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Abstract
In the present work, the photo degradation of poly (vinyl chloride) films (80p m
in thickness) has been studied using two complexes, these are:
1. Sodium -bis (3-mercapto-5-salicyldimino-1,2,4,-thiodiazole) dichloro-
chromate (I1I)
2. bis (3-mercapto-5-salicyldimino-1,2,4,-thiodiazole) diaqua iron(II)
chloride .

The prepared complexes were identified by spectral methods (infrared&
ultraviolet- visible spectroscopy) as well as by C.H.N .and (M) analyses and
conductivity technique . The degree of photo degradation was monitored by
measuring the carbonyl index using [.R spectrophotometry .

The variation of the number average molecular weight of P.V.C films during
irradiation (A =254nm) was determined by viscometric technique, as well as the
determination of quantum yield of scission (®cs) through following the changes in
electronic spectra of samples.

According to the kinetic data and other experimental results , it is found that the Cr
(ITI) complex stabilizes the P.V.C films , while Fe(IlI) complex enhances the photo
degradation and this was confirmed by the suggested mechanism under the
experimental conditions employed .
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Introduction

The chemical pathways by
which common polymers
photodegrade are fairly well known,
but various aspects of the mechanisms
involved remain unelucidated
However it is important to take into
account very significant influence of
compounding additives in modifying
these pathways'” . Typically these are
pigments, extenders, photostabilizers
and thermalstabilizers The many
concurrent chemical processes taking
place in polymers exposed to U.V.
radiation result in served different
modes of damage, each processing at
different rate'® . It is usually the critical
first — observed damage process ' that
determines the useful service life of the
product . For instance poly ( vinyl
chloride ) P.V.C, window frame
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exposed to sunlight under goes
discoloration , chalking , loss of
impact strength, and a reduction in
tensile, properties as well as  a host
of other chemical changes © .

It is well — known that trace
amounts of metallic impurities or
additives present in polymers play an
important role in the photodegredation
of the substrates® ~ ¥. Some such
additives act as photosensitizers which
others act as quenchers.

In the present investigation
therefore, we set out to study the effect
of Cr(IlT) and Fe(II) chelates derived
from  3-mercapto-5-salicyaldimino -
1,2,4 — thiadiazole (structures I and II)
on the photodegredation of P.V.C
films.

Structure (1) : Sodium Bis ( 3 - mercapto - 5 - salicyaldimino - 1,2,4 - thiadiazole)
- dichloro — chromate (111)
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Structure (11) : Bis ( 3 - mercapto - 5 - salicyaldimino - 1,2,4 - thiadiazole) diaqua
Iron (111) chloride

where: R = 3 — mercapto - 1,2,4 - thiadiazoyl group
Experimentals thiadiazole = has  been  prepared
Samples Preparation : according to the published literatures
The new schiff bese ( HL ) derived as scheme (1) :
from 5- amino - 3- mercapto - 1,2,4 -
0

N— OH reflux N—S
A o P
H N N H2 abs EtOH H N/ [hl
c—H
©—OH

HL
Scheme (1) : preparation of HL

Complexes of Fe (III') & Cr (1) (THF) to make films of even
with ( HL ) ligand have been prepared thickness (80 wm. ) by casting this
according to the method described by solution with or without 0.1 % ( w/w)
Al — jibouri . M\N "9 and was of metal complex C; or C, on quartz
obtained as dark — green needles and plate . The films were dried in air at
pale brown cystals reapeetively. 35°C for 24 hrs.

( HL ) Ligand and its metal Molecular weight measurements :
comploxes ( C; & C, ) have been Molecular weights of P.V.C films
fully identified by spectral techniques ( with and with out additives were
UV — Vis. and F.T.LR ) , molar calculated from intrinsic viscosities
conductivity An, in D.M.F.solvent, measured in T.H.F solution at 25°C
morever the elemental analysis % M with an Ostwald U-tube viscometer
by flame atomic absorption( F.A.A.S.). .Mark Houwink equation was used to

The films of p.v.c have been deduce the molecular weight :
prepared by dissolving 0.01 g ( p.v.c) n=k My* .......... (2)

in 10ml of dry tetra hydro furan
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Where n Is the intrinsic viscosity
and o, k are constants for agiven
polymer-solvent system and equal to

0.61 and 13.2%¥10%  for T.HF
respectively .
Identification of the prepared
compounds:

The Schiff base (HL) and its metal
complexes (C;&C,) have been fully
identified by microelemental analysis
(C.H.N) with Carlo-Earba eclemental
analyzer model EA 1108 , the percents
of Cr, &Fe in metal chelates were
estimated by flame atomic absorption
spectroscopy (F.ALALS) using
Shimadzu AA-670 spectrophotometr .

L.R spectra were recorded in KBr-
medium on a Pye-Unicam SP2000
spectrophotometer in the range (4000-
600 ) cm™ . The electronic spectra of
the prepard compounds in their
solutions in T.H.F were recorded using
Uv/visible SP3200 —
spectrophotometer ,more ever the
molar conductivity of complexes in
T.HF (10° M) solution were done
using Set-Mark conductivity meter .
Determination of carbonyl
index(Ico):

The changes in I.LR spectra of the
P.V.C samples due to carbonyl goup
were analysed by a base line method
(“), and the effects of Cjor C,
complexes were estimated .

Carbonyl index was calculated by
comparison of the I.R absoption peak
at 1720 cm™ with reference peak at
1890cm-' ,figures (1&2)

ICO: A1720/A1890 .............. (3)
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Photodegradation :

Accelerated weathering Q.U.V.
tester (Q. panal company, U.S.A) was
used for irradiation of P.V.C films.
The samples are fixed vertically and
paralleraly to the lamps to be sure that
the ultraviolet incident radiation is
vertically on the samples, the
temprature of the tester chamber is
constant at 50°C for all samples.

The quantum vyield ¢ values of
polymer  chain  scission  were
determined from the equation(1 b

Where w is the weight of the
irradiated polymer film sample, m is
the molecular weight of vinyl chloride
( monomer ) , N is the Avegadro's
number ( 6.214 x 10* mol™ ), I, is
the light absorbed by the polymer
sample, and P,,, Pn, are the number
average degree of polymerization
initially and at any exposure time (t)
during the degradation .

The electronic spectrum of the
irradiated  P.V.C films were
determined in T.H.F. solution using sp
3200 spectrophotometer.

The F.T.LR. of P.V.C films
blended with Cr(IIl) or Fe(Il)
complexes were determined by Perkin
— Elmer mode sp3600, to evoluet
carboyl index (I,), figures (1 and 2).



National Journal of Chemistry,2008, Volume 31,428-438 2008-

T%

- g
100
ao000 3000 2000 sou

Wavenumber (cm -1)

Fig.(1): Chang in I.R spectrum P.V.C films blended with C; complex with time
irradiated by 253nm.
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Fig.(2): Chang in I.R spectrum P.V.C films blended with C, complex with time
irradiated by 253nm of irradiation.

Results & Discusion i- LR spectra :- o
A- Identification of the prepared In order to study the binding
complexes (C; & C)) mode of Schiff base (HL) to Cr or

Fe (IIT) ions in the complexes I.R
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spectrum of the free ligand was
compared with the spectra of metal

complexes .

(HL) shows its characteristics
absorption bands in the
1340,1630 and 1350cm™
assignable to phenolic O-H

C=N, and N-S vibrations 12 The
band of azomethine of the ligand
underwent  ashift to alower
frequency (1575-1590 cm™) after
complexation , indicating the
coordination of  azomethine
nitrogen to metal atom and this can
be explained by the donation of
electrons from nitrogen to empty
d-orbitls of the metal atom

Further more ,the absence of
absorption at 1340 cm’' was
investigated on the deprotonation
of the ligand to behave mono basic
bidentate via nitrogen and oxygen
atoms of C=N and phenoxy groups

ii- Electronic absorption
spectra:
The  electronic  absorption

spectra are often very helpful in the
evaluation of results furnished by
other methods of structural
investigation .

The electronic spectrum of the
ligand (HL) and its complexes Cr
&Fe (III) were recorded in dry
T.H.F as asolvent .

The electronic spectrum of Cr
(IIT) complex showed free

A2g4 —>T2g4 , A1g4 —Tg 4 and
Ag' —Tig *(P) figure (6) , and
are in conformity with octahedral
geometry ' .

The appearance of peaks at 610
and780 nm due to A;g°—Eg” and
A g6—>T2g2 transitions favour an-
octahedral geometry for Fe (III)
complex ¥

However
behavior

the
the

electrolytic

of complexes
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solutions in10> M T.H.F was 1:1

ratio supports the proposed
structures.
As well as the magnetic

moments values of the complexes
are 3.05 and 4.5B.M respectively
suggests the octahedral geometry
around the metal ion with an-
expected high spin '

B- Analysis of the relative changes in
M.wt was recently described by Scott
19 has been shown to provide

aversatile test for random chain
scission .

Arandom nature of bond scission is
necessary when polymer

decomposition does not occur in the
primary photolysis prosess. This
would be expected from the well-
known energy migration by various
photophysical processes within
polymer until bond rupture occurs at
a weak point in the structure . Figure
(3) shows aplot of M.wt as afunction
of time of irradiation for P.V.C film
with and without 0.01 wt% of C; or
C, complexes in air with a light flux
of 2.38 x 107 enstein . sec’’. cm™ .

The plots show a rapid decrease in
M.wt, initially which then slows-
down , suggesting that the initial rapid
drop in Mwt is due to scission of
bonds at various weak links that may
be distributed along the polymer chain,
and the initial rate at which the bonds
are broken is not sustained . The
process becomes slower and the bond
scission may be random .
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Fig (3) : Variation of M.\Wt of P.V.C films with time of irradiation

The low quantum yield of scission @
values also indicat that most of the
light energy is dissipated by non-
reactive process . The values of @
increases with increase the percentages
of the complexes C; or GC;
incorporated in the matrix of p.v.c
films 17,

The values of ¢ for chain scission
was calculated for p.v.c films with
and without 0.01 wt% C; or C, after
different times of irradiation by
plotting 1/py, verse irradiation time
Fig (4).
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Fig (4) : Changes in reciprocal value of average degree of polymerization
(/pw) during 254nm irradiation of P.V.C films with and without 0.01wt% C;

or C,.

Fig (5) shows the wvariation of values of carbonyl index (I.,) decrease
carbonyl index (I,) with time of with increase the percentages of the
irradiation for p.v.c films with and complexes C; or C, incorporated in
without 0.01 wt% C; or C, . The the matrix of P.V.C films

2-
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Irradiation time (hr)

Fig (5) : The variation of carbonyl index (l¢,) with time of irradiation.
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The solution of Cr(Ill)complex However the spectrum of Fe(IIl)
blended with P.V.C films in T.H.F complex blended with P.V.C film in
showed low intensity peaks in the T.H.F, showed A;g® — Eg® "® peaks
visible region 390,425,590 nm which at 320,610 and 780 nm wich are
are attributed to Asg* — Tog™® | Asg? assigned as intra-ligand charge transfar
—Tig" and Axg® — Tig® (p)"? fig band (INCT)"” | fig. (7).
(6).
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Fig.(6) Electronic Spectrum of Cr (ll1).
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Fig.(7) Electronic Spectrum of Fe(lll) complex
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The u.v. light and the free radicals (R ) generated effectively initiating the
photodegredation of the poly ( vinyl chlorid) as :-

K[ Cr(L), Cl, ] hv

Cl + [Cr' (L), Cl]

or

N—S

[\ _
H{(N//\N = —Q )
'y

K" +[Cr'" (L), Cly ]

Redox.

[ (L), CLb] — » [Cr(L),ClL] +L

R

The radicals Cl or R will abstract hydrogen atom from P.V.C chain and this
reaction is leading to degradation of P.V.C as follow :

Cl or R +—(CH2-CH}nCH2—CH—

Cl Cl
HCI +—(6:H-TH);1CH2-C|H—
or HL Cl Cl

Scheme (2 ): The proprosed mechanisim of photodegredation of P.V.C film with

metal chelate.

The suggestcd mechanism of photo
stabilization of P.V.C films by C;
complex involves both interfernce
with the propogation of the oxidative
chain reaction and decomposition of
the polymer hydroperoxide !*.
As shown in figure (5), the growth of
carbonyl index with irradiation time
for P.V.C incorporated with metal
chelate is more than P.V.C control , so
there metal chelate might be
considered as photostabilizer .

The @5 vales for P.V.C films in the
presenes of Cr(IIT),and
Fe(Ill)complexes are 0.5x10” and
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0.70x10” respectively, are much less
than that for control P.V.C films
1.5x107 .

The explaination of the low values
of @, is that in alarge molecule of
P.V.C ,the energy is absorbed at one
site and their the electronic excitation
is distributed over many bonds so that
the probability of asingle bond
breaking is small ,or the absorbed
energy is dissipated by quenching

reaction®” .
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