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The effect of different environmental conditions on Polyethylene Tarafetalit bottles
filled with water (Influence of natural environmental conditions and UV-A radiation)

Riyadh M. Alwan', Quraish A. Kadhim?, Aysser A. Ahamed®, Noor A. al-Qasim®, Roaa J. Mahdi*,
Alwan N. Jassem*

National Centre for Packing and Packaging, Corporation of Research and Industrial Development, Ministry of
Industry and Minerals, Baghdad, Iraq.
“Chemical and Petrochemical Research Centre, Corporation of Research and Industrial Development, Ministry of
Industry and Minerals, Baghdad, Irag.

Abstract

This study focuses on the effect of severe conditions on PET bottles filled with water. Many PET bottles from the
commercial production of “Al-shathir” factory in Baghdad were used in this experiment. Twenty samples were left on
the roof of the second floor of the building under natural environmental conditions Two bottles were exposed to UV-A
radiation. The experiments were conducted from February to October, 2012 in Baghdad. The water samples were
analyzed by methods of UV-Vis, high performance liquid chtromlography separation and ultra violet detection
(HPLC-UV). The PET polymer was analyzed using XRD, AFM, FT-IR, DSC and UV-Vis techniques. Our
investigation showed change in PET crystallinity, besides several phthalate esters under investigation have been found
in bottled water and quantification of these phthalates is in progress. It should be mentioned that the results optional in
this work were the first reported in Iraq.

Keywords: |PET | Polyester | XRD | AFM, FT-IR | UV-Vis |DSC & HPLC |
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Optimization Method to Measuring Dust Concentration outside from Stacks of
Iragi Cement Plants

H.J. Hamad , Q.A.Abdulaamear, M.N. Risan, A.F. Abdulhamead
Al-Tahady State Company, Ministry of industrial & minerals, Baghdad, Iraqg.

Abstract:

This research presents the ideal mechanism and means of measuring and calculating the concentration of dust that
exiting the chimney of precipitators in some of Iragi cement plants. The procedure includes measuring the
atmospheric pressure, temperature of wet and dry air, dynamic and static pressure at air duct exiting the precipitator
and at the orifice, and determining the amount of dust retained by the measuring filter according to the volume of air
withdrawn over specified period (not less than an hour). Then calculating the average values of the measured
parameters, and calculating some primary parameters such as specific weight of wet and dry air, water vapor, and
others. Calculating the dust concentration according to the amount of dust retained by the filter, and flow rate in the
orifice. Correcting the results by some conversion parameters from the natural to actual conditions. The measuring
mechanism has been applied to several cement plants for the first time in Iraq by specialized team at AL-Tahady
state company. Dust concentration out of such plants has been measured and specified their values, which were
within the local and international permitted limits.

Keywords: |Gravimetric Technique | Dynamic Opacity Technique | Fluid mechanic | Orifice |
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A study of reducing gas emissions from typical transfer station vehicles of
municipal solid waste

Wedad H. Shabban?, Imad S. Kadhim?, Safaa H. Abdul Hussein?

!Chemistry department, College of Science, Al-Nahrain University, Baghdad, Iraq
2Solid waste department and Environment, Mayoralty of Baghdad, Baghdad, Iraq

Abstract

The study was conducted to determine the environmental benefits arising from the establishment of municipal solid waste
transfer stations. Reducing air pollution is most prominent of these stations. The study included nine transfer stations within
the city of Baghdad. It was represented by calculating carbon emissions for each station resulting from vehicle exhaust
diesel-powered in the cases of the presence and the absence of transfer stations for comparison. Using of the nine municipal
solid waste transfer stations reduces the amount of 17 898 tons of carbon dioxide equivalent annually for the case if the
waste was transferred directly from the receiving areas to landfill sites.

Keywords: Municipal solid waste | Carbon emissions | Air pollution | Diesel fuel | Vehicle exhaust |
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Fig. (1) FTIR Spectrum of Eugenol
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Fig. (2) FTIR Spectrum of Triflouro Acetyl Eugenolate

Fig. (3) FTIR Spectrum of Acetyl Chloride

Fig. (4) Microscopic Image of Eugenol

Fig. (5) Microscopic Image of E; Eugenol with CF;
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Studying of Biological Activity of Phenols Isolated from Clove
(as Antiseptic)

Faris K.Dokhna, Falah.Hassan, Shahbaa Mohammad, Ali Awad, Abdulmajed Hattab.

Ibn Al-betar Research Center, Corporation of Research and Industrial Development, Ministry of Industry and Minerals,
Baghdad, Iraqg.

Abstract

This study is designed to extract the eugenol from cloves as an important medical ingredient used in various pharmaceutical
application. eugenol was extracted using dichloro methan. eugenol was esterified with triflouro acetic anhyride or benzoyl
chloride. The ester derivatives were characterized by FTIR and UV- Spectroscopies and microscopic image was observed
with no phase transition. The biological assay were conducted using the microorganism such as (E.coli, Staphylococcus
aureus, Bacillus pumilus and Shigella sp.). The antibacterial activities were determined for eugenol and compared to its
derivatives. The triflouro methyl eugenolate was more powerful against bacteria than the eugenol oil and phenyl eugenolate
derivative.

Keywords: | Eugenol |Triflouro acetic anhydride | Benzoyl chloride | Polyphenyl alcohol |.
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Total Stopping Power of Electron in Lithium Fluoride and Lithium Borate

Mosab Emad Mohammed® , Sabah Mahmoud Aman Allah?, Sabah Jalal Fatahi®

Physics Department - College of Science, Tikrit University, Tikrit, Irag
*Physics Department - College of Science, Tikrit University, Tikrit, Iraq
*Physics Department - College of Science,Kirkuk University,Kirkuk -Iraq

Abstract

In this research, submitted the results of Total Stopping Power of electrons in the compound of lithium fluoride LiF and
Borret lithium Li,B,0; within the ranges of energy (0.01-10) MeV using Bethe - Block equation taking into consideration
the correct density to calculate the Collision Stopping Power and using empirical equations Barker- Slitzr to account for the
Radiative Stopping Power. It found that the Total Stopping Power have the same special Collision Stopping Power curved ,

which is the dominant power in the extent and studied by comparing the results obtained with the E-Star values found to be
identical in with her.

Keywords: |Total Stopping Power| Bethe — Bloch| Barker- Seltzer| lithium fluoride| lithium Borret]
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ABSTRACT

In this paper, some organic compounds were used and their impact on the photostability of polymer poly(vinyl chloride)
(PVC) was study. The Photostabilization activity of these compounds is determined by monitoring the carbonyl (I¢o),
polyene (lpo) indices. It is found that the (Ico), (Ipo) indices values increased with the irradiation time and this increase
depends on the type of additives. The changes in viscosity average molecular weight of Poly (vinyl chloride) films with
irradiation time are also tracked (using THF as a solvent). The quantum yield of the chain scission (®¢) of these
compounds in Poly (vinyl chloride) films is also evaluated. The following trend is obtained for the photostabilization
effect of Poly(vinyl chloride) films in presence of these additives:
Compound(1)>Compound(2)>Compound(3)>Compound(4)

KEYWORDS: | photochemistry| poly(vinyl chloride)| photostabilizer| photodegradation |

© 2014 Corporation of Research and Industrial Development. All rights reserved.

1. INTRODUCTION

Poly(vinyl chloride) is second only to polyethylene among five kinds of general plastic materials, which was widely used in
the industries including architecture, electronics, chemical engineering, packaging, transportation, etc. However, low
photostability of PVC leads to hydrogen chloride loss, discoloration, and finally serious corrosion phenomena, accompanied
by changes of physical and chemical properties of PVC[1].Exposure to sunlight can have adverse effects on the useful great
interest of plastic products. Ultravio-let (UV) radiation can break down the chemical bonds in a polymer. Photo-degradation
causes cracking, chalking, color changes and the loss of physical propertiesc [2,3].Poly(vinyl chloride) is one of the most
extensive thermoplastic materials in the world due to its valuable properties, wide applications, high chemical resistance,
barrier properties and low cost [4].During processing, storage and utilization, PVC degrades as it is exposed to high
temperatures, high mechanical stresses or ultraviolet light, all in the presence of oxygen. Degradation of the polymer occurs
by successive elimination of hydrogen chloride (HCI),which is called dehydrochlorination, yielding long polyenes, which
are consequently causing discoloration ,deterioration of the mechanical properties and a lowering of the chemical resistance
[5].Almost all synthetic polymers require stabilization against the adverse effect, with the development of synthetic resins, it
became necessary to look for ways and means to prevent or at least reduce the damage caused by the environmental
parameters, light, air and heat. This can be achieved through addition of special chemicals, light stabilizers or UV
stabilizers, that have to be adjusted to the nature of the resin and the specific application considered [6-8].The photo
stabilization of polymers may be achieved in many ways. The following stabilizing systems have been developed, which
depend on the action of stabilizer:(a) light screeners, (b) UV absorbers, (c) excited state quenchers, (d) peroxide
decomposers and (e) free radical scavengers, of these it is generally believed that types(c—e) are the most effective [9].

2. EXPERIMENTAL

Materials

All used organic compounds (additions of PVC) (supplied by company Fluka) and used as received without
further purification. Organic compounds are:

[1]
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4-isobutylphenyl)propanoic acid

24
Compound (1) = ( compound

) sodium 2+(2-((2,6-dichlorophenyl Jamino)phenyljacetate

_—
HyC N =

2 acetonvhenzaic aci . N-(4-hvdroxyphenyl)acetamide
Compound (3)° acetoxybenzoic acid Compound (4) (4-hy yphenyljace

Films preparation

The Poly(vinyl chloride) films were prepared by dissolving 5 g of Poly(vinyl chloride) in 200 ml of THF. The films were
prepared by evaporation technique at room temperature for 24 hours, to remove the possible residual tetrahydrofuran
solvent. The thickness of the resulting Poly(vinyl chloride) films (80 um) was measured by a macrometer type 2610A,
Germany[10].

Experimental Irradiation

Accelerated testing technique

UV light was used for irradiation of polymer films. The lamp giving spectrum range between (250-380) nm and the light
intensity is 6.2x10 ein dm > sec *. The polymer films samples were fixed vertically and parallel to the lamps to be sure that
UV incident radiation is vertically incident on the samples, the irradiation samples change places from time to time to be
sure that the intensity of light incident on all sample is equal. The distance between the polymer films and light source was
10 cm[11].

Photo degradation measuring methods

Measuring the photo degradation rate of polymer films using infrared spectrophotometery.

The degree of photo degradation 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 *[12]. The progress of photo degradation during different irradiation
time was followed by observing the changes in carbonyl and polyene peaks. Then carbonyl (Ico), polyene (Ipo) indices
were calculated by comparison of the FTIR absorption peak at 1722, 1602 cm 'with reference peak at 1328 cm™,
respectively. This method is called band index method which includes [13,14].

Is=As/ Ar ... (8]

Where As = absorbance of peak under study, Ar = absorbance of reference peak, and Is = index of group under study.
Actual absorbance, the difference between the absorbance of top peak and base line (A top peak— A base line) is calculated
using the base line method.

Determination of average molecular weight ( Mv) using viscometry method.

The viscosity property was used to determine the average molecular weight of polymer, using the Mark- Houwink relation
[15].

Mm=KM* . (2)

[n] = the intrinsic viscosity.

K and a are constants depend upon the polymer solvent system at a particular temperature.

The intrinsic viscosity of a polymer solution was measured with an Ostwald U-tube viscometer. Solutions were made by
dissolving the polymer in a solvent (g/100 ml) and the flow times of polymer solution and pure solvent are t and t
respectively. Specific viscosity (ns,) Was calculated as follows:

nre =t/to ... 3)
Nre = relative viscosity.
np=nre-1 ... 4

The single-point measurements were converted to intrinsic viscosities by the relation (2).
[n]= (\/E/ C)( Nsp - Inn re)ll2 ----- (%)

12]
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C = concentration of polymer solution (g/100 ml).By applying Eq. (5), the molecular weight of degraded and virgin 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:

-4

[n] =1.38x10 (M\)>"" ..... (6)

The quantum yield of main chain scission (@) [16] was calculated from viscosity measurement using the following relation
™).

Des= (CAM,o) (/)Y - 1/t ... (7) -

where C = concentration; A = Avogadro’s number;( Mv,0) = the initial viscosity — average molecular weight; [1,] =
Intrinsic viscosity of PVC before irradiation; |,= incident intensity and t = irradiation time in second.

3. RESULTS & DISCUSSION

In order to study the photo chemical activity of these additives for the photostabilization of PVC films, the carbonyl and
polyene indices were monitored with irradiation time using FT-IR spectrophotometry. The irradiation of PVC films using
light of wave length A=365nm led to new changes in their FTIR spectrum. Appearance of bands at 1770cm-1 and 1720cm-
1, respectively is attributed to the formation of carbonyl groups. The first is related to chloro keton while the second one is
assigned to aliphatic ketone, together with formation of a band at 1633cm-1 related to polyene group[17]. The absorption of
the carbonyl and polyene group are used to follow the extend of polymer degradation during irradiation, this absorption was
calculated as carbonyl index (Ico) and Polyene index (Ipo). Accordingly, one could expect that the growth of carbonyl index
is a measure for the extent of degradation. As seen from Figs. (1 - 6) the presence of compounds (1- 4) show lower growth
rate for carbonyl and polyene indices with irradiation time with for PVC film without additives. It can be observed, from the
results obtained in Figs. (1 - 6) that the growth rate of carbonyl and polyene indices with irradiation time is lower in the
presence of additives (1- 4) with respect to the poly (vinyl chloride) without additives. So these additives in their FTIR
spectral behavior might all be considered as photostabilizers. Also, Fig.(1 - 6) shows that the relative photostability of
additives incorporated with PVC is increased in the order : [1] > [2] > [3] > [4]> PVC. The calculated values of carbonyl
and polyene indices for different concentration (0.25, 0.5, 1)%wt/wt of additives, where he showed the infrared spectrum
that in the case of high concentrations note values increase the absorption of hydroxyl (Ipo) index and carbonyl (Ico) index
as evidence of the increasing photo degradation of poly (vinyl chloride), as shown in Figs. (1-6) [18].
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Fig.(1) The variation in the carbonyl index (Ico) with irradiation time for PVC film (80pm) in thickness containing
(0.25%wt) of additives (1-4).
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Fig.(2) The variation in the carbonyl index (Ico) with irradiation time for PVC film (80pum) in thickness containing
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Analysis of the relative changes in viscosity average molecular weight ( My ) , has been shown to provide a versatile test
for random chain scission. Figure 7, 10, 13 shows the plot of M, versus irradiation time for PVC film with and without
0.25, 0.5, 1% (w/w) of the selected additives, with absorbed light intensity of 6.2 x 10 ein. dm®. s*. M, is measured
using equation (6) with THF as a solvent at 25 °C . It is worth mentioning that traces of the films with additives are not
soluble in THF indicating that cross-linking or branching in the PVVC chain does occur during the course of photolysis. For
better support of this view, the number of average chain scission (average number cut per single chain) (S) [19] was

calculated using the relation (8):

MV,0
S= o 1 e (8)
where Mv,0 and Mv;,t are viscosity average molecular weight at initial (0) and (t) irradiation time respectively. The plot of
(S) versus time is shown in Figure 8, 11,14 . The curve indicates an increase in the degree of branching such as that might
arise from cross-linking occurrence. It is observed that insoluble material was formed during irradiation which provided
additional evidence to the idea that cross-linking does occur.
For randomly distributed weak bond links, which break rapidly in the initial stages of photodegradation, the degree of
deterioration a [20] is given as:

ms
a= TR (9)
m: where m is the initial molecular weight
The plot of a as a function of irradiation time is shown in Figure 9, 12, 15 .The values of a of the irradiated samples are
higher when additives are absent and lower in the presence of additives compared to the corresponding values of the
additive free PVC. In the initial stages of photodegradation of PVC, the value of a increases rapidly with time, this indicates
a random breaking of bonds in the polymer chain [21-23].
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Fig. (7) Changes in the Viscosity Average Molecular Weight During Irradiation for PVC Fims (80 pm) (blank) and
with 0.25 wt% of Additives.
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Fig.(15) Variation of the Degree of Deterioration (a) During Irradiation Time of PVC Films (80 pm) (blank) and
with 1 wt % of Additives.
The degradation reaction characterization is the measurement of the quantum yield of the chain scission (®cs). The quantum
yield for chain scission was calculated for PVC films with and without 0.25, 0.5, 1 % (wt/wt) of additive using relation 7.
The ®cs values for additives are tabulated in Table 1.

[7]
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Table 1. Quantum yield (®cs) for the chain scission for PVC films (80pum) thickness with and without 0.2, 0.5, 1%
(wt/wt) additive after 300 hrs. Irradiation time

Additives Quantum yield(® ) (%) w/iw

Concentration 0.25 0.5 1
PVC (blank) 1.457 x 10 | 1.457 x10% | 1.457 x 10

PVC+Compound (1) | 5 99,102 | 6.312x10% | 8963 x 102

PVC+Compound (2) | 5 305, 102 | 4.887%x10% | 6.716 x 102

PVC+Compound (3) | § 435, 102 | 1.912x10% | 2.933 x 102

PVC+Compound (4) | g 560, 102 | 1.367x120% | 2.098 x 102

The ®cs values for PVC films in the presence of additive are less than that of additive free PVC (blank), which increase in
the order compound (1), compound(2), compound(3), compound(4) and PVC In the study presented in this work, the
photolysis of PVC film is carried out at a temperature 35- 45 °C well below the glass transition temperature (Tg of PVC =
80 °C). Therefore, the ®cs dependency on temperature is not expected to be observed [24-26].

4. CONCLUSION

In the work described in this paper, the photostabilization of poly(vinyl chloride) films using organic compunds as
additives were studied. The additives take the following order in photostabilization activity, according to their decrease in
carbonyl, polyen indices for PVC films (compound (1) > compound (2) > compound (3) > compound (4) ). These additives
behave successfully as photostabilizer for PVC films.
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ABSTRACT

The structural and AC-conductivity properties of Si/B heterojunction solar cell have been studied. The built-in volt:
calculated as a function of frequency at the condition of reverse bias in the range of (20kHz-3MHz), results indicated that t
heterojunctions are abrupt type. From the C-V measurements, it was found that the built-in potential (V;) was decreased
the frequency measurements forward to higher values within the range of (80KHz-3MHz) at a constant values of the appl
voltage. c-Si/B heterojunction solar cell yielded has an active area conversion efficiency 15.99% with an open circuit volte
(Vo= 0.621V), short circuit current (I.= 8.33mA) and filling factor (F.F= 0.738).
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1. INTRODUCTION

Solar cells are widely used in different applications as a power source to meet earth’s energy demands. Single crystalline Silicon
(c-Si) and GaAs has been used extensively for space applications. Other schemes for power generation via solar cells include
thin film solar cells and multi-junction solar cells [1]. Crystalline silicon (c-Si) is an extremely well suited material for terrestrial
photovoltaics. It is non-toxic and abundant (25% of the Earth’s crust), has excellent electronic, chemical and mechanical
properties which forms a simple mono elemental semiconductor that has an almost ideal band gap (1.1 eV) for terrestrial PV,
and gives a long-term stable solar cells and modules, furthermore, it was chosen in the microelectronics industry, ensuring that a
large range of processing equipment exists and is readily available. Given these properties of c-Si, it is not surprising that almost
all (>90%) terrestrial PV modules sold today use Si wafer solar cells [2][ 3]. In addition to the transport data, capacitance
measurements can provide physical information about Schottky junctions. The depletion-layer capacitance, Cp, per unit area is
given by: 1/C%=2(Vbi — V — kT/q)/qesNp (1)

Where, Vy; is the built-in potential, s is the dielectric constant and Np is the donor concentration of semiconductor [4].

As indicated by Eq.(1), the 1/C*-V curves of Schottky diodes are linear in the reverse bias region. Thus, Vy;, €5 and Np can be
extracted from the intersection and the slope of the straight lines fitted to the experimental data, respectively.

If there are deep-level impurities at the interface, these gap states can trap charges and affect the capacitance value. The charges
trapped at deep defect states can only follow slow AC signals; hence, high-frequency capacitance values can be smaller than
low-frequency values [4-5]. A frequency dependence of the junction capacitance was reported in STO-based epitaxial
heterojunctions, that such a capacitance relaxation could be caused by charge trapping at interface states [6].

2. EXPERIMENTAL

PN heterojunction solar cell has been fabricated using diffusion alloy method of p-boron layer over n-Si single crystal wafer.
The structures of the alloy and deposited films have been examined by XRD methods using Siemens X-ray diffractometer
system. The C-V measurement has been done by LCR meter. The electrical and structural properties; (short circuit current (lg),
the open circuit voltage (V,.), filling factor, and the efficiency) were measured and studied using QuickSun Solar Simulator
(Version7.1.9).

3. RESULTS & DISCUSSION

Fig.(1) shows that there was a diffusion process between n-Si substrate and boron p-type layers, which represented in the
reflected diffraction angles at (20=33° 38.2 ° and 44.35°), beyond all to the SiBg structure, and there was presence of B-Si
bonding in the formed c-Si/B heterojunction, which illustrated that there was boron interaction with the silicon wafer to form
the diffusion junction.
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Fig.(1): X-ray diffraction pattern of n-Si/B heterojunction.

Fig.(2) represented the relation between capacitance and frequency at different values of applied voltage in the range from
0.5Volt to 1Volt. The behaviors of the curves for all the range of voltages have the same behavior. It was noticed from the
curves a nonlinear relation, the capacitance increases with the frequency, especially at the higher values above 80 KHz. A
reverse-biased PN junction carries a negligible current but exhibits as a voltage dependent capacitance.
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Fig.(2):Variation of the capacitance with the frequency at different voltages.

Another interesting application of reverse biased diodes is widely used in digital cameras. If a light of sufficient energy is
applied to a PN heterojunction, electrons are dislodged from their covalent bonds and hence electron-hole pairs are created.
With a reverse bias, the electrons are attracted to the positive battery pole and holes to the negative pole. As a result, current
flows through the diode that is proportional to the light intensity; it can be saying that the PN heterojunction operates as
a“photodiode”. Fig.(3) Shown that the decreases in the capacitance with the bias voltage increases due to the width increases of
the depletion region (increase absorption area). The heterojunction was found abrupt, also, it was found that the built-in
potential V,; values can be determining when (C2=0), where V,,; is the built-in potential.
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.Fig. (3): C? versus Bias voltage for Si/B heterojunction for different values of frequencies:(a)80KHz, (b)120KHz, (c)1MHz,
(d)3MHz .

It can be notice from the figure that the built in potential values decrease as the frequency tends to higher values as shown in
table (1):

Table (1) Values of V, for different values of frequency
Frequency (KHz) 80 | 120 | 1000| 3000
Vi (Volt) 9 36 |25 |0.35

The acceptable value was found 0.35 Volt at 3MHz, which means that this heterojunction operated at high values of frequency.
The 1/C*-V curves are almost linear in the low-voltage reverse-bias region, as expected. Under a large bias voltage, the large
leakage current does not allow reliable C-V measurements; the capacitance value at 1MHz is much smaller than those at lower
frequencies. The junction capacitance is given by:

C = dQ/dV @)

where: dQ is the charge increase caused by the changing in the applied voltage dV.

Our experimental data in Fig. (3) also manifest the existence of deep-level interface states in the junctions. Solar cell parameters,
short circuit current density (ls.), open circuit voltage (V,), and the maximum out putted power (P.,), were listed in table (2).
The large value of (V) due to the architecture of heterojunction cells capitalizes on properties of crystalline silicon surfaces,
these results in several-millisecond effective lifetimes when high-quality wafers are used; the latter permits photo-generated
carriers to be extracted without recombination active contacts that ruin the high lifetimes. Carrier extraction occurs at the front
of silicon heterojunction solar cells under the influence of the built-in electric field that is formed when the heterojunction
formed [7], which used in this research.

Table (2) solar cell parameters of fabricated n-Si/B heterojunction.
Pu(W) In(A) Vin(V) Ver(V) lsc(MA) FF% n%
3.82 7.66 0.499 0.621 8.33 0.738 15.99
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4. CONCLUSION

The x-ray diffraction angles at (20=33° 38.2 ° and 44.35°) showed that there was a diffusion condition between the n-Si
substrate wafer and p-Boron layers, where these angles belongs to the SiBg structure which conformed that there was a P-N
heterojunction. Fig.(2) shown the behaviors of the curves for all the range of voltages were the same which means a non-linear
relation.
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ABSTRACT

Organic solar cells was refer to photo voltaic cells and it was a kind of green energy source of great potential application
due to low production costs, mechanical flexibility devices. The aim of our work was to focus on the evolution of the
polymeric solar with comparing studies for the period 2007-2015.
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1. INTRODUCTION

The sun is the main natural source of energy.it providing the earth with great amount of energy in spite of that we exploits a
little part of it. The sun's light cannot be used directly there is many device that can exploits these type of natural energy.
These devices can be consider very attractive because it will convert sun's light to many type of energy which is useful for
heating water (house warming and other different application)[1], Also there is another type of these devices which convert
the optical energy to electrical energy which is a part of our work. The solar cell which is the most commonly used for
purpose of saving and converting energy. [2] The solar cell can be divided to many types such as silicon solar cells, dye
solar cell, Polymer solar cell.[3] In another study, some researchers compared the polymeric solar cell and their electrical
and optical properties. Polymer solar cell, has low cost and also very flexible.[4] In particular compared to the limited solar
light absorption of fullerenes (electron acceptor)for the polymer :fullerene solar cells ,the polymer: polymer solar cells have
an advantage in enhancing the light absorption efficiency because electron- accepting polymers can be tuned to absorb
more sun light in visible region and that was useful for solar cell device.[5,6] Indium tin oxide (ITO) is the material-of-
choice for transparent electrode in hetero junction solar cells (PSCS) it is used to generate a built-in electrical field due to
the difference in the metals’ work functions. This electric field is used dissociate the exactions, which are created from the
absorption of the light by the active layer of the polymeric solar cell, then pull the charge carrier out of the active layer [7].
Poly (3,4-ethylenedioxythiophene): poly(styrenesulfonate)(PEDOT:PSS) have many advantages because of that advantages
it widely use in polymer solar cells, (PEDOT: PSS) work function can be vary in controlling the amount of PSS [8], the
layer of (PEDOT:PSS) polymer can decreasing the roughness of ITO surface, high conductivity and low-temperature
solution process ability [9]. To enhance the polymer solar cells catalyzed Al,Oz and TiO, nanoparticles and laser. Utilizing
nanoparticles made clarify change in the conductivity and absorption of polymer solar cell because it represents electron
transport material (inorganic material) in photo voltaic device while the conjugated polymer consider as hole transport
material[10,14].

2. EVALUATION SURVEY

There are many researches in the field of enhancing polymer solar cell due their importance in saving energy.

2007-2008

Need for developing inexpensive renewable energy sources does the scientific research more efficient, low cost
Photovoltaic devices. The workers focuses on many part the material,working principle sensitive parameter ,conjugated
polymer / fullerene bulk heterojunction solar cell, organic hybrid solar cell. In another study the hetero junction solar cell
consist of many layers (ITO.PEDOT/MDMO-PPV/PCBM/AL).the layers was coated by using spin coating method. The
efficiency of the prepared heterojunction solar cell 2.5%_10%.[15].

2009-2010

[10]
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An efficient solar cell should have a large absorb spectrum .the material with multiband can be good choice , with small gap
and high hole mobility so P3HT:PCBM was used in order to rise the amount of the power conversion efficiency to 5%.The
construction of heterojunction was (ITO/PEDOT:PSS/P3HT:PCBM/Ca/Ag)the construction was made by using spin
coating method.[16]

2011.

Recent enhancement in organic solar cell,s efficiency in polymers with low band gap In Peh,s work the spray coating was
used. The spray coating is high through put coating technique that is suitable for organic photovoltic_making. In organic
layers to on sure of the uniform coating the surface tension, The wettability, boiling point of solvent and drying time must
be optimized. The layers of the heterojunction solar cell that was fabricated (ITO/ZNO/P3HT: PCBM/PEDOT: PSS).
Where all the Layers was coated by using spin coating technique except PEDOT:PSS Which was coated by using spray
coating method. The highest power conversion efficiency received was 3%.[17]. Also, in 2011, some researchers studied the
polyaniline(PANI) thin films with nano_islands on their surface which are electro chemically synthesized where the
polyaniline thin film with nano.islande was used as buffer layer in organic solar cell based on mixing of (MDMO - PPV)
and PCBM. The organic solar cell work has structure as (ITO/PANI/MDMO_PPV: PCBM/ZNO/AL). the structure of the
organic solar cell was made by using spin coating method. Also Furui tan and coworkers changed the thickness of the PANI
thin film and the best efficiency they reached 0.68% [18].

2012

Investigated the effect of the amount of phenyl C 61 butyric acid methyl ester (PCBM) on anthracene-containing poly (p-
phenylene-ethynylene)-alt-poly(p-phenylene-vinylene)(PPE-PPV) polymer(AnE-PV stat) solar cell. For this heterojunction
solar cell the efficiency was enhanced by increasing PCBM content. In another study solar cell consist of many layers (ITO/
PEDOT:PSSL AnE-PVSTAT:PCBM]| ca/Al). The layers were coated by spin coating method. The highest efficiency
reached was 2.13% for AnE-Pvstat [19]. Also, in 2012, some researchers the resolve of problems of polymer heterojunction
solar cell was introduced. This way was explained including the effect of the donor /acceptor ratio and the annealing on the
charge generation, collection and recombination kinetics: novel low band gap conductive polymer with band gap less than
1.8ev named (PCBM). In these work life time of polymer was discussed, the problem of degradation was solved and the
stability was enhanced by using height amount of Tg polymer. They also discussed the processing of large area and
increasing the efficiency of polymeric heterojunction solar cell. The heterojunction polymer that fabricated consist of many
Layers (ITO, PEDOT: PSS/Copolymer:PCBM;Al) [20]. Some researchers a high Performance and cost effective
polyaniline by adding a camphorsulfonic acid (PANI:CSA). These exhibited high conductivity of 843 s/cm and high optical
transparency of 86%at 550nm and the thickness is less than 200nm ,the film prepared in spin coating methode ,the
heterojunction consist of many layers (PET,ITO,PEDOT:PSS,P3HT:PCBM,Lif and Al), In another study the change in
conductivity with thickness.[21]

2013

The solar cells electrode consisting of layer of aluminum doped zinc oxide and a very thin silver layer.in the solar cell that
was fabricated the active layer was coated by using spin coating method the layer of the hetero junction solar cell
(AZO/SILVER/AZO/PTB7:PC71BM/MOO3/SILVER) the highest amount of efficiency that Kohlstadt and coworker's
reached is 6.1% we was noticed that the solar cell free from (ITO, PEDOT: PSS) [22].

2014

PEDOT:PSS is remain one of the most power full material because of its high conductivity , suitable work function and low
amount of temperature process ability. Inkim,s and his coworker's work compared between Reference solar cell which
consist of the following layer(ITO/PEDOT:PSS/P3HT:PCBM/AL)and other solar cells with
structure(ITO/WOX/PEDOT:PSS/P3HT:PCBM/AL) in different concentration of W_PTA compared with the reference
device the efficiency of the reference device 3.07 % and it decreasing (the highest value of efficiency 1.48% and the
smallest value 0.0002%). In another study the solar cell was built using spin coating method.[23]. In another study nano
particles was used with polymer the nano particles BHTF-CO.BT was generated through polymerization process. These
layer (polymer+BHTF-CO.BT) was used in structure of solar cells which was fabricated in normal structure and inverted
structure  the normal structure  (ITO/PEDOT:PSS/P3HT:BHTF-CO-BT/Al) and the inverted structure
(ITO/ZNO/P3HT:BHTF-CO-BT/PEDOT:PSS/Al) And the (PCE) power conversion efficiency for the fabricated devices
0.1% because of VOC and FF values are very good. The layer of heterojunction was made by using spin coating
technique.[24]. In another study, organic solar cell was fabricated free from PEDOT:PSS utilizing buffer and node
integrated Ta-doped In203 (ITa0) films. The (ITO) electrode was similar in electrical nd optical propertes with (ITao)
electrode films. The power conversion efficiency for heterojunction have 1Tao anode 3.348% and it similar to those have

[11]
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(ITO) electrode the PCE 3.541%..The structure of built solar cell was (ITao/P3HT:PCBM/Ca/Ag) the method that was used
to made the solar cell structure co-sputtering method.[25]. In another study organic solar cell was prepared by using P3HT
and PCBM with nano polyaniline layer and there was an increasing in the efficiency (2.76%) when we compare with the
solar cells lacking to these buffer layer. The fabricated layer consist of (ITO/PANI/PEDOT:PSS/P3HT:PCBM/AI) the
structure of the solar cell was obtained by using spin —coating method.[26]. In another study large area device was
fabricated with power conversion efficiency close to small area device .the inverted structure of tandem solar cell was built
by putting PEDOT: PSS in the top of active layer as hole transport layer. The power conversion efficiency was enhanced by
using alcohol treatment from 2.197 to 77 .the fabricated solar cell consist of the following layer (ITO/ZnO/P3HT:
ICBA/PEDOT: PSS/ZnO/PTB2:PC71BM/MOO2/Ag) all these layers was coated by using spin coating method.[27].
Fabricated inorganic /in organic hybrid solar cell using SMPO4 Nps doped TiO2/P3HT bulk heterojunction solar cell(BHJ)
the SMPO4 enhanced the power conversion efficiency from (1.98 %)for solar cell without SMPO4 to the power conversion
efficiency (37%) for solar cell containing SMPOA4.the layers of heterojunction solar cell consist of (FTO/ SMPO4
Nps:TiO2/P3HT/PEDOT:PSS)the SMPO4 Nps:TiO2 was coated on FTO glass by using adoctor blande technique while
PEDOT:PSS was coated by using spin coating technique.[28]. In another study a MoO3/Au/Mo0O3 structure was used and a
thin film of Al203 was used as protective barrier between MoO3 and PEDOT:PSS in order to protect the MoO3 from the
acidic. The efficiency was increasing from 2.777 to 2.89% The structure of fabricated solar cell was
(MoO3/Au/MoO3/AI203/PEDOT:PSS/PCBM:P3HT/LIiF/AI) the first three layers was coated by e-beam evaporation and
Al203 was coated by using (ALD)atomic layer deposition and the other layers was coated with spin coated method. [29]

2015

The power conversion efficiency of polymer solar cell was reached to 8.77 with non.chlorinated solvent .the solar cell was
made from many layer by using spin coating method. The layers was (ITO/PEIE/PTB7:PCBM/M003/Ag).[30]. Recently
the power conversion efficiency 7.067% the device structure consist of their device structures were
ATO/AI/PCDTBT:PC71BM/ with or without CIL/Al and ITO/PEDOT:PSS/PCDTBT:PC71BM/ with or without
CIL/MoOx/Al ,respectively .the device structure was built by using spin coating technique. [31].

3. CONCLUSION
This work represent how to guide researcher to knowing how to prepare polymeric solar cell with high efficiency according
to recently studies.

4. ACKNOWLEDGEMENT

The authors gratefully acknowledge University of Technology for supporting.

5. REFERENCES

[1] Britannica, E. Solar energy (2006). http://search.eb.com/eb/article-9068559.
[2] Slaoui, A. Collins. R.T. Advanced Inorganic Materials for Photovoltaic. MRS Bull., 32 (2007) 211.
[3] Zhuravleva T. S. and Vannikov, A. V. “Polymer Solar Cells,” Mater. Sci. Forum, 2 (1987) 203-210.

[4] Krebs, F. C., Alstrup, J., Spanggaard, H., Larsen, K.,and Kold, E. Production of large-area polymer solar cells by
industrial silk screen printing, lifetime considerations and lamination with polyethyleneterephthalate. Solar Energy
Materials ans Solar Cells, 83 (2004) 293-300.

[5] Kim, Y. Shin, M. Lee, I. Kim,H. Heutz, S. Multilayer organic solarcells with wet-processed polymeric bulk
heterojunction film and dry-processedsmall molecule films, Appl.Phys.Lett.92, (2008) 093306/1-093306/3.

[6] Yang,X. Loos, J. Veenstra, S.C. Verhees, W.J.H. Wienk, M.M. Kroon, J.M. Michels, M.A.J..Janssen, R.A.J. Nano-
scale morphology of high performance polymer solar cells, NanoLett. 5 (2005) 579-583.

[7] Tang, K. Tseng, S. Li, W. Meng, H. Horng, F. Hs, C. Broad band and white phosphorescent polymer light-emitting
diodes in multilayer structure. Synthetic Metals 158 (2008) 287-291

[8] Lee, T.-W. Chung, Y. Control of the surface compositi on of aconducting- polymer complex film to tune the work
function,Adv.Funct.Mater.18 (2008) 2246-2252.

[9] Arias, A.C. Granstrom, M. Thomas, D.S. Petritsch, K. Friend, R.H. Doped conducting-polymer—semiconducting-
polymer interfaces:theiruseinorganic photovoltaicdevices,Phys.Rev.B60, (1999) 1854-1860.

[10] zhao, L. Lin, . Z.Q. Crafting semiconductor organic-inorganic nanocomposites via placing conjugated polymers in

[12]


http://search.eb.com/eb/article-9068559

Journal of Iragi Industrial Research Vol. 2, No. 2 (2015) 10-14.

intimate contact with nanocrystals for hybrid solar cells, Adv. Mater. 24 (2012), 4353-4359.

[11]Chen, Z.L. Zhang, H. Yu, W.L. Li, Z.B. Hou, J.D. Wei, H.T. Yang, B. Inverted hybrid solar cells from aqueous
materials with a PCE of 3.61%, Adv. Energ. Mater. 3, (2013) 433-443.

[12]Gur, I. Fromer, N.A. Chen, C.P. Kanaras, A.G. Alivisatos, A.P. Hybrid solar cells with prescribed nanoscale
morphologies based on hyperbranched semicon- ductor nanocrystals, Nano Lett. 7 (2007) 409.

[13]Sung, Y.H. Liao, W.P. Chen, D.W.Wu, . C.T Chang, G.J. Wu, J.J. Room-temperature tailoring of vertical ZnO nano
architecture morphology for efficient hybrid polymer solarcells, Adv.Funct.Mater.22(2012)3808.

[14] Potscavage, W.J. Comment on high-efficiency panchromatichybrid schottky solar cells,Adv.Mater.25 (2013) 4825.

[15] Gunes, S. Neugebauer, H. and Sariciftci, N. S. Conjugated polymer-based organic solar cells,” Chem. Rev., pp. (2007)
1324-1338.

[16] Ge, N. An overview on P3HT : PCBM, the most efficient organic solar cell material so far .,” Solid State Phys., no. Fig
1, (2009) 1-11.

[17]Peh, R. J., Lu, Y., Zhao, F., Lee, C. L. K., & Kwan, W. L. Vacuum-free processed transparent inverted organic solar
cells with spray-coated PEDOT:PSS anode. Solar Energy Materials and Solar Cells, 95(12) (2011) 3579-3584..

[18] Tan, F., Qu, S., Wu, J., Wang, Z., Jin, L., Bi, Y., Wang, Z. Electrodepostied polyaniline films decorated with nano-
islands: Characterization and application as anode buffer layers in solar cells. Solar Energy Materials and Solar Cells,
95(2), (2011) 440-445.

[19] Tore, N., Parlak, E. A., Usluer, O., Egbe, D. a. M., San, S. E., & Aydogan, P. Effect of blend ratio on poly(p-
phenylene-ethynylene)-alt-poly(p-phenylene-vinylene) polymer solar cell. Solar Energy Materials and Solar Cells, 104,
(2012) 39-44.

[20]Wang, Y., Wei, W., Liu, X., & Gu, Y. Research progress on polymer heterojunction solar cells. Solar Energy Materials
and Solar Cells, 98, (2012) 129-145.

[21]Lim, T. Oh, W. and Kim, S. Self-assembly supramolecules to enhance electrical conductivity of polyaniline for a
flexible organic solar cells anode, Sol. Energy Mater. Sol. Cells, vol. 101, (2012) 232-240.

[22] Kohlstadt, M. Grein, M. Reinecke, P. Kroyer, T. Zimmermann, B. and Wirfel, U. Inverted ITO- and PEDOT:PSS-free
polymer solar cells with high power conversion efficiency, Sol. Energy Mater. Sol. Cells, 117, (2013) 98-102.

[23]1Kim, W. Kyu Kim, J. Lim, Y. Park, I. Suk Choi, Y. and Hyeok Park, J. Tungsten oxide/PEDOT:PSS hybrid cascade
hole extraction layer for polymer solar cells with enhanced long-term stability and power conversion efficiency, Sol.
Energy Mater. Sol. Cells, vol. 122, (2014) 24-30.

[24]Lee, H. Jeong, J. Han, H. Nam, S. Kim, H. and Kim, Y. All-polymer solar cells with in-situ generated n-type
conjugated polymer nanoparticles,” Sol. Energy Mater. Sol. Cells, vol. 122, (2014) 112-119.

[25] Lee, H. M. Noh, Y. J. Na, S. I Chung, K. B. and Kim, H. K. PEDOT:PSS-free organic solar cells fabricated on buffer
and anode integrated Ta-doped In203 films,” Sol. Energy Mater. Sol. Cells, 125, (2014) 145-154, .

[26]Han, Y. K. Chang, M. Y. Ho, K. S. Hsieh, T. H. Tsai, J. L. and. Huang, P. C. Electrochemically deposited nano
polyaniline films as hole transporting layers in organic solar cells,” Sol. Energy Mater. Sol. Cells, 128, (2014) 198-203.

[27]Yeh, P. N. Liao, S. H. Li, Y. L. Syue, H. R. and Chen, S. A. Large active area inverted tandem polymer solar cell with
high performance via alcohol treatment on the surface of bottom active layer P3HT:ICBA,” Sol. Energy Mater. Sol.
Cells,128, (2014) 240-247, .

[28] Yuan, Q. Li, Y. Wei, T. Li, Y. Chen, Z. Jin, X. Qin, Y. and Sun, W. The origin of efficiency enhancement of
inorganic/organic Hybrid solar Cells by robust samarium phosphate nanophosphors,” Sol. Energy Mater. Sol. Cells,
130, (2014) 426-434, .

[29] Maniruzzaman, M.. Rahman, M. A Jeong, K. Nam, H. and Lee, J. ITO free MoO3/Au/Mo0O3 structures using Al203 as
protective barrier between MoO3 and PEDOT:PSS in organic solar cells,” Renew. Energy, 71, (2014) 193-199, .

[30] Susanna, G. Salamandra, L. Ciceroni, C. Mura, F. Brown, T. M. Reale, A. Rossi, M. Di Carlo, and Brunetti, F. 8.7%
Power conversion efficiency polymer solar cell realized with non-chlorinated solvents,” Sol. Energy Mater. Sol. Cells,
134, (2015) 194-198, .

[31] Jia, T. Han, J. Zhou, W. Wang, L. Wu, M. Chen, W. Chen, Y. Li, F. and Wang, Y. Application of a water-soluble
metallophthalocyanine derivative as a cathode interlayer for the polymer solar cells,” Sol. Energy Mater. Sol. Cells,
141, (2015) 93-100.

[13]



Journal of Iragi Industrial Research Vol. 2, No. 2 (2015) 10-14.

4 el gl) Apnadid) LAY J g L o dad 2

Zopmen ¥l ae deal o s v SBIS T UK

Gladl eoloy cdin ol oS3l dnalad) el yemsl] 5y jull] dstit ausd |
Gl ¢ iy edian o] S Dealal] Aial] gy S ga o indl) i slil] i 2

s a——dlall

CallSs alidy |l Ao gl Letlindaly aaiiy 5 o) yumdd) DU jdlmn 158 (a5 o 5 et im AUl b LA ) i oy puimad) Annadll LD
20075 il bl jall 5 i g A yad sl Faesalll LAY Jd e 2 200 5k Ll 38 1 5 18 Uae (e cingll o Al &g pall ez lY)
2015

| ¢ ) AU | AL 5) (5 o sl | sl 2 | Apsedl) LAY | A paliial) cilalSl)

[14]



Journal of Iragi Industrial Research Vol. 2, No. 2 (2015) 15-21.

’A;Luq/ )
oY ISSN 2226-0722 m
9] e

Journal of Iraqi Industrial Research :

".JA
e '-.\ﬁ:\-l-\l-,'_u.._.ﬁ' b
. T A

'
o
o

Study the Production of Polyhydroxybutyrate by Rhodococcus sp. Using Crud
Palm Kernal Oil (CPKO) as Carbon

Nadia Altaee® %, Ayad Fahdil', kumar Sudesh®, Emad Yousif®

'Department of Biotechnology, College of Science, Al-Nahrain University, Baghdad, Iraq
’Department of Horticulture and Garden Engineering, College of Agriculture, Al-Qasim Green University, Babil, Iraq
¥school of Biological Sciences, Universiti Sains Malaysia, Penang, Malaysia
*Department of Chemistry, College of Science, Al-Nahrain University, Baghdad, Iraq

ABSTRACT

The present study was observed the ability of Rhodococcus for polyhydroxybutyrate (PHB) production in the presence of
crude palm kernel oil (CPKO) as carbon source. The bacteria was isolated from soil and primarily screened for PHB
production using Nile Red stain. The gas chromatography (GC) was proved the composition of biopolymer that was
homopolymer polyhydroxybutyrate (PHB) and the content of produced biopolymer that reached to about 38% of PHB
with cell dry weight (CDW) reached 1.43 g/L. The microscopic observations of PHB inside the bacteria were checked by
the phase contrast light microscope showed the bright appearance, the fluorescent microscope showed bright orange
fluorescent and transmission electron microscope (TEM) showed ovoid white granules with different size and different
numbers inside each cell.
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1. INTRODUCTION

Polyhydroxyalkanoates (PHA) are a class of microbial polyesters synthesized by several groups of bacteria under
starvation growth conditions as a mechanism to store excess carbon and energy as water-insoluble inclusions in the cells
[1]. PHA molecule is typically made up of 600 to 35,000 (R)-hydroxy fatty acid monomer units [2]. Each monomer unit
harbors a side chain R group which is usually a saturated alkyl group [3]. PHA were divided into three groups depending on
the number of carbon atoms within each monomer, PHASs have (3 to 5 carbon atoms) named short-chain length PHA (scl-
PHA), PHA have (6 tol4 carbon atoms) named medium-chain length (mcl-PHA), and PHAs have (15 or more carbon
atoms) named long-chain length PHA (local-PHA) [4]. About 150 different PHA monomers have been identified and this
number keeps on expanding with the presenting of new types of PHA through the chemical or physical modification of
naturally-occurring PHA, or through the creation of genetically-modified organisms (GMOs) to produce PHA with
specialized functional groups [5]. Many companies and researchers have to develop biodegradable alternatives because
petroleum plastics are not degradable by microorganism [6]. This problem can be solved by substituting synthetic plastics
with bioplastics, P(3HB), is the most widely studied and best characterized PHA. It is a homopolymer of 3-hydroxybutyrate,
which has mechanical properties similar to polypropylene [7] and received great attention as sources for biodegradable,
biocompatible, and thermoprocessible plastic materials [8,9], therefore using biodegradable plastic can reduce the
environmental pollutions associated with petroleum plastics. PHA, particularly poly 3-hydroxybutyrate (PHB), is
biocompatible and biodegradable increased its interest in medical applications and used in  manufacture suture,
cardiovascular patches, stents, articular cartilage repair devices, nerve and tendon repair devices, wound dressings and used
in artificial organs [10]. PHB can be used as microcapsules in therapy or as materials for cell and tablet packaging, food
packaging applications, development the scaffolding material in tissue engineering [11,12] and have role in delivery system
of drugs [13,14]. Microbial strains can be screened rapidly by stains for demonstrating intracellular PHB granules for cells
or colonies. The Sudan black B stain can be used to staining the granules [15] but it has less selectivity to PHB granules.
The colony staining method by Nile Blue can be used to detect the PHB granules [16] and the Nile Red stain considered as
the most sensitive stain for PHB granules [17]. Many substrates used for PHB production and considered as the most
important factor which effect on the quantity and quality of PHA biopolymer such as CO2, H2, 02, sugar, vegetable
oils...etc. [18, 19]. A wide range of gram positive and gram negative microorganisms have ability for PHA production [20],
Among gram positive bacteria is the genus Rhodococcus is aerobic bacteria, commonly found in the environment and has
the important roles in the bioremediation of polluted environments and biotechnology applications due to its metabolic and
degradation ability of many organic compounds and converted it to less hazardous substances [21] and have the ability for
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the production and accumulation several compounds such as triacylglycerol (TGA) by Rhodococcus opacus [22], glycogen
by Rhodococcus ruber, Rhodococcus Alpacas and Rhodococcus equi [23], another little reports indicated the ability of
PHA production by some species of Rhodococcus such as R. fascians, R. erythropolis, and R. opacus can produce
polyhydroxybutyrate (PHB), and R. ruber produced polyhydroxyalkanoates (PHA) consisting of 3-hydroxybutyrate (3HB)
and 3-hydroxyvalerate (3HV) [24,25].
2. EXPERIMENTAL

Materials and Methods
Isolation of PHA producing bacteria:
The bacterial isolate of our study (Rhodococcus sp.) was isolated from soil sampled at Gunung Lang, Perak, Malaysia. The
soil sample was diluted through serial dilution in saline (0.9% Nacl) on tryptone soy agar (TSA) and incubated at 30 °C for
72 hours. The pure bacterial isolate was purified and cultured on nutrient agar slants and culture is renewed at monthly
intervals. For long preservation, the bacteria was kept in glycerol at -20 °C for further experiments. The isolate was
qualitatively tested for PHB production by culturing the colonies on mineral medium (MM) plate supplemented with Nile
red [26]. The MM preparation was based on Doi and his co-workers [27] whereas the trace element was as described by
Kahar and his co-workers [28].
Growth curve measurements:
The growth curve was established by inoculation three loops full of the bacterial culture from the tryptone soy agar plate to
50ml flask of tryptone soy broth (TSB) and left in a shaker incubator at 30 °C, 200 rpm and approximately 1ml of bacterial
broth was withdrawn aseptically each 3 hours of interval including 0 hour. Each time has triplicates and read absorbance at
each time at 600 nm using a spectrophotometer.
Morphological and physiological characterization:
The isolate was grown on TSA at 30 °C for 3 days. Phase contrast light microscopy (Nikon Labophot-2 with the software
ViS VER. 2.90) was used to study the morphology of bacterial cells and to ensure the purity of the cultures from
contamination. The bacterial colonies were also captured by digital camera.
Biochemical tests:
The bacterial isolate was cultured on TSA. The standard techniques for microbial identification in Bergey’s manual of
systematic bacteriology were used to characterize the isolate of the current study with additional tests were used to
characterize of Rhodococcus species [29, 30].
Api kit:
The strip of the commercial Api Coryne- kit (bio Merieux-vitek, Hazelwood, MO) was used for identification of isolate of
this study. It consists of 20 tubes containing dehydrated substrates, which allow the conduction of 12 enzymatic and
carbohydrate fermentation tests, this kit was used according to the instructions of the manufacturer. A positive test results
show changes in the medium color. Reading of the kit resulted in seven digital numerical codes, which was compared with
an analytical profile index. The results were recorded and analyzed according to standard method by referring to the
apiwebTM stand alone V 3.0 software.
Biosynthesis and analysis of PHB in prescence of CPKO:
The PHA biosynthesis by Rhodococcus was carried out in 250ml conical flasks by one stage cultivation used CPKO as
carbon source with concentration 1%. Approximately 3% (v/v) of the bacterial broth grown for 24 hours at 30 °C was used
to inoculum the flask contain 50ml MM medium and incubated for 48 hours at 30 °C in a shaker incubator at 200 rpm. The
cultivated cells were harvested by centrifugation and washed with hexane to remove the residual oil, then wash with water
to remove the remaining hexane before lyophilized the cells.
PHB analysis:
PHB content and composition was determined by GC-2010 (Shimadza, Japan). Approximately 15-25 mg of freeze dried
cells were subjected to methanolysis in 2 ml solution consisting of 85% (v/v) methanol and 15% (v/v) concentrated sulfuric
acid and 2 ml chloroform at 100 °C for 140 minutes with gentle shaking every 30 minutes. The reaction mixture allowed to
cool down, then add 1 ml distilled water and vortex the mixture for 1 minutes to induce separation of layers. The lower
chloroform layer was recovered into new tubes contain anhydrous sodium sulfate to remove any traces of water. 0.5 ml of
chloroform layer was then mixed with 0.5 ml of caprylate methyl ester (CME) as an internal standard to the ratio of 1:1 and
subjected to GC analysis [31, 32]. The injection volume of converted hydroxyacyl methyl ester samples solutions was 50
pL, with injector temperature of 270 °C.
Microscopic observation of bacteria morphology with PHB granules:
Phase contrast light microscope:
Routinely phase contrast light microscopy (Nikon Labophot-2 with the software ViS VER. 2.90) was used as a qualitative
method to determine the presence of PHB granules, the purity of the culture morphology of bacterial cells. The isolate was
grown in MM medium in the presence of best carbon source (CPKO) and check the formation of PHB granules.
Fluorescent microscope:
The bacterial cells that cultured in MM broth using CPKO as best substrate were smeared, heat fixed on a glass slide and
flooded by the Nile blue A solution 1% and incubated at 55 °C for 10 minutes. Then wash slide with 8% of acetic acid
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solution for 1 minute to remove unbound stain, then rinsed the slide with tap water and covered with a glass cover slip and
observed under oil immersion using 100 x magnification fluorescent microscope (Olympus, Japan) fitted with cellSens®
Version 1.4 Software.

Transmission electron microscope:

The bacterial cells were cultivated under favoring conditions for the accumulation of PHB. The cells were harvested by
centrifugation at 1000 rpm, 4 °C for 10 minutes. Resuspended cells in McDowell-Trump fixative at 4 °C for 24 hrs [33].
The cell pellets then were postfixed with 1% osmium tetroxide (OsO4) at room temperature. Cells were dehydrated in an
increasing ethanol series (50, 75, 95, and 100%) and then transferred to 100% acetone. Cells were embedded at 60 °C for 24
to 48 h in Spurr’s low-viscosity resin [34]. Ultrathin sections were prepared, mounted on copper grids, and stained with
uranyl acetate and lead citrate for electron microscope examination at an acceleration voltage of 80 kV (Philip CM
12/STEM and JLM-2000FX11).

3. RESULTS & DISCUSSION

Primary screening of PHB production

The Nile Red staining of viable colonies was used as a direct measurement of accumulation of PHB by isolate of the present
study. This method is a good tool for rapid detection of PHB accumulation inside bacteria [35] gives pink fluorescent under
U.V. illumination as in Figure (1) that results from binding of stain with polymer granules [36].

Figure (1): Fluorescent Nile Red staining of bacterial cells accumulating PHB. Cells were grown in MM
medium containing Nile Red stain with concentration 0.5 pug/ml for 3 days at 30 °C.

The growth curve study of PHB isolate:

The bacterial isolate of the current study was grown on TSB shaking flask at 30 °C for 48 hours. The optical density (O.D.)
was checked each 3 hours at 600 nm. The growth curve was plotted by taking time on x-axis and O.D. on y-axis and gets
the curve as in Figure (2).

3
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Figure (2): Growth curve of bacterial isolate produced PHB.

Identification of isolate:

The PHB isolate was cultured using TSA at 30 °C for 3 days and identified depending on morphological and physiological
characters. The morphological characters of colonies were listed in Table (1) and Figure (3). The isolate was gram positive,
non-motile, none spore forming, rod/coccus in shape, cells appear in single and in pair, 1.90-1.98um in length, 1.72-2.66pum
in width, and the optimum temperature for growth was 30 °C. The biochemical tests showed that the isolate was aerobic,
positive results for catalase test, urease test, nitrate reductase test, acid fast stain, and fermentation of manitol and maltose
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sugar (Table. 2). According to the morphological, physiological, biochemical tests, the isolate was identified as

Rhodococcus sp. [30, 37] the results of API Coryne- kit were identified the isolate also as Rhodococcus sp. with accuracy
98%.

Table (1): Morphological characters of colonies

Cultural characteristics | Observations
Colony configration Circular
Colony margin Smooth
Colony elevation Raised
Diameter 1-3um
Color Beige

Figure (3): Bacterial colonies after growth on TSA at 30 °C for 3 days

Table (2): The morphological, physiological and biochemical characters of bacterial isolate.
(+): Positive. (=): Negative

Characters Results
Rod-cocci (+)
Cell in single (+)
Cell in pairs (+)
Cell motile (=)
Cell length 1.90-1.98um
Cell width 1.72-2.66um
Spore formation (+)
urease ()
Nitrate reductase +)
lipase (Ga)
phosphatase )
Gram stain )
Acide fast stain +)
oxidase =)
Manitol (+)
Maltose ()
Growth at 4 °C =)
Growth at 30 °C ()
Growth at 37 °C (=)
Growth at 55 °C (=)
Oxygen requirement for growth (+)

Biosynthesis of PHB by Rhodococcus sp. using CPKO substrate:
The composition and the content of biopolymer were quantified by GC machine. In the present study, CPKO (1%)
which it is considered the potential carbon feedstock for high cell density PHA production that contain the unsaurated
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fatty acids [38], Rhodococcus isolate was yield 1.43 (g/l) as dry biomass with PHB accumulation up to 38% which
was in close to result for Rhodococcus rubber used fructose as carbon source (39)

Microscopic observation of Rhodococcus with PHB granules:

The bacterial isolate was cultured in MM broth flasks with shaking at 30 °C for different times using CPKO as the
carbon source, the PHB granules aggregated and have a bright appearance at 48 hours under phase contrast light
microscope as shown in Figure (4).

By fluorescent microscope using Nile Blue A staining of bacterial cells with 1% CPKO, the cells illustrated with
bright orange fluorescent that indicate the PHB accumulation inside cells as in Figure (5), the TEM micrograph
confirmed the PHB accumulation. Most of PHB granules are spherical, ovoid and elongated shape and the number and
size of granules in the cells depend on the bacterial species, growth and environmental conditions [40]. In Figure (6) of
TEM shown the cells have white granules with different size ranged from small to large and different number of
granules about (3-11) granules for each cell that can affected by the concentration of synthase caused the formation of
several small granules which lead to the formation of shorter P(3HB) [41].

Figure (5): Observation of Rhodococcu after growth in MM medium fed with CPKO 1% under a fluorescent
microscope using Nile blue A stain at 1000x magnification during production of PHB at 48 hrs.

o

Figure (6): Observation of PHB granules of Rhodococcus under TEM after Cultivation in MM medium using CPKO
as carbon source for production.

4. CONCLUSION

The present study successfully revealed the ability of Rhodococcus sp. for the production of PHB which have increased
applications in the life especially after the pollution problems resulted from petroleum plastic materials. The highest
production of PHB and CDW have been obtained by CPKO as the carbon source depending on one stage cultivation
method and confirmed these results by microscopic observations of bacterial cells that have biopolymer granules. Moreover,
the PHA produced from gram positive bacteria like Rhodococcus is accepted in the medical application more than gram
negative because the gram positive lack lipopolysaccharides (LPS) and gram negative have LPS that can Co purity with the
PHAs caused an intense immunogenic reaction therefore PHAs from gram negative is undesirable for medical applications.
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ABSTRACT

Some metal complexes of the ligand  4-[(2-Hydroxy-benzylidene)-amino]-N-(5-methyl-isoxazol-3-yl)-
benzenesulfonamide with the metal ions Sn(lI), Ni(ll), Zn(II), Cd(Il) and Cu(ll) are described. The synthesized complexes
have been characterized in solid state by using 'H-NMR, FTIR, UV-visible spectrophotometry, melting point,
conductivity and magnetic susceptibility measurements. The ligand acted as bidentate and coordinated to the metal atoms
via the deprotonated hydroxyl group and nitrogen of Azomethine group. From the spectral studies, octahedral geometry
was suggested for these complexes. The photostabilization of poly(vinyl chloride) films by prepared complexes was
investigated. The PVC films containing concentration of complexes 0.5% by weight were produced by the casting method
from tetrahydrofuran (THF) solvent. The photodegradation of the obtained films was investigated using UV -vis. spectra.
The photostabilization activity of these compounds was determined by calculating the photodecomposition rate constant
(kd) for the modified PVC.
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1. INTRODUCTION

Poly(vinyl chloride), otherwise known as PVC is a thermoplastic and the third largest production polymer in the world [1].
It has been one of the most important technical polymers that have wide applicability [2,3]. A wide variety of synthetic and
naturally polymers absorb solar ultraviolet radiation and undergo photolytic, photo-oxidative, and thermos-oxidative
reactions that result in the degradation of the material [4]. Photo-oxidation of organic materials is a major cause of
irreversible deterioration for a large number of substances. It is responsible for the loss of physical properties of plastics.
yellowing, loss of gloss and mechanical properties (cracking), of polymers and other problems associated with UV light [5].
The poor light stability of PVC must be caused by structural abnormalities that are present to vary the extents in different
types of commercially available polymer samples, such as unsaturated end groups, and oxidized structures such as
hydroperoxide groups and carbonyl groups [6]. The PVVC contains only C-C, C-H and C-Cl bonds, is not expected to absorb
light of wavelength longer than (190-220 nm). The fact that free radicals are formed after irradiation at longer wavelengths
(220-370 nm) indicates that some kinds of chromophores must be present in a polymer [7]. The photodegradation and
thermal degradation occur with coloration of the polymer due to the polyene formation [8]. 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. The physical properties of additives and polymers play a very important role in determining the additives
efficiency in photostabilization or photodegradation of polymers. In the present study, we report k4 values to investigate the
activity of the prepared complexes as photostabilizers against UV light in the PVC polymer films.
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2. EXPERIMENTAL

Materials and methods

All the reagents, starting materials as well as solvents were purchased commercially and used without any further
purification. Ethanol (99%) was obtained from Scharlau company. Tetrahydrofurane (98%) were obtained from
LABSCAN Company. Nickel (Il) acetate tetrahydrate, Tin (II) chloride, Copper (lI) acetate, Cadmium (II) acetate
dihydrate and Zinc (1) acetate dihydrate obtained from B.D.H company with high purity. The melting points were recorded
in Coslab melting point apparatus. The FTIR spectra were recorded by using FTIR.8300 Shimadzu spectrophotometer by
using Csl disc in the frequency range of 4000-200 cm™. UV-vs. spectra were recorded by using Shimadzu UV-VIS. 160 A-
Ultra- violet spectrophotometer in the range of 200-800 nm. The magnetic susceptibility values were obtained at room
temperature using Magnetic Susceptibility Balance Johnson Matthey. Conductivity measurements were carried out by using
WTW conductivity meter.

Synthesis of 4-[(2-Hydroxy-benzylidene)-amino]-N-(5-methyl-isoxazol-3-yl)-benzenesulfonamide (ligand)

Schiff base ligand was prepared by the condensation of the respective aldehyde and amino compound [9]. A solution of 4-
amino-N-(5-methyl-isoxazole-3-yl)-benzenesulfonamide (sulphamethoxazole) (0.001mol) in absolute ethanol (30ml) was
slowly added to a solution of an equivalent amount of 2-hydroxybenzaldehyde (salicyldehyde) in absolute ethanol (20ml),
then added two drops of glacial acetic acid to the mixture. The stirred reaction mixture was refluxed for 12 hrs (the
refluxation in the water bath), after cooling, a precipitate was formed which was collected by filtration then washed with
cold ethanol and recrystallized from ethanol and then characterized. Yield (84 %), m.p. (190-192). See Scheme 1.

Synthesis of metal complexes

The metal complexes of the Schiff base were prepared by the addition of a hot ethanolic solution of the suitable metal salt
[Copper (I1) acetate, Cadmium (Il) acetate dihydrate, Tin (I1) chloride, Zinc (Il) acetate dihydrate or Nickel (II) nitrate
hexahydrate] to a hot ethanolic solution of the ligand in 2:1 (ligand : metal) molar ratios. The resulting mixtures were stirred
under reflux for Lhr whereupon the crystalline, colored complexes were precipitated. The resulted complexes were collected
by filtration and dried at room temperature [10]. Then the precipitate of each complex was washed by a hot methanol to

yield a purified precipitate, see Scheme 2, Table 1.
o]
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4-Amino-N-(5-methyl-isoxazol-3-yl)-benzenesulfonamide
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4-[(2-Hydroxy-benzylidene)-amino]-N-(5-methyl-isoxazol-3-yl)-benzenesulfonamide

Scheme 1. The chemical step for synthesis of ligand
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Where M = Cu(ll), Cd(l1), Sn(ll), Zn(I1) or Ni(ll) o N—O

Scheme 2. The chemical steps for synthesis of Complexes

Films preparation [11]

The best solvent for PVC is tetrahydrofuran (THF). The films were prepared by evaporation technique at room temperature
for 24 hrs. Fixed concentrations of PVC solution (5%) in THF were used to prepare polymer films with 40 pm thickness.
The prepared complexes (0.5% concentrations by weight) were added to the films starting at 0 concentrations (blank). It
was necessary to control the hygrometry and the rate of evaporation of solvent during casting to maintain good optical
quality and very limited turbidity. After complete dissolution, The resulting solution was spread on glass frame and left
overnight. The films that formed upon complete evaporation of the solvent at room temperature, these films were paste onto
cartoon papers, these papers contain hole in dimension (2x2) cm.

Accelerated testing technique

UV lamp giving spectrum range between 290-360 nm with a maximum wavelength 313 nm was used for irradiation of
polymers films. The polymer film samples were vertically fixed parallel to the lamps to make sure that the UV incident
radiation is perpendicular on the samples. Each sample was held at a constant distance of 10 cm. The irradiated samples
were rotated from time to time to ensure that the intensity of light incident on all samples is the same.

Measuring the Photodegradation Rate of Polymer Films Using Ultraviolet-Visible Spectrophotometer [12]

The UV Visible spectrophotometry technique was used to measure the changes in the UV-Visible spectrum during different
irradiation times for each polymer films at maximum absorption band (A ma =200-400 nm). The photodegradation rate
constant for the Photostabilizer (ky) was calculated using the first order kinetic equation,

In(a-x) = Ina - kg t @

Where “a” represents the stabilizer concentration before irradiation and “x” represents the change in stabilizer concentration
after irradiation time (t). If A, represents the absorption intensity of the polymer film containing stabilizer before irradiation,
Aco represents the absorption intensity at infinite irradiation time and A represents the absorption intensity after t time of
irradiation, then:

a=A,—- A, (2)

X=Ag- A 3
axX=Ao-Ac-(Ao-A) = A-A, 4)
of aand (a - x) in equation (1) to give:

In (Ai- A,) =In (A - A,) — kgt (5)

Thus the plot of In (A; — A,) versus irradiation time (t) gives straight line with a slope equal to (kg).This indicates that
photodecomposition of the additive in first order.

3. RESULTS & DISCUSSION

FTIR spectra

The disappearance of original bands at 3298 and 3379 cm™ due to amino (NH2) group and, in turn, the appearance of a new
band at 1650 cm™ assigned to the azomethine (-C=N) linkage[13] provided a clue to the condensation of amine with
aldehyde resulting in the formation of the desired Schiff base. IR spectrum of the Schiff base ligand exhibited bands at
3430, 1616, 1650, 3250 and 1282 cm™ respectively assigned to the vibrations (O-H), (C=N) isoxazole ring, (C=N)
azomethine, (N-H) and the last one is for (C-O) bond.
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The IR spectra [14] of the complexes indicate that the ligand behaves as bidentate and the metal coordinates via azomethine
nitrogen and deprotonated phenolic groups. The shift of v(C=N) to lower wave number by 30-40 cm™ in the complexes
indicates that these groups are involved in complexation [15]. The presence of sharp band in the region 514-521 cm™ in the
spectra of the complexes assigned to v(M-N) mode [16], further support the involvement of nitrogen atom in coordination.
The ligand shows strong band at 3430 cm™ due to phenolic (OH) group [17]. This band is absent in all the metal complexes
indicating the involvement of this group in complex formation [18]. Moreover, the shift of the v(C-O) phenolic bands from
1282 cm™ in ligand to 1292-1327 cm™ in the spectra of metal complexes supports the coordination of the phenolic oxygen
atom to the metal ion [19]. The complexes show a broad band in the region 3520 cm™ suggesting the presence of
coordinated water [20]. The bands for v(M-O) mode [21] appeared in the range of 570-580 cm™ in all prepared complexes.
Selected vibrational bands of the ligand and its metal complexes as well as their assignments are listed in Table 2.
Electronic spectra

The ultraviolet visible electronic spectra of the ligand (L) and the complexes are given in Table 3. They were recorded in
DMSO at the range 200-1100 nm. Electronic spectrum of the ligand shows two high intensity band at 276 and 345 nm
indicate m-n* and n-m* transitions respectively of the ligand moiety [22]. Ni(Il) complex shows absorpthin bands at 274,
345, 571nm. The high intensity bands at 274 and 345 nm is relatively attributed to intra ligand transitions whereas the band
at 571nm may be due to 3Azg—> 3ng. Zn(11) complex displays high intensity band at 343, 276 nm, also Cd(ll) at 346, 273 nm
and Sn(ll) complexes at 327, 273 nm, due to intra ligand [23]. The Cu(ll) complex displays a band at 294, 302, 401 nm. The
first two bands are attributed to intra ligand transition and the third band at 401nm corresponds to Eg—"T2, [24].

Nuclear Magnetic Resonance

The *H-NMR spectrum of free ligand was recorded in DMSO-d6. The formation of imine group is established by the loss of
signal due to the aldehyde group of benzaldehyde at 9.7 in the *H NMR spectrum [25]. *H NMR spectrum of ligand shows
the signals (ppm) at 2.212 (s, 3H, CHs), 6.029 (s, 1H, CH ”isoxazole”), 6.743-7.768 (m, 8H, Ar-H), 8.764 (s, 1H, N=CH),
9.352 (s, 1H, NH), 10.525 (s, 1H, OH) [26, 27].

Magnetic susceptibility and conductivity measurements

magnetic moment measurements of compounds were carried out at 25 °C. Magnetic susceptibility measurements provide
sufficient data to characterize the structure of the complexes. The magnetic moment for Ni(Il) complexes is consistent with
octahedral geometry around the metal ion. The magnetic moment value 1.95 B.M. for Cu(ll) complex lies in the range
expected for d° system which contains one unpaired electron with octahedral geometry [28]. Cd(ll), Sn(Il) and Zn(Il)
complexes are diamagnetic and there was no magnetic moment recorded in this study [29]. Conductivity measurement of
these complexes was measured in ethanol as a solvent at concentration of 10-3 M at room temperature. This measurement
gives an idea if a solution is electrolyte or not. Table 4, shows the molar conductivity measurements of complexes, it was
shown that all prepared complexes were found to be non-electrolyte [30].

Photostabilization activity measurement

The irradiation of PVC films with UV light of wavelength, A= 313 nm led to a clear change in the UV-vis. Spectrum. The
complexes of the ligand 4-[(2-Hydroxy-benzylidene)-amino]-N-(5-methyl-isoxazol-3-yl)-benzenesulfonamide with the
metal ions Sn(ll), Ni(ll), Zn(11), Cd(ll) and Cu(ll) were used as additives for the photostabilization of PVC films. It has
been noticed that these additives used in the present work are photodecomposed during the photolysis. Thus the
photodecomposition rate constant (kq) was calculated. The (kq) values were computed using the UV spectra changes of PVC
films thickness (40 um) containing 0.5 % of additives. The plot of irradiation time versus In(A—A,,) gives straight line
which indicate primarily the first order reaction [31]. The slope equal to the decomposition rate constant (kg). Figures 1 to 6
show the variation of In(A—A.,) with irradiation time for all additives in Poly(vinyl chloride) films at the wavelength 313
nm. The values of the first order rate constant of all the modified polymers films (ky) calculated by the same way and shown
in Table 5.

The photostabilizers always possess low (kg) values, which mean that these modified polymers are stable towards UV light.
One could notice that (kg) values are sensitive to the type of additives in Poly(vinyl chloride) films, which decrease in the
following order,
PVC (blank) > PVC+ SnL(H,0),> PVC+ NiL,(H,0),> PVC+ ZnL,(H,0),> PVC+ CdL,(H,0),> PVC+
CulL,(H,0),

And this might point out to increase the photo-stability of the additives in this term.
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Table 1. Physical data of new ligand (L) and its metal complexes

Yield

Elemental analysis theoretical (Experimental) %

Metal percentage

Compound Colour M.P.(°C) %) M. Wt. Calc. (Found) %
c H N S 0
L Yellow 190-192 84 357.38 (g;ég) (ﬁg) (ié:;g) (gﬂ) (%:gé) """"

SnLa(H0), Yellow 226-228 76 867.49 (iZa'.g;) (gzég) (g% (;:jg) ég:gg) 13.68 (13.78)
NiLs(H;0), Yellow 237-239 68 807.48 (ggzgz) (j:gg) (ig:ﬂ) (;:gg) ég:gé) 7.27(7.79)
ZnLy(H,0)2 Pale yellow 192-194 82 814.17 (gg'éi) (gjgg) (igfg) (;:2% ég:gg) 8.03 (8.52)
CdLa(H0), yellow 252-254 73 861.19 (i;ﬁ) é:;g) (g:gg) (;:‘1“5’) ég:gg) 13.05 (13.55)
CuLs(H:0), Green 241-243 67 812.33 (ggg) (g:gg) (ig:gg) (;:gg) ég:ég) 7.82 (7.85)

Table 2. Diagnostic FTIR bands of the ligand and the complexes (cm™).

Comp. AzomethinevC=N vC-O vM-N vM-O vM-OH,
L 1650 1282 - - -
SnL,(H,0), 1646 1292 521 575 3521
NiL,(H,0), 1610 1312 517 573 3519
ZnL,(H,0), 1633 1327 519 580 3522
CdL,(H,0), 1628 1319 514 578 3520
CuL,(H;0), 1640 1321 520 570 3518

Table 3. Electronic spectra in DMSO solvent for the prepared ligand and its Metal Complexes.

Absorption
Comp. Bands(nm) Assignment
L 276, 345 n-n* n-w*
n-* ,n-m*, 2E(g) —
CuL,(H,0), 294, 302, 401 Toy
CdL,(H,0), 273, 346 -n* n-m*
SnL,(H,0), 273, 327 n-n* n-m*
ZnL,(H,0), 276, 343 -t Tk
NiL,(H,0), 274,345,571 ¥ n-m*, 2An— 2T

Table 4. Conductivity measurements and magnetic moment of Ligand (L) and its complexes

Comp.

Conductivity (uS/cm)

Magnetic moment

(BM)

L — —
SnL,(H,0), 5 Diamagnetic
NiL,(H,0), 6 2.94
ZnL,(H,0), 11 Diamagnetic
CdL,(H,0), 7 Diamagnetic
CULQ(Hzo)z 3 1.95
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Table 5. Photodecomposition rate constants (kq) of PVC films thickness (40pm) containing 0.5 % of additives

compounds ke(S™h
PV/C (control) 3.56 x 10°®
PVC + SnL,(H,0), 3.15x10°
PVC + NiLy(H,0), 2.90 x 10°®
PVC + ZnL,(H,0), 1.35x10°
PVC + CdL,(H,0), 1.09x10°
PVC + Cul,(H,0), 7.29x 10
2
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Figure 1. Variation of natural logarithm of (A—A,,) with irradiation time of PVC (control) film (40um)
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Figure 2. Variation of natural logarithm of (A—A.,) with irradiation time of CuL,(H,0), in PVC film (40um)
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Figure 3. Variation of natural logarithm of (A—A,,) with irradiation time of CdL,(H,0); in PVC film(40pum)
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Figure 4. Variation of natural logarithm of (A—A.,) with irradiation time of ZnL,(H,0), in PVC film (40pm)
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Figure 5. Variation

of natural logarithm of (A—A.,) with irradiation time of SnL,(H,0), in PVC film (40pm)
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Figure 6. Variation of natural logarithm of (A~A.,) with irradiation time of NiL,(H,0), in PVC film (40um)

4. CONCLUSION

This paper describes the synthesis and characterization of 4-[(2-Hydroxy-benzylidene)-amino]-N-(5-methyl-isoxazol-3-yl)-
benzenesulfonamide and its five metal complexes. The ligand acted as bidentate and coordinated to the metal atoms via the
deprotonated hydroxyl group and nitrogen of Azomethine group. General structures of the complexes are shown in Scheme
2. All complexes show octahedral geometry. The photostabilization of poly(vinyl chloride) films were investigated. The
additives take the following order in photostabilization activity according to their decrease in rate constant.
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SnL3(H;0); < NiL;(H20), < ZnL;(H;0), < CdL2(H,0), < CuL,(H:0),

Increase the activity
N
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