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CHAPTER ONE

INTRODUCTION



l. Introduction

1.1 Acrylamide

Acrylamide is a white crystalline solid with a melting point of 84.5 °C[1].
It is soluble in many polar solvents, including acetone, ethanol and water,
where 215.5 g can be dissolved in 100 mL of water at 30 °C. Acrylamide
contains two principle functional groups, the vinylic carbon-carbon

double bond and an amide group (scheme 1.1).

Scheme 1.1: Structure of Acrylamide
Acrylamide is monomer formed from the hydration of acrylonitrile with
sulfuric acid at tempreatures between 90 and 100 °C. More recently by
catalytic hydration using copper catalyst [2]. The electron deficient
double bond of acrylamide is susceptible to a wide range of chemical
reactions including nucleophilic additions, and radical reactions [3].
Acrylamide has been classified by the Environmental Protection Agency

(EPA) as a Group B2 probable carcinogen [4].



1.2 Polyacrylamide

Polyacrylamide (PAam) is a water-soluble polymer. PAam is the first
polymer for which the volume phase transition in the polymer gel was
observed [5]. PAam is known within the research community for its use
as a cross-linked hydrogel for size-based electrophoresis separation of
proteins and nucleic acids, these methods are known as polyacrylamide
gel electrophoresis (PAGE). PAam has a hydrophobic main chain and a
hydrophilic side group. As can be seen in scheme 1.2, one may consider

PAam to be a polyethylene main chain with -CONH, side groups [6].
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Scheme 1.2: Structure of Polyacrylamide
1.2.1 Physical and Chemical Properties of Polyacrylamide
The physical properties of polyacrylamide are influenced by
copolymerizing with different vinylic monomers. One of the most useful
examples is produced by copolymerizing acrylamide with sodium
acrylate to form an ionic polymer at normal pHs [7]. The process of
polymerizing acrylamide affords polyacrylamide that has completely

different chemical and biological characteristics to the monomer.



Chemically the reactivity of acrylamide is due to the electron deficient
double bond, but the polymerization process to form polyacrylamide
removes the double bond and as such, polyacrylamides are relatively
chemically inert under normal conditions. Unlike acrylamide,
polyacrylamide do not undergo nucleophilic addition across the backbone
since they possess only a C-C single bond. The amide group of
polyacrylamide and carbonyl group can undergo reactions such as
hydrolysis, and dehydration [3].

1.2.2 Stability of polyacrylamide via different temperatures

Below the temperatures of about 200 °C, polyacrylamides are thermally
stable and undergo very little physical change apart from a slight mass
loss. This slight weight loss is probably due to absorbed water from the
environment and other volatile impurities [8, 9]. At temperatures above
200 °C, polyacrylamide begins to undergo irreversible chemical changes
resulting from thermal degradation [10]. Above 300 °C polyacrylamide is
initially characterized by the decomposition of imides to form nitriles and
the release of volatiles such as CO, and H,O [11, 12]. At higher
temperatures, the predominant reactions are random bond scission of the

polymeric backbone forming long chain hydrocarbons [10, 13].



1.2.3 Hydrolysis of Polyacrylamides under acidic and basic conditions
Polyacrylamides undergo hydrolysis under acidic conditions to produce
poly (acrylamide-coacrylic acid). Forcing conditions of low pH and long
reaction times can provide complete hydrolysis of all the amide groups.
The reaction involves the nucleophilic addition of water to the protonated
amide, followed by the elimination of NH; [14]. The proposed reaction

hydrolysis of polyacrylamide is presented in scheme 1.3.

-§-CH, CH-}: o| #-CHa CH} -$-CHy'CH-$- -$-CH, CH-$:
] H O ] H D é ] |
C=0 u% C=0-H 2= H;0-C-0-H=—=HO-C-OH
NH, NH, NH, ONH,4
o -§-CH, CH-} -$-CHy CH-{:
NHy + 9:0 == NHj+ (I'_‘;:O
Oo OH

Scheme 1.3: Hydrolysis of PAam under acidic condition.
Also under alkali conditions polyacrylamides are undergoing hydrolysis
at moderately low temperatures (60-100 °C). The reaction involves the
nucleophilic addition of hydroxide to the amide carbonyl, followed by
loss of the amide ion (-NH,) to afford an acrylic acid residue [15, 16].
The amide ion then removes a proton from the acrylic acid to form more
stable carboxylate anion and ammonia [14].The proposed reaction

hydrolysis of polyacrylamide is presented in scheme 1.4.
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Scheme 1.4: Hydrolysis of PAam under basic condition.

The hydrolysis reaction is mainly irreversible as the amide anion readily
removes a proton from the acrylic acid residue rather than attack a
carbonyl carbon atom, and the carboxylate anion will be unsusceptible to
nucleophilic attack from both NH; and NH, [17,18].
1.2.4 Applications of polyacrylamide
Polyacrylamides (PAam) are among the most widely used synthetic
polymers. They are often used in different fields such as:

1. Water treatment

2. Papermaking

3. Petroleum recovery

4. Mineral processing

5. Soil conditioning, etc.
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Determining PAam concentration is an important factor for its successful
application, since properties of PAam solution, such as rheology,
adsorptions, and flocculating ability, are highly concentration dependent
[19]. Many techniques have been developed to quantify PAam in agqueous
solution [20, 21].

These methods involved of analytical approaches, such as viscosity
measurement, flocculation, total organic carbon, N-bromination of amide
groups followed by starch triiodide complex measurement, conversion of
amide groups to amines which are then determined by fluorescence
spectrometry and amide hydrolysis with ammonia detection [22].

1.2.5 Electrical conductivity of polymers

Plastic is used as insulation around the copper wires in ordinary electrical
cables. Yet, the Prize Winners of the 2000 Nobel Prize in Chemistry:
Alan Heeger, Alan G. MacDiarmid and Hideki Shirakawa, were rewarded
for their revolutionary discovery that plastic can be made electrical

conductivity after certain modifications.[23]

For a polymer to be electrically conductive it must "imitate™ a metal, the
electrons in the bonds must be freely mobile and not bound fast to the

atoms.
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The exciting idea of combining the mould ability and low weight of
plastics with the conductivity of metals has prompted intensive
development. Since the conductivity can be varied over a very broad area,
from poor semi-conductors to metallic-level conductivity, many
commercial uses present such as batteries, condensers, anti-static
materials and anti-corrosion substances. Now the most intensive
development is aimed at conjugated polymers in their un-doped,
semiconductive state. This is because it was discovered ten years ago that
some conjugated polymers exhibit electro-luminescence, they glow when

a voltages passes through them.

Many applications are predicted for luminescent plastic. We shall soon be
seeing the first practical use in light displays in mobile telephones and on
information boards. In a few years flat TV screens in luminescent plastic

may have become a reality.[24, 25]

According to Ohm‘s Law, the current (I) flowing in substrate is
proportional to the potential drop along the substrate: V = IR, where R,
the resistance of the substance, depends on its dimensions. The resistivity
(p) is defined to be the proportionality constant between the electric field

(E) at a point in the substance and the current density (j) that it induces.

E=pj (D

12



The current density j is a vector, parallel to the flow of charge, whose
magnitude is the amount of charge per unit time crossing a unit area
perpendicular to the flow.

Thus if a uniform current (1) flows through a substance of thickness (L)
and cross sectional area (A), the current density will be j = I/A, Since the
potential drop across the substance will be

V=EL

Eq. (1) gives V =1 p L/A and hence

R=pL/A......... (2) [26].

Different voltages (V) are applied to the outer two probes and the
resulting current (1) is measured by connecting a Keithley electrometer
amplifier in series with inner two probes.

Surface Conductivity (o) was evaluated using the equation

6 =1/2nsV mhoscm™........... 3)

Where s is the spacing between two probes [27].

The conduction in polymeric systems is to classify materials according to
the carriers responsible for conduction.

1. The first species are ionic carriers; these are distinct ionically charged
chemical entities: hydrogen or hydronium ions, acids, bases, salts,
metallic impurities due to residual catalyst, or species intended to be

electronic dopants but which end up as mobile ionic species. lonic

13



conduction occurs throughout the entire structural range, from
polycrystalline to amorphous, and requires actual mass transport [28].

2. The second species are localized electronic excited states. These
energy states although they can contribute to electron spin resonance
signals if their spins are unpaired, are localized on a single molecular
residue or repeat unit and hence cannot participate in conduction [29].

3. The third species is migratory localized ionic states, particularly
anions. Although these states are truly ionic, the transport mechanism
responsible for conduction is electronic [30, 31].

Conductivity (o) 1s expressed in units of siemens (S) per centimeter. (A
siemen is a reciprocal ohm) The electrical conductivities of the
conducting polymer systems now range from that typical of insulators (o
<10 S/cm) to that typical of semiconductors (o =10" — 10™ S/cm) and
conductors (o >10? S/cm. [32, 33, 34]

1.2.6 Thermal analysis of polymers

Thermal analysis can be used to characterize the physical and chemical
properties of polymers under specific conditions.[35] The thermal
parameters of a polymer, such as glass transition temperature (Tg ),
melting point (Tm) and crystalline point (Tc) can be determined using

differential scanning calorimeter (DSC).[36]
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The glass transition temperature is the most important characteristics of
amorphous state in the polymer during its transition from solid to liquid.
When an amorphous glass polymer is heated, the kinetic energy of the
molecules increases, as temperature is increased further, the polymer
loses its glasslike properties and assumes those more commonly
identified with a rubber.

The temperature at which this takes place is called glass transition
temperature (Tg). If heating is continued, the polymer will lose its
elastomeric properties, and the temperature at which this takes place is
called melting temperature (Tm).[34]

The glass transition temperature of polymer thin films has important
attention because of the importance thermal properties in the
technological applications of thin films. [37]

The association of metal ions in polymer matrixes generates charge
carrier ions and increases the rigidity of polymer chain up to moderately

high metal salt concentration, resulting in a higher Tg. [38]
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1.3 Transition metals

The three series of elements arising from the filling of the 3d, 4d and 5d
shells, and situated in the periodic table following the alkaline earth
metals, are commonly described as “transition elements”, though this
term is sometimes also extended to include the lanthanide and actinide (or
inner transition) elements.

These elements exhibit a number of characteristic properties which
together distinguish them from other groups of elements:

1. They are lustrous and deformable and have high electrical and
thermal conductivities.

2. Most of them display numerous oxidation states which vary by
steps of 1 rather than 2 as is usually the case with those main-
group elements which exhibit more than one oxidation state.

3. They have an unparalleled propensity for forming coordination
compounds with Lewis bases.

1.3.1 Types of Ligand

Ligands are most conveniently classified according to the number of
potential donor atoms which they contain and are known as uni-, bi-, ter-,
quadri-, quingi- and sexi-dentate accordingly as the number is 1, 2, 3,4,5

or 6. Bidentate ligands are frequently chelating ligands and, with the

16



metal ion, produce chelate rings which in the case of the most commonly
occurring bidentate ligands are 5- or 6-membered [39].

1.4 polymer metal complexes

Metal complexation is a process by which certain transition metal ions
coordinate with organic functional groups like carbonyl, amine groups
through ionic bonds, coordination bonds, and ion dipole interactions to
form what we call complexes having many interesting properties and
applications.

1.4.1 Application of metal polymer complexes

Metal complexation polymers are used in wastewater treatment for
selective removal of toxic metal ions [40-43] and to improve the thermal
properties of polymers [44-46]. An important application of polymer-
metal complexes is in the area of catalysis. Catalytically active organic
polymers can be obtained through the coordination of certain transition
metal ions with functional groups on the polymers [47, 48]. Recently,
metal complexed stimuli responsive polymer gels have been used to
produce smart catalysts, which combine the advantages of homogeneous
catalysis such as high activity and high selectivity with those of
heterogeneous catalysis such as long life and easy separation, the catalytic
function of polymer-metal complex depends on the structure of the

complexes [49-51].

17



1.5 Aim of study

1. Metal complexation with organic functional groups of
polyacrylamide through ionic bonds, coordination bonds,
and ion dipole interaction to form organometallic hybrids.

2. To characterize the PAam-M* complexes using different
methods FTIR, UV-Visible spectroscopy and DSC.

3. Creation of new material PAam-M*2. This creation depends
on various metal ions Fe* Cu*?, Co*, Ni** capable of
complexation with PAam film.

4. To improve thermal and conductive properties of

polyacrylamide.
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CHAPTER TWO

EXPERIMENTAL
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I1. Experimental

11.1 Chemicals

Polyacrylamide (PAam, Mwt 5000,000), Copper (Il) chloride dihydrate
(CuCl,.2H,0), Iron (1) chloride tetrahydrate (FeCl,.4H,0), Cobalt (1)
fluoride tetrahydrate (CoF,.4H,0), Nickel (Il) sulfate hexahydrate
(NiSO4.6H,0), Hydrochloric acid 32% by weight, Sodium hydroxide. All
of the above chemicals were of analytical grade and were purchased from
Sigma-Aldrich Co. All solutions were prepared in deionized water.

11.2 Instruments

1. Fourier transform infrared spectrophotometer (Testscan shimadzu FT-
IR 8000 series).

2. A Perkin-Elmer lambda 5 UV-visible spectrophotometer.

3. Differential Scanning Calorimeter (DSC).

4. Two point probe system.

5. Atomic Force Microscope (AFM).
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11.3 Procedure

11.3.1 Preparation of polyacrylamide film

To prepare PAam film 0.7104g of PAam was dissolved in 25ml deionized
water, the solution was then poured into petridesh placed in an oven at
35°C for 24h. Transparent film was obtained after evaporation of water.
11.3.2 Preparation of polyacrylamide — Metal film complexes

To prepare PAam-Metal complexes 0.7104g of PAam was dissolved in
25ml of deionized water, by gradual addition of metal solution to obtain
the adequate concentrations of polyacrylamide - metal complexes, then
the solutions were poured in petrideshs placed in oven at 35°C for 24h.
Transparent film was obtained. Different concentrations of PAam-Metal
complexes are used to form of 2.5%, 5%, 7.5%, 10% and 25% (w/w)
concentration as shown in Table2.1.

11.3.3 Preparation of PAam-Metal complexes for FTIR

About (5uL) a polyacrylamide-Metal complex solution was spread onto a
silicon window then the window placed in oven at 35°C for 24h. Water
was completely evaporated with constant weight. Film of a few pum
thicknesses was obtained.

11.3.4 Preparation of PAam-Metal complexes for conductivity
measurements

To prepare the film of PAam-Metal complexes (5 uL) was added to mica

substrate in oven for 24h at 35°C to evaporate water.
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11.3.5 Preparation of PAam-Metal complexes at different pHs

To prepare the film of PAam at different pHs 0.7104g of PAam was

dissolved in 25ml of deionized water, then pH was adjusted by graduated

addition of standard 0.1M NaOH and 0.1M HCI. using Jenway pH meter

(3310) in the presence of buffer. Solutions of various pH (1.7-10.0) were

prepared.

Table: 2.1 Explains the prepared PAam-Metal complexes.

Polymer — metal complexes

Concentrations of polymer - metal complexes
Mass of PAam (gm) / Mass of Salts (gm)

Polymer

metal

25%

10%

7.5%

5%

2.5%

Polyacrylamide

NiSO,.6H,0O

0.710 | 0.657

0.710 | 0.263

0.710 | 0.197

0.710 | 0.131

0.710

0.066

Polyacrylamide

CoF,.4H,0

0.710 | 0.422

0.710 | 0.169

0.710 | 0.126

0.710 | 0.084

0.710

0.042

Polyacrylamide

FeCl,.4H,0

0.710 | 0.497

0.710 | 0.199

0.710 | 0.149

0.710 | 0.099

0.710

0.048

Polyacrylamide

CUCIZ.ZHzo

0.710 | 0.426

0.710 | 0.170

0.710 | 0.127

0.710 | 0.085

0.710

0.042
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I11. Results and discussions

I11.1 Analysis and Characterization of PAam and complexes using
FTIR spectroscopy

Metal ion complexation of PAam functional groups were investigated
towards Fe (I1), Cu (II), Co (II) and Ni (II). The prepared complexes with
20-35um thickness films were characterized using FTIR spectroscopy.
Figure 3.1 shows the FTIR spectrum of the PAam casting film on the
Teflon surface, and Table 3.1 gives the peak assignment of the FTIR

spectrum of PAam. [52-54]

3200

Absorbance

2936
2865
2788

v I v ] v ] v I N I ¥ ]
4000 3500 3000 2500 2000 1500 1000

Wavenumber (CITI_I)

Fig. 3.1: FTIR spectrum for the PAam casting film on the Teflon surface
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Table 3.1 Peak assignment of PAam film

peak position Assignment
(cm-1)
3348 N-H asy stretching of NH, (v)
3200 N-H sy stretching of NH, (v)
2936 C-H asy stretching of CH; (v)
2866 C-H sy stretching of CH, (v)
2788 C-H stretching of CH (v)
1661 C=0 stretching of CO (v) , amide | band
1617 N-H bending of NH, (), amide 11 band
1452 C-H bending of CH, (d)
1416 C-N stretching (v), amide 111 band
1350 C-H wagging of CH, (wag), out of plane
1322 C-H bending of CH (3)
1190 N-H wagging of NH, (wag)
1125 N-H rocking of NH, (r) in plane,

C-C skeletal vibration

25



The characteristic peaks of polyacrylamide are:

v sy N-H transmittance band at 3201.6 cm*

v asy N-H transmittance band at 3348.2 cm™

The peaks at 1662.5 and 1620.1cm™ are the two strong peaks which are
the characteristic bands of the C=0 stretching (v), and N-H bending ()

respectively. Fig. 3.2.

G0

wT |

20.0+

0.0 T T T T T T T T T T T T T T T T T T T T

4000.0 20000 20000 1500.0 1000.0 S500.0
1icm

Fig. 3.2: FTIR spectrum of pure film polyacrylamide
The IR spectra of the PAam-Metal complexes show different bands at

different metal ions.
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111.1.1 Polyacrylamide — Fe** complexes

The FTIR spectra of polyacrylamide — Fe** complexes show intersting

effect on the characteristic peaks of polyacrylamide specially of v ,y NH,,

N-H bending (Table 3.2) which exhibits at 3352.1cm™, 1616.2 cm™

respectively.

Table 3.2: Characteristic peaks of PAam & PAam — Fe*? complexes

Complexes vasNH, [ veNH, | viCH, | v4CH, | vCH | v(C=0) | N-H bending
Polyacrylamide 3348.2 3201.6 2931.6 2858.3 | 2796.6 1662.5 1620.1
P — Fe (2.5%) 3352.1 | 3201.6 | 29355 | 2866.0 | 2792.7 | 1662.5 1616.2
P —Fe (5%) 3352.1 | 3201.6 | 2939.3 - 2796.6 | 1662.5 1616.2
P —Fe (7.5%) 3352.1 | 3201.6 | 29355 | 2866.0 | 2804.3 | 1662.5 1616.2
P — Fe (10%) 3352.1 | 3201.6 | 2947.0 - - 1666.4 1616.2
P —Fe (25%) 3352.1 | 3209.3 | 2958.6 1662.4 1612.4

From table 3.2 the results show that (PAam) at concentration ranging

from 2.5 up to 7.5% would bind only with NH, group to form the PAam —

Fe*? complexes. Whereas, a shift was noticed at higher concentration

(above 10%) indicating that both groups (NH,) and (C=0) are present as

a result of bonding ligate to metal.

The FTIR spectrum of polyacrylamide with Fe* transition metal at

different concentrations as mentioned in Fig. 3.3, 3.4, 3.5, 3.6 and Fig.

3.7.
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Fig. 3.3: FTIR spectrum of PAam- Fe*? at 2.5% concentration
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Fig. 3.4: FTIR spectrum of PAam- Fe* at 5% concentration
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Fig. 3.5: FTIR spectrum of PAam- Fe* at 7.5% concentration
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Fig. 3.6: FTIR spectrum of PAam- Fe*? at 10% concentration
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Fig. 3.7: FTIR spectrum of PAam- Fe*? at 25% concentration
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111.1.2 Polyacrylamide — Cu*? complexes

The absorption of the carbonyl group in the polymer chain is shifted by
3.9cm™ in presence of Cu*? ions. While the amine group effects at 5%,
7.5%, and 10% concentration by 3.9 cm™, this peak shift means that the
complexation occurs at both the carbonyl and amine group, but at 2.5%,
25% concentration, the amine group shows no change which may
suggested that the coordination is monodentate type. The group N-H
bending in the polymer chain is shifted by 3.9cm™ at concentration 2.5%,
5%, 7.5%, and 10%, while at 25% by 7.7cm™.

Fig. 3.8 up to Fig. 3.12 shows the FTIR spectrum of the PAam — Cu*?
complexes, and table 3.3 gives the peak assigment of the FTIR spectrum
for all the prepared concentrations. It should be noticed that Cu* ion
form complex with PAam from C=0 side at 2.5, 25% concentration and
from both C=0 and NH, at 5, 10%.

Table 3.3: Characteristic peaks of PAam & PAam — Cu*? complexes

Complexes voNH, | vgNH, |v,CH, |v,CH, | vCH v(C =0) | N-H bending
Polyacrylamide | 3348.2 | 3201.6 | 2931.6 | 2858.3 | 2796.6 1662.5 1620.1
P — Cu (2.5%) 3348.2 | 3201.6 | 29355 | 2862.2 | 2792.7 1666.4 1616.2
P — Cu (5%) 3352.1 | 3201.1 | 2939.3 | 2866.0 | 2796.6 1666.4 1616.2
P — Cu (7.5%) 3352.1 | 3197.8 | 2939.3 | 2804.3 - 1666.4 1616.2
P — Cu (10%) 3352.1 | 3201.6 | 2947.0 - - 1666.4 1616.2
P — Cu (25%) 3348.2 | 3201.6 | 2950.9 - - 1666.4 1612.4
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Fig. 3.8: FTIR spectrum of PAam- Cu*? at 2.5% concentration
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Fig. 3.9: FTIR spectrum of PAam- Cu*? at 5% concentration
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Fig. 3.10: FTIR spectrum of PAam- Cu*? at 7.5% concentration
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Fig. 3.11: FTIR spectrum of PAam- Cu*? at 10% concentration
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Fig.3.12: FTIR spectrum of PAam- Cu™ at 25% concentration
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111.1.3 Polyacrylamide — Co** complexes

The characteristic peaks of the complexation of Co* ions with the
polymer chain at different concentrations 2.5%, 5%, 7.5% and 10% is
shown in table 3.4. This is indicated either by mono or bidentate
according to the effects on amine (symmetry), carbonyl and N-H bending
absorption bands. While the other two strong characteristic bands of the

v asy NHz and v(C = O) at 3348.2 and 1662.5 cm™ for PAam shifted to
3340 and 1658 cm™ at 25% concentration respectively, which indicate the
chelating of Co* to the polymer.

Table 3.4: Characteristic peaks of PAam & PAam-Co*? complexes

Complexes vasNH; [ viNH, | vCH; |[v,CH; | vCH | v(C=0) | N-H bending

Polyacrylamide | 3348.2 | 3201.6 | 2931.6 | 2858.3 | 2796.6 | 1662.5 1620.1

P —Co (2.5%) 3348.2 | 31978 | 29355 | 2858.3 | 2788.9 | 1662.5 1616.2

P —Co (5%) 3348.2 | 31978 | 2939.3 | 2866.0 | 2788.9 | 1666.4 1616.2

P —Co (7.5%) 3348.2 | 3197.8 | 2939.3 | 2866.0 | 2792.7 | 1662.4 1616.2

P —Co (10%) 3348.2 | 3197.8 | 2947.0 2792.7 | 1666.4 1616.2

P —Co (25%) 3340.5 |3209.3 | 29509 |- 2792.7 | 1658.7

The IR spectrum of polyacrylamide with Co* transition metal at different

concentrations is shown in Fig. 3.13, 3.14, 3.15, 3.16 and Fig. 3.17.
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Fig. 3.14: FTIR spectrum of PAam- Co*? at 5% concentration
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Fig. 3.15: FTIR spectrum of PAam- Co*? at 7.5% concentration
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Fig. 3.16: FTIR spectrum of PAam- Co** at 10% concentration
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111.2 Complexation of PAam — Metal in acidic and basic conditions

The hydrolysis of polyacrylamide in acidic and basic conditions occurs
randomly, and complete hydrolysis established under specific conditions
especially at high temperature and normal pH [14]. In Fig. 3.18 and
Fig.3.19 FTIR show the hydrolysis of PAam under acidic (pH 1.7) and
basic (pH 10) conditions respectively to produce randomly
polyacrylamide-co-acrylic acid. The amine group in the polymer chain
reduced to hydroxyl group in the case of hydrolysis, this behavior occurs
because the absorbance of amine and carbonyl groups still no significant
a change. We expected that the complete hydrolysis of polyacrylamide to

acrylic acid occurs under specific pH and temperature conditions.
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Fig. 3.19: FTIR spectrum of PAam in basic condition (pH = 10.0)
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111.3 Analysis and characterization of PAam and complexes using DSC
The DSC measures the power (heat energy per unit time) differential
between a small weighed sample of polymer (ea. 10 mg) in a sealed
aluminum pan reference to an empty pan in order to maintain a zero
temperature differential between the reference and the sample during
programmed heating and cooling temperature scans. The technique is
most often used for characterizing the Tg, Tm and Tc. The technique can
also be used for studying the kinetics of chemical reactions, like oxidation
and decomposition. The conversion of a measured heat of fusion can be
converted to a percent crystallinity provided, of course, the heat of fusion
for the 100% crystalline polymer is known.[35]

In our study, DSC was used for characterizing the Tg, Tm and Tc. A
special heating and cooling programs were used for evaluating Tc as
shown in table 3.5.

Table 3.5: Special program for evaluating Tc

Ramp 20°C

Thermal equil. 1 mints

Jump -40°C

Ramp 20°C to 250°C (1% heating)
Ramp 20°C to -40°C ( Cooling)
Ramp To 250°C (2" heating)
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111.3.1 Analysis of PAam
The thermogram of pure PAam is shown in Fig. 3.20, the glass transition
temperature and melting point of PAam at 161.4°C, 237°C respectively.
111.3.2 Analysis of PAam — Cu*? 5% concentration
The thermal behavior of the complex PAam-Cu™ at (5%) is shown in
Fig.3.21. The glass transition temperature and melting temperature of this
complex appears at 168.8°C and 248.5°C respectively. These two
transitions are shifted from the transitions of polyacrylamide which
accounts for a decrease in flexibility of the chain segments caused by
complexation.
111.3.3 Analysis of PAam — Co* 5% concentration
The glass transition temperature of PAam-Co* at 5% polymer to metal
appears at 166.2°C, and the melting temperature appears at 250.8°C.
More shift in the case of Co™ and the main reason for the degree of
increase in Tg is due to the degree of association between the polymer
and metal ion as shown in Fig.3.22.

111.3.4 Analysis of PAam — Ni*? 5% concentration
The Tg and Tm of PAam-Ni*? (5%) at 167.8°C and 255°C respectively as
shown in Fig. 3.23.
The glass transition temperature and melting point of PAam and PAam

Cu*?, Co*?, Ni*? complexes are shown in table 3.4.
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On the basis of the above arguments, metals with more favorable

association strength must have a larger drive to be more rigid.

The variations of Tg and Tm of PAam and PAam-M*? is presented in

table 3.6.

Table 3.6: Tg, Tm of PAam and PAam Cu*?, Co™, Ni** complexes.

Temperature Tg(°C) Tm(°C)
Complexes
Polyacrylamide 161.4 237.0
Polyacrylamide — Cu™ (5%) 168.8 248.5
Polyacrylamide — Co™ (5%) 166.2 250.8
Polyacrylamide — Ni**  (5%) 167.8 255.0
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Fig. 3.20: DSC thermogram of pure film polyacrylamide
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Fig. 3.21: DSC thermogram of PAam-Cu*? at 5% concentration
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Fig. 3.23: DSC thermogram of PAam-Ni*? at 5% concentration
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I11.4 Analysis of polyacrylamide and complexes using UV visible
spectroscopy

The UV-visible spectroscopy study of all films was obtained at 70-80um
film thickness. The wavelength was measured in the range of 200-
800nm. In order to investigate the PAam-M*? complexation by UV-
visible spectroscopy, UV-vis spectra of PAam and free ions was carried
for comparison.

111.4.1 Analysis of PAam-Ni*? complexes

The UV-visible spectrum of PAam film shows only one characteristic
band at Ay =230nm as shown in Fig. 3.23. In the case of Ni*? solution
there was no considerable change in the position of the characteristic
band of the polymer at 230nm, however a new band was observed at Amax
= 285nm for 5 and 10% PAam-Ni*? (Fig. 3.26 and Fig. 3.27) due to the
complexation. This band is completely different than the main absorption
maxima bands of free Ni*? that appears at Ama 393.2nm and 721.4nm as
shown in Fig. 3.25. Also the intensity of polyacrylamide film peak

decrease to 1.55 and 1.88 for 10% and 5% respectively.
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111.4.2 Analysis of PAam Co*? complexes

UV-Vis spectrum of PAam-Co** (10%) complex film shows a new
characteristic band at Ana = 285nm due to the complexation, (Fig. 3.29)
the main bands of Co*? solution appears at 196nm and 510nm (Fig. 3.28),
the intensity of these bands decrease by the complexation with Co™ ions.
111.4.3 Analysis of PAam-Cu*? complexes

The spectrum of free Cu*? ions solution is represented in (Fig. 3.30). The
main band appears at 197nm. The characteristic band of PAam-Cu*
(10%) at 276nm according to the complexation (Fig. 3.31), this band is
an important band which is not observed in both of PAam and Cu** ions

solution spectra.
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Fig. 3.25: UV-spectra of Ni*? solutions
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Fig. 3.27: UV-spectra of PAam-Ni*? (10 %)
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Fig. 3.29: UV-spectra of PAam-Co™ (10 %)
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Fig. 3.31: UV-spectra of PAamCu*? (10 %)
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I11.5 Electrical conductivity of PAam and PAam-Ni*“complexes

The Current-Voltage (I-V) characteristic curves of PAam and PAam-Ni*?
were measured using two point probe system; the probes were moved
across the sample, applying a voltage across the surface, measuring the
resultant current.

The (I-V) curve of polyacrylamide is shown in Fig. 3.32, three
dimensional films where formed. The surface conductivity was calculated
depending on the relation: ¢ = I/2zsV mhos cm™, since 1 is the resultant
current; s the distance between the electrodes (0.2cm); o is the surface
conductivity; V is the voltage.

Surface conductivity (o) = slope (I-V) curve/2ns =5.278*10"/2n*0.2cm
= 0.042nScm™. According to the calculation, polyacrylamide is classified
as insulator.

The current-voltage of PAam-Ni** 2.5% is shown in Fig. 3.33. The
surface conductivity of PAam was improved using Ni*? at (2.5%)
concentration. For this case, the surface conductivity of PAam-Ni*
(2.5%) was calculated according to relation ¢ = I/2nsV which is increased
significantly, it is equal to 10.76nScm™.

The electrical resistivity of PAam-Ni*? up to 25% concentration where
calculated using the relation R =pL/A, since one dimensional rods were

formed. R is the resistance; p is the resistivity and L, A are the length
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(15 um) and the cross sectional area (r = 0.5 um) of the rod formed
respectively. The current- Voltage curve (Fig. 3.34) shows the resistance
(R) equal to 0.73*10%Q and so by calculation, the resistivity (p) equals to
0.6 Q cm, and the electrical conductivity of PAam-Ni*’complex (25%)
equals to 1/p = 1/0.6 = 1.66 Scm™.According to the calculation the
PAam-Ni*? (25%) complex is classified as semiconductor with a voltage

gap of 0.5V.
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Fig. 3.32: Current-Voltage Curve of PAam
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Fig. 3.34: Current-Voltage Curve of PAam-Ni** complex 25%
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111.6 Morphological characterization of PAam and PAam-Ni*
complexes using Atomic Force Microscopy.

Atomic force microscopy (AFM) is an important technique due to its
ability to image and characterize the structures in biological and chemical
systems. The images of AFM depend on the size, shape, and terminal
functionality of the probe tips used for imaging. [55] AFM probes consist
of microfabricated silicon or silicon nitride cantilevers with integrated
pyramidal tips. [56]

Major objectives of this study have been (i) to determine how metal ions
(Ni*?) affects the surface reactivity of PAam, and (ii) to characterize the
growth of metal ions on PAam surface. The main components of this
effort are surface structure, surface chemistry, and surface electronic
properties.

AFM was used to characterize the surface of the prepared samples. The
AFM image of polyacrylamide is shown in  Fig. 3.35, from the cross
section, we can see that the roughness is a bout 0.5um. The image of
PAam-Ni*? (2.5%) is shown in Fig.3.36, the roughness is 0.5 pm.
Different surprising results, instead of three dimension film, one
dimensional rods were formed when 25% PAam-Ni** complex is
prepared as shown in Figure 3.37. The rods were about 1 um in diameter

and 15 um long.
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Figure 3.35: AFM image of PAam
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Figure 3.36: AFM image of PAam-Ni*? complex film 2.5%.
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CHAPTER FOUR

CONCLUSION
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We have investigated the complexation of hydrophilic side group in
PAam with metal ions using FTIR, UV-visible spectroscopy and DSC
techniques. The PAam — M*? complexes have specific transmittance that
is completely different from the pure polymer, this behavior related to the
metal ions association in the polymer chain. The UV-visible spectroscopy
and DSC analysis characterized the association of M*? at the backbone of
PAam by showing different transitions at different concentration ratios.
The thermal parameters of PAam-M*™ such as glass transition
temperature (Tg) or the melting point (Tm), were determined by DSC.
The Tg of PAam appears at 161.4°C, while the Tg of PAam-Cu*?, PAam-
Co™ and PAam-Ni** were observed at 168.8 °C, 166.2°C and 167.8°C
respectively. The melting temperatures (Tm) of PAam appear at 161.4°C.
The melting temperatures (Tm) of these complexes were observed at
248.5°C, 250.8°C and 255°C respectively.

The electrical conductivity of PAam improved mainly in the presence of
M*2, the PAam behavior is insulator, while it showed a semiconductor
like behavior when M*? is associated in the polymer chain. AFM studies
confirmed these findings by studying the surface features of PAam and
PAam-Ni*? complex films. The results were shown photographically.

Our study shows that these films may have an important application in

various industries.
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