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“Experiment is the only means of knowledge
at our disposal,

everything else is poetry, imagination”

~-Max Planck
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Abstract

Five transition metal complexes of Ni(ll), Cu(ll), Zn(ll), Cd(Il) and Sn(ll)
with {4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol}, as a ligand (L) has been

prepared in alcoholic medium.

These complexes are:

1. Bis(4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol) Nickel(lI1), Ni(L), .

2. Bis(4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol) Cupper(ll), Cu(L),.
3. Bis(4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol) Zinc(I1), Zn(L),.

4. Bis(4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol) Cadmium(ll), Cd(L),.
5. Bis(4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol) Tin(Il), Sn(L), .

The ligand (L) and its metal complexes were characterized quantitatively
and qualitatively by using: FTIR, UV-visible spectroscopy, 'H and *C NMR,
magnetic susceptibility and conductivity measurements. This ligand act as
bidentate that coordinated to the metal ions through sulphur and nitrogen of amine
group. According to the spectral data of the complexes a tetrahedral geometry was
suggested for these complexes except Cu(ll) complexes which exhibit a square

structure.

In this work the prepared complexes of 4- amino-5-(pyridyl)-4H 1,2,4
triazole -3- thiol were used to enhance the photostabilization of Polystyrene (PS).

Polystyrene has been mixed with these complexes in chloroform solvent
which containing concentration of complex 0.5 % by weight, which produced by

the casting method from chloroform solvent. The photostabilization of polystyrene



films were studied at room temperature under irradiation of light A=365 nm wave
length with intensity 6.02*10° Ein Dm?S™ .

The photostabilization activity of these compounds was determined by
monitoring the carbonyl (Ico) and hydroxyl (lon) indexes, weight loss method with
irradiation time. It was found that the (Ico) and (lon) indexes values increased with
irradiation time and this increase depend on the type of additives. The surface
morphology for these films was studied during irradiation time. The changes in
viscosity average molecular weight of PS with irradiation time were also tracked
(using chloroform as a solvent). The quantum yield of the chain scission (@) of

these complexes in PS films was also evaluated.

The following trend is obtained for the photostabilization effect on PS films

in presence of additives as shown below:

Sn(L),, Cd(L),, Ni(L),, Zn(L), , Cu(L),

v

Increasing the photostability

According to the experimental results obtained, mechanisms were suggested,
depending on the structure of the complexes.



Symbols & Observations

Symbol Full meaning
PS Polystyrene
UV. Ultraviolet-visible
P Polymer
HALS Hindered Amine Light Stabilizer
P Polymer radical
POOH Hydroperoxide
POO Peroxy radical
PO Polymer alkyl radical
[0, T Singlate Oxygen excited state
FTIR Fourier Transform Infrared
CT Charge transfer
NMR Nuclear Magnetic Resonance
(lon) Hydroxyl index
(Ico) Carbonyl index
Mv Average Molecular Weight
bes Quantum yield
S Main chain scission
o Degree of deterioration
Kd Dissociation constant
Dp Degree of polymerization
Pt Reciprocal of degree of polymerization
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Chapter one INTRODUCTION

1.1 Chemistry of 1,2,4 — Triazole Ring

Heterocyclic chemistry has now become a separate field of chemistry with
long history, present society and future prospects. Life, like ours, is totally
dependent on the heterocyclic compounds, it takes birth with purine / pyrimidine
bases, nourishes on carbohydrates and in case of disease, is cured from medicines,
many of which are heterocyclic in nature. A variety of atoms, such as N, O, S, Se,

P, Si, B and As can be incorporated into the ring structures.

Today, the heterocyclic chemistry delivers reagents and synthetic methods of
its own traditional activity in synthesis of drugs, pesticides and detergents as well

as into the related fields such as biochemistry, polymers and material sciences®?.

1.1.1. Triazoles

Triazoles are five memberd heterocyclic compounds containing three
nitrogen and two carbon atoms. This may be of two types, the 1,2,3-triazoles (1)
and the 1,2,4-triazoles (2).

C B\N —_— q /N\NH 4?/\\,\' —_— &N‘/\\N
i € ;

(2)
The name triazole was first given to the carbon nitrogen ring system C,NsH3
by Bladin who described its derivatives in early 1885, although the structures

reported slightly incorrect®.

In this work substituted 1,2,4 triazole ligand has been prepared . 1, 2, 4-
Triazoles exhibit two tautomeric forms namely [4H]-1,2, 4- triazoles (3) and [1H]-
1,2,4-triazoles (4).
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B
[ )=}
N N
H
©) (4)
Among the substituted 1,2,4-triazoles, 3-mercapto-1,2,4-triazoles exist in
two tautomeric forms, because the labile hydrogen may be attached either to the

nitrogen or the sulfur atom. It exhibits thione-thiol tautomeric forms shown below.

This compound exists predominantly in thione (5) form.
N——NH N—N

R%H\As D R/4N>\SH

The 1, 2, 4- triazole is a ubiquitous feature of many pharmaceutical and
agrochemical products. The substituted 1, 2, 4 triazole nucleus is particularly
common, and can be found in marketed drags such as fluconozole and terconazole.
Triazole nucleus is associated with various pharmacological activities like

antimicrobial, antibacterial, antiviral, antifungal effects® .

1.1.2 Triazole complexes:

The tendency of metal ion to form a stable complex with ligands depend on
many rules such as the hard and soft acids and bases (HSAB) theory for Pearson
®) Which imply that metal ion tend to coordinate with certain functional groups of

the ligand to form a stable complex.

Increasing the positive charge on the central transition metal ions strengthens
the metal-ligand bonds. The metal ion prefers to bind with atoms of high electron
density such as N3, 02 P S2and C* (9,



Chapter one INTRODUCTION

A second observation is that certain ligands form their most stable complexes
with metal ions such as Ag*, Hg*?, and Pt*?, but other ligands seem to prefer ions
such as Al*®, Ti**, and Co™. Ligands and metal ions were classified as belonging to
type (a) or (b) according to their preferential bonding.

Class (a) metal ions include those of alkali metals, alkaline earth metals, and
lighter transition metals in higher oxidation states““such as Ti**, Cr*®, Fe*, Co™
and the hydrogen ion, H".

Class (b) metal ions include those of the heavier transition metals, and those in

lower oxidation states™?such as Cu*, Ag*, Hg*?, Pd*?, and Pt".

The substituted triazole with sulphur atom and amine group are considered
to be good coordinating ligands because they involved both hard nitrogen and soft
sulfur atom as thio amide group, this ligand have doner group that coordinate with

wide range of metal ions™™**.

Since metal ions of class (a) have a performance for coordination with hard
Nitrogen and class (b) metal ions have a performance for coordination with soft
sulphur, it would be interesting to investigate this aspect using both type of metal

ions as these ligands contain both hard nitrogen and soft sulphur as donor atoms.

3-substiuted -4- amino-5-mercepto-1,2,4-triazole are sulphur and nitrogen
doner ligands and are potentially multidentate. The potential coordination sites are:
(i) Sulphur of thiol group, (ii) nitrogen of primary amino group and (iii) two
nitrogen atom at position 1 & 2 in triazol ring systems®® . Thus this ligand is
polydentate, it has been shown and experimentally verified that bidentate or
polydentate ligands in general form more stable complexes than monodentate

ligands™®.
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The 4-amino-3-(aryl or alkyl)-1,2,4-triazole- 5-thione molecule contains an
S=C-N-N unit that allows for bidentate coordination to a metal ion through the

amine and thione substituents to form a stable five-membered ring“®.

H

N
)|\ >:S
v
|~
NH»
Many quantitave studies have confirmed that Complexes of polydentate
ligand are tend to Dbe more stable than complexes derived from

monodentate ligands. Furthermore, five or six membered chelates are by far the

most common and are in general the most stable™”.

Amine and thione-substituted triazoles have been studied as anti-
inflammatory and anti-microbial agents“®and other applications. A new thio-
Triazole ligand and its complexes with selected metals was prepared and

characterized by Majeed and Alabdeen®.

Photostability of the polymers is one of their most important properties. To
solve the problem of polymers degradation, a number of different stabilizers have
successfully been applied. In this work the preparation of Zn(l1), Cd(ll), Sn(ll),
Ni(Il) & Cu (Il) with 4- amino-5-(pyridiyle)-4H 1,2,4 triazol -3- thiol were used

for photostabilization of Polystyrene .

Aliwi et al. were used Nichel and Copper tetradentate Schiff base complexes

as photostabilization of Polystyrene®.


http://en.wikipedia.org/wiki/Denticity
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1.2. Definitions and Historical Aspects of Photodegradation of
Polymers

Polymers are a broad class of materials which are made from repeating units

of smaller molecule called monomers.

o P D
90 L )
e g

Monomers

J{Polymerization

AT A YA Y a Y a

Polymer

Figure (1.1) Simple Structure of Monomer and Polymer

Polymers can be natural in origin such as the lignin of tree branches. Other

polymers are synthetic such as polyester, Polyvinyl chloride and polystyrene.

One of the disadvantages of using polymers is that they degrade when they
are used in high temperature conditions or in outdoor applications. When polymers
are used in outdoor applications, the environment negatively influences the

servicelife. This process is called weathering®??.

A wide variety of synthetic and naturally polymers absorb solar ultraviolet

radiation and undergo photolytic, photooxidative, and thermooxidative reactions

that result in the degradation of the material ®%.

In recent years, the use of polymeric materials has rapidly increased but it is

well established that rapid photodegradation of these materials is possible when

they are exposed to natural weathering®?.
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Exposure to ultraviolet, UV- radiation may cause the significant degradation
of many materials. Damage by UV radiation is commonly the main reason for the
discoloration of dyes and pigments, weathering, yellowing of plastics, loss of gloss
and mechanical properties (cracking), and other problems associated with UV

light. The manufacturers of paints, plastics, contact lenses, and cosmetics have a

great interest in offering products that remain unaltered for long periods under
(30-33)
e :

conditions of light exposur

Figure (1.2) Polymer Film Before and After Exposure to UV Light

The use of plastics in building applications is popular in the developing
world because of the low cost and the ease of use of plastic components compared
to the conventional metal, glass, mortar, wood and other materials. Plastics are
used in other products such as outdoor furniture, fishing gear, and marine craft,

which are also routinely used outdoors®*3?).

Solar radiation reaching the surface of the earth is characterized by wave
lengths from approximately 295 up to 2500 nm. The solar radiation classified as
UV-B (280 — 315 nm) has an energy of 426 — 380 KJ mol™. Fortunately, the higher
energetic part of UV-B; 280 — 295 nm, is filtered by the stratosphere and does not
reach the earth’s surface ,UV-A (315 — 400 nm), has energy between 389 and 300
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KJ mol™ and is less harmful for organic materials than UV-B., Visible (400 — 760
nm), and infrared (760 — 2500nm.) ©°.

Photooxidation of organic materials is a major cause of irreversible
deterioration for a large number of substances. It is responsible not only for the

loss of physical properties of plastics, rubber, but also for foodstuffs ©".
1.2.1. The Factors Causing Photodegradation:

Generally, many factors are responsible in causing photodegradation of

polymeric materials, they are divided into two categories®®:

I) Internal impurities, which contain chromophoric groups; which are introduced
into macromolecules during polymerization processing and storage; they

include:

a- Hydroperoxide.

b-  Carbonyl.

c- Unsaturated bonds (C=C).

d- Catalyst residue.

e- Charge-transfer (CT) complexes with oxygen.

1)  External impurities, which may contain chromophoric groups, are:

a- Traces of solvents, catalyst, .... etc.

b- Compounds from polluted urban atmosphere and smog, e.g. polynuclear
hydrocarbons such as naphthalene and anthracene in polypropylene and
polybutadiene.

c- Additives (Pigments, dyes, thermal stabilizers, photostabilizers, .... etc.).

d- Traces of metals and metal oxides from processing equipment and
containers, such as Fe, Ni or Cr.
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1.2.2. Types of polymers degradation

The degradation of polymers usually starts at the outer surface and

penetrates gradually into the bulk of the material®®.

Polymer degradation can be caused by heat (thermal degradation), light
(photodegradation), ionizing radiation (radio degradation), mechanical action, or
by fungi, bacteria, yeasts, algae, and their enzymes (biodegradation). The
deleterious effects of weathering on polymers generally has been ascribed to a
complex set of processes in which the combined action of UV. light and oxygen
predominant. A pure thermal effect impossible because oxygen is always present

and so the process is thermaloxidative degradation”.

There are many different modes of polymer degradation. These are very
similar since they all involve chemical reactions that result in bond scission. These

modes are:®®
(i)  Chemical degradation

Chemical degradation refers to processes, which are induced under the

influence of chemical reagent (e.g. acids, bases, solvents reactive gases, etc )“%.
(i) Biodegradation

Biologically initiated degradation also is strongly related to chemical
degradation as far as microbial attack is concerned. Microorganisms produce
variety of enzymes which are capable of reaction with natural and synthetic

polymers“?,
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(ili) Radiolytic degradation

When polymeric materials are subjected to high energy radiation (e.g.
gamma radiation) changes are observed on their molecular structure, mainly chain

scission, which leads to reduction in molar mass“®.
(iv) Thermal degradation

Thermal degradation refers to the case where the polymer, at elevated
temperatures, starts to undergo chemical changes without the simultaneous

involvement of another compound“?.
(v) Mechanical degradation

This generally, refers to macroscopic effects under the influence of shear

forces. These forces result in the formation of macro radicals as follows:

|| I |
-C—C— —™> —CI: + CI:.— (11)

L
Polymer chain Macro free radical

Such radicals can recombine in the absence of oxygen. In the presence of oxygen

peroxy radicals may be formed, which leads to degradation of polymer chains “°.

| I
—CII' +0, — —?—O—O' (1.2)

(vi) Photodegradation:

Photodegradation is degradation of a photodegradable molecule caused by

the absorption of photons, particularly those wavelengths found in sunlight, such as

9
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infrared radiation, visible light, and ultraviolet light. Photodegradation includes
photodissociation, the breakup of molecules into smaller pieces by photons. It also
includes the change of a molecule's shape to make it irreversibly altered. A

common photodegradation reaction is oxidation.

Many reviews have been published on photodegradation and photooxidation

degradation of polystyrene®®?,

Light - induced polymer degradation, or photodegradation, includes the
physical and chemical changes caused by irradiation of polymers with ultraviolet
or visible light. Thus, the existence of chromophoric groups in the macromolecules

is a prerequisite for the initiation of any photochemical reaction®®.

Ketones, quinines, and peroxides are initiators for different reaction
degradation or chemical modification occurring in organic compounds®?. They
absorb light up to about 380 nm, which causes their excitation or cleavage to
radicals. One may initiate polymer degradation and other transformation by
abstruction of hydrogen atom from a macromolecule (PH) and formation of

(52)

polymer alkyl radical (P)™“.

Photodegradation may occur in the absence of oxygen (chain breaking or
cross-linking) and the presence of oxygen (photooxidative) degradation. The
photooxidative degradation process is induced by UV radiation and other catalysts
(or both) and can be accelerated at elevated temperatures.

10
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1.2.3. Mechanism of photooxidative degradation of polymers

Photooxidative degradation of polymers, which include processes such as
chain scission, crosslinking and secondary oxidative reactions, and takes place via

radical processes, similar to thermal oxidation reactions®>>°.

Two mechanisms have been proposed to explain the photooxidation of
polymers. One proceeds through direct reaction of singlet oxygen with the
substrate while the other involves the production of radicals and subsequent

reaction with oxygen®®",
1.2.3.1. The singlet oxygen mechanism of oxidation

It is generally accepted that reactive singlet oxygen (O,*)' react with
polymeric molecule (PH) to form charge transfer complex before formation of

hydroperoxide:

PH +(0,*)' —> PH"...0, — PH +0, —*POOH (1.3)

Formation of a hydroperoxide by oxidation of an olefin containing allylic
hydrogen, and which could further decompose and lead to formation of a terminal

carbonyl group.

I e L

—C=—c—c » —C—cCc—c— (14)

H OOH

11
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1.2.3.2. The free radical mechanism of oxidation

The radical mechanism of photooxidation of polymers proceeds through a

chain reaction similar to that for homogeneous liquid phase oxidations®? >®.

Initiation: Polymer — R
Propagation: R +0, — RO,
RO, +PH — ROOH+R
ROOH — RO + OH
!

B- Scission
Termination: 2RO, — non radical products

1.2.4. Steps of Photodegradation
Photooxidative degradation includes the following steps:®*® Initiation,

Propagation and Termination, These steps are illustrated in the figure (1.3):

(1))Chain initiation:

Hydroperoxide (POOH heat , hv . . .
ydrop ( ) }W’ P,POO",OH,HO,"  Free radicales
Carbonyl compounds (c=0) :

(i)Chain propagation:

P+ O, heat, hv POO:
M*2 ] M3

POO + PH _heat.hv o POOH + P
M*2 , M*3

POOH — PO + OH
2POOH —— PO  + O H + H,0
PO+ PH > POH + P°
HO" + PH - H,0 + P’
(iii)Chain termination:
P+ P
P* +POO’ non radical products
POO" + POO"

e.t.c
Where P. is polymer radical, M+2 is metal ion, and PH is polymer molecule.

Figure (1.3) General Oxidation & Photooxidation in Polymer ©

12
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1.2.4.1. Photoinitiation step

Internal and /or external chromophoric groups absorb light and produce low

molecular weight radicals (R") and /or polymeric macro radicals (P’) as follows:®?
PH —— > P+H (1.5)

This reaction may be initiated by physical factors such as: UV radiation,
heat, ionization, ultrasonic or mechanical effects or by chemical factors (direct

reaction with O, or atomic oxygen, catalysis or singlet O, [0, ] * excited state.

The “hydroperoxide” (POOH) is the most important initiator in the
photooxidative process. The formation of hydroperoxide and its photolysis
illustrate the formation of other effective functional groups such as carbonyl during

B-scission of the alkoxy radical®".

Whatever the initial mechanism of radical formation, hydroperoxides are
produced after reaction with oxygen. These are thus key intermediates in the

oxidation of polymers®.

In addition to the polymer oxidation initiation a second major contributor to
the photodegradation of polymers is ketone photolysis, which proceeds through
two major reactions called Norrish I (radical generation and no chain cleavage) and
Norrish Il (chain cleavage). On exposure to light, these ketone groups absorb
photons of appropriate energy, break carbon—carbon bonds, and scission the

polymer backbone™ *®as shown in scheem(1.1) and (1.2)®":

13



Chapter one INTRODUCTION

i
—CH,—CH—C- + "CH,—
O \

I —CH,—CH> + CcO
_C Hz_CHz_C_C H3

Norrish type I —CH;—C-THQ + -ET—CHZ—

l

CO + -CHx—

. I
R—CH;—CH,—CH,—C—R' —» R—CH=CH, + CHg—éL—R'

Norrish type II

Scheme (1.1) The B Scission in Polymer Molecule ©”

Generall?/, the overall processes of photooxidative degradation are given
in Scheme (1.2)®

0
1) Direct Initation \ RO;
1) RH..0, CTCs /
2) Me™
RH hv / \

_|

0

— ", 3

2) Oxidative Impurities _—, ROO' =.
Norrh L~ Propagation | — ol

0O —h s

I
R-C-R

RH \ /
— Inert
/ 0
RO+ ++OH <~— ROOH

Chain Branchmg

Scheme (1.2) Photooxidation mechanism of polymers RH most labile hydrogen®®

14
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1.2.4.2. Propagation step
This step can be divided into six different steps®©®°":

A) Subsequent reaction, of low molecular radicals (R’) and polymer alkyl radical
(P) in a chain process similar to the abstraction of hydrogen from polymer
molecule:

PH + R(P) — PH + P (1.6)

B) Reactions of polymer macro radicals with oxygen, during which polymer

peroxy radicals (POO) are formed.

P+ 0, — POO (1.7)

C) Abstraction of hydrogen from another polymer molecule by polymer

alkylperoxy radical, with the formation of hydroperoxide group.

POO+'PH — POOH +'P (1.8)

D) Photodecomposition of hydroperoxide groups with the formation of polymer

alkyloxy (PO), polymer peroxy (POO), and hydroxyl radicals (HO).

POOH — PO + OH (1.9)

2POOH —~ PO + POO +H,0 (1.10)

E) Abstraction of hydrogen from another polymer molecule by polymer alkyloxy

radical with the formation of hydroxyl function groups in polymer. The formation

of (OH) group during photolysis is clearly indicated by IR spectrum.

PO+PH — POH + P (1.11)

F) Dispropertionation reaction (scission process) of polymer alkyloxy radicals

with the formation of aldehyd or ketone end groups and end polymer alkyl

radicals.
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A /
/
S C——C——C——CH, —_— s C—C + HC.—/—CH,
\H \W \H H \W

where W = H aldehyde

W=R Ketone (1.12)
The formation of (C=0) group during photolysis is clearly indicated by IR

spectrum.

There are many points concerning the mentioned propagation steps which
are:

e [Formation of propagating radicals (POO') by reaction (1.7), in a semi-rigid
polymer system is very low (ca.1%)®because of efficient polymer alkyl
radicals (P’) recombination before O, react with them. Polymer alkylperoxy
radicals (POO) are strongly resonance stabilized, and they are stable at room
temperature in polymer matrix. They are selective electrophilic species

abstracting 3° hydrogen in preference to 2° or 1° ©*79,

e The light quanta produced by sun irradiation are energetically sufficient to
cleave PO-OH and also P—-OOH, but hardly POO-H bonds, which have the
dissociation energies of 42 kcal/mol (PO-OH), 70 K cal/mol (P — OOH) ,
and 90 kcal/mol (POO-H) . The large differences in bond dissociation
energy between PO — OH and P — OOH means that reaction with formation

POe and *OH radicals will predominate during light irradiation.
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1.2.4.3. Termination step

The radicals formed in the degradation of polymers can be terminated by
numerous different combination reactions between two polymer radicals, in which

Inactive products are formed:

POO'+POO° — POOP+0, (1.13)
POO +P° — POOP (1.14)

P° +P > P_P (1.15)

When the oxygen pressure is high, the termination reaction follows reaction
(1.13) almost fully. At low oxygen pressure other termination reactions take place
to some extent. In the degradation of solid polymers when sufficient oxygen
content cannot be maintained reaction (1.15) becomes significant. Polymer radicals
can couple mutually as in reaction (1.14) and form crosslinks with polymer peroxy

radicals'"®.

Scheme (1.3) Photooxidation Cycle for Polymers
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1.3. Polystyrene (®S)

Polystyrene (PS) is a multipurpose polymer that is used in varied
applications. General purpose polystyrene is clear and hard which is used in

packaging, laboratory ware, and electronicst™.
1.3.1. History of polystyrene

Edward Simon accidently discovered polystyrene in 1839 in Germany. From
the resin of Turkish sweetgum tree, he obtained an oily substance, which thickened
into jelly in air; he described it as styrol oxide. In 1845 John Blyth and August
Hofmann observed that the same changes occur in styrol in the absence of oxygen.
They named it as metastyrol. In the thesis of Hermann Staudinger (1881-1965) it
was reported that a chain reaction occurs in styrol resulting in the formation of
macromolecules which was later called polystyrene. In Germany in 1931 started

producing polystyrene!”.
1.3.2. Synthesis of polystyrene

Polystyrene is manufactured by the addition polymerization of the styrene
monomer unit. Styrene is an aromatic monomer, and polystyrene is an aromatic
polymer”. The main manufacturing route to styrene is the direct catalytic

dehydrogenation of ethyl benzene as in equation 1.16:

catalyst
{; _catalyst (; f M

CH, CH, =——=CH

CHs
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The overall reaction describing the styrene polymerization was shown in

equation 1.17:

CH, ==CH

(1.17)

CH2 —CH

1.3.3. Types of polystyrene

On the basis of structure polystyrene can be classified into three forms. The

polystyrene containing all of the phenyl groups on one side is of the planer zig —

zag mechanism termed as isotactic polystyrene. If the phenyl groups are randomly

distributed then it is called atactic polystyrene. The polystyrene containing phenyl

groups on alternating sides of the chain is described as syndiotactic polystyrene
(sPS) "*"") (See Figure 1.4).

.
@

Isotactic

% |
& i
O ol
- -
W -
O O

Figure (1.4) Types of Polystyrene"
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1.3.4. Uses of polystyrene

The low cost and the good performance of Polystyrene products have
increased the utilization of this polymer in buildings and other applications. PS is a
type of plastic that is used for a variety of functions including in rigid items such as
coat hangers, DVD cases, printer cartridges and it is used®for packaging ,
insulation materials, and in electronics, construction, house and medical ware and
disposable food services®. One of the important uses of PS is in the manufacture

of cover signal lamps of some automobiles®?.

Figure (1.6) Uses of PS as insulation in buildings

1.3.5. Degradation of polystyrene

Polymers are weathered due to environmental factors such as light and
temperature, it loss it’s mechanical and tensile properties. Photodegradation of PS
causes discoloration (yellowing), cross-linking, and chain scission®due to
oxidation and effect of UV light and heat®.UV light induces the production of
radicals by oxidation.
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1.3.6. Consumption of polystyrene in the world

The following pie chart shows world consumption of polystyrene, (see
Figure 1.7):

Taiwan
; Canada
W00 #*Ocesnis.
Rep. of Korea
CentraliSouth America

China

Other

Africal
Mddle East

Central!
Eastem Europe

Westem

United Europe
States

Figure (1.7) World Consumption of Polystyrene-2010

Asia is the overall leader in production and consumption of polystyrene,
with 53% of total world production and 47% of total consumption of it in 2010. Of
all Europe countries, France, Poland, Austria and Germany reported the highest
consumption of PS. The lowest consumption was registered in Greece, Hungary,

Italy and Spain.
1.3.7. Photooxidative degradation of polystyrene by radical processes

All commercial organic polymers degrade in air when exposed to sunlight.
Thus the life of thermoplastics for outdoor applications becomes limited due to

weathering®?.

When polystyrene is subjected to UV irradiation in the presence of air, it
undergoes a rapid yellowing and embrittlement, the yellow discoloration is an
important adverse effect of the ageing of polystyrene®®,
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Irradiation of polystyrene by UV. and visible light with wavelength (A< 400)
nm., leads to the formation of radicals®. The end groups of PS or ketonic

impurities also absorb the light of wave lengths longer than 300 nm®7%9),

Absorption of light quanta by benzene rings is the first step producing

intersystem crossing (ISC) to the triplet sate:

NN CH,

excitation of the rings at excited singlet states which are transformed by
CH\ A W\ CH, CH A SN~ CH

2 CHwWWW»
1 3 *
+hy — __sc _ (1.18)

The secondary step in the reaction of triplet state of benzene, which occurs

by one of the following two modes:

(1) Triplet energy of the excited benzene ring may be used for the dissociation of
Ce¢Hs - C bond.

NS H,C— CH W

3 *
— » —CH2-'CHvv + (1.19)

(2) Triplet energy excitation can be transferred by intramolecular energy transfer

processes to the C — H or C — C bonds.

NS H,C—— CHWW

3 *
A NN CHWN
Y H,C—C'n
l (1.20)
ANHC——CHwWN
+ +
H CH;
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This mechanism proceeds through the following fundamental steps:

initiation, propagation, and termination®*°%:
1.3.7.1. Initiation:

When PS is irradiated with UV radiation the phenyl ring is excited, after that
resulting in cleavage of C—H bond, leading to polymer free radical formation (R’),

and when two macro radicals are near to each other cross-linking may occur:

MI‘HZC—C'JW‘

ANNH,C—Cvn NN C— CV s

On the other hand, macroradicals may disproportionate leading to chain scission:

2

H
U HC C
\CH/ 5

VW HC
cH CH CH
© " o

1.3.7.2. Propagation reaction:

/
g
\

Polystyrene alkyl radicals (R’) can easily react with molecular oxygen to

produce peroxy radicals®".
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A polymer peroxy radical can react with the surrounding polystyrene

molecule and abstract hydrogen atom:

+ - + (1.24)

On exposure to light the polymer hydroperoxides can decompose according

to the following reactions:

(l)OH H,
H,C c
5 \C/ \CH; Ph
% +OH"
H, (1.25)
H,C c
TN \CH;

The produced Alkoxy polymer radicals it may decompose by [B-scission

reaction and to form a cetophenone and chain aliphatic ketone® 82,

s
|

(1.26)
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The general process for photodegradation of polystyrene was shown in
Figure(1.8)® :

HoC——CH——CHo— CH—— H,C—C CH,—CH——

Polyntyryl radical

\ o

-
oO—-0 R
Recombiation | Peroxy radical

S aiele

——HC—H,C——C—CH;

—HC—C—CH:—CH——

O—OH
O HQC—C—CHQ—CH—
[ ] 5 '

-
8]

O—O

——H.C —U: HoG CH— CH;—CH——

Carbonyl Chain scisson
compound

Figure (1.8) The general process for photodegradation of polystyrene ¢
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1.4. Types of Photostabilization system in Polymers

It is well known that all commonly used plastics degrade under the influence
of sunlight. Almost all synthetic polymers require stabilization against the adverse
effects; it became necessary to find ways to prevent, or at least reduce, the damage
caused by the environmental parameters such as light, air and heat. That is why the
photostability of polymers is one of the most important considerations for
application. The photostabilization of polymers involves the retardation or
elimination of photochemical process in polymers and plastics that occur during

irradiation.

The following stabilizing systems have been developed which depend on the
action of stabilizer: (a) light screeners, (b) UV absorbers, (c) excited state
guenchers, (d) peroxide decomposers and (e) radical scavengers. Of these, it is

generally believed that types c, d and e are the most effective!* %,

Practice shows that when the polymer contains a photostabilizer, the oxidation

rate is much reduced. Stabilizers reduce but do not completely prevent oxidation.
1.4.1. Ultraviolet Stabilizers

Ultraviolet  Stabilizers additives for plastic which prevent the
photodegradation or photocrosslinking caused by ultraviolet light. The UV
absorber and screener operate by absorbing the incident UV radiation preventing it
from reaching the bulk of the polymer and converting the energy thus acquired into

a less damaging form such as heat®?.

It has been shown that urethane and silylated derivatives of

hydroxybenzophenones are effective photostabilizers®. These compounds can act
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as®%®): Light screeners, excited state quenchers, Free radical scavengers, or

Hydroperoxide decomposers. Hydroxy benzophenones and hydroxyphenyl

bezotriazoles are the most extensively studied UV absorbers ©%.
The UV stabilizer can be classified into®:

(i)  Pigments.

(i)  Metal chelates.

(iti)  Carbon black.

(iv) Salicylates.

(v)  Hydroxy phenyl benzotriazoles.
(vi) Hydroxy benzophenones.

Ultraviolet stabilizers can be classified according to their mechanisms of
action in the photostabilization process into:

(i) UV absorber and light screeners.
(i)  Quenchers.

(ili) Hydroperoxide decomposers.
(iv) Radical scavengers.

(v)  Singlet oxygen, (*O,), quenchers.

There is some of UV. absorber as shown in Figure (1.9)¢1%9,

@ H
subst
\ / \subst

2

subst

@w - OO

4
Figure (1.9) Examples of UV. absorbers ©
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1.4.2. Pigments

Pigments are insoluble inorganic and organic compounds of complex

structure, such as:

(i)  Powder metal (aluminum) is excellent reflector to UV light.

(i)  Fe,03, Fes0y4, ZnO,TIO,... are inorganic pigment excellent UV screener.

(ili)  Organic pigments such as azo and anthraquenone display good UV light
absorption.

Pigments used as additives“®, are incorporated into polymers, coating,

inks, etc.... for:

(1) Cost reduction. (i) Reinforcement (i) Hardening.
(iv) Improving slip and skid resistance.  (v) Color effect.  (vi) Storage stability.

A pigment as a light screener should be; ¢%)

(i) Light stable (i1) Heat stable (iii) Low cost and non-toxic

1.4.3. Carbon black

Carbon black is one of the most efficient light absorbers. It consists of very
fine particles fused together to form primary aggregates. Carbon black absorbs UV
radiation more efficiently than conventional pigments, carbon black are efficient
light stabilizers for polymers such as polyethylene. Their high efficiency as light
stabilizers is probably due to their ability to act as inner filters for UV radiation,
and as radical scavengers, because many of the carbon blacks contain stable
radicals"®and quenchers of singlet and triplet states of polymers. The
effectiveness of carbon blacks is dependent upon“the type of carbon black, the

particle size and the degree of dispersion in the polymer phase.
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An optimum concentration of carbon black is 3-5%. Higher than this
concentration, the polymer looses it tensile strength and other mechanical

properties“®.

The micro structure of carbon black particles is illustrated in Figure (1.10) ‘%9,

AT

Figure (1.10) The Micro Structure of Carbon Black Particles %%
1.4.4. Quenchers

Quenchers deactivate excited states (singlet and/or triplet) of chromophoric

groups in polymers before bond scission can occur by two mechanisms %6197,

1. Energy transfer process. 2. Chemical and/or physical deactivation.
So the Quenchers must be capable of dissipating most of the excepted energy

harmlessly, without destroying the polymer bonds or it’s structure.

The quenching process is successful only if the quencher molecule is within
quenching distance of the excited (singlet and/or triplet) of the chromophoric
group. High diffusion constants in a polymer matrix, (i.e.) good mobility of
quencher and/or excited chromophoric group and long lifetime of excited
chromophoric group, may therefore enlarge the apparent action sphere of the

quencher!®.
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Nickel chelates are very effective quenchers of the triplet state of carbonyl
groups in polyolefins. These chelates have been tested for photostabilization of
poly butadiene™, polystyrene™?, poly (2,6-dimethyl-1,4-phenyloxide) and poly

urethanes®'*11?,

Nickel chelates can photostabilize a polymer by one or more of the

following mechanisms:

(i) Quenching of the excited state of carbonyl groups.

(i) Quenching of the singlet oxygen (*0,)**.

(ili) Decomposing of hydroperoxides (OOH) radical, to non radical inactive
species®.

(iv) Scavenging of free radicals (alkylperoxy (ROO’) and alkyloxy (RO,

1.4.5. Hydroperoxide decomposer

These compounds operate by reacting directly with polymeric hydroperoxide
(ROOH). The decomposition of hydroperoxide in polymer to non radical
derivatives was first demonstrated™®. Compounds that belong to this type are
organic phosphites and some Nickel chelates. They function by reducing

hydroperoxide stochiometrically as presented in the Figure (1.11).

COOH

HO CHs
. \_/ N
~ POOH _
/Nl\ - 2 + Ni (NOg), + 2POCH3,
hv
C——=N fo)

CHa OH

Figure (1.11) Example of Hydroperoxide Decomposer
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1.4.6. Hindered amine peroxide decomposer

Hindered amine light stabilizers (HALS) have been found to be remarkably
effective in performing both radical trapping and hydroperoxide decomposition.
These are one of the most effective photostabilizers for polymers and have been

used in a large number of commercial polymers*®.

The mechanism of (HALS) activity includes scavenging of R, ROO and
deactivation of hydroperoxides (ROOH), which are based on a complex of
chemical transformations. Nitroxide the key intermediate formed from (HALYS).
Therefore HALS of different structure are able to interconvert in cyclic pathways,
destroying species which could lead to polymer degradation and coating species

which protect the polymer against degradation™®.

X R'\ 2 X
(1) N N
o OR

Figure (1.12) The General Cycle for Protecting the Polymer Against Degradation by
HALS!®)

Iz

It has been generally accepted that hindered piperidine (e.g., 2,2,6,6-
tetramethyl piperidine, which is the simplest model compound for HALS), during
UV irradiation in the presence of oxygen (air) and radicals (R’), produces hindered
piperidinoxy radicals according to the reaction 1Y: Piperindoxy radicals react
with alkyl radicals (R) to give a substituted hydroxypiperidine as shown in

reaction 2 in Figure(1.12). For the reaction of nitroxyl with (POOH) precedes via
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the formation of an intermediate (hydroxylamine) which reacts with (PO’) to
generate the nitroxyl as reaction 3 as in Figure (1.12)*". HALS reduces the

photooxidation by acting as radical scavengers®'®.
1.4.7. Radical scavengers

The scavenging of radical intermediates is another possibility for polymer
stabilization, analogous to that used in thermal degradation. Quinones react with

alkyl radicals to form radicals that do not initiate polymer oxidation.

The radicals scavengers operate by interfering with the propagating step in
the oxidative chain and this can be achieved by two routes:
(i)Reaction of propagating radicals (P, PO POO").

(if)Reaction with resulting hydroperoxide which are the source of chain branching

through the propagating process“.

1.5. Photostabilization of Polystyrene

The photostabilization process may be accomplished with commercial light
stabilizers in addition to chalate complexes. The nature of the photostabilizer and
polymer will determined the process and efficiency of photoprotection of the
polymer film. The route by which photodegradation occurs and the importance of
the impurities remaining after either polymerization or processing have to be
known to determine the most satisfactory method of stabilization*'?.

Complexes of 2-thioacitic acid benzothiazol have been used as additives to

increase the photostabilization of polystyrene'?.
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S
Where M= Sn (I1), Cd(I1), Ni (1)M Zn (11), Cu (I1)

Two methods have been used to monitor the extent of photodegradation of
polystyrene films. The first was by using FTIR spectra. The progress of
photodegradation at different irradiation times was followed by observing the
changes in carbonyl and hydroxyl peak intensities; this is called band index
method. The second method involves measuring the average molecular weight
using viscometry technique. These additives stabilize PS film through UV

absorption or screening, and by peroxide decomposers, or radical scavengers'?.

The photochemical and photophysical protection for polystyrene by
commercial UV absorbers such as 2-hydroxy-4-methoxybenzophenone and
Tinuvin 327 involves triplet energy transfer from excited polymer carbonyl

impurities groups in addition to UV screening®?.

| \/

o)
CI /N\
\N/N
cl

OH (0]

2-hydroxy-4-methoxybenzophenone Tinuvine 327 H,C

Other categories of UV absorbers (hydroxyl phenyl pyrazole) have been
shown to be able to act as photostabilizers to prevent oxidation or degradation of

polystyrenet*?®,
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hydroxyl phenyl pyrazole

Many commercial light stabilizers have been developed in an attempt to
overcome the problem of photodegeradation of PS articles. The presence of
various concentrations of Tinuvin 1577%%, thiadiazole compounds®, 2-(2-
Hydroxy-5-methylphenyl)benzotriazole®?, hydroxyphenyltriazine**and  2,5-
Dimercapto-1,3,4-thiadiazole**additive ~ effectively inhibits the  surface

photooxidation of PS.

OH
i : /f \\ Y OH
N=N/ N =

hydroxyphenyltriazine

Tinuvin 1577

The photooxidation of PS decreased with addition of high molecular weight
of HALS (linear peroxide amine type of new polymeric HALS) and the
photostabilization efficiency was similar or better than that of Cyabsorb 352912,
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(CH2)s

T -

N
N /N

o

Cyabsorb UV 3529

The photostabilizing effect of 2,3 dihydro-(5-mercapto-1,3,4-oxadiazol-2-
yD)-phenyl-2-(substituted)-oxazepine- 4,7-dione compounds in PS has been
reported. These additives stabilize PS films through UV absorption or screening,

peroxide decomposition and radical scavenging™?®.

Ar
/
O_CH\ N—N
o N@ )—SH
o
x
0

Uracil derivatives have been used as photostabilizers for PS. The results

reveal a higher stabilizing efficiency for the materials investigated?”.

(e}

HN HN

| PY |

o)\u NH, S N NH,
6 aminouracil 6 aminothiouracil
(o]
o H3C\
N

HN )\ |

)\ | le) N NH,
H,C S N NH, |CH3

6 amino-s-methyluracil 1,3-dimrthyluracil
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The protection of polystyrene films by UV absorbers including Ni(ll) chelate
complexes has been studied. Acetylactonate of Ni(ll), Cu(ll), and Co (llI)
complexes are more efficient than the corresponding Fe(lll) complex for the

photostabilization of PS®?®,

Photostabilization of PS films by anthraquinone derivatives and their
complexes with copper(ll), oxovanadium(lV) and nickel(Il) ions has also been
studied“?®. In this work four methods have been used to monitor the degradation
of polystyrene. There are: FTIR spectroscopy, UV- visible spectroscopy, solution
viscosity and weight loss. The two anthraquinone derivatives and complexes
provide good stabilization. Nickel and copper complexes provide better resistance

to degradation than the uncomplexed anthraquinones®,

3.
e
O,

M=Cu, X=ClI

¢ O
M=Vo , X=S0,

M=Ni , X=(CH3COO0),
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1.6. Aim of the present work;

The aim of present research is to synthesize, characterize and study the
activity of new types of transition metal complexes that might act as
photostabilizer of polystyrene. These compounds are new types of 4-amino-5-
(pyridyl)-4H-1,2,4-triazole -3-thiol complexes of Ni(ll), Cu(ll), Zn(ll), Cd(ll),
Sn(ll).

These compounds might possess the properties of UV absorption, peroxide

decomposer and radical scavenger, which lead to photostablization of PS.
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EXPEREMENTAL

2.1. Chemicals

All of the reagents and starting materials used in the present work are of

reagent grade and were used without further purifications unless otherwise noted.

Table (2.1) shows all the utilized chemicals in the experimental course of the

thesis.
Table (2.1) Chemicals and their manufacturers

No. Compound Formula Mwt | Purity | Supplied from
1. Isonicotinic acid CsH;N3O 137.06 | 96% BDH

2. Carbon disulfide CS, 76 99% Scharlau

3. | Potassium hydroxide KOH 56 99% Fluka

4, Diethyl ether (CH3CH,),0 74.7 | 95% BDH

5. Ethanol CH5;CH,0OH 46.07 | 99% Scharlau

6. Hydrazine hydride N,H,4.4H,0 96.5 98% | Thomas BAKER
7. Cupper acetate (CH3CO,),Cu 181.5 | 98% BDH

8. Nickel nitrite Ni(NO;), 291 | 99% BDH

9. Tine chloride SnCl, 190 99% Fluka

10. | Zinc acetate dihydrate | (CH3CO,),Zn.2H,0 | 219.5 | 98% Fluka

11. | Cadmium acetate | (CH3CO,),Cd.2H,0 | 266.5 | 98% Fluka

12. Methanol CH3;0OH 32.03 | 99% Scharlau

13. | Dimethyl sulfooxide | DMSO = (CH3),SO | 78.13 | 98% Merck

14. Chloroform CHCl; 119.38 | 99% | Hopkin and Williams
15. Polystyrene PS = (CgHg),, n(133) | 97% BDH
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2.2. Instruments

2.2.1. Melting point

The melting points were determined on electro thermal capillary apparatus,
Coslab melting point. In laboratories of Chemistry department / College of

Science / Al-Nahrain University and in Ibn Sina state company.
2.2.2. Fourier Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectra in the range (4000-200) cm™ cut were recorded as KBr
and by using CSI disc on FT-IR.8300 Shimadzu Spectrophotometer. In
laboratories of Chemistry department / College of Science / Al-Nahrain University

and in Ibn Sina state company.

2.2.3. Ultraviolet-Visible Spectroscopy (UV-Vis)

The UV-visible spectra were measured using Shimadzu UV-Vis. 160 A-
Ultra-violet Spectrophotometer in the range (200-1000) nm. in laboratories of
Chemistry department / College of Science / Al-Nahrain University

2.2.4. Magnetic susceptibility measurements

The magnetic susceptibility values of the prepared complexes were obtained
at room temperature using Magnetic Susceptibility Balance of Johnson Matthey
(England) . In laboratories of Chemistry department / College of Science /
Al-Nahrain University

2.2.5. Conductivity measurements

Conductivity measurements were carried out by using WTW conductivity
meter, by using ethanol as solvent and 107 g. laboratories of Chemistry department
/ College of Science / Al-Nahrain University
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2.2.6. Nucleir Magnetic Resonance (NMR)

'"H NMR spectra were obtained with Bruker spectrophotometer model ultra
shield at 300 MHz in DMSO- d6 solution with the TMS as internal standard. In
AL-Albait University/ Amman/ Jordan.

2.2.7. Microscope
Morphlogical observations were obtained by using MEIJI TECHNO (Japan)
microscope, the magnification ratio is 400 times. In Chemistry department /

College of Science / Al-Nahrain University.

2.3. Synthesis

2.3.1. Synthesis of 4 amino-5-(pyridyl)-4H 1,2,4 triazole -3-thiol (Ligand)®*"

A mixture of the isonicotinic acid (1 g), (0.0072 mol) and (0.44 g), (0.008
mol) from potassium hydroxide, was dissolved in (10 cm®) absolute ethanol with
stirring. After the mixture was dissolved then (2 cm®), (0.014 mol) from carbon
disulfide was added slowly - Add excess from KOH and CS, - at room temperature
which the color of mixture immediately change from white to orange color. The
reaction mixture was stirred for 10 hours. Dry ether (10 cm®) was added and a
yellow precipitate was then collected by filteration, washed with ether and dried.
The salt was obtained in almost quantitative yield and was employed to the next

step.

Excess of hydrazine hydride (20 cm®) was added to the yellow precipitate
(potassium salt), and it was refluxed for 10 hos. by using water path with stirring

until the evaluation hydrogen sulfide; it was ceased by lead acetate paper. During
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reflex the color of reaction changed to dark green, producing a clear homogenous

solution.

After cooling the reaction mixture was filtered. Then the filterate diluted by
10 cm® of water and then was acidified by concentrated hydrochloric acid the
resultant white precipitate collected by filtration and dried at room temperature.

Yield (62 %) according to potassium’s salt, m.p. (210-214).

2.3.2. Synthesis of Ligand’s Complexes**"

(0.23 g) from cupper(ll) acetate, (0.24 g) from tine (Il) chloride, (0.28 Q)
from zinc (1) acetate dihydrate, (0.34 g) from cadmium(ll) chloride and (0.37 g)
from nickel (11) nitrite was dissolved in (5 cm®) ethanol and was added to (5 cm®)

ethanolic solution of (0.5 g) from ligand.

The molar ratio [2: 1] from [ligand: metal] was carried out. After reflux for 2

hours, crystalline colored precipitate was formed.

The precipitate was filtered and dried at room temperature. Then the

precipitate was washed by hot methanol to yield a purified precipitate.
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2.4 Experimental Technique

2.4.1. Films preparation®®?

A solution of polystyrene (5% wi/v) in chloroform was used to prepare
(40um) thickness of polymer filmS. The films were prepared by evaporation
technique at room temperature for 24 hours, to remove the possible residual

chloroform solvent.

After Polystyrene solution was prepared, then poured it into glass’s sinks.
This sinks was made by glue the laboratory glass’s slides onto a piece of regular
glass, to obtain small sinks, their volume is (4 cm®), which is illustrated in Figure
(2.1).

Figure (2.1) picture of glass’s sinks

After the evaporation of solvent, that’s led to formation of PS films. The
thickness of these films is about (40 um), these films were paste onto cartoon
papers, these papers contain hole in dimension (2x2). Modified PS can be prepared

by mixing of (0.5% ) by weight complexes to the solution containing polystyrene.
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2.4.2. Incident Light Intensity Measurement

The intensity of the incident light (I,) was measured by the use of potassium

Ferrioxalate actinometer methods as described by Hatchard and Parker®3?,

The actinometer solution (6 x 10 M) was prepared by dissolving (3.00 g) of
Ks [Fe(C,04)3].3H,0 in (800 cm®) of distilled water, then (100 cm®) of (1 N)
H,SO, was added and the whole solution was diluted to one liter with distilled

water. The actinometer solution absorbed 100% of incident light at A= 365nm.

The light intensity measurement involves irradiation of the actinometer
solution for known period of time (3 min.); ferrous ion concentration was
estimated spectrophotometrically using (0.1 %) 1-10-phenathroline as complexing

agent.
According to the Hatchard and Parker, Ferric ions are reduced to Ferrous ion:
(Fe® — s Fe®). v, (2.1)

Thus the phenathroline complex is formed with Fe*® which strongly absorbed at
510nm. For Fe ** formation equation(2.1) the quantum vyield (Q) is known and
equal (1.24), so the intensity of light can be calculated, after a calibration curve for

Fe *? was obtained using the following solution:

. 4*10* M of FeSO,in 0.1 N H,SO,.

i.  0.1% w/v phenanthroline monohydrate in water.

iii.  Buffer solution was prepared from mixing (600 ml) 1IN CH;COONa and
(360 ml) of 1IN H,SO, dilute to 1L. Solutions of different concentrations of
Fe*? were prepared from solution (i) by taking different amount in 25 ml.
volumetric flask, to each a- (2 ml) phenanthroline solution was added, b-
(5ml) of buffer solution, c- 0.1 N H,SO, was added to make the acid
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equivalent to (10cm®) of 0.1 N H,SO, and diluting the whole solution to
(25cm®) with distilled water. The volumetric flasks were covered with
aluminum foil, and kept in the dark for (30 min). Then the optical densities

were measured at A=510 nm.

The plot of absorbencies verses Ferrous ion concentration was straight line,
the obtained slope gives the extinction coefficient of FeSO, solution, which is

equal to (e = 1.21 X 10* mol™. dm?. cm™).

1.6

1.4

1.2

1

0.8

Absorbence

0.6

0.4

0.2

0 T T T T 1
0 5 10 15 20 25
Ferrous ion conc. (M)

Figure (2.3) Calibration curve

In order to determine the light intensity, (3 cm®) of actinometer solution was

put in irradiation cell. The cell was irradiated in the same position used for

irradiation samples.

After illumination, (1 cm®) of irradiated solution was transferred to
volumetric flask (25 cm®), (2 cm®) of solution (ii) phenanthroline monohydrate in
water and (0.5 cm®) of solution (iii) (Buffer solution) then complete the volume to

(25 cm®) with distilled water.
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Blank solution was prepared by mixing lcm® of unirradiated mixture
Ferrioxalate solution with other components. The solution was allowed in the
dark for (30 min). and then the optical density was measured at (A=510 nm.). The

intensity of incident light was calculated using the following relation: ¥

-3
_AxV x107x Vg einstein dm ™ sec?
QXXSXVZ Xt (22)

0

l,= Intensity of incident light.

A= Absorbance at A= 510.

V1= Initial volume.

V,= Volume used of irradiation solution.

V5= Final volume (25cm®).

Q,= Quantum yield (1.24).

e= Molar extinction coefficient (slope of calibration curve).

t= Irradiation time in seconds.

2.4.3. Accelerated testing technique

UV- Light was used for irradiation of PS films, giving wavelength range
between (250 to 380 nm) and the maximum wavelength light intensity is at
6.2 X 10°Ein Dm™ S™. The polymer film samples were fixed parallel to each other
and the lamp of the UV. incident radiation is vertically incident on the samples.

The distance between the polymer films and the source was (10 cm).
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2.5. Photodegradation Measuring Methods

2.5.1. Measurement of the Photodegradation Rate of Polymer Films using

Infrared Spectrophotometery®®

The photodegradation of polymer film samples were followed using
Shimadzu Spectrophotometer. The absorption spectra of the film samples were
recorded in the range of (4000-400) cm™. The position of carbonyl absorption is

assigned at 1730 cm™, and hydroxyl is assigned in 3400cm™®39,

The photodegradation during different irradiation times were followed by
observing changes in carbonyl and hydroxyle peaks. Then carbonyl (Ico) and
hydroxyle (loy) indices were calculated by comparison of the FTIR absorption
peak at 1730 cm™ and 3400 cm™ with reference peak at 1450 cm™ respectively.

This method is called band index method®*®which includes:

_As

Is=—
Ar

................... (.2.3)

As = Absorbance of peak under study.
Ar = Absorbance of reference peak.
Is = Index of the group under study.

The percentage transmittance (%T) is change into absorbance (A) using

Beer-Lambent law as in the following equation. (2.4):

A = log(100/%T )
A =10g100 —10g%T b (2.4)
A =2-1log%T
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Actual absorbance, the difference between the absorbance of base line
and top peak (A Top Peak — A Base Line), is calculated using the Base Line

method.

2.5.2. Measurement of the Photodegradation Rate of Polymer Films Using

Ultraviolet-Visible Spectrophotometer**”

The ultraviolet-visible spectrophotometer type Shimadzu UV-VIS. 160 was
used to measure the changes in the Uv-visible spectrum during irradiation time for
each compound at maximum absorption band (Ay.x). The absorption spectrum was
measured in the range of (200-400nm), and the (rmax) at each absorption was also

recorded for different irradiation times.

The infinite irradiation time was considered and the infinite absorption (A.,)

was assumed to be after the infinite irradiation time.

To determine the photodegradation rate constant for photostabilizer (Kg), the

first order equation was used:
In(@-x) =Ina-Kgt................. (2.5)

Where a, represent the stabilizer concentration before irradiation, x represents the

change in stabilizer concentration after irradiation time (t).

If A, represents the absorption intensity of the polymer film containing
stabilizer before irradiation, A represents the absorption intensity after t time of

irradiation, then:
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a: AO_AOO
X:Ao'At
a-X=Ag-A,-Ag+A=A-A, oo (2.6)

Thus a plot of In(A; - A,) versus irradiation time (t) gives straight line with a
slope equal (Kq) which indicates that photodecomposition of the additives is first

order.

2.5.3. Determination of Viscosity Average Molecular Weight by Using

Viscometer Method®®®

The viscosity property was used to determine the molecular weight of

polymer, using the Mark- Houwink relation

[n]= intrinsic viscosity.

K, a = are constants dependent upon the polymer-solvent system at a particular

temperature.
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The intrinsic viscosity of a polymer solution was measured with an
Ostwald U-tube viscometer. Solutions were made by dissolving the polymer in a
solvent (gm/100 ml) and the flow times of polymer solution and pure solvent are t

and t, respectively. Specific viscosity (ns,) was calculated as follows:

t

e 2.9
n=y 29)

Nre = Relative viscosity .

The single — point measurements were converted to intrinsic viscosities by
the relation (2.11).

= 02/e)(, -t )’ (2.11)

C = Concentration of polymer solution (gm/100ml).

Molecular weights of PS with and without additives were calculated from

intrinsic viscosities measured in Chloroform solution.

—4.17 X 10" M s 2.12
n

The most common solution viscosity terms are: relative viscosity, specific

viscosity, inherent viscosity and intrinsic viscosity**%.

The quantum vyield of main chain scission (¢.) was use to viscosity

measurement using the following relation.
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Q. = (CAM, ) |[n, VD 1)1t (2.13)
Where:

C = concentration.
A = Avogadro’s number.

(M, ,) = the initial viscosity - average molecular weight.

[Mo] = Intrinsic viscosity of polymer before irradiation.
[n]= Intrinsic viscosity of polymer after irradiation.

o = Exponent in the relation: [n] = KM®.

I, = Incident intensity.

t = Irradiation time in second.

2.5.4. Measurement of the Photodegradation by Weight loss 4©

The stabilizing efficiency was determined by measuring the % weight loss of
photodegraded PS films in absence and in presence of additives by applying the

following equation:

Weight loss % = [(W; -W,) / W] 100 (2.14)

Where W, is the weight of the original films (PS blank and modified PS) before

irradiation and W, is the weight of the sample after irradiation.
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(141)

2.5.5. observation of the Photodegradation by Morphology Study

To examine the surface morphology of the irradiated polymer films, the lab.
microscope was used for this purpose; it shows the top surface of the irradiated

films.

The surface morphology of films of the non irradiated PS blank and PS in
the presence of the five types of additives, Irradiated for O h, 100 h, 200 and 300 h

was studied.
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Chapter three RESULLTS I DISCUSSION

3.1 Identification of prepared complexes

The steps of synthesis of 4-amino-5-(pyridyl)-4H 1,2,4 triazole -3-thiol
(ligand) is showed in Scheme (3.1)

iIsonicotinic acid

stirror 10 hos.

wn

Ethanol ‘ KOH , CS,

gl

(@) N -
™ +
\C/ \H/ \SK

(@]

X

Z
N

puttasium's salt

reflex 10 hos. ‘ N,H,4.4H,0

— N——N
/7 N\
N\ / N sH
NH,

4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol

Scheme (3.1) The chemical steps for synthesis of ligand

The steps of preparation of the complexes can be shown in Scheme (3.2):
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N—N

Y
S_QN \
/

— N—N
Metal's salt (1 mol)
N / \ SH > ped M
\ / N/ reflex HyN
L 10 hos. ™\ /
2
N < 7—5

(2mol)

Scheme (3.2) The chemical steps for synthesis of Complexes

3.1.1 Physical properties of prepared complexes

Melting points and physical properties of all the compounds studied are
tabulated. The physical analytical data, melting point, molecular weight of (L) and

its complexes are tabulated in Table (3.1).

Table (3.1) Physical data of prepared complexes

M.P. Mwt )
Compounds Color Yield
C° g.mol™
L White 212-214 193 62%

Ni(L), 1 Green 240-242 | 442.7 77%

Cu(L), 2 Dark green | 222-224 | 4475 81%

Zn(L), 3 | Paleyellow | 178-180 | 449.4 75%

Cd(L), 4 White 255-257 | 496.4 | 41%

Sn(L), 5 Yellow 230-232 502.7 10%
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3.1.2. Characterization of prepared complexes by Infra-Red spectroscopy

The infra-red spectrophotometer technique was used to characterize the
prepared compounds through the assignment of stretching vibration bands. The
FTIR spectrum of this ligand (L) showed some characteristic stretching bands at:
3250 cm™ and 3213 cm™, 2736 cm™, 1645 cm™, 673 cm™ assigned to NH,, S-H,
C=N of triazole ring, and the last one is for stretching of C-S bond,

respectively!:## 4%,

The tatumerisum form could occur in triazole ring™, see Figure (3.1). It is
responsible to expect deprotonation of ligand molecule before complexation, the
complete disappearance of the band due to v(S-H) in the spectra of complexes
unambiguously support this view. After deprotonation, the ligand can link with the
metal ion at either by N or S atom of thioamid group. Bonding at S atom is more

favorable because such a thing would result in a stable five membered chelate*®),

N\ /X [N/
@%A: WA

keto form enol form
Thion Thiol

Figure (3.1) tatumerisum form in triazole

The exceptional case is that the v(C = N) of complexes 1-5 were found to be
shifted to a lower wave number compared to the ligand indicated the coordination
with the ligand™”. The frequencies of NH, bands were shifted due to
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complexation. The band of S-H in the ligand was disappeared when complexation
occur, but the bands of C-S also shifted to the higher frequency result from
complexation of the metal ion to the ligand through sulfate, and the band of C = N
Is shifted to the lower frequency due to complexation, and the other bands such as
C = C (1590-1660) cm™, C-H aromatic (3010-3080) cm™ were didn’t show any

shifting because they aren’t participate in the complexation(148).

Another new bands was appeared which were supported by the appearance
N(149-151)

frequencies of M-S, M- . The major IR bands and their probable

assignment are given in Table (3.2):

Table (3.2) key infrared data of L and complexesl-5

Compounds v NH, V-S-H|{vC=N | vC-S [vM-N | v M-S
L 3250, 3213 | 2736 | 1645 | 673 - -
Ni(L), 1 | 3280, 3228 - 1643 | 690 | 530 459
Cu(L), 2 | 3321, 3286 - 1620 | 694 | 532 428
Zn(L),3 | 3329, 3286 - 1640 | 694 | 529 432
Cd(L),4 | 3298, 3245 - 1639 | 693 | 528 451
Sn(L),5 | 3200, 3165 - 1643 | 690 | 528 432

The FTIR spectrum of ligand and its complexes was shown in Figures (3.2) - (3.7).
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3.1.3. Characterization of prepared complexes by Nuclear magnetic resonance

The data of *"H NMR and **C NMR of 4-amino-5-(pyridyl)-4H-1,2,4-triazole-
3-thiol and its complexes displayed good solubility in DMSQO. The proton nuclear
magnetic resonance spectral data gave additional support for the composition of
the complexes. The observed changes are evidences of complexation had happened
because the chemical shift of a compound is heavily depended on its electronic

environment®>2-154),

Note: for all 'H NMR spectra, the peaks at 2.5 for the solvent (DMSO-d6).

Ligand:
b a N—N
N/ \ C d/ )e\
SH
— N
b a |
NH,

'H NMR data (ppm), dn(300 MHz, DMSO-ds): Figure (3.8) shows signals at 5.301
(2H, s, NH,), 8.014,8.025-8.744,8.755 (4H, d,d, CH aromatic ring) and 10.189
(1H, s, SH). *C NMR Figure (3.9) shows chemical shift at 121.564 (carbon a),
150.133 (carbon b), 132.891 (carbon c), 147.308 (carbon d) and 167.551 (carbon

e).
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Complex 1:

N
ZHN/
b a /
7 c d N
N \ W\ Je S
— N—/—N
b a

'H NMR data (ppm), 64(300 MHz, DMSO-dg): Figure (3.10) shows the signals at
3.314 (2H, s, NH,) (this peak is shifted to lower field due to its attachment to the
Nickel atom), 7.945,8.014-8.739,8.678 (4H, d,d, CH aromatic ring). *C NMR
Figure (3.11) shows chemical shift at 125.001 (carbon a), 149.583 (carbon b),
134.991 (carbonc), 155.683 (carbon d) and 183.548 (carbon e).

Complex 3:
a b
N—N\d —
\
S—Q \ /N
/
Z/NHZ ab
n
2HN/
a /
/ c d N
N N Je S
— N——N

'H NMR data (ppm), 0u(300 MHz, DMSO-dg): Figure (3.12) shows the signals at
3.354 (2H, s, NH,) (this peak is shifted due to its attachment to the metal atom),
8.024-8.702 (4H, m, CH aromatic ring). “*C NMR Figure (3.13) shows chemical
shift at 121.705 (carbon a), 149.322 (carbon b), 134.035 (carbon c), 158.297
(carbon d) and 180.114 (carbon e).
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Complex 4:

N—N 2D

ey, ¢/

N

LK)
1

//NHZ a b

Cd
ZHN/
b a /
7 c d_-N
N \ i\ /e S
— N—N
b a

'H NMR data (ppm), 0x(300 MHz, DMSO-dg): Figure (3.14) shows the signals at
3.270 (2H, s, NH,) (for the reason mentioned above), 7.901,7.952-8,625,8.690
(4H, d,d, CH aromatic ring). *°C NMR Figure (3.15) shows chemical shift at
120.992 (carbon a), 149.603 (carbon b), 134.036 (carbon c), 150.297 (carbon d)
and 187.329 (carbon e).

Table (3.3),(3.4)show the 'H NMR, *C NMR data of L and metal
complexes 1,3 and 4 in DMSO-d6 Chemical shift, d (ppm).

Table (3.3)'H NMR data of L and metal complexes 1,3 and 4 in DMSO-d6
Chemical shift, 6 (ppm)

Compounds | ¢ (C-H aromatic) | ¢ (NH,) | ¢ (S-H)
ppm ppm ppm
. (8.014,8025- | (5.301)s | (10.189)s

8.744,8.755)d.d

. (7.0458.014- | (3.314)s i
Ni(L21 | 5739.8.678)d.d

Zn(l), 3 | (8.024-8702)m | (3.354)s :

(7.901,7.952- | (3.270)s :
Cd(L):4 | 5695 8.690)d,d

Where s = singlet

d,d = doublet of doublet
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Table (3.4) *C NMR data of L and metal complexes 1,3 and 4 in DMSO-d6 Chemical shift,

o (ppm)
Compounds | Carbona | Carbonb Carbon c Carbon d Carbon e
L 121.564 150.133 132.891 147.308 167.551

Ni(L), 1 125.001 149.583 134.991 155.683 183.548
Zn(L); 3 121.705 149.322 134.035 158.297 180.114
Cd(L), 4 120.992 149.603 134.036 150.297 187.329

The *H NMR and **C NMR spectrum of ligand and its complexes is shown in
Figures (3.8) - (3.15).
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Figure (3.9) **C NMR spectrum of ligand (L)
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3.1.4. Characterization of prepared complexes by Ultraviolet-Visible
spectroscopy

The absorption spectra of the ligand (L) and it’s complexes were recorded in
DMSO solvent in range of 250-900 nm. The electronic spectra of (L) and its
complexes were illustrated in Table (3.5). The electronic spectrum of this ligand
show 3 bands at (263, 302, 309) nm due to intraligand transition (m-n*), (m-7*),
(n-m*) electronic transitions, respectively. From Table (3.5), complexes 1-5 also
showed the similar electronic transition but with shifting comparing with the

ligand.

For complexes 1 and 2, the electronic transitions of the metal d orbitals (d-d
electronic transition) observed in the Ni (II) and Cu (Il) located in the visible
region. There are three d-d electronic transitions in Ni complexes as in Orgeal
diagram assigned to the °* T\ = ° Togm, ° Tip o ° Ty and ° Ty o A
transitions, respectively™***®_But in this study there is one transition appeared at
620 nm. For Cu(ll), the bands appeared at 280, 300, 312 and 451 nm were

attributed to (m-m*), (n-7*), charge transfer and ? T, — °E; respectively™" %,

But the other complexes (4, 5, 6), were diamagnetic as expected for d*° ions,

so that no (d-d) transition can be expected in the visible region®®?.
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Table (3.5) electronic spectra of prepared compounds
Compounds Abs?]::]otlon Transition
L 263, 302 n-mt*
309 n-m*
) 262 -mt*
Ni(L), 1
(L) 610 3 Tm s S Tay
280 -mt*
300 n-m*
culbe 2 312 L— Cu(CT)
451 T, - °E,
264, 300 T-T*
A7 310 n-m*
262 n-t*
Cd(L), 4 310 n-m*
265 n-mt*
SE)25 310 n-m*

The UV. visible spectrum of ligand and its complexes was shown in Figures (3.16)

- (3.21).
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Figure (3.16) The ultraviolet visible spectrum for the ligand in DMSO solvent
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Figure (3.17) The ultraviolet visible spectrum for the Ni(L), in DMSO solvent
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Figure (3.18) The ultraviolet visible spectrum for the Cu(L), in DMSO solvent
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Figure (3.19) The ultraviolet visible spectrum for the Zn(L), in DMSO solvent
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Figure (3.20) The ultraviolet visible spectrum for the Cd(L), in DMSO solvent
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Figure (3.21) The ultraviolet visible spectrum for the Sn(L), in DMSO solvent

3.1.5. Magnetic susceptibility and Conductivity measurements
Magnetic measurements are widely used in studying transition metal
complexes. The magnetic property is due to the presence of unpaired of electrons

in the partially filled d- orbital in the outer shell of these elements.
The resultant magnetic moment of an ion is due to both orbital and spin

motions“®?. The magnetic moment is given by the following equation:

Xg=(C*L/10°M) (R-Ry) ....u.... (3.1)
Where: Xg: magnetic susceptibility

C: constant =1.5

L: length of the tube =1 cm

M= weight of the sample
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R= susceptibility of the tube with the sample
R.= susceptibility of the empty tube

The value of magnetic susceptibility of the prepared complexes at (25 °C)

temperature is calculated using the following equation:

e = 283 )Xo T BM cveeennn. (3.2)

Where: Xa=X,+D
X m=Xg. Mwt.
Mwt = Molecular weight of complex.
X ¢ = Mass susceptibility.
D = Pascal s constant.
X m = Molar susceptibility which was corrected from diamagnetic.
L o = Effective magnetic moment.

T = Temperature in Kelvin (°C +273).

The magnetic moment value of complex 1 was 1.09 B.M. and referred as
paramagnetic. Complex 2 showed that the magnetic moment value is 0.7 B.M. and
believed that the Cu (1) metal moiety exhibited distorted square planar geometry
(162) Complexes 3-5 are diamagnetic and there were no magnetic moment recorded
in this study™®. The Magnetic moment values of prepared complexes 1-5 were
illustrated in table (3.6).
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Conductivity measurement of these complexes was recorded as a solution in
ethanol solvent by dissolving 10 g in ethanol. This measurement gives an idea if a
solution is electrolyte or not. Table (3.6) show the molar conductivity
measurements of complexes 1-5, it was shown that all the prepared complexes

were found to be non-electrolyte™®?.

Table (3.6) Conductivity measurement and Magnetic moment of L and its complexes

Complexes Conductivity Megnetic moment
(uS/cm) (BM)
L - -

Ni(L), 1 3 1.09

Cu(L), 2 1 0.7

Zn(L); 3 3.4 0

Cd(L), 4 2 0

Sn(L), 5 12 0

Based on the spectral study, complexes 1-5 exhibited distorted tetrahedral
geometry except complex 2 (distorted square planar)®®?. The proposed structure of

complexes 1-5 is shown below, See Figure (3.22).

N—N\ —
/ \ N
S—-QN \ /
/
// NH,

M

H2N/7
N/

74

N ) W\ 7_5

— N—N

Where M = Ni(Il), Cu(ll), Zn(I1), Cd(I1) or Sn(ll)

Figure (3.22) The proposed structure of Complexes 1-5
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3.2. Photo-activity of Complexes Additives in Polystyrene Films

Initiation of the photooxidative degradation of PS is attributed to be

absorption of UV. Light by different internal chromophoric impurities, such as®®:

1) Peroxide groups formed through the polymerization process of styrene
monomer, by reaction of oxygen with PS growing radicals.
i)  Pendant acetophenone groups formed as a result of photo or thermal

reaction of hydroperoxide groups, at the end of the PS chain.

The film absorbed at wavelength longer than 200 nm, owing to the
presence of the aromatic ring in polymer. The carbonyl groups generated during
the photooxidation process of PS“®). These groups absorb light when they
irradiated with light of wavelength between (250-380) nm. and activated to the
singlet and triplet  excited state which enhanced various successive
photooxidation reaction“®®, Figure (3.23) shows FTIR spectrum for PS film (40

um.) thickness.
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Figure (3.23) FTIR Spectra of poltstyrene film
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The hydroperoxide groups can be formed directly (CT) complex via

excitation by UV. light radiation. ©¢%

H, OOH

("3'2 J\s\’ ("3'2 o‘?\pJ H, 0,
C C
e ~ch \r\;\fT ~cn _ S \CHJ\s\’ . P \C/m
O,, hv hv
== — — (3.3)
CT

Photodecomposition of hydroperoxide group results in the formation of
acetophenone derivative and two types of aliphatic ketones that absorbed at
1720 cm™.

(®) C
X H,C C C

sHelv'e

As shown in equation (3.3), acetophenone groups can be formed by

(@]
H> é I H ﬁ

thermal or photodecomposition of polystyrene hydroperoxide. It can also be
formed by thermal or photodecomposition of polymeric peroxide during free

radicals polymerization process.

The control PS film becomes slightly yellow in color during irradiation.
Yellow coloring of PS sample can result from the formation of many different
chromophoric groups. It is generally accepted that acetophenone end group form
during UV. irradiation of PS is most probable, are responsible for yellowing

coloration of the polymer®®®,
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3.2.1. Photochemical Study of the PS films by infra-red spectroscopy

The irradiation of PS films with light of wavelength, A=365 nm led to a

clear changes in their infrared spectrum.

The photo activity of triazole additives in PS films has been tested and their
efficiency in preventing the photooxidation reaction has been examined by

spectroscopic methods.

The IR spectra recorded throughout irradiation show an increase in
absorbance due to formation of oxidized products so the appearance of intense
bands in the range between 1690 and 1730 cm™ refers to the formation of carbonyl
groups are used to follow the extent of polymer degradation during irradiation.
Appearance of a broad band in the range of (3200-3600) cm™ is attributed to the
formation of hydroxyl group*®. These absorption are calculated as carbonyl index

(Ico) and hydroxyl index (1oy)*%". (See chapter 2).

Therefore, one should expect that growth of hydroxyl index is the measure
of the degradation. As seen from Table (3.7) and Figure (3.24) that the presence of
Cu(L),, Zn(L),, Ni(L),, Cd(L), and Sn(L), show lower growth rate of hydroxyl

index with irradiation time with respect to the PS without additives (control).
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Table (3.7) Hydroxyl index (lon) with irradiation time for PS films in (40pm) thickness

containing 0.5% w\w from the additives

Irradiation time (hours)

0 50 100 | 150 | 200 | 250 | 300

PS (blank) | 0.345 | 0.457 | 0.533 | 0.600 | 0.651 | 0.68 | 0.723
PS+Ni(L), | 0.240 | 0.36 | 0.412 | 0.457 | 0.477 | 0.500 | 0.540
PS+Cu(L), | 0.191 | 0.264 | 0.309 | 0.352 | 0.376 | 0.388 | 0.430
PS+Zn(L), | 0.208 | 0.311 | 0.360 | 0.415 | 0.435 | 0.436 | 0.480
PS+Cd(L), | 0.267 | 0.38 | 0.436 | 0.48 | 0.517 | 0.537 | 0.577
PS+Sn(L), | 0.300 | 0.412 | 0.465 | 0.537 | 0.554 | 0.598 | 0.632

Additives

0.8
0.7 _—*
0.6
0.5 - P
: )(/x—-—x/( —#—PS+Cu(l)2
(=]
04 - _—u = PS+Ni(L)2
—4=PS+Zn(L)2
0.3 = PS+Cd(L)2
~0—PS+Sn(L)2
0.2
0.1
O T T T T T T 1
0 50 100 150 200 250 300 350

irradiation time (hrs.)

Figure (3.24) The relationship between the (lon) and irradiation time for PS films (40pm)

thickness containing 0.5%w\w from the additives
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So these additives might be considered as photostabilization of polystyrene

films. The induction period shown by these additives is clear.

The good photostabilizer show a longer induction period. Therefore, from
Figure (3.24), the Cu(L), is the most active photostabilizer, followed by Zn(L),,
Ni(L),, Cd(L), and Sn(L),, are less active.

It was mentioned before that several types of carbonyl compounds are
produced during photodegradation of PS. Therefore, carbonyl index (Ico) was
monitored with irradiation time and the presence and the absence of these
additives. Results are shown in Table (3.8) and Figure (3.25).
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Table (3.8) Carbonyl index (Ico) with irradiation time for PS films in (40pm) thickness

containing 0.5%w\w from the additives

Irradiation time (hours)
0 50 100 | 150 | 200 | 250 | 300
PS (blank) | 0.425 | 0.618 | 0.729 | 0.764 | 0.787 | 0.802 | 0.819
PS+Ni(L), | 0.361 | 0.434 | 0.468 | 0.494 | 0.499 | 0.510 | 0.523
PS+Cu(L), | 0.327 | 0.360 | 0.381 | 0.403 | 0.407 | 0.410 | 0.420
PS+Zn(L), | 0.343 | 0.349 | 0.420 | 0.440 | 0.444 | 0.442 | 0.447
PS+Cd(L), | 0.384 | 0.504 | 0.542 | 0.565 | 0.586 | 0.590 | 0.582
PS+Sn(L), | 0.412 | 0.542 | 0.611 | 0.631 | 0.661 | 0.660 | 0.665

Additive

== PS

= PS+Cu(L)2
=== PS+Ni(L)2
==%=PS+Zn(L)2
==PS+Cd(L)2
=@=PS+Sn(L)2

0 50 100 150 200 250 300 350
irradiation time (hrs.)

Figure (3.25) The relationship between the (Ico) and irradiation time for PS films (40pm)

thickness containing 0.5%w\w from the additives
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Again the results confirmed that all these additives are photostabilizer for
PS films. However, from the rate of carbonyl index (Ico) growth, and from the
Figure (3.25), the Cu(L), is the most active photostabilizer, followed by
Zn(L),, Ni(L),, Cd(L), and Sn(L),, are less active.

In unstabilized PS films the carbonyl absorbance increased slowly during
the first 50 hours and after this period the rate of formation of carbonyl groups

increase quickly.

It is generally accepted that the action of the additives in the
photostabilization are either UV. absorber, peroxide decomposer or radical

Scavengers.

Therefore the action of these additives in the PS films might be attributed
to the UV. absorption and dissipate the the UV. energy to harmless heat energy.
This is also suggested for benzotriazol®®”and aromatic Schiff base

photostabilizer.

The irradiation of PS films with the UV. light lead to clear change in their
FTIR spectrum as shown in Figures (3.26), (3.27), (3.28) and (3.29).
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Figure (3.26) FTIR spectrum of PS blank films at different irradiation time
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Figure (3.27) FTIR spectrum of (PS +Ni(L),)films at different irradiation time
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Figure (3.28) FTIR spectrum of (PS +Zn(L),)films at different irradiation time
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Figure (3.29) FTIR spectrum of (PS +Sn(L))films at different irradiation time
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3.2.2. Ultra-violet spectral studies of photodegradation rate of in PS films

The photooxidative degradation processes of PS have been discussed in a

number of reviews ‘68169,

It is generally accepted that carbonyl formed during UV irradiation of
polymers, is most probable and are responsible for the yellow coloration of the

polymer®™®,

The carbonyl groups generated during the photooxidation process of
polymer, extend the polymer film absorption to longer wavelengths™™>. These
groups absorb light when they irradiated with light of wavelength between (200-
700 nm) and activated to the singlet and triplet excited states which enhances

various successive photooxidation reactions™,

The physical properties of additives and polymers play a very important
role in determining the additives efficiency in photostabilization or
photodegradation of polymers. For example, the compatibility that any type of
additive (photostabilizer, antioxidant, thermal stabilizer.... etc.) must be evenly
distributed which requires that it be compatible with the polymer matrix"’?. The
additives used in this study were chosen to be completely soluble in polymer

solvent (Cloroform).
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It has been notice that the additives used in the present work are
photodecomposed during the photolysis. Thus the photo decomposition rate
constant (Ky) was calculated, See paragraph (2.5.2). The K4 values were computed
using the UV. spectra changes of PS films thickness 40um containing 0.5% w/w

from additives.

The plot of irradiation time versus In (A-A_ ), gives straight line which
indicate primarily the first order reaction. The slope equal to the decomposition
rate constant Ky. Figure (3.30),(3.31),(3.32),(3.33),(3.34) and (3.35) shows the
variation of In (A, - A_) with irradiation time for all additives in PS films at

A=365nm.
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Figure (3.30) Variation of natural logarithm of In (A;— A.) with irradiation time of PS
(blank) film
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y =7.639E-08x + 2.236

Figure (3.31) Variation of natural logarithm of In (A — A,) with irradiation time of Ni(L),
in PS film

y =1.863E-08x + 2.317

Figure (3.32) Variation of natural logarithm of In (A;— A.) with irradiation time of Cu(L)
in PS film

¢

y = 3.095E-08x + 2.230

Figure (3.33) Variation of natural logarithm of In (A;— A.) with irradiation time of Zn(L);
in PS film
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Figure (3.34) Variation of natural logarithm of In (A; - A.) with irradiation time of Cd(L);
in PS film
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Figure (3.35) Variation of natural logarithm of In (A; — A.) with irradiation time of Sn (L),
in PS film

The values of the first order rate constant of all the modified polymers films

(kq) calculated by the same way and shown in Table (3.9).
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Table (3.9) Photo-decomposition rate constant (Kgy) of PS films thickness (40um) containing
0.5%w\w of additives

Polymers Kq (SY
PS (blank) 4.365 410’
PS + Ni(L), 7.639 107
PS + Cu(L), 1.863 x10°®
PS + Zn(L), 3.095 4 107
PS + Cd(L), 1.000 x 10”
PS + Sn(L), 2.044 , 107

The photostabilizers always posses low Ky values, which mean that these

modified polymers are stable towards UV light.

One could notice that K4 values are sensitive to the type of additives in PS

films, which decrease in the following order:
PS (blank) > Sn(L), > Cd(L), > Ni(L), > Zn(L), > Cu(L),

and this might point out to increase the photostability of this additives in this term.
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3.2.3. Surface Morphology For the Films
Morphology, from the Greek and meaning in general "study of shape”, and it

may mean:

e Morphology (archaeology), study of the shapes or forms of artefacts.

e Morphology (materials science), the study of shape, size, texture and phase
distribution of physical objects.

e Morphology (molecular), study of how the shape and form of molecules
affect their chemical properties, dynamic reconfiguration and interactions.

e Morphology (Architecture and Engineering), research which is based on
theories of two dimensional and three dimensional symmetries, and then

uses these geometries for planning buildings and structures®™,

The morphological study for the surface of polymers gives a clear photo
about some of the physical properties of the polymer For example, the crystalline
case, irregular surface molecules, smoothing the surface and how to build it. And
also shows the nature of the surface defects resulting from Photons of light

interaction with the polymer molecule’®,

And can follow photodecomposition or stabilization of polymers that
exposed to the UV. light through that appear on the surface of polymers, and see
whether that the decomposition process can occur on chain scission or

Decomposition for substitutes groups®.

The morphologic studies also gives a clear indication for the polymers
resistance to weathering and how to produce tough polymers as well as to know

deformation that occur when polymer exposed to weathering conditions, and to
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help for production of packaging single-use (disposable), which cause now the
problem of pollution and but now required to produce new kinds of packing that

can be decomposed.

The PS (blank) film surface was smooth and empty of any white spots,
whereas the PS film surface irradiated for 300 h was full of white spots; these spots
are the holes or grooves, that is indicating degradation. In the case of modified
polymers the surface was almost smooth, and fewer white spots appeared; this
indicated the great stabilizing efficiency of the investigated the stabilizer and how
much it protected the polymer surface from deterioration®™“see Figures (3.36),
(3.37), (3.38) and (3.39).

The morphological study show that the surface of the polymer change in
color and presence of cracks on the surface of it, resulting from interaction with
high-energy of UV. light (A = 365nm), and that is proportion With the hours of

irradiation®™,
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PS nonirradiated

PS irradiated 200h.

PS irradiated 100h.

PS irradiated 300h.

PS + Zn(L), nonirradiated

PS+ Zn(L), irradiated 200h.

Figure (3.36) Microscopic images of PS samples

PS+ Zn(L), irradiated 100h.

PS+ Zn(L), irradiated 300h.

Figure (3.37) Microscopic images of PS + Zn(L), samples
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PS + Ni(L

» honirradiated

PS+ Ni(L), irradiated 200h.

S+ ()

ol

diated 300h.

e ’\}
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Figure (3.38) Microscopic images of PS + Ni(L), samples

PS + Cd(L), nonirradiated

PS+ Cd(L), irradiated 200h.

PS+ Cd(L), irradiated 100h.

PS+ Cd(L), irradiated 300h.

Figure (3.39) Microscopic images of PS +Cd(L), samples
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3.2.4. Determination of the Stabilizing Efficiency by Weight Loss Method
The stabilizing efficiency was determined by measuring the % weight loss
of photodegraded PS films in absence and in presence of additives by applying the

following equation, See Paragraph (2.5.4):
Weight loss % =[ (W, -W,)/W,;]100 ......... (3.4)

Volatile and low molecular weight products™’ formed on photodegradation
of PS led to a weight loss phenomenon.

The weight loss of polystyrene films increased gradually with the increasing
degradation time*’"*"®  thus, the weight loss percentage as a function of the
irradiation time can be a good measure of the degree of degradation and
consequently can measure the stabilizing potency of the stabilizer and how long

the stabilizer would protect the polymer.

The results of weight loss % as a function of irradiation time are represented
in Figure (3.40) and Table (3.10), the increasing very small with PS film modified
by additives.

The results indicate that all of the five additives have stabilizing effect
against photodegradation of PS samples and leading to a considerable decrease in
% weight loss compared with blank PS. The stabilizing efficiency of the
investigated photostabilizers was found to follow this order:

Cu(L),> Zn(L),> Ni(L),> Cd(L),> Sn(L), > PS
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Table (3.10), Measurement of weight loss for PS films (40pm) thickness containing 0.5%

from the additives

Irradiation time (hours)

50 100 150 200 250 | 300

PS (blank) | 1.228 | 2.763 | 3.582 | 4.196 | 4.401 | 5.322
PS+Ni(L), | 1.560 | 2.522 | 3.250 | 3.733 | 4.200 | 4.439
PS+Cu(L), | 1.639 | 1.831 | 2.550 | 2.900 | 3.150 | 3.710
PS+Zn(L), | 1.013 | 2.094 | 2.776 | 3.073 | 3.381 | 3.893
PS+Cd(L), | 0.156 | 2.763 | 3.582 | 4.196 | 4.401 | 4.910
PS+Sn(L), | 1.870 | 3.181 | 4.090 | 4.431 | 4.659 | 5.113

Additives

5 -
4 ‘ I //x —o—PS+Cd(L)2

—8—PS
e PS+Zn(L)2

3 - I
== PS+Ni(L)2
== PS+Cu(L)2
2 /, =@0=PS+Sn(L)2
1 -

0 50 100 150 200 250 300 350
Irradiation time (hos.)

Wight loss (gm)

Figure (3.40) loss in weight vs. irradiation time for PS films (40pm) thickness containing

0.5% w\w from the additives
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3.3 Variation of BS Molecular Weight during Photolysis

An analysis of the relative change in viscosity average molecular weight
(Mv) described by Scott®™ has been shown to provide a test for random chain
scission. Figure (3.41) shows the plot of (Mv) versus irradiation time for PS films
with and without 0.5% (w/w) of five selected additives with absorbed light
intensity of 6.2 X 10° Ein Dm™ S™. By measuring the solution viscosity we should
be able to get an idea about molecular weight. Viscosity techniques are very

180 (Mv) is measured using

popular because they are experimentally simple
equation (2.8) in chapter two and Cloroform as a solvent at 25 °C, as shown in

Table (3.11).

Table (3.11) Variation of Mv with irradiation time of PS films thickness (40um) containing
0.5 % of additives

- Irradiation time (hs.)
Additives 50 | 100 | 150 | 200 | 250
PS (blank) | 276500 | 159000 | 120000 | 86500 | 35500 | 30000
PS+Ni(L), | 315000 | 228000 | 185500 | 148000 | 113000 | 110000
PS+Cu(L), | 313000 | 290000 | 234000 | 206000 | 176000 | 170000
PS+2Zn(L), | 308000 | 262000 | 214000 | 171000 | 152000 | 150000
PS+Cd(L), | 308000 | 208000 | 168000 | 137000 | 92000 | 90000
PS+Sn(L), | 290000 | 187000 | 145000 | 111000 | 69000 | 55000
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350000

300000

X ~ . L

150000 — == PS+Zn(L)2
== PS+Ni(L)2
== PS+Cd(L)2

100000 fe= PS+Sn(L)2

\‘\\&\* @ PS+Cu(L)2
50000 NS
0 T T T T T 1
0 50 100 150 200 250 300

irradiation time
Figure (3.41) Changes in the viscosity average molecular weight during irradiation for PS

and modified PS films

The plot indicates a rapid decrease in (Mv) initially then it slows down,
suggesting that is due to the main chain scission at various locations along the

polymer chain.

The degradation of polystyrene led to decreases in the viscosity because the
degraded polystyrene becomes low molecular weight than undegraded polymer
because degraded polymer undergoes chain scission that decreases the molecular
weight®®,

For better support of this view, the number of average chain scission (S)*%?

was calculated using the following relation: S=My/ My;-1....... (3.5)
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Where (M,,,) and (M, ;) are viscosity—average molecular weight at initial (0) and at

irradiation time (t), respectively.

The plot of S versus time is shown in Figure (3.42). The curve indicates an
increase in the degree of branching such as that might arise from crosslinking
occurrence. It is observed that insoluble material was formed during irradiation,

which provided an additional evidences to the idea that crosslinking does occur.

For randomly distributed weak bond links, which rapidly break in the initial
stages of photodegradation, the degree of deterioration (a) is given as follows:
a=m*S/Mv ......@3.6
Where m is the initial molecular weight. The plot of a as a function of irradiation

time is shown in Figure (3.43).

The values of a of the irradiated samples are higher when additives are absent
(PS blank) and lower in the presence of additives when compared with the
corresponding values of the additive-free PS. In the initial stages of
photodegradation of PS, the value of a increase rapidly with time; these indicators

indicate a random breaking of bonds in the polymer chain*?,
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Table (3.12) Variation of (S) values with irradiation time of PS films thickness (40um)
containing 0.5 % w\w of additives

. Irradiation time (hs.)
Additives
0 50 100 | 150 | 200 | 250
PS (blank) | 0 | 0.710 | 1.304 | 2.360 | 6.788 | 8.216
PS+Ni(L), | 0 |0.381|0.698 | 1.128 | 1.787 | 2.150
PS+Cu(L), | O |0.079|0.337 | 0.497 | 0.778 | 0.841
PS+zZn(L),| O |0.250 | 0.439 | 0.801 | 1.200 | 1.480
PS+Cd(L), | O | 0.480|0.833|1.248 | 2.347 | 3.000
PS+Sn(L), | O | 0.550 | 1.000 | 1.612 | 3.202 | 4.272
9
3 s

\

~

a

5 . == PS

g / = PS+Sn(L)2

8y A e PS+Cd(L)2

£ / / = PS+Ni(L)2

23 e PS+ZN(L)2
// / . 0 PS+Cu(L)2

0 50 100 150 200 250 300
irradiation time

Figure (3.42) Changes in the main chain scission (S) during irradiation for PS and modified
PS films
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Table (3.13) Variation of the (o) value with irradiation time of PS films thickness (40um)
containing 0.5 % w\w of additives

. Irradiation time (hs.)

Additives

0 50 100 | 150 200 250
PS (blank) | 0 | 1.234 |3.004 | 7.587 | 52.807 | 75.724
PS+Ni(L), | 0 | 0.526 |1.170| 2.400 | 4.981 | 6.772
PS+Cu(L), | O | 0.085 |0.450| 0.744 | 1.383 | 1.548
PS+zn(L), | O | 0.293 | 0.631| 1.442 | 2.431 | 3.038
PS+Cd(L), | 0 | 0.710 |1.527 | 2.805 | 7.075 | 10.266
PS+Sn(L), | O | 0.852 |2.000 | 4.211 | 13.457 | 22.525

80
70

. /

/ ——PS

Gl

c

250

©

5 / == PS+Sn(L)2

o

3 40 e PS+Cd(L)2

5 == PS+Ni(L)2

(]

g 30 / == PS+Zn(L)2

(]

o A 0= PS+Cu(L)2
: / /./ .
10 =

0 .M
0 50 100 150 200 250 300

irradiation time

Figure (3.43) Changes in the degree of deterioration (o) during irradiation for PS and
modified PS films
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The degree of polymerization, or DP, is usually defined as the number
of monomeric units in a macromolecule or polymer. For a homopolymer, there is
only one type of monomeric unit and the number average degree of polymerization

IS given by
DP,=X,=M, /M,

Where M, is the number-average molecular weight and M, is the molecular weight

of the monomer unit®,

The plot of 1/Pt versus irradiation time is adopted by Yousif et al.*®*¥ to
1/Pt

means the reciprocal of degree of polymerization. The curve indicates that increase

characterize degradation reaction of polymer as shown in Figure (3.44).

In the inverse of number average degree of polymerization with irradiation time.

Table (3.14) The variation of P; with irradiation time for PS films with 0.5 wt% of
additives, film thickness is (40 um)

ARRITNES | 50 Ir;gglatlonllggn T 500 | 250
PS (blank) | 2078 | 1195 | 902 646 | 267 | 2255
PS+ Ni(L): | 2368.4 | 1714.3 | 1394.7 | 1112.8 | 849.6 | 751.8
PS+ Cu(L), | 235.3 | 2180.4 | 1827 | 1571.4 |1323.3|1278.1
PS+2Zn(L), | 2315.7| 1970 | 1609 | 1285 | 1142 |1127.8
PS + Cd(L), | 2315.7 | 1564 | 1263.1 | 1030 | 691.7 | 676.7
PS+Sn(L), | 2180.4 | 1406 | 1090 | 834.5 | 518.7 | 413.5
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Table (3.15) The variation of 1/P; with irradiation time for PS films with 0.5% w\w of
additives, film thickness is (40 pm)

. Irradiation time
Al 0 50 100 150 | 200 | 250
PS (blank) | 0.0004 | 0.0008 | 0.0011 | 0.0015 | 0.0037 | 0.0044
PS + Ni(L). | 0.0004 | 0.0005 | 0.00071 | 0.00089 | 0.0011 | 0.0013
PS + Cu(L). | 0.00042 | 0.00045 | 0.00054 | 0.00063 | 0.00075 | 0.00078
PS +Zn(L): | 0.00043 | 0.0005 | 0.00062 | 0.00077 | 0.00087 | 0.00095
PS+ Cd(L). | 0.0004 | 0.0006 | 0.00079 | 0.00095 | 0.0013 | 0.0015
PS+3Sn(L), | 0.0004 | 0.0007 | 0.00091 | 0.0011 | 0.0019 | 0.0024
0.005
0.0045
0.004 //
0.0035
. / == PS
= e / —8—PS+Sn(L)2
~0.0025 e PS+C(L)2
0.002 / /. =>4 PS+Ni(L)2
' /l' = PS+Zn(L)2
0.0015 —®—PS+Cu(L)2
0.001
—0
0.0005

0 50 100 150 200 250 300
Irradiation time

(3.44) Changes in the reciprocal of number average of polymerization (1/Pt) during

irradiation for PS films (control) and modified PS films

On the other side, there is another method for characterization degradation

reaction it is measurements of the quantum yield of the chain scission (@)%,
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The quantum vyield for chain scission was calculated for PS films of modified
polymers by using the relation (2-13) in chapter two. The ® values for these

polymers are tabulated in Table (3.16).

Table (3.16) Quantum yield (@) for the chain scission for PS films (40pum) thickness with and
without additives after 200 hrs. irradiation time

Additives Quantum yield
PS (blank) 3.685* 10"
PS + Ni(L), 4.990*10°
PS + Cu(L), 3.380*10°
PS + Zn(L), 4790*10°
PS + Cd(L), 1.147*10*
PS + Sn(L), 1.664* 10"

The ® values for modified PS films are less than that of unmodified PS
(blank).

The explanation of low values of @ is due to that, in large molecule of PS
the energy is absorbed at one site, and then the electronic excitation is distributed
over many bonds so that the probability of a single bond breaking is small, or the

absorbed energy is dissipated by non reactive processes™®® .

Through the overall results obtained, the efficiency of 4-amino-5-(pyridyl)-
4H-1,2,4-triazole-3-thiol complexes as stabilizers for PS films can be arranged
according to the change in the carbonyl, hydroxyl and weight loss measurement
and viscosity average molecular weight as a reference for comparison as shown in
Figure (3.24), (3.25), (3.36) and (3.37):

CU(L)2 > Zn(l_)2 > Nl(l_)2 > Cd(l_)2 > Sn(l_)z > PS
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3.4. Suggested Mechanisms of Photostabilization of PS by 4-
amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol Complexes

The photostabilization of PS with triazole complexes proceeds through the
UV.absorber, radical scavenger and peroxide decomposer mechanisms. These
stabilizers provide very good long term stability and are usually referred to these

mechanisms.

Metal chelate complexes generally known as photostabilizers for poly
olefins through both peroxide decomposer and excited state quencher*¥”, therefore
these Metal chelate complexes are generally known as photostabilizers for PS
through both peroxide decomposer and excited-state quencher. So, it is expected
that these complexes act as peroxide decomposer through the proposed mechanism
(See Scheme 3.3).

/OP
H—O
. N—N\ —
i/ \ N
S
. /
* /A/HZN
/VM

/
/ N
O
= N——N

N/Hz\ M——POO + NH—N\ —
sH—< N

7\ N/ NN\

N \ 7_8 |

— N—N NH,

Scheme (3.3) Suggested mechanism of photostabilization of complexes as peroxide

decomposer
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These metal chelate complexes also function as radical scavengers through
energy transfer and by forming unreactive charge transfer complexes between the
metal chelate and the excited state of the chromophore (POO’) and stabilize

through resonating structures?**as shown in Scheme (3.4):

N—N, —
/ \ N
S_JL\N \ 4
/

/ H,N
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N——¢\ —
4 \ N
S—QN \/
/ ]
,k’HZN
H POO M
HoN
/
N S
N
i\ /
\ / N—/—N

Scheme (3.4) Suggested mechanism of photostabilization of complexes as radical

scavengers
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The ring of triazole in this compound plays an important role in the
mechanism of stabilizing process by acting as UV absorber®3+188:189) The YV [ight
absorption by these additives containing triazole dissipates the UV energy to
harmless heat energy (Scheme 3.5). This mechanism is in agreement with that

reported by Adil et al.**?,

N N——N

44 \\ v /}“_ﬁ;* - // >—+heat
T |

N

Scheme (3.5) Suggested mechanism of photostabilization of triazole as UV. absorber

A number of Nickel chelates of different structure have found industrial
applications for stabilization of polyolefins through peroxide decomposer and
excited state quencher™®. Nickel chelates were also tested for photostabilization
of PS® and PVC™?) |
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3.5. Conclusion

In the work described in this thesis, the photostabilization of polystyrene
(PS) films by using Bis(4-amino-5-(pyridyl)-4H-1,2,4-triazole-3-thiol) complexes

(0.5% wi/w) concentration in PS films have been studied.

These additives behave successfully as photostabilizer for PS films. The
additives take the following order in photostabilization activity according to their

decrease in carbonyl Ico, hydroxyl Ioy, and the weight loss for PS films.
Cu(L),> Zn(L), > Ni(L), > Cd(L), > Sn(L),

These additives stabilize the PS films through UV. absorption or screening,

peroxide decomposer, and radical scavenger mechanisms.
The Cupper complex was found to be the more efficient in photostabilization

process according to the photostability and mechanism mentioned above. This

support to use the Cupper complex as commercial stabilizer for PS.
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3.6. Suggestions for future work,

1. Studying the photoactivity of the additives in other polymers such as PVC,
PVA, LDPE, HDPE and comparing the activity of these additives with PS
blank.

2. Comparing the efficiency of the additives with some commercial stabilizer.
3. One can study the effect of additives in the outdoor weathering.

4. Study the effect of additives in polymer solution.

5. One can study the effect of temperature on the efficiency of the additives.

6. Can also study the effect of substitution of the some groups on the aromatic

rings in the structure of the complexes and study their effect on polymers.

7. Since fixed thickness was used in this presented study, so one can extend the
study by using different films thickness and studying their effect on the

photostabilization process.

8. Can extend the study by using different concentration from additives and

studying their effect on the photostabilization process.
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