
03 + — ™ ° ® ™
0.2 +
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Figure 3.6. Conductometric Titration of 25 ml 4.10°3 M PC with 4.10° M
PA, in 1.10°3 M Salt Solution
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Figure 3.7. Conductometric Titration of 25 ml 4.10° M PC with 4.103 M
PA, in 1.102 M Salt Solution
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Figure 3.8. Conductometric Titration of 25 mi 4.10°3 M PC with 9.8,10‘2 M
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Figure 3.9. Conductometric Titration of 25 ml 4.10° M PC with 9.8,102 M

PA, in 1.10°3 MSalt Solution
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Figure 3.10. Conductometric Titration of 25 ml 4.10°3 M PC with 9.8.102 M
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Figure 3.12. Conductometric Titration of 25 ml 1.10"3 M PA with 1.10"3 M PC in
1.10-3 M Salt Solution
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Figure 3.13. Conductometric Titration of 25 ml 1.103 M PA with 1.103 M PC in
1.102 M Salt Solution
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Figure 3.14. Conductometric Titration of 25 ml 7.7.1073 M PA with 7.7.103 M
PC, Salt Free Solution.
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Figure 3.15. Conductometric Titration of 25 ml 7.7.10-3 M PA with 7.7.10°3 M PC
in 1.10-3 M Salt Solution
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Figure 3.16. Conductometric Titration of 25 ml 7.7.10-3 M PA with 7.7.10-3 M PC
in 1.10"2 M Salt Solution

b) The direct conductances of PC and PA mixtures in different unit
mole ratios were measured in salt free solutions. The titration curve is shown
in figure 17.

0.15 +
0.12 + /O
O
0.09 + /
;/E; (o] O -
0.06 +
0.03 +
0 { } 4 $ i
0.1 0.5 1 1.5 1.9

mole Ratio

Figure 3.17. The Conductance of 1.103 M PC and 1.10 M PA Mixture, Salt Free
Solution.
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3.4.4.2. Conductometric Measurements For Zwitter lon Interaction
With Polyions:

Two sets of conductometric measurements were carried out as in the
following.

a) Conductometric titration of PABA salts and polyions
Poly (4-vinyl pyridinium chloride) was titrated with para amino benzo-
ic acid sodium salt in salt free and in salt solutions. The reverse titration was

also done with different concentration. The titration curves are shown in Fig-
ure 18-23.

0.25 T
0.2 =

0.15 +

Sm-1
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0 S 10 15 20 25 30 35 40 45 50 55- 60 65 70 75 80

ml NaPABA

Figure 3.18. Conductometric Titration of 25 ml 1.10"3 M NaPABA with 1.103 M
PC, Salt Free Solution
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Figure 3.19. Conductometric Titration of 25 ml 1.10"3 M PC with 1.10"3 M NaPA-
BAin 1.10‘3M Salt Free Solution
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Figure 3.20. Conductometric Titration of 25 ml 1.10"3 M PC with 1.10"3 M NaPA-
BA in 1.10"2M Salt Free Solution
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Figure 3.21. Conductometric Titration of 25 ml 1.10-3M PC with 1.102M
NaPABA, Salt Free Solution
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Figure 3.22. Conductometric Titration of 25 ml 1.10-3M PC with 1. 102M NaPABA

in Salt Solution
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Figure 3.23. Conductometric Titration of 25 ml 1.10-3M PC with 1.102M

NaPABA in 1.10-2M Salt Solution

Poly (sodium phosphate) was titrated paraaminobenzoil chloride in
salt free and in salit solutions. The results are shown in figures 24-28.
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Figure 3.24. Conductometric Titration of 25 ml 1.103M PABCI with 1. 10-3M
PA, Salt Free Solution
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Figure 3.25. Conductometric Titration of 25 ml 1.10-3M PABCI with 1.10-3M
PA, in 1.10-3M Salt Solution
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Figure 3.26. Conductometric Titration of 25 ml 1.10-3M PABCI with 1.10-3M
PA, in 1.10"2M Salt Solution
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Figure 3.28. Conductometric Titration of 25 ml 1.103M PABCI with 5.102M

PA in 1.10-3M Salt Solution
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b) The direct conductances of paraamino benzoic acid salts and
polyanion and polycation mixtures which contain PA-PABCI and NaPABA-
PC in different unit mole ratio were measured in salt free solutions. The
results are shown in figure 29-30.

0.2 T
0.15 4
& .
0.1 +
0.05 +—F—it——f—F—i————1 ]
02 04 05068 1 11 12 13 14 1.5 1.6 1.7 18 19
Mole Ratio
Figure 3.29. The Conductance of 1.10-3M PABCI with 1.103M PA
Mixture In Salt Free Solution
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Figure 3.30. The Conductance of 1.103M NaPABA with 1.103M PC
Mixture In Salt Free Solution
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3.4.4.3. Conductometric Titration of PCOH with HPA

In order to see the pH changes during the PEC formation and the in-
teraction between the acid form of polyanion and the base form of polycation
were prepared by ion exchange procedure.

The conversion of (NaPQ3), to (HPOg), was completed on an lon
Exchanger Amberlite IR-120 (strong acid) and lon Exchanger Il (strong
base) column was used for obtaining PVPyOH form of polycation.

Preparation of the ion exchange column:

1,5 g of the cation and anion exchange resins were covered with wa-
ter and let to stand for overnight. After pouring off the water HCI (3M) was
added to it, shaked well and filtered. Acid treatment was repeated three
times, it was washed with large portions of water by shaking. After decanta-
tion of water, cation and anion exchangers were let to stand for 3 hours in
1M NaOH and 0,5 M NaOH respectively then, was washed with water sever-
al times. The activated resin was transferred into the column with dilute HCI
solution. The column has 50 cm length and 1 cm in diameter, two thirds of
the column was occupied with resin and 1-1,5 ml of water remained above
the resin. Same glass wool was piaced above the resin column to avoid any
disturbance. The excess of acid or alkali were removed by distilled water.
The flow rate of polyions through the column was adjusted as 2 ml per min-
ute. The concentration of PCOH form obtained from the anion exchange col-
umn was determined with standart acid titration was found to be 1,8x103M.
The concentration of HPA form of polyanion was determined with standart
base titration and found to be 1,5x1072M.

20 ml of 1,8x10-3M of PCOH was titrated with 1,5x102M of HPA.
The titration curve is shown in the following.
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Figure 3.31. The Conductometric Titration of 20 ml 1.8.10-3M PCOH
with 1.5.10"2M HPA

3.4.4.4. Potentiometric Titration Of HPA With PCOH

10 m! of 2.10"*M HPA salt free solution was titrated with 1,8x1073M
of PCOH solution. The titration curve is shown in figure 32.
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Figure 3.32. The Potentiometric Titration of 10 ml 2. 10 MHPA with 1.8. 103M
PCOH
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Table 3-5. Resuits of Conductometric Titration Data

Mol Ratio of PAto PC
Titrant Solution Salt ) Salt Solution Figure
free NaC} NaBr NaCl NaBr No
Solution | (1.103M) | (1.10°3M) | (1.102M) | (1.102Mm)
PA PC 0,8 0,72 0,76 Decreased | Decreased| 5,6,7
(4.103m) (4.103M) curve curve
PA PC 0,93-1,6 | 0,50-0,78 | 0,49-0,78 1,6 1,08 8,9,10
(9.8.102M) | (4.10%Mm)
PC PA 1,00 0,80 0,80 Decreased | Decreased | 11,12,13
(1.10°3M) | (1.10%m) curve curve
PC PA 1,40 2,27 2,27 Decreased | Decreased | 14,15,16
(7.7.103M) | (7.7.10Mm) curve curve
Table 3-6. The Result of Direct Conductometric Data
PA PC Stochiometry Figure No
(1.10°3M) (1.10°3M)
25 ml 25 ml 1:1 17
Table 3-7. The Results of Polyions and PABA Salts Titration Curves
Mol Ratio of PA to PABC! and
Titration Solution PC to NaPABA Figure
Salt Free Salt Solution No
Solution NaCl(1.10°M) | NaBr(1.10°M)
PA PABCI 1 0,9 0,92 24
(1.10Mm) (1.10m)
PA PABCI 1,2 1,5 1,6 27
(5.102M) (1.103m)
PC NaPABA 1,4-34 1,6 1,8 18
(1.103m) (1.103M)
PC NaPABA 0,44 - 1,16 09-1,12 0,96 21
(1.102v) (1.10M)
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Table 3-8. The Conductometric and Potentiometric Data of HPA and PCOH Interaction

Mol Ratio of HPA to PCOH and Stoichiometry
Titrant Solution From Conductometric| From Potentiometric Figure
Data Data No
HPA PCOH 1,38 - 31
(0,015 M) (1,8.10%Mm)
PCOH HPA - 1,48 32
(1,8.103Mm) (2.10*M)

3.4.5. Turbidimetric Measurements For Complex Stoichiometry

The reflected light intensity of the turbid solutions ot PC-PA and PC-
NaPABA in different mole ratios were measurement in salt free solution.
Results are shown in figures 33,34.
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Figure 3.33. Turbidimetric Curve of 1.103M PC and 1.10-3M PA
Mixture In Different Mole Ratio
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Figure 3.34. Turbidimetric Curve of 1.103M NaPABA and 1.103*M PC Mixture In
Different Mole Ratio

3.4.6. Supernatant Analysis

The supernatant liquids obtained after the removal of PEC precipitate
from the solution which contained pelyanion and polycation in different mole
ratios were analysed by wet chemistry and viscosity method. Besides, con-
trol samples which contained polyanion and polycation alone but, as in the
same concentration with the mixture of polyanion and polycation solutions in
different mole ratios, were prepared and analysed with the same method.

3.4.6.1. Wet Chemistry

Polyanion and polycation solutions were mixed at different mole ra-
tios in a certain volume. Each mixture was centrifuged to remove the precipi-
tate then the chloride and the phosphorus content of aliquot solutions were
determined by argentometry and alkalimetry respectively. Chloride content
was also determined after phosphate removal.

Procedure For Phosphorus: 25 ml of aliquot from the supernatant so-
lution was boiled with HNO, (1 M) solution for 3 hours under a refiux in order
to hydrolyse the phoshorus in polymer chain to orthophosphate ions. After
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this process ammonium molybdate solution was added into the orthophos-
phate solution slowly with continous stirring. The precipitate was separated
by filtration, washed with 25 ml of 1% KNO; solution two times and excess
of 0.324 N NaOH solution was added until the yellow phosphomolybdate
precipitate was dissolved. The excess of NaOH solution was neutralized by
0.324 N HNO4 solution in the presence of phenolphthalein as an indicator
then, the solution was titrated with NaOH solution. The same procedure was
also applied to the control solutions which contained polyions individually.
The reaction equation is given as follow:

(NH,)5 PO,. 12 MoO4+23 NaOH — NaNH,HPO, + (NH,),MoO, +
11 Na,MoO,+11H,0

Results are shown in Table 3-8.

Table 3-9. Supernatant Analysis

Supematant Composition Individual Control Sample
Mol Ratio Relative Relative Relative Relative
of PC and | Chloride | Precision |Phosphorus| Precision | Chioride | Precision [Phosphorus| Precision
PC mixture;  (g) ppt {9) ppt (@ ppt () ppt
1:1 0.015 35 0.015 5 0.018 35 0.083 4
PC:.PA 12 0.014 4 0.030 6 0.018 4 0.166 5
13 - 0.037 8 0.018 5 0.249 6
PA:PC 1:2 - 0.025 0.036 0.083

Table 3-10. Chloride Content of The Supernatant After Phosphate Removal

1:3

Mol Ratio of Supernatant
PA and PC Composition Relative precision
mixture Chiloride (g) ppt
1:1 0.015 3.5
PC:PA 1:2 0.014 4
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3.4.6.2. Viscosity Measurements

A series of mixtures containing different amount of PC and PA were
prepared as salt free solutions. An aliquot of each mixture were centrifuged
to remove the precipitate and the viscosity of the supernatant liquid was
measured at 25°C in an Ostwald capillary type viscometer with a flow time of
6 seconds for 2 ml H,0. For each mixture a control sample was made up
containing the ionic excess of the more concentrated polyelectrolyte plus the
amount of NaCl which would be released from the precipitate upon complete
ionic interaction between the polyions. The viscosities of these solutions
were measured for comparison with the supernatant viscosities. The results
are given in Table 3-10.

Table 3-11. Viscosity Measurements of Supernatant Composition

Mixture Composition NaCl concent. Nsp of "sp of

meq/50 mi lonic Excess | lonic Excess |of supematant| supernatant control

Mixture PVPyCl | (NaPOjy), PVPyCI (NaPQy), Liquid Liquid sample
1 0.425 0.128 0.213 - 0.025 2.18 3.34

2 0.340 0.128 0.128 - 0.028 1.08 1.40

3 0.255 0.153 - - 0.030 0.03 0.086

4 0.213 0.204 - 0.077 0.025 0.46 0.49

5 0.213 0.255 - 0.128 0.025 0.49 0.53

3.4.7. Preparation of Polyelectrolyte Complex

The polyanion solution (1.275 g/25 ml) was slowly dropped into the
polycation solution (2.125 g/25 ml) and mixing was continued for 30 minutes.
The precipitate was separated by means of a centrifuge (5000 r.p.m), and
was dried under vacuum after being washed several times with water and
acetone. IR spectra of PEC are shown in figure 35. For the comparison IR
spectra of polyanion and polycation are given in Figure 35.
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Figure 3.35. IR Spectra of PEC, PA and PC

3.4.8. Swelling Measurements

1000

600

For swelling measurements 0.1 g of samples of dried PEC are equili-
brated with approximately 10 mi volumes of various solvent mixtures which
contain all components in equal volume. 5M of NaCl and NaBr were used in
the mixture and let stand for 24, 48 and 72 hours at room temperature. In-
crease of the polyelectrolyte complex volume was determined at the end of
different hours period. Results are shown in table.

Table 3-12. Swelling Measurements of PEC in Different Solvent

24 hours

dBhows |

J2hours

1. . Swuling Rato % |
Volume Volume Volume . ] Density of
Mixtures increase| Mass lincrease| Mass |Increase| Mass |24 hours |48 hours | 72 hours PEC
{ml) (a) {(ml) i (4)) {mt) (g} _g/ml)
Water 0.21 0.14 0.18 0.12 0.18 0.12 40 20 20 0.68
NaBr 0.15 0.10 0.21 0.14 0.21 0.14 40 40 0.68
NaBr+Water 0.21 0.14 0.35 0.24 0.35 0.24 40 140 140 0.68
Aceton+Water | 0.21 0.14 0.32 0.22 0,32 0.22 40 120 120 0.68
NaBr+Acetone
+ Water 0.15 0.10 0.35 0.24 0.35 0.24 140 140 0.68
NaCl Q.15 Q.10 0.18 0.12 0.18 0.12 - 20 20 0.68
NaCl+Water 0.15 0.10 0.21 0.14 0.21 0.14 40 40 0.68
NaCt+Water
+ Acetone 0.15 0.10 0.26 0.18 0.26 0.18 - 80 80 0.68
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Chloride and Bromide content of the supernatant solution which
result in 0.1 g PEC interaction with 10 ml of NaBr and NaCl solution in dif-
ferent concentrations for 48 hours were determined. Results are shown in

Table 3-13.

Table 3-13. Supernatant Analysis of Swelling Measurements

Supernatant Composition Sorbed Electrolyte %
Electrolyte Concentration (Mol/L) Chioride (g) Bromide (g) Chloride (g) Bromide (g)
0.2 0.035 0.042 25 18
1 0.151 0.008 1517 52
3 0.462 0.959 8.67 20




CHAPTER 4- RESULTS AND DISCUSSION

Conductance and Turbidity Measurements:

The end point stoichiometry of PA and PC mixture in different mole
ratios determined from the conductance and turbidity curves. Show that poly-
electrolyte complex is formed with a unit molar ratio of PA to PC in dilute,
salt free solution.

The conductance and turbidity data shows that the interaction of Na-
PABA and PC give a unit mole ratio (Fig.30,34) as the stoichiometry of PA
and PABCI reaction deviates from unity in salt free solution.

Conductometric titration

The end point stoichiometry of various titration modes of PA and PC
which are derived with experimental parameters such as the order of polyion
addition, polyions and added salts concentrations. Show that mole ratio of
PA to PC changes between 1 and 1.6 for all polyion concentrations under
examination. The extent of mole ratio from unity occurs in the solution which
contain excess of polyanion. This result is reasonable since PA has low mo-
lecular weight compare to PC. The titration curve shown in Figure 8. Shows
two intersection points. The distinct decrease of the titration curve indicates
the PA binding to PC with the equivalent release of counter ions. Initially, the
substantial ionization of counter ions in salt free solution cause an electro-
static suppression on the subsequent liberation of counter ions as the reac-
tion proceeds. Therefore, a straight line appear after the first intersection
point and the bound between PA and PC is completed at the second inter-
section point which corresponds to the 1:1.6 mole ratio of PC to PA. Stoi-
chiometric excess of PA which is also 25 times more concentrated than PC
can be explained with the low molecular weight of PA. 1.103M of low molec-
ular salt (NaCl, NaBr) addition to reaction medium give a pronounced devia-
tion from the stoichiometry (Fig.9). The titration curve derived in the case of
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1.10"2M NaCl, NaBr addition to the system exhibits an increased curve with
two probable intersection. The first increased part of the curve may be resuit-
ed in from the high concentration of PA which give substantial counter-ions
during the PC binding then, the ionization of one of the polyions may occur
and the conductance increases because of the high concentration of micro
and counter-ions until second intersection point and finally, the low slope of
the curve indicates that all micro and polyions remain together.

In general, the continous decrease in titration curves which is ob-
tained 1.102M of NaCl and NaBr addition to reaction medium suggest that
PA and PC are ionized due to the high concentration of NaCl and NaBr, no
binding occur and the high charge densities on polyions can not be satisfied
by microions.

The mole ratios of PA to PABCI and NaPABA to PC are found
between 1 and 1.4 in all concentrations of interacted ions in salt free solu-
tion. The extent of unit mole ratio proceeds on the side of reactive polyion (ti-
trant). It may be expected to have excess of the monomer (NaPABA) in the
NaPABA-PC composition as a result of the occurence of complex species
which always contain excess of either ions taking part in complexation reac-
tions. The titration curve shown in figure 28 give the result that in 1.103M of
NaCl solution, all interacted ions remain together up to the intersection point
with a charge condensation phenomenon then, the conductance increased
with free micro ions. In the case of 1.102M of NaCl and NaBr addition to PA-
PABCI and NaPABA-PC mixture, decreased curves are derived in general.
This result also indicates that monomers are not bounded polyions. The
curves (11,18,24) which give distinct decrease and a straight line beyond the
intersection point show that a binding process between the interacted ions
progress until the end point then, all ions remain together with a probable
sorption or charge condensation mechanism.

The conductometric titration of the acid form of PA with the base form
of PC show similar feature with dilute solution (1.10°3M) interaction of the salt
form PA and PC (Fig.11,12,13) in salt free and in salt solution. The PEC
formed contain excess of PA that is the usual result of complexation reac-
tion. The same result is also obtained from the potentiometric titration curve
derived from the interaction of acid and base form of PA and PC (Fig.32).
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Supernatant Analysis:

Specific viscosities of the supernatant are almost exactly equal to
those of control samples made up to contain the ionic excess of more con-
centrated polyion plus NaCl equivalent to maximum possible counter ion re-
lease from the precipitated polyions.

The results of wet analysis carried out for phosphorus and chloride
contents of supernatant liquid are given in Table 3-9. The supernatant com-
position indicates that nearly 18% of polyanion is left with polycation and the
result is also verified with the chloride content of supernatant. Taking into
consideration that wet chemistry is subject to a degree of uncertanity more
than viscosity measurements so that the both viscosity and wet analysis data
of the supernatant liquid can be considered as corrobated with conductomet-
ric data.

End Group titration of PA:

Potentiometric end group titration method which is carried out for the
determination of polymerization degree hence the molecular weight of PA,
do not give satisfactory result. This may be due to the uncertainity of hydroly-
sis procedure which is done in order to convert PA to orthophosphate.

Swelling Measurements:

Maximum degree of swelling is attained to an equilibrium in 48 hours
period for different solvent systems except water alone and the PEC com-
plex changes the appearance to rubbery state during the swelling. The high-
est percent of swelling volume is obtained in the solvent mixtures of NaBr +
water, NaBr + water + acetone. The acetone conjuction with water in the ter-
nary solvent system may cause the rearrangement of PEC structure into an
expandable form. In addition the PEC may be composed of loosely ionic
crosslinked so that it is slightly ionized from the crosslinked points due to the
very high concentration of NaBr (5M) in the solvent mixture. Sorption mecha-
nism is also probable in swelling. In fact sorption process might be effective
in order to study the morphological structure of PEC in the swollen state.
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The results of different electrolyte sorption by PEC show that sorption
increases with increasing electrolyte concentration and NaBr is sorbed in
higher percent than NaCl. This result also shows that the function of NaBr is
more active than NaCl in the solvent systems which are used for the swelling
measurements.

Conclusion:

It is concluded from the present study that results achieved from the
conductometric and supernatant data reveals the stoichiometric composition
of PEC irrespective of whether either polyion is present in excess. The ex-
cess polyion remain either dissolved in the aqueous plase or burried in the
ionic cross link of PEC by probable sorption or charge condensation mecha-
nism which arise from the coulombic interaction of all ions take part in the re-
action depending on the difference between the total charge densities of PC
and PA. Polyions are in extended conformation in the solvents which have
high dielectric constant such as water. The coulombic entanglement which
occur at the domain of the interacted sites during the release of counter ions
can be neglected compare to the total charges of polyion chains at the be-
ginning of the reaction. The excess charges which arise from the ionization
of counter ions and also from the ionization of added salts suppress the sub-
sequent liberation of counter ions so that efficient pairing of active sites on
polyion chain slow down and a fraction of active sites might remain to be un-
reacted as the reaction proceeds. Thus, a change in the polyion chains, from
an extended to a coiled conformation, occurs necessarily and this phenome-
na cause a deviation from the stoichiometry in salt free and in salt solutions.
The experimental conditions such as the concentration of the reactive ions,
the sequence of polyions addition and the mode of stirring affects the PEC
stoichiometry. The result obtained in this work coincidence the theoretical
approaches which are in progress yet. Swelling properties of the PEC com-
plex formed give very promising future for the application in some field. In
addition, the interaction between polyions and the derivatives of para amino
benzoic acid give further thoughts for the analytical application of polyelec-
trolytes in the determination of proteins.
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