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Synthesis of poly (€ -caprolactone-co-propylene
oxide) by a green catalyst, Maghnite

Abdelghani Bouchama “, Mohammed Issam Ferrahi® Mohamed Belbachir?

Abstract - | the present work the copolymerization € of -
caprolactone (CL) with propylene oxide (PO) uses proton
exchanged Montmorillonite clay as initiator is reported. The
effects of the amounts of Maghnite -H+ and the temperature
on the synthesis of poly (&-caprolactone-co-propylene oxide)
were studied. The copolymer obtained was characterized by
1H-NMR spectroscopy.

Keywords . Epichlorohyadrin, Epsilon - caprolactone,
Maghnite, Montmorillonite, Ring opening polymerization.

. INTRODUCTION

Dolyoaprolactone (PCL) is one of the most
important biodegradable polymers due to its

biodegradability, biocompatibility, non-toxicity and
good permeability to drug [1-3]. Many copolymers of
CL with other monomers such as lactide (LA) [4, 5], 5-
methyl-5 benzyloxycarbonyl-1,3-dioxane-2-one (MBC)
[6,7], 1,3-dioxane-2-one (TMC) [8-10], glycolide (GA)
[11,12] tetrahydrofuran(THF)[13] and poly (ethylene
glycol) (PEG) [14,15] have been extensively investigated
in order to expand applications of PCL, but most of the
cationic initiators used in the synthesis of these
copolymers are expensive. They may be poisoned by
products of the reaction or impurities present in the
monomer feed, and contain heavy metals, such as
chromium, mercury, antimony, etc.,, that presents
environmental disposal problems for the user.
Frequently, these initiators require the use of very high
or very low temperature and high pressures during the
polymerization reaction.

The separation of the initiators from the polymer
is not always possible. Therefore, the presence of toxic
initiators  presents problems in the manufacture of
polymers used especially in medical and veterinary
procedures.

There is still a great demand for heterogeneous
catalysis under mild conditions and in environmentally
friendly processes. Montmorillonite, a class of
inexpensive and noncorrosive solid acids, have been
used as efficient catalysts for a variety of organic
reactions. The reactions catalyzed by montmorillonite
are usually carried out under mild conditions with high
yields and high selectivities, and the workup of these
reactions is very simple; only filtration to remove the
catalyst and evaporation of the solvent are required.
Montmorillonite catalysts are easily recovered and

Author 7 Laboratoire de Chimie des Polymeres, Département de
Chimie, Faculté des Sciences, Université d'Oran Es-Senia BP N° 1524
El M'Naouar, 31000 Oran, Algerie. (Emalil : elatik@hotmail.fr)

reused [16, 17].

The purpose of this paper is to study the
copolymerization of &-caprolactone with tetrahydrofyran,
catalyzed by Maghnite -H* [18], a proton exchanged
Montmorillonite clay. This new non-toxic cationic catalyst
has exhibited higher efficiency via the polymerization of
vinylic and heterocyclic monomers [19, 20].

The effects of the amounts of the Maghnite-H*
and the temperature on the synthesis of poly (g-
caprolactone-co- propylene oxide) are also discussed.

I1. EXPERIMENTAL

a) General

The 1H-NMR spectra were recorded on Bruker
Avance-300 spectrometer in  deuterochloroform.
Chemical shifts are shown in © values.

b) Materials

e-Caprolactone (grade 99%) was used as
purchased from Aldrich. Propylene oxide was purified by
fractional distillation. Chloroform was dried on CaH,
anhydrous and distilled before use. Raw-Maghnite:
Algerian Montmorillonite clay was procured from
BENTAL (Algerian Society of Bentonite).

¢) Preparation of “Maghnite -H* 0.256M”

Maghnite-H+ was prepared according to the
process similar to that described by Belbachir et al. [20].
Raw-Maghnite (20 g) was crushed for 20 mn using a
prolabo ceramic balls grinder. It was then dried for 2
hours at 105°C the Maghnite was placed in an
Erlenmeyer flask together with 500 ml of distilled water.
The Maghnite/water mixture was stirred using a
magnetic stirrer and combined with 0.25 M sulfuric acid
solution, until saturation was achieved over 2 days at
room temperature, the mineral was then washed with
distilled water to became sulfate free and then dried at
105°C.

a) Copolymerization and products characterization

The bulk copolymerizations were carried out in
stirred flasks at 25°C for 24 hours. The catalyst was
dried in a muffle furnace at 120°C overnight and then
transferred to a vacuum desiccator containing P,Os.
After cooling to room temperature under vacuum, the
mineral was added to the ¢-caprolactone (0.026mol),
propylene oxide (0.026mol) mixtures previously kept in
the stirred flask at 25°C. After the required time was
reached, an aliquot of the reaction mixture was then
removed in such a manner as to exclude any clay

© 2012 Global Journals Inc. (US)
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mineral, and then dried by evaporation to remove
solvent and remaining monomer.

[TI. RESULT AND DISCUSSION

a) Copolymerization and products characterization
The result of bulk copolymerization experiment
of € - caprolactone (0.026mol), with propylene oxide

(0.026mol) induced by
reported in Table 1.

“Maghnite-H+ 0.25M” s

For all these experiments the temperature was kept
constant at 23°C for 24 hours.

Table. 1. Copolymerizations of € - caprolactone with propylene oxide induced by“Maghnite-H"0.25M”

. Mag-H* Time .
Experiment Yield % Mn Mw Mw/Mn
P 0.25M (Hours) I - Hokk
(%)
1 10 24 56.12 613 | 3702 6.04
2 5 24 41.63 682 4317 6.33

*Mn:The Number Average Molecular Weight.
** Mw:The Weight Average Molecular Weight.

*** Mw/Mn.polydispersity index (PDI).

b) Effect of temperature on copolymerization

The effect of temperature on the
copolymerization of € - caprolactone (0.026mol) with
propylene oxide (0.026mol) initiated by Maghnite-H* (5%
by weight) for 5 hours, is shown in Fig. 1.The
copolymerization yield reach maximum value around 90-
100°C. On the other hand, with the increase in the
reaction temperature above 90°C the molecular weight
of the obtained copolymer decrease progressively,
suggesting the possible occurrence of thermal
degradation. On the basis of these results, subsequent
copolymerizations were carried out at 90°C.

Yield (%)
_ nY (&%) P (S5 oD -~
[ L) [ [ [ =1 [ e
>
R 4
>
R 4

[

0 | 0 60 ) 100 120

Temperature (°C)

Fig. 1. Effect of temperature on copolymerization of € -
caprolactone (0.026mol), with propylene oxide
(0.026moal).

© 2012 Global Journals Inc. (US)

c) Effect of the amount of Maghnite-H” on the
copolymerization

Fig. 2 shows the effect of the amount of
Maghnite-H* on the copolymerization vyield of e -
caprolactone with propylene oxide. Indeed, using
various amounts of Maghnite-H*, 1, 2, 3, 5, 7.5, and
10% by weight, this copolymerization was carried in bulk
at 90°C, for 5 hours. The copolymerization yield
increased with the amount of Maghnite-H*, thus clearly
showing the effect of Maghnite-H™ as a catalyst. This
phenomenon is probably the result of an increase in the
number of "initiating active sites" responsible of inducing
polymerization, a number that is pro rata to the amount
of catalyst used in reaction.

80 7
701 ¢

0 T T T T T 1
0 2 4 6 8 10 12

Maghnite H+ 0,25M (%)
Fig.2. Effect of the amount of the catalyst on

copolymerization of € -caprolactone (0.026mol), with
propylene oxide (0.026mol).



d) Characterization of products

The formation of the copolymer was confirmed
by 'H NMR spectroscopy at 300 MHz (Figure 4). The
reaction taking place is shown in the following scheme:

Mag H
in bulk T=23C

H, H, H, H
W/ </\/\/\C>N( C§\
fe B | | !
0

CH

poly (CL-co-PQO)

Table.2. Results of products analysis by 'H NMR

spectroscopy.
Proton a bed e f g h
type
Sin | g | 1M1 2241 408 363 120
ppm 1.78
a
H2
/ \ v \ / \ \f/
b | CH3
h
a b d e i
i
i
]
0
a
el | i
: L
-| hm |

Fig.3. "H NMR spectrum of poly (g -caprolactone-co-
propylene oxide) in CDCI 3.

'"HMNR spectroscopy at 300 MHz (Solvent
deuterated CHCI,) (Fig4) showed different peaks, the
three methylene in position 3, 4 and 5 ofe -caprolactone
(-O-CH,-CH,-CH,-CH.-CH,-CO-), lie betweend =
1.41ppm and® = 1.78 ppm, the proton carried by the

carbon in position 2 and 6 of g-caprolactone (-O-CH.-
CH,-CH,-CH,-CH,-C09,(-O-CH,-CH,-CH,-CH,-CH,-CO-)
at & = 421 ppm and & = 2.24 ppm respectively, the
methylene in position 3 of PO (-O-CH (CH,)-CH,-) at &
= 3.63ppm, the proton carried by the carbon in position
2 of OP at 4.98 ppm and the Methyl group of OP at 1.20

ppm.
IV. CONCLUSION

Maghnite-H*,a proton exchanged montmorillo -
nite clay is effective as an acidic catalyst for the
copolymerization of ¢-caprolactone with propylene
oxide. The balance of copolymerization moves towards
the formation of copolymer with the rise in the
temperature and the increase in the quantity of catalyst.
The copolymerization proceeds smoothly, and a simple
filtration is sufficient to recover the catalyst.
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Adsorption Of Mn(l1) lons From Wastewater
Using Activated Carbon Obtained From Birbira
(Militia Ferruginea) Leaves

Alemayehu Abebaw Mengistie®, T. Siva Rao®, A. V. Prasada Rao®

Abstract - The adsorption of manganese (Il) onto activated
carbon derived from the leaf an indigenous Ethiopian plant,
namely Birbira (Militia ferruginea), was investigated using
flame atomic absorption spectrometer. The effects of contact
time, adsorbent dose, Mn (ll) initial concentration, pH and
temperature were investigated. The maximum adsorption
occurred after 2 hrs. There was 95.8% of Mn?* adsorption at
pH of 4.0. The positive value of AH shows that the adsorption
of manganese ions on the adsorbent is an endothermic
process. The values of free energy ( AG) were negative. The
decrease in AG value with increasing temperature reveals that
adsorption of the ion on the adsorbent becomes favorable at
higher temperature. The calculated value of AH is 16.05 kdmol
~'and AS is 99.13JK'mol™. The two theoretical adsorption
isotherms, namely, Langmuir and Freundlich were used to
describe the experimental results. The Freundlich adsorption
isotherm best fits and adsorption capacity was calculated to
be 3.41 mg of Mn (ll) per g of adsorbent. The adsorption
followed the first order kinetics and was found to be pH
dependent being maximum at pH 4.0. Reuse of the desorbed
bio-adsorbent is possible. The effect of foreign ions on the
removal of Mn (Il) has been investigated. The removal of Mn
() from industrial wastewater sample was also tested and
showed that more than 93% removal is possible. The results
showed that activated carbon prepared from Birbira (Militia
ferruginea) leaves can be used for the removal of Mn (Il) from
wastewater.

Keywords : Industrial wastewater, Manganese removal,
adsorbent, Militia ferruginea, adsorption isotherm,
kinetics of adsorption and flame atomic absorption

spectrometer (FAAS).
l. INTRODUCTION

eavy metals are generally present as pollutants in
a variety of industrial effluents. Industries such as

metal plating, metal finishing, rubber processing,
fertilizers, mining, as well as agriculture release these
heavy metals into the surface and ground water [1]. At
least 20 metals are classified as toxic and half of these
are released into the environment in quantities that pose
risks to human health [2-5]. The increasing
contamination of urban and industrial wastewaters by
toxic metal ions is a serious environmental problem.

Author * . Department of Chemistry, Ambo University, P.O. Box. 19,
Ambo Town, Western Shoa, Ethiopia
E-mall : alemayehuabebaw@yahoo.com

Author @ F: Department of Inorganic and Analytical Chemistry, School

of Chemistry, Andhra University, Vishakhapatnam, Andhra Pradesh,
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These inorganic micro-pollutants are of considerable
concern because they are non-biodegradable and
highly toxic [6]. The toxic actions of these trace
elements are due to their bioaccumulation in the tissues
of living organisms [7-10]. On the other hand, the
Groundwater that contains an appreciable amount of
iron or manganese or both is always devoid of dissolved
oxygen and high in carbon dioxide content [11]. As far
as is known, humans suffer no harmful effects from
drinking water containing manganese. However,
manganese interferes with laundering operation, imparts
objectionable stains to plumbing fixture, and causes
trouble in distribution systems by supporting growths of
iron bacteria. For these reasons public water supplies
should not contain more than 0.05 mg/L of manganese
according to the U.S.E.P.A. secondary standard [11].
According to WHO the maximum permissible limit (MPL)
of manganese in drinking water is 0.5 mg/L [11-13].

At present, a number of technologies can be
used to remove heavy metals from the contaminated
waste water such as filtration, adsorption, chemical
precipitation, ion exchange, membrane separation and
electro remediation methods. However, most of this
method might not be efficient in removing heavy metals
at very low concentrations, and could be relatively
expensive. These methods are also not effective due to
their secondary effluent impact on the recipient
environment [14-17]. For this reason, the uses of some
low-cost materials for sorbent/adsorbent of metals from
contaminated wastewater have been popular.

Randall et al. worked on removal of heavy
metals using various barks and eventually expanded
their work to peanut skins [18,19]. Others researchers
also used bagasse, acacia bark, husk, paddy straw,
wheat flour, and waste peanut [20, 21]. More recently,
great effort has been contributed to develop new
adsorbents and improve existing adsorbents. Studies of
removal of heavy metal ions using low-cost abundantly
available adsorbents from agricultural and solid wastes
such as tea waste, coffee and nut shells [22], saw
dusts, bark and bin [23], palm kerner husk [24], rice
hulls [25], cactus leaves and charcoal [26], were
performed. In our earlier studies we have used leaves of
a plant for the removal of heavy metals [27, 28]. The aim
of the present investigation is to propose new
biomaterial involving applications of an Ethiopian
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indigenous plant material leaves, Militia ferruginea also
known in the vernacular as birbira, in the removable of
heavy metals from synthetic wastewater (spiked with
manganese) and subsequently its application to
industrial wastewater. For environmental degradation
industries are not the only contributors but deforestation
of indigenous trees for agriculture does also contribute.
It is therefore of great value to solve this problems
simultaneously. The search for indigenous biomaterials
especially, those with high social value and
economically important trees for tackling both
deforestation and environmental pollution are sounding.
Selection of these indigenous trees for this application
will increase the farmer’s attention towards planting the
trees since the value of these trees will increase in terms
of economy.

I[I.  MATERIALS AND METHODS

a) Preparation of carbon from the bio-adsorbent

After it was authenticated by an expert, the
leaves of Birbira (Militia ferruginea) were collected, dried
in air and powdered. The homogenous powder was
treated with concentrated sulfuric acid (sp.gr. 1.84) in a
weight ratio of 2:1 (powder: acid). The resulting black
product was kept in an air-free oven monitored at 195
+ 5°C for three hours, followed by several washings with
distilled water until free of excess acid and drying at 105
=+ 5°C. The carbon obtained was ground and the portion
retained between 90 and 125 ym sieves was used for
the metal adsorption experiments. The yield of the
carbon was about 38% of the starting powder.

b) Preparation of synthetic wastewater

Synthetic wastewater samples were prepared
by using analytical grade manganese dioxide
(MnCl,.4H,0) (Loba Chemie) and doubly distilled water.
The stock solution was prepared in a concentration of
1000 ppm. Working solutions of 5, 10, 20, 50, 60 and
100 ppm were prepared by dilution.

c) Sampling of Industrial effluent

The metal polishing industrial effluent sample
was collected in polyethylene bottles. pH, electrical
conductivity were measured with portable pH meter and
electrical conductivity meter. Samples were filtered and
preserved at 4°C. Trace metals were determined by
flame atomic absorption spectrometer (FAAS) and
soluble cations, anions and other parameters were
determined by standard analytical methods [12].

a) Batch adsorption experiments

Each batch experiment was performed with 50
ml of a working solution and the desired adsorbent
does, shaking time pH, and temperature. The solution
was transferred into a 250 ml conical flask and shaken
in a mechanical Gemmy orbit shaker (model: VRN-480)
at 250 rpm for a definite period. Adsorbent dose,
shaking time, pH, and temperature were optimised by
continuous variation method (studying one, keeping the
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other parameters constant). After equilibrating, the
system was allowed to settle for 20-30 minutes, filtered
and analysed for manganese. The pH of the original
solution and the filtrate was determined using HANNA
instruments pH meter (pH 209 model).

The difference in the manganese content before
and after adsorption experiment represents the amount
of manganese adsorbed by the bio-adsorbent. All
experiments were performed at room temperature
(23°C+2°C) except for the samples used for study of
the temperature effect. The free ion concentration of
Mn? in the test solution was measured by atomic
absorption spectrometer model AA-6200, Shimadzu
Japan. The concentration was measured at the
wavelength of 279.5 nm with slit width of 0.2 nm for the
photon hollow cathode lamp system in AAS. Each
experiment was carried out in triplicate and mean values
were taken for calculation.

The percent removal of metal ions can be calculated by
using the formula:

C -C,

Where C; is the initial concentration in the
aqueous solution and C; is the final concentration in the
aqueous solution after adsorption procedures carried on
and equilibrium is achieved.

e) Temperature Study

The effect of temperature was studied using 50
ml of 10, 20, 40 and 60 ppm of Mn?*" solution for 2hr at
adsorbent dose of 4.0 gm. The temperature was set at
23°, 30°, 35°, 40°, 45°, 50° and 60°C.

[1I.  RESULTS AND DISCUSSION

a) Effect of adsorption time

The effect of adsorption time using 4.0 g of the
adsorbent and 50 mL of test solution containing 5, 10,
20 and 100 ppm of Mn (Il) ions is shown in Figure 1. It is
evident from the figure that the removal of metal ion
increases at adsorption time increases. Initially the rate
of uptake is fast. However, equilibrium is attained in 2 hr.
Hence, in further studies the adsorption time of 2hr was
used.
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Figure 1. Effect of adsorption time

pH = 4.0, Adsorbent dose = 4.0 g

b) Effect of Adsorbent dose

Figure 2 shows the effect of carbon dosage on
Mn (Il) ion removal from aqueous solutions. Each test
solution (50 mL) contained 20 ppm of manganese ions.
The adsorption of manganese ions is observed to
increase as the amount of adsorbent is increased from
0.25 g to 4.5 g. The maximum adsorption is obtained
from the adsorbent dose of 4.0 g which is 92.6% for 20
ppm of initial concentration. A further increase of the
adsorbent up to 45 g seems to give no more
adsorption. About 4.0 g of the adsorbent were thus
sufficient to adsorb the maximum ions under the
experimental conditions. The increase in the removal
efficiency as adsorbent dose increases is due to the
availability of more adsorbing sites at higher doses. At
constant initial concentration once equilibrium between
adsorption desorption is reached the percent adsorption
remains constant.
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Figure 2. Effect of adsorbent dose
pH = 4.0, Initial concentration = 20 ppm

c) Effect of initial concentration of Manganese ions
Removal of Mn (ll) ions from the aqueous
solution was studied for the metal ion concentrations
ranging from 5 to 100 ppm. The percentage adsorption
of Mn (Il) ions from 50 mL solutions of different initial ion
concentrations (equilibrated with 4.0 g of adsorbent) is
shown in Figure 3. As can be seen from the figure the
removal of the metal ions is found to decrease with
increase in initial concentration. At the experimental

conditions of 4.0 g dose of adsorbent and at pH 4
maximum adsorption is obtained for concentrations of 5
— 10 ppm.
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Figure 3. Effect of initial concentration
pH = 4.0, Adsorbent dose = 4.0 g

a) Effect of pH

The pH of a solution is an important controlling
parameter in the adsorption process, and the initial pH
value of the solution has more influence than the final
one. The influences of pH are on both the adsorbent
surface of the metal binding sites and the metal
chemistry in water [29, 30]. In this experiment, the pH
effect was studied in the range of 2.0-7.0. Removal of
Mn?* onto the activated carbon is pH dependent as
shown in Figure 4. The maximum adsorption is obtained
at pH 3.5 for both 10 and 50 ppm solutions. At pH <
2.0, H* ions compete with Mn (Il) ions for the surface of
the adsorbent, which would hinder Mn (Il) ions from
reaching the binding sites of the sorbet. At pH > 7.0, the
Mn (Il) gets precipitated due to hydroxide anions
forming a manganese hydroxide precipitate. The highest
efficiency was 94.2% at a pH of 4.0 for 10 ppm and
82.8% for 50 ppm. A change in the pH of the solution
after adsorption was observed in this study. In all cases
the pH of the solution decreases after equilibrium was
achieved. The larger the adsorbent dose the greater the
decrease in pH. It was presumed that adsorption of the
metal ions on the surface could result in the release of
more H* ions from the surface by ion exchange
mechanism.
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Figure 4. Effect of pH

Adsorbent dose = 4.0 g
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e) Effect of Temperature

The extent of manganese ion adsorption on the
activated carbon at various temperatures is given in
Figure 5. As can be seen from the figure as the
temperature of the system is increased, there was an
increase in the percent removal of the metal. The
enhancement of the adsorption capacity on increasing
the temperature may be due to increase in the mobility
and diffusion of ionic species. Since diffusion is an
endothermic process, it would be expected that an
increased solution temperature would result in the
enlargement of pore size due to ‘activated diffusion’
causing the micro-pores to widen and deepen and
create more surface for adsorption.
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Figure 5. Effect of Temperature
Adsorbent dose = 4.0 g, pH = 4.0

Calculation of thermodynamic parameters
The value of AH and AS were calculated from
the slope and intercept of the linear van't Hoff plot
respectively, using the relation:
_AS_AH ©
R RT

Where: AS = entropy change for the process

AH = enthalpy change for the process

R = gas constant

T = absolute temperature
The distribution coefficient (Kq) of the activated charcoal
surface was calculated using the equation,

_G-CV 3)
C m

e

InK,

Ka

Where C; = the initial concentration of the metal ion
C.= the equilibrium concentration of the metal
ion
V = the volume of the solution equilibrated in mL
m = mass of the adsorbent in g
The change in free energy (AG) for the specific
adsorption has also been calculated using the equation

AG =-RTInK, (4)
Where, the symbols have their usual significance.
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The thermodynamic quantities AH, AS, AG of
manganese ion adsorption on activated carbon were
calculated from the Ky values using Egs. (3) and (4).
The values of AH and AS were computed from the slope
and intercept of the linear variation of In K, with the
reciprocal of temperature (Figure 6) and was found to
be 16.05 kJ mol™ and 99.13 JK'mol” respectively (Table
1). The values of free energy of specific adsorption, AG
at various temperatures were calculated by using Eq. (4)
and are listed in Table 1. The positive value of AH shows
that the adsorption of manganese ions on the adsorbent
is an endothermic process. The values of free energy
(AG) are negative as expected for a spontaneous
process. The decrease in AG value with increasing
temperature reveals that adsorption of the ion on the
adsorbent becomes favorable at higher temperature.
The positive value of AS reveals the increase in
randomness at solid solution interface during the fixation
of manganese ions on active site of the adsorbent.

Jable 7. Adsorption Studies of Mn?* lons on Activated
Carbon as a Function of Temperature

T UT Kg AG Inkg
(mLg?)  (kImol )

(K) (K*x 10%)

296 3.38 232.01 -13.41 5.45

303 3.30 255.25 -13.95 554

308 3.25 277.26 -14.39 5.62

313 3.19 303.17 -14.85 571

318 314 342.85 -15.41 5.83

323 3.09 393.87 -16.03 5.97

333 3.0 478.32 -17.08 6.17

Amount adsorbent: 4.0g shaking time 2hrs, volume
equilibrated 50 ml, pH of the solution 4.0, and
concentration of Mn (Il) 20 ppm.
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1) Effects of anions and cations

The effect of anions such as F, CI", NOs?, SO,°
and PO42 as well as the effect of cations such as Fe*?,
Car?, Na+ and K+ on the Mn?"adsorption efficiency of the
bio-adsorbent was studied. There is no significant
reduction in the adsorption of Mn? when the
concentration of the above ions increases up to 80 ppm
in the synthetic water. It is evident that with the proper
treatment of the wastewater; it is possible to adsorb
Mn? ions on the surface.

g) Adsorption isotherm

Equilibrium batch adsorption experiments
resulted in points of the adsorption isotherm, which were
approximated by the Langmuir model,

q _ qmax meax
1+ bCeq ©)

where, Q. is the maximum adsorbate uptake
and b is the Langmuir constant related to energy of
adsorption, which quantitatively reflects the affinity
between the adsorbent and the adsorbate. The

evaluation of the specific uptake g was performed
according to

vic-c,) ©)
m

q:

where, V is the volume, C;, initial concentration
of the metal ion, Ceg is the metal ion concentration
remaining in the solution after adsorption has taken at
equilibrium and m is mass of the biomaterial.

The Langmuir parameters were obtained by
fitting the experimental data to linearized equation
derived from Eq. (7),

Yq=—1 4+ 1 )

Ormax (Ceq Omax b)

The Freundlich isotherm can be derived from
the Langmuir isotherm by assuming that there exists a
distribution of sites on the adsorbent that have different
affinities for different adsorbates with each site behaving
according to the Langmuir isotherm. According to
Freundlich, adsorption from solution can be expressed
by the equation

q= KcC¥" ®

where K is the measure of the capacity of the
adsorbent (mass of adsorbate/mass of adsorbent) and
nis a measure of how affinity for the adsorbate changes
with changes in adsorption density. The expression n >
1 indicates that the affinities decrease with increasing
adsorption density. Evaluation of the coefficients K and
n can be accomplished using the linearized form of
equation 8,

Iogq=|ogK+%IogC ©)

The Freundlich parameters as well as the
correlation coefficient are listed in Table 2. From the
values obtained for these parameters the theoretical
Freundlich curves were calculated and plotted (Figure
7). It can be observed that the experimental data fit the
isotherm adequately. The applicability of the Freundlich
model to the experimental data indicates monolayer
coverage on heterogeneous adsorbent surface by each
of the Mn (ll) ions. For comparison the Langmuir
adsorption isotherm is also given in Figure 8.

*
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Figure 7. Freudlich adsorption isotherm of Mn (1l)
Initial concentration = 20 ppm, pH = 4.0 g

Table 2. Freundlich Isotherm Parameters

Equation K (mg/g) n R2
Logq=0.411LogCe+ | 3.41 243 [ 094
0.5329
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Figure 8. Langmuir adsorption isotherm of Mn (Il)
Initial concentration = 20 ppm, pH = 4.0 g

h) Order of reaction of manganese fon adsorpition

The rate constant (K) of the manganese ion
adsorption at the adsorbent surface was calculated at
25°C with equilibration time (t) of 120 min using the
following equation [31],

K :% In(Cs /C,) (10

Here C, and Ce are the initial and equilibrium
concentrations of manganese ions respectively. The
values of Ce and the rate constant for the adsorption
process at different initial concentrations of manganese
ions (Co) were calculated. The plot of rate constant (K)
versus In (Co/Ce) is observed to be a straight line as
shown in Figure 9. The result indicates that the
adsorption process of manganese ions at the surface of
the adsorbent follows first order reaction kinetics.
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Flgure 9 . Kinetics of Adsorption of Mn?*

/) Treatment of industrial wastewater

The suitability of the bio-adsorbent material for
the removal of Mn (Il) was tested with a metal polishing
industrial wastewater sample. The composition of the
wastewater is given in Table. 3. pH of the wastewater
sample was maintained between 3.5.-4.0. Using the
adsorbent dose of 4.0 g to 50 ml of 20 ppm Mn (Il) the
effect of adsorption time is shown in Figure 10. It was
found in this experiment that the treatment of Mn (Il) ion
in industrial wastewater was quite satisfactory: almost
94% removal of the metal ion from the wastewater was
possible. Thus, the result was in good agreement with
those obtained from batch experiments conducted for

© 2012 Global Journals Inc. (US)

Mn () removal in synthetic wastewater samples.
However, a preliminary treatment of the industrial
wastewater is recommended before the application of
activated carbon of the bio-adsorbent.

Table 3. Determined composition of metal polishing
industrial effluent

Parameters Results
pH 3.5
Electrical conductivity (u 4367.75
mhos/cm)

Total dissolved solids (mg/L) | 6846
Turbidity (NTU) 1.25

COD (mg/L) 33

Chloride (mg/L) 468
Sulphate (mg/L) 1228
Iron (mg/L) 38
Manganese (mg/L) 32.6
Cadmium (mg/L) 964

Calcium (mg/L) 86

Sodium (mg/L) 177
Potassium (mg/L) 32
120
= 100
z
= &0
5
= b0
3
E 40
&
® 20
0
] 50 100 150 200 250 200

Figure 10. Effect of adsorption time
pH = 4.0, Adsorbent dose = 4.0 g

J)  Desorption studies

The adsorbent (50 mg) that was used for the
adsorption of the Mn?* ion in solutions of 5, 10, 20, 40,
50, and 80 ppm from determination of effect of initial
concentration experiment was separated from the
solution by filtration. The Mn?* loaded adsorbent was
filtered using Whatman filter paper and washed gently
with distilled water to remove the unadsorbed Mn?*, and
the water was immediately removed. Then the
adsorbent was mixed with 50 ml of distilled water,
adjusted to a pH value in the range 2.0-9.0 using dilute
HCI/ NaOH and agitated for 3 hours longer period than
the equilibrium time. The desorbed Mn?* was estimated
as before. The adsorbent after desorption of the ions



the ions was checked for further adsorption capacity.
The reuse of regenerated activated carbon was found to
be efficient. The desorption results are shown in Figure
11.
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Figure 11. Desorption of Manganese ions from the
spent adsorbent

CONCLUSIONS

The removal of Mn (Il) ion in synthetic
wastewater as well as industrial effluent by activated
carbon obtained from the leaves of Birbira plant has
been studied. The prepared activated carbon is an
efficient biomaterial for removal of manganese (ll) ions
from industrial wastewater. The adsorption of Mn (Il) is a
monolayer according to Freundlich adsorption isotherm.
The percent removal of Mn (ll) under the conditions
employed; here is 94.2% for initial concentration of 10
ppm. Adsorption efficiency increased with increasing pH
showing a maximum at pH 4.0 and then decrease at
higher pH, greater than pH 9 desorption is complete.
Adsorption equilibrium for the metal is reached in about
2 hrs and is endothermic in nature. The adsorption is
first order in kinetics. This methodology can be applied
to the removal of toxic metals from wastewater
efficiently. Reuse of the regenerated bio-adsorbent is
also possible.
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Computing Group Theory and Character Table
of Non Rigid Tetraphenylporphyrin H2 (Tpp) and
Metalloporphyrin Mii (Tpp)

M. Eslami Moghadam® T. Karimi @ M. Farrokhi D. G.P

Absiract - The studies on symmetry of Metalloporphyrins are
very important due to better understanding of their spectra.
Also, the non rigid molecule group theory, in which the
dynamical symmetry operations are defined as physical
operations, is a new field of chemistry. In this paper, by a
simple method, we calculate character table for symmetry
group of non rigid porphyrin molecule consisting of four
phenyl groups attached to a rigid framework. We apply the
group theory package, GAP, to compute the symmetry of
Tetraphenylporphyrin, Hy(TPP), and Metalloporphyrin, M"(TPP),
with symmetry groups D,, and D, respectively. We prove that
the full non rigid of these molecules are seen be the group of
order 64 which has 16 conjugacy classes and order 128 which
has 20 conjugacy classes, respectively.

Keywords : Character table, Conjugacy classes, GAP;
Non-rigid group, Tetraphenyporphyrin.

[.  INTRODUCTION

he study of porphyrins has received
increased  interest in  recent  years.
Metalloporphyrin complexes play significant

roles in many biological and catalytic systems. The
diversity of their functions is due in part to the
variety of metals that bind in the "pocket" of the
porphyrin ring system. The study of porphyrins is
well suited to college and university laboratories
because of their importance and several other
reasons. Specifically, interpretation of their spectra
offers an introduction to molecular orbital and
molecular symmetry (1,2).Group theory for non-
rigid molecules is becoming increasingly relevant
and its numerous applications to vibrational
spectroscopy of small molecules are appearing in the
literatures (3,9). As it is well known, group theory for
non-rigid molecules was essentially developed for two
points of view: i) The molecular symmetry group theory

(MSG) of permutation inversion groups constructed by
permutations and permutation-inversions of identical
particles (The MSG group is formed by all feasible
permutations); ii) The full and restricted non-rigid group

Author ;' Department of Chemistry, University of Payam Noor,
Fariman, Iran.

Author © - Departrment of Mathematics, University of Payam Noor,
Fariman, lran.

Author * - Department of Mathematics, Ferdowsi University of
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theory built up with physical operations, expressed in
terms of internal coordinates that transform one
conformation into another iso-energetic one (10).

In a series of paper Ashrafi and coauthors
computed full non-rigid groups of some molecules such
as tetraammine  platinum(ll)  (11), cis- and
transdichlorodiammine platinum(ll) and trimethylamine
(12), tetraammine platinum(ll) with C,, and C,, point
group (13,14), tetraamine platinum(ll) as a wreath
product (15), tetra-tertbutyltetrahedrane (16),
tetramethylethylene (17), hexamethylbenzene (18) and
melamine (19).

In this paper the full non-rigid groups of
Tetraphenylporphyrin, H,(TPP), and Metalloporphyrin
M'(TPP), are computed. Firstly, the algebraic structures
of the full non-rigid group of these molecules are
specified. Then, based on the structure of the group, a
useful programming language, namely GAP (20), is
applied and the character Tables of -NRG of these
molecules are computed. The GAP package is used to
find many properties of the groups (21,22). We
determine the order of the -NRG of two porphyrin
molecules and conjugacy classes of them. Finally, we
calculate the character tables of them.

[I. THEORETICAL METHOD

Our computations were carried out using
the "Groups, Algorithms and Programming" (GAP)
system (20). GAP is a free and extensible software
package for computation in discrete abstract
algebra, in which you can write your own programs
in the GAP language, and use them in the same
way the programs which form part of the system
are used. More information on the motivation and
development of GAP to date can be found on the
GAP web page (http://www.gapsystem.org/).

First of all, we consider the point group of
Tetraphenylporphyrin,  H,(TPP), and Metallo-
porphyrin, M'(TPP), in the case of rigid state (see
Figures. 1(A) and (B) where the structures are
optimized using PM3 method of the chemistry
package Hyperchem (23)) and determine the point
groups of full non-rigid group of these molecules
with symmetry groups Dy, and D,,, which denoted

© 2012 Global Journals Inc. (US)
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by G and K, respectively. Then we apply G and K
to compute their conjugacy classes and character
tables.

[II. GAP PROGRAM

The group theory of Hy(TPP) and M"(TPP)
can be computed using the GAP function Group()
for Dy, and D,, point group, respectively. Also the
conjugacy classes and the character table of each
of these groups can be computed using the GAP
functions  Conjugacy Classes() and  Irr(),
respectively.

IV. RESULTS AND DISCUSSION

Determination of conjugacy classes and character
table

Tetraphenylporphyrin, Hy(TPP) with D,,: Now,
we consider the point group D,, of the f-NRG of
tetraphenylporphyrin. From the Figure 1(A), it follows
that the elements ;= (1,2), a,= (3,4), a;= (56) and
a, = (7,8), which permutes hydrogens in either of phenyl
cases. We assume that these operations are all feasible,
that barrier to rotation of the phenyl group is low. Also
there are five elements:

%=(1,5)(2,6)(3,7)(4,8)(9,13)(10,14)(11,15)(12,16),
= (1,4)(2,3)(5,8)(6,7)(9,14)(10,13)(11,12)(15,16),
%7=(1,8)(2,7)(3,6)(4,5)(9,10)(11,16)(12,15)(13,14),

£=(1,2)(6,5),
$,=(34)(7.8),

Which correspond to Cy(z), Cy(y), Ca(x), o (x2)
and o (xy), respectively. These nine permutations
generate the group G and a simple GAP program shows
that G is a group of order 64 with 16 conjugacy classes.
The conjugacy classes of G can be computed.

The representative for conjugacy classes of G
is given in Table I. Also the character table of G can be
easily computed using GAP function Irr(G). From
conjugacy classes of the groups G, we able to compute
the irreducible character table of them. The values of the
ireducible character g, (1<1<16) for Doy symmetry
is shown in Table |1.

We know the 22 p, orbitals in the free-base
porphyrin are the basis of set of orbitals combined to
create the T molecular orbitals of the porphyrin ring (1).
The point group is Don. This gives the reducible
representation:

© 2012 Global Journals Inc. (US)

Dy, igio ‘ E G2 Cy) Cox) 1 ofxy) o(x2) ofyz)

Tiporphyrin | 2 0 2 0 0 -2 0 2
Which reduces to 5B, + 6B, +4A, +6B,,.
None of these states are degenerate. But the

configuration with Dzh(non-rigid) symmetry possesses
some rotations of phenyl groups with the symmetry
representations:

D, onrig | 1(18) 4(28) 2(2b) 2(2¢) 2(2d) 4(2€) 1(2f) 4(2g)
8(4a) 4(4b) 4(2h) 8(4c) 4(4d) 4(2i) 8(4e) 4(f)

I

1‘1porphyrin| 22 22 22 22 22 22 22 0 0 00O00O0

222
1—‘thenyl

00O

|24 20 16 16 16 12 8 0 0 0 O O O

Thus, the skeletal modes of a porphyrin derivative can
be classified, according to the Dy, symmetry, as

FHpor =6x,+6)5+5%, +5%5
T

TIph

=4y +Axs+4y, +Axs+ 2%,

Metalloporphyrin, M"(TPP) with Dan: After
metalation the symmetry is Dan, as all nitrogens are
equivalent. Whereas during metalation the dz metal

orbital overlap with the 1 system of the porphyrin ring,
the change in the porphyrin spectrum on metalation is
due to increased symmetry relative to the free-base
porphyrin.

Similar mentioned method, by figure 1(B) we
have four rotations o, = (1,2), a,= (3,4), a,= (5,6)
and a,= (7,8) in the Dan symmetry, which permutes

hydrogens in either of phenyl cases. Also, we have
rotation and reflections,

o= (1,3,5,7)(2,4,6,8)(9,11,13,15)(10,12,14,16),
S,=(12)(3,8)(4,7)(5,6)(9,12)(10,11)(13,16)(14,15),
£,=(1,6)(2,5)(3,4)(7,8)(9,16)(10,15)(11,14)(12,13),
B=(1,4)(2,3)(5,8)(6,7)(9,14)(10,13)(11,12)(15,16),
B=(1,8)(2,7)(3,6)(4,5)(9,10)(11,16)(12,15)(13,14),

for Dan point group.The permutations & , &, , a3, &,

B, Bo,Ps and B, generate the group K. GAP

program shows that K is group of order 128 with 20
conjugacy classes. The representative for conjugacy



classes and character table of K are shown in Table Il
and V.

In rigid conformation, the resulting basis set consists of
the 24 p, orbitals (1).

Dip cigio ‘ E 2C, C; 2C,' 2C," i 2S84 on 20y 20y
Fl'lporphyrin| 240 0 -2 20 0-24 2 2

Which reduces to 6E +3A,, +3A,, +3B,, +3B,, .

But the configuration with  Dannon-rigid)
symmetry possesses some rotations of phenyl groups
with the symmetry representations:

D4h (non-rigid) ‘ 1(1a) 4(28) 4(2b) 2(2c) 4(2d) 4(2e) 4(4a) 8(2f)

8(4b) 1(2g) 4(2h) 4(4c) 8(2i) 16(4d) 8(4e) 16(4f) 16(8a) 4(2))
8(4g) 4(4h)

I

TTporphyrin

2 200000

|2424242424222224222

I

TIphenyl
0 00 OO OO

|242016161244448440

Fl'lpor =4y, +2xs+ 31, + 315 + 60

Doph =320+ X6+ 27 3%+ 406 + 1o + X0

We know the change in the spectrum on
metalation is due to increased symmetry relative to the
free-base porphyrin. The two hydrogens on the nitrogen
atoms in the free base porphyrin reduce the ring
symmetry from square (for Metalloporphyrins) to
rectangular- that is from Dy to Dop. In general, a more

symmetrical molecule gives a simpler spectrum.

V. CONCLUSIONS

The method described in this paper appears to
be more efficient in dealing with the construction to the
character table of the symmetry group of the molecule.
First, all the permutations and inversions which don'’t
change the whole framework of the molecule should be
examined. We have considered the point groups of
Tetraphenylporphyrin, Ha(TPP), and Metalloporphyrin,
M”(TPP), in the case of non-rigid state and calculated
the conjugacy classes of full non-rigid groups of
Ho(TPP) and M”(TPP) with symmetry groups Dop,
and Dy which denoted by G and K, respectively. Then
using the GAP package the character table of the f-
NRG group is computed. This method is usually very
useful for calculating symmetries of the molecule, when
the numbers of vertices are at most 30. It is hoped that
the present study would help to interpret Raman and IR
spectra of full non-rigid porphyrin derivatives and

another molecules in future.
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Tablel

The representatives of conjugacy classes of the group G (Dzn)

© 2012 Global Journals Inc. (US)

No Representative Size Name Symmetry
1 1 la E
2 (7.8) 4 2a a,
3 (56)(7.8) 2 2b a.a,
4  (3,4)(7,8) 2 2c a,a,
5  (3,4)(56) 2 2d @,
6 (34)(5.6)(7.8) 4 2 a0,
7 (1,2)(3,4)(5,6)(7,8) 1 2f o000,
8  (1,3)(2,4)(5,7)(6,8)(9,14)(10,13)(11,12)(15,16) 4 29 a,oa, B,
9 (1,3)(2,4)(5,7,6,8)(9,14)(10,13)(11,12)(15,16) 8 4a alazasﬂl
10 (1,3,2,4)(5,7,6,8)(9,14)(10,13)(11,12)(15,16) 4 4b ala3ﬁl
11 (1,5)(2,6)(3,7)(4,8)(9,13)(10,14)(11,15)(12,16) 4 2h as
12 (1,5)(2,6)(3,7,4,8)(9,13)(10,14)(11,15)(12,16) 8 4c asa,
13 (1,5,2,6)(3,7,4,8)(9,13)(10,14)(11,15)(12,16) 4 4d a,asa,
14 (1,7)(2,8)(3,5)(4,6)(9,10)(11,16)(12,15)(13,14) 4 2i a0 .0,
15 (1,7,2,8)(3,5)(4,6)(9,10)(11,16)(12,15)(13,14) 8 4e a1a2a3ﬂ2
16 (1,7,2,8)(3,5,4,6)(9,10)(11,16)(12,15)(13,14) 4 4f a0,
Tablell
The representatives of conjugacy classes of the group K (Dan)
No. Representative Size Name Symmetry
1 0 1 la E
2 (7,8 4 2a a,
3 (56)(78) 4 2b aa,
4 (3,4)(7,8) 2 2c a,a,
5 (3,4)(5,6)(7,8) 4 2d a0,
6 (3,7)(4,8)(9,12)(10,11)(13,16)(14,15) 4 2e a,a,00, 3,
7 (3,7,4,8)(9,12)(10,11)(13,16)(14,15) 4 4a a0,
8  (3,7)(4,8)(5,6)(9,12)(10,11)(13,16)(14,15) 8 2f ala2a4ﬂl
9 (3,7,4,8)(5,6)(9,12)(10,11)(13,16)(14,15) 8 4b a,0,p,
10 (1,2(34)(5.6)(78) 12 gaua,
11 (1,2)(3,7)(4,8)(5,6)(9,12)(10,11)(13,16)(14,15) 4 2h a,a,p,
12 (1,2)(3,7,4,8)(5,6)(9,12)(10,11)(13,16)(14,15) 4 4c¢ a,p,
13 (1,3)(2,4)(5,7)(6,8)(9,14)(10,13)(11,12)(15,16) 8 2i a,a,0,0, s
14 (1,3)(2,4)(5,7,6,8)(9,14)(10,13)(11,12)(15,16) 16 4d

40,0 By



15 (1,3,2,4)(5,7,6,8)(9,14)(10,13)(11,12)(15,16) 8 4e 0‘10‘3,33
16 (1,3,5,7)(2,4,6,8)(9,11,13,15)(10,12,14,16) 16 4f as
17 (1,3,5,7,2,4,6,8)(9,11,13,15)(10,12,14,16) 16 8a Qs
18 (1,5)(2,6)(3,7)(4,8)(9,13)(10,14)(11,15)(12,16) 4 2j ol
5
19 (1,5)(2,6)(3,7,4,8)(9,13)(10,14)(11,15)(12,16) 8 4q 0(4052
5
20 (1,5,2,6)(3,7,4,8)(9,13)(10,14)(11,15)(12,16 4 4h 2
( )¢ )(9,13)(10,14)(11,15)(12,16) 0,0
Table 111
The character table of the group G (D,,)
Dy, a 2a 2b 2c 2d 2 2f 29 4a 4b 2h 4c 4d 2 4e 4f
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X
1 -1 1 1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1
X2
1 -1 1 1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1
X3
1 -1 1 1 1 -1 1 1 -1 1 -1 1 -1 -1 1 -1
Xa
1 -1 1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1
Xs
1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 1
Xs
1 1 1 1 1 1 1 -1 -1 -1 1 1 1 -1 -1 -1
X7
1 1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1
Xs
2 0 -2 2 -2 0 2 0 0 0 -2 0 2 0 0 0
Xo
2 0 -2 2 -2 0 2 0 0 0 2 0 -2 0 0
X0
2 0 -2 -2 2 0 2 0 0 0 0 0 0 -2 0 2
X
2 0 -2 -2 2 0 2 0 0 0 0 0 0 2 0 -2
X2
2 0 2 -2 -2 0 2 -2 0 2 0 0 0 0 0 0
VAE
2 0 2 -2 -2 0 2 2 0 -2 0 0 0 0 0 0
X4
4 -2 0 0 0 2 -4 0 0 0 0 0 0 0 0
VAL
4 2 0 0 0 -2 -4 0 0 0 0 0 0 0 0 0
X6
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Table IV

The character table of the group K (Dan)
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Figure 1. Top-view diagram of the structures of (A) Tetraphenylporphyrin, Ho(TPP), and (B) Metalloporphyrin,
M (TPP).

© 2012 Global Journals Inc. (US)

Global Journal of Science Frontier Research (B) Volume XII Issue I Version I E



Global Journal of Science Frontier Research (B ) Volume XII Issue I Version I E January 2012

COMPUTING GROUP THEORY AND CHARACTER TABLE OF NON RIGID TETRAPHENYLPORPHYRIN H2 (TPP) AND
METALLOPORPHYRIN MII (TPP)

This page is intentionally left blank

© 2012 Global Journals Inc. (US)



N

Global Journal Inc.

GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH
2 CHEMISTRY

”fﬁ Volume 12 Issue 1 Version 1.0 January 2012

3 ; Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Synthesis and Antibacterial Activities of Bimetallic Complexes
of Cobalt (IT) and Nickel (II) Acetophenolate

By A.O.Aliyu , H.Adamu, DB Maikaje"s

Absiract - Bimetallic complexes of cobalt (Il) and nickel (Il) acetophenone with tin chloride were
synthesized and characterized by elemental analyses, conductivity measurement, magnetic and
spectral data. The complexes are 1:2 adducts and non-electrolytes in solution. The ligands and
their complexes were screened for antibacterial activities against Staphyloccus aureus and
Escherichia coli. Cobalt (Il) bimetallic complexes were found active against the tested
microorganisms.

Keywords . Synthesis, antibacterial activities and bimetallic complexes.
GJRE Classification . FOR Code: 030499

SYNTHESIS AND ANTIBACTERIAL ACTIVITIES OF BIMETALLIC COMPLEXES OF COBALT |1 AND NICKEL || ACETOPHENDLATE

Strictly as per the compliance and requilations of:

© 2012. A.O.Aliyu , HAdamu, DB Maikaje"s.This is a research/review paper, distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Synthesis and Antibacterial Activities of
Bimetallic Complexes of Cobalt (II) and Nickel
(Il) Acetophenolate

A.O.Aliyu*, DB Maikaje"s"

Abstract - Bimetallic complexes of cobalt (Il) and nickel (Il)
acetophenone with tin chloride were synthesized and
characterized by elemental analyses, conductivity
measurement, magnetic and spectral data. The complexes are
1:2 adducts and non-electrolytes in solution. The ligands and
their complexes were screened for antibacterial activities
against Siaphyloccus aureus and Escherichia coli. Cobalt (1)
bimetallic complexes were found active against the tested
microorganisms.

Keywords Synthesis, antibacterial activities and
bimetallic complexes

. INTRODUCTION

cetophenone is a viscous colourless aromatic
Aketone. It is used as a precursor in resins and

fragrances (Hardo and Manfred, 2002). It has a
melting and a boiling point of 19-20°C and 220°C
respectively. In industry, acetophenone is used in the
production of propylene oxide [1].

Acetophenone occurs naturally in many foods
such as apple, cheese, apricot, banana, beef and
cauliflower [2]. It is a polymerization catalyst for the
manufacture of olefin and an intermediate for
pharmaceutical, agrochemical and other organic
compounds. It has been used as a drug to induce sleep
and as teargas in warfare [3].

Schiff bases and it's metal chelates have played
an important role in the development of chemical
industries through catalysis, substrate carrier and
dyes[4].Tucareso, a schiff base forming
immunomodulator is currently undergoing pilot phase
1\11 clinical trials as an immunopotentiator in chronic
hepatitis B virus infection, HIV infection and malignant
melanoma [5].

These ligands are widely studied because of
their coordinating properties and abilities [6,7]..The
ligands are important compounds in medicinal and
pharmaceutical field. They show biological activities
including antibacterial, antifungal, anticancer, and
herbicidal activities[8].Schiff base are utilized as starting
materials in the synthesis of industrial and biological
compounds|9].
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The work is aimed at carrying out syntheses,
conductivity measurement and electronic spectral of
biologically active bimetallic complexes of cobalt (Il) and
nickel () of acetophenone and their antibacterial
activities.

[I. MATERIALS AND METHODS

The reagents used are of analytical grade and
were used without further purifications. Metal complexes
of cobalt (I) and nickel (Il) acetophenolate were
prepared according to well established methods in
literature [10].

a)  Preparation of cobalt (Il) acetophenolate

1.25g of cobalt (Il) chloride was weighed into a
100cm? beaker and 10cm? of acetophenone was added.
The mixture was heated to 90°C on a hot water bath and
was stirred continuously. Temperature was maintained
for 15 minutes with stirring. The mixture was cooled in
an ice bath and on cooling the dark pink product formed
was vaccum-filtered and air dried for 15 minutes. The
product was later dried in a descicator over a silica gel,
weighed and its percentage yield determined (56%).

COC|2.6H20 + 2CsHsC (O)CH3 -
[Co(CsHsOC(O)CHa),Cl,]* + 6H,0

Similar method was used for the preparation of nickel (ll)
acetophenolate.

NiCl,6H,0 + 2CsHsC(O)CHy ——
[Ni(CgHsC(O)CH3),Cl,)** + 6H,0

b)  Preparation of the bi metallic complexes [4]

A general method has been used for the
preparation of the binuclear complexes by the reaction
of the metal salts and the Schiff base ligand at a metal
to ligand molar ratio of 2:1.The mixture was heated on
water bath to ensure complete dissolution of the metal
salt. To this solution the ligand (2.2g, 5mmol dissolved
in 10cm® ethanol) was added gradually. The reaction
mixture was were filtered, washed with ethanol and dried
in over an hydrous calcium chloride (62%). The
procedure was used to prepare and isolate the ML'.

L+SnCly, — LSn + 4Cl
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¢) Evaluation of antimicrobial activities[12]

The antimicrobial activities of the test
compounds were assayed against two micro organisms
Staphylococus aureus and Escberichia coliregarded as
pathogen to man and animal. All media and bacteria
suspension were prepared using a suitable method. The
in-vifro evaluation of antimicrobial activities was
performed according to the diffusion technique .The
bacterial including stgphylococcus — aureus — and
Escherichia coli were grown in nutrient broth at 37°C for
24 hours. The ligands and their complexes were tested
using diffusion on solid media . Sterile (5mm) diameter
sensitivity paper disc were impregnated with
concentration of dimethyl formamide (DMF), ligands and
their bimetallic complexes at concentration of 50ug/cm?®
and placed in the nutrient agar. The plates were then
incubated for 24 hours. Additionally antibiotics disc for
cephalosporin were tested as positive control. The
results were recorded by measuring the growth
inhibition surrounding the disc.

d) Physical measurement

The infrared spectra of the complexes were
measured as KBr disc on Perkin Elmer FTIR Paragon
1000 spectrometer in the range 4000-400cm 'while the
electronic spectra in chloroform were recorded on
Perkin Elmer A20.The elemental analyses (C and H)
were determined. Nickel and Cobalt were determined
titrimetrically [13]. .Magnetic susceptibilities were
measured on Johnson Matthey magnetic susceptibility
balance and diamagnetic corrections were calculated
using Pascal's constants [14].Melting point were
determined using a Stuart scientific melting point SMPI
machine. Molar conductivity at room temperature was
measured in water using ELCOM-CM-82 conductivity
machine using 10°mol dm® stock solution of the
complexes.

[1I. RESULTS AND DISCUSSION

All complexes are coloured and amorphous in
nature. Acetophenone complexes of nickel (I)
[Ni(Acet),] is greenish yellow while its cobalt (I)
complexes { Co(Acet),} are pinkish and are all soluble in
polar solvents such as dimethlyformanide (DMF),
dimethylsulfoxide (DM SO), methanol, ethanol and water,
but insoluble in chloroform, diethyl ether and petroleum
ether. The elemental analyses showed the complexes
as 1:2 adducts and the conductivity data suggest non-
electrolytic behavior (Table 1).

a) Molar conductance

The molar conductance of the metal complexes
in DMSO were observed below 14.0 ohm™ cm? mol”
showing that they were non-electrolyte. A value of 60-
115 ohm™"cm?mol™ is expected for 1:1 electrolyte.

b) Electronic Spectra
Nickel (Il) complexes are known to have a range
of coordination numbers from six (octahedral) to

© 2012 Global Journals Inc. (US)

four(square planar/tetrahedral). Their electronic spectra
are typically characterized by the existence complexes
of complicated equilibra involving this structural type
[15].The electronic spectra of the complexes of
[Ni(Acet),Cl,].H,O has three characteristic absorption at
14,000, 25,000 and 33,000cm’ bands while its
bimettalic counterpart has characteristic band at around
24,000 cm™ indicative of octahedral stereochemistry
(Table I). These signals are assigned to 2A,gto Tig (
F)Vi1 Vo, V4 and 3A,g  to 3T, g(P), V3 respectively.
Octahedral nickel (Il) complexes exhibit another
transition from *A,g to 3T, at approximate 900cm™ but
this may not be determined when the splitting constant
is nearly unity and the v, transition appears as a well-
defined doublet due to the spin forbidden level 'Eg
spinning intensity through configuration interaction with
the 3Ti4(E) level [16,17]. Therefore the presence of the
two characteristic band v, and vs confirmed that the
stereochemistry of the complexes as octahedral and
has not changed from its bimetallic complex.

The electronic data of [Co(Acet),Cl;].H,O and
its bimetallic complexes(Table 2).The metal complex
exhibit a multiple band at 15,748cm™ The band is
assigned to the *Ti4(F) to*To(P) transition and its
bimetallic complex exhibits a band at 19,230cm™ and
band was assigned “Ti4(F) to*T(P) The electronic
spectra indicate that cobalt in bimetallic complexes
remains in an octahedral environment [16,18].

¢)  Magnetic moment

The magnetic moment of nickel (Il) in a cubic
field falls between 2.8 - 4.2B.M,tetrahedral complexes
have moment in the range 3.20 -4.10 B.M  while in
octahedral field falls between 4.2- 5.1 B.M. The nickel
complexes reported in this work are diamagnetic and
consequently octahedral geometry. [Co(acet),Cl,].H,O
and its bimetallic complex has magnetic moments
between (4.37 — 4.75)BM. These together with the
electronic spectra data are suggestive of an octahedral
geometry. [16,18].

d) Infrared spectra

A comparison of the infrared spectra of the
complexes with the parent ligand in DMSO solution
shows the conformity with what was reported in literature
on similar system[16,18,19].Table 3.The broad band
at(3350-3490)cm™ in  the metal and bimetallic
complexes was observed and assigned to v (O-H)
stretching frequencies. The strong band, which are very
prominent at (957-729)cm™ are attributed to v (C-H)
bands of phenyl ring. The v(C = O)in the parent ligand is
shifted to lower region in the complexes by (60-44) cm’,
thus indicating coordination through the carbonyl
oxygen of the ketone. The weak bands around 530-540
cm has been assigned to v(M-O) stretching
frequencies in metal carbonyl complexes. Also, the
bands observed at around 680-575 cm™ was assigned
tov(M-M) in the complexes. The strong band observed
in the ligand at around 2850 cm " is shifted to a lower



region in the complexes by (50-40)cm™ thus showing
coordination through the cabanion (methyl hydrogen) in
the acetophenone [20].

e)  Antibacterial Activity

Acetophenone and its metal and bimetallic
complexes were screened for their antibacterial activity
and the results have been presented in Tables 4 and 5.
The bimetallic complexes of cobalt (Il) showed good
activity against gram positive Staphylococcus aureus
and least activity against gram negative Escherichia coll.
While on the other hand the bimetallic complexes of
nickel () showed least activity against the gram positive
and gram negative bacteria. The enhance activity of the
complexes over ligands can be explained in terms of
chelation theory [21]. Although chelation is not the only
criteria for antibacterial activity, some important factor
such as nature of the metal ion, metal ion coordinating
site, hydrophilicity, hypophilicity and presence of co-

ligands have considerable influence on the antibacterial
activity. The chelate complexes deactivated various
cellular enzymes which play vital role in various
metabolic pathways of these microorganisms. Other
factors such as solubility, conductivity and dipole
moment affected by the presence of metal ions, may be
the reasons for increasing the biological activities of the
metal complexes compared to the corresponding
ligands. Therefore the antibacterial activity of the metal
complexes cannot be ascribed to chelation alone but it’s
an intricate blend of all of the above contributions.

IV. CONCLUSION

The ligand acts as bidentate with carbonyl
oxygen atom and carbon as donors. The antibacterial
activity of the acetophenone is enhanced upon
complexation with metal ions particularly for cobalt (I1).

Table 1: Analytical data and physical properties of the complexes

COMPOUND FW(gmol®) COLOUR %YIELD 0 M.P Ohm
% M o

Found Calculated molt
[Ni(CgHsCOCHj5),Cl ] .H,O 389.99 Greenish 64.00 15.07 15.05 256 20
Ni(CsHsCOCH3),Sn].H,0 579.68 Light green 71.60 10.14 10.13 226 36
CgHsCOCH3).Cl ] .H,0 390.21 Pink 76.00 15.12 15.10 245 32
[Co(CeHsCOCH3),Cl,].H,0 579.90 Light pink 81.00 10.18 10.16 234 40

Table 2 Magnetic moments and electronic spectra (cm™) of the complexes.

Compound HettB.M Elecronic spectra (cm™)
[Ni(L.Cl;].H,O 0 14,000;25,000;30,000
[Ni(L2Sn].H,O 0 24,000

[Co(L,Cl,].H,0O 4.75 15,748

[Co(L2Sn].H0 4.37 19,230

Table 3 : Diagnostic infrared spectra for the complexes (cm™)

Compounds v(0-H) v(C- H) v(C=0) A(C=0) v(C-H) AH(C-H) v(M-M) v(M-O)
L - 870m,747s 1689 - 2850 - -
[Ni(LoCl;].H,O 3490 870m,749s 1639 50 2803 47 - 530
[Ni(L,Sn].HO 3350 890m,750s 1630 59 2802 48 575 535
[Co(L:Cl,].H,0 3517 950m,729s 1645 44 2804 46 - 540
[Co(L»Sn].H,0 3428 957m,766s 1640 49 2802 48 680 532
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Table 4a. Diameter of zones of inhibition (Aliyu & Nwabueze, 2009)

Diameter of inhibition (mn) Symbol Comments

12-15 + Insignificant activity

16-20 ++ Minimum activity

21-25 4+ Moderate activity

26-35 ++++ Maximum activity
Key: + = activity

Table 4b. Biological test on Escherichia coli (gram negative) 50ug/cm?®.

Global Journal of Science Frontier Research (B) Volume XII Issue I Version I E January 2012

Complexes/Ligands Diamgter of zone of Symbol Comments
inhibition(mm)

Acetophenone 13 + Insignificant activity
[Ni(acet),Cl,].H,O 12 + Insignificant activity
[Ni(acet),.Sn]].H.O 14 + Insignificant activity
[Co(acet),Cl,].H,O 17 ++ Minimum activity
[Co(acet),.Sn].HO 16 ++ Minimum activity
DMF(Solvent control) - - No activity
Cephalosporin(positive control) 23 +++ Moderate activity

Table 5. Microbial Tests on Staphylococcus aureus (gram positive) 50ug/cm?

Diameter

of

of

Complexes/Ligands inhibition(mm) Symbol Comments
Acetophenone 17 ++ Minimum activity
[Ni(acet),Cl,].H,O 12 + Insignificant activity
[Ni(acet),.Sn,].HO 13 + Insignificant activity
[Co(acet),Cl,].H,0O 23 +++ Moderate activity
[Co(acet),.Sn].H,O 21 4+ Moderate activity
DMF(Solvent control) - - No activity
Sgﬁ?;lf sporin (positive 28 44+ Maximum activity

© 2012 Global Journals Inc. (US)



Proposed structure for the Bimetallic complexes of acetophenone.
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An Expedient and facile Multicomponent
Synthesis of B-Acetamido Ketones by Using
Various Green Solvents

S. S. Patil®, Deepak. M. Nagrik®, Rameshwar S. Dhamak?, D.M.Ambhore , J.B.Devhade*

Abstract - Multicomponent reactions (MCRs) are emerged as
one of the most imperative synthesis route in organic
synthesis due to their wide application range in
pharmaceutical chemistry. A variety of B- acetamido ketones
were readily prepared in good to excellent yield (50.-95%) via
four component reaction of aromatic aldehydes, enolizable
ketones and acetonitrile in presence of stoichiometric amount

perchloroethylene, xylene, and 1,1,1 trichloroethane were used
as green solvent.

The corresponding compounds were obtained in
good to excellent yield, under mild conditions and ambient
temperature.

Keywords B-acetamido  carbonyl  compounds,
Multicornponent synthesis, Green Chemistry, Enolizable

of acetyl chloride. Here water, methanol, ethanol, | 4etones.
(0}
0 o) HN)LCH3
CHO
X | X CH3 o X
R1_I PR 25°C ‘ 1o
CH3COCI
Z e CHCN  R? 7
Green Solvent

R'=H,Cl,Me,OH,NO,,0CH3,OCOCHj,
R?=H,Me,Cl,4-NO,,3-OMe,4-Cl,4-Br

. INTRODUCTION
I\/l ulticomponent reactions (MCRs) provide useful

products in a single step without isolation of any

intermediates; they are preferred over the other
reactions. The MCRs constitutes to single step
procedures and non isolation of intermediate moiety
which leads to the synthetic route representing saving of
both energy and raw materials.! These reaction (MCRs)
have emerged as one of the most useful tool for
synthetic transformation in organic synthesis due to their
wide application in pharmaceutical chemistry for
production of structural scaffolds and combinatorial
libraries for drug discovery. One of the important reason
for up growing vitality of MCRs is their key role in organic
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chemistry in generation of high complex structure by
simple one pot process? MCRs owed to the
requirements of an environmentally friendly process by
reducing the number of synthetic steps, energy
consumption and waste production. The transformation
of this useful technology into a most efficient and
economic tools for combinatorial and parallel synthesis
is done by many researchers.®** The multicomponent
synthesis have attracted considerable interest due to its
automated nature and exceptional synthetic efficiency
from the point of view of synthesis of new chemicals
along with the term green chemistry.® Actually when we
move through the period of evolution then its seems
that, this concept is not unknown for us.

Adenine is a major constituent in basic unit in all
living things i.e. nucleic acids viz.DNA and RNA was
formed prebiotically by condensation of molecules of
HCN in prebiotic atmosphere, under the influence of
catalytic nature of NH;® Since from this event, many
MCRs have been developed over the years includes
Strecker synthesis,” Biginelli reaction® and Mannich
reaction.® These MCRs are valuable because they leads
to conversion of simple starting molecules to complex
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species in single step. This allow for quick approach to
variant set of compounds.’® More transformations being
carried out in a single step results in less waste product
(i.e. solvent) and purification time." More economical
protocol is resulted upon optimization of these factors.™

Many factors are responsible for successful
journey of a multicomponent reactions; that mainly
includes the appropriate starting material, temperature
conditions, solvents, catalytic conditions etc.’® Out of
these, solvents plays important role throughout the
chemical transformations of initial components.'
Obviously the use of green solvents highlights the
challenges on various occasion, particularly with the
toxicity and environment persistence.” In response to
these challenge, green solvents being designed for low
toxicity and low biodegradability. However, any process
solvent should be evaluated in terms of overall
environmental impact of process.” It is quite eventual
that if the use of a more hazardous solvents gave
significant improvement to the total environmental
impact of the overall process than a less hazardous
alternative, then a greener choice is former." The
thermodynamic and kinetics of reaction carried out in
green solvents are different from those in conventional
molecular solvent, then the chemistry is different and
unpredictable.’® That means green solvents have many
characteristic fascinating properties which make them
attract fundamental interest to many chemist and thus
forms the cause for their successful use in synthesis
and preparation of material, catalyst, fuel cell and

electrodeposition of metal.”®®®  Following points
underlines the general characteristics of green
solvents;?"#* 1)Ability to dissolve a wide range of

inorganic and organic compounds which is important
for dissolving district combination of reagents into same
phase. 2) Low or negligible vapour pressure and non-
flammable. The non-flammable nature of solvents play
vital role in exothermic reaction.3) Lower melting point,
stability with respect to air and water. This relates with
the scope of electrochemical reactions.4) High
electrochemical stability and ion conductivity, it permit
study of electrochemical processes that are previously
beyond solvents limits and can be used instead of
traditional solvent-based electrolytes.5) Thermal stability
and wide liquid range .These properties of green
solvents allows them to wider temperature range and
tremendous  kinetic  control  of  chemical or
electrochemical processes than that attained by
traditional solvents. The separation techniques such as
extraction, precipitation or crystallization are temperature
dependent. Hence the said characteristic possesses
importance in these regards too.

The use of green solvents for the synthesis of
industrially important and biologically active molecules
seems to be an important tool for elevating the status of
synthetic organic chemistry. One of the most important

© 2012 Global Journals Inc. (US)

chemical species in the list of novel hetero compounds
is B-acetamido ketones. The novelty of this compounds
reflects through their biological and pharmaceutical
properties.®? B-acetamido ketones serves as an
important starting material in the preparation of antibiotic
drug such as nikkomycin or neopolyoxines.?”? The ideal
route for the synthesis of this class of compounds is
Dakin-West reaction,® in which the condensation of a-
amino acid with acetic anhydride in presence of base
provides the a-acetamido ketones via an azalactone
intermediate is explained.*® From the review of literature
it reveals that the synthetic evaluation of B-acetamido
ketones under green condition, especially by using
green solvents is still lacking.

Therefore, it was thought of interest for our
research group to carry out an efficient multicomponent
synthesis of B-acetamido ketones by using water,
methanol, ethanol, perchloroethylene, xylene, toluene,
and 1, 1, 1 trichloroethane as green solvents.

[1. EXPERIMENTAL

a) General

All commercially available chemicals and
reagents were purchased from Aldrich and used without
further purification. The melting points of all the
synthesized compounds were recorded in precision
digital melting point apparatus, Model MP-D and are
uncorrected.

The IR spectra of the synthesized compounds
were recorded on Nicolet Instruments Corporation, USA
make MAGNA 550 spectrometer. The PMR spectra
were recorded on Varian, USA make Mercury plus-300
MHz NMR spectrometer. The GC-MS analysis of
synthesized compounds was performed on Hewlett
Packard make GCD-1800A El source analyzer at
Sophisticated Analytical Instrument Facility (SAIF), IIT
Bombay, Powai, Mumbai, India.

b) Typical Experimental Procedure For The Preparation
of B-acetamido ketones

In typical synthesis of B-acetamido ketones,
mixture of aromatic aldehyde (10 mmol), enoclizable
ketone (10 mmol), acetyl chloride (10 mmol) and
acetonitrile (10 mmol) was well stirred (Scheme : 1) in
presence of green solvents at 25° C for the appropriate
time (as mentioned in Table-2). The progress of reaction
was monitored by TLC. After completion of reaction, the
reaction mixture was extracted with ethyl acetate.
Purification of product was carried out on silica gel
before evaporation of solvent.



0 0 HN CHs
CHO
X | X CH3 o X
il R 25°C ‘ .
I

CH4COCI

Z 7 CHCN  R? =
Green Solvent

R!=H,Cl,Me,OH,NO,,0CH3,0COCHS,
R?=H,Me,Cl 4-NO,,3-OMe,4-Cl 4-Br

Scheme 1 : Synthesis of B-acetamido ketones

[II.  RESULTS AND DISCUSSION

In order to  explore our interest for the
application of Green Solvents in organic synthesis, we
herein present a simple and efficient one-pot synthesis
of B-acetamido ketones from enolizable ketones,
aromatic aldehydes, acetonitrile and acetyl chloride in
presence of green solvents viz. water, methanol,
ethanol,  perchloroethylene, xylene, and 1,11
trichloroethane at room temperature (Scheme: 1). The

ketones which are obtained in good to excellent yields.(
%)

In our initial endeavor, the reaction was studied
with different green solvents and the best salvation
activity of green solvents was optimized to room
temperature and any excess of the solvent did not show
further increase in terms of conversion and vyield.
According to this procedure, the reaction proceeded
smoothly at room temperature to afford the
corresponding B-acetamido ketones in good yields

present

protocol provide a variety of

B- acetamido  (Tgple: 2)

Table No.7 . List of B- acetamido ketone compounds synthesized by four component *reaction.

No. | Compounds | Name of compounds M.P.(°C)
1 a B-Acetamido-B-(phenyl) propiophenone 100-102
2 b B-Acetamido-B-(4-methylphenyl) propiophenone 110-112
3 c [3-Acetamido-p-(3-nitrophenyl) propiophenone 114-116
4 d B3-Acetamido-B-(4-nitrophenyl) propiophenone 145-147
5 e B3-Acetamido-B-(4-chlorophenyl) propiophenone 142-144
6 f B-Acetamido-B-(phenyl) - 4-chloropropiophenone 110-112
7 g B-Acetamido-B-(4-chlorophenyl)-4-chloropropiophenone | 138-140
8 h [3-Acetamido-B-(4-nitrophenyl)-4-chl oropropi ophenone 120-122
9 i B-Acetamido-B-(phenyl)-4-methyl propi ophenone 115-117
10 ] [3-Acetamido-B-(Acetoxyphenyl) -propiophenone 117-119
11 k B -Acetamido- B-(3-methoxy, 4-acetoxy-phenyl) 90-92
propiophenone
12 I B -Acetamido- B-(2-methoxy)-4-nitro propiophenone 145-146
13 m B -Acetamido- B-(2-chloro)-3-methoxy propiophenone 102-104
14 n B -Acetamido- B-(2-chloro)-4-chloro propiophenone 167-169
15 0 B -Acetamido- B-(3-chloro)-4-nitro propiophenone 171-172
16 p [3-Acetamido-pB-(2-chloro)-4-bromo propiophenone 191-192

*Reaction conditions: aromatic aldehyde=10mmol, enolizable ketone=10mmol, acetyl chloride =10mmol and
acetonitrile=10mmol, green solvent (5ml), temp. = 25°C, All compounds are well characterized by spectroscopic

techniques such as IR, NMR, GC-MS.
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Table No.2 : *Synthetic evaluation of f3-acetamido ketones

Solvent —
water Methanol Ethanol 1,11 Perchloroethylene Xylene
i:ompound Trichloroethane

Yield | Time | Yied | Time | Yield | Time | Yield | Time | Yidd | Time Yield | Time

%) | () %) | () ) | () ) | () (%0) (h) ) | (h
a 62 3 86 4 78 5 85 55 75 5 60 6
b 65 35 74 25 75 25 81 3 85 6 55 55
c 70 4 85 3 84 35 80 4 71 7 80 4
d 72 45 65 4 86 25 87 25 95 75 70 5
e 60 25 95 35 80 3 75 3 86 52 65 5
f 55 25 84 5 70 4 90 4 73 45 75 4
g 50 4 75 4 Q0 3 85 35 78 3 65 3
h 65 25 78 25 95 5 76 4 70 5 74 25
[ 70 5 80 3 82 6 68 3 80 4 80 3
] 69 3 84 45 65 35 84 5 0 6 65 4
k 66 8 58 9 77 6 85 10 74 55 68 95
I 85 6 94 6.5 90 10 65 8 75 7 60 5
m 0 7 80 8 72 12 71 5 68 6.5 0 6.5
n 87 75 80 6 75 8 77 8 65 4 90 7
o] 68 4 75 6 84 5 90 6 75 8 80 4.5
p 71 6.5 78 5 80 6 70 75 94 10 85 9

*Reaction conditions: aromatic aldehyde=10mmol, enolizable ketone=10mmol, acetyl chloride =10mmol and
acetonitrile=10mmol, green solvent (5 ml), temp.=250C,All compounds are well characterized by spectroscopic
techniques such as IR,NMR,GC-MS.

The representative data of few compounds:
1) B-acetamido-B-(2-methoxy)-4-nitro propiophenone

2) B-acetamido-B-(2-chloro)-3-methoxy propiophenone

(Table-2, Entry | ):

1HNMR(CDCl3, 300MHz): 82 (s, 3H), 3.55 (dd, J
=6.9 and 17.5 Hz, 1H), 3.6 (dd, J = 6.5 and 17.5 Hz, 1H),
3.9(s, 3H), 5.7 (dd, J = 6.9 and 16 Hz, 1H), 6.7 (d, J= 6.9
Hz,1H), 6.9 (m, 2H), 8.1 (m, 3H), 8.3 (M, 3H); IR (KBr, cm-
1)3260, 1684, 1637, 1545, 1510, 1337, 1234, 837, 742,
MS(m/z,%) 344 (M+2+, 1.87), 342 (M+, 10.65), 299 (100),
150(85), 107 (25), 77 (17.8), 43 (27.6, CH3-CO").

© 2012 Global Journals Inc. (US)

(Table-2,Entry m):
1IHNMR(CDCI3, 300MHz): 6 2 (s, 3H), 3.45 (dd, J
=17 and 5.7 Hz, 1H), 3.77 (dd, J = 17 and 6 Hz, 1H), 3.84
(s,3H), 5.82 (dd, J = 15 and 6 Hz, 1H), 6.93 (dbr, J = 6.7
Hz,1H), 6.9-7.5 (m, 8H). IR (KBr, cm-1) 3265, 1681,
1643,1547, 1284, 1002, 747; MS (m/z, %) 332 (M+, 3.75),
296 (83), 135 (100), 107 (49), 77 (94), 43 (73, CH5-CO").



IV. CONCLUSIONS

In conclusion, we have reported an efficient
procedure for the synthesis of B-acetamido ketones
using green solvents. The major advantage of this
method is that the ease of work-up, i.e. the products can
be isolated without column chromatography. This
method also offers some other merits such as clean
synthesis, high yields of products, shorter reaction times
and use of various substrates, which make it useful and
attractive strategy for the synthesis of B-acetamido
ketones.

ACKNOWLEDGEMENT

We are thankful to Head, SGB Amravati
University,  Amravati-444602, M.S., India and
Sophisticated Analytical Instrument Facility(SAIF), Indian
Institute of Technology, Bombay(M.S.), India, for availing
the spectral data.

REFERENCES REFERENCES REFERENCIAS

1. Zhu, J.; Bienayme, H. Multicomponent Reactions,
Wiley: Weinheim, 2005.

2. Timmons, C.; Kattuboina, A.; Banerjee, S.; Li, G.

Tetrahedron 2006, 62, 7151.

Démling, A. Chem. Rev.2006, 106, 17-809.

4. Beck, B.; Hess, S.; Domling, A. Bioorg. Med. Chem.

Lett. 2000, 70,1701,

Fayol, A.; Zhu, J. Org. Lett. 2005, 7, 239.

Leslie,E.O. Crit. Rev. BiochemiMole.Bio.2004,39,

99,123.

Strecker,A.Liebigs ann.Chem.1850,75,27.

Biginelli,P. Ber.Dtsch. Chem.Ges. 1891,24,1317.

Mannich,C.; Kroschl,Arch.Phar1912,250,647.

0. Armstrong, R. W.; Combs, A.P.; Tempest, P. A;
Brown, S. D.; Keating, T. A. Acc. Chem. 1996, 29,
123-131.

11. Ramon, D. J.; Yus, M. Angew. Chem., Int. Ed. 2005,

44,1602-1634.

Chapman, C. J.; Frost, C. G. Synthesis 2007, 1-21.

Puri,S.;Kaur,B.;Parmar,A.;Kumar,H. /SAN Organic

Chemistry 2011 1,16,211-215.

Shahnaz,R.;Ali,M.A.;Gholam,H.M.;Hamid,S.;Samira,

E. Synthesis 2010,8, 1356-1360.

Romero, A.; Santos, A.; Tojo, J.; Rodriguez, A. J.

Haz.Mat 2008,1,151, 268-273.

Martyn, J. E.;Kenneth, R. S. Pure Appl. Chem. 2000

72, 7,1391-1398.

Welton, T. Green Chem. 2011, 13, 225-225.

Singh,G.;Kumar,A./nd.J.Chem. 2008,47A,495-503.

Seda,K.; Defne K.T.;Ugur,A.;Oner, H. JSup.Fluids

2007 43,150-180.

20. Roger, A.S. Green Chem. 2005, 7, 267-278.

21. Wiliam,M.N. ACS Symposium Series, 2000, 767,

313-328.

w

o o

= © © N

12.
13.

14,
1.
16.
17.

18.
19.

22.

283.

24,

25.

26.

27.

28.

29.
30.

Nelson, W. M. Green Solvents for Chemistry.
Perspectives and Practice, Oxford University Press:
Oxford, 20083.

Maria, J.H.; Andres, R. A.; Jose, |. G.; Jose, V. S.
Chem.Eur. J. 2010, 16, 31, 9422-9437.

Mieczyslaw, M. Pure Appl. Chem. 2000,72,7,1399-
1403.

Casimir, J. R.; Turetta, C.; Ettouati, L.; Paris, J.
Tetrahedron Lett. 1995, 36, 4797.

Godfrey, A.G.; Brooks, D. A.; Hay, L. A.; Peters, M.;
McCarthy, J. R.; Mitchell, D. J. Org.Chern. 2003, 68,
2623.

Dahn, U.; Hagenmaier, H.; Hohne, M.; Konig, W. A.;
Wolf, G.; Zahner, H. Arch. Microbiol1976, 107, 249.
Kobinata, K.; Uramoto, M.; Nishii, M.; Kusakabe, H.;
Nakamura, G.; Isono, K. Agric. Biol. Chem. 1980, 44,
1709.

Dakin, H. D.; West, R. J. Bio/. Chem. 1982, 78, 745.
Bhatia, B.; Reddy, M. M,; Igbal, J. J. Chem. Soc.
Chem. Commun. 1994, 713.

© 2012 Global Journals Inc. (US)

Global Journal of Science Frontier Research (B ) Volume XII Issue I Version I E January 2012



Global Journal of Science Frontier Research (B ) Volume XII Issue I Version I E January 2012

AN EXPEDIENT AND FACILE MULTICOMPONENT SYNTHESIS OF B-ACETAMIDO KETONES BY USING VARIOUS GREEN
SOLVENTS

This page is intentionally left blank

© 2012 Global Journals Inc. (US)



e

Global Journal Inc.

GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH
2 CHEMISTRY

{fﬂ\} Volume 12 Issue 1 Version 1.0 January 2012

w Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Application Of A New Ph-Metric Method To The Kinetic Study
Of Copolymerization Of Polysaccharides Fucan N1 With
PMMA In Presence Of Cerium Ce™

By El-Bahri Sakri

Absiract - The copolymerization of a Poly-Acrylic PMMA with polysaccharide, Fucan N1 and
Dextran T70,in presence of a ceric salt used as initiator in acidic medium ,was carried out under
the following conditions : Fucan N1=0,5 g ; [CAN ] = 3,6.10°M , [HNO3] = 0,2M ; temperature
=40°C with a relative ratio between the initiator and the monomer , initiator/monomer =1/10.
Besides a pH study of the reaction medium , an infrared spectroscopy (IR) proved the
appropriatness of these best conditions of synthesis , and this by showing the presence of a
characteristic peak of the carbonyl grouping situated at 1733cm™ for the copolymer Fucan
PMMA in respect to the individual PMMA spectra and Fucan N1. In addition , a *C NMR study
has been conducted on the copolymer. A viscosimetry study of two Fucan fractions was
performed in aqueous medium (H20), and also of the obtained copolymer in DMSO. An outcome
of this work allows for us the suggestion of a plausible reaction mechanism , of which the
copolymerization rate -Rp- is first order dependant to the monomer concentration, and to the
square —concentration of both the initiator and the polysaccharide .

Keywords : poly-acrylic, copolymerization, polysaccha-ride with ceric initiator .

GJRE Classification : FOR Code.: 030305

APPLICATION OF A NEW PH-METRIC METHOD TO THE KINETIC STUDY OF COPOLYMERIZATION OF POLYSACCHARIDES FUCAN N1 WITH PMMA IN PRESENCE OF CERIUM CE+H4

Strictly as per the compliance and reguilations of:

© 2012. El-Bahri Sakri.This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Application Of A New Ph-Metric Method To The
Kinetic Study Of Copolymerization Of
Polysaccharides Fucan N1 With PMMA In
Presence Of Cerium Ce™

El-Bahri Sakri

Abstract - The copolymerization of a Poly-Acrylic PMMA with
polysaccharide, Fucan N1 and Dextran T70,in presence of a
ceric salt used as initiator in acidic medium ,was carried out
under the following conditions Fucan N1=0,5 g;

[cAN]=36.10°M , [HNO,] = 0,2M ; temperature =40°C

with a relative ratio between the initiator and the monomer ,
initiator/monomer =1/10. Besides a pH study of the reaction
medium , an infrared spectroscopy (IR) proved the
appropriatness of these best conditions of synthesis , and this
by showing the presence of a characteristic peak of the
carbonyl grouping situated at 1733cm™ for the copolymer
Fucan PMMA in respect to the individual PMMA spectra and
Fucan N1. In addition , a '®C NMR study has been conducted
on the copolymer. A viscosimetry study of two Fucan fractions
was performed in aqueous medium (Hy,0), and also of the
obtained copolymer in DMSQO. An outcome of this work allows
for us the suggestion of a plausible reaction mechanism , of
which the copolymerization rate -Rp- is first order dependant
to the monomer concentration, and to the square -
concentration of both the initiator and the polysaccharide .
Keywords : poly-acrylic, copolyrnerization, polysaccha -
ride with ceric initiator.

Initiation :

[. INTRODUCTION

he essential aim of this work is to apply the pH-
metric measuring method to the study of the

PMMA  copolymerization with polysaccharides
Fucan N1 and Dextran T70 (Fucan N1 is a sulfated
polysaccharide extracted from a brown seaweed of the
Ascopohyllum nodosum kind ) , in presence of ceric
ions ce** in nitric acidic medium pH=1 , at a
temperature  40C° during 40mn , under argon
atmosphere[1-5] (Chowdhury and Pal, 1999; Dalton ef
al., 2002; Masci ef al., 2004; Fuoss and Cathers, 1949;
Costa and Vasconcelos, 2002) , with a relative ratio
between the initiator and the monomer
initiator 1 |

monomer 10

The reaction is conducted in suspension ,and
initiated by the ions ce** (Hexanetratace rate of
ammonium (NH,), [ce(NO,),] "Acros” leading first

to the formation of a white- milky complex that
disappears immediately , giving a radical (F) of Fucan to
a proton (H*) and an ion Ce®*" ,as it is shown in the
following reaction equation :

F—H +Ce" — [complex] > F +Ce* + H*

Propagation :

/CH3

F +nCH, =G —

CO,CH3

The kinetic study of this copolymerization , of
which the polymerization rate measure is performed by
pH metric measuring method -that we had put in
evidence - and with comparison to the method of
extraction by soxhelt with acetone.

_/CH: _/CHs
FLCH,- C\ CH, - c-\
cochs) CO,CH3
n_

[I. EXPERIMENTAL WORK

a) Products
Dextran of different molecular weights (MW=
10, 40, 70, 80.7, and 264 kg/mol) were purchased from

Author : Department of chemistry, Faculty of Sciences, University of ANNABA, ALGERIA. E-mail . sakribahri@yahoo. fr
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Sigma for molecular weight assessment. Dextran (70
kg/mol) was also used for synthesis. It was dried in a
vacuum oven at 60°C for 24h. Methyl methacrylate
monomers were obtained from Acros France and were
purified by washing with 5% NaOH and 20% NaCl,
followed by distilled water. Ammonium cerium (IV)
nitrate (Acros France) was dried at 80°C under vacuum
for 24h. Solvents were of the highest commercially
available purity.

Fucan N1 and Fucan BBP-2 , having a mass of
95500g/mol and 46600g /mol respectively, are two
fractions of Fucan obtained by HPLC chromatography
on a S 5300 HR gel after an acidic extraction followed by
an acidic hydrolysis[6], ( see Figure 1).

The Dextran is , like the Fucan, soluble in water ,
whereas its copolymer with PMMA is soluble in the water
/THF (20/ 80 v/v) mixture and in the dimethylsulfoxide
(DMSO).

The polymerization of the methyl methacrylate
« MMA »with Fucan N1 —and Dextran T-70 depends
closely on the concentration of the initiator [7-8] of the
monomer (MMA) and the concentration of the used
polysaccharide.

This polymerization is performed by cycle —
opening forming active radicals F or D that are likely to
be bound by covalent links to the methyl poly-
methacrylate (PMMA) forming Fucan copolymer(PMMA)
and Dextran (PMMA).

This copolymerization is conducted in a highly
acidic medium to avoid a possible formation of the ceric
hydroxide ,which can take place at a medium in which
pH=4to 5 . In such a medium , the IR spectrum shows
no anomaly .

The kinetic polymerization is performed by
applying the PH- Metric measuring method ,as an
experimental technique , we know that the variation of
the PH in the medium is linked to the initiator
concentration at instant "t", with the equation :

AacH
acH

Where: ACtH , et ACO';l - variation of the hydrogen
concentration during the synthesis .

M — [ ]o[l— )

ACH =107 PH —107PHo
ACH =107PMo —107PHo
So we can write the equation (1) as follows :

10 PHt 310 PHoO
10 PHw _10-PH0 | @

With pH,.pH and pH_ are respectively the
variation of the pH at the instant ”t=0", at time t (we take
t=30mn) and the instant when the whole monomer will

M = Mo [1—

© 2012 Global Journals Inc. (US)

be converted into copolymer ( pH_ = pH

The equation (2) permits to determine directly
the polymerization rate —Vp- ; monitoring the variation of
the monomer concentration in function of pH, and time .
We have also determined the polymerization rate by
applying the extraction by soxhlet with the acetone
method . We determined the percentage (P, %) of the
PMMA grafting , the grafting rate (Vg) of the
copolymerization , polymerization , the homo -
polymerization (V,), and the total rate (Vp) of the
polymerization that are calculated from the weight of the
grafted poly-acrylic of the obtained products [ 10].

cons tant )

_ grafted weight of PMMA x 100
weight of polysaccharide

(3)

Pg %

grafted weight of PMMA x 1000

Vo = (4)

° Mwde MMA x reaction time (s) x volume (ml) of reaction

B weight of homo - PMMA x 1000
Mw de MMA x reactiontime(s) x volume (ml) of reaction

Vi

(%)

The total rate of the polymerization is :

Vp =Vg +Vj (6)

We have determined the polymerization rate-Ve-
by applying two methods independent the one from the
other (equations 2 and 6) (table Ill) , for a comparison
purpose .

b) Synthesis and Reaction of the copolymerization

Ina (250 ml) reactor equipped with three flasks
, we take a polysaccharide mass of 0,5 to 1g (Fucan N1
or Dextran )dissolved in HNO; at 0,2M. after 10minutes
of agitation under an atmosphere of Argon (or N,) at a
temperature of 40 = 1°C , we add at the same time
3,6.10° M/L of cerium and 0,5M of MMA ( of which the
relative ratio _initiator _ 1 ) The time variation of the

Monomer 10
pH is measured at a sampling interval of 5mn . The
reaction is considered finished when the pH does not
change any more , and this is the case after 30 minutes
of reaction ( pH, = pHconst )-

The obtained product is poured into 500ml of
methanol with the PH adjusted to a volume of 8, and
NaOH at 10M. After that we concentrate the solution to a
volume of 20/30ml approximately. We decant the
solution into a spectra-membrane of a diameter of
¢ =20Amm to be cleaned /washed in EDTA solution at
0,05 M during 72hours , under permanent agitation .
Then, the solution is put under lyophilization , and later
on in a vacuum dryer till a constant weight .

First of all, we have monitored pH evolution in
time of  the reaction medium of  the
copolymerization.This pH variation is generally not
higher than the unity ,as it is shown on Figure (2) bellow.



¢) Extraction of Homo-polymer of PMMA

We weight exactly 2,00gr of each raw product-
mentioned above — that was extracted with the acetone
by soxhlet during 24 h, to eliminate the homo-polymer-
poly (Methyl Methacrylate). The pure copolymer is dried
at 50°C till a constant weight.

[1I. CHARACTERIZATION

a) Preparation OF Three- Dimensional Structures

We prepared discs or films by using dried
homopolymer PMMA (15 mg) solubilized in THF.
Copolymer DM was dissolved in 1 ml of THF/H,O
(80/20) that was treated in an ultrasonic bath for 1 h .
Dextran gave any 3D structures. To obtain discs,
solutions were poured in Petri dishes for 24 h at room
temperature in a satured atmosphere of THF and in the
presence of CaCl, to absorb water. Thin films were
stripped from the mold and were dried in an oven at
30°'C. A morphological analysis of the cross section of
flms was carried out by the of a Leica S-440scanning
electron microscope( SEM) . All 3D structures were
extensively washed with before any biological assays.

b)  NMR Analysis

BC NMR spectra of dextran, PMMA and
copolymer DM were recorded by the use of a Varian
Gemini 200 Mhz spectrometer in deutered dimethyl
sulfoxide-dg at ambient temperature. Tetramethylsilane
(TMS) was used as an internal standard. Before use, all
products were lyophilized twice with deuterium oxide
(D,0).

¢) Copolymers Analysis by Infrared Spectroscopy
This technique allows us to identify some
chemical groupings that may be present in the polymers
and the copolymers . Tablets of 150mg of potassium
bromide (KBr) , with infrared quality(Fluka) . The sample
is mixed in the KBr, ground and then vacuum dried at
45°C during 6hours , pressed under 10 tons for
2minutes , and then stored at a 45°C in a humidity- free
environment . These tablets are analyzed by means of
a Fourier transform based infrared spectrophotometer
(Perklin Elmer ,1600) .Every spectrum is taken to be an
average of the cumulus of 16 increments, in order to
decrease the effect of background noise. Figure 3
shows the spectra of MMA, and Dextran taken
individually , in addition to that of the synthesized
Dextran-PMMA copolymer .Curve (A) presents many
strips characteristic of the PMMA : one at about
2953cm™ which is assigned to the (CH,) group, another
strip is situated at 1732cm™  which represents the
carbonyl ()¢ = 0) group and a third band is located

at 1380cm™ assigned to the(CH,) Methyl group .Curve
( B) presents strips that are specific for Dextran T70 : the
presence of the radical ( OH)is attested by the
absorption band that appears at about 3400 cm™ |, the
strip at 2930cm™ is assigned to the methylene group

(CH,), the strip arround1650corresponds  to the
grouping (OH) of the Dextran T70.Curve (C) illustrates
the spectrum of the product obtained by
copolymerization of the Dextran and the MMA monomer
by Cerium (Ce**). This spectrum presents strips that are
common to both the Dextran and PMMA . We can notice
an important intensity at 1733Cm™ that corresponds to
the carbonyl grouping ( )¢ = 0) .Figure 4 shows that

the individual Fucan N1 spectrum in curve (A) is
identical to curve (B)with a concentration o f cerium

[Ce4*]:L8.1O’5M /L. Yet, when we increase the
concentration of this latter 200 times, ie. at
[Ce4+]=3,6.10_3M/L by keeping  the same
concentration of monomer and polysaccharide ,we
notice the formation of a copolymer Fucan PMMA
characterized by a peak located at 1725cm™ for PMMA

with respect to the spectrum of Fucan Nilalone , as
shown on curve (C) .

d)  Viscosity Measurements

In order to determine the molar mass of the
different obtained products , we have measured the
viscosity of Fucan N1, BBP-2 solutions as well as the
viscosity of copolymer solutions for different cerium
(Ce**) concentrations. In this technique, we use a well
adapted viscometer (the Ubbelohde Viscometer ) with a
capillary diameter of 0,7mm, was used for two different
polysaccharides ; Fucan N1 and Fucan BBP-2 having a
mass 95500 g/mol and 46600g/mol respectively We

determine (%j:[%} and the specific viscosity

77%: (t—tg)/toC for a set of an increasing concentration
in the percentage of Fucan N1 and BBP-2 dissolved in
water , as follows (0% , 0, 45 %, 0,65%, 0, 75% , 1,0% ,
1,25% ,1,45% , 1,65%, and 2 %).

I
On the same graph ( ngr

), we have simultaneously

plotted the specific viscosity (Ui) in function of

polysaccharide concentration. The intrinsic viscosity [77]

is obtained by extrapolation and intersections of these
two curves at a zero-point concentration .On the other
hand , this intrinsic viscosity is related to the molar mass
through the formula of Mark Houwkin: [y]=k M2 , where
a and K are constants .

As for the two fractions of Fucan N1 and BBP-2
with known mass, the values of the constants were
deduced from measures of the intrinsic viscosity [;] at

a zero-point concentration . For example, as concerns
the first  fraction [p]=0252 and [p,]=008, we find
Fucan values as follows :

a=1,49
K =88.120°dl/ g
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And for the Dextran T70 ( with a mass=73 000g/mol), in
water and in DMSQO, we have found the following values:

a = 0,50
K =988.10"°dl / g

The difference in values of ‘a’ for the Dextran
T70 and Fucan , is present only in aqueous solutions ,
the Dextran is manifested therefore , more flexible than
the Fucan.

e) Viscosity and mass measurements of the obtained
copolymers
The measurement of the molar mass by
applying the viscometric method is performed through
measuring the intrinsic viscosity by extrapolation of the

T

two curves at [Iny,]/C and at a zero —point

concentration. This is why we have synthesized tow
Fucan PMMA copolymers ; one with no monomer ; the
other with the presence of 0,4% of monomer MMA,
keeping the same concentration values in the initiator
and the polysaccharide (0,5 of Fucan ) , soluble in the
mixture water/ THF (20/80 v/v) at T° = 40°C.

We found the intrinsic viscosity equal to 0,16
dl/g for the first copolymer , but equal to 0,244 dl/g , for
the second copolymer .The viscometric mass Mv
corresponding to the viscosity could be formulated
through the following equation:

In[ry]:In[8,8.10_9]+1,49In|\7 (7)

Where [7]=0,244;, M =98900g /mol

[7]=016; M =64800g/mol

We notice that the increase of the viscosimetric
mass is due to the increase of PMMA formed in shapes
of grafted connections on the polysaccharide , on the
one hand , and this prove the effective formation of a
copolymer between the Fucan and PMMA for Dextran
T70 , on the other hand. We can use the following
formula:

In[n]= |n[98,8.1o*5}+0,50|n|\7 (8)

By the same manner , knowing [T]] we can deduce the

molar mass M .

1) Determination of the obtained copolymers by HPLC
in function of initiator concentration [CAN] *

M, determination of the obtained copolymers
by HPLC chromatography on a S 5300 HR gel , shows
that those ones decrease as the initiator concentration
increases ,i.e. :

For [CANJ2=3102M /L we have M =128.

10°g/mol And for [CANT2=6.102M /L M =059.10°
g/ mol We can interpret these results on Figure 5.

As for the case of Dextran , the Fucan mass
decreases because of an acid hydrolysis of the
macromolecular chains during the different stages of
synthesis . we can notice clearly that this mass variation
could be interpreted in the following formula:

G . 3.74.10°
[Ce+4]l/ 2 ©)
[canTY2 10%mol /1:09 ;3 ;3,46 ; 4,59 ; 6, 00

M : g/mol : 4,0.10°; 1,28 .10°; 1,047.10°; 0,87.10°;
0,59.10°

IV. RESULTS AND DISCUSSION

This research consists of applying the pH-
metric measuring method in the kinetic study the MMA
polymerization of the methacrylate methyl, with the
polysaccharides Fucan N1 and Dextran T70 , in

presence of ceric ions (C64+) in the best conditions

We must take the quantity of the initiator and the
monomer in a reactor we have found equal to 1/10.

The infrared analysis (IR )of the copolymers
obtained after radical synthesis , shows that the
polymerization ~ depends on the nature of each

polysaccharide , and on the concentration of the cerium
(Ce‘”), and the monomer used ; the reaction of the

polysaccharide / poly acrylic synthesis is performed
through several stages , as depicted on the following
graph [9]:

Stage 1 :Formation of radical |

J—CH,

H O\ H
H :}\ +0e"
AW
D\Pl?:'—‘-z 0
H OH

[Dre sfram)

o

Cet

(Complex )
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Stage 2. Formation of the Oxidum

[—~CH,

o
(Fadical I

__F,/CH
T K(‘
K/q{.n-i |>\ }/"‘CE GH >K 2/ FoEtr gt

1 (OX|dum)

Stage 3. Formation of radical Il

[-CH, e
H H
K‘\ >K 2(+Ce+4:> H_ z J/ +Ce” +H'
DHE I 0
. ( Oxidum ) ( Radical I1)

0

(Radical I1) ( Monomer)

The radical Il is chained to the monomer and
engendering copolymers. The first stage consists of
forming a complex between the polysaccharide and the

cerium (Ce4+).This complication is performed between

the cerium (Ce4+)and hydroxide groups in position
2and 3 of the Polysaccharide. After a laps of time, it is
decomposed giving a Radical | , ion Ce®* and a proton
H* . The second stage, however, consists of forming an
oxydium from a radical | with the cerium, making the
appearance of aldhydic groups in position 2 and 3 of
the polysaccharide , an ion Ce*" and a proton H*. As
concerns the third stage , it consists of forming a radical
[I, which is Dextran radical (D or F) responsible for the
propagation with the monomer (D' +M, — DM }.)

this radical (D) is generated by the reaction between
Oxidium and Cerium (Ce*").
The termination is achieved by classical termination .
DM + DM — Copolymer
r: FM + FM " — Copolymer

The analysis of C NMR spectrum ( Fig. 6.)
suggests a chemical structure of Dextran-PMMA

H H
H - IT' j/ +nCH,= C CH, —C CH, —C
OHY; ﬁ 0 COZCHa COzCH3 COzCHg
0

( Copolymer )

polymer as indicated in [12].

Under the light of the obtained results and the
discussion we have led , we may establish that our
polymerization follows a reactional mechanism a little
complex ; the stages of which are governed by the
following reaction equation :

Initiation:
F—H +Ce* «X[complex] > F +Ce* +H
F'+M— s FM
M+Ce* —K sM +ce® +H
F+Cet— sF_ox+Ce’ +H™*

F-OX+Ce* 8 sFyce’ +H* (14)
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Propagation :

FM +M, —% 5FM,

k
. p .
M+M,——>M, 4
Termination :

FM, + FM;, —% > FM,, ,F (17)

k
FM'-!—M'—)tl FMn+1 (18)

k
M, +M;y —2>M,.m (19)
To put in evidence this polymerization
mechanism ,we should suppose that the states
between the following different initiating species ,are
quasi-stationary . That is to say:

ﬂg}: K ko[F][ce® |+ ks[Ce][F ~0x -k, [F- M-k, [F Jice] =0

(20)
d%LI%[F'][M]—M[FI\A-]z—ktl[FM-][M-]=o 1)
ﬂ%]‘ falcelM]-k, [Fm v |, [w f o (22)
%:kz[F‘][Ce”'*]—k3[Ce4+][F—ox]:o (23)

By summing together the equations (20to23)
and ignoring the equation (22) which is less likely to take
place; because we did not notice any considerable
attack by the cerium (Ce*") on the monomer . By
assuming that the termination constants are equal to the

global K, (kt =k, = ktz) [9], we obtain that:

Kio[FI[ce™ |-k [FM':|272kt [FM-][M] -k [ m ']2 -0
Kio[F][ ce* =k ([Fm ']+|:M':|)2

We deduce :

[FM- |+ [M - |= (kko[F ] [ce® [k )2 (25)

The polymerization rate Rp of the Fucan N1 or
Dextran in presence of a ceric initiator , is expressed in
this formula :

Ry = ko[ FM M+ k[ M JIM]=k, ([FM-]+[m])[m]
(26)

By substituting the expression of eq.(25) into eq.(26) ,
we obtain :

.[F]1/2|:Ce4+:|1/2[M] 27)

1/2
Rp = kKp Kkoj
k¢

© 2012 Global Journals Inc. (US)

The expression of the polymerization rate Rp of
the Fucan N1 and Dextran T70 with the MMA in
presence of a ceric salt used as initiator , in acidic
medium a simple ratio between Rp and the order equal
to the concentration unity of the monomer MMA | and to
the square —root of both the polysaccharide and initiator
( Figures 7 to 10).

And also, the speed of polymerization is :

Ryn= Ry/2 + KI[Ce"]nu (28)
The grafting speed is expressed as:
R, = R/2 - K[Ce™]nu (29)
Consequently, the rate of grafting is given by :
PG% = (AR% + BR.+ C).100 (30)

Where A, B ,C and K are constants which can be
determined ultimately.
We also know that the speed of polymerization
o is proportional to the square-root of initiator
concentraton R, = K[ Ce'4]"?, and the same
relationship is found for the quantities R, , R, and PG.
The method applied in measuring the
polymerization rate (Rp) is the PH-metric measuring
method, compared to the extraction by soxhlet with the
acetone (method of “ Le Poutre and Hui [10 ] ( see
Table Il1).

V. RELIABILITY CONTROL OF THE PH-
METRIC METHOD

In order to control the reliability of the PH-metric
method, we compared it to a more exact and precise
method ; which is the “extraction by soxhlet with the
acetone method. By comparing these two methods,
we can see that same values of PG, V, , V, and the
universal constants A ,B,C and K are exactly found by
both methods. The variation of PG reaches the same
maximum for a maximal speed of R, =3,39 .10° mol.I
's™" and a initiator concentration [CAN] =1,197. 10° M
for both methods . The obtained results are given in the
following table (see Table Ill). We notice that the pH-
metric method is in good concordance with the
extraction by soxhlet with the acetone method, at strong
concentration values of the initiator.

R R@,
determined by the pH-metric method , that we have
worked out . As Figures (7 -10) show , the quantity kp
(kko/k)"? is equal to =5,32 ; 10,22 and to 13,71 for
soluble starch (Mansor and Haron , 2000) ; as concerns
Dextran T70 and Fucan N1 respectively . This quality
varies increasingly with a rate of nearly 2.5 when going
from the soluble starch to the Fucan and this in
proportion with the mass of each polysaccharide used ,
namely :

(Ru

, R®, and PG® polymerization rate



M, = (164,4),g / mol For the soluble starch;
73000g/ mol for the Dextran T70 ,and finally 955009/
mol for the Fucan N1 .

VI. CONCLUSION

We can summarize the obtained results in the following
points :

Polymerization between polysaccharides and
poly-acrylics is generally achieved through opening the
polysaccharide cycle. This kinetic polymerization is
considered to be a complex one . The pH-metric
method used to determine Rp is found to be very
precise and with great concordance with the extraction
by the acetone method . The infrared spectroscopy
shows that the copolymer can’t be formed if the initiator

concentration is less than [CAN]=18.10°M /I but

when this latter is increased to 200 times ,we notice the
formation a copolymer characterized by a peak situated
at 1725cm™ for PMMA on the polysaccharide spectrum

alone , with an[MAM | = 0,4% . The viscometry shows

the effective formation of a copolymer between the
polysaccharide and the PMMA, due to the intrinsic
viscosity increase of 0,16 dl/g to 0,244dl/g in absence
and presence of 0,4 % of monomer . The polymerization
rate Rp of polysaccharide / poly-acrylic depends on a
kinetic complex , first order ,equal to the concentration
of the monomer and , and to the square-root of the
initiator and polysaccharide.

The grafting rate of PMMA (PG%) on the
polysaccharide increases with the increase of (CAN)
concentration , it reaches a maximum concentration
equal to : [ CAN] =1,197 . 10° Mol/l, and realizes
196,.60% (this maximum value is found to be equal to
260% at 0.5.10° M/I ceric ion).

Regarding difficulties that may face researchers
for determining the speed of polymerization R, we
propose to use the pH-metric method because it is
simple and precise, and also does not require
sophisticated means. In addition, it opens doors for
great perspectives in this domain of research.
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[ | Figure 3 . Infrared spectrum of copolymer Dextran —-PMMA ; Curve (A) PMMA alone; Curve (B) Dextran alone
: Curve(C) copolymer of Dextran ; 0,59 ; MMA 2% ; Cerium 3,6.103 M.
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Figure 4 . Infrared spectrum of copolymer Fucane —-PMMA ; Curve (A) Fucane alone; Curve (B) 0,5 g of
Fucane, 0,2% of MAM ,Ce*™* 1,80.10° g/mol; Curve(C) 0,5g of Fucane, 0,2% of MMA, Ce™* 3,6.10 °
g /mol
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Figure 5 . Variation of the copolymer mass obtained by HPLC in function of the monomer concentration
[cAN]102 M /L

Figure 6 : The *C NMR spectrum of DEXTRAN-PMMA in deutered DMSO. Carbon atoms and corresponding
peaks are identified by a literal.
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Figure 7 . Polymerization rate (Rp) of Fucan in function of the square-root of CAN; MMA=0,0742M ;
(Fu)=00417g; (HNo3)= 0,2M ; temperature =40°.
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Figure 8 . Polymerization rate (Rp) of fucan N1 with MMA in function of monomer; (Fu) =00417g ;
(CAN)=0,503.10°M, (HNo, )= 0,2M , temperature = 40°C.
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Figure 9 : Polymerization rate (Rp) of fucan N1 with MMA in function of the square root of the initiators
(CAN), Dextran= 0,0318g ; (MMA) = 0,0742M (HNQO;) = 0,2M Température = 40°C.
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Figure 10 : Polymerization rate (Rp) of fucan N1 with MMA in function of monomer concentration (M),
Dextrane= 0,0318g ; (CAN) = 0,503.10° M, (HNO,) = 0,2M Temperature = 40°C.

Table | : Measurement of the relative viscosity (%j and specific viscosity (%J of Fucane N1 in

function of its concentration percentage in the solvent H,O at a temperature T°=40°C.

03

[Fucan N1J%s | O | 045 [ 065 [ 075 [ 10 | 125 [ 145 | 165 |20
In, 0,252 | 0,260 | 0,265 | 0,280 | 0,300 | 0,305 | 0,310 | 0,320 | -
C
Mo 0,252 | 0,280 | 0,320 | 0,340 | 0,350 | 0,360 | 0,380 | 0,410 | -
C

Table I - Measurement of the relative viscosity (

Ingr] and specific viscosity (%] BBP-2 in function of

its concentration percentage in the solvent H,O at a temperature T°=40°C.

[BBP-2J6 | O [045[065[075[ 10 [125[145[ 165 |20
Inz, 0,086 [ 0,10 [ 0,11 | 0,12 | 0,13 | 0,14 | 0,15 | 0,165 | -
C
Mo 0,086 | 011 [ 0,12 | 0,13 | 0,14 | 0,16 | 0,17 | 0,185 | -
C
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Table /Il : Comparative table of the two (Vp) measuring methods : the pH- metric method and the extraction
by soxhlet with the acetone method .

[CANTJ'?.102M /1 2 3 3,46 4,59 5,99

PG% 145,30 163,05 218,10 201,.20 16,220
&.105 mol /1 ts? / 1,476 1,504 2,272 3,084
R,.10°mol /1's™ / 1,004 1,256 1,868 2,436
R, = (R, +R,).10°mol I 's™ / 2,480 2,760 4,140 | 5518

REJa) 10° mol Its? 2,25 2,660 3,040 4,000 5,520

PG®96=(-4,084.10°R*+2,774.10°R»-2,698). 100 | 147,75 | 17931 | 19629 | 18668 | 17,58

or =KJ[Ce"+K [Ce™" + K™
R@=(Rp/2 -2,71 . 10%[Ce™]1a). 10° Mol. L™ s / 1,006 1,196 1,676 2,436
R¥=(Ry/2 +2,71 . 10°[Ce™]may) . 10° mol.I".s™ / 1,654 1,844 2324 | 3084

© 2012 Global Journals Inc. (US)
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Voltammetric Behaviour of Carbonyl Group
Containing Pesticides Topramezone,
Fenomidone and Methiocarb

Sarvareddy Rajasekhar Reddy *, Neelam Y.Sreedhar®, Kukkambacum Chandra mohan®, Maddela
Nagaraju ¥

Abstract - In this work the effect of functional groups
(substuents) on the reduction potentials of carbonyl group
containing pesticides topramezone fenomidone and
methiocarb were studied. Deferential pulse adsorptive
stripping voltammetry, cyclic voltammetry, millicoulometry and
controlled potential electrolysis were used for the
determination of reduction potentials and electrode
mechanisms. HMDE (Hanging mercury drop electrode) used
as working electrode and universal buffer used as supporting
electrolyte.

Keywords Topramezone, fenomidone and
methiocarb,.defferentialpulse  adsorptive  Stripping
voltammetry,cyclic  voltammetry,millicoulometry — and

controlled potential, HMDE ,Universal buffer.
[. INTRODUCTION

opramezone  [3-(4,5-dihydro-1,2-oxazol-3-yl)
4-mesyl-o-tolyl] (5-hydroxy-1-methylpyrazol-4-
yl) methanone] is broad spectrum compound

used for seed treatment and for the protection of
fruits and vegetables.

Most of the methods reported in the
literature for the determination of the topramezone
is based on the several techniques. Fungicides are
widely used for crops that lack natural resistance to
the fungal species involved. These chemicals are
used to treat foliage diseases of some crops.
Seeds for damping off, soil in seed beds for root
and to control turf and transplant diseases. Kruvea
et al.[1] reported potential washing methods with
LC-ESI-MS to determine pesticide residues in

a
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university, Tirupati AP,India. *corresponding auther, tel:9493234699
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oranges. Chandra mouli et al.[2] reported GC/LC-
MS method for rapid screening of 250 pesticides
including methiocarb in aqueous matrices.

Kateina et al.[3] evaluated the suitability of
organic solvent for GC analysis of pesticides. A
solid-phase micro extraction method and HPLC
with diode array detection of fungicide in wine was
developed by Millan et al.[4]. Gimeno et al.[5]
monitored antifouling agents in water samples by
on-line solid phase extraction liquid
chromatography-atmospheric pressure chemical
ionization mass spectrometry method. Dimitral et
al.[6] determined fungicides in natural water using
SPME and GC coupled with electron-capture and
mass spectrometric detection. Carabias
maltinez[7] developed a procedure for analysis of
pesticide residue in matrices with high lipid
contents by membrane separation coupled online
HPLC system. HPLC-DAD [8-10] with multivariate
calibration, partial least squares calibration and
with spectrograms for the quantification mixtures of
pesticides. Application of solid phase disc
extraction,[11]  dispersion  extraction,[12] and
partition cartridges followed by gas and liquid
chromatography for the determination of fungicides
in environmental water, oranges, vegetable
samples.

Fenamidone((S5)-1-anilino-4-methyl-2methyl
thio-4-phenylimidazolin-5-one) is imidazole fungi-
cide.lt is broad spectrum pesticide used to protect
crops from fungel diseases.

Ar N
~ >—S
IN cH
°" H

Susana et al.[13] reported GC/MS for
analysis of fenamidone in grapes and wine. De
mello et al.[14] reported LC with diod array
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detection (DAD) method for screening of pesticides
including fenamidone in grapes and wines. Danion
et al.[15] reported solid phase extractin method
coupled with LC/MS for isolation of fenamidone
from plants. Luigi et al.[16] analised three fungicide
residues including fenamidone by applying pseudo
first order kinetics and half life method in wine.
Schreiber et al.[17] reported triple quadropole
mass spectroscopy with liquid chromatographic
(LC/MS/MS) method for analysis of fenamidone
residues in food stuffs. Lutz alder et al.[18] reported
GC/MS, LC/ MS/ MS, GC/ EI/ MS and LC/ ESI/
MS/MS methods for analysis of 500 high priority
peticide residues including fenamidone.
Donbroun[19] reported GC/MS/MS and LC/MS/MS
methods for analysis of pesticide residues in fruits
and vegitables. Lambropoulou et al.[20] reported
coupling of head space solid space micro
extraction with ultra  sonic  extraction for
determination of fenamidone residues in birds by
using GC.

Methiocarb  (4-methylthio-3,5-xylyl methyl
carba mate) is registered as acaricide for the
control or kill mites in agricultural fields. Due to the
continuous increase in the application of such
pesticide, the necessity of water analysis is always
growing. The traditional techniques used for such
purpose are liquid chromatography and gas
chromatography with electron capture detection,
which is one of the most adequate due to the very
low value obtainable for the detection limit.

CHj

Yang et al.[21] reported chromatographic
methods ie HPLC-,GC,super critical  fluid
chromatography and TLC to determine methyl
carbamate pesticide residues in water, soil and
plant tissues. Chiron et al.[22] employed on line
solid phase extraction LC/MS to investigate
methiocarb residues in water samples. Alvarez et
al.[23] performed  the  spectrophotometric
determination of carbamates including methiocarb.
Msahiro et al.[24] determined methyl carbamaete

pesticide residues in foods by using accelerated
solvent extraction ASE and HPLC with post column
fluorescence.

Parilla et al.[25] reported SPE and
HPLC/DAD method to determine pesticide
residues in water. Richerd[26] employed HPLC
method to determine N-methyl carbamate recidues
using post column hydrolysis electro chemical
detection. Aulakh et al.[27] reported solid phase
micro extraction HPLC for analysis of pesticides.

Tomomi et al.[28] devoloped anew analytical
method for determination of nine pesticide
residues including methiocarb in fruits and

vegtables using ESI-LC/MS/MS with direct sample
injection into a short column. Davia osselton et
al.[29] reported GLC, HPLC/DAD and TLC for
determination of 51 common pesticides including
methiocarb. Parilla et al.[30] employed SPE and
HPLC photo diod array detection for determination
of pesticide residues in water samples. Leejeong et
al.[31] reported HPLC with UV detection method
using super critical fluid exractin to determine
methyl carbamates from spicked matricies. Wang
et al[32] reported SMPE/HPLC method for
analysis of pesticide residues from straw berries.
Feride kocl et al.[33] employed HPLC wth post
column derivatisation and flurascence detectin for
analysis of methiocarb in honey. Jose fernondo et
al.[34] reported HPLC with chemiluminiscence
detection for determination of carbamates. Moore
et al.[35] reported multi residue analytical method
for analysis of pesticides in water using SPE and
LC/MS.

[I. MATERIALS AND METHODS

a) Apparatus

The electrochemical measurements were
carried outwith  model Metrohm 757 VA
computrace. Three electrodesystems consisting of
hanging mercury electrode (HMDE) as
working electrode, Ag/AgCl (salt KCI) wasused as
a reference electrode and a platinum wire as an
auxiliary electrode which displays negative
potential range. Eli co Li-129 model glass calomel
combined electrode was employed for measuring
pH values.

b) Reagents

All reagents used were of analytical reagent
grade. Double distilled water was used throughout
the analysis. In the present investigation universal
buffers of pH range 2.0 to 6.0 are used as
supporting electrolytes and are prepared by using



0.2 M boric acid, 0.05M citric acid and 0.1M
trisodium orthophosphate solutions, pesticide
samples obtained from Rankem.

[1I. RESULT AND DISCUSSION

In case of metheocarb the carbonyl group
is present in open chain it has the rich electronic
environment because of nitrogen attached to
carbonyl carbon due to this the reduction of
metheocarb is some what difficult but at the same
time oxygen present on carbonyl carbon suppress
the electron density and facilitate to reduction
when compared to the carbonyl groups present in
other two compounds under observation that is
fenomidone and topramezone which has one
carbonyl group for each methiocarb redueses at
higher negative potentials.

In topramezone the carbonyl group is
present in in between two rings it has the poor
electronic environment because of electron with
drawing nature of aromatic rings attached to
carbonyl carbon due to this the reduction of
topramezone is some what easy when compared
to the carbonyl group present in fenomidone.
topramezone redueses at lower negative
potentials.

Though there is a carbonyl group which is
present in the ring fenomedone reduces at greater
negative potentials than topramezone because of
the electron donating nitrogen adjacent to carbonyl
carbonyl carbon.

a)  Differential pulse-adsorptive stripping voltammetric
Studies

The DP-Adsv  behaviour of topramezone,
fenomidone and methiocarb (1x 10°M) was
investigated over pH range 2.0 to 6.0 at the HMDE.
The Faradic response exhibited is an adsorptive
reduction peak (Fig. 1) which corresponded to the
reduction of carbonyl group (>C = 0) of
topramezone, fenomidone and methiocarb.

b)  Effect of pH

The position of peaks is strongly pH
dependent in that it shifts to more negative
potentials with increasing pH. No reduction was
observed in basic medium pH < 8.0.

¢) Characterization of waves / peaks

All the three compounds exhibits only one
voltammetric wave / peak over the pH range 2.0 to
6.0 with all techniques. This wave / peak is
attributed to the reduction of carbonyl group
involving 2 electrons. Typical cyclic voltammogram

are shown in Fig. 2. No reduction peak is observed
in basic medium (8 < pH < 12) for carbonyl groups
due to the precipitation of electroactive species.

d) Recormmended analytical procedure

A stock solution (1.0 x 10°M) of samples
prepared by dissolving the appropriate amount of
the electro active species in dimethyl formamide.
One ml of the standard solution is transferred into
the voltammetric cell and made upto 9 ml with the
supporting electrolyte to get the required
concentration and then deoxygenated by bubbling
nitrogen gas for 10 min. After recording the
voltammograms, small increments of the standard
solution are added and the voltammograms are
recorded for each addition under similar
conditions.Optimum conditions for this analysis
are pH 4 concentration:1x10 ° M, and scan rate :
45 mvs™

€) Kinetic data

The values obtained for  diffusion
coefficient, transfer coefficient and heterogeneous
forward rate constant are given in Tables 1,2 and 3.
The diffusion coefficient values evaluated from
cyclic voltammetry is in good agreement indicating
the diffusion controlled and adsorption at the
electrode surface. The variation of diffusion current
with the pH of the supporting electrolyte influences
the diffusion coefficient values also to vary in the
same manner. The reason for slight variation in
diffusion coefficient values with increase in pH may
be attributed to the decrease in the availability of
protons with increase in pH of the supporting
electrolyte. The rate constant values are in general
found to decrease with increase in pH indicating
that the electrode reaction tends to become more
and more irreversible with change in pH. Based on
the experimental results obtained from all the
techniques employed, a possible electrochemical
reduction mechanism of the three compounds
under investigation has been suggested on the
basis of protons and electrons involved in the
reduction as shown in scheme1,2 and 3.
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Scheme 7 Reduction mechanism of topramezone
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Scheme 3 Reduction mechanism of methiocarb
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Table 1 . Typical cyclic voltammetric data of topramezone
-E, A D x 10° |
pH — on, - —
\Y% “A cm” s cm s
2.0 0.153 7.4 0.327 7.621 3.149x10°
4.0 0.201 5.9 0.366 6.994 7.072x10™
6.0 0.301 4.9 0.318 4971 2.542x10™

© 2012 Global Journals Inc. (US)



Table 2 : Typical cyclic voltammetric data of fenamidone

-E i 6 0

pH P b an, D )(210_1 k f,h_l

\4 pA cm” s cm s
2.0 0.16 9.3 0.62 2.82 8.20 x 10
4.0 0.36 5.7 0.60 2.60 4.32x10°
6.0 0.38 8.2 0.61 2.30 3.89x10°

Table 3 : Typical cyclic voltammetric data of methiocarb
pH _EP I_p an, D x 106 kof,}i]

\% pA cem? 57! cm s
2.0 0.36 5.81 0.99 5.66 2.60 x 10°®
4.0 0.41 6.0 0.92 5.49 1.57x 10”7
6.0 0.61 5.55 0.88 5.22 6.47 x 10°

Iv. CONCLUSION

In the above investigation highly potent carbony!
group containing pesticides had selected to get detailed
information on the reduction behaviour of carbonyl
group and electrode kinetics concerned employing
cyclic voltammetry, differential pulse adsorptive
stripping voltammetry, controlled potential electrolysis
and millicoulometric techniques. The method shows a
good reproducibility and high accuracy compared with
spectrophotometric, spectrofluorimetric and chromate -
graphic methods of analysis.
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Removal of Mn*? and Fe™ lons from Waste Water
and Underground Water Using Calcium Silicate
(CS)

Wael A. El-Helece

Abstract - The determination of heavy metal ions are limited by
two difficulties, very low concentration of heavy metal ions
which may be lower than the detection limit of many traditional
analytical techniques such as atomic absorption spectrometry,
colorimetric, and voltametry. And the interfering effects of the
matrix. Calcium silicate (CS) is obtained as mentioned in the
literature, This synthesized material, which have many
applications in various walks of life will be under study in this
research. In a new area of the most important areas of life and
the environment, a water treatment and removal of some
heavy ions such as Mn*2 and Fe*® ions present in waste water
and underground water were efficiently removed by (CS).
Keywords  Calcium silicate, removal of heavy metals,
elemental analysis.

[. INTRODUCTION

etermination of heavy metals became one of the
Dimportant water quality control measurements;

human beings cannot deal with the surrounding
environment safely without affirmative information about
the level of different hazards. This is attributed to the
harmful effects caused by the accumulation of heavy
metals in human tissues through daily contact with the
polluted environment [1].

[ron removal from water is mostly carried out in
drinking water preparation, because mineral water
contains high amounts of iron ions. These influence
water color, odour and turbidity.

Iron is present in all wastewaters. Iron removal
from wastewater may be achieved by oxidation of binary
iron to tertiary iron. Hydrolysis subsequently causes
flake formation, and flakes can be removed by sand
filtration. Oxidation may be achieved by adding oxygen
or other oxidants, such as chlorine or potassium
permanganate. The reaction rate depends upon pH
values, and is slower under acidic than under alkalic
conditions. To speed up the reaction under acidic
conditions, the water may be aerated for carbon dioxide
removal and pH recovery. The total reaction causes acid
formation and thereby diminishes itself. Iron is often
reduced together with manganese. Applying ion
exchangers for iron trace removal from drinking water

and process water is another option, but this is not very
suitable for removing high iron concentrations. Iron

compounds are applied in wastewater treatment, usually

Author . Chemistry Department, Faculty of Science, Jazan University,
Jazan, KSA. E-mail: waelaboola@yahoo.com

as coagulants. One example is iron sulphate application
in phosphate removal [3 - 6].

Calcium silicate is a known material and has
many uses and diverse in many areas of life, for
example Rice husk ash when ground with hydrated lime
is being successfully used as mortar. Activated carbon
and furfural are the two important chemicals which can
be derived from rice husk [7].

A literature survey on the uses of the ash
remained after firing agricultural residues showed that
the following are the most abundant uses all over the
world [8-12].

° As aggregate for insulating and light weight concerts.

° In making light weight, refractory and heat —
insulating bricks.

° In rubber compounding (reinforcing fillers for rubber
compounds).

° Preparation of activated carbon and sodium silicate.

° Making hydraulic cements and glasses.

° As effective agent in disposing of oil spills.

° Ininsecticides as anticaking.

° Manufacture of silicon tetrachloride.

° Manufacture of silicon carbide and silicon nitride.

°  As growing media and fertilizer.

° As moulds for molten steel ingots.

° As filter aid and filter media in water purification.

The following summarizes some technical
commercial opportunities for agricultural residues, ash
and char utilization. Pure silicon used for making semi-
conductors is yet another expensive material, which can
be obtained from rice husk [13].

Silicon carbide and, silicon nitride are also very
costy and useful materials obtainable from rice husk
[14]. Rice husk can also be used for production of
acetic acid, proprionic acid, and phenol, cresol...etc by
destructive distillation or xylos and glucose through
hydrolysis [15].preparation of CSH by the reaction
between pure silica and calcium hydroxide had been
extensively studied [16, 17]. On the other hand
preparation of CSH from the ash remained after firing
rice straw or other agricultural wastes [18].The aim of
the present work was to use calcium silicate to remove
heavy metals ions from waste water and underground
water.

© 2012 Global Journals Inc. (US)
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a)  Experimental

Underground water samples were collected
from different locations within the Delta region. All
samples were filtered off and acidified with concentrated
HCI to pH2 then introduced into plastic vessels at a
temperature of 20-25 °C. Suspended matters were
determined by filtering 1000 cm? of the untreated water
sample using a sintered glass G4 and weighing the
residue after drying at 120 °C for 2 hrs.

Dissolved oxygen (DO) was determined by
Winkler method [19]; dissolved oxygen was stabilized in
field using manganese sulfate solution in presence of
ammonia buffer. The compound formed was treated
with H,SO, and Kl and the liberated iodine was titrated
against K,S,0; .

Total alkalinity (mg CaCOS/L) was determined
according to the method described by Strickland and
Parsons.

Total Dissolved Salts (TDS) of the water
samples were determined by weighing the residue left
after complete drying of 100 cm?® of the water sample at
120°C for 2 hrs.

The reactivity of the produced material (CSH)
towards heavy metals removal from aqueous solutions
was also assessed. This was accomplished as follows:
100 mg of CSH was added to 100 ml of the tested water
sample and the pH value was again controlled. The

sample was stirred for 30 min. and filtered off. The
filtrate was subjected to atomic  absorption
spectroscopy and determining the concentrations of
Fe®** and Mn?* ions .

[I. RESULTS AND DISCUSSION

The main water quality properties was examined
before treatment with CSH and the results were TDS
(3.090 g dm®, (0.106 g dm™®), DO (4.49 mg O, dm™?),
and total alkalinity determined (153.5 mg CaCO, dm™)
respectively. This reveals that treatment with CSH has
no appreciable effect upon the main water properties.
The allowed concentrations of iron, and manganese are
200 and 50 ug/! respectively, according to health related
guide level (HRGL) [20].

CSH was used for the treatment of waste water
and underground water to remove Mn?* and Fe®" as
examples for divalent and trivalent metal ions. The
results for this treatment are shown in tables (1. 2 and
3).Tables (1and 2) give the removal of Fe*" ions from
water by using rice straw ash, CSH prepared from silica
gel, and CSH from RSA. From these tables we could
observe that the removal of Fe** ions from water by the
prepared CSH was very efficient as almost 99.8 % from
the initial amount of the metal ion in the solutions were
removed.

Table 1. Removal of Fe*" ions by CSH

Meas.

Time hr pH Abs. conc. %als.
conc.

0 1.9 43.55 - -
0.5 11.25 0.25 43.3 99.46
1.0 11.24 0.26 43.29 99.4
15 11.15 0.21 43.34 99.5
2.0 11.24 0.21 43.34 99.5
3.0 11.23 0.23 43.32 99.47
4.0 10.8 0.07 43.48 99.84

For underground water
4.0 11.72 Nil 5 100 %

© 2012 Global Journals Inc. (US)
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Table 2. Removal of Fe 3" ions by ash and CSH from silica gel

Ash
Time hr pH Meas. Conc.  Abs. conc. %abs.
0 1.9 50.0 - -
0.5 2.33 16.17 27.38 62.87
4.0 2.15 0.40 43.15 99.08
CSH from silica gel
4.0 11.25 0.19 43.36 99.56

o Table 3. includes the data for the removal of Mn?* ions from water using rice straw ash, CSH prepared from silica
I~ gel, and CSH from RSA. The results show that the removal of Mn?* ions from water by the prepared CSH is very
efficient as almost 99.85 % of the initial amount of the metal ion in the solutions were removed.

5
j=]
= Table 3. Removal of Mn?* ions by CSH .
Time hr pH Meas. Conc. Abs. conc. % abs.
0 8.52 9.958 - -
1.0 11.74 0.021 9.937 99.79
2.0 11.62 0.029 9.929 99.71
2.5 11.44 7.21 21.11 74.5
3.0 11.61 0.017 9.941 99.83
4.0 10.8 0.07 43.48 99.84
For underground water
4.0 11.72 0.017 0.033 99
12
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Fig. 3. The relation between time (hrs.) and the removed concentration of Mn*2 ions
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Fig. 4. The relation between time (hrs.) and the percent of the removed concentration of Mn*2ions

a) Results lllustrated by the last tables and figures.

1. Using calcium silicate to overcome the acidity of the
waste water since adding calcium silicate acidic pH
jumped from 1.91t0 11.8.

2. Calcium silicate removed both Fe*® and Mn*? ions
and that is obvious when the treatment time 0.5 hr and
in spite of we continued to four hours of treatment to

determine whether the adsorption process is a
reversible.
3. A comparison between the raw material (ash

remaining after burning) and materials prepared
(calcium silicate) to determine the effectiveness of each
of them in water treatment has been shown that the
effectiveness of calcium silicate in the removal of both
Fe*3 and Mn*2? ions are very high (99.8) and that could
be explained as follows:

Two mechanisms of the removal of the ions from water
using calcium silicate.

1. The very clear and known one is the adsorption on
the surface of the used materials.

2. The second one the effect of the used calcium silicate
on the PH of the medium which assist the ions to be
hydrolyzed and found surrounded with OH" ions.

b)  X-Ray Diffraction analysis (XRD)

The XRD measurements for three samples of
(CSH) prepared from heap fired RSA and obtained
under different conditions were carried out in order to

investigate the changes occurring due to their formation
reactions.

Figure () shows the result of these
measurements. There are two forms of CSH, these two
forms have chemical composition as CSH (I) (0.8-1.5
Ca0. Si0,. 0.5-2.5 H,0) and CSH (ll) (1.5-2.0 Ca0. SiO..
1-4 H,0) [21]. natural plombieriteis are closely similar
but gives no basal X-ray diffraction.
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Fig. 5. XRD pattemns for CSH samples; 1, 2 ash samples, 3 CaO sample, 4, 5 CSH samples and 6 CSH
with Fe3”.
The crystal form Crumpled foils (semi-  tables and graphs indicated that the samples from all

crystalline) and basal spacing of CSH (I) varies with both
water content and Ca / Si ratio hence several varieties
exist. Powder data relate to fibber bundles. Some other
varieties give powder patterns close to that of CSH (1) .
The basal spacing, if it occurs , is always about 10 A
[22]. From fig.(1) and CSH (Il) were formed and also the
two forms are convertible. This is due to two main
factors, the water content, and Ca / Si ratio.

[II. CONCLUSION

Removal of divalent (Mn*?) as well as trivalent
(Fe™®) ions on the surface of calcium silicate was found
to be very efficient; the percent of uptake reached 99.84
% of Fe*" from waste water and most of that present in
underground water. The amount from Mn** ions
removed from waste water samples reached about
99.85 %, and most of that present in underground water.

In this research there was a comparative study
between four types of materials to be used in water
treatment; Pure calcium silicate (CSH free from carbon
and other insoluble matters in NaOH solution), Calcium
silicate in presence of carbon and other insoluble
matters in NaOH solution), Pure calcium silicate (CS
prepared from silica jel) and Ash remained after burning
of rice straw (active carbon and amorphous silicon
oxide). It was clear through the results in the previous

© 2012 Global Journals Inc. (US)

four materials were effective in this field, as was
expected.

Calcium silicate in presence of carbon and
other insoluble matters in NaOH solution) gave the best
results and appeared the most efficiency, as a result of
this paper the use of residue for the manufacture of
paper in the preparation and detail the material used for
water treatment, gave this high efficiency.
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Environmental Pollution Induced By an
Aluminium Smelting Plant in Nigeria

A. R.lpeaiyeda®, N. S. Umo®, G. E. Okojevoh”

Abstract - The extent of pollution of Imo, Utaewa Rivers and
Essene Creek being sources of drinking water were assessed
due to the smelting activities of the Aluminium Smelter at lkot
Abasi City, Nigeria. Soil and plants samples in the field near
the water bodies were equally assessed. The physicochemical
parameters investigated on all sampled water bodies were
within the WHO and USEPA limits for drinking water with the
exception of salinity, turbidity, TDS and few heavy metals (Mn,
Fe, Al, Pb). The overall average levels of these parameters
were 7.6+2.8 % (salinity), 1612 FTU (Turbidity), 793+250
mg/L (TDS), 2.59+0.48 mg/L (Mn), 0.49+0.27 mg/L (Al) and
0.85+0.43 mg/L (Pb). Principal component biplot revealed
strong and positive metal loadings whose ranges were
(1.284—1.687), (0.499—-0.515) and (0.959—1.630) for Essene
Creek, Imo River and Utaewa River respectively. Similarly,
clauster analysis showed that elemental compositions of soil
and plants in the vicinity of aluminium smelter were traceable
to the smelting activities. Also, accumulation of airborne
particle by vegetation and surface soil was resulted from the
activities in the smelting site. Al (183@170 ug/g) and Zn
(141-147 ug/g) were more abundant at 0-5 cm soil depth
than other metals (Cd, Mn, Ni, Fe, Pb, Co). Bioccumulation
results revealed increased metal uptake by Vermonia
amygadalia (Bitter leaves), Manihot esculenta (Cassava) and
Carfca papaya (Paw-paw) at the sites closest to the industry,
hence can be used as good biomarkers for soil pollution.
Keywords : Pollution, Heavy metal, Bioaccumulation,
Multivariate analysis.

[ INTRODUCTION

melting of aluminium does not come without its
Senvironmental problems. There have been a

number of recent studies investigating the
emissions of various pollutants during the aluminum
smelting process. Some of the studies were laboratory-
scale investigations which quantitatively determined the
species present in flue gases (Wei, 1996). Other
investigation concentrated on the emissions from
aluminium smelters. The pollutants identified in the
studies were chlorinated organic compounds (Laue et
al., 1994; Westberg and Selden, 1997), organic
compounds containing chlorine and sulphur (Sinkkonen
et al.,, 1994), polycyclic aromatic hydrocarbons (PAHS)
(Aittola et al., 1993; Westberg and Selden, 1997; Healy
et al,, 2001), heavy metals (Kozanoglou and Catsiki,
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1997). PAHs in general are mutagenic and/or
carcinogenic in nature. Also, heavy metal load from
smelting activities near water bodies has been proved to
result in contamination of river and has various
implications on the ecosystem (Ellis, 1987, Vucadin and
Odzak, 1991, Malea and Haritonidis, 1995; Kozanoglou
and Catsiki, 1997). These toxic pollutants may eventually
reach human bodies through the food chains and
inhalation of polluted air. In addition, the dumping of
smelting by-products in aluminium smelter inhabited
areas brings up crucial questions about the degree of
metal contamination and the effects on human life.
Regions near such activites need to be under
investigation in order to avoid gross pollution.

It was for this reason that this investigation was
conducted on the aluminium smelter in lkot Abasi city,
Nigeria. The surrounding vegetation has turned
yellowish and some of the agricultural plants around the
vicinity of the factory have been observed for poor
growth and vyield. Consequent upon this, there is
possibility that the vicinity of the company is susceptible
to pollution arising from the smelting activities. The
parameters mentioned in this study were metals, salinity,
dissolved cations and anions. The aims of the study
were to investigate the surface water quality of water
bodies in the vicinity of aluminium smelter, and
distribution of heavy metals in soil and plants. This study
provides background information on the environmental
status of the vicinity of aluminium smelter in the tropical
area of south-south region of Nigeria.

[I. MATERIALS AND METHODS

a) Sampling area

The Aluminium smelter at lkot Abasi city is in the
southern part of Nigeria where aluminium smelting
activities have been on-going for more than a decade. It
is the second largest producer of primary aluminium in
the world (BNW News, 2004; World Bank, 2009). The
smelting site is located at latitude 4°34"N and longitude
7°54 E and bordered by water bodies hamely Imo River
that opens-up to Atlantic Ocean, Utaewa River and
Essene Creek. The area belongs to the southern rain
forest climate and is relatively populated. A control site
was located at about 3km upstream of Essene Creek.
Figure 1 shows the Aluminium smelter company and the
sampling locations. The description of locations, sample
codes and the type of samples collected are highlighted
in Table 1.
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b) Sample Collection and preservation

Water samples were collected monthly between
September 2009 and December 2009 from Imo River
(IR), Utaewa River (UT) and Essene Creek (EC) at eight
locations each. Eight water samples were equally
collected from Jaja Creek (JC) situated at the control
site with thoroughly cleaned polyethylene bottles without
disturbing the water. Water samples collected for metal
analyses were acidified with HNO,.

Soil and plant samples were collected from
three locations [Pot Room (PR), Jetty (J), and Cast
House (CH) ] on the fields near the company as well as
from the field near Jaja Creek situated at the control site.
Leaves of Cassava (Manihot esculenta), Paw-paw
(Carica papaya) and Bitter leaves (Vernonia amygaalia)
were collected and thoroughly washed with distilled
water. The vegetation samples were dried in an oven at
60 °C, and ground with agate mortal and pestle. The
samples were then sieved with 0.5mm mesh size and
kept in polythene bags. The air-dried soil samples were
pulverized with agate mortar and pestle to a fine powder
and then sieved through a 100 - mesh screen sieve to
obtain homogenous particles.

c) Sample preparation and analysis

Five grams of soil samples was digested with
50mL of aqua regia (HCI and HNO; - 3:1 v/v) in a beaker
placed on hot plate in a fume hood for 1 hour. The
filtered extract was used for metal analysis. The
vegetation samples were equally weighed into vitreosil
crucibles and nitric acid was added as an ashing aid
just before the commencement of ashing. The
vegetation samples were dry-ashed in a muffle furnace
at 500 °C. The ash was dissolved with hot 2M HNO, and
was filtered where necessary. Extract of the soil and
vegetation samples were analysed for cadmium,
manganese, zinc, nickel, iron, aluminium, lead and
cobalt using atomic absorption spectrophotometer
(UNICAM  939/59).  Quality control of metal
measurements in soil, vegetation and water was verified
by including blanks and carrying out recovery study by
spiking. All recoveries were within the range of 92.3-98.7
%. A blank sample was incorporated for every ten soil
and vegetation extracts analysed. The acid solutions
used for extraction were made from Analar grade stock
acids, while the distilled water was doubled deionised.
Standards for the atomic absorption analysis were
obtained as the commercial BDH stock metal standards
from which working standards were prepared by
appropriate dilution. For other water quality parameters,
the analytical data quality was ensured through careful
standardization, procedural blank measurements and
duplicate samples.

Conductivity and salinity were recorded with a
HACH conductivity/salinity meter model CO150,
dissolved oxygen was determined by the alkali-azide
modification of Winkler's technique, alkalinity was
determined titrimetrically while nitrate was determined
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colorimetrically using phenoldisulphonic acid method.
Phosphate and sulphate  were determined
colorimetrically using ascorbic acid and turbidimetric
methods respectively according to the standard method
(APHA —AWWA,1998).

d) Data treatment and mulfivariate statistical methods

Duncan multiple range test of variable at p <
0.05 was used to ascertain statistical significance in the
soil quality data. Multivariate analysis of the data was
performed through Cluster Analysis (CA) and Principal
Component Analysis (PCA). The distributions of metals
within soil profile were represented by means of Box and
Whisker Plots (Winderlin et al., 2001). All mathematical
and statistical computations were made using Excel
2003 (Microsoft, 2003) and STATISTICA 6.0 (StatSoft,
Inc., USA, 2001).

[1I.  RESULTS AND DISCUSSION

The results of the physicochemical parameters
conducted on the water samples from the Imo, Utaewa
Rivers, Essene Creek and Jaja Creek are summarized in
Tables 2 and 3. Table 4 specifically gives the averages
and ranges for parameters used to assess the suitability
of these water bodies (Imo , Utaewa Rivers and Essene
creek) around the smelting company for beneficial
purposes such as drinking and industrial use. In all the
sampled water bodies, the physicochemical parameters
as shown in Table 4 were generally within the WHO and
USEPA guidelines for drinking water with the exception
of salinity, turbidity, TDS and few heavy metals (Mn, Fe,
Al, and Pb).

The pH values of water from the Imo River,
Utaewa River, Essene and Jaja Creeks were within the
range of 6.1 and 7.2. Water from the rivers and creeks
could be considered acidic since their average pH
values were below 7.0. Water pH of 6.3=0.2 and
6.5+1.1 for Essene and Utaewa were the least and
highest averages values (Table 2) and were significantly
different from the average water pH of Jaja Creek at the
control site. Acidification of water samples could have
led to the release of loosely bonded ions present on the
surface of suspended particle matter; thereby increasing
the metal concentration in water samples. Essene Creek
and Utaewa River revealed turbidity levels of 25.3+2.1
FTU and 25.0+25 FTU respectively, which were
significantly higher than the WHO limit of 5 FTU (Table
2). The TDS constituent of Imo River, when compared to
the same constituent of Essene Creek and Utaewa
Rivers, was indeed higher by factors 3.99 and 3.19
respectively. Correspondingly, sulphate was higher by
factors of 0.34 and 0.52 respectively. The average levels
of TDS and sulphate for the Imo River water were
1370+21mg/L and 547=71 mg/L respectively (Table 2).
High level of TDS is traceable to the impact of navigation
on the river.

The average salinity for the Imo River was
13.0+1.1% while 3.2+0.4% and 4.8+0.7% were



obtained for the Essene Creek and Utaewa River. These
salinity levels were observed to exceed the limit of 0.5%,
thus making the water toxic to sensitive freshwater life
and not portable for human consumption. High salinity
level indicates an increase in the concentration of total
dissolved solids in water and can often be detected by
an increase in the chloride, an important anion of many
dissolved salts. A positive correlation coefficient (0.526)
between TDS and salinity was observed. Increases in
salinity up to 0.1 % (1,000mg/L) can have lethal and sub
lethal effects on aquatic plants and invertebrates (Hart et
al, 1991). The observed salinity levels for the Essene
Creek, Imo and Utaewa Rivers are high enough to
induce a variety of other effects within both aquatic and
terrestrial  ecosystems.  These  effects  include
acidification of the water bodies (Lofgren, 2001),
mobilization of toxic metals through non-exchange
(Norrstron and Bergstedt, 2001), changes in mortality
and reproduction of aquatic plants and animals (Strayer
and Smith, 1992; James et a/, 2003; Eaton et a/,, 1999),
altered community composition of plants (Eaton et al,
1999; Richburg et a/, 2001; Elshahed ef al, 2004). At
relatively low concentration of salinity, salt has been
shown to inhibit denitrification (Cunningham, et al.,
2009, 2010; Kaushal, et al., 2005) a process critical for
removing nitrate and maintaining water quality in surface
waters. Increased salinity is an important ecological
variable in explaining the extremely low abundance and
diversity of freshwater life observed in the Imo and
Utaewa Rivers.

The water quality monitoring data (Table 2)
found its application in the classification of rivers into
utility classes based on quality indices. Some water
quality indices have been reported in different part of the
world ( Pesce and Wunderlin, 2000; Simeonov et al.,
2000). There is no water classification index established
for Nigerian rivers and streams yet. However, the well
utilized water index of Prati et a/ (1971) was applied to
the data of this study using the parameters pH, turbidity,
suspended solids, DO, BOD, and COD. The categories
of classification ranged from Utility Class | to V which
corresponds to excellent for drinking, irrigation and
industrial use without treatment (Class 1), suitable for
drinking (Class ), slightly polluted (Class Ill), polluted
(Class IV) and heavily polluted water which is not fit for
any of these beneficial purposes (Class V). Based on
the Prati scale, Imo River, Essene Creek and Utaewa
River are categorized under Class Il (Table 3) which is
indicative of water not suitable for beneficial purposes
such as drinking, irrigation and industrial use, but may
be rigorously treated for use by private consumers. The
classification showed that Jaja creek at the control site
fell into Class Il reflecting that its water sample is
suitable as sources of municipal water supply.

The overall average concentrations of Mn, Fe, Al
and Pb (Table 4) in surface waters studied were higher
than the WHO and USEPA limits and hence the waters
portability are impaired for drinking. The only exception

was the zinc with concentration lower than the USEPA
limit of 5.0 mg/L. The Imo River contained Mn, Fe and Al
levels of 2.52+0.71 mg/L, 0.37+0.10 mg/L and
0.77x0.13 mg/L respectively. The respective
corresponding concentrations in Essene Creek were
2.62+0.42 mg/L, 0.59=+0.41mg/L and 0.52+0.08 mg/L
while Utaeswa River contained 2.70+0.30 mg/L,
0.49+0.05 mg/L and 0.15+0.08 mg/L respectively.
These metal concentrations that were above the limits
may be attributed to deposits resulting from the
company’s smelting activity. The Imo River (IR) and
Essene Creek (EC) serve as water channels to ships
bringing the raw materials for the company and other
commercial activities. The discharge from exhausts of
ships and speed boats using leaded fuels explains the
high lead levels of 0.90=0.17mg/L and 0.84+0.50 mg/L
in waters from the Imo River and Essene Creek. The
high concentrations of aluminium with ranges of 0.67-
0.91 mg/L and 0.50-0.60 mg/L for Imo River and Essene
Creek (Table 3) are not unexpected as alumina (Al,O3)
being the major raw material used in the company splits
into water bodies occasionally during off-loading to the
conveyor belt.

Principal Components (PC) analysis was
performed on the standardized data matrix (Table 5) of
metal concentrations in surface water samples. This is
necessary to explain the structure of the underlying data
set. The experimental data was standardized in order to
avoid mis-calculation due to wide differences in data
dimensionality (Liu ef a/, 2003). Standardization tends
to increase the influence of small variance and reduce of
large ones. Furthermore, the standardization procedure
eliminates the influence of different units of
measurement and renders the data dimensionless
(Benza-Deano ef a/, 2008). Liu ef a/.(2003) classified the
factor loading as “strong”, “moderate”, and “weak”
corresponding to absolute loading values of >0.75,
0.75-0.50 and 0.50-0.30 respectively. The first
component (PC1) explained 62.2% of total variance
(Table 5) and has strong and moderate positive metal
loadings for water from Essene Creek (1.284- 1.687)
and Imo River (0.499-0.515). Principal component biplot
in Figure 2 indicates that Al, Pb, Co and Fe are
associated with the strong and metal loadings in
PC1.Essene Creek (EC) and Imo River (IR) sampling
points that lie to the right of the origin on the first
component axis and closer to the metal (Al, Pb, Co, and
Fe) vectors have the highest metal concentrations. The
control sampling points (Jaja creek) that lie to the left of
the origin and far from the metal vectors have the lowest
metal concentrations. It was revealed in Figure 2 that Zn
and Mn accounted for 18.1 % (as indicated by PC2) of
total metal load of Utaewa River. The metal loading was
strong with a range of 0.959- 1.630 (Table 5) and was an
indication of water pollution arising from the fall out of
scrap iron and aluminium bars during navigation.

Table 6 shows that pH, total organic carbon
(TOQC),total organic matter (TOM), sand, silt and clay
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compositions of soil samples from Jetty, Cast House
and Pot Room sampling points are not significantly
different from the corresponding compositions of soil
from the control site. Soil sample from the cast house
where the smelted aluminium is processed into bars
contains the highest aluminium level of 24500+3300
ug/g. The highest concentrations of Cd (2.17+0.55
ug/g), Zn (132=160 ug/g), Pb (144+48 ug/g) in the soil
were above the corresponding levels of 0.125 ug/g (Cd),
59.8 ug/g (Zn), 8.62 ug/g (Pb) in smelting waste
contaminated soil from Sierra Almagrera in Spain
(Navarro et al, 2008). On the other hand, the highest
concentrations of Ni(15.2+3.7 ug/g) and Co (3.5+3.4
ug/g) were far below levels of 119 ug/g (Ni) and 16.8
ug/g (Co) reported by Navarro et a/.(2008).

Box and Whisker plots in Figures 3 and 4 shows
the distribution of Fe, Pb, Al, Co, Cd, Mn, Zn and Ni at
various depths. The results indicate that Al and Zn are
more abundant at 0-5cm soil depth than other metals
suggesting that Al and Zn will be more readily available
in soil for uptake by crops. The values for Cd, Mn, Fe
and Co are highest at 10-15cm soil depth while Pb
concentrations are nearly constant. The soil quality data
was further subjected to cluster analysis to explore their
temporal trend. A dendogram shown in Figure 5
grouped all the sampling points for soil samples into two
main clusters (A and B). Cluster A includes majorly soil
samples with the highest average aluminium
concentration obtained from the Cast house, where bars
are being packaged for export. The second cluster B
includes the rest of the analyzed soil (samples from Jaja
Creek, Pot Room and Jetty sites). The cluster was
further divided into two sub-clusters (b, and b,). Sub-
cluster b, includes the samples from Jaja Creek (control
site) while sub-cluster b, includes samples from the Pot
room and Jetty sites. The sites in sub-cluster b, have
similar characteristics and natural sources types. This
implies that the elemental composition of soil from the
control site differs significantly from what obtained for
Cast House, Pot Room and Jetty soil samples.
Therefore, elevated metals concentrations in soil from
Cast House, Pot Room and Jetty sites indicate soil
contamination resulting from smelting activity around the

sites.
Concentrations of metals investigated in crops

and leaf samples are shown in Table 7. Crop samples
contained lower metal concentrations than soil samples.
Bitter leaf, a vegetable for common people, had the
highest acumulation factors of 11.4 (Cd), 3.59 (Zn), 4.71
(Mn), 12.6 (Ni), 8.82 (Fe), 52.7 (Al). The highest
accumlation factor of 14.3 for Pb was observed in
cassava leaves. These accumulation factors reflect the
generally high levels of metals and their degrees of
contamination in the crops. Also, it is intresting to infer
that bitter and cassava leaves can be used successfully
as biomarkers for heavy metal pollution in soil. High
aluminium concentration on the leaves is attributed to
the atmospheric particulate deposition occurring around

© 2012 Global Journals Inc. (US)

the smelting area. Cluster analysis as shown in Figure 6
was able to distinguish between metal concentrations in
crops from the contaminated sites and that from the
control site. The classification indicates the aluminium
smelter as the anthropogenic source of metal
contamination for crops.

[V. CONCLUSION

These findings revealed that smelting activities
were the dominant source of contamination of Essene
Creek, Imo and Utaewa Rivers which are major sources
of drinking water for the community at a far distance
downstream. There was an increasing evidence of metal
pollution in lkot Abasi soil and edible crops planted on it.
Further research on air quality assessment of the area is
necessary in drawing a better conclusion on the overall
effect of the aluminium smelting on environments of Ikot
Abasi.
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Table 7 : Description of sampling locations, sample code and type of sample collected

Sampl!ng loca: Sample Location description Sample collected
tion code

Pot Room PR Located North-East (NE) of the company with respect to the Soil and plant
main gate. It covers a wide expanse of land up to 6 hectares.
The location (PR) shares the same fence with the facility where
the alumina is smelted in pots. Hence the name ‘pot room'’.

Jetty J This is the North of the company with respect to the gate. It is Soil and plants
mid-point far from the PR and Cast House.

Cast House CH Located North-West of the company with respect to the main Soil and plants
gate. The cast house is where the smelted aluminium is cast
into ingots (bars) ready for export. The sampling site shares the
same fence with the Cast House.

Imo River IR This is located south of the company with respect to the gate. It is Water
the water that host the harbour where raw material arrives and
finished product leaves.

Essene Creek EC It is a major tributary of IR that borders the company at the far south- Water
west. It is closer to the CH than any other facility of the company.

Utaewa River ut The river borders the company at the far South-east (SE). It is closer Water
to the PR and the power plant of the company than any other facility
of the company.

Jaja Creek (Control  JC It was the reference site situated at 1 km upstream of Essene Creek. Water, soil and plants

site)

It is a drainage stream located North of the company
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Table 4 : Water quality standards compared with the overall water quality of rivers and creeks in the vicinity of
aluminium smelting company.

Parameter *MeantSD Range Water Quality Standard
AWHO PUSEPA  °“New Zealand
Temperature (°C) 24.7+0.9 23.9-26.5 27-28 - -
Conductivity (uS/lcm)  12.8+2.5 5.5-22 1000 - -
pH 6.4+0.3 6.1-7.2 6.5-9.2 6.5-85 -
Turbidity (NTU) 16412 3.0-273 5 - -
TDS (mg/L) 7931250 327-1390 1000 500 -
TSS (mg/L) 16.4+4.4 10-238 - - -
TS(mg/L) 809+540 342-1410 - - -
Total hardness (mg/L) 1665 160-172 500 - -
DO (mg/L) 4.67+0.3 3.9-6.2 6 - -
Salinity (%) 7.6£2.8 2.8-14.2 0.5 - -
COD (mg/L) 40.3£0.9 35.0-49.4 - - -
SO, (mg/L) 300+230 101-622 400 250 -
PO,* (mg/L) 2.25+1.1 1.03-3.61 0.51-3.50 - -
NO; (mg/L) 9.11+0.6 8.91-12.8 50 10 50
Cd (mg/L) - <0.001 0.003 0.005 0.004
Zn (mg/L) 0.11+0.03 0.06-0.14 5 5.0 -
Mn (mg/L) 2.59+0.48 1.82-3.23 04 0.05 0.4
Ni (mg/L) - <0.001 0.07 - 0.08
Fe (mg/L) 0.49+0.27 0.28-1.05 0.05- 0.36 0.3 -
Al (mg/L) 0.57+0.25 0.12-0.91 0.2 0.05-0.2 0.1
Pb (mg/L) 0.85+0.43 0.71-1.90 0.01 0.015 0.01
Co (mg/L) 0.04+0.02 0.01-0.06 - - -

WHO= WHO Drinking water guidelines, USEPA= US Environmental Protection Agency. *Source= WHO (2006),
Source= USEPA (1999), *Source= New Zealand (2005), *= Overall mean of water quality of Imo river, Essene
creek and Utaewa river(This study)

Table 5 : Principal components analysis scores (loadings) of metal concentrations on the first six rotated principal
components (PCs) for various sampling locations.

Sampling location PC1 PC2 PC3 PC4 PC5 PC6
IR-1 0.499 -0.758 -0.976 -0.589 0.460 0.002
IR-2 0.515 -1.083 -1.095 0.181 -0.051 -0.002
IR-3 0.512 -0.039 -0.770 0.877 -0.431 0.002
EC-1 1.775 -0.203 0.503 -0.392 -0.330 -0.008
EC-2 1.284 -0.530 0.536 -0.848 -0.330 0.005
EC-3 1.687 -0.868 1.137 0.926 0.353 0.001
UR-1 0.509 0.959 0.210 -0.166 0.303 0.003
UR-2 0.287 1.297 -0.191 0.108 -0.086 -0.003
UR-3 0.882 1.630 -0.246 0.018 0.148 0.001
JC-1 -2.412 0.091 0.326 0.028 -0.304 0.005
JC-2 -2.502 -0.349 0.416 -0.117 0.060 0.00001
JC-3 -2.638 -0.147 0.152 -0.026 0.207 -0.007
% Variance 62.2 18.1 110 6.45 2.21 0.0004
%Total Variance 62.2 80.3 91.3 97.8 100 100

Eigenvalue 257 0.75 0.456 0.27 0.09 0.00002
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Figure 2 . Principal component biplot of heavy metal concentrations in Imo River (IR), Utaewa River (UR), Essene
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Inhibition of Mild Steel Corrosion Using
Plectranthus Tenuiflorus (Shara) Plant as Safe
and Green Inhibitor in Acidic Solutions

Aisha M. Al-Turkustani ®, Nabeeh M. Al-Marhabi °

Absiract - Plectranthus tenuiflorus (Shara) plant was
investigated as safe (green) inhibitor on the corrosion of mild
steel in 2.0 M H,SO, solution using weight loss and hydrogen
gas evolution technique. The results showed that Shara plant
aqueous extract is good inhibitor for mild steel in this
medium. The inhibition efficiency increases with the inhibitor
concentration and decreases with rising temperature. The
inhibition is attributed to adsorption of the inhibitor molecules
on mild steel surface. Adsorption characteristics of the
aqueous extract of Shara plant were approximated by
Langmuir adsorption isotherm. Effect of temperature is
studied in the range (30-70) © C and determination of
activation parameters is also discussed.

Keywords Mild  steel; corrosion, plectranthus
tenuiflorus (Shara); acidic solutions.

. INTRODUCTION

he meaning of the word corrosion is the substance
Tusually a metal or its alloys which change in its

properties because of a reaction with its
environment. Normally it specifically applies to metals.
Corrosion causes enormous losses which rise yearly
with  the increased wusing of metals industrial
development. The accepted concept of the corrosion is
that it is a result of an electrochemical reaction taking
place on the surface of the metal where the metal is
converted in to metal oxides or other corrosion products
with some metals.

Corrosion affects most of industrial sector and
may cost billions of dollars each year for preventing
and replacement of maintenance [1]. Thus, modern
world today made an investigation to overcome this
problem by doing enrichment study of corrosion
inhibitors. Mild steel (MS) is a material of choice and it is
finds application in many industries, due to low cost and
easy availability and good tensile strength besides
various other desirable properties, ease to fabricate
Various reaction vessels, pipes, tanks etc., in most of
the chemical industries but it suffers from severe
corrosion in aggressive environments [2]. Acids are
used to remove oxides, shop - soil and other
contaminants from metal surfaces. Acids are also used

About “: King — Abdulaziz University, Girls College, Chemistry
Department, Jeddah KSA. E-mail : (a.m.turkustani@hotmail.com)
About °: King Abd El- Aziz University, Girls College, Chemistry
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for derusting and pickling, the cleaning of refinery
equipment oil well acidizing and acid descaling and the
removal of calcareous deposits from boilers. Radiators
of vehicles, pipelines carrying water or petroleum
products heat exchangers, etc. [3].Although there are
numerous options for controlling the corrosion of metals,
the use of inhibitors is one of the best methods of
protecting metals against corrosion.

Corrosion inhibitors are widely used in industry
to reduce the corrosion rate of metals and alloys in
contact with aggressive environments. Most of the
corrosion inhibitors are synthetic chemicals, expensive
and very hazardous to environments. Therefore, it is
desirable to source for environmentally safe and green
inhibitors [4,5].Natural products can be considered as a
good source for this purpose. The possible replacement
of some expensive chemicals as corrosion inhibitors for
metals in acid cleaning process by naturally occurring
substances of plant origin has been studied [6-13].

The aim of this study was to investigate the
inhibition effect of Plectranthus tenuifiorus (Shara) plant
as a cheap, safe, green, raw and non- toxic corrosion
inhibitor on mild steel corrosion in sulphuric acid
solution.

[I. EXPERIMENTAL

a) Material

i. Inhibitor

Plant peraparation: Shara plant leaves were
collected from Jeddah region; Saudi Arabia (Figure 1).

Plectlranthus tenuiflorus (Euphorbiaceae
family), is the generic name for Shara, a perennial
succulent herb; having a pleasantly aromatic juice.
Shara her it is a large genus of the Lamiaceae family
widely distributed in tropical regions of Africa, Asia and
Australia [14-16] that natively grows in western and
southern region of Saudi Arabia [17,18]. Several
Plectranthus species are cultivated as ornamentals or as
sources of essential oils, whereas other are used as
edible tubers, or as food flavorings [15,19]. In folk
medicine, they are employed for headaches, sores,
burns, dermatitis, acute edematous otitis acuta,
stomachache, against nausea, scorpion stings and as
purgative [20-24]. In Western region, it is used as
eardrop for earache and inflammation of middle ear

© 2012 Global Journals Inc. (US)

Global Journal of Science Frontier Research (B ) Volume XII Issue I Version I E January 2012



Global Journal of Science Frontier Research (B ) Volume XII Issue I Version I E January 2012

[23], whereas it is prescribed in Asia for a remedy sore
throat [18].

Stock solution of aqueous extract of Shara plant
were prepared by weighing 120 g of chopped leaves
mixing (blending) in a blender with 200 ml de-
ionized Water for 15 minuts, heating until 90° C (before

boiling). The mixture is cooled for 24 hours. The
aqueous extract was separated by filtration and then
kept the filtrate solution in a flask at low temperatures in
a refrigerator.  From the stock solution of aqueous
extract of Shara plant, the inhibitor test solutions were
prepared in a concentration range (1.0%v/v — 30%V/v).

ii.  Specimen

The metal used for the study was mild steel
electrode of the chemical composition was (wt%) P
(0.035), Si (0.03), Mn (0.5), Cr (0.9), C (0.38) and Fe
(97.64), it was a rod with the length is 4.0 cm and
diameter is 1.0 cm. The specimen surface was polished
with different grade of emery papers (60, 120, 220, 400,
600, 800 and 1200), washed with de-ionized water,
degreased with acetone and dried with a stream of air
and weighed.
iii.  Solution

All chemicals used were of analytic grade. The
blank corroding solution was H,SO, (PAl-Panreac).
Appropriate concentration (2.0 M) of acid solution was
prepared using de-ionized water in the absence and
presence of various concentrations Of agueous extract
of SharaPlant.

b)  Methods

i. Hydrogen gas evolution (Gasometric) method

The gasometric assembly used for the
measurement of hydrogen gas evolution from the
reaction was as originally described [12,25]. A
reaction vessel was connected to a burette through a
delivery tube. The 2.0 M H,SO, solution was
introduced into a two-necked flask, and the initial
volume of air in the burette was recorded. Thereafter,
mild steel sample was dropped into the H,SO,
solution, and the flask quickly closed. The volume of
H, gas evolved from the corrosion reaction was
monitored by the volume change in the level of the
paraffin oil. The change in volume was recorded every
5 min. for 60 min. The same experiment was repeated
in the presence of the inhibitor.

Hydrogen gas evolution measurements were
carried out at 30, 40, 50, 60 and 70° C. From the
volume of hydrogen gas evolved per minute,
corrosion rate (R), inhibition efficiency (%l) and
degree of surface coverage (g), were calculated using

equations 1, 2 and 3, respectively.

R(ml cm? = (VOHt— ViHt) /t ()

© 2012 Global Journals Inc. (US)

%l =[1- let/voHt] x 100 )

0 = %I / 100 ®3)

Where V1 Ht is the volume of hydrogen gas at

time t for inhibited solution and VOHt is the volume of
hydrogen gas evolved at time t for uninhibited solution.

ii.  Weight loss (Gravimetric) method
After complete of each test mild steel sample is
separated from the test solution, washed with de-

ionized water and with acetone, dried with stream of air

and then re-weightjng. From the weight loss results, the
corrosion rate (R), inhibition efficiency (%l) of the
inhibitor and degree of surface coverage (g), were

calculated using equations 4, 6 and 7, respectively,
4
®)

R (gh™cm?) = WIAt
%Il = (1-W1/ W2) x 10
06=1-W1/W2

Where W1

(g/de) for mild steel in the absence and presence of
the inhibitor in HoSO4 solution, respectively, and 8 is

the degree of surface coverage of the inhibition.
[1I. RESULTS AND DISCUSSION

a) Effect of inhibitor concentration

Figure (2) shows the relation of hydrogen gas
with time for mild steel corrosion in 2.0 M H,SO, solution
in the absence and presence of different concentrations
of aqueous extract of Shara plant at 30° C. It is clear
that, at low concentration (1.0%v/v) for the aqueous
extract of Shara plant acceleration of the corrosion
occurs (increase in the slope of the curve), and the
corrosion rate decrease by increasing the concentration
of the extract of Shara plant. Similar results were
obtained from weight loss measurements. Table (1)
illustrate the corrosion rates (R and R) and inhibition
efficiency (1%) obtained from WL and HE, respectively.
From Table (1), it can be seen that the values of
corrosion rate for mild steel in 20 M H,SO, solution
containing agqueous extract of Shara plant decreased as
concentration of inhibitor increased from the two
methods, and the inhibition efficiency increase. This
results are due to that the adsorption amount and
coverage of inhibitor on mild steel surface increases by
increasing the inhibitor concentration, except at low
concentration (1.0%v/v) of the inhibitor which give an
increase in corrosion rate (acceleration) from the two
methods.

and Wo are the weight losses

b) Adsorption isotherm
The nature of inhibitor interaction on the
corroding surface during corrosion inhibition of metals



has been deduced in terms of adsorption characteristics
of the inhibitor. The decrease in the corrosion rate by the
addition of aqueous extract of Shara plant is attributed
to either adsorption of the plant components on the
metal surface or, the formation of a barrier film
separating the metal surface from the corrosive medium
[26, 27].

Figure (3) shows the relation between 1% and
logC,,, for the investigated extract from hydrogen
evolution (Gasometric) and weight loss (Gravimetric)
methods. As can be readily seen, the plots have the
form of Sshaped adsorption. This indicates that the
aqueous extract of Shara  plant inhibit the acid
dissolution for mild steel by adsorption the molecules of
the Shara plant at metal acid solution interface, also the
obtained figure indicated one step of adsorption .

Basic information on the interaction between
the inhibitor and the mild steel surface can be provided
by the adsorption isotherm. For this purpose, the
values of surface coverage (0) at different
concentrations of Shara plant in 2.0 M H,SO, have been
evaluated from weight loss and hydrogen evolution
measurements using the equations (7) and (8) to
explain the best isotherm to determine the adsorption
process from the experimental data obtained.Attempts
were made to fit these 8 values to various isotherms
including Frumkin, Langmuir, Temkin and Freundlich.
An excellent fit was obtained for aqueous extract of
Shara plant, using the following Langmuir adsorption
isotherm equation [28].

®= KCEX /1+KCEX (7)
C/ @ =1/K+C (8)

Where Cg is the concentration of aqueous
extract of Shara plant, K is adsorption constant and 6 is
degree of coverage. It can be seen from Figure (4) using
equation (8) that straight lines of a slope less than unit is
found. The slopes of the C/® versus C plots show
deviation from unity, which can be attributed to the
molecular interaction between the adsorbed inhibitor
species on mild steel surface [29, 30].

The values of adsorption constant (K,4) and
the standard free energy of adsorption (AG°,) were
calculated using the equation:

INK =1n 1/55.5 - AG® RT )

Where one molecule of water is replaced by one
molecule of inhibitor [31, 32]. The numerical value
(1/55.5) in equation (9) stands for the molarity of water.
The values of K4 and AG®,y for aqueous extract of
Shara plant were recorded in Table (2). The negative
AG®,4. values are consistent with the spontaneity of the
adsorption process and the stability of the adsorbed
layer on the mild steel surface [33]. It generally
accepted that the values of AG®,4. Up to -20 kJ mol™ the
types of adsorption were regarded as physisorption, the

inhibition acts due to the electrostatic interaction
between the charged molecules and the charged metal,
while the values around -40 kJ mol™ or smaller, were
seen as chemisorptions, which is due to the charge
sharing or a transfer from the inhibitor molecules to the
metal surface to form covalent bond [34, 35]. The
AG®,4. values obtained in this study equal to -46.31 to -
52.89 kJ mol”. It was suggested that the adsorption
mechanism of investigated inhibitor on mild steel in 2.0
M H,SO, solution was typical of chemisorptions.

c)  Elfect of temperature on the performance of
Shara inhibitor

To gain insight into the nature of inhibitor
adsorption, the effect of temperature (30, 40, 50, 60, and
70° C) on the corrosion behavior of mild steel in the
absence and presence of 5%v/v of aqueous extract of
Shara plant was studied by weight loss and hydrogen
evolution measurements. Figures (5 and 6) show the
results of HE for mild steel corrosion in 2.0 M H,SO, in
the absence and presence of fixed concentration
(5%v/v) of aqueous extract of Shara plant at different
temperatures from 30 to 70° C. The obtained results (R'
and R) and 1% are given in Tables (3 and 4) and Figures
(7 and 8). It is clear that, the corrosion rate of mild steel
in the absence and presence of Shara extract increased
with rising temperature, this is due to an increase in
temperature usually accelerates corrosive processes,
particularly in media in which H, gas evolution
accompanies corrosion, giving rise to higher dissolution
rates of the metal. The plots in Figure (8) show that the
inhibition efficiency generally decreased with rising
temperature apart from the observed increase in 40° C.
The increase in inhibition efficiency with rising
temperature can be explained may be to the synergistic
effect between the molecules of the compounds occurs
in Shara plant extract. The decrease in inhibition
efficiency with increasing temperature may be attributed
to a possible shift of the adsorption-desorption
equilibrium towards desorption of some adsorbed
inhibitor molecules from the mild steel surface due to
increased solution agitation resulting from higher rates
of H, gas evolution at higher temperatures. This shows a
weak adsorption interaction between mild steel surface
and the inhibitor [11, 36-39].

The apparent activation energy (E,), enthalpy
and entropy (AH° and ASP®) for the corrosion process in
the absence and presence of Shara extract were
calculated from Arrhenius equation [40].

logR=-E,/2.303RT + A (10)

Where A is the pre-exponential factor and A is
universal gas constant and T is absolute temperature,
and from (b) the transition-state equation

logR/T=(logR/Nh+ASY R)-AH°/2.303R (11)
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Where £/ is plank's constant and N is Avogadro's
number.

A plot of logR from ML and HE methods
against1/T gives a straight lines with slope of -
E./2.303A as shown in Figure (9), E, values for the
corrosion were estimated and recorded in Table (5).

It was found that E, value for mild steel
corrosion obtained in free acid solution are of the same
order of magnitude as those observed by other authors
[41-43] for mild steel corrosion in some acid media. It
is also of the order of activation energies encountered
for the hydrogen evolution reaction. This is in
accordance with the fact that the hydrogen evolution
reaction in the absence of inhibitor is the rate-
determining step for the overall corrosion reaction.
However, the average value for the inhibited solutions is
higher than that for the uninhibited solution (Table 5),
indicating a strong adsorption of the inhibitor at the
metal surface which leads to increase the energy barrier
for the corrosion process. On the other hand, it is in the
order of activation energies of diffusion processes [9,
13, 44, 45].

A plot of logR/T against 1/T (Equation 11) also
gives a straight lines, as shown in Figure (10). The
slopes of these lines are -AH’/2.303R and the intercept
is log R/Nh+AS’/R, from which the values of AH" and
AS’ were deduced (Table 5). It is clear for the inhibited
solution, according to Antropov and Grigoryev [46] the
presence of inhibitor leads the corrosion system to
pass from less random to more orderly arrangements,
and hence a less negative value of entropy is observed.
Values of the entropy of activation AS’ in the absence
and in presence of the studied inhibitor are negative.
This implies that the activated complex in the rate
determining step represents an association rather than
a dissociation step [43]. This means that the activated
molecules were in higher order state than that at the
initial stage [47, 48].

a) Mechanism of inhibition

The obtained results indicated that aqueous
extract of Shara plant performs a good inhibition for the
corrosion of mild steel in H,SO, acidic solution.

Shara plant comprises of two substances:
essential oil, in which Thymol (85.3%) is the principle
component. And, the whole substance leaues juice
containing oxygenated trypenoids, mono terpinoid
substances, seven amino acids (Ala, leu, Glu, Asp, Asn,
phe and His) and several minerals including Ca, Mg
and Zn [49].

The main components of Shara plant are
hydroxyl aromatic compounds, phynolic compounds
such Thymol, Tannius, Amino and Triple terbens. Such
compounds facilitates the formation of a complex with
the dissolved iron ions. The formation of insoluble

© 2012 Global Journals Inc. (US)

complex on the metal surface isolates the metal from
the aggressive solution and therefore inhibits the
COITosion process.

V. CONCLUSION

Results obtained from the two methods employed
revealed that:

1. The aqueous extract of Shara plant is an effective
inhibitor for mild steel corrosion in 2.0 M H2S04.

2. The inhibition efficiency of the extract increases by
increasing the extract concentration and decrease
when rising temperature.

3. The inhibition efficiencies obtained by weight loss
and hydrogen evolution methods are in reasonably
good agreement.

4. The adsorption of the extract on mild steel surface in
an acidic medium follows Langmuir adsorption
isotherm.

5. The inhibition mechanism was further corroborated
by the values of activation parameters obtained from
the experimental data.
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Table 1 : Corrosion rates and inhibition efficiencies for mild steel in 2.0 M H,SO, in the
presence of different concentrations of aqueous extract of Pleciranthus tenuiflorus (Shara) plant

at 30° C.

Cin(%VIV) Corrosion Rate Inhibition Efficiency

R 10° Rugvx 10° e %
(g.cm2min.? (ml. cm. 2 min. b

0.0 17734 7.1101 - -
10 2.0091 8.9901 -13.29 -26.44
20 1.3553 6.0227 23.58 15.29
3.0 1.2236 5.0810 31.00 28.54
5.0 0.7785 3.2101 56.10 54.85
10.0 0.6674 2.8011 62.37 60.60
20.0 0.3955 1.6833 77.70 76.33
30.0 0.0381 0.1848 97.85 97.40

Table 2 : Adsorption isotherm parameters and correlation coefficients for Shara plant onto mild
steel in 2.0 M H,S0O, at 30° C.

Correlation 4
Meth | K. (M AGi,4s(kd mol
ethods slope I s (M) ads( )
MLM 0.9443 97.46 0.1485 -52.89
HEM 0.9055 93.63 0.1144 -46.31

Table 3 : Corrosion rates for mild steel in 2.0 M H,SO, at different temperatures.

Temperature 30 40 50 60 70

Rumx 104

(g.cm2min. %)

17734 6.8532 9.9715 12.5273 23.9880

Riemx 102
(ml. cm. 2 min. %)

7.1101 35.5804 42.9553 68.2364 107.3421
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Table 4 : Corrosion rates for mild steel in 2.0 M H,SO, + 5%v/v of aqueous extract of Shara
plant at different temperatures.

Temperature 30 40 50 60 70
Rwiux 10*
(g. cm2minY) 0.7785 2.1023 5.0057 7.2212 20.2551
Regmx 10 2
(ml. cm-2 min-Y) 3.2079 11.3274 19.0520 35.8479 90.1684
IV 56.10 69.31 49.80 42.36 15.56
I HEMY0 54.88 68.16 55.65 47.47 16.00

Table 5 : Activation parameters for corrosion reaction of mild steel in 2.0 M H,SO, in the
absence and presence of various concentration of aqueous extract of Shara plant.

Method Cinn, (%VIV) Ea AH' AS’
(kJ. mol. ™ (kJ. mol. ™) (3. mol. Tk ™
0.0 50.63 47.94 -156
ML
5%v/v 67.07 64.39 -110
0.0 53.07 50.40 97
HE 5%v/v 87.74 65.06 57

Fig. 1 Plectranthus tenuiflorus (Shara) plant leaves that collected from Jeddah region; Saudi
Arabia.
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Fig.3 : The variation of inhibition efficiency (Inh.%) against log C for steel in 2.0M
H,SO, in the absence and presence of Shara extract at 30° C.
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Fig. 6 :volume of hydrogen/time curves for mild steel corrosion in 2.0 M H,S0O, in the absence
and presence of 5%v/v of aqueous extract of Shara plant at different temperatures.
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Interaction between Cryptand 222 and
Tetracyanoethylene in Di and Trichlorom Ethane
Solutions

Abolfazl Semnani®, Ali Reza Firooz®, Leila Kashefi Kheyrabadi?, Hamid Shakoori Langeroodi*, Safieh
Heidarizadeh Rizi*

Abstract - A spectrophotometric study concerning the
interaction between cryptand 222 as n-donor and TCNE as mt-
acceptor has been performed in di and tri chloromethane
solutions at temperatures 5, 10, 15, and 20°c. The results of
continuous variation and mole ratio methods indicate the
formation of 1:1 complexes in both solvents and at all
temperatures. The stability constants and the molar absorption
coefficients at different temperatures have been calculated
from the computer fitting of absorbance- mole ratio data in
MATLAB soft ware. The results indicate that K; values in
CHCL: are more than the corresponding amounts in
CH>CL2. In the case of €, the reverse trend is observed. The
AH"° and AS° values were obtained by Vant Hoff method. The
obtained data show that the enthalpy of complex formation in
two solvents is favorable. While entropy is favorable in the
case of CHCLs3 and unfavorable in the case, of CH2CL..
The possible reasons for such observation are discussed. The
kinetic results confirm an overall second order reaction which
is first order with regard to each reactant. The formation of
free ions is rejected by the conductometric measurments
Keywords : Halomethanes, C222, TCNE, Spectrophoto-
metry, Charge transfer, Thermodynamic, Kinetics

[. INTRODUCTION

ince the first synthesis of crown ethers [1] and
cryptands [2], there has been an intensive amount

of research work on the thermodynamic and
kinetics of complexation of these ligands with various
cations in a wide variety of solvent systems [3].
Moreover, the molecular complexes of crowns and
cryptands have been followed [4]. Interest in molecular
complexes is strongly stimulated by their possible
applications in different areas such as separation
processes, biomimetric receptors, catalytic reactions
and conversion of chemical energy to optical or
electronic signals. In continue of our interest to
molecular complexes of crowns and cryptands [5-10],
here we report the results of complexation of cryptand
222 with TCNE in di and trichlolromethane solutions.

Author “ ™ - Department of Chemistry, Faculty of Science, University of
Isfahan, Isfahan, 81746-73441, I.R. Iran.

Author °V - Department of Chemistry, Faculty of Science, University of
Shahrekorad, Shahrekord, 115, [.R. Iran.

Author? . Petrokimia Sepahan Company, Mobarekeh Industrial City,
Isfahan, Iran.

[1. EXPERIMENTAL

The macrocycle C222 and TCNE (both from
Merck) were recrystallized from reagent gradre n-hexane
and dried over P205. Reagent grades of di and
trichlorometahne (both from Merck) were used without
any further purification.

o

~ 07 \LN

Cryptand 222 (C222)

N=—"C Cc=—N

Tetracyanoethylene (TCNE)

[
L
Lo

18-Crown-6
All  UV-Vis spectra and  absorbance
measurements were made with a UV-Vis-NIR

spectrophotometer Cary 500 at different temperatures.
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Conductance measurements were carried out with a
conductivity meter 180 from Orion research Company.

[11. RESULTS AND DISCUSSION

Absorption spectra of 1.0x 10-4 M solution of
C222 in trichloromethane in the precence of varying
concenteations of TCNE are shown in Fig. 1. Because
of similarity, the corresponding spectra due to
dichloromethane are not shown. Each spectrum was
recorded 20 minutes after preparing the fresh solution.
As it can be seen upon addition of C222 to the solution
of TCNE, a new band is appeared in 350-450 nm
region. As, none of the reactants, do not have any
absorption in this spectral region. The new band can be
attributed to the formation of charge transfer complex
between C222 as n-donor and TCNE as m - acceptor
[11].

In order to determine the effective site of
complexation, the spectrum of 1:1 mixture of 18C6 (i.e. a
compound without nitrogen atom) and TCNE was
recorded. As, new band was not observed, it can be
concluded that the oxygen atoms of C222 do not play an
important role and the complexation mainly occur
through nitrogen atoms.

The needed time for reaction completeness was
determined by monitoring the absorbance of 1:1 mixture
of 1.0x10-4 M solution of C222 and TCNE at 400 nm and
at different temperatures (Fig. 2). As it can be seen, after
15 minutes, reaction will be terminated. Therefore, in the
next experiments, absorbances were measures 20
minutes after mixinof reagents.

The stoichiometry of the complexes at different
temperatures was obtained by the absorbance vs. mole
ratio [12] and Job methods [13]. Sample plots are
shown in Figs. 3 and 4, respectively. Both series of plots
clearly confirm 1:1 stoichiometry. Moreover, in both
cases upon temperature rising, the curvature of plots is
decreased.

Based on spectral, mole ratio and Job
evidences it can be concluded that through the reaction
between C222 and TCNE, 1:1 charge transfer complex
is formed.

TCNE + C222 5 TCNE: C222 (1)

For the evaluation of the formation constants
from absorbance-mole ratio data, a none-linear least
squares curve fitting program (curve fitting toolbox in
MATLAB) was used [14,15]. The program is based on
the iteration adjustment of calculated absorbances to
the observed values.

The observed absorbance of complex at its
Amax is given by equation (2). The mass balance
equations can be written as (3) and (4), and the
formation constant of the complex as in (5). Substitution
of (8) and (4) in (5) and rearrangement yield (6).

© 2012 Global Journals Inc. (US)

Abs. = €b[DA] @)
Cp =[D] + [DA] 3)
Ca =[A] + [DA] @)
Kr = [DA]/[D][A] (5)

K¢ [DA]* - (Ca K + Cp K
+ 1) [DA] + K Cp Ca 6)

With use an approximation value for K, the free
DA concentration, [DA], were calculated by solution of
second order equation. Then, with using from data of
DA concentration as x data and data of observed
absorbance as y data, the least squares fit technique is
used for fitting the data. The output of this fitting is the
coefficient of line fit. The coefficient of x values is €
(molar absorption coefficient). The obtained coefficient
were used for calculation of data of absorbance with
using of parabolic fit. To find the least squares error, the
sum of squares of differences between the parabolic fit
and the actually data must be evaluated. Refinement of
parameters (K; value) was continued until the sum of
squares of the residuals between calculated and
observed values of the absorbance for all experimental
points was minimized.

Sample curve fittings are shown in Fig. 5. The
good agreement between the experimental and
calculated data confirm the accuracy of the results. The
final logKf and € values obtained by MATLAB are given
in Table 1. The data indicate that at all temperatures
logKf values due to trichloromethane are higher than the
corresponding values in dichloromethane. In the case of
€, the reverse trend is observed. Greater logKs in
trichloromethane means that in this media, the
contribution of solvent in entropy, enthalpy or both of
them is more favorable than dichloromethane. On the
other hand, despite both TCNE and C222 are nonpolar.
Their resulting complex is polar and will show diplole-
diploe interactions with polar species. Clearly, such
interactions will be higher with more polar species. So, it
is anticipated that dicholoromethane with dipole
moment of 1.5 [16], do have more solute—solvent
interactions (with polar charge transfer complex) than
that of trichloromethane with dipole moment of 1.15
[16]. Greater dipole-dipole interactions cause that in
CH,CI, orientation of complex particles to be more than
of CHCIl3. This results in higher absorption cross section
[17]. The net effect is the enhancement of €. Therefore,
the observation of higher € in CH,Cl, is not unexpected.



The thermodynamic parameters were obtained
by the plot of log Ks vs. /T (sample plot is shown in Fig.
6) [18]. The obtained values for AH® are -26.3 k¥mol and
-25.4 kd/mol in di and trichloromethane, respectively.
Also, the AS°® values were obtained as -16.3 Jmol.°K in
dichloromethane and +25.13 Jmol.°K in
trichloromethane.

It is well known that the final stability of complex
depends on the sum of entropy and enthalpy changes
through the complexation process [18]. On the other
hand, the salvation, affects both AS® and AH® values.
The effect on AS®, relates to positive entropy changes
due to desolvation of reactants and negative entropy
changes due to solvation of complex. The effect on AH®,
relates to enthalpy changes during desolvation of
reactants and solvation of complex.

The enhanced enthalpy changes in both
solvents indicate that the amount of realized energy
through complex formation and complex solvation is
higher than consumed energy for desolvation of
reactants. In addition, positive AS® in dichloromethane
indicates that absolute entropy increase through
desolvation of reactants is more than absolute entropy
decrease through complex formation and complex
solvation. Negative AS® in trichloromethane proves that
entropy changes through desolvation of reactants or
solvation of complex in recent solvent differs from
corresponding values of dichloromethane.

The existence of nitrogen atoms on C222 and
TCNE beside the location of three electron-withdrawing
groups on carbon atom of trichloromethane, enhances
the hydrogen bond formation between solvent and
reactants. These bonds are broken through complex
formation and some solvent molecules are realized in
solvent. The net result is the positive AS®. In the case of
dichloromethane, the hydrogen bonds are considerably
weaker. So, positive effect (through solvent realization)
on overall AS® is considerably less than
trichloromethane, which causes the observation of
overall negative AS® in this solvent.

With the aim of determination of reaction order
relative to each of reactants, the absorbance of the
various solutions with different TCNE/C222 mole ratios
were measured. The measurements were made two
minutes after mixing the reactatns. Sample data due to
trichloromethane are given in Tables 2 and 3,
respectively. As it can be seen, at all temperatures and
in both cases, the variation of absorbance is
proportional to the variation of TCNE/C222 mole ratio or
vice versa. Similar trend was observed in
dichloroemethane. Based on the recent data it can be
concluded that in both solvents a second order reaction
in which the order of TCNE and C222 are 1 is followed.

The conductances as a function of C222/TCNE
or TCNE/C222 in both solvents were measured.
Considerable change was not observed. So it can be
concluded that the adducts of TCNE and C222 in both
solvents are nonionic.

[V. CONCLUSIONS

Based on the obtained
concluded that:

1. In both solvents 1:1 complexes are formed.

2. The stability of complexes in CHCIl; are higher
than CH2C|2

3. The € of complexes in CH,CI, are greater than
CHCls.

4. In both solvents, the AH® of complex formation
are negative.

5. Because of hydrogen bonding between the
solvent and reactants, the AS® CHCl; is positive.

6. At all temperatures, the reaction order relative to
both of reactants is 1:1

7. The resulting adducts are nonionic.
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Fig. 1 : Absorption spectra of 1.0x10-4 M C222 in the presence of varying concentration of TCNE at 20 OC. The ratio
of TCNE to C222 from bottom to top are: 0.15, 0.25, 0.50, 1.00, 1.50, 2.5.
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Fig. 2 Plots of absorbance vs. time for 1.0x 10-4 M C222 in trichloromethane in different temperatures. From
bottom to top: 5, 10, 15, and 20°c.
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Fig.4 - Job plots at different temperatures in dichloromethane. The concentration of stock solutions and the final |
volume of each solution are 2.5x10-4 M and 3ml, respectively. (m) 5 0C, and (e) 20 0C.
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Fig.5 - Computer fitting of absorbance vs. mole ratio data indichloromethane at different temperatures; (o)
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Table 7 :Final log Kfand € values at different temperatures in CH,Cl,

T 278 283 288 293

Log K;in CH,Cl, | 4.1/+0.02 | 4.08+0.02 | 4.01+0.01 | 3.91+0.01

Log K¢in CHCl; | 6.08+0.04 | 5.99+0.01 | 5.91+0.02 | 5.84+0.01

€in CH,Cl, 7947+238 | 8549+256 | 9088+273 | 1186+336

€in CHCI3 3552+107 | 3927+117 | 4576+138 | 4912+147

Table 2 . Data due to determination of reaction order relative to TCNE in trichloromethane solution

TCNE/C222 | <:Absorbance | <::Absorbance | Absorbance | Absorbance
at5'c at10°c at15°¢c at 20°c
0.33 0.095 0.143 0.211 0.287
0.67 0.191 0.228 0.422 0.577
1.00 0.290 0.432 0.639 0.867
1.33 0.383 0.575 0.850 1.142

© 2012 Global Journals Inc. (US)
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Table 3 . Data due to determination of reaction order relative to C222 in trichloromethane solution

C222/TCNE Absgrbance Absgrbance Absgrbance Absoorbance
at Sc¢ at10 ¢ at15¢ at20 c
0.33 0.098 0.151 0.211 0.295
0.67 0.195 0.302 0.442 0.640
1.00 0.293 0.461 0.668 0.878
1.33 0.391 0.611 0.892 1.181
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lonic liquid assisted Synthesis and
Characterization of metallic Molybdenum and
Molybdenum oxide nanoparticles

Madu, A. N%, Ayi, A. Ayi®, Njoku, M I®, lwuoha, G. N.*

Absiract - Nanostructured Mo and MoO; colloidal dispersions
have been obtained reproducibly through reduction of
ammonium molybdate by sodium borohydride in ionic liquids.
When (NH,)sMo,0,4.4H,0 is reduced by NaBH, in both 1-
ethyl-3-methyl imidazolium dicyanamide and 1-butyl-3-
methylimidazoliumdicyanamide at 180°C, nanostructured
MoO; formed as the major phase. The XRD pattern confirmed
the crystalline nature of the material. The most representative
reflections of MoO; (JCPDS: 47-1081) were indexed in
monoclinic crystal system (space group P2 1/c (14) Y-unique)
. The average mean diameter of 53.8nm was calculated using
Debye-Scherrer equation from full width at half-maximum
(FWHM) of (111), (-311), (160), (-421), (830) and (413) planes
for material in IL EmimN(CN),. But in BmimN(CN), the
diameter was estimated to be 40.8nm. When the reduction
was carried out in EmimOTf and BmimOTf, the products
consists of metallic molybdenum and MoO;. The crystalline
phase of MoO, is rodlike and is determined to be
orthorhombic, space group Pbnm(62) with the cell dimensions
[a=3.963,b =13.856, ¢ =3.@6 Vol.=203. 37 =4,
p=4.7096gem™] corresponding to MoO; (JCPDS: (3 5-0609).
The average diameter of 51.0 and 48.9nm was calculated
respectively for particles in IL EmimOTf. UV-Visible absorption
spectra of the fraction in ionic liquid dispersed in ethanol
.shows that the predominant feature in the spectra is the spin-
allowed ligand-to-metal charge transfer (LMCT) from O ion
ti, Orbital to ad’ e, orbital, which is observed in the range
200-300nm centred at 212nm in the UV region. This strongly
indicates the presence of metallic Molybdenum with particle
size less than 100nm. A shift to longer wavelength with a
decreasing intensity of absorption signals larger particles and
aggregates of molybdenum oxide phase.

Keywords  Molybdenurn, nanostructured, aggregates,

crystalline, lonic liquid.
. INTRODUCTION

ransition metal nanoparticles exhibits  very
Tinteresting size-dependent physical and chemical

properties which makes them useful in diverse
areas of applications (Lu,Salabas and Schuth, 2007;
Thathagar, Beckers and Rothenberg,2002). Metallic Mo
and molybdenum oxide nanoparticles in particular have
been used as chemical sensor materials and as
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catalysts for olefin metathesis reactions (Braun, Eichen,
Sivan and Ben-Yoseph,1998; Redel, Kramer, Thomann
and Janiak, 2009). The performance of nanomaterials in
many of these applications requires the control over the
size, the morphology and the surface structure, which is
based on the appropriate control of the parameters that
influence nucleation and growth. Such a control over the
growth and morphology of nanomaterials can be
achieved by the use of ionic liquids with high degree of
self-organization and templating effect.

The use of ionic liquids in the synthesis of
inorganic materials has received a great deal of
attention ( Brennecke and Maginn, .2001; Welton, 1999;
Fadeev and Meagher, 2001; Wilkes, 2004; Holbrey
and Seddon, 1999; Seddon, 1997) not only because it
is environmentally friendly deriving from its negligible
vapour pressure,(Rebelo, Canongia Lopes, Esperancua
and Filipe, 2005; Paulechka, Zaitsau, Kabo and
Strechan, 2005; Earle, Esperancua, Gilea, Canongia-
Lopes, Rebelo, Magee, Seddon and Widegren, 2006)
but also because very large number of possible
combinations of cations and anions allows one to fine-
tune the properties of the synthesized product for
specific applications. Syntheses of metal nanoparticles
in ionic liquids have been vigorously pursued by
different research groups. Majority of such syntheses
are carried out either by chemical reduction of the metal
salts in the presence of reducing agents (Kim,
Demberelnyamba, Lee, 2004; Li, Friedrich and Taubert,
2008) (such as glycerol, cellulose, sodium citrate,
sodium borohydride etc.) or by thermal and
photochemical decomposition of metal carbonyls

E. Redel, J. Kréamer, R. Thomann and C.
Janiak 2008). The studied the formation of Mo NPs via
step-wise reductioin of ammonium molybdate salt in
imidazolium-based ionic liquids. Herein we report the
synthesis of stable metallic Molybdenum and
molybdenum oxide nanoparticles using 1-alkyl-3-
methylimidazolium-based (AMIM) ionic liquids.

[1. EXPERIMENTAL

By dispersing (NHy)sMo070,4.4H,0 salt in ionic
liquids: RmimN(CN),), RmimQOTH, EmimES and
RmimNTf, ( Where R = 1-Ethyl-3-methylimidazolium, or
1-Butyl-3-methylimidazolium ions, N(CN),)
dicyanamide, OTf = Triflate, ES = Ethylsulfate, NTf, =

© 2012 Global Journals Inc. (US)
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bis(trifluorosulfonylimide) and heating under reflux in the
presence of NaBH, for 24h at a temperature of 180°C, air
stable molybdenum and / or molybdenum oxide
nanoparticles have been reproducibly obtained in the
ionic media. In a typical synthesis, (NH;)sM0;0,4.4H,0
(30.896mg; 0.025mmol) was dispersed in IL
EmIimN(CN), (1031.3mg; 5mmol) and sonicated for
10mins before introducing NaBH,4(3.78mg; Tmmol). The
resultant colourless solution with molar composition 10IL
:5(NH,)§Mo0;0,4.4H,0 : 2NaBH; was heated at 180°C
under reflux for 24h.The product, a dark red colloidal
dispersion of the particles were gathered by
centrifugation for analyses and the ionic liquids
recycled.

INSTRUMENTS AND
CHARACTERIZATION

WAXS and SAXS: Wide angle X-ray diffraction
(XRD) was done on an ENRAF Nonius FR 590
diffractometer with a Cu K X-ray tube fitted with an Inel
CPS 120 hemispherical detector ranging from 1 to 120
degrees 2[] SAXS curves were recorded at room
temperature with a Nonius rotating anode instrument (4
kW, Cu K with pinhole collimation and a MARCCD
detector (pixel size: 79). The distance between sample
and detector was 74 cm, covering a range of the
scattering vector s= 2] sin (1= 0.04 - 0.7nm™" ((J =
scattering angle, [ = 0.154 nm). 2D diffraction patterns
were transformed into a 1D radial average of the
scattering intensity.

The UV spectrophotometric measurements
were performed on Agilent 8453 spectrometer using
10mm quartz cuvettes. The UV absorption spectral data
of the fraction of the nanoparticles in ionic liquid (as well
as the solid gathered by centrifugation) dispersed in
ethanol were collected at room temperature. Dynamic
light scattering experiments were performed on Zeta
sizer Nano instrument: Nano ZS Zen 3500 fitted with a
532nm green laser. TEM images were acquired on a
Zeiss EM 912 at an acceleration voltage of 120 kV. One
droplet of the suspension was applied to a 400 mesh
carbon-coated copper grid and left to dry in air. SEM
was done on a LEO1550 Gemini operated at 20k V.

[V.  RESULTS AND DISCUSSION

and MoO; colloidal
(EmIimN(CN),, EmIimES,

[TI.

Nanostructured Mo
dispersions (Dark red in IL
BmimN(CN),), Brown (in BmimOTf, EmimNT£,
BmimNTf,), olive green in (EmimOTf) have been
obtained reproducibly through reduction of ammonium
molybdate by sodium borohydride in ionic liquids. When
(NH4)sMo0,0,4.4H,0 is reduced by NaBH, in both 1-ethyl-
3-methyl imidazolium dicyanamide and 1-butyl-3-methyl
imidazoliumdicya namide at 180°C, nanostructured
MoO; nanoparticles formed as the major phase and
shown in Table1.

© 2012 Global Journals Inc. (US)

In Figure 1 we present the XRD pattern of the
products obtained in IL EmimN(CN), and BmimN(CN),.
The pattern confirmed the crystalline nature of the
material. The most representative reflections of MoO,
(JCPDS: 47 -1081) were indexed in monoclinic crystal
system (space group P2 1/c(14) Y-unique) with the
following cell parameters a=7.118, b=5.366, c=5.568 A ,
B=91.99°, V ol=212.5A * , Z=4, density =4.4991gcm™ .
The average mean diameter of 53.8nm was calculated
with the help of Debye-Scherrer equation from full width
at half-maximum (FWHM) of (111), (-311), (160), (-421),
(330) and (413) planes for material in IL EmimN(CN),.
But in BmimN(CN), the diameter was estimated to be
40.8nm.

In Figure 2 we show the SEM image of this
material in EmimN(CN), and in Figure 3 we show the
TEM micrograph in EmimN(CN),. These data indicate
that the MoO; nanoparticles consist of rectangular
plates and are mono-dispersed.

When the reduction was carried out in EmimOTf
and BmimOTf, the products consists of metallic
molybdenum and MoOs;. The XRD pattern is shown in
Fig.4. The crystalline phase of MoQ, is rodlike and is
determined to be orthorhombic, space group Ponm(62)
with the cell dimensions [a=3.963, b=13.856, ¢=3.696 A
Vol.=203. A *, Z=4, p=4.7096gcm™'] corresponding to
MoO; (JCPDS: ( 35-0609). Additional peak at 20 =
38.9689°, with d-spacing 2.30933A corresponding to
MoO; (060) reflection is observed in the material
prepared in IL BmimOTf. The average diameter of 51.0
and 48.9nm was calculated respectively for particles in
IL EmimOTf and BmimOTf. The SEM and TEM images
of the material in EmimOTF are presented in Figure 5
and Figure 6 respectively. These data clearly indicate
that there are two crystalline phases in the product: the
rod-like nanocrystals are the MoO; phase while the
cuboid is the metallic molybdenum. From the intensity
data of the XRD peaks, the fraction of metallic
molybdenum (fy, ) was calculated using the equation:

foo= 10
Mo Imo(110) +Mo04(200)

Where Iy is the intensity of (110) metallic
molybdenum reflection and I is the intensity of (200)
MoO; . The calculation shows that the material consists
of 59% Mo and 41% MoQs. Thus at the beginning of the
reaction, the ammonium molybdates is converted into
the oxide phase Mo;0,4 (M00Os4,); Which undergoes
reduction to MoO; phase. The MoO; phase is then
reduced step-wisely to metallic Mo. When this reduction
is carried out in IL EmImES, metallic Mo constitutes the
major crystalline phase. In Figure 7 we show the XRD
pattern of this material in EmIimES, In Figure 8 we
present the XRD pattern of reduction products in IL
EmimNTf2 and in Figure 9 and 10, we present the SEM
and TEM images of the synthesized nanoparticles in



EmimNTf,. It should be noted that all the XRD peaks of
the material obtained in EmimMS are identified as
Mo4O4; peaks from JCPDS card 65-2473, while those in
IL EmimNTf, are MoOs peaks from JCPDS card 65-2421.
It is worthy of note that the XRD peaks for the oxide
phases in all the ionic liquids used in this study are of
orthorhombic crystals. The oxides nanostructures are
quite faceted and monodisperse.

The UV-Visible absorption spectra of the
fraction in ionic liquid dispersed in ethanol is presented

in Figure11. The predominant feature in the spectra is
the spin-allowed ligand-to-metal charge transfer (LMCT)
from O* ion t, orbital to a d° e, orbital, which is
observed in the range 200-300nm centred at 212nm in
the UV region. This is a strong indication of the presence
of metallic Molybdenum with particle size less than
100nm. A shift to longer wavelength with a decreasing
intensity of absorption signals larger particles and
aggregates of molybdenumoxide phase.

7able 7 Colour and Crystal system of Metallic Mo and oxides nanostructures in different ionic liquids.

lonic liquids Colour Products Crystal system

BmimBF, Light yellow Mo,0,,(JCPDS: 65-2473) Orthorhombic
BmimCN), N Dark red MoQO, Monoclinic
Emim(CN),N (JCPDS:47-1081)
BmimTfO Brown Olive Mo Cubic
EmimTfO green MoQ, (JCPDS: 65-2421) Orthorhombic
BmimNTf, Brown MoQO, (JCPDS: 65-2421) Orthorhombic
EmimNTf, Brown
EmimMS Brown Mo,0,,(JCPDS: 65-2473) Orthorhombic
EmimES Dark red Mo Cubic

2007 MoOL11)

2

Intensity (a.u)

2 theta (degrees)

Fig. 7 . XRD pattern of sample in EmimN(CN), and
BmimN(CN),

Topm EHT- 300KV WD dmm  SignalA-SE2

Data 4 Jul 2009

Fig.2 . SEM image of sample in EmimN(CN),
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Fig.6 : TEM images of sample in EmimOTf
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Fig. 9 . SEM image of material in NTf,
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Fig. 10 : TEM image of material in NTf,
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Fig. 17 . The UV-Visible absorption spectra of the fraction in ionic liquid dispersed in ethanol

V. CONCLUSION

Nanostructured Mo and MoO; colloidal
dispersions have been successfully obtained via the
reduction of ammonium molybdate by sodium
borohydride in ionic liquids. UV-Visible absorption
spectra shows that the predominant feature in the
spectra is the spin-allowed ligand-to-metal charge
transfer (LMCT) from O ion t;, orbital to a d° e, orbital,
which is observed in the range 200-300nm centred at
212nm in the UV region. This strongly indicates the
presence of metallic Molybdenum with particle size less
than 100nm. A shift to longer wavelength with a
decreasing intensity of absorption is indicative of larger
particles and aggregates of molybdenum oxide phase.
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FARSS is eligible to earn from their researches: While publishing his paper with Global Journals
Inc. (US), FARSS can decide whether he/she would like to publish his/her research in closed
manner. When readers will buy that individual research paper for reading, 80% of its earning by
Global Journals Inc. (US) will be transferred to FARSS member's bank account after certain
threshold balance. There is no time limit for collection. FARSS member can decide its price and
we can help in decision.

MEMBER OF ASSOCIATION OF RESEARCH SOCIETY IN SCIENCE (MARSS)

'MARSS' title will be awarded to the person after approval of Editor-in-Chief and Editorial
Board. The title 'MARSS" can be added to name in the following manner. eg. Dr. John E. Hall,
Ph.D., MARSS or William Walldroff Ph. D., M.S., MARSS

Being MARSS is a respectful honor. It authenticates your research activities. After becoming
MARSS, you can use 'MARSS' title as you use your degree in suffix of your name. This will
definitely will enhance and add up your name. You can use it on your Career Counseling
Materials/CV/Resume/Visiting Card/Name Plate etc.

40% Discount will be provided to MARSS members for publishing research papers in Global
Journals Inc., if our Editorial Board and Peer Reviewers accept the paper. For the life time, if
you are author/co-author of any paper bill sent to you will automatically be discounted one by
60%

MARSS will be given a renowned, secure, free professional email address with 30 GB of space
eg.johnhall@globaljournals.org. You will be facilitated with Webmail, SpamAssassin, Email
Forwarders, Auto-Responders, Email Delivery Route tracing, etc.

MARSS member is eligible to become paid peer reviewer at Global Journals Inc. to earn up to
10% of realized author charges taken from author of respective paper. After reviewing 5 or
more papers you can request to transfer the amount to your bank account or to your PayPal
account.

MARSS member can apply for free approval, grading and certification of some of their
Educational and Institutional Degrees from Global Journals Inc. (US) and Open Association of
Research,Society U.S.A.

MARSS is eligible to earn from their researches: While publishing his paper with Global Journals
Inc. (US), MARSS can decide whether he/she would like to publish his/her research in closed
manner. When readers will buy that individual research paper for reading, 40% of its earning
by Global Journals Inc. (US) will be transferred to MARSS member's bank account after certain
threshold balance. There is no time limit for collection. MARSS member can decide its price and
we can help in decision.
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AUXILIARY MEMBERSHIPS

ANNUAL MEMBER

e Annual Member will be authorized toreceive e-Journal GISFR for one
year (subscription for one year).

e The member will be allotted free 1 GB Web-space along with subDomain to
contribute and participate in our activities.

e A professional email address will be allotted free 500 MB email space.

PAPER PUBLICATION

e The members can publish paper once. The paper will be sent to two-peer
reviewer. The paper will be published after the acceptance of peer reviewers and
Editorial Board.
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,

you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with
records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits

Mistakes to evade

Insertion a title at the foot of a page with the subsequent text on the next page
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®  Separating a table/chart or figure - impound each figure/table to a single page
®  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose

Fundamental goal

To the point depiction of the research

Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:

Single section, and succinct

As a outline of job done, it is always written in past tense

A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
Center on shortening results - bound background information to a verdict or two, if completely necessary
What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

®  Explain the value (significance) of the study
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

®  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .

XV



principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:
®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.
e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.

Methods:

Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.

Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

®  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.

L] Not at all, take in raw data or intermediate calculations in a research manuscript.
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® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.
®  Never confuse figures with tables - there is a difference.
Approach
®  Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
®  Put figures and tables, appropriately numbered, in order at the end of the report
e If you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables
e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts
®  Despite of position, each figure must be numbered one after the other and complete with subtitle
® |n spite of position, each table must be titled, numbered one after the other and complete with heading
e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable. The implication of result should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.
Give details all of your remarks as much as possible, focus on mechanisms.
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
Try to present substitute explanations if sensible alternatives be present.
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?
®  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
®  Submit to generally acknowledged facts and main beliefs in present tense.

ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.
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The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

Do not give permission to anyone else to "PROOFREAD" your manuscript.

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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