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Abstract

Four organotin complexes containing furosemide as a ligand (L), PhsSnL, Me,SnL,,

Bu,SnOHL and Bu,SnL,, were synthesized in alcoholic medium.

These complexes are:

Dimethyltin di-[4-hloro-2-(furan-2-ylmethylamino)-5-sulfamoylbenzoic acid], Me,SnL,
Dibutyltin di-[ 4-chloro-2-(furan-2-ylmethylamino)-5-sulfamoylbenzoic acid], Bu,SnL,
Dibutyltin hydroxy [4-chloro-2-(furan-2-ylmethylamino)-5-sulfamoylbenzoic acid], Bu,SnOHL
Triphenyltin [4-chloro-2-(furan-2-ylmethylamino)-5-sulfamoylbenzoic acid], PhsSnL

The ligand and its organotin complexes were characterized by using: FTIR, UV-visible
spectroscopy, ‘H-NMR, conductivity measurements and melting point. According to the
spectral data of the complexes an octahedral geometry was proposed for the Me,SnL, and

Bu,SnL,, while the Ph3SnL and Bu,SnOhL complex has trigonal bipyramid geometry.

The synthesized organotin complexes (0.5% by weight) were used as additives to
Improve the photostability of
poly(vinyl chloride), (40 um thickness) upon irradiation. The photostabilization of poly(vinyl
chloride) films were studied at room temperature under irradiation of light( A= 313)nm wave
length with light intensity of 7.75*107 Einstein Dm™ Sec™.

The photostabilization activity of organotin(IVV) complexes were determined by
monitoring the hydroxyl (loy) , polyene (Ic=c) and carbonyl (lc-o) indexes, weight loss
method with irradiation time. It was found that carbonyl, polyene and hydroxyl 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 and changes in

viscosity average molecular weight of PVC with irradiation time were also tracked. The
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qguantum vyield of the chain scission (@) of these complexes in PVC films was also

evaluated.

The following trend was obtained for the photostabilization effect on PVC films in

presence of additives as shown below:

Me,SnL, < Bu,SnOHL < Bu,SnL, < Ph;SnL

Increasing the photostability

According to the experimental results obtained several mechanisms were suggested
depending on the structures of the organotin complexes. Among these mechanisms, HCI
scavenging, UV absorption, peroxide decomposer and radical scavenger for photostabilizer

additives.
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INTRODUCTION

INTRODUCTION

1.1 Organotin compounds

Organotins are compounds which have at least one organic substituent linked directly to
the tin atom via the carbon atom of the organic substituent. Organotin(ll) and organotin(IV)
compounds are known since tin has two stable oxidation states, that is +2 and +4. However,
organotin(ll) compounds are not very stable and tends to polymerize rapidly [1,2]. The
organotin(ll) compounds are also easily oxidized to organotin(lV) that is more stable.
Bis(cyclopentadienyl)tin(l1) is the only known stable organotin(ll) derivative. The tin atom

of this organotin(I1) compound is sp? hybridized, with two of the hybrid orbitals involved in

Vo



bonding with cyclopentadienyl ligands and the third containing the unshared pair of

electrons as illustrated in Figure (1.1).

Sn

Figure 1.1 Bis(cyclopentadienyl)tin(11)

Most known tin compounds are derivatives of organotin(lV) due to its stability. In
organotin(I\VV) compounds, sp® hybridization of the valence orbital resulted in tetrahedral
oriented bonds. The four principal classes of organotin(I\VV) compounds are mono-, di-, tri-,
and tetraorganotins, which are represented by R,SnX,.,, where R is any organic group and X

IS anionic residue.

Organotin(lVV) compounds with electronegative groups such as organotin halides or
pseudohalides are prone to use its empty 5d orbital to expand its coordination number
beyond four. Hence, formation of 5-coordinate trigonal bipyramidal sp®d or six-coordinate
octahedral sp®d® coordination geometries are commonly observed in organotin(IV)
complexes. In the case of tetraorganotin compounds, where there is absence of any
electronegative groups, evidence for higher coordination in such compounds are also known.
In particular, if the tetraorganotin contained organic groups with donor substituents such as
3-(2-pyridyl)-2-thiophene. These types of higher than four coordination compounds are
observed in bis[3-(2-pyridyl)-2-thienyl-C,N]diphenyltin(IV), where the intramolecular
coordination of the donor nitrogen atoms to the tin atom resulted in two additional

coordination bonds in the tetraorganotin compounds [3,4].

1.2 Synthesis of tetraorganotin

1.2.1 Grignard method



Tetraalkyls, tetraaryls, tetravinyl and tetraethyltin compounds are prepared in
coordinating solvents such as diethyl ether (Et,0O) or tetranhydrofuran (THF) [5].

SnCl, + 4RMggl ™ R,Sn +4 MgCl,

[R =aryl or alkyl ]

1.2.2 Wurtz method

The reaction of alkyl halide with alkali metal such as sodium, followed by the addition

of stannic chloride also yield the tetraorganotin.
snCl;+4RCl ™5 R,Sn + 8 NaCl

[R=alkyl or aryl]

1.2.3 Aluminium alkyl method

Organoaluminium compounds can be reacted with stannic chloride to produce
tetraorganotin. The reactions are carried out in the absence of solvents. The addition of a

complexing agent such as ether is required for high efficiency [6].
3SnCl,+4 R:Al %25 3R,Sn +4 AICl;
[R=alkyl or aryl]
1.3 Synthesis of mono-, di- and triorganotins

The first organotin derivative which isolated by Frankland some 130 years ago was
diethyltin diiodide. This organotin compound was synthesized by direct synthesis method.

The direct synthesis method was later extended for preparation of other organotin halides



that involves the direct alkylation of metallic tin or tin halides by alkyl halides, in the
presence of suitable catalyst [7].

catalyst

SH=+2R>S R,SnX,

[R=alkyl or aryl]

The direct synthesis may be carried out in the absence of a catalyst. The reaction of
benzyl chloride with tin powder represents an example, in which the toluene or water used as
the solvent to gave good vyield of dibenzyltin chloride. and tribenzyltin chloride [8],

respectively.

PhMe

2 BLCJL&'] BZzanIZ

3BzCl+2§n ™°  BzySnCl +SnCl,

3Bz,SnClL+sn ™° 2 BzSnCl +2 SnCl,

The conventional method of preparing tri-, di- and monoorganotins is by the
comproportionation reaction of tetraorganotins using different stoichiometric amounts of
stannic chloride.

3 RsSn—=+SX, 4 R3SnX
R4SN—=+-3SR>%, 2 R,SnX,
R4Sn +3-SAX, 4 RSnX;

[R=alkyl or aryl]

The organotin halides particularly triorganotin halides, R;SnX and diorganotin halides,
R,SnX; can be easily converted to organotin hydroxides and oxides by base hydrolysis using
sodium hydroxide or ammonium hydroxide.

R3SnX+ OH® ——>R3SnOH + X

YA



R,SnX, + OH R,SnO + 2X°
_— >

[R=alkyl or aryl]
1.4 Organotin structures and bonding

Both the Sn(ll) and Sn(1V) state are stable. The Sn(ll) state uses mainly the 5p orbitals
for bonding leaving the unshared singlet pair in the largely 5s state, with a little p character
SnX, is compound shown in figure (1.2) (1, the stannylenes) with XSnX angle of about 90-
100°. These compound are most stable when there are strongle electron-attracting ligands,
which make loss of the remaining electron pair more difficult (e.g. :SnF,, :SnCl,), or when
the ligands X are very bulky, and sterically protect the tin against further ligation (e.g.
:SN[N(SiMe3),],).  Otherwise, oxidation readily occurs to the Sn(1V) state, where the tin is

sp®hybridized and the SnX, (4, stannane) molecule has tetrahedral geometry.

However, both the stannylenes and stannanes have vacant 5d orbitals, which can accept
one or more further ligands. The stannylenes readily form the trigonal pyramid sp®
complexes :SnX3 (2), and the seesaw sp>d complexes :SnX, (3), and the stannens form the
trigonal bipyramidal spd complexes SnXs (5) or octahedral SP*d* complexes SnX; (6). All of

these may carry charges corresponding to the charge of the new ligands X [9].




1 (sp%) 2 (sp%) 3 (sp’d)

Structures of Sn(II) compounds

f X
L X//"'s X R
won n—-— w
XWUN, X - | x| x
X X X
(4) sp° (5) Sp°d (6) spd®

Structures of Sn(IV) compounds

Figure 1.2 Proposed structure of organotin(IV) compounds.

1.5 Application of Organotin Compounds

The synthesis, characterization and structural study of organotin(lV) complexes have
been well-known. These procedures was established and documented since the first
organotin(lVV) compound was successfully isolated in 1850s. The interest and application of
organotin(lV) carboxylate complexes have also received considerable attention as these
complexes display a large array of applications in industries as catalysts, antifouling agents,

wood preservatives, crop protection agents, etc. [10].

1.5.1 Biological Application of Organotin Compounds

The use of organotin(lV) carboxylates for any specific biological activity is related to the
nature and number of organic groups R directly attached to the tin atom and carboxylate
groups attached to the tin atom through Sn-O bonds. These factors decide the effectiveness
of organotin(IVV) compounds for required purposes. The nature of the R group decides its site
of attack for organotin(IV), binding to the different locations in the body, e.g. carbohydrates,
nucleic acid derivatives, amino acids [11] and to proteins.

The presence of hetero atoms such as N, O or S in the ligand play a key role in the

geometry, and thus effect the biological activity of these complexes [12]. Higher biological



activity of organotin(l\VV) compounds encourage their applications in pharmaceutical. Some

of the biological applications are discussed below.

(I) Pharmaceutical Applications

Metal ions have a significant role in various physicochemical processes that take place in
the living body and they are known for their metallopharmaceutical applications.
Organotin(lVV) compounds are used as potential biologically agent against various diseases
[13,14]. Study of organotin(lV) activity and their mode of effect by interaction with different
parts like ATPase and hemoglobin’s are a model for studying interactions of drugs with the
human body [15].

The synthesis of organotin(IVV) complexes with new ligands and different coordination
geometries are attempt to develop new drugs for different purposes. Potential biological
activities of organotin(IVV) compounds encouraged their applications in the fields of

veterinary science, antibacterial, antifungal, antitumour and antimalarial [16] agents.

(I) Antifouling agents

Organotin(1V) compounds, particularly tributyltin (TBT), are used as a part of paint to
protect the underwater surface of ships against the attack of microorganism. The ship without
this paint causes higher fuel consumption, premature dry docking, and raise the cost of

cleaning due to increase weight and roughness of the hull [17].

(IIT) Wood protection

Insects, fungi and bacteria decompose the cellulose of wood. Tributyltin(IVV) complexes
show potential biological activities against microorganism (fungi and bacteria), which are
used for treatment and preservations of wood. In this approach the wood is treated with

organotin(lVV) compounds in a vacuum. Releasing the vacuum result in a flow of

Y



organotin(lV) into the wood in which the organotin(l1\VV) compound is attached with terminal

OH groups of cellulose preventing the damage of wood by microorganisms [18].

(IV) Antiviral agents

Organotin(lIV) compounds can be applied as metal-based drugs used for the treatment of
tumor and some compounds show a higher activity than cis-platin. This encourage scientists
to make attempts for designing tin based drugs having good activity and low toxicity for
cancer chemotherapy, due to their apoptotic inducing character, which is linked to the
inhibition of mitochondrial oxidative phosphorylation. There are a number of reviews
available that dealing with potential anti-tumor application of organotin(l\VV) compounds
[19]. The diorganotin(IVV) complexes against tumor is geometry based as their coordination
to target site depends on their geometry. The anticancer of drugs can be evaluated by their
ability of hydrolysis in a suitable medium. Drug molecules produce cis-configuration with at
least two water molecules and have both hydrophobic and hydrophilic groups. Both the
anticancer complex and its active intermediate species should be polar. The metal should be
capable of bonding with DNA. Organotin(IVV) compounds fulfilled all the above cited rules
and show activity by changing the gene sequence in the DNA [20].

1.5.2 Non-biological applications

Organotin(lV) compounds have wide ranging industrial and synthetic applications,
which attract the interest of scientists to develop methods that meet the increasing demands

in production.

(I) As a PVC stabilizer

One important uses of organotin(IVV) compounds is to stabilize PVVC at high temperatures.
During its processing at higher temperatures, HCI is eliminated that catalyses further
elimination and generating conjugated polyene as an end product. This also causes changes
of color and the physical state of the resin. Organotin(IV) stabilizers are good oxidation

catalysts and they fulfill all the requirements necessary for an ideal stabilizer [21,22].
AR



(II) Catalytic activity

Mono and diorganotin(IVV) compounds possess outstanding catalytic activities because of
the bonding capability of lone pair electrons on tin [22]. They are utilizing in the field of
chemical synthesis. In chemical synthesis, the organotin(IVV) compounds are used as catalysts
for the esterification and transesterification. The tin-based catalysts show no decomposition
at high temperatures. Organotin(IV) based catalysts are used for the formation of various

types of polymers, which are used for coating purposes [23].

(111) Glass coating

Organotin(lV) halides are used to form electrically conductive thin films on the surface of
glass by using Atmospheric Pressure Chemical Vapor Deposition (AP-CVD) technique [24]
due to its economical reason and wide range commercial applications. Tin chloride is used as

a precursor for the formation of transparent conductive oxide (TCO) films.
SnCl, + 2H,0 —Sn0O, + 4HCI

The coatings of 10 nm thickness provide strength, thermal stability and resistance to
oxidation. Coated glass is used in deicing wind shield screens, security glass, or display
systems [25]. This is due to their low electrical resistance and high resistance to chemicals.
TCO film also control the loss of heat through glass, which is due to the metal oxide film
deposition on glass surface. Coating also acts as a p-type or n-type semiconductor or

conductor.

1.7 Poly(vinyl chloride)

Poly(vinyl chloride) (PVC) has unique physical and mechanical properties and it is
widely utilized as a thermoplastic material [26]. PVC polymeric materials come next to
polyolefins in terms of global production and consumption [27]. It has various outdoor

applications, mainly in construction materials [28-30].

PVC however, undergoes photochemical degradation when exposed to sunlight or high
temperatures for long periods of time [31]. This photodegradation process can lead to

changes in the mechanical and physical properties of PVC [32]. Conjugated double bonds
AR



could be formed within PVC chains due to dehydrochlorination. This process commonly
takes place due to the presence of impurities and/or defects produced within the polymeric
chains during synthesis [34]. Cross-linking and a reduction in the average molecular weight
also occur within PVVC chains due to photodegradation processes [31-33]. The poor stability
of PVC hinders its use in outdoor applications. Therefore it is important to photostabilize

PVC to enable its uses in harsh conditions such as high temperatures.

Commercial stabilizers such as plasticizers can be used to enhance photostability of
PVC . Photostabilizers including Schiff base complexes [35-37], aromatics [38,39] and
heterocycles [40-42] have been used in various studies in order to increase PVC
photostability. Other additives include inorganic salts and metal complexes are also common
for this application [43-45].

Organotin complexes can be used in a variety of different applications. The
diorganotin(lIV) additives containing benzamidoacetic acid have been used to stabilize PVC
[46]. In this work, we report the use of di- and triorganotin(IVV) complexes containing
furosemide as photostabilizers for PVC as part of our general interest in the field of

polymeric materials [47-51].

1.7.1 Production of Poly(vinyl chloride)

PVC is fabricated using three different procedures: suspension, bulk or mass and
emulsion polymerization. The suspension process, however, grasps 80% of all commercial
productions of PVC [52]. Polymerization of VCM occurs according to a free radical addition
process, which includes initiation, propagation, chain transfer to monomer and bimolecular

termination steps [53], (Scheme 1.1).
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Decomposition initiator: | ——>= 2R

Initiation monomer: R 4 H,C=CHCI ——= R-CHy-CHCI
Propagation: R-CH;CHCI 4 nH,C=CHCl — R(—CHZ-CHCI?H-CHZ-CHCI
Chain transfer to monomer: YVVCH,-CHCI 4+ H,C=CHCI ~——== YYVCH,-CH,Cl + H,C=CCl
VV'CH=CHCI + H,C-CHCI
(IJI (IZI
Termination: 2 YYVCH,-CHCI  ———= vV CHyCH-CH2-CHYWVWW»

(combination of radicals)

"V"CHz-CHZCI + VVCH=CHCI
(disproportionation)

YVUVCH,-CHCI + R ———= YV CH,-CHCI-R

(combination with primary radical)

Scheme 1.1 VCM polymerization

The general reaction describing the PVC polymerization is appeared in Figure (1.3)

H Cl
n \C=C/
/ AN
H H
vinyl chloride

$ Polymerization

H

I
C_

n = avery large integer

II—O—0

H n

Poly(vinyl chloride) or PVC

Figure 1.3 PVC formation
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1.7.2 Uses of poly(vinyl chloride)

The low generation costs and the great versatility of vinyl chloride polymers are the two
main reasons for their large share on the plastic market. The good performance of poly(vinyl
chloride) products have increased the utilization of this polymer in building, mainly in
exterior applications, such as window profiles, cladding structure and siding [54]. The
polymer can be converted into wide range of different products exhibiting an extremely
many properties both physical and chemical by using modifying agents, such as plasticizers,

fillers and stabilizers [55].

PVC compositions have succeeded in materials such as rubber, metals, wood, leather,

textiles, conventional paints and coatings, ceramics, glass.

In North America, PVC is mainly used for pipes and sidings, while in Europe and Asia,
most use is for pipes and window frames. Builders in Japan have begun to use more PVC
windows, in part because of their superior insulating properties to reduce heating and cooling
costs. Demand in using PVC is growing strongly in China for construction materials as well
as consumer goods. Flexible PVC is used for film and sheet, wire and cable insulation,

floorcoverings, synthetic leather products, coatings and many other consumer goods.

m Western Europe m Central Europe and CIS m North America
M South America M Northeast Asia m Other Asia

= Africa/Middel East

Figurel.4 World consumption of poly(vinyl chloride) in 2007.
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1.7.3 Degradation of poly(vinyl chloride)

There is an abundant interest at present in the photodegradation of polymeric systems,
and this is reflected in the great number of research papers and other scientific publications
that show up each year in this area. A main reason for this interest is that macromolecular
materials have progressively wide commercial applications where outdoor toughness is an
Important consideration. In this context, all commercial organic polymers will break down in
air when exposed to sunlight, although there is a very wide range of photo-oxidative
sensibilities. It is usually the absorption of near ultraviolet (UV) wavelengths which leads to
bond-breaking reactions and the concomitant loss of useful physical properties and/or

discoloration [56].

Under UV light, and within the presence of oxygen and moisture, P\VC undergoes a fast
dehydrochlorination and peroxidation process with the formation of polyenes. Degradation
also causes a severe change in the mechanical properties of the polymer, which is
accompanied by a decrease or increase in its average molecular weight as a consequence of

either chain scission or crosslinking of the polymer molecules, respectively [57].

1.8 Factors that lead to the photodegradation

Generally, numerous variables are in charge of bringing about photodegradation of

polymeric materials. They might be divided into two classifications [58].

I) Internal impurities, which might contain chromophoric groups that are brought into

macromolecules during polymerization handling and storage; they include:
a- Hydroperoxide (H,0,).

b- Unsaturated bonds (C=C).

c- Catalyst residue.

d- Carbonyl
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I1) External impurities, which might contain chromophoric groups, are:
a- Traces of solvents, catalyst, ....... etc.

b- Compounds from urban environment and exhaust cloud, e.g. polynuclear hydrocarbons

such as naphthalene and anthracene in polypropylene and polybutadiene.
c- Additives (dyes, pigment, thermal stabilizers, photostabilizers, ..... etc.).

d- Traces of metals and metal oxides from preparing hardware and containers, such as Fe, Ni

or Cr.

1.9 Types of polymers degradation

The degradation of polymers usually start 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. The overall light-initiated process
in the presence of oxygen generally is referred to as oxidative photodegradation or
photooxidation. A pure thermal effect in possible because oxygen is always present and

so the process is thermaloxidative degradation [59].

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:

1.9.1 Chemical degradation

Chemical degradation indicates exclusively to processes, which involved under the
influence of chemical reagent (e.g. bases, acids, solvents gases, etc.) [60].
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1.9.2 Thermal degradation

Thermal degradation is an ideal degradation situation for commercial polymer products in
addition to industrial products. The thermal degradation divided into two classes; the thermal
degradation in the absence of oxygen (thermal decomposition) and the thermal degradation
in the presence of oxygen (thermal oxidation). The principle reason of thermal

decomposition was the high temperature influence on the polymer [61].

1.9.3 Mechanical degradation

Generally indicate to macroscopic effects brought about under the effect of shear forces.

These forces lead to the formation of macro radicals as follows:

T T

Polymer chain Macro free radical

Such radicals could recombine in the absence of oxygen. In the presence of oxygen
peroxy radicals can be created, which result in the degradation of polymeric chains [62].

—¢c + 0, ——= —c—o0—o0

1.9.4 Biological degradation

The polymer product utilized in outdoor circumstances is exposed to environmental
bacteria and a part of polymer material was biodegradable because of the chemical structure
as formerly described. Microorganisms produce diffrent of enzymes which are able to react

with natural and synthetic polymers [63].

1.9.5 Radiolytic degradation

When polymers are exposed to high energy radiation (e.g. gamma radiation) changes are
occurred on their molecular structure, fundamentally chain scission, which leads to reduction

in molar mass [64].
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1.9.6 Photodegradation

Photodegradation is degradation of a photodegradable molecule occurred by the photon
absorption. In particularly those wavelengths found in solar light, such as infrared radiation,
ultraviolet light, and visible light. So, other forms of electromagnetic radiation could lead to
photodegradation. Photodegradation involves photodissociation, the separate of molecules
into smaller pieces by photons. It also involves the change of a molecular shape to make it
irreversibly change, such as the denaturing of proteins, and the addition of other atoms or

molecules [65].

Light - stimulate polymer degradation, or photodegradation, involves the physical and
chemical changes occurred by irradiation of polymers with ultraviolet or visible light. In
order to be effective, light should be absorbed by the polymeric material. Thus, the presence
of chromophoric groups in the macromolecules is a prerequisite for the initiation of any

photochemical reaction [66].

Photodegradation could happen in the absence of oxygen (chain breaking or cross-
linking) and the existence of oxygen (photooxidative) degradation. The photooxidative
degradation process is occurred by UV radiation and other catalysts, and also can be

accelerated at elevated temperatures.

1.10 Polymer Oxidation

The degradation operation of the different types of polymer possess specific mechanisms
and depend on both the major macromolecular chain nature, structure and on the chemical
origin of the branched groups. It is outstanding for the oxidation of polyolefins or rubber
(natural and some synthetic types) that peroxy and the hydroperoxides radicals are
intermediates in a chain mechanism. In the case of the halogenated polymers, the
dehydrohalogenation is the first reaction stage followed by the thermal oxidation. Whereas
for the polyamides or cellulose the oxidation take place by hydroperoxides within a short

chain mechanism. [67].

The polymer degradation is brought on by two primary classes of factors, physical

factors: light, heat, mechanical processing, ionizing radiation, ultrasonic...etc.;
Al



Chemical factors: ozone, oxygen, chemicals, polymerization catalysts.... etc.

Also these degradation processes will be approached together with the polymer preservation

methods, as shown in Figure (1.5)

Temperaiure Mechanical _—— Chain hreaking
\,‘ J,x" siress / antioxidant
RH y ~ L = RH
hoto- \"- ——. Anfirad
photo-» 7 agent 0
stabiliser Z\ ;2
hv (W) lonising .wj \
radiation 'ﬁ'-.
RO RO %
-~ T |
Y- -~
x’"j ~a |  Elevated
=>C=0+ ROH ROOH + R tev:reratures
ROCH = I
—
Secondary anfiodant o T OO Hy0

Figure 1.5 Oxidation of polymers and routes for their preservation

1.10.1 Therml-Oxidation

The thermal-oxidation (or thermo-oxidation) of the macromolecular materials is defined
as their thermally initiated reaction with the molecular oxygen. The general planner of the
polymers therml-oxidation indicates the radical character of the process [68], see figure
(1.6).

R Initiation R. C'_-,-'C|II3.
propagation

ROOH FH

Figure 1.6 Therml-oxidation process in a polymeric material.
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The therml-oxidation of a hydrocarbon polymer begins with a H atom extraction by
excited oxygen or a radical. The organic radical created reacts with the polymer prompting a
peroxy radical and further to a hydroperoxide accompanied by a macromolecular radical, and
thus propagates the chain reaction process:

R-H+1"—> R +IH [Initiation (1.1)

R" + O, —» ROO’ Propagation (1.2)
ROO’ +RH — ROOH + R’

The major reaction incharge of the chain termination reactions is the peroxy radical

recombination:

Ha /o—o\ |
e A o . N—o + —cH (1.3)
2 c‘ 00 \ OI/ /c o |

—CH OH

The unstable hydroperoxides is shown in reaction 1.2, which decomposes as appeared

below:
ROOH — R’ + HOO°® (1.4)
ROOH — RO™ + HO® (1.5)

The alcoxy radicals from the reaction step 1.5 might react with the present hydroperoxides

promoting alcohols and peroxy radicals:
ROOH + RO® — ROO"+ ROH (1.6)

To be seen that the free radicals R™ react in (1.2) and (1.4) with hydroperoxides and/or

molecular oxygen in this manner starting new response chains.

The initiating reaction is very important in the therml-oxidation process. If the H is
bonded to a benzyl, tertiary or allyl type carbon atom, its extraction is simpler compared

with that attaching to a primary or secondary type atom carbon. This explains the marked
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propensity towards oxidation of the diene type polymers and in addition of the unsaturated

polyesters and the higher stability of the linear polyolefins.

The therml-oxidation at ambient temperature (auto-oxidation) was considered by Bolland
and Gee beginning from the hydrocarbon oxidation and reached out to polyolefins [69], as
demonstrated as follows (1.7) - (1.19):

Intiation steps

RH — >R +H’ (1.7)
ROOH — s RO’ +HO’ (1.8)
2ROOH ——> ROO" + RO™ + H,0 (1.9)
ROOH + M™ — s RO" + M™Y* oH (1.10)
ROOH + M™Y* _5 ROO™ + M™ + H* (1.12)
Propagation
R +0, —> ROO’ (1.12)
ROO'+RH ——> ROOH +R’ (1.13)
Transfer
RO+ RH ——> ROH +R’ (1.14)
HO'+RH —>H,0 + R’ (1.15)
Termination
2R" —> R—R (1.16)
ROO"+ R"™———>ROOR (1.17)
2RO0° «——> ROOOOR (1.18)
ROOOOR — > ROH + R"R"C=0 + O, (1.19)

The stability of polymeric material towards thermal oxidation depends upon the C-H
bonds strength, the crystallinity point, the presence of substituents, the catalysts traces and

heteroatoms.

1.10.2 Photo-Oxidation
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The sun energy is an essential physical degradation factor for polymers and elastomers.
The joined effect of the sun light and of the oxygen may result in discoloration, modification,
scission and/or crosslinking. Appearance of oxygenated chemical groups that reduced the
electrical properties [70].

The photo-oxidation mechanisms, the incident photons in UV-visible spectral range
resulted in excited molecular species that involving excited molecular oxygen. The
photochemical reactions are chain reactions, that based on three types of different
photophysical operations: fluorescence, internal energy conversion and phosphorescence
(intermolecular energy transfer). The molecular excited oxygen (oxygen singlet, ;0% is
included in numerous reactions because of its high reactivity. The resulted chemical species

relied on the chemical nature of the material, environmental conditions and temperature.

The initiation reaction rate is higher in comparsion to the thermal oxidation initiation rate.
The essential kinetic mechanism is similar to the therml-oxidation [71], reactions (1.7) —
(1.19). The variance consists in a variant mechanism of the initiation step, as shown in the
reaction (1.20) [72]:

ROOH 7
\C:O - hv > R, RO’ ) RO.Z (120)
/

RH.... O,
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1.11 Aim of the present work

The aims of the present research are:

I- Synthesis and characterization of Di- and Triorganotin(IVV) complexes with furosemide as

a ligand.

Ii- Evaluation the photostabilization activity of these organotin(IVV) complexes by UV light

in the presence poly(vinyl chloride) polymer.



Chapter Two
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2. EXPERIMENTAL PART

2.1 Chemicals

All reagents, starting materials and solvents used in this work were of highest purity

available and used without any further purification as shown in Table 2.1.

Table 2.1 Chemicals used in the experimental work, their purity and the companies suppliers

No. Compound Formula M.wt. State Purity Company
1 Furosemide C12H11CIN,O5S 330.74 solid 92% Scharlau
2 Ethanol CH;CH,OH 46.07 liquid 99% Scharlau
3 Tetrahydrofuran C4HsO 7211 liquid 99.5% Romil
4 PVC (C2HCl), (62.5), solid 97% BDH
5 Methanol CH;0OH 32.4 liquid 99% GCC
6 Triphenyltin chloride CisH15CISn 385.46 Solid 97% Fluka
7 Dibutyltin oxide CsH150Sn 248.92 Solid 97% Fluka

v




8 di-n-butyltin dichloride CsH1SNCl, 303.84 Solid 97% Alfa Aesar

9 Dimethyltin dichloride C,H¢SnCl, 219.67 Solid 95% Fluka

10 DMSO C,H¢OS 78.13 liquid 98% BDH

2.2 Instruments

2.2.1 Melting point

Melting point apparatus of Electro thermal capillary, was used to measure melting points
of all prepared compounds. The measurements were carried out in the laboratories of the

Chemistry Department /College of Science /Al-Nahrain University.
2.2.2 Fourier Transform Infrared Spectroscopy (FT-IR)

FTIR spectra were recorded using FTIR 8300 Shimadzu spectrophotometer as KBr disc
in the frequency range of (400-4000) cm™. The spectra were recorded in the

laboratories of 1bn Sina State Company.
2.2.3 Ultraviolet-Visible Spectroscopy (UV-VIS)

The ultraviolet-visible (UV-VIS) spectra were recorded using Shimadzu UV-VIS. 160 A-

Ultra-Violet spectrophotometer using (1.0 cm) quartz cell at room temperature in the range
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of wavelength (200-600) nm. All the prepared compounds were dissolved in DMF. These
were carried out in the laboratories of Chemistry Department / College of Science / Al-

Nahrain University.
2.2.4 Conductivity measurements

The conductivity measurements were obtained using WTW conductometer at (25 °C)
with concentration of 10° M. All the prepared complexes were dissolved in ethanol. These
were carried out in the laboratories of Chemistry Department / College of Science / Al-

Nahrain University.
2.2.5 Nuclear Magnetic Resonance (NMR)

The spectra of "H-NMR was recorded on a Bruker spectrophotometer model ultra-shield
at 300 MHz using deuterated DMSO-d6 as a solvent and tetramethylsilane, TMS as an
internal standard. The measurement were carried out in the AL-Bait University/ Amman,

Jordan.
2.2.6 Metal analysis

The metal percentage of the complexes were determined using atomic absorption
technique type Shimadzu Atomic Absorption 680 Flame Spectrophotometer. These were
carried out in the laboratories of Ibn Sina State Company.

2.2.7 Elemental analysis (CHNS)

The elemental microanalyses (CHNS) for the prepared compounds were determined
using EM-017mth instrument. These were carried out in the Chemistry Department/ College

of Science /Al-Nahrain university.
2.2.8 Microscope and atomic force microscopy (AFM)

Surface topography of samples were analyzed by Atomic Force Microscopy (AFM)
(Veeco, USA), and using microscope (MEIJI TECHNO microscope, Japan), in the
Chemistry Department / College of Science / Al-Nahrain University.
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2.3 Synthesis of organotin(IV) complexes

2.3.1 synthesis of triphenyltin (IV) complexe

Triphenyltin (1V) and dibutyltin hydroxide complexes were synthesized by dissolving the
free ligand (0.33 gm,1 mmol) in methanol (15 ml) and adding drop wise a methanolic
solution of PhsSnCl (0.385gm, 1 mmol) or Bu,SnO (0.25 gm,1mmol) with stirring. The
resulting solution was stirred at room temperature for 10 min and then refluxed for 6 h. It
was filtered and the volatiles were removed in vacuum, which on recrystallization from

methanol afforded a white powder.

2.3.2 synthesis of diorganotin (IV) complexes

The free ligand (0.66 gm, 2 mmol) dissolved in 20 ml of methanol was slowly added,
with constant stirring, to methanolic solution of Me,SnCl, or Bu,SnCl, (0.22gm and
0.31gm, 1 mmol) respectively. The mixture was refluxed for 8 h. The resulting solution was
filtered and concentrated in vacuum. Which on recrystallization from methanol gave a white

to pale yellow powder.

2.4 Experimental Technique

2.4.1 Films preparation [73]

The polymer matrix used in this study was PVC (K value = 67, degree of polymerization
= 800) supplied by Petkim (Turkey). It was re-precipitated from THF solution by alcohol
several times and finally dried under vacuum at room temperature for 24 h. Fixed

concentrations of polyvinyl chloride solution (5 g/100 ml) in tetrahydrofuran were used to
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prepare polymer films with 40 pum thickness (measured by a micrometer type 2610 A,
Germany). The prepared complexes (0.5% concentrations) were added to the films starting at
0 concentrations (control). The films were prepared by evaporation technique at room
temperature for 24 h. To remove the possible residual of tetranydrofuran solvent.

2.4.2 Incident Light Intensity Measurement

The intensity of the incident light (I,) was measured by the use of potassium ferrioxalate
actenometer methods as described by Hatchard and Parker [74]. The actenometer solution (6
x 10° M) was prepared by dissolving (3.00 gm) of Kj[Fe(C,04)s].3H,0 in (800 ml) of
distilled water, (100 ml) of (1 N) H,SO,4was added and the whole solution was dilute to one
liter with distilled water. The actenometer solution absorbed 100% of incident light at A= 510

nm.

The light intensity measurement involves irradiation of the actenometer solution for
known period of time (3 mins); ferrous ion concentration was estimated
spectrophotometrically using 1-10-phenathroline (0.1 %) as complexing agent. According to
the Hatchard and Parker [74], Ferric ions are reduced to Ferrous ions:

—Fe Fe? i, (2.1)

Thus the phenathroline complex is formed with Fe**, which strongly absorbed at 510 nm.
For Fe** formation (Equation 2.1), the quantum yield (Q) is equal 1.24 [75]. Therefore the
intensity of light can be calculated after a calibration curve for Fe** was obtained using the

following solution:

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

1. 0.1% w/v phenanthroline monohydrate in water

1ii. Buffer solution was prepared from mixing (600 ml) 1IN CH;COONa and (360 ml) of 1N
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,

€y



c- (10 ml) of 0.1 N H,SO4and diluting the whole solution to (25 ml) with distilled water.

The volumetric flasks were covered with aluminum foil, kept in the dark for (30 min).
Then the optical densities at A=510 nm were measured. The plot of optical density versus
Ferrous ion concentration was a straight line. The slope gave the extinction coefficient of
FeSO, solution, which is equal (¢ = 1.112 X 10* L. mol™* cm™).

1.6 -
14 -
1.2 -

0.8 -

Abs.

0.6 -
0.4 -
0.2 -

0 5 10 15 20 25 30 35 40
Conc. (ppm)

Figure 2.1 Calibration curve

In order to determine the light intensity, (3 ml) of actenometer solution was irradiated. A
stream of Nitrogen bubble stirred the solution to exclude the dissolved oxygen gas. The cell
was irradiated in the same position used for irradiation samples. After illumination, (1 ml) of
irradiated solution was transferred to (25 ml), volumetric flask, (2 ml) of phenanthroline
solution and (0.5 ml) of buffer solution then the flask was diluted to (25 ml) with distilled

water.

Blank solution was made by mixing 1ml of unirradiated mixture of ferrioxalate solution
with other components. The potassium was left in the dark for (30 min). and then the optical
density at (A=510 nm.) was measured. The intensity of incident light was calculated using the

following relation [76]:

_AxV, x107 x V,

I 3 einstein dm ™ sec™ s (2.2)
QyxexV, xt
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l,= Intensity of incident light

A= Absorbance at A= 510

V1= Initial volume

V,= Volume used of irradiation solution

V3= Final volume (25 ml)

Q,= Quantum yield (1.24)

e= Molar extinction coefficient (slope of calibration curve)

t= Irradiation time in seconds
2.4.3 Accelerated testing technique

Accelerated weatherometer Q.U.V. tester (Philips, Germany), was used for irradiation of
PVC films. These lamps are of the type (UV-B 313) giving wavelength range between (290
to 360 nm) and the maximum wavelength light intensity is at (313 nm). 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 25 cm. The irradiation samples were changed place from time to time to insure

homogeneous intensity of incident radiation on all the samples

2.5 Method of Evaluation of the Stabilizing Efficiency

2.5.1 Measuring the photodegradation rate of polymer films using infrared

spectrophotometry

The degree of photodegradation of polymer film samples was followed by monitoring
FTIR spectra in the range 4000- 400 cm™ using FTIR 8300 Shimadzu Spectrophotometer.
The position of carbonyl absorption is specified at 1722 cm™, polyene group at 1602 cm™
and the hydroxyl group at 3500 cm™ [77]. The progress of photodegradation during different

irradiation times was followed by observing the changes in carbonyl and polyene peaks.
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Then carbonyl (l.,), polyene (l,,) and hydroxyl (lon) indices were calculated by comparison
of the FTIR absorption peak at 1722, 1602 and 3500 cm™with reference peak at 1328 cm’
Lattributed to oscillating and bending of CH, group, respectively. This method is called band
index method [78].

| = As (2.3)
A

As = absorbance of peak under study; Ar = absorbance of reference peak; Is = index of group

under study.

The absorbance (A) is calculated from the recordered percentage transmittance (%T) using
Beer-Lambent law as in the following equation. (2.4):

A =1og(100/%T)
A =1ogl00 —log%T ;............... (2.4)
A =2-log%T

Actual absorbance, the difference between the absorbance of top peak and the baseline

(Top peak — Baseline) is calculated using the baseline method [79].

2.5.2 Measuring the photodegradation rate of polymer films using Ultraviolet-

Visible spectrophotometer [S0].

A Shimadzu UV-Vis 160A-Ultraviolet Spectrophotometer (Shimadzu Cooperation,
Kyoto, Japan) was used to measure the changes in the UV-visible spectra of PVC films
during irradiation (Amax = 313 nm). The photodecomposition rate constant (kd) of PVC

films were calculated using Equation (2.5).

Inla—x)=ma—kgt ................... (2.5)
Where,a = Ay — Aw, x = Ay — A
a = stabilizer concentration before irradiation and x = change in stabilizer concentration
after irradiation time (t) as shown in Equation (2.6).

A, = the absorption intensity of the PVC at ty, A, = the absorption intensity at t,, and A; =
the absorption intensity after irradiation time t.
a—x=Ayg—Aw— Ag+A;r = Ay —Ap v (2.6)



Equation (2.7) was obtained by substituting a — x in Equation (2.5) by its value in Equation
(2.6)
In(A; —Ax) =n(Ag —A,) — kgt oo, (2.7)

The plot of In(A; — A,,) versus irradiation time (t) gives straight line in which the slope

equal kq. The photodecomposition of PVC follows a first order Kinetics.
2.5.3 Measuring the photodegradation by weight loss [81].

The stabilizing potency of the stabilizer was determined by measuring the weight-loss
percentage of photodegraded PVC films in absence and in presence of additives.The weight

loss measurements were carried out according to the following equation;
Weight loss % = (W, -W, /W) 100 .............. (2.8)

Where W, is the weight of the original sample (before irradiation) and W, is the weight of

sample after irradiation.

2.5.4 Determination of viscosity average molecular weight Mo

using viscometry method

Viscosity property was used to determine the average molecular weight of PVC polymer
using the Mark—Houwink relation. PVC films with and without additives were calculated
from intrinsic viscosities measured in the THF solution at 25 °C with an Ostwald U tube

viscometer. Egs. (2.9) and (2.10) were used to deduce the molecular weight [82].

[n]=KMZ..................(2.9)

[77]2(\/5 /c) (nsp — lnr)re)l/2 .................... (2.10)

M,, = is the molecular weight of polymer, o and k are the constants that depend upon the
polymer solvent system at a particle temperature, 1 is the intrinsic viscosity and C is the

concentration of the polymer solution.
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Solutions were made by dissolving the polymer in a THF solvent, g/100 ml; the flow
times of the polymer solution and pure solvent are t and t, respectively. Specific viscosity ng,
was calculated as follows Eqgs. (2.11) and (2.12).

1 = Relative viscosity.

By applying equation (2.10), the molecular weight of degraded and undegraded polymer
can be calculated. Molecular weights of PVC with and without additives were calculated

from intrinsic viscosities measured in THF solution using the following equation;

[7] = 4.17 x 1074 My"°........ (2.13)

The quantum yield of main chain scission (®,) was calculated from viscosity

measurement using the following relation [83].

Pes= (CNulM0) | ([n61/ 1) /e = 1| /It (2.14)
Where:

C = concentration.

Na = 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®.

Iy = Incident intensity

t = Irradiation time in second.

2.5.5 Measuring the Photodegradation by Morphology Study [84]

Microscope and Atomic Force Microscopy (AFM) were used to determine the

morphology of the sample surfaces before and after 300 hour irradiation time. This device
1



was used to provide information concerning polymer morphology and to obderved changes

on the studied surface.
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Chapter Three

Synthesis and characterization of organotin complexes

Four organotin complexes, PhsSnL, Me,SnL,, Bu,SnL, and Bu,SnOHL, were
synthesized from reactions between diorganotin dichlorides, triorganotin chloride or
diorganotin oxide with furosemide as a ligand (L) in methanol under reflux conditions for 6—
8 h (Schemes 1, 2 and 3). In the case of Ph;SnL and Bu,SnOHL a 1:1 molar ratio of L and
Ph3;SnCl or Bu,SnO was used, while, a 2:1 molar ratio of L and R,SnCl, (R = Me, Bu) was
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used for the production of Me,SnL, and Bu,SnL,. The structures of Sn(IVV) complexes were

characterized by elemental analysis and various spectroscopic methods.

0
Ph, /Ph /’@
7\ w ph—Sh=N_"H
N cl o/
0 MeOH

O +PhsSncl — = Cl' + Hel
HO S// reflux, 6 h 4 o
/) \N|_|2 /S//
0 0] o\

NH,

(_Phasi)

Scheme 1. Synthesis of triphenyltin (PhsSnL) complex.

cl
LA i
N cl
0 - MeOH HzN—ﬁ
+ n =
2 Ho //o 2772 reflux, 8 h 0
/P NH 2 HCl
0 0 2 ]

[R = Me, Bu: Mezsnl_z; BUZSanj]

Scheme 2. Synthesis of dimethyltin (Me2SnL-) and dibutyltin (Bu2SnL2) complexes.

@VH "NR ﬁ@
5 N Cl R/§n4N’H

MeOH
0 *RSnO ———*= 0
HO S/ reflux, 8 h Cl
/ N
o//s\
NH,

( R = Bu: BUZSnOHL)J

Scheme 3. Synthesis of dibutyltinhydroxide (BuzSnOHL) complex.

3.1.1 Elemental Analysis
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The composition of the Sn(IVV) complexes was checked by elemental analysis. In
addition, flame atomic absorption spectroscopy was used to estimate the tin content within
the Sn(IVV) complexes. The observed values were generally in agreement with the calculated
ones, although it should be noted that the observed carbon content in the PhsSnL complex
was significantly less than the calculated one. The elemental analyses data (C, H, N, S, O
and Sn %), yields and melting points for Sn(IVV) complexes along with those for the ligand
are reported in Table (3.1).

Table 3.1 Melting points, yields and elemental analyses for L and its Sn(IV) complexes.

Tin
M.P. Yield Elemental analysis theoretical (Experimental) % percentage
Compound Colour M. Wt theoretical
(°C) (%) (experimental) %
C% H % N % S% 0%
43.58 3.35 8.47 9.69 24.19
L White 205-207 210 )2/ [ I I K S —
(43.19) | (3.39) (7.92) (9.43) (25.38)
17.49
PhsSnL White 159-161 732 | 679.77
(17.21)
43.07 4.29 6.28 7.19 17.93 13.28
Bu2SnL2 Off white 194-197 80.7 | 890.03
(43.32) | (3.44) (7.91) (7.94) (16.14) (12.28)
41.44 5.03 4.83 553 16.6 20.48
BUSNOHL | pyje yellow | 104-109 | 6158 | 579.45
(42.35) | (4.47) (4.35) (6.02) 17.42 (19.21)
38.64 3.47 6.93 7.93 19.8 14.69
Me,SnL, Off whit 184-186 67.4 | 808.19
(39.94) | (3.27) (6.31) (8.92) (18.3) (14.77)

3.1.2 Characterization of ligand and its prepared complexes by Fourier

Transform Infrared Spectroscopy (FT-IR)

FTIR spectroscopy gives valuable information about the coordination modes within
organotin complexes. The FTIR measurements (400-4000 cm ™) were performed using KBr

O



disc. The FTIR spectroscopic data for L and its synthesized organotin(l\VV) complexes are
reported in Table (3.2).

Table 3.2 FTIR spectroscopic data for L and its organotin(IV) complexes.

Vibrational Mode Compound (Wavenumber; cm™)

L | PhsSnL | Me:SnL: | Bu2SnL: | BuzSnOHL

v (NH) 3352 | 3350 3344 3348 3349

vas (COO ) 1670 | 1674 1672 1679 1608

vs (COO ) 1562 | 1566 1558 1566 1560

Vas (SO2NH>) 3398 | 3396 3398 | 3398 3397

vs (SO2NH>) 3282 | 3282 3282 | 3282 3286

v (5n—C) — 540 536 516 547

v (Sn-O) — | 426 432 447 428

v (Sn—-N) — 416 408 408 412

The IR spectrum for L was compared with those for di- and triorganotin(IVV) complexes
in order to confirm the binding modes within the synthesized complexes. The IR spectrum of
the ligand showed sharp characteristic absorption bands due to asymmetric (sulfonamide
SO,NH,) (3398 cm™") and symmetric (sulfonamide SO,NH,) (3282 cm™') stretching
vibrations. The IR spectra of organotin complexes suggest that the —-SO,NH, group was not
involved in the coordination process with the Sn atom because its not shifted in all organotin
complexes . The peak appearing at 3352 cm™' (secondary NH stretching) for the ligand was
shifted slightly in the organotin complexes, indications the involvement of the NH in the
coordinated to the Sn(IV) atom [85]. The asymmetric vibrations band for carboxylate group
(vas COO) in ligand appeared at 1670 cm™'. This peak shifted to higher frequencies for the
tin complexes (1672-1679 cm™ "), except the Bu,SnOHL was shifted to lower fregency (1608
cm™) . The symmetric stretching vibrations band (1562 cm™') for the carboxyl group (vs
COO)) in the ligand has been shifted to higher frequencies (1566 cm ') in the case of PhsSnL
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and Bu,SnL, and to lower frequency (1558 , 1560) cm ' in the case of Me,SnL, and
Bu,SnOHL, respectivly [85].

Three new absorption bands appeared in the IR spectra of the organotin complexes.
These bands are attributed to v (Sn—N), v (Sn-0) and v (Sn—C) that resonate within the 408-
416, 447-426 and 516-540 cm™' regions, respectively. The appearance of such peaks
provides further evidence for the coordination between ligand and Sn(IV). The coordination

thus takes place between the tin atom and the secondary amine, carboxylate and alkyl or
phenyl groups [86].
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Figure 3.1 FTIR spectrum of ligand
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Figure 3.5 FTIR spectrum of Me2SnL:

3.1.3 Characterization of ligand and organotin complexes by Ultraviolet-visible
spectroscopy and conductivity measurements

The absorption spectra (200-600 nm) for the ligand and its organotin complexes were

recorded in DMF Table (3.3). The electronic spectrum of ligand shows two absorption
o¢



bands. The first resonates at 274 nm due to m—n* electronic transition of the aromatic
moieties. This band was slightly shifted to higher wavelength after complexation. The
second band resonates at 341 nm due to n—n* electronic transition for the carbonyl oxygen
non-bonding electrons and has been shifted slightly to higher wavelength within organotin
complexes [87]. The molar conductivity for organotin complexes (1x10~° M) were measured
in ethanol at room temperature. The conductivity for Sn(IVV) complexes was found to be in
the range of 2.1- 4.4 uS/cm Table (3.3). The organotin complexes were found to be non-

electrolyte.

Table 3.3 Electronic spectral data and conductivity for L and its organotin(IV) complexes.

Compound Wave length nm (n-zn* and 7—n*) | Conductivity(uS/cm)
L 341,274
PhsSnL 348, 277 2.1
Bu,SnL; 344,275 2.4
Bu,SnOHL 342,275 2.2
Me,SnL; 342,276 4.4
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Figure 3.6 Electronic spectrum of ligand in DMF solvent
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Figure 3.7 Electronic spectrum of PhsSnL in DMF solvent
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Figure 3.9 Electronic spectrum of Buz2SnOHL in DMF solvent
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Figure 3.10 Electronic spectrum of Me25SnL2 in DMF solvent

3.1.4 Characterization of ligand and its prepared complexes by Nuclear Magnetic
Resonance (HNMR) spectroscopy.

1.  The 'H-NMR spectra for L and its Sn(I\V) complexes were recorded in DMSO-ds, see
table (3.4). The changes in the chemical shift values between the ligand and its tin complexes
are largely dependent on the environment and can be used as an evidence to show that

complexation has taken place [88]. The 'H-NMR spectrum of the ligand showed an
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exchangeable singlet at 13.35 ppm, due to the carboxyl proton. Such a signal was absent in
the "H-NMR spectra of the organotin complexes. The SO,NH, signal of ligand showed at
7.33 ppm, it was very low shifted upon chelation with organotin complexes this indicate that
SO,NH, was not bonded with Sn moitey. The NH signal was shifted down-field upon
chelation of ligand with Sn(l1V) atom. This could be a result of a charge transfer towards the
carboxylate group that binds to the highly electropositive Sn atom [87].

2. The 'H-NMR spectra of organotin complexes showed two singlet aromatic protons
that resonated within the 7.06—7.10 and 8.38-8.44 ppm regions, which were attributed to H-3
and H-6, respectively. They also showed an apparent triplet (J = 3.2 Hz) that resonated at
6.38-6.42 ppm which is characteristic for H-4 of a furan. The H-3 of the furan moiety
resonated a doublet (J = 3.2 Hz) within the 6.31-6.37 ppm region. Moreover, the CH,
protons resonated as a doublet (J = ca. 6 Hz) at 4.44-4.58 ppm.

3.
4.
5. o 13 Cl
\ 3 0
o NH |si—NH2
H6 0
OH
0

Figure 3.11 'H NMR numbering scheme of the ligand.
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Table 3.4 'TH-NMR spectral data for ligand and organotin complexes.

Compound 'H-NMR (300 MHz: DMSO-ds, 6, ppm, ] in Hz)
13.35 (s, exch., CO:H), 8.51 (t, ] = 6.0 Hz, exch., NH), 8.39 (s, H-6), 7.62 (d, | =
L 3.2 Hz, H-5 of furan), 7.33 (s, exch., SO:NH>), 7.05 (s, H-3), 6.40 (app. t, ] =3.2 Hz, H-4

of furan), 6.36 (d, | = 3.2 Hz, H-3 of furan), 4.64 (d, ] = 6.0 Hz, CH>)

8.61 (t, ] = 6.2 Hz, exch., NH), 8.41 (s, H-6), 7.82-7.33 (m, 3 Ph and H-5 of furan), 7.22
PhsSnL (s, exch., SO:NH>), 7.10 (s, H-3), 6.38 (app. t, | = 3.2 Hz, H-4 of furan), 6.31 (d, ] =3.2 Hz,
H-3 of furan), 4.44 (d, ] = 6.2 Hz, CH>)

8.61 (t, ] = 6.1 Hz, exch., NH), 8.44 (s, H-6), 7.62 (d, ] = 3.2 Hz, H-5 of furan), 7.34 (s,
Me2Snl.  exch., SO:NH>), 7.06 (s, H-3), 6.42 (app. t, ] = 3.2 Hz, H-4 of furan), 6.35 (d, ] =3.2 Hz,
H-3 of furan), 4.58 (d, | = 6.1 Hz, CH2), 1.23 (s, Me)

8.64 (t, | = 6.0 Hz, exch., NH), 8.38 (s, H-6), 7.61 (d, ] = 3.2 Hz, H 5 of furan), 7.29 (s,
exch., SO:NH>), 7.06 (s, H-3), 6.41 (app. t, ] = 3.2 Hz, H-4 of furan), 6.37 (d, | = 3.2 Hz,
H-3 of furan), 448 (d, | = 6.0 Hz, CH>), 1.55 (t, | = 7.2 Hz, CH»), 1.37-1.31 (m,
CH:CH:Me), 0.85 (t, ] =7.2 Hz, Me)

Bu2SnLo

Figure 3.12 'H-NMR spectrum of ligand
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Figure 3.15 *H-NMR spectrum of Me,SnL,

3.2.1 Evaluation of Stabilizing Efficiency of PVC by FTIR Spectroscopy

The photochemical activity of organotin complexes as additives for PVC films
photostabilization was investigated using FTIR spectroscopy. The PVC films were irradiated
with UV light (Amax = 313 nm) for 300 h. The irradiation of PVC leads to the formation of
various functional groups [89]. The IR spectrum of irradiated PVVC shows three absorption
bands due to formation of carbonyl, polyene and hydroxyl groups. These bands detected at
1772 (C=0), 1604 (C=C) and 3500 cm* (OH), respectively [90]. The growth rate of such
peaks related to a reference peak (1328 cm™) could be considered as a measure for the
photodegrading of PVC.

The photoactivity of organotin additives in PVC films has been examined and their
efficiency in preventing the photo-oxidation reaction has been tested by spectroscopic
methods. In order to study the photochemical activity of organotin additives for the
photostabilization of PVC films, the carbonyl, polyene and hydroxyl indices were monitored
with irradiation time using IR spectrophotometry. The absorption of the carbonyl, polyene
and hydroxyl groups was used to follow the extent of polymer degradation during irradiation
[91].
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The FTIR spectra of PVC films containing Bu,SnL, complex before and after irradiation
are represented in Figures (3.16 and 3.17), respectively. The changes in carbonyl group
intensity (1722 cm™') for PVC films containing organotin(I\V/) was monitored on irradiation.
The carbonyl index (lc=o) was calculated and plotted against irradiation time. The growth
rate of carbonyl group was lower when PhsSnL, Me,SnL,, Bu,SnOHL and Bu,SnL, (0.5 wt
%) were used as additives compared to PVC without additives Figure (3.18). The PhsSnL
complex was the most efficient additive amongst the ones used in photostabilization of PVC
followed by Bu,SnL, Bu,SnOHL and Me,SnL,.
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Figure 3.16 FTIR spectrum of PVC film containing Bu:SnL. complex before irradiation.
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Figure 3.17 FTIR spectrum of PVC film containing Bu:SnL. complex after 300h of irradiation.

Table 3.5 Carbonyl index (Ic-0) with irradiation time for PVC films in (40pm) thickness containing
0.5% additives

Irradiation time (h)

Compound
0 50 100 150 200 250 300

PVC (control) 0.058 0.1319 0.2017 0.2687 0.3274 0.3777 0.4281

PVC + Me,SnL, 0.047 0.0971 0.1421 0.1922 0.231 0.2784 0.3192

PVC + Bu,SnOHL | 0.0385 0.0763 0.1212 0.1575 0.2089 0.2531 0.2987

PVC + Bu,SnL, 0.0341 0.0583 0.0983 0.1313 0.164 0.1971 0.2361

PVC + PhgSnL 0.025 0.0319 0.0703 0.103 0.135 0.1733 0.197
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Figure 3.18 Changes in the Ic-o index for PVC films versus irradiation time.

Similarly, the changes in the C=C group intensity was monitored and the polyene index
(Ic=c) was calculated. Figure (3.19) shows the changes in lc-c of PVC films upon irradiation.
All the additives used show stabilization for PVVC on irradiation in which triphenyltin(1V)
complex was the most effective additive against photodegradation of PVC.

Table 3.6 polyene index (Ic-c) with irradiation time for PVC films in (40um) thickness
containing 0.5% additives

Irradiation time (h)
Compound

0 50 100 150 200 250 300

PVC (control) 0.121 0.204 0.257 0.311 0.373 0.431 0.499
PVC + Me,SnL, 0.118 0.167 0.191 0.236 0.267 0.291 0.324
PVC + Bu,SnOHL 0.106 0.132 0.165 0.201 0.234 0.264 0.297
PVC + Bu,SnL, 0.089 0.112 0.143 0.184 0.21 0.241 0.275
PVC + PhsSnL 0.081 0.101 0.132 0.167 0.191 0.212 0.248
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Figure 3.19 Changes in the Ic-c index for PVC films versus irradiation time.

Figure (3.20) shows the changes in hydroxyl index (loy) of PVC films containing
organotin(IVV) complexes during irradiation. Again the additives used, PhsSnL, Bu,SnL,,
Bu,SnOHL and Me,SnL.,, showed lower loy growth compared to PVC (control).

Table 3.7 hydroxyl index (lon) with irradiation time for PVC films in (40pm) thickness
containing 0.5% additives

Irradiation time (h)

Compound
0 50 100 150 200 250 300

PVC (control) 0.0497 | 0.0644 0.0744 0.0854 0.0960 0.105 0.114

PVC + Me,SnL, 0.0468 | 0.0552 0.0617 0.0661 0.0720 0.0781 0.084

PVC + Bu;SnOHL | 0.0453 0.051 0.0561 0.0619 0.0669 0.071 0.0764

PVC + Bu,SnL, 0.0421 | 0.0463 0.0508 0.0540 0.0587 0.0633 0.0671

PVC + Ph;SnL 0.0394 | 0.0421 0.0461 0.0501 0.0542 0.0592 0.063
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Figure 3.20 Changes in the Jon index for PVC films versus irradiation time.
Again the results confirmed that all these additives are photostabilizer for PVC films, The

rate of carbonyl (Ic=o), polyene (Ic=c) and hydroxyl indexes (loy), the PhsSnL is the most
active photostabilizer, followed by Bu,SnL,, Bu,SnOHL and Me,SnL.,, respectively.

3.2.2 Evaluation of Stabilizing Efficiency of PVC by Ultra-Violet spectroscopy

The poor light stability of P\VC may be caused by structural abnormalities that are existed
in different types of commercially available polymer samples, such as unsaturated end
groups, and oxidized structures such as hydroperoxide groups and carbonyl groups [92,93].
The PVC contains only C-C, C-H and C-CI bonds, is not expected to absorb light of
wavelength more than (190-220nm). The fact that free radicals are formed after irradiation at
longer wavelengths (220-370 nm) indicates that some kinds of chromophores must be

presented in a polymer [94].

It is generally accepted that carbonyl and polyene groups formed during UV irradiation
of PVC are most probably responsible for the yellow color of the PVC [95].

The effect of organotin(lVV) complexes (Me,SnL,, Bu,SnOHL, Bu,SnL, and
Ph;SnL) on the PVC films photodecomposition was investigated. The PVC films (40 um
thickness) containing organotin(IVV) complexes (0.5% by weight) were irradiated with a UV
light (Amax = 313 nm) for 300 h. The irradiation led to a clear change in PVC films and
decomposition took place. The plot of In(A; — A,) against irradiation time (t) gave a

straight line. The graphs showed a first order Kkinetics in which the slope equal to the
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decomposition rate constant (kd) for PVC films. Figures 3.21 shows the change in In(A; —
A,) against irradiation time (t) for PVC films in the absence any additives. Figures
(3.22-3.25) show the changes in the In(A; — A,) against irradiation time for PVC films

containing organotin(lV) additives (0.5% by weight) as stabilizers for PVC films on
irradiation with light.
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Figure 3.21 Changes in In(A4, — Ay) for PVC (blank) film with irradiation time.
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Figure 3.22 Changes in In(A; — A,) for PVC film containing Me:SnL> with irradiation time.
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Figure 3.23 Changes in In(A; — A,,) for PVC film containing Buz2SnOHL with irradiation time
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Figure 3.24 Changes in In(4; — As,) for PVC film containing Bu:SnL> with irradiation time.
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Figure 3.25 Changes in In(4; — A,) for PVC film containing PhsSnL with irradiation time.

The first order photodecomposition rate constant (ky) for PVC films in the absence and

presence of organotin(l1VV) complexes (0.5 wt %) is shown in Table (3.8).

Table 3.8 Photodecomposition rate constant (kd) for PVC films on UV irradiation (300 h).

Compound Kqy(Sec™) x 10°°
PVC (control) 4.70
PVC + Me,SnL, 2.58
PVC + Bu,SnOHL 2.46
PVC + Bu,SnL, 1.93
PVC + PhsSnL 1.8

Table 3.8 and Figures (3.21-3.25) show that the rate constant (ky) values are sensitive
to the presence of organotin(lVV) complex and its type. The PVC photodecomposition rate
constant for PVC films was high (4.70 x 107% sec™®) in the absence of any additives. Such

rate constant has been reduced significantly (1.80 x10° — 258 x 10 sec™) when
organotin(lVV) complexes were used as additives. The photostabilization of PVC in the
presence of organotin(lVV) complexes follow the order of PhySnL > Bu,SnL, > Bu,SnOHL >
Me,SnL,. The triphenyl(IVV) complex was the most efficent than the other organotin
complexes in photostabilization of PVC films presumely due to the reseonce of the extra
phenyl group (i.e. acted as a better radical scavenger and UV absorber) [96].

Clearly, organotin(IVV) complexes have acted as photostabilizers for the
photostabilization of PVC films. The photodecomposition rate constant was highest for PVC
(blank) and lowest in the presence of triphenyltin(IVV) complex.

One could notice that (k) values are sensitive to the type of additives in poly(vinyl

chloride) films, which decrease in the following order,

PVC+ Me,SnL, > PVC+ Bu,SnOHL > PVC+ Bu,SnL, > PVC+ Ph3;SnL

>
Decrease of photodecomposition rate constasnt
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Which might point out the increase of the photo-stability of the additives in this term.

3.2.3 Evaluation of Stabilizing Efficiency of PVC by Weight Loss

Photodegradation of PVC is associated with the evaluation of HCI gas
(dehydrochlorination), which leads to weight loss. Therefore, The stabilizing
efficiency was determined by measuring the % weight loss of photodegraded PVC

films in absence and in presence of additives by applying the following equation:

Weightloss % = [(W; — W,)/W;] X 100 ................ (3.1)
Where:

W;,: weight of the film before irradiation

W,: weight of the film after irradiation

It has been reported that additives with a concentration of 0.5% by weight showed
the most efficient photostabilization effect when added to PVC . Therefore, di-
and triorganotin(lV) additives (0.5% by weight) were added to PVVC to produce the
films. Their photostabilization effect was investigated for PVC films (40 um
thickness) on irradiation for up to 300 h. The effect of irradiation time (300 h) on
weight loss of PVC films (40 um thickness) is shown in Figure (3.26) and Table (3.9).
Evidently, the PVC weight loss percentage was lower in the presence of organotin
complexes, compared to the blank PVVC film.

The PhsSnL complex shows the most efficient stabilizing effect compared to the
other additives. The PhsSnL complex is believed to be a better radical scavenger
compared to other complexes since the extra phenyl ring increases the
photostabilization of PVC films on irradiation via resonance. The PVC
photostabilization efficiency of organotin(1VV) complexes was found to follow the
order Ph3;SnL > Bu,SnL, > Bu,SnOHL > Me,SnL,.



Table 3.9 Measurement of weight loss for PVC films (40um) thickness containing 0.5% from the additives
Irradiation time (h)
Compound
50 100 150 200 250 300
PVC (control) 0.815 0.9815 1.212 1.356 1.481 1.592
PVC + Me,SnL, 0.712 0.887 1.097 1.268 1.371 1.431
PVC + Bu,SnOHL 0.542 0.723 0.957 1.127 1.182 1.266
PVC + Bu,SnL, 0.493 0.647 0.84 0.927 0.994 1.115
PVC + PhsSnL 0.382 0.58 0.695 0.784 0.898 0.974
1.8 1 —+—PVC

—@—PVC + Me2SnL2
PVC + Bu2SnOHL
PVC + Bu2SnL2

—#—PVC + Ph3SnL
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Figure 3.26 Changes in weight loss of PVC films versus irradiation time.

3.2.4 Evaluation of Stabilizing Efficiency of PVC by Variation in Molecular
Weight

Viscosity average molecular weight (My) can be measured from intrinsic viscosity using

(Equation 2.13) in chapter two. The changes in My for PVC films (40 um thickness)
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containing organotin complexes (0.5 wt %) was plotted against irradiation time Figure (3.27)
with a light intensity of 1.052 x 107 ein-dm2-s™* (THF, 25 °C).

The plot indicates a quick decrease in (My) initially then it slows down, suggesting that
its due to the main chain scission at various locations along the polymer chain [98]. An
additional evidence of the potency of the investigated photostabilizers and how long that
stabilizer would protect the polymer, the lower viscosities of the soluble fractions of the
degraded polymer in the presence of the investigated organotin stabilizers in comparison
with the blank PVC.

Table 3.10 Variation of (My) with irradiation time of PVC films thickness (40pum) containing 0.5 % of
additives

Irradiation time (h)

Compound
0 50 100 150 200 300

PVC (control) | 156281 | 100987 | 71132 | 43230 | 31420 22612

PVC + Me,SnL, | 156651 | 112009 | 86230 63077 | 44582 30434

PVC + Bu,SnOHL | 162286 | 129574 | 101369 | 74047 58103 41325

PVC + Bu,SnL, | 164445 | 139987 | 114411 | 90568 74500 60122

PVC + PhsSnL | 168879 | 149720 | 122841 | 105764 | 92907 77430

180000 1 o— PVC
160000 & ——PVC + Me2SnL2
PVC + Bu2SnOHL
140000 PVC + Bu2SnL2
120000 PVC + Ph3SnL
100000
>
=
80000
60000
40000
20000
O T T T T T T 1

0 50 100 150 200 250 300 350
irradiation time

Figure 3.27 Changes in My for PVC films versus irradiation time.
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It was noted that some insoluble PVC traces in THF was produced during photolysis
process. It was suggested that these residues could possibly be an indication for PVC
crosslinking or branching that occurs on irradiation [99]. To clarify this possibility, the
number of average chain scission (S) [100] was calculated using (Equation 3.2). The S value

is highly dependent on the viscosity average molecular weight at start (My o) and at t

irradiation time (My ).

7. S=Myo/Myc-1 ......... (3.2)
8.
Table (3.11) and Figure (3.28) shows the effect of irradiation time on the value of S for

PVC films containing organotin(IVV) complexes. The PVC (control) on irradiation shows a
higher degree of branching and/or cross-linking compared to the ones containing additives.
The increases in S value was sharp for control PVVC between 100 and 300 h. Less insoluble
residual polymers were observed in PVC containing complexes and in particular those that
contain Ph3SnL [100].

Table 3.11 Variation of (S) values with irradiation time of PVC films thickness (40pum) containing 0.5 % of
additives

Irradiation time (h)

Compound
50 100 150 200 300

PVC (control) 0.468 1.085 2.43 3.719 5.55

PVC+ Me,snL, | 0354 | 0758 | 1404 | 24 3.98

0.26 0.611 1.205 1.81 2.95
PVC + Bu,SnOHL

PVC 4 BusnL, | 0193 | 0481 | 0871 | 12244 | 1812

PVC 4+ PhosnL | 0153 | 0424 | 0653 | 0882 | 1258
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Figure 3.28 Changes in the main chain scission (S) for PVC films versus irradiation time.

The degree of deterioration (o)) for PVC films can be calculated using (Equation 3.3). It is
dependent on the initial molecular weight (m), S and My . The value of a is proportional to

the break of randomly distributed weak bond which is fast in the initial stage of irradiation.

From result in Table (3.12), the effect of irradiation on PVC films is shown in Figure
(3.29). The change in a value was increased with irradiation time. The increase in a value for
PVC (control) was steep at 150 °C and reached a maximum after 300 h. It seems likely that
random bond breakage is occurring within PVC chain. The a value was lower for PVC
containing Sn(IVV) complexes and was minimum in the case of triphenyltin(IVV) complex. It is
clear that the use of such additives has reduced the photodegradation of PVC films upon
irradiation [101].

Table 3.12 Variation of the () value with irradiation time of PVC films thickness (40pm) containing 0.5 %
of additives

Irradiation time (h)

Compound
50 100 150 200 300

PVC (control) 0.692 2.277 5.391 15.066 | 30.765

PVC + Me,SnL, | 0.479 1.33 3.375 8.164 17.83
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PVC + Bu2SnOHL 0.328 0.9842 2.657 5.086 11.656
PVC + Bu2SnL2 0.23 0.712 1.629 2.785 5.107
PVC + Ph3SnL 0.176 0.604 1.079 1.66 2.841
35 1 —o—PVC
30 —@—PVC + Me2SnL2
i PVC + Bu2SnOHL
PVC + Bu2SnL2
25 1 PVC + Ph3SnL
20 -
S
15 -
10 -
5 -
0 ?"f e T T T 1
0 100 200 300 400

irradiation time
Figure 3.29 Changes in the degree of deterioration («) for PVC films versus irradiation time.

The degree of polymerization (DP) is usually defined as the number of monomeric units
in @ macromolecule or polymer. For a homopolymer, there is only one type of monomeric

units 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 [101].

The plot of 1/DP,, versus irradiation time is adopted to characterize degradation reaction
of polymer as shown in Figure (3.30). The curve indicates an increase in the inverse of

number average degree of polymerization with irradiation time [102].



Table 3.13 The variation of DP» with irradiation time for PVC films with 0.5% of additives, film
thickness is (40 pm)

Irradiation time (h)

Compound
0 50 100 150 200 300
PVC (control) 2500 1615 1138 691 502 361
PVC + Me25nL2 | 2506 1792 1379 1009 713 487
PVC + Bu2SnOHL | 2596 2073 1622 1185 929 661
PVC + Bu2SnL2 | 2631 2239 1830 1449 1192 962
PVC + Ph3SnL 2702 2395 1965 1692 1486 1238

Table 3.14 The variation of 1/DPx with irradiation time for PVC films with 0.5% of additives, film
thickness is (40 pm)

Irradiation time (h)

Compound
0 50 100 150 200 300

PVC (control) | 0.00039 | 0.00062 | 0.00087 | 0.0014 | 0.00199 | 0.0027

PVC + Me2SnL2 | 0.0004 | 0.00056 | 0.00073 | 0.00099 | 0.0014 | 0.0021

PVC + Bu2SnOHL | 0.00039 | 0.00048 | 0.00062 | 0.00084 | 0.0011 | 0.0015

PVC + Bu2SnL2 | 0.00037 | 0.00045 | 0.00055 | 0.00069 | 0.00084 | 0.00104

PVC + Ph3SnL | 0.00037 | 0.00042 | 0.00051 | 0.00057 | 0.00067 | 0.00081
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Figure 3.30 Changes in the reciprocal of number average of polymerization (1/DPx) during irradiation of
PVC films (40pm) (control) and modified PVC films

The quantum yield of chain scission (®g) for PVC films was represented in Table
(3.15). The @, for PVC (control) was found to be higher (5.18 x 10~°) compared to the ones
containing Sn(1V) complexes (1.58 x 10 °~ 9.8 x 10™"). The higher the ®, value the greater
the photodegrading of PVC films [103]. The PVC film which contains Ph;SnL complex
shows the lowest @ value. It can therefore be suggested that this additive inhibits the
photodegrading of PVC upon irradiation. The quantum yield (®¢) increases with increasing
temperature [103]. It reaches peak around the melting temperature and glass transition
temperature (Tg; 80 °C) of the crystalline and amorphous polymers, respectively. The PVC
photolysis was carried out at 35-45 °C which is lower than the Tg of PVC. Therefore, the
dependence of ®.s on temperature is not significant [104].

Table 3.15 Quantum yield (®c) for the chain scission for PVC film (40 pm) containing
metal complexes (0.5 wt %) after irradiation (300 h).

Compound Quantum Yield of Main Chain Scission (@) x 10°°
PVC (control) 5.18
PVC + Me,SnL, 3.79
PVC + Bu,SnOHL 2.95
PVC + Bu,SnL, 1.58

A%



PVC + PhsSnL 0.98

From the overall results that obtained, the efficiency of organotin complexes as
photostabilizers for PVC films can take the following order in photostabilization activity
according to their decrease in hydroxyl, polyene, and carbonyl indices for PVC films as
shown in Figures 3.17, 3.18 and 3.19:

PhsSnL > Bu,SnL, > Bu,SnOHL > Me,SnL,
3.3 Surface analysis

Polymer macrochains can be completely disordered (amorphous) or partially ordered.
Physical and mechanical properties of plastics depend not only on the chemical structure of

polymers, but also on their morphology [105].

Microscopic technique such as atomic force microscopy (AFM), permit checking of
polymer samples from the scale of micrometres down to angstroms. The arrangement of
individual polymer chains is visualized, and in some cases the observation of single atoms is
possible [106]. Although microscopic methods are so popular and frequently used in the
investigation of polymers, very little is known about their applications to the study of the

degradation processes in polymer [107].

The morphological study of the surface of polymers has a lot of advantages. For
example, it gives a clear picture about the surface irregularity, defects and the crystalline
case. In addition, it allows monitoring the changes within the surface of the polymeric
material as a result of photodecomposition or stabilization of polymers when exposed to

ultraviolet radiation in which decomposition process can occur as chain scission [108].

The surface morphology images of the non-irradiated PVC films in the presence and
absence of organotin (IVV) complexes are shown in Figure (3.31). It is clear that the PVC film

surface was smooth in which no white spots were detected.
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Figure 3.31 Microscope images for the non-irradiated PVC films (40 um thickness) with organotin (IV)
complexes (0.5% by weight) as additives

Figure( 3.32) shows the microscopic image of PVC film irradiated for 300 h in air. It is
clear that the blank PVC film, irritated for 300 h, was full of white spots and grooves as a
result of photodegradation of polymeric materials due to elimination of HCI. In addition, the
morphological image of irritated PVC (blank) showed cracks within its surface and color
changes [109]. While in the presence of PhsSnL and Bu,SnL, as additives, the surface was
almost smooth and fewer white spot exist indicating efficient stabilization effects. Clearly,
organotin(lV) additives reduce the photodegradation of PVC film through inhabitation of
dehydrochlorination.

PVC ( blank)
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Figure 3.32 Microscope images for the irradiated (300 h) PVC films (40 um thickness) with organotin (IV)
complexes (0.5% by weight) as additives

The morphology of PVC surface (area = 5.0 x 5.0 pm®) was inspected using an atomic
force microscope (AFM). It provides two- and three-dimensional topographic images of the
PVC surface on irradiation (300 h). AFM is helpful to measure the pores size and roughness
factor (Rq) of the
PVC film [110]. The AFM images for PVC films (control; 40 pum thickness) and that
contains Bu,SnL,, PhsSnL (0.5 wt %) as a photostabilizer after irradiation (300 h) are given
in Figures (3.33, 3.34 and 3.35), respectively.
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Figure 3.33 AFM images for PVC film (control) after irradiation (300 h).
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Figure 3.35 AFM images for PVC film containing PhsSnL complex after irradiation (300 h).

The surface of PVC film containing PhsSnL and Bu,SnL, after irradiation was very
smooth (Rq = 2.61 and 9.48), respectively. In contrast, the blank PVC film after irradiation
has a rough surface (Rq = 17.3). UV irradiation may have led to bond breakage within
polymeric chains and hence the removal of leachable constituents from the PVC surface that
can result in a roughened surface [111]. Irradiation of PVC in the absence of photostabilizers
could lead to dehydrochlorination [112]. It seems likely that the Sn(IV) complexes inhibits
the dehydrochlorination process.

Table 3.16 Rq values of surface modified PVC films

Sample Rq
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PVC (control) 17.3
PVC + Bu,SnL, 9.48

PVC + PhsSnL 2.61

3.4 Suggested Mechanisms of Photostabilization of PVC by di- and triorganotin
complexes

The di- and triorganotin(IVV) complexes act as photostabilizers for PVC films and their
efficiencies follow the order PhySnL > Bu,SnL, > Me,SnL,. The three Sn(IV) utilized all
reduced PVC photodegradation. Such additives can stabilize the polymeric films based on
various mechanisms. Tin is a strong Lewis acid, which is also known as a secondary
stabilizer, and therefore acts as HCI scavenger (Scheme 4). The photostabilization effect
could be due to displacement of chlorine atom within PVC chains by carboxylate oxygen.

Various organic compounds are known as long-term PVC stabilizers [113].

Rl’/SI’I"N/H HN

R! = Ph, Me, Bu
R? = Ph, OH, 4-chloro-2-(furan-2-ylmethylamino)-5-sulfamoylbenzoate

Scheme 4. Organotin complexes act as HCl scavengers.

Photooxidation of PVC can take place in the presence of hydroperoxides. Various
additives are known for their reactions with hydroperoxides and therefore inhibit
photodegradation of polymers [114]. The organotin(lV) complexes are expected to

decompose peroxides (Scheme 5) and therefore, stabilize PVC polymeric chains.
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Scheme 5. Organotin complexes as peroxide decomposers.

Attraction between polarized C-O bonds in furan moiety and S—-NH, group within
Sn(lV) complexes and polarized C-Cl within PVC chains could stabilize the polymer
(Scheme 6). This attraction can aid the conversion of the excited state PVVC energy to a level

of energy that does not harm the polymeric chain [97].

cl
Rl o2
o\S\ R Cls
n
AR
'\\‘ cl
H
7 S0------ Cl &~
5 5/
cl
cl
cl

Scheme 6. Organotin complexes as primary stabilizers.

Sn(1V) complexes could also act as radical scavengers (Scheme 6). The additives could
form a complex with a chromophore (POQ°) in the excited state [115]. This complex could

be stabilized via resonance of aryl and furan moieties (Scheme 7).

Rl—/Sn"N’H R1,/Sn*N/H
0! . o}
cl &» O Cl
7 7
S POO" |y L
0" NH, NH,

Scheme 7. Organotin complexes as radical scavengers.
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Electron rich aromatic moieties within the PVC backbone can absorb UV radiation [97].
These additives can convert the absorbed UV radiation energy into heat energy that is not
harmful to PVC. Therefore, it is believed that both furan and aryl ring within Sn(VI)
complexes act as UV absorbers (Scheme 8).

*

@mg @ ﬁ@%+heat

@) O 0

Scheme 8. Furan moiety acts as a UV absorber.
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3.5 Conclusion

1. Organotin additives used in this study behave successfully as photostabilizers for PVC
films.

2. The additives take the following order in photostabilization activity According to their
decrease in carbonyl, hydroxyl, polyene (lc=o, lon, Ic=c) and the weight loss for PVC
films.

Me,SnL, < Bu,SnOHL < Bu,SnL, < PhsSnL

3. These additives stabilize the PVC films through HCI scavenging, peroxide
decomposers, primary stabilizers, free radical scavenger and UV absorber
mechanisms.

4. The PhsSnL complex was found to be the more efficient in photostabilization process
according to the photostability, this supports to use PhsSnL complex as a commercial
stabilizer for PVC.



3.6 Suggestions for future work

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

2. Comparing the efficiency of the additives with some commercial stabilizers.

3. Study the effect of additives in the outdoor weathering.
4. 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.
5. Study the effect of temperature on the efficiency of the additives.

6. Since fixed thickness was used in this work. Further work can be extended by using
different films thickness and studying their effect on the photostabilization process.
7. Extend the study by using different concentration from additives and studying their effect

on the photostabilization process
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	The poor light stability of PVC may be caused by structural abnormalities that are existed in different types of commercially available polymer samples, such as unsaturated end groups, and oxidized structures such as hydroperoxide groups and carb...
	It is generally accepted that carbonyl and polyene groups formed during UV irradiation of PVC are most probably responsible for the yellow color of the PVC [95].

