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presence of active chemical additives in combustible gas mixture. Comparison to experimental data has 
shown applicability of the developed approach for the analysis of critical conditions of local ignition in 
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Initiation of Hydrogen Flame by a Local Source 
N. M. Rubtsov α , B. S. Seplyarsky σ, K. J. Troshin ρ, V. I. Chernysh Ѡ & G. I. Tsvetkov ¥ 

Abstract- The approximate analytical method is applied for 
analysis of the problem on local chain-thermal explosion in 
reaction of hydrogen oxidation in the presence of chemically 
active additive. It is shown that key parameters defining the 
critical size of a local source of ignition, are the temperature in 
the center of local ignition zone; quantity of the active centers 
of combustion created with the local source; and presence of 
active chemical additives in combustible gas mixture. 
Comparison to experimental data has shown applicability of 
the developed approach for the analysis of critical conditions 
of local ignition in combustible gas mixtures. 
Keywords: initiation, flame, local source, spark dis- 
charge, hydrogen, air, propagation, combustion. 

I. Introduction 

he knowledge of regularities of initiation of 
combustion processes provides the possibility of 
controlling combustion at its initial stages. It is 

obvious that conditions of initiation of a combustion 
wave depend on the size and shape of a reaction initial 
center created by an external power source in the form 
of heat or chemically active particles. Action of initiators 
(spark, heating, introduction of the active centers or 
additives into combustible mix) is based on the 
acceleration of chemical transformation both at the 
expense of increase in gas temperature and of increase 
in the number of active centers because the vast 
majority of gas-phase combustion processes has 
branched chain nature [1, 2]. Thus, controlling of local 
ignition demands taking into account the changes of 
temperature of the initial center of combustion and the 
quantity of active centers in it. 

Dynamics of formation of the stationary flame 
front (FF) at spark ignition of gas mixture remains rather 
low-studied area of combustion physics [3-5]. One of 
the reasons is the difficulty of experimental investigation 
of ignition process, associated, first of all, with small 
times of stationary FF formation. A primary center of a 
spherical flame arising in a short period at a place of the 
spark discharge was experimentally observed in [6] by 
means of a photo register, however evolution of the 
center wasn't investigated. In [7] the frames of high-
speed shlieren-filming of evolution of the primary 
combustion center at the place of a spark discharge in 
stoichiometric propane - air mix are presented. From the 
given  shots it  follows  that  stationary  FF occurs  within  
 
Author α σ Ѡ ¥ : Moscow Region, Chernogolovka, Institute of Structural 
Macro kinetics and Problems of Materials Science of the Russian 
Academy of Sciences. e-mail: nmrubtss@mail.ru  

Author ρ  : Moscow, N. N. Semenov Institute of Chemical Physics of the 
Russian Academy of Sciences. e-mail:  troshin@chph.ras.ru  

very small delays (tens of microseconds). In [5] it was 
shown that the use of small chemically active additives 
in gas mixture allows increasing the values of ignition 
delays. 

The work is aimed at the treatment of the 
problem on ignition of gas combustible mix by a local 
source with both analytical and numerical methods. The 
so-called weak initiation which does not provide any 
noticeable gas dynamic perturbations of the 
environment [7] is considered. Establishment of key 
parameters of initiation process is carried out by the 
example of the model reaction of hydrogen oxidation at 
atmospheric pressure. Experimental data on formation 
of the steady spherical FF obtained with the use of high-
speed color cinematography were also used. 

II. Experimental 

Experiments were performed in the stainless 
steel reactor 25 cm long and 12 cm in diameter, 
supplied with removable covers and an optical quartz 
window 12 cm in diameter at an end face (Fig.1). 
Electrodes of spark ignition (1 J) were placed in the 
center of the reactor. The distance between them was 
0.5 mm. The previously prepared mixes 40%H2 + 60% 
air + (0 - 2%) propene (C3H6) were used. For flame 
visualization 2% of carbon tetrachloride (CCl4) was 
added to the mixes. Speed filming of ignition dynamics 
and FF propagation was carried out from the end face 
of the reactor with a color high-speed digital camera 
Casio Exilim F1 Pro (frames frequency –1200 s-1). The 
filming was turned on at an arbitrary moment before 
initiation. A video file was stored in computer memory 
and its time-lapse processing was performed.  The 
pressure change in the course of combustion was 
recorded by means of a piezoelectric gage, 
synchronized with the discharge. Before each 
experiment the reactor was pumped out up to 10-2 Torr 
with a for vacuum pump 2NVR-5D. Gases H2, C3H6 and 
liquid CCl4, were chemically pure. 

III. Results and Discussion 

Influence of small chemical additive (propene, 
C3H6) on an ignition delay was investigated by the 
example of combustion of hydrogen in air at 
atmospheric pressure. In Fig. 2 (a-d) the results of high-
speed filming of formation of a steady flame front in 40% 
H2 + 60% air mix illuminated with 2% of CCl4 at 1 atm in 
the presence of 1, 1.5 and 2% of propene are shown. 
We observed that without C3H6 additive FF reaches the 
edges of an optical window already at the 3rd shot after 
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spark ignition. It means that the small propene additive 
(1-2%) leads to considerable reduction of FF velocity. It 
should be noted that the additive of 2% of CCl4 under 
these conditions is inert and doesn't show noticeable 
action on hydrogen combustion in accordance with the 
results [3,8]. FF occurrence in the presence of 2% of 
propene was observed not at once, but after six 
initiations by the spark discharge in this mix (Fig. 2d). 
Fig. 2c corresponds to 3 initiations by the spark 
discharge. As is seen the primary center of combustion 
was formed, but it didn't lead to flame propagation. 
From Fig. 2c,d it is seen also that under conditions of 
three spark initiations the limit of flame initiation is 
observed at the size of the primary combustion center 
much smaller than the reactor radius. Under these 
conditions heat losses into reactor walls are missing. 
Therefore, the observed limit of flame initiation is caused 
by an active chemical additive in the mix. From Fig. 2e in 
which experimental dependencies (see Fig. 2a-c) of the 
diameter of the flame zone on time are shown, it is 
possible to estimate the smallest diameter of the 
primary combustion center which makes up ~ 0.3 cm. 

Strong influence of small chemically active 
additive on the time and conditions of FF formation 
means that evolution of the primary center is determined 
by not only the thermal effect of the reaction, but also by 
the chemical mechanism of interaction of the active 
centers of combustion (atoms and radicals) with the 
additive.  

Before performing analysis of the process of 
local ignition of hydrogen-air mix it is important to 
illustrate the features of development of the primary 
center by the example of a problem on local thermal 
explosion of a flat Π-shaped warming-up center in which 
a zero order chemical reaction occurs. According to [9, 
10] the problem is described by the equation: 

( ){ },1exp22 βθθξθτθ ++∂∂=∂∂    (1) 

,,0,0 00 RatRat н >−=≤== ξθθξθτ

                .0,,0 =∂∂∞== ξθξξ  

where,   ( ) ,/ 2
00 RTETT −=θ  

( ) ( ){ } 5.0
0

2
0 exp/ −

= RTEEkQRTr aρλξ  

( ) ( ),/exp/ 0
2

0 RTEcRTEtQka −=τ  

( ) ( ) dela atrrRTERTEkQFkR //exp/ 2
0

2
00

2
0

2
0 =−== λρ

( ) 2
00 / RTETTнn −=θ  

Here T0
 
is the initial temperature of the center, 

Tn-
 
environment temperature, r0-

 
the initial size of the 

center, t -
 
time, E, ka, Q -

 
energy of activation, a pre

 

exponent and the thermal effect of a zero order reaction 

respectively, λ - heat conductivity, C -  thermal capacity, 
ρ - density, a – heat diffusivity, tdel – the delay period of 
ignition. 

The analysis of results of numerical investigation 
of the problem leads to the following conclusions: 

a) The dimensionless delay period of thermal 
explosion has an order of unit, i.e. an order of the 
adiabatic delay period of thermal explosion. The 
time of thermal relaxation of the primary center is 

equal to Fk  value in chosen scales. Critical Fk  
value is about 10 — 20 (depending on the shape of 
the center). Therefore, for local ignition it is 
characteristic that tdel is much less than the time of a 
thermal relaxation of the primary center τT: 

Tdel ττ <<
 

It means that during development of 
thermal explosion in the primary center only the 
layer at the surface of the center (in which the whole 
temperature gradient is concentrated) is 
considerably cooled down, and the substance in the 
central part of the center isn't practically cooled. 

b) For local ignition initial temperatures in the center 
and in its environment are markedly different (

4>nθ ). Therefore at high activation energy a 
chemical heat source is localized in a narrow 
temperature interval in the vicinity of the maximum 
temperature. Therefore it is possible to allocate two 
zones in the center: 1) a reaction zone, where

1−>θ , in the central part of the primary center; 2) 
a zone of inert cooling, where 1−<θ , settling down 
at a border of a surface of the primary center (

( ) 2
00 / RTETT −=θ ), T0

 

is the temperature of the 
center. 

As is stated above, the whole temperature 
gradient is practically concentrated in the zone of inert 
cooling inside the center. Eventually substance cools 
down at the primary center surface and the border of the 
reaction zone moves to the middle of the center. 
Therefore critical condition is the equality of heat losses 
and thermal emission in the reaction zone by the time of 
the termination of the delay period. From here we will 

estimate the critical size of reaction zone
cr
pξ∆

: 

( ){ } .1,1)(1;1exp 222 ≈∆≈∆+=∂∂ cr
p

cr
p ξξβθθξθ

 Thus, for ignition of the center it is necessary 
that the size of the reaction zone exceeds the critical 
one during the delay period.

 
The heat flux which is aimed away from the 

reaction zone is more than the thermal flux which 
chemical reaction can provide during a delay period.
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They become equal only under critical conditions at the 
moment of the termination of the delay period. Therefore 



the law of movement of the border of a reaction zone 
can be found from the

 

solution of a problem on plate 
cooling in infinite environment [9, 10]:

 ( )












 +

+



 −

−= 5.0
0

5.0
0

22
2

τ
ξ

τ
ξθθ RerfcRerfcn

 

  (2)

 
Temperature profile in a zone of inert cooling is 

approximately described by the first term of expression 
(2) [11]:

 ( )












 −

−= 5.0
0

2
2

τ
ξθθ Rerfcn

. 
As the border of the reaction zone is the point in 

which 1−=θ , we get the law of its movement:

 
















 ∆−
= 5.0

0

2
2

τ
ξ

θ p
n

R
erfc

.

 
Thus, if the independent calculation or definition 

of the adiabatic delay period of the reaction in the 
primary center for exothermic self-accelerated reaction 
(for example, branched chain reaction) is possible, the 
use of the equation (3) will allow calculating the center 

radius 
сrR0 ;

 

as according to [9,10] adiabatic delay 
period is related to the critical size of a reaction zone by 

a ratio del
cr
p τξ =∆

 

because under critical conditions 
at the time of τ=1 1≈∆=∆ cr

pp ξξ

 

[9]. Then the 
expression for the critical size of the primary center 
takes the form:

 


















 −
= 5.0

5.0
0

2
2

del

del
cr

n
Rerfc

τ
τθ

 

in which ( ) 2
00 / RTETT n−=θ , then we get:
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 −
=

−
=

2

1

2
1

2
12

0
2

1
0 del

cr

cr

n

ta
r

erfcFkerfcRerfcθ

        

                               

(4)

 

Thus, the value of the adiabatic delay period 
delt

 

is one of the key parameters of the process of local 
ignition. Observed marked influence of small chemically 
active additive on the time of FF formation (see Fig. 2) 
according to eq.(4) means that the additive has strong 
impact on the value of delt . 

 

We will illustrate influence of the chemical 
mechanism of combustion reaction on critical conditions 
of local ignition by the example of the branched chain 

process of hydrogen oxidation which is considered to 
be well-known [1, 3, 4].

 

To describe hydrogen oxidation we will take into 
account only main stages of the process of chemical 
transformation: chain origination H2

 

+ O2

 

→ 2OH (k0),

 

chain propagation (k1, k3)

 

and chain branching (k2), tri

 

molecular chain termination (k6, k11), termination of 
hydrogen atom on the additive in the reaction H + In →

 

products (k5) [4]. Nonlinear reactions of chain 
propagation and chain branching during the delay 
period are ignored [3,

 

4]. 

 

In a chain unit of hydrogen oxidation 

 

ОН+Н2

 

→

 

Н2О

 

+ Н (k1),

 

Н

 

+ О2

 

→

 

ОН

 

+ О (k2),

 

О

 

+ Н2→ОН

 

+ Н

 

(k3) 

heat isn't practically released [1]. Here ki

 

are

 

velocity constants of the corresponding reactions. The 
heat of reaction of hydrogen oxidation is released in 
recombination of the active centers. In rich mixes these 
are hydrogen atoms which concentration markedly 
exceeds concentrations of atoms O and

 

radicals OH [1]. 
Atoms of hydrogen recombine with each other and with 
oxidizer molecules with participation of the third particle 
M with thermal effects Q2

 

and Q1

 

respectively in the 
following reactions:

 

Н

 

+ Н

 

+ М

 

→

 

Н2

 

+ М (k11) + Q2, 
Н

 

+ О2

 

+ М

 

→

 

НО2

 

+ М (k6) + Q1  . 

We will qualitatively analyse influence of various 
factors (initial gas temperature, initial concentration of 
atoms of hydrogen and concentration of additive) on the 
delay period of thermal ignition of a stoichometric

 

hydrogen – oxygen mix. The system of the equations 
describing adiabatic process of thermal ignition was 
analyzed in dimensionless variables. The characteristic 
time scale was chosen as t0

 

= 1/(k2
0

 

[O2]0), where k2
0

 

is

 

the reaction pre

 

exponent of (2). In the chosen scale of 
dimensionless time 1 second corresponds 
approximately ~ 105

 

dimensionless units along the τ

 

axis in Fig. 3. Dimensionless variables and parameters 
were defined as follows: τ

 

= t/t0, Y0, Y1, Y3

 

= 
[concentration of atoms of hydrogen, molecular oxygen 
and an additive respectively] / [initial concentration of 
molecular oxygen], T – temperature (K)
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                           dY0/dτ = 3k0/ k2
0 +  2exp (-8380/Т) Y0Y1– k5 /k2

0Y0Y3– k6 /k2
0MY0Y1– k11/ k2

0 (Y0)
2M 

                           dY1/dτ=-3k0/k2
0-exp(-8380/Т) Y0Y1– k6 /k2

0MY0Y1                                                                                  (5) 

                           dТ/dτ = 1/ (Срρ)[Q1 k6 / k2
0MY0Y1 + Q2 k11/ k2

0(Y0)
2M] 

                           dY3/dτ =– k5 / k2
0Y0Y3 

The equations of the set (5) were integrated 
using a Runge-Kutta fourth order method with an 
adaptive step of integration and the following initial 
conditions, Y0= 1, Y1 =1, Y3 = 0÷0.03, T0 = 1000 (K) is 
the measured temperature value in gas in a zone of 
spark ignition [12]. The values of other parameters were 
the following: ρ= 10-3 g/cm3 [13], Cp= 0.88 kal /g. grad 
[13], M= 750. 10 19/T0 cm–3 (atmospheric pressure), k2 
= k2

0exp (-8380/T) cm3 / molec. s = 0.30.10-9exp (-8380/ 
T) cm3/ molec. s [14], k11= 0.14.10-31 (T/300) -0.4 cm6/ 
molec2s [15], k6= 10-32 cm6/ molec2s [16], k5=10-11 exp 
(-1500/ T) cm3 /molec. s [8], k0= 0.33.10-9 exp (-22000/T) 
cm3/ molec. s [17], Q1= 45 kcal/ mol [1], Q2=100 kcal/ 
mol [1], [O2]0 = 760 (0.13 1019/T0) cm3. 

The results of calculations are presented in Fig. 
3.  For estimation of the value of temperature increase at 
the expense of recombination of hydrogen atoms 
introduced into an initial mix calculations for lack of 
chain branching (k2 =0, the reaction of hydrogen 
oxidation doesn't occur, Fig. 3 a, b) were carried out. It 
follows from the calculations that due to heat which is 
released in recombination of hydrogen atoms 
introduced into initial mix, the temperature of gas mix 
increases (Fig. 3a). The additive of propene to the same 
mix leads to reduction of the maximum temperature 
(Fig. 3b). Propene influence for lack of the branching 
reaction shows itself as warming- up reduction. This is 
reached at the expense of smaller thermal emission in 
reaction of the active center with propene in comparison 
with recombination of hydrogen atoms with each other 
and with oxygen molecules.  

From Fig. 3c, in which change in time of 
concentration of hydrogen atoms, oxygen and propene 
(k2 ≠0 ) molecules is given for absence and for presence 
of propene, it is seen that propene additive provides 
increase in τdel. In calculations the delay period was 
estimated as the time of achievement of maximum 
concentration of hydrogen atoms. 

We will apply the results obtained to the 
explanation of influence of active chemical additives on 
the process of spark initiation. As in the area of 
discharge not only temperature increases, but also 
super equilibrium concentration of active particles [7] is 
attained, then at the expense of their recombination 
(after discharge) temperature will additionally increase, 
and τdel will respectively decrease (see Fig. 3c - 
calculation for dimensionless initial concentration of 
atoms of hydrogen 0.1, Fig. 3d - 0.017).  

Propene additive leads, on the contrary, to 
increase in τdel;

 

as the active centers of combustion 

including those formed at an initiating impulse, are 
terminated on propene molecules and don't lead to 
chain branching until propene is consumed. In addition, 
influence of propene on the value

 

of τdel

 

shows itself 
also in warming-up reduction. It is due to smaller heat 
release in reaction of the active center with propylene in 
comparison with recombination of hydrogen atoms with 
each other and with oxygen molecules.  

 
It is necessary to tell apart two cases. If initial 

concentration of active particles is more than 
concentration of additive, the additive is quickly 
consumed due to interaction with these active particles 
and has no impact on the further development of 
ignition process. In this case τdel

 

slightly

 

depends on 
additive concentration (see Fig. 3d) and is determined 
by the time of the development of ignition process 
without additive.

 
If initial concentration of active particles is less 

than concentration of additive, the delay period strongly 
depends on concentration of additive (see Fig. 3 d, e). 
This result is a consequence of slow consumption of 
additive in the reaction of chain origination. 

 
It is known from literature on ignition and 

combustion that the velocity of oxidation reaction is a 
sharp function of initial temperature [1-4, 7]. Such 
dependence is determined by the high activation energy 
of the chain branching reaction. This fact is a necessary 
condition of occurrence of critical phenomena of local 
ignition and application of the approach developed 
above for their calculation. To estimate the critical size of 
the primary center we can use analytical expression for 
τdel

 

in

 

hydrogen-air mix, obtained in Appendix

 

(equation 
(11)). 

 
Let us substitute the following values of 

parameters in the equation (4) for the critical size of the 
primary ignition center: Тn = 300K, E = 16.7 kcal/mol, а

 
≈

 

0.8 cm2/s

 

(for rich H2-air mix [13]).  Its solution for delt

 

is:

 
( )

2

2
0

21
56.1

Ω+
=

cr

del
rt

 

           
(6)

 Where

 

Ω

 

is the root of the equation-

 

4175T0

 
erfc Ω + 1252500 erfc Ω +Τ0

2 = 0,

 

and T0

 

is the 
temperature of the primary center. Dependencies of τdel

 on the critical radius of the primary center for 
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temperatures of the center 800K, 1000K, 1500K, 2000K, 
calculated by (6), are shown in Fig. 4. 



 
We will apply the obtained results to estimate 

the value of initial concentration of hydrogen atoms in 
the primary center. We will use for this purpose both the 
experimental data shown in Fig. 2e, and expressions for 
calculation of τdel, obtained in the Appendix

 

(equations 
(9), (11)), which describe well experimental data from 
literature. Experimental values of delt

 

given in Fig. 5 are 
taken from [19] and calculated by equation (11). As is 
seen the results of calculations by eq.

 

(11) for 
temperatures <1500K adequately agree with 
experimental data [19] even for the mix H2:

 

O2

 

= 1:

 

1.

 

The smallest diameter of the primary center 
from which a combustion wave develops, makes up 0.3 
cm according to Fig. 2e. The value of τdel

 

≈ 0.02 s at 
T0=1000 K (experimental value of gas

 

temperature in 
spark ignition zone [12]) corresponds to this critical 
radius according to Fig. 4. 

 

On the other hand the delay period τdel

 

can be 
calculated directly by equation (9) for various initial 
concentrations of hydrogen atoms and in=2 %. Results 
of the calculations are shown in Fig. 6a. In this case the 
delay period was considered as time interval for which 
the warming up of mix becomes equal to a 

characteristic interval E
RT 2

0

. This interval for E = 16.7 
kcal/mol and T0=1000K equals 1200. As follows from 
Fig. 6a the delay period ( delt = 0.02 c) corresponds to 
initial

 

concentration of hydrogen atoms ~ 7.10

 

17 cm3, 
i.e. the value has a reasonable order. This result is 
evidence that the developed approach for the analysis 
of critical conditions of local ignition is applicable.

 

As is seen in Fig. 6a, it is possible to allocate 
two stages at initial concentration of hydrogen atoms 
more than 1016

 

cm3

 

in the course of warming-up: the fast 
stage when the velocity of heat release is determined by 
recombination with participation of hydrogen atoms in 
initial mix, and the slow one, related to heat release in 
the reaction of hydrogen oxidation.

 

For investigation of influence of initial 
concentration of additive on the critical size of the 
primary center and, respectively, on the value of critical 
energy of ignition, the calculation of change of a 
warming up in time by equation (9) was carried out at 
various initial concentration of additive (In) and given 
concentration of hydrogen atoms [H]0

 

=1014

 

cm3. 
Concentration of the additive was chosen in such a way 
that the inequality [In] >

 

[Н]0

 

was fulfilled. Results of 
these calculations are shown in Fig. 6b.  As well as for 
Fig. 6a delt

 

was considered as the time interval for 
which the warming up of mix becomes equal to one 
characteristic interval. 

 

As is seen in Fig. 6b, increase in concentration 
of an additive from 0.5% to 1% leads to increase in delt

 

from 0.02 s to 0.12 s, and from 1% to 2% from 0.12 s to 
0.32 s. However such small amouns of additive (from 

0.5% to 2%) correspond to change of the critical size of 
the center and respectively, the minimum energy of 
ignition by ~ 6.25 times.

 

We summarize shortly the results obtained.

 

The approximate analytical method is applied 
for analysis of the problem on local chain-

 

thermal 
explosion by the example of

 

the branched chain 
reaction of hydrogen oxidation in the presence of 
chemically active additive. It is shown that key 
parameters defining the critical size of the primary 
center of ignition, are the temperature in the local 
ignition center; quantity of the active centers of 
combustion created with the local source; and the 
presence of active chemical additives in combustible 
mixture. Comparison to the experiment has shown 
applicability of the developed approach for the analysis 
of critical conditions of local ignition in combustible gas 
mixtures.

 

Appendix

 

Analytical definition of τdel

 

of hydrogen-air mix at 
atmospheric pressure

 

We will consider the branched chain 
mechanism of hydrogen oxidation, described above. We 
will neglect consumption of initial reagents during τdel. 
Then we have:

 

( ) ( ) ( )

( ) ( ) ( )2
1122061

2
1110 2

tMHkQtMHOkQ
dt
tdTC

tMHktHll
dt
tdH

p +=

−+=

ρ

        
      

                                                   

(7)

 

where l0

 

= kiH20O20

 

и

 

l1

 

= 2k2O20

 

–

 

k5In0

 

–

 

k6O20M, H20,

 

O20

 

и

 

In0

 

–

 

initial concentration of initial 
components and an additive, Ср

 

is molar thermal 
capacity at a constant pressure, ρ

 

-

 

density. Into the first 

equation of system (7) we will put Н

 

(t)

 

=
2

11 )(
1
tMyk

dt
tdy )(

,

 

then we get:

 

( )
dt
tdyltMykl

dt
tyd )()( 11102

2

+=
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Its solution under initial condition H (0) = H0 (the local source generates only hydrogen atoms) is: 

))exp()exp((
)exp()exp()(

2111

2211

tnmtMk
tnmttH

ξξ
ξξξξ

+−
+−

=
  Where 

,4
2
1

011
2

111 Mlkll ++=ξ ,4
2
1

011
2

112 Mlkll +−=ξ ,111 HoMkm −= ξ  HoMkn 112 −= ξ  
Integration of the second equation of the set for Т (0) = Т0 gives: 









−
+−











+

+
+=

mn
tnmt

CMk
OkQTotT

P

)exp()exp(ln
2

)()( 21

11

261
2

2
2

1

21 ξξ
ρξξ

βξξ

- 

))exp()exp(()(2
))exp())(exp((

2 21
2

2
2

1

2112

21 tnmtmn
ttmnt
ξξξξ

ξξξξβ
ξξ

β
+−−

+−
−

  where  MkC
Q

P 11

2

ρ
β =

      
(8)

 

According to [20] we will consider that the delay 
period expires when self-heating exceeds one 

characteristic interval, namely E
RToTotTT

2

)( =−=∆

. We consider activation energy of the linear branching 
reaction (k2, a limiting stage) as activation energy.  

During the delay period it is possible to neglect 
concentration of accumulated hydrogen atoms. In 
addition, direct calculation shows that it is possible to 

ignore also the term 212 ξξ
βt

. The equation (5) after 
substituting the values ξ1 and ξ2 takes a form: 

T
E

RTo
∆=

2

= 



















+

+−++−+−
−








+

)2(

)exp()())()exp((
ln

2
1

011
1

2111112
1

011
1

11

261
2

0
22

11

1

l
Mlkl

tHoMkHoMkt
l
Mlkl

CMk
OkQ

lMk
l

P

ξξξ

ρ
β

   

(9)

 

We will simplify the equation (9) in order to get the equation for the delay period in an explicit form

:
T

E
RTo

∆=
2

= 









−−+

+










+

1

011

1

011
2

1

01111

11

261
2

0
22

11

1 1
)()exp(

ln
2 l

tMlk
l
MHk

l
lHolMktl

CMk
OkQ

lMk
l

Pρ
β

   (10) 

Further we will calculate the value ERT 2
0  for 

the given conditions (T0=1000K, E = 16.7 kcal/mol):  

ERT 2
0 ≈ 120. The point of intersection of the 

dependence (11) with a line y=120 also will give the 
required value of the delay period τdel (Fig. 6 a, b). As is 
seen the value of the delay period depends both on the 

amount of the active centers introduced into gas mixture 
at initiation and on the concentration of additive in gas 
mixture.  We solve the equation (10) for t, substituting

E
RTo 2

 instead of ∆T. Then by definition t = τdel the 
value of the delay period. We get: 

























+−












+























































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







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−= 111
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2
exp11
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0

011 MHolk
E
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LambertW

lMlkdel α

α
τ

 

(11)
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In the equation (11) Lambert W (x) +exp (Lamber tW (x)) = x by definition, 











+=

PCMk
OkQ

lMk
l

ρ
β

α
11

261
2

0
22

11

1

2

It is possible to show that the results of calculation by equations (9) - (11) practically coincide. 
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Figure 2 : Speed filming of propagation of the spherical flame front in the mix H2 – air at atmospheric pressure in the 
presence of propene. The flame front is illuminated by 2% CCl4 additive. Speed of filming is 1200 frames/s. Colors 

are inverted. The first frames to the left in the in the picture are the first frames after spark discharge. 

a) 2% of propene, 6th initiation, 
b) 2% of propene, 3rd initiation,  
c) 1.5 % of propene, 
d) 1% of propene, 
e) Dependencies of the diameter of flame zone on time for Fig. 1a (points), b (circles), d (squares). 
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Figure 3 : Calculated dependencies of concentration of hydrogen atoms, molecular oxygen, temperature and 
additive at initiated combustion of hydrogen in air at atmospheric pressure. 

a) k2 =0, the additive in the mix is missing; 
b) k2 =0, concentration of additive in the mix is 3%; 
c) the additive in the mix is missing, dimensionless concentration [H]0 =0.1; 
d) concentration of additive in the mix is 3%, dimensionless concentration [H]0 =0.1; 
e) the additive in the mix is missing, dimensionless concentration [H]0 =0.017; 
f) Concentration of an the additive in mix is 3%, dimensionless concentration [H]0 =0.017. 
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Figure 4 :

 

Values of critical radius calculated by equation (6) depending on the delay period τdel 

 
for various  

temperatures of the primary

 

center: 1 –

 

800K, 2 -

 

1000K, 3 -

 

1500K, 4 -

 

2000K.

 

  

Figure 5 :

  

Comparison of experimental data [19] on the periods of a delay (points) for the mix H2

 

+ O2

 

(1:1, 1 atm) and 
calculated delay periods by equation (11) (a continuous curve) for [H]0=0, In0=0, O2

 

= 750.10 19

 

/ (2 T0) cm –

 

3, other 
parameters are specified in the text.
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Figure 6 : The calculated values of the delay period from crossing of the graphics of the equation (9) and a straight 

  

a) for various values [Н]0 at given concentration of additive of In=2%, 1 – [Н]0 =0, 2 – [Н]0 =1017 cm3, 3 – [Н]0 
=3.1017 cm3, 4 - [Н]0 =7.10 17 cm3; 

b) For various In values at a given value [Н]0  =1014 cm3 and concentration of additive 4 –In=0.5, 3 –In=1%, 2 
In=2%, 1 - In=4%. 

 

Initiation of Hydrogen Flame by a Local Source

11

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
IV

X
 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
  

 
(

)
20

14

© 2014   Global Journals Inc.  (US)

  
 B

line of 
E

RTo 2

≅ 120



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 

© 2014   Global Journals Inc.  (US)

12

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
IV

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
20

14
  

 
  

 B
)

)

Initiation of Hydrogen Flame by a Local Source



Global Journal of Science Frontier Research: B 
Chemistry 
Volume 14  Issue 2 Version 1.0  Year  2014 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 
New Approach for Synthesis of Hexa (Allylamino) 
Cyclotriphosphazene Catalysed by an Ecologic and Friendly 
Catalyst Layered Called Maghnite-H+ (Algerian MMT)            

By Medjdoub Lahouaria, Rahmouni Abdelkader & Belbachir Mohammed   
Oran University, Algeria       

Abstract- Cyclic and linear phosphazenes are characterized by a repeating unit [-N=PR2-]n in which 
nitrogen is trivalent and phosphorus pentavalent. Ring sizes for the cyclic derivatives vary from three to 
about forty repeating units whereas for the linear polyphosphazenes derivatives are known which contain 
up to 15000 repeating units.  

Algerien (MMT) called “Maghnite” a montmorillonite sheet silicate clay, exchanged with protons to 
produce “H-Maghnite” is an efficient catalyst for cationic polymerisation of many heterocyclic and vinylic 
monomers [1]. The structural compositions of “Maghnite” have already been determined. A 
phosphazenes derivative, hexa-allylamino-cyclotriphos-phazene (HACTP) reaction was performed under 
optimum conditions at 20°C. Experiments revealed that the reaction induced by “H-Maghnite” proceeds in 
bulk.          
Keywords:  1H-NMR spectroscopy, dsc, nucleophilic substitution, cyclic structure, maghnite-h+, phospha-
zene, hexa-allylamino-cyclotriphosphazene, allylamine, maldi-tof. 

GJSFR-B Classification : FOR Code: 250102, 250504 
 
 

NewApproachforSynthesisof HexaAllylamino Cyclotriphosphazene CatalysedbyanEcologic andFriendlyCatalystLayered Called Maghnite-HAlgerian 
MMT 

 
 Strictly as per the compliance and regulations of

 
:

 
 

© 2014. Medjdoub Lahouaria, Rahmouni Abdelkader & Belbachir Mohammed. 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. 
 



New Approach for Synthesis of Hexa 
(Allylamino) Cyclotriphosphazene Catalysed by 

an Ecologic and Friendly Catalyst Layered 
Called Maghnite-H+ (Algerian MMT)

Medjdoub Lahouaria α, Rahmouni Abdelkader σ & Belbachir Mohammed ρ 

Abstract-  Cyclic and linear phosphazenes are characterized 
by a repeating unit [-N=PR2-]n in which nitrogen is trivalent 
and phosphorus pentavalent. Ring sizes for the cyclic 
derivatives vary from three to about forty repeating units 
whereas for the linear polyphosphazenes derivatives are 
known which contain up to 15000 repeating units.  

Algerien (MMT) called “Maghnite” a montmorillonite 
sheet silicate clay, exchanged with protons to produce “H-
Maghnite” is an efficient catalyst for cationic polymerisation of 
many heterocyclic and vinylic monomers [1]. The structural 
compositions of “Maghnite” have already been determined. A 
phosphazenes derivative, hexa-allylamino-cyclotriphos- 
phazene (HACTP) reaction was performed under optimum 
conditions at 20°C. Experiments revealed that the reaction 
induced by “H-Maghnite” proceeds in bulk.  

The prepared samples were subsequently 
characterized by FTIR spectroscopy, 1H-NMR spectroscopy 
and. It should be noted that the product coating containing 
1wt. %, 3wt. % and 5wt. % of clay loading was found to exhibit 
an observable structure, physicochemical properties and 
controlled molecular weight.  
Keywords: 1H-NMR spectroscopy, dsc, nucleophilic 
substitution, cyclic structure, maghnite-h+, phospha-
zene, hexa-allylamino-cyclotriphosphazene, allylamine, 
maldi-tof. 

I.
 

Introduction
 

Hosphazenes
 
(or phosphonitrile

 
or

 
azaphosphori-

 ne) are compounds inorganics sub-
 

stances 
which

 
belong to the

 
most important class

 
of

 
cyclic 

or linear
 

structure general formula
 

(R2P=N)n.
 

The 
degree of polymerization

 
may

 
vary from 3 to

 
more 

thousands and
 
(R) may

 
be halogen, alkyl, aryl, amino, 

alkoxy
 
and other

 
groups[2].

 
Most of the

 
structures

 
of

 phosphazenes
 
are

 
easily

 
synthesized by

 
aminolysis

 
of

 phosphorus pen-
 

tachloride,
 

PCl5. The
 chlorophosphazenes

 
(Cl2P =

 
N)

 
n are

 
the starting 

compounds
 

for the preparation of
 

almost
 

wholes
 phosphazenes.

 
Christova et

 
al

 
[3]

 
have

 
prepared

 
cyclo-

 phosphazènes
 
allyl-substituted for

 
use

 
as cross

 
linking 

agents
 

in the polymerization of
 

2-hydro-
 

xyethyl
 methacrylate

 
(HEMA) or

 
in

  
the synthesis of  composites

  
 Author σ

 

:

 

Laboratory of Polymer Chemistry, Départment of Chemistry, 
Faculty of Sciences, Oran University, BP 1524.El M’nouar, Oran, 
Algeria.

 

e-mail: ramaek23@yahoo.fr 

 

with good optical transparency and good flame 
resistance, compared to poly (dichlorophosphazene. A 
phosphazenes derivative, hexa-allylamino-cyclotriphos- 
phazene (HACTP) was synthesized through the amino- 
lysis of hexa-chloro-cyclo-triphosphazene with excess 
allylamine [4].Their potential applications included poly- 
mer electrolytes [5], biodegradable materials [6]. 

Montmorillonite have both Bronsted and Lewis   
acid sites and when es the catalytic activity of Algerian 
proton exchanged montmorillonite clay (Maghnite-exch- 
anged with cations having a high charge density, as pr- 
otons, they produce highly active catalysts for acid-cata- 
lysed reactions[7]. It has been demonstrated that inter- 
calated organic molecules on the surface of Montmo- 
rillonite are mobile and can be highly polarize when situ- 
ated in the space between the charged clay layers [8-
9]). This study examinH+). It was demonstrated that 
there is an excellent correlation between the acid 
treatment and the catalytic activity of Maghnite) [10]. 

The originality of this study is to obtain 
organophosphazenes compounds under very mild 
operating conditions using an ecologic and friendly 
catalyst layered called Maghnite-H+ (Algerian MMT). 
Hesa (hallylamino) cyclotriphosphazene was prepared 
in the first place by the monomers organophophazènes 
nucleophilic substitution on hexa-chloro-cyclo-phos- 
phazène by the allylamine using the same method as 
that used by D.Christova et al. [11] , secondly this 
monomer was prepared by a new method using 
Maghnite-H+ and changing the solvent benzene with 
diethyl ether. 

II. Materials and Testing Methods 

a)
 

Materials
 

Maghnite (MMT) used in this work comes from 
a quarry located in Maghnia (North West of Algeria) and 
was supplied by company “ENOF” (Algerian 
manufacture specialized in the production of nonferric 
products and useful substances). Allylamine

 
CH2

 
= CH-

CH2NH2

 
   (98

 
%)

 
GC,

 
laboratory

 
FLUKA

 
AG (Buchs) SG. 

Benzene
 
(99%), boiling point: 80°C, mp: 5.50°C.
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b) Testing methods 
1H nuclear magnetic resonance (NMR) 

measurements were carried out on a 300 MHz Bruker 
NMR Spectrometer equipped with a probe BB05 mm, in 
CDCl3. Tetramethylsilane (TMS) was used as the 
internal standard in these cases. 

The thermo grams obtained have been made in 
the laboratory institute molecular chemistry, university of 
Burgundy (ICMUB) DIJON 1 option unit 500 MT GATM Hi 
ResTM MFC STD.DSC measurements were carried out 
on a TA instrument, according to the following program: 
the specimens were first heated from ambient 
temperature to 250°C at 10°C/mn maintained at this 
temperature during 5 min then cooled to 25°C at 
20°C/mn. The tests were performed on a TA instrument 
(TGA Q500) by heating the samples from 20 to 550°C at 
20°C/mn. DTG thermo grams gave the variations of the 
weight loss derivative as a function of temperature.  

The MALDI-TOF spectra have been carried out 
in a Bruker Ultra flex; the samples were prepared in 
methanol with DHBA as matrix or with CHCl3 Ditranol as 
template. 

 
 
 

  
 

 

 

 

 
 

d)

 

Thermal stability of Catalyst 

 

The thermal characterizations of the composites 
include thermo

 

gravimetric analysis TGA. Figure-2. 
Show the weight losses (%) versus temperature (°C) 
curves for pure Maghnite-Na, The TGA of pure 
Maghnite-Na+

 

show two stages of weight loss. The first 
weight loss in Na+

 

Mag below 100 °C is a result of the 
release of free water. The second weight loss around 
600 °C is associated with the dehydroxylation of silicate 
structure

 

[13-14]. The total weight loss is only 13.94% up 
to 800 °C. As

 

can be expected, Maghnite-Na+ shows a 

high thermal stability.
 

Figure
 
1
 
:
 
TGA curves of a Maghnite-Na+ obtained in nitrogen atmosphere at heating rate of 10 °C/min

 
e)

 
Procedures of synthesis 

 Synthesis of
 

hexa (allylamino) cyclotri-
 phosphazene

 
was conducted

 
from the

 
hexa (chlorocy-

 clotriphosphazene)
 
and

 
allylamine

 
as

 
starting material

 and use benzene
 
as solvent at 20°

 
C and in 24

 
hours.

 The
 

substitution
 

on
 

the
 

nucéophilic hexachlorocyclo-
 triphosphazene

 
(N3P3Cl6) by

 
allylamine

 
(NH2-CH2

 
CH

 
=

 CH2) was performed, as was
 
described

 
by Christoval et 

al [15]:
 3.03

 

ml

 

of allylamine

 

were diluted in

 

3.33

 

ml

 

of

 

benzene

 

and

 

in the other hand, 1g

 

(0.0028 mol)

 

of 

N3P3Cl6

 

was

 

dissolved

 

in 5 ml of

 

benzene

 

after these two 
solutions were mixed

 

and

 

left under

 

stirring for

 

24h

 

at 
room

 

temperature. The solvent was

 

evaporated

 

in

 

a

 

rot 
vapor, the

 

resulting solid was

 

extracted several

 

times 
with

 

diethyl

 

ether

 

and the

 

product was

 

then

 

cooled to

 

20

 

°C

 

and

 

recrystallized from

 

cyclohexane. Material 
obtained

 

as white

 

crystal and in the yield was

 

(64%).The 
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c) Preparation of catalyst 
Maghnite-H+ were prepared by a method similar 

to that described by Belbachir et al [12]. Raw maghnite 

(20 g) was crushed for 20 min using a Prolabo ceramic 
ball grinder. It was then dried by baking at 105°C for 2 h.
The maghnite was then weighed and placed in an 
Erlenmeyer flask together with distilled water (500mL) 
and magnetically stirred maghnite/water mixture was 
combined with H2SO4 until saturation was achieved. 
After 2 days at room temperature the mineral was 
washed with water until it became sulfate free and then 
dried at 150°C. H2SO4 solutions of 0.25M concentration 
was used to prepare Maghnite-H+.

product is characterized by: 1H-NMR: 3.5 ppm (CH2-
NH), 5.8 ppm (CH = CH2), 5.0, 5.1 ppm (CH = CH2), IR:
3232 cm-1 (NH), 1248 cm-1 (P = N), 1644 cm-1 (C = 
C).The reaction conditions are described as following:



    
      

     
   

Table 1

 

:

 

Synthesis of hexa

 

(allylamino) cyclotriphosphazene in benzene induced by

 

Maghnite-H+

 

(0.25M)

 
Product

 

Catalyst (

 

Mag-H+)

 

solvent

 

yield

 

Time(h)

 

Temperature

 

(°C)

 
1

 

_

 

Benzène

 

64℅

 

24

 

20

 
Another synthesis of

 

hexa (allylamino) cyclotrip-

 
hosphazene

 

was carried out by

 

a new method: from the

 
hexachlorocyclotriphosphazene

 

of

 

allylamine at 20°C 
using diethyl

 

ether

 

as solvent

 

and

 

a Mag-H+

 

(5%) an 
ecologic catalyst layered (Algerian MMT), finally the 
reaction

 

lasted

 

for 12 hours.

 

Nucleophilic

 

substitution

 

on

 
the

 

allylamine

 

by

 

hexachlorocyclotriphosphazene

 

was

 
performed according to the

 

same

 

procedure as that

 
used

 

for

 

precedent reaction except

 

that

 

we added (0.05

 
g)

 

Mag-H+

 

clay catalyst layered and

 

the

 

solvent used is

 

diethyl

 

ether, the

 

reaction

 

time

 

was reduced to

 

12 h,

 

the

 
solution

 

was

 

then

 

filtered

 

after adding

 

CDCl3

 

and

 
recovered

 

Mag-H+, then

 

the

 

filtration

 

was purified as

 

for 
the precedent product, the

 

product obtained is

 

white 
crystals

 

in the

 

yield was

 

74%. Finally,

 

the product

 

is

 
characterized

 

by: 1H-NMR: 1.2

 

ppm (NH), 3.5

 

ppm 
(CH2-NH), 5.8

 

ppm

 

(CH =

 

CH2), 5.1, 5.0

 

ppm (CH =

 
CH2),

 

IR: 3450

 

cm-1 (NH), 1254

 

cm-1 (P = N), 1644

 

cm

 
1 (C = C), RMN 31P: 12

 

ppm

 

(three phosphors). MALDI

 
TOF: 471g/mol.

 
Table

  

2 :

 

Synthesis of hexa

 

(allylamino) cyclotriphosphazene in diethyl

 

ether

 

induced by

 
Maghnite-H+

 

(0.25M).

 Product

 

Catalyst (Mag-H+

 

solvent

 

yield

 

Time

 

(h)

 

Temperature

 

(°C)

 2

 

5℅

 

Diethyl

 

ether

 

74℅

 

12

 

20

 To complete

 

the synthesis of

 

hexa (allylamino) 
cyclotriphosphazene, can be avoided hazards of

 
benzene

 

(carcirogen solvent), using his place

 

diethyl 

ether in the presence

 

of

 

Maghnite-H+ where

 

achieving

 
this synthesis

 

under conditions sweet. The reaction 
taking place is shown in the following scheme: 

 

Scheme 

 

1

 

:

 

Representation schematic of the synthesis of hexa

 

(allylamino) cyclotriphosphazene catalysed by 
Maghnite-H+ (0.25M).

 
III.

 
Results

 
and Discussion

 Figure 2. Shows the FTIR spectra of HACTP. 
The characteristic IR peaks of the resulting HACTP has 
characteristic peaks appear

 
edat 3194.32 cm_1

 
for NOH 

 
 

 

groups, and at 1642.28 and 909.38 cm_1

 

for CAC bonds. 
The IR peak of PAN bonds were shifted to 1176.19 cm_1

 

as shown in Figure2.
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Figure  2 : FTIR spectrum of hexa (allylamino) cyclotriphosphazene induced by Maghnite-H+ (0.25M) at room 
temperature 

The 1H-NMR spectra was complicated, but the 
integrated ratios of aliphatic to aromatic protons were 
consistent with structure of hexa (ally amino) 
cyclotriphosphazene (HACTP).  1H-NMR spectroscopy 
at 300 MHz (solvent CDCl3). Fig 3. Showed different  

peaks of hexa (allylamino) cyclotriphosphazene, 1H-
NMR: 1.2 (s ,  Ha ), 3.4 (s, Hb ), 5.8( m, Hc, Jdc=17.1, 
Jd’c=10.1, Jcb=4.8 ), 5.1, 5.2 ( d, Hd , Jdd’=1.5 , Jd’c=10.1 )
, 7.2 (s, CDCl3 ) .  

Figure  3 : 1H-NMR  spectrum of hexa (allylamino) cyclotriphosphazene induced by Maghnite-H+ at room 
temperature in CDCl3 

The chemical structure of HACTP was further 
supported by 13C-NMR .The 13C-NMR spectrum clearly 

shows three resonance peaks with their carbons 
assigned in Figure 3. 

Figure  4 : 13C-NMR spectrum of hexa (allylamino) cyclotriphosphazene (HACTP) induced by Maghnite-H+(0.25M). 

The TGA data of HACTP shown in Figure 5, 
indicates a two-stage degradation behavior. By 

comparing to the mass spectrometry of HACTP, it’s 
possible that the first stage of degradation at around 
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230-320°C was proceeded by the cleavage of two 
allylamine groups remaining 56.89 wt % residue, and 

then proceeded with the cleavage of another two 
allylamine groups after 450°C[16]. 

Figure  5 : TGA curves of hexa (allylamino) cyclotriphosphazene obtained in nitrogen atmosphere at heating rate of 
10 °C/min 

The molecular weight of HACTP determined 
from the mass spectrometry is 701 (see Fig. 4). Other 
significant observation on the mass spectrum of HACTP 
is its fragmentation to 488, 486, 472, and 461. The major 

peaks are contributed by the sequential cleavages of 
allylamine groups from HACTP and were contributed by 
the former fragments plus one [-NH] + group [17]. 

Figure  6 : Mass spectrum of hexa (allylamino) cyclotriphosphazene (HACTP) induced by Maghnite-H+(0.25M). 

The DSC result shown in Figure 6 indicates that 
HACTP is a highly crystalline material with a melting 

temperature of 88.1°C. It is mildly reactive after melt with 
the maximum reaction temperature at 198, 9°C [18]. 

Figure  7 : DSC curves of obtained in nitrogen atmosphere at heating rate of 10 °C/min 
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IV. Conclusion 
We have developed a new synthetic method to 

produce hexa allylamino cyclotriphosphazene, which 
does not use inorganic acid but friendly, green, ecologic 
and non toxic catalyst clay as proton source. To 
complete the synthesis of hexa (allylamino) 
cyclotriphosphazene, can be avoided hazards of 
benzene (carci- nogen solvent), using his place diethyl 
ether in the presence of Maghnite-H+ where achieving 
this synthesis under conditions sweet. The simplicity of 
the methods, good properties catalytic of the support 
catalyst solid super acid (Maghnite-H+) and non toxic 
solvent make this an attractive method for the synthesis 
of hexa (allyl- amino) cyclotriphosphazene.  
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Flame Propagation Regimes at Combustion of 
Lean Hydrogen-Air Mixtures in the Presence of 

Additives at Central Spark Initiation at 
Atmospheric Pressure 

   

Abstract- By means of high-speed color cinematography it is 
shown that the flames in lean Н2- air mixtures at an initial stage 
propagate symmetrically and the flame radius can be 
estimated from the frames of speed filming. It is shown that 
sufficiently strict calculation of cellular structure flame front of 
lean hydrogen mixes requires consideration of a 3D problem 
however thermal diffusion instabilities at the initial stage of 
combustion have no effect on the velocity of flame which can 
be estimated assuming unperturbed flame front in the range of  
8%<H2<15%. It is shown that the analysis of experimental 
data on flame propagation in lean mixtures does not allow 
taking apart results of calculation by two-dimensional model 
with regard to convection and without convection. It is 
experimentally shown, that isobutene additives in quantities 
below a concentration limit (up to 1.5 %) tend to increase, and 
СО2 additives up to 15 % - to reduce the flame propagation 
velocity in lean Н2-air mixtures. The reasons for acceleration of 
combustion in the presence of hydrocarbon additive are 
considered. 

For lack of special conditions the processes of gas-
phase combustion occur under non-stationary currents, 
density and pressure fluctuations, i.e. have non-steady 
character [1-3]. For example a cellular combustion front is 
characteristic of lean hydrogen-air mixes, caused by thermal 
diffusion instability [3-5].  For the first time flame cells in 
combustion of lean H2-air mixes were observed in [6]. In [1,7] 
it was shown that flame cells in lean H2-air mixes can be 
obtained also in microgravity conditions, i.e. the gravity field 
isn't essential for occurrence of cellular flames.   

Investigations of flame propagation in lean H2-air 
mixes in narrow vertical pipes showed that flame propagation 
"upwards" is accompanied by the partial consumption of fuel; 
in this case the fuel content at concentration limit of flame 
propagation is less than that in a "downwards" direction [4,8].  

In  a 2D model of combustion of lean H2 -air mixes in 
[9] convection and gravity were not taken into account. 
However, calculated velocities of flame fronts were close to 
their experimental values. The analytical theory of cellular 
flames based on representation of a flame as a dense flat 
structure of hexagonally packed flame balls [2], also gives a 
good consent with experiment at successful selection of 
parameters. It is  important to  find out  limits  of  applicability  of  
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Author ρ : Moscow, Joint Institute of high temperatures of Russian 
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the models of the hydrogen flame which do not consider 
convection and compressibility of the environment for 
calculation of flame velocities [2,4,5,7,9,10] in comparison with 
the models considering convection and compressibility of the 
environment [2, 11]. Understanding combustion of lean H2 -air 
mixes is critical to the design of efficient, clean-burning 
combustion engines as well as to provide explosion safety in 
mines, chemical plants and engines operation. 

The work is aimed at investigation of the flame 
structure in lean hydrogen-air mixes in a bomb of constant 
volume at atmospheric pressure by means of a method of 
high-speed cinematography; the results obtained are 
compared with numerical calculations and experimental data 
including these reported in literature.  

I. Experimental 

xperiments were performed with lean (5.8-15%) 
hydrogen-air mixes at initial atmospheric pressure 
and temperature T = 298K in a horizontally 

located stainless steel cylindrical reactor 13 cm in 
diameter and 15 cm long supplied with an optical quartz 
window at a butt-end. Spark electrodes were placed at 
the reactor centre; the distance between them was 0.5 
mm. Experiments were performed as following. The 
reactor was pumped out to 10-2 Torr, than filled with 
CCl4 (~ 4%), then with hydrogen and air up to the 
atmospheric pressure. The gas was maintained for 15 
min for completeness of mixing, then spark initiation (1.5 
J) was carried out. Notice that that the additive of CCl4 
is necessary for visualization of a hydrogen flame; 4% 
CCl4 in H2 -air mixture can be considered as an inert 
additive [12]. Speed filming of ignition dynamics and 
flame front (FF) propagation was carried out through an 
optical window by means of a color high-speed digital 
camera Casio Exilim F1 Pro (frames frequency, 60–1200 
s–1). The video file was stored in computer memory and 
its time-lapse processing was performed. The pressure 
change in the course of combustion was recorded by 
means of a piezoelectric gage synchronized with the 
discharge. Gases were chemically pure.  

The degree of expansion of combustion 
products εT was determined as follows [4] (Рb is the 
maximum pressure developed in the course of 
combustion): 

E 
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Рb/Po = 1 + γ (εT-1)                   (1) 

The normal velocity Un of FF was calculated 
from the equation [4]:  

Un = Vv/εT                          (2) 

In equations (1), (2) P0 – initial pressure, γ =1.4 
- the ratio of specific heats, Vv - visible flame velocity. 

II. Results and Discussion 

As is seen in Fig. 1 (a-c), FF in lean burning 
mixture has a spherical form. The cells are well 
visualized, thus diameter of the sphere can be 
measured experimentally. For mixes containing < 10% 
of H2 FF has a spherical form only at an initial stage 
after initiation (Fig. 1a). Further in the course of 
combustion the action of gravity force is shown, and FF 
gets a form of the hemispherical segment moving 
upwards (Fig. 1 a, b). For the mixes containing > 10% 
H2 FF velocity increases so that gravity doesn't manage 
to be shown, and the flame propagates spherically 
symmetrically (Fig. 1c, d). The front of a flame remains 
cellular, thus with increase in hydrogen content to 15% 
in air the size of flame cells markedly decreases. 

As is seen in Fig. 1a at an initial stage the 
sphericity of the combustion front (Fig. 1a, shots 2-6) is 
characteristic even for 8% of H2 in air. High-speed 
filming of flame propagation in 10% H2 + air is 
presented in Fig. 1b, also illustrating FF sphericity. The 
visible flame velocity Vv measured for 4% CCl4 + 
10%Н2 + 86% air mix (Fig. 1a) makes up 36 cm/s, thus 
the normal flame velocity Un calculated by means of 
eq.(2), makes up 21 cm/s taking into account that 
experimental value of εT is 1.6 for this mix. Visible flame 
velocity Vv for mix 4% CCl4 + 15%Н2 + 81% air (Fig. 
1c) makes up 2.4 m/s, thus the normal velocity Un 
calculated by means of eq.(2) makes up 60 cm/s taking 
into account the experimental value of εT = 4. These 
values of normal velocity are in good agreement with 
literature data, and also are close to results of numerical 
calculation of Un obtained using a model of a laminar 
flame without convection [9], i.e. without taking into 
account the cellular flame structure. It means that 
perturbations of thermal diffusion nature observed on FF 
at the initial stage of combustion have no essential 
impact on the velocity of flame propagation of lean H2-
air mixes. 

We specify concentration boundaries of various 
modes of a cellular flame propagation in lean H2-air 
mixes on a basis of Fig. 1 and [1, 4, 8]: 

a) "anisotropic" at H2 <10% that corresponds to 
different velocities of flame propagation "upwards" 
and "downwards" in vertical pipes [4,8] and 
spherically-symmetric on an initial stage of 
combustion;  

b) Spherically - symmetric at 10%< H2 <15%, thus 
distinction between propagation "upwards" and 
"downwards" is missing.  

A spherically symmetric mode of cellular flame 
propagation in microgravity conditions at H2 
concentration less than 10% is also known [1, 7]. We will 
note also that in the conditions of zero gravity there 
exists a mode of occurrence of separate isolated 
motionless cells of combustion [1]. Such "flame balls" 
can be observed in mixtures that are well outside the 
conventionally defined extinction limits, e.g.  In 3.85% 
H2 - 96.15% air mixture [1]. 

We will specify that experimental values of the 
lower concentration limit of flame propagation in 
microgravity conditions (Cµg)  have noticeable dispersion 
that doesn't allow reliable establishing whether the limit 
value is closer to a propagation limit "upwards" or 
"downwards". According to [7] the limit is close to 
"upwards" limit value in the gravity field and makes up 
5.5% H2 in air, however from  [1] Cµg makes up 7% H2 
and from [5] Cµg makes up 7% H2 in the presence of 
2.5% of CF3Br.  

It is possible to conclude that the spherical form 
is inherent to cellular flames propagation in lean H2 -air 
mixes at an initial stage. The gravity field only then 
distorts a shape of FF for mixes in the vicinity of the 
lower concentration limit of the flame propagation (Fig. 1 
a, b).  

We will consider some results obtained at 
numerical modeling of cellular flames. A flat 2D problem 
and the model of thermal convection in Boussinesque 
approximation were used to analyze FF propagation in 
lean H2-air mixes in [10, 11, 14]. The reduced kinetic 
scheme of reaction of hydrogen oxidation including 13 
reactions as well as thermo chemical parameters, were 
taken from [8]. However, for lack of gravity the cellular 
mode at calculation was missing. Thus, a 2D calculation 
in Boussinesque approximation doesn't allow modeling 
experimentally observed mode of the cellular flame 
propagation in microgravity conditions.  

To establish physical processes to be 
considered for a 2D modeling of the cellular FF in the 
microgravity conditions a numerical analysis by finite 
elements method with use of a software package 
FlexPde 6.0 [15] was carried out. Thus, because it was 
shown in [11,14] that within Boussinesque 
approximation features of lean hydrogen flames do not 
depend on the chemical nature of the most quickly 
diffusing intermediate, but the features are determined 
by the value of diffusion coefficient of the insufficient 
initial component [4,8], a chemical reaction was set by a 
single equation in Arrhenius form (see  Appendix). 

In Fig. 2 results of calculation of FF propagation 
are presented in Boussinesque approximation a) g=0 (g 
is acceleration of gravity); b) g=980 cm2/с. The 
calculation of FF propagation at g=0 on the basis of 
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Navier-Stokes equations for a viscous compressible 
environment [16] is shown in Fig. 2c. As is seen in Fig. 2 
(a,b,c) a 2D consideration of the convection caused by 
expansion of gas in the course of combustion for lack of 
gravity in weakly compressible environment doesn't lead 
to occurrence of a cellular combustion; thus taking into 
account of compressibility in Navier-Stokes equations 
provides a way to obtain a 2D cellular combustion 
mode. Thus, for a 2D modeling of cells at "anisotropic" 
(H2 <10%) mode of FF propagation Boussinesque 
approximation is applicable [11];  for the description of a 
2D-symmetric mode in the absence of external forces 
compressible Navier-Stokes equations should be used.   

We now turn to a 3D problem. It should be 
noted that it was earlier shown [4] that the steady heat 
and mass conservation equations admit a solution 
corresponding to a stationary spherical flame, though 
the same equations in planar geometry provide a 
solution in the form of a propagating wave. Indeed in the 
simplest case of spherical geometry, the solution to 
steady, free convection diffusion equations for 
temperature T and chemical species C, ∇2T = 0 and ∇2C, 
has the form c1 + c2/r, where c1 and c2 are some 
constants. This form reflects the fact that T and Y are 
bounded as r → ∞. For cylindrical and planar geometry 
the forms are c1 + c2ln(r) and c1 + c2r, respectively, 
which are unbounded as r → ∞. Therefore a spherical 
flame is admitted, but not (say) a “flame cylinder” 
solution. On the basis of this simple consideration 
illustrated below (see also Appendix) one should expect 
occurrence of cellular FF in a 3D modeling within 
Boussinesque approximation. The result is shown in Fig. 
2d where the section of a 3D structure of the flame front 
is specified in the XZ plane (a 3D mesh structure is 
shown in Fig.2e). As is seen in Fig.2d a 3D flame front 
shows a cellular structure in relation to a 2D modeling 
(Fig.2a) which provides completely undisturbed FF.  

It follows from aforesaid that sufficiently strict 
calculation of cellular FF structure of lean hydrogen 
mixes requires consideration of a 3D problem however 
on the other side thermal diffusion instabilities at the 
initial stage of combustion have no effect on FF velocity 
which can be estimated assuming unperturbed flame 
front in the range of  8%<H2<15%. 

It is of interest in this connection to find out the 
limits of applicability of the models of hydrogen flame, 
which do not account for convection and compressibility 
of the environment, for calculation of FF velocities 
observed experimentally [2,4,5,7,9,10,13] in comparison 
with the models considering convection and 
compressibility of the environment [2, 11]. We will 
examine the data on measurement and calculation of FF 
normal velocities of lean H2-air mixes available in 
literature along with our results. A considerable set of 
literary data is presented in [2, 13] in which results of 
several groups of authors are given. Comparison of 

experimental and calculated normal FF velocities in lean 
H2 - air mixes at 1 atm and initial temperature 298 K in 
relation to the content of fuel in mix (equivalence ratio θ 
is a fraction of fuel in a mix with air: θH2 + 0.5(O2 + 
3.76N2)) is shown in Fig. 3. In Fig. 3 a thick curve 
represents results of modeling within a 1D problem [2], 
a thin curve shows calculated values with the use of an 
analytical formula [2]. Points represent experimental 
data cited in [2] (see Fig.1 [2]), crosses represent 
experimental data [10], thin circles – the data of a 2D 
calculation without convection (Fig.2, [9]), thick circles - 
the data of a 2D calculation with convection taken into 
account (Fig 3 and Fig.4 [10]), triangles – experimental 
data for lack of gravity [7]. The area filled with grey color 
relates to a number of sets of experimental values of FF 
normal velocities of lean H2- air mixes [13]. Notice that 
there were no reasons to choose any of the data sets as 
the most reliable one. 

As is seen in Fig.3 the results obtained in [9] 
with use of a 2D model without convection (crosses), lie 
in the area of experimental values of FF normal 
velocities [13]. It is evident from Fig. 3 that the 
experimental errors of the data on FF propagation do 
not allow establishing the kinetic mechanism of H2 
oxidation necessary for the description of lean H2-air 
combustion in detail; and even taking apart the results 
of calculation for the 2D models including convection 
and without it. In other words, only successful selection 
of parameters allows obtaining quantitative agreement 
with experiment. Notice that even calculations for a 1D 
model (a thick curve in Fig. 3) which agrees with the 
experimental data in the worst way also fit with 
experimental data.  

It means from aforesaid that at the current state 
of experiment any comparison of experimental data on 
FF propagation in lean H2-air mixes with the results of 
numerical modeling is credible only in qualitative aspect 
e.g. on velocity change of movement of the boundary 
between initial and actively reacting gas, as well as on 
the shape of this border and on the degree of its 
"smoothness" or pertubations of its structure. Obviously, 
the consideration of detailed kinetic mechanism 
introduces additional uncertainty into calculations. The 
vast majority of kinetic parameters is not accurate 
enough to draw reliable conclusions on the basis of 
modeling. The question of completeness of the kinetic 
mechanism used is always an open question, i.e. 
whether any important reaction is overlooked. Moreover 
as there are no unicity theorems on reactive Navier-
Stokes equations, the agreement between calculated 
quantities and experimental ones does not argue for 
accord between calculation and experiment as there 
can be other sets of the governing parameters 
describing the same profiles. 

We will note that the discussion carried out 
above refers only to H2-air mixes in the absence of other 

Flame Propagation Regimes at Combustion of Lean Hydrogen-Air Mixtures in the Presence of Additives at 
Central Spark Initiation at Atmospheric Pressure

21

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
IV

X
 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
  

 
(

)
20

14

© 2014   Global Journals Inc.  (US)

  
 B



reactive additives, for example, hydrocarbons. It is 
known that addition of hydrogen to hydrocarbon fuels 
holds much promise for providing ecological safety of 
combustion products e.g. in engines [1]. The results of 
high-speed filming of FF propagation in lean H2 - air 
mixes in the presence of isobutene (C4H8) additive 
(CCl4 additive was not used in the experiments) are 
presented in Fig. 4 (a-f); the concentration of additive in 
all cases doesn't exceed the lower concentration limit of 
C4H8 ignition being equal 1.8% [12]. Notice that C4H8 
additive in stoichiometric and rich H2 - oxygen mixtures 
act as combustion inhibitor [16].  

Combustion of lean H2 mixes is considerably 
accelerated in the presence of C4H8 additive in 
agreement with [17] as is evident from comparison of 
sequences of the video images shown in Fig. 4 (a-f); 
though C4H8 additive in such quantities isn't 
combustible. Indeed as is shown in Fig. 4 (a, b) 1.5% of 
C4H8 additive accelerates combustion of 10% H2 in air 
several times in comparison with 10% H2 - air without 
additive; as is seen in Fig. 4 (c, d) the increase in 
additive content by a factor of three accelerates 
combustion of 7.5% H2 with air also approximately by 
the same factor. Even near a combustion limit isobutene 
additive considerably accelerates hydrogen combustion 
(see Fig. 4 (d- f)).  

In addition (Fig. 4 (b, c, e)), gasdynamic 
features of FF propagation in lean H2-air mixes in the 
presence of a hydrocarbon additive also qualitatively 
change; with increase in the content of the additive 
flame instabilities are no longer shown in the form of 
cells, but in the form of "folds" on FF surface. Such 
instabilities aren't observed in combustion of lean H2-air 
mixes in the absence of the additive.  It means that FF 
stability in the presence of hydrocarbon additive 
increases.  

We will note that the chemical mechanism of 
combustion of combined fuels on the basis of lean H2 -
air mixes in the presence of hydrocarbons isn't 
considered in literature in detail. However the solution of 
this problem is necessary for correct numerical 
modeling of combustion of lean binary mixes of 
hydrogen and hydrocarbon with air.  Dependencies of 
normal velocities of FF propagation in lean H2 -air mixes 
in the presence of the isobutene and CO2 additives on 
H2 content are shown in Fig. 5. Visible velocities were 
measured at an initial stage of combustion process 
(from the very first frames of video filming when the 
flame front still keeps a spherical form) with use of the 
equations (1) and (2).  

Normal combustion velocities of H2-air mixes in 
the absence of additives obtained in the work are in 
agreement with [12]. As is seen in Fig. 2 1.5% isobutene 
additive is the most effective; it provides increase in the 
normal flame velocity of combined fuel in comparison 
with that of lean H2 -air mix more than by a factor of 5. 

Chemically inert CO2 additive [12] causes reduction of 
FF velocity (Fig. 5). 

As is seen in Fig.5, 1% of C4H8 or 2% of H2 is 
required to attain the same FF velocity e.g. for 5.8% of 
hydrogen in air (dotted straight lines in Fig. 5). One of 
the reasons of observed efficiency of a hydrocarbon 
additive can result from the fact that thermal effect of 
isobutene oxidation makes up 2549, 7 kJ/mol, and 
hydrogen - 242, 9 kJ/mol [12], therefore heat release in 
combustion of isobutene is ten times greater than in 
hydrogen combustion. It provides increase in FF velocity 
at the expense of increase in adiabatic temperature of 
combustion. The other reason can comprise the change 
in kinetic mechanism of combustion in the presence of 
hydrocarbon additive particularly at a stage of initiation 
of FF propagation. By this means in lean H2-air mixes, 
unlike rich ones [17] hydrocarbon additive burns down 
completely in an excess of oxidizer (that is accompanied 
by luminescence, see Fig. 4 (b-d)) therefore calculation 
of FF velocity in the presence of hydrocarbon additive 
requires a consideration of the major elementary 
reactions of hydrocarbon oxidation along with the 
mechanism of hydrogen oxidation however in doing so 
all difficulties mentioned above are shown in full.   

We summarize shortly the results obtained.  It is 
established that cellular flames of lean H2-air mixtures at 
an initial stage propagate spherically symmetrically. 
Therefore combustion velocity can be estimated from 
the change of visible radius of a flame front. It is shown 
that Boussinesque approximation is applicable for the 
description of cells occurrence in the field of gravity at 
H2 <10% within a 2D problem; in the conditions of 
microgravity it is necessary to invoke compressible 
Navier-Stokes equations within a 2D problem or 
Boussinesque approximation within a 3D problem. It is 
shown that the error of experimental data on FF 
propagation in lean H2 -air mixes doesn't allow carrying 
out reliable verification of various numerical models as 
well as establishing the kinetic mechanism of H2 
oxidation necessary for the description of lean H2-air 
combustion in detail. With use of a method of color 
high-speed filming it is shown that isobutene additives in 
quantities below lower concentration limit of ignition 
increase FF velocity of lean H2-air mixes. The increase 
in adiabatic temperature of combustion can be one of 
the reasons of increase in flame propagation velocity; 
the other reason is change in kinetic mechanism of 
combustion in the presence of additive. It was shown 
that the most effective concentration of isobutene 
additive which provides increase in the normal flame 
velocity of the combined fuel in comparison with H2-air 
mix more than by a factor of 5 amounts to 1.5%.    
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Appendix

 

A qualiative 3D modeling for microgravity 
conditions was performed as follows. Chemical process 
is presented by a single reaction in Arrhenius form. In 
Boussinesque

 

approximation, we assume that the fluid 
is almost incompressible, except for thermal expansion 
effects which generate a buoyant force. The 
incompressible form of the Navier-Stokes equations can 
be written:

 

 

∂U / ∂ t + U grad (U) + grad(p) = ν

 

div (grad (U)) + F          (4)

 

Where

 

U represents the

 

velocity vector, p is the 
pressure,

 

ν

 

is the kinematic viscosity, F=0 - is the vector 
of body forces.

 

Eq. (3) is continuity equation while eq. (4) 
expresses the conservation of momentum. 
Dimensonless form of reactive Navier-Stokes equations 
(T-temperature, C-concentration) is according to [11]:

 

p=ρΤ (state equation) 

ρ

 

= ρ0

 

(1

 

-

 

α  (T-T0))    (Boussinesque approximation) 

grad(U) = 0

 

∂U / ∂ t + U grad (U) + grad(p) = ν/Re (div (grad (U)))

 

∂T / ∂ t + U grad (T)) = 1/Re*PrT

 

(div (grad (T))) + β2.RC

 

∂C / ∂ t + U grad (C)) = 1/Re*PrC

 

(div (grad (C))) + β1.RC

 

Re = 105, PrТ

 

= µ

 

Ср /λ = 0.72 [18]   PrС

 

= µ

 

Ср / D= 0.5 PrТ

 

(λ - heat conductivity, D = 2λ − diffusivity in lean mixture, 
D>λ for a lean H2

 

mixture [8]). Reaction of the first order 
is set by Arrhenius's law RC (C, T) =

 

(1-C) exp [ζ

 

(1-1/T)], 
Temperature of walls of the external sphere is T0, 
concentration C on the wall of the sphere is zero. The 
flame was initiated with a heated internal cube (Fig 2d). 
Temperature of flame initiation on an internal cube 
surface is 5T0, temperature in volume – T0, initial 
concentration C0

 

is 0; other parameters are put equal T0

 

=1, α=9.10-3,

 

ρ0 =6.10-3,

 

ζ=10, β2=0.3,

 

β1

 

= 0.2. Software 
package of a finite elements method FlexPde 6.0 [15] 
was used.

 

  

 
 

∂w/∂t + u ∂w/∂x + v ∂w/∂y = ν

 

div (grad

 

(w)) – g ∂ρ/∂x

 

Taking

 

into account that in two dimensions 
velocity has only two components, say u and v, and the 
vorticity has only one,

 

which we shall write as w.

 

Let us consider now continuity equation. If we 
define a scalar function

 

φ 

 

such that

 

That

 

u = ∂φ / ∂ y, v = - ∂φ

 

/ ∂ x, then

 

grad(U) = ∂2

 

φ/∂x∂y - ∂2

 

φ/∂y∂x = 0, and the continuity equation is 
satisfied exactly, then div

 

(grad (φ)) = - w 
If F is a gravitational force, then

 

F = (0, - g ρ) and 
rot

 

(F) = - g ∂ρ/∂x where

 

ρ is the density, and g is the 
acceleration of gravity. If we assume linear expansion of 
the gas with temperature, then

 

ρ

 

= ρ0

 

(1+α

 

(T-T0)) and

 

rot (F) = - g ρ0α∂T/∂x

 

For

 

temperature we have div (λgrad (T)) = 
ρ0Cp(∂T/∂t + u ∂T/∂x + v ∂T/∂y), Сp – the thermal capacity 
at a constant pressure.

 

Taking into account diffusion the system of the 
equations takes the form: 

 

∂w/∂t + u ∂w/∂x + v ∂w/∂y = ν

 

div (grad

 

(w)) – g ∂ρ/∂x

 

div (grad (φ)) = - w 

div (λ

 

grad (T)) + β2RC

 

= ρ0Cp (∂T/∂t + u ∂T/∂x + v ∂T/∂y)

 

div (D grad (C)) + β1RC = ∂C/∂t + u ∂C/∂x + v ∂C/∂y

 

and the equation of state

 

p = ρT 
The temperature of the walls of the external 

cylinder is T0, the concentration C on the wall is zero. 
Newmann's boundary condition for temperature, 
concentration and density are set on a part of abscissa 
axis dividing the top and bottom half of the cylinder. The 
initiation temperature of a flame on a step was 5T0, the 
temperature in volume is T0, initial concentration is 0; 
other parameters are the following: T0

 

=1, D=2, λ

 

=0.01, 
α=0.009, ρ0

 

=10-2,

 

ζ=16, ν=0.001, β2=0.3, β1

 

= 0.2, g =0 (Fig. 
2a), g=980 (Fig. 2b).

 

Compressible Navier-Stokes equations in the 
absence of gravity forces have the form [18]:

 

∂U/∂ t + U grad (U) + grad

 

(p) = ν

 

div (grad (U)) + µ σ (σ×U) 
+ F (momentum conservation) 

∂ρ/∂t +grad (ρU) = 0 (continuity equation) 

We enter function w into the moment equation 
with regard to the identity 

 

rot (rot(w)) =σ (σ×w) - div (grad(w)) the equation 
takes the form :

 

∂w/∂t + u ∂w/∂x + v ∂w/∂y = ν

 

div (grad

 

(w)) + µ

 

(rot

 

(rot(w)) - div (grad(w)))
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Along with the equations of continuity, 
temperature and concentration we have also: 

∂ρ/∂t +grad (ρU) = 0

grad(U) = 0                                                  (3)

For qualitative consideration of conditions of 
occurrence of cellular structures we followed 
BUOYANT.PDE example from FlexPde 6.0 [15] for the 
solution of a 2D problem. The reactor of circular section 
with ignition by a step on a horizontal axis was 
considered. Calculations were performed in the top half 
of area (Fig. 2 a-c). Using grad (U) =0 and grad (rot (U)) 
=0 ratios, and w definition = rot (U), we get the 
momentum conservation equation in the form:



 
 

 

Cp/(ρ

 

Re Pr) div (grad (T)) + β2RC –

 

(∂T/∂t + u ∂T/∂x + v 
∂T/∂y) = Cp(Cp-1)/(ρRe) ((∂u/∂y + ∂v/∂x) 2 + ⅔ ((∂u/∂x + 

∂v/∂y)2) + (∂v/∂y)2+ (∂u/∂x)2)) div(D grad(C)) + β1RC = ∂C/∂t 
+ u ∂C/∂x + v ∂C/∂y

 

The initial and boundary conditions given above 
were used in calculations used. Dimentionless scales 
were chosen as follows [18]:

 

L – length, T0 –
temperature, pressure – Rρ0T0,

 

velocity – (γRT0)1/2,

 

time – 
L/(γRT0)1/2. The dimensionless parameters

 

γ=Cp/Cv, Pr = µ

 

Cp / λ

 

= 0.72 [18], Re = ρ0 (γRT0)1/2

 

L/ν,

 

µ=ν/3 (Fig. 2c).
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Figures 

  

Figure 1 : High-speed filming 

a) Of process of FF propagation illuminated with 4% CCl4 + 8% H2 + 88% air, T0= 298K, Eo = 1.5 J. Speed of 
filming is 60 frames/s [9];  

b) Of process of FF propagation illuminated with 4% CCl4, in 10%H2 + 86% air at initial pressure of 1 atm. Speed of 
filming is 60 frames/s; 

c) Of process of FF propagation illuminated with 4% CCl4, in 15%H2 + 81% air at initial pressure of 1 atm. Speed of 
filming is 600 frames/s. The figure on a shot corresponds to a shot number when shooting.  The first shot 
corresponds to occurrence of the spark discharge;  

d) The shot from high-speed filming of FF propagation illuminated with 2% for CCl4, in mix 12.5%H2 + 87.5% air 
with an atmospheric pressure [8]. Speed of filming is 60 frames / s; 

e) The shot from high-speed filming of FF propagation illuminated in the conditions of a microgravity, 7.0% of H2 in 
air, an additive of 0.4% of CF3Br, 1.18 s after initiation [7]. 
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Figure 2 : Calculation by a finite elements method [15] (see Appendix) of a combustion zone propagation 
(temperature field) at a certain moment in a 2D Boussinesque approximation a) g=0, b) g=980 cm/s2, c) of a 
combustion zone propagation (temperature field) at a certain moment at g=0, the solution of a 2D compressible 
Navier-Stokes equations; d) of a combustion zone propagation (temperature field) at a certain moment in a 3D 
Boussinesque approximation where the section of a 3D structure of the flame front is specified in the XZ plane, e) a 
3D mesh structure. A scale of dimensionless T in arbitrary units is shown in the bottom
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Figure 3 : Comparison of experimental and calculated normal FF velocities in lean H2 - air mixes at 1 atm and initial 
temperature 298 K in relation to the content of fuel in mix (equivalence ratio θ is a fraction of fuel in mix with air: θH2

+ 0.5(O2 + 3.76N2)). Thick curve represents results of modeling within a 1D problem [2], a thin curve shows 
calculated values with the use of analytical formula [2].  Points represent experimental data cited in [2] (see Fig.1 
[2]), crosses represent experimental data [10], thin circles – the data of a 2D calculation without convection (Fig.2, 
[9]), thick circles - the data of a 2D calculation with convection taken into account (Fig 3 and Fig.4 [10]), triangles –
experimental data for lack of gravity [7].  The area filled with grey color relates to experimental values of FF normal 
velocities of lean H2- air mixes [13]



 

Figure 4 : High-speed filming 

a) Of process of FF propagation illuminated with 4% CCl4, in 10%H2 + 86% air at initial atmospheric pressure. 
Speed of filming is 60 frames/s; 

b) Of process of FF propagation in 1.5% C4H8 + 10%Н2 + 88.5% air at initial atmospheric pressure. Speed of 
filming is 300 frames/s. 

c) Of process of FF propagation in 1.5% C4H8 + 7.5%Н2 + 91% air at initial atmospheric pressure. Speed of filming 
is 60 frames/s; 

d) Of process of FF propagation in 0.5% C4H8 + 7.5%Н2 + 92% air at initial atmospheric pressure. Speed of filming 
is 60 frames/s 

e) Of process of FF propagation in 1% C4H8 + 5.8%Н2 + 93.2% air at initial atmospheric pressure. Speed of filming 
is 60 frames/s. 

f) Of process of FF propagation in 1% C4H8 + 6.5%Н2 + 92.5% air at initial atmospheric pressure. Speed of filming 
is 60 frames/s. The figure on a shot corresponds to a shot number when shooting. The first shot corresponds to 
occurrence of the spark discharge. 
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Figure 5 : Normal velocities of combustion of lean H2-air mixes in the presence of isobutene and CO2
 additives 
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Aloe Vera used as Inhibitor for Corrosion 
Protection of Beverage Containing Stainless 

Steel 
Rajesh Kumar Singh α & Vikas Kumar σ

Abstract-  Beverage companies are used stainless steel in their 
manufacturing operations. Generally beverage companies 
make wine, beer and various types of soft drink. Their 
transportation and storage can be done in stainless steel 
containers. Beverage industries use different types of raw 
materials for the productions wine, beer and soft drink. They 
are acidic nature and their pH occur between5.5 to 6.5. Some 
preservatives are also added into these drinks for prevention 
of microorganism. These preservatives have acidic character. 
Wine, beer, soft drink and preservatives develop corrosion cell 
on the surface stainless steel thus corrosion reaction starts 
and harmful metal ions go into solution in this way these drinks 
contaminated. The contaminated drinks create several 
diseases. Corrosive effects are of remarkable consequence in 
beverage processing industry as wine, beer and soft drink 
contain corrosive substances, thereby causing significant 
impact on the degradation of constructional materials and the 
maintenance or replacement of products lost or contaminated 
as a result of corrosion reactions. 

For this work aloevera was taken as inhibitor. 
Aloevera was found to inhibit the corrosion of stainless steel in 
beverage. Its inhibition activities studied at different 
concentrations, temperatures and different intervals of times. 
The inhibition efficiencies and surface coverage area of 
aloevera increased as the concentration and temperature of 
aloevera increased. Inhibitive and adsorption properties of 
aloevera for the corrosion of stainless steel were investigated 
using weight loss and potentiostic methods. Test coupons 
dipped into drinks and the corrosion rate was determined by 
weight loss method. The corrosion current density absence 
and presence of inhibitor was studied by Potentiostic 
polarization technique. 

The surface adsorption studied with help of Arrhenius 
equation, heat of adsorption, free energy, enthalpy and 
entropy. These thermo dynamical Para meters results 
produced the adsorption of the inhibitor on the surface of 
stainless steel was found to be exothermic, spontaneous and 
followed the mechanism of physical adsorption. Also Langmuir 
and Temkin adsorption isotherm was found to be the best 
isotherm that described the adsorption characteristics of the 
inhibitor. The result revealed that the corrosiveness of stainless 
steel mainly function of acidity of beverage.    
Keywords: aloevera, stainless steel, inhibitor, beverage, 
contaminated.  
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I. Introduction 
he material for most technical equipment are 
stainless steel which is selected because of its 
strength, ductility, weldability  and it is amenable to 

heat treatment for varying mechanical properties.  
Metals and its alloys come in contact of acids during 
industrial processes which cause severe corrosion 
problems and economical losses. Beverage industry 
uses organic and inorganic substances for preservative 
purpose and they generate corrosive environment for 
constructional materials. These corrosive effects on 
different constructional materials in all phases of 
processing and packing of food which becomes basic 
need of life. Other factors affect the corrosion of metal 
like moist oxygen, oxide of nitrogen, oxide of sulphur, 
temperature, flow of liquid, pH and other factors all of 
which can alter the rate of corrosion.   

Chemists and corrosion specialists have 
developed various types’ corrosion protections 
methods. Generally organic and inorganic1-3 substances 
used as inhibitors. Several works have been done with 
help of organic and inorganic materials for the corrosion 
protection of metal by coating4-6. Oxides of metals and 
phosphate of metals used as inhibitors7, 8. Sulpha 
drugs9, 10 applied   for corrosion control of stainless steel 
in sugar industry. Aromatic amine, fused aromatic amine 
and hetero cyclic aromatic amine11 worked as inhibitors 
in phosphate inhibitors. Cyclic amine used for corrosion 
inhibition of metal in pulp and paper industry12. Nano 
coatings of organic and inorganic materials on surface 
of metal could produced good inhibition properties and 
improve the life of material13. Several types of nano 
coating can be done on the surface of materials like 
nano composite thin film coating, thermal barrier 
coating, Top layer coating, nano structural change and 
conversion coating. Thiourea and its derivates worked 
as inhibitors in petroleum industry in various operational 
units like production, storage and transportation. 
Recently natural products applied for corrosion 
protection of metal in acidic medium and these 
inhibitors were ecofriendly for environment. Polymeric 
coating also applied in highly corrosive environment.  
Organic compounds having nitrogen, oxygen and 
sulphur behave like anticorrosive inhibitors14. Electron 
rich organic compounds have good inhibition capability 
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against acid.  The corrosion is controlled by the 
application of aliphatic and aromatic amines. It is also 
observed that primary, secondary, tertiary and 
quaternary amine is produced good inhibitive effect 
against acidic medium. Several workers used 
heterocyclic compounds as inhibitors which possessed 
nitrogen, oxygen and sulphur. Rubber, polymer and 
silicon are used as coating material for protection of 
metal. For this work aloevera used as inhibitors for 
corrosion of protection of stainless in beverage.    

II. Methods and Methodology 
The sheets of stainless steel metal of 0.1 cm 

thickness was mechanically cut into coupons of sizes of 
5cm length by 3cm width, perforated with hole of same 
diameter centrally to allow the passage of thread. These 
coupons were surface prepared using emery paper, 
acetone and water. The tested coupons were dipped 
into 40ml solution of beverage drink in 100ml beakers. 
The coupons, exposure periods were 24hrs, 48hrs, 
72hrs and 96hrs. Tests were performed at different 
concentrations 2ml, 4ml and 6ml aloevera and at 
different temperatures 20oC, 25oC, 30oC and 35oC and 
temperature were maintained constant by keeping the 
solutions in a thermostat. The average corrosion rates of 
the in various concentrations and temperatures were 
determined by using weight loss method. The corrosion 
current measured with Potentiostatic polarization by 
using an EG & G Princeton Applied Research Model 173 
Potentiostate. A platinum   electrode used as an auxiliary 
electrode and a calomel electrode used as reference 
electrode with stainless steel coupons. 

III. Results and Discussion 

The Corrosion rate of metal was calculated 
absence and presence aloevera by weight loss methods 
at different concentrations and temperatures with help of 
equation1.  

              K (mmpy) = 13.56 W / D A t                     (1) 

where W = weight loss of test coupon 
expressed in kg, A = Area of test coupon in square 
meter, D = Density of the material in kg. M-3. 
The inhibition efficiency of inhibitor was determined by 
using equation 2. 

                      IE = (1- K / Ko) 100                                 (2) 

where K is the corrosion rate with inhibitor and 
Ko is the corrosion rate without inhibitor. 
 The surface coverage area of inhibitor was measured 
by equation 3. 

                   θ = (1 – K / Ko)                                   (3) 

where θ = Surface area, K = Corrosion rate 
with inhibitor, Ko = corrosion rate without inhibitor.  

The Inhibition of Aloevera studied at 2ml, 4ml 
and 6ml concentrations and temperatures mention that 
concentrations were20oC, 25oC, 30oC and 35oC. The 
rate of corrosion of stainless steel with and without 
inhibitor at different concentrations and temperatures 
were recorded in Table 1, Table 2 and Table 3. 
Investigation of results of Table 1, Table2 and Table3 it 
observed that without inhibitor corrosion rate is high and 
addition of inhibitor corrosion rate is reduced. The 
results of Table1, Table 2 and Table 3 and 
Figure1indicated that at lower concentration of inhibitor, 
the inhibition efficiency and surface coverage area 
values were smaller and higher concentration the 
inhibition efficiency and surface coverage area values 
were bigger.   

The recorded values of the rate of corrosion at 
different temperatures without and with inhibitor in Table 
1, Table 2 and Table3 and Figure 2 were depicted that 
the corrosion rate increased without inhibitor and 
decreased without inhibitor. These results observed that 
use inhibitor active at high temperature and produces 
good inhibition efficiency. 

Table 1 : Inhibition of Aloevera with beverage at different temperatures and 2ml concentration. 
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Inhibitor Temp 200C 250C 300C 350C C (ml) logC
IH(0) K0

logK0

0.387
-0.412

0.774
-0.111

1.161
-0.064

1.548
0.189

0.00 0.00

IH(1) K
logK
ᶿ
(1- ᶿ)
log(ᶿ/1- ᶿ)
(C/ ᶿ)
log(C/ ᶿ)
IE (%)

0.301
-0.521
0.22
0.78
-0.54
-12.25
-0.602

22

0.512
-0.291
0.34
0.66
-0.28
-7.91
-0.040

34

0.713
-0.147
0.39
0.61
-0.19
-6.89
-0.051

39

0.965
-0.015
0.38
0.62
-0.21
-7.07
-1.154

38

2 -2.69



Table  2 : Inhibition of Aloevera activities with beverage at different temperatures and 4ml concentration.

   
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 
 

 
 
 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 
 
 

 
 

 
 
 

 

Table  3 : Inhibitor Aloevera activities with beverage at different temperatures and 6ml concentration. 

        

  

 
 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
  

  
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 
 
 
 

 

 
 

 
 
 
 
 

 

 
 

 
 
 
 
 

 

  
 
 

 

 

Figure 1
 
:
 
Plot of IE(%) Vs. C(ml) for Stainless steel at different  concentrations
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Inhibitor Temp 200C 250C 300C 350C C (Ml) Logc
IH(0) K0

logK0

0.387
-0.412

0.774
-0.111

1.161
-0.064

1.548
0.189

0.00 0.00

IH(1) K
logK
ᶿ
(1- ᶿ)
log(ᶿ/1- ᶿ)
(C/ ᶿ)
log(C/ ᶿ)
IE (%)

0.214
-0.669
0.45
0.55
-0.09
-5.31
-0.508

45

0.512
-0.430
0.52
0.48
-0.04
-4.59
-0.229

52

0.713
-0.301
0.56
0.44
-0.10
-4.26
-0.585

56

0.665
-0.177
0.58
0.42
-0.14
-4.12
-0.920

58

4 -2.39

Inhibitor Temp 200C 250C 300C 350C C (Ml) Logc

IH(0) K0

logK0

0.387
-0.412

0.774
-0.111

1.161
-0.064

1.548
0.189

0.00 0.00

IH(1) K
logK
ᶿ
(1- ᶿ)
log(ᶿ/1- ᶿ)
(C/ ᶿ)
log(C/ ᶿ)
IE (%)

0.195
-0.709
0.49
0.51
-0.01
-4.55
-0.259

49

0.201
-0.696
0.74
0.26
-0.28
-3.01
-1.89

74

0.319
-0.496
0.72
0.28
-0.19
-3.09
-1.04

72

0.413
-0.384
0.73
0.27
-0.21
-3.05
-1.30

73

6 -2.23



 

Figure  2 : Plot of IE  (%) Vs.  T (0K) for Stainless steel at different temperatures 

Figure 3 : Plot of IE  (%) Vs.  T (0K) for Stainless steel at different temperatures 

 Activation energy was determined with help of 
Arrhenius equation 4  

          d /dt (logK) = Ea
 / R T2                          (4) 

where
 
T is temperature in Kelvin and Ea

 
is the 

activation energy of the reaction.
 

The values of activation energies were recorded 
in Table4, Table5 and Table6 absence and presence 
inhibitor by use of the plot between log K Vs. 1/T in 
Figure 3. It observed that without inhibitor activation 
energies decreased and with inhibitor activation 
energies increased. It indicated that physical adsorption 
occurred on the surface metal. 

Table  4 : Thermo dynamical parameters for Aloevera at different temperatures 

Thermodynamical  Parameters 200C 
 

250C 300C 350C 

Ea(0) 
Ea 

Qads 
∆G 
∆H 
∆S 

26.87 
33.98 
-35.81 
-38.37 
-68.75 
-40.32 

7.11 
18 .64 
-18.45 
-21.14 
-52.22 
-31.17 

4.04 
9.27 

-12.24 
-14.93 
-41.98 
-25.44 

11.75 
1.18 
-4.05 
-6.72 

-32.75 
-20.15 

 

Table  5 : Thermo dynamical parameters for Aloevera at different temperatures 

Thermodynamical  Parameters 200C 
 

250C 300C 350C 

Ea(0) 
Ea 

Qads 
∆G 
∆H 
∆S 

26.87 
43.64 
-5.67 
-8.06 

-78.29 
-45.91 

7.11 
27 .55 
-2.17 
-4.56 

-61.20 
-36.53 

4.04 
19.01 
-6.56 
-8.95 

-51.63 
-31.29 

11.75 
12.18 
-8.70 

-11.09 
-43.89 
-27.01 
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Table. 6 : Thermodynamical parameters for Aloevera at different temperatures 

Thermodynamical Parameters 200C 
 

250C 300C 350C 

Ea(0) 
Ea 

Qads 
∆G 
∆H 
∆S 

26.87 
46.25 
-1.10 
-3.33 

-80.88 
-47.43 

7.11 
44 .60 
-29.09 
-31.32 
-78.18 
-46.67 

4.04 
31.31 
-25.88 
-28.11 
-63.76 
-38.64 

11.75 
23.87 
-26.79 
-29.02 
-55.75 
-34.25 

 

 

Figure  4 : Plot of log K Vs. 1/T for Stainless steel at different temperatures 

The heat of adsorption was calculated by 
equation 5 with help of plot between log (ᶿ/1- ᶿ) vs. 1/T in 
Figure 4 and it values recorded in Table 4, Table 5 and 
Table 6. 

         log (θ/ 1-θ) = log (A .C) - (Qads/ R T)             (5) 

where T is temperature in Kelvin and Qads heat 
of adsorption 

 

Figure  5 :  Plot of log (ᶿ/1-ᶿ) Vs. 1/T for Stainless steel  of different temperatures 

The heat of adsorption found to be negative so 
it indicated that adsorption occurred on the metal 
surface. The values of heat of adsorption were shown 
that inhibitor was bounded with metal by physical 
adsorption. The plot between log (ᶿ/1- ᶿ) vs. log C found 
to be straight line in figure 5 which indicated Langmuir 
adsorption isotherm. It was a sign of adsorption. Temkin 
equation of isotherm for adsorption expressed as:  

              log (C/ ᶿ) = log C – log K                       (6) 

Where C is concentration of inhibitor, θ is 
surface coverage area and K be constant. The values of 
log (C/ ᶿ) were mentioned in Table1, Table 2 and Table 
3. The plot against log (C/ ᶿ) vs. log C exhibited a 
straight line in figure 6 which indicates sign of 
adsorption. 

0.189

-0.064 -0.111

-0.412

-0.015
-0.147

-0.291

-0.521

-0.177
-0.301

-0.43

-0.669
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-0.496

-0.696 -0.709-0.8
-0.6
-0.4
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0
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log K

1/T X 1000
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Figure 6 : Plot of log (ᶿ/1-ᶿ) Vs. log C for Stainless steel at different concentrations  

 

Figure 7 : Plot of log (C/ᶿ) Vs. log C for Stainless steel at different  concentrations  

Free energy was determined by equation 7 and 
it values recorded in Table 4, Table 5 and Table 6 at 
different concentrations.  

     ΔG=-2.303RT [log C-log (θ/1-θ) +1.72]            (7) 

Free energy results show that use inhibitor 
produces an exothermic reaction so it indicates sign of 
adsorption. 

The energy of enthalpy and entropy were 
determined by transition state equation 8 and it values 
mentioned in Table 2. 

   K = RT/Nh log (ΔS# /R) X log (-ΔH #/ R T)           (8) 

Where N is Avogadro’s constant, h is Planck’s 
constant, ΔS# is the change of entropy activation and ΔH 
# is the change of enthalpy activation.  

Enthalpy and entropy values are mentioned in 
Table 4, Table 5 and Table 6 which are found to be 
negative, it exhibited an exothermic reaction. The 
negative values of entropy indicated that inhibitors 
stable on surface adsorption of metal.     

 
The corrosion current density determined 

absence and presence of inhibitor with help of equation 
9 and values recorded in Table 7. 

            ∆E/∆I=βaβc/2.

 

303Icorr

 

(βa+βc       

 

              (9)

 where ∆E/∆I is the slope which linear 
polarization resistance (Rp), βa and βc

 
are anodic and 

cathodic Tafel
 
slope respectively and Icorr

 
is the

 

corrosion

 current density in mA/cm2.
 Looks the results of Table 7, it was noticed that 

corrosion current increases without inhibitor and its 
values reduced after addition of inhibitor. 

 The metal penetration rate (mmpy)
 
is determined by

 
C. R (mmpy) = 0.1288Icorr (mA /cm2) × Eq .Wt (g)/ρ 

(g/cm3)                    (9) 

-0.54

-0.28
-0.19 -0.21

-0.09
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-0.14

-0.01 -0.28

-0.19
-0.21

-0.7
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-0.4
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-0.2
-0.1

0

-2.31

-2.39

-2.69

log(ᶿ/1-ᶿ)

logC
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-0.04 -0.051
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where Icorr is the corrosion current density ρ is 
specimen density and Eq. Wt is specimen equivalent 
weight. 



 
 

 

Figure 7 indicates that Tafel

 

graph has plotted 
between electrode potential and current density and 
absence and presence of inhibitors. Anodic potential, 

current density and corrosion rate increased without 
inhibitors but addition of inhibitors these values 
decreased and inhibition efficiency increased.

 
Table

 

7

 

:

 

Potentiostatic Polarization values of Aloevera with different

 
Concentrations

 

at 300C.

 Inhibitor

 

∆E

 

∆I

 

Βa

 

Βc

 

Icorr

 

K(Mmpy)

 

IE

 

(%)

 

C(Ml)

 
IH(0)

 
IH (1)

 

-800

 
-475

 
-465

 
-450

 

350

 
190

 
175

 
160

 

250

 
115

 
100

 
50

 

230

 
135

 
125

 
115

 

28.81

 
10.78

 
9.10

 
7.80

 

0.875

 
0.327

 
0.276

 
0.237

 

0.00

 
62.62

 
68.45

 
72.91

 

0

 
2

 
4

 
6

 

 Figure  8 :

 

Plot of E (mV) Vs. Icorr(mA/cm2) for Stainlees steel  at different concentrations

 IV.

 

Conclusion

 
Aloevera is a medicinal natural plant. It is eco

 

friendly and it has no any side effect. Due to this 
character it is used as inhibitor in milk solution for 
protection of stainless steel.  Its inhibition efficiency is 
low at lower concentration and its inhibition efficiency is 
high at higher concentration. The inhibition efficiency lies 
between 22 to 73% at different concentrations. It also 
produces good inhibitive effect at different 
temperatures. The results of activation energy, heat of 
adsorption, free energy, enthalpy and entropy show that 
aloevera bonded with metal surface physical adsorption. 
Potentiostatic polarization study results indicate that 
corrosion current decrease after addition of inhibitor.
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I. Introduction 
olyazamacrocycles with large cavities have 
received recent interests as inorganic cation 
receptors[Kopolow et al,1973]. The cyclic 

arrangement of a large number of donor atoms and the 
flexibility of these ligands make them good hosts for 
ions [Lindoy et al., 1976]. They were also used as 
spectrophotometric analytical reagents [Lisowski et al., 
1999]. Metal ions have enormous importance in many 
biological processes, especially heavy metal ions which 
are effective enzyme inhibitors exerting toxic effects on 
living system [Esteban et al., 1037]. Therefore, 
separation and determination of toxic metal ions such as 
mercury, lead, and cadmium in environmental sources 
play an important role for healthy life [Vance et al., 
1997]. Although new paragraph macrocyclic 
compounds  containing  oxygen, sulfur, and nitrogen 
are knowing. Macrocyclic  compounds  used  in  solvent  
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extraction were mostly the oxygen donor type [Ekstrom 

et al.,
 
1980]. A number of methods for the preparation of 

the large polyazamacrocyclics have been reported. The 
most common synthetic procedure requires the use of 
N-

 
tosyl groups to protect and activate the nitrogen 

atoms in the cyclization step
 
[Ekstrom et al.,

 
1979]. Ring 

closure occurs by a condensation reaction of N-
tosylated polyamines with the appropriate ditosylate 
ester or dihalide in DMF in the presence of base 
[Anderegg et al.,

 
1980]. These reactions allow the 

production of
 

polyazamacrocycles in moderate yields
 [Adam et al.,

 
1994], but removing the N-

 
tosyl groups 

requires drastic conditions and is not always 
straightforward. Another cyclization process uses the 
template ring closure for formation of cyclic di-

 
or tetra 

dentate Schiff bases. This is a simple process, but it is 
often difficult to choose the correct template metal ion or 
to predict certain ring contraction reactions were the 
template cation dose not coordinate with all of the ring 
nitrogen atoms

 
[Fenton et al.,

 
1981]. In some cases, 

reduction of the cyclic Schiff base and removal of the 
template ion have been difficult

 
[Adam et al.,

 
1981]. A 

non template method for the formation of macrocyclic
 poly Schiff bases has also been studied. This procedure 

often gave a polymeric material beside cyclization 
reaction, while there is no need to remove a metal ion 
[Henrick et al.,

 
1984]. In the present work we used a non 

template method for the formation of four novel 
macrocyclic Schiff bases: (III), (IV), (V)

 
and (V) then were 

used for removed of various metal ions from the 
aqueous phase into the organic phase in liquid –

 
liquid 

extraction system.
 

II.
 

Experimental
 

a)
 

Materials and Method
 Chloroform, dichloromethane, dimethylform-

 amide,
 

acetonitrile,
 

methanol, K2CO3, were analytical 
grade reagents and were purchased from Merck. 4,

 
4'

 
-
 Diaminodiphenylmethane,

 
4-Aminophenyl sulfone,

 benzylhydrazide, salicylaldehyde, 1,6-
 
dibromohexane, 

α,α'-Dichlor-p-xylene were obtained from sigma-
 
Aldrich. 

IR spectra were recorded on Jusco 300 FT-IR 
Spectrometer using KBr discs. Mass spectra of the 
ligands were carried out using a micro mass QuattroLC-

P 
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Abstract- In this work we focused on the synthesis of two new 
macrocyclic Schiff bases: (III) , ( IV), (VI) containing nitrogen –
oxygen donor atoms were synthesized by condensation of 
intermediate compounds: 1,6- bis (2- formylphenel) hexane 
(I)and α,α’-bis (2-carboxyaldehyde phenoxy) xylene(II) with 
4,4'-Diamino-diphenylmethane and  4-Aminophenyl sulfone. 
Also new open Schiff bases (V) which were prepared by 
condensation of benzylhydrazidewith 1, 6- bis (2-
formylphenel) hexane (I). Identification of these macrocyclic 
Schiff bases: 1,16-di aza-3,4,13,14-tri phenyl-17,25 -di phenyl 
methane-5,12-di oxacyclo penta-icozane-1,15-diene(III), 1,16-
di aza-3,4, 7, 10, 13,14-tri phenyl-17,25 -di phenyl methan-5,8-
di oxacyclo penta-icozane-1,15-diene. (IV).1,16-di aza-
3,4,13,14-tri phenyl-17,25 -di phenyl sulphide-5,12-di oxacyclo 
penta-icozane-1,15-diene(V), And N',N'-(2,2'-(hexane-1,6-
bis(oxy))bis(2,1-phenylene))bis(methanylidene) dibenzhydra-
zide. (VI).The Schiff bases were checked by different spectral 
technique (LC-MS, 1H-NMR, IR, elemental analyses). The new 
Schiff Bases were studied for antibacterial activities against 
(Bacillus subtilis and Staphylococcus aureus) are Gram 
positive and (Salmonella typhi and Escherichia coli) are Gram 
negative. The ligands were exhibited a variable activity of 
inhibition on the growth of the bacteria.
Keywords: macrocyclic schiff bases, open schiff bases 
spectral technique, antibacterial activity.

MS/MS Spectrometer. NMR spectra were recorded at 
ambient BRUKERRAVANCE PX-400 Spectrometer.



 
i.

 

Synthesis of 1,6-

 

Bis (2-

 

Formylphenel) Hexane (I)

 
To a stirred solution of salicylaldehyde (2.44g, 

0.02mol) and K2CO3 (1.38g, 0.01mol) in DMF (50ml) 1, 
6-dibromohexane (2.24 g, 0.01mol) in DMF (10ml) was 
added dropwise. The reaction was heated for 4h at 150-
155 0C and then stirred at room temperature for 4h 

[Kenneth
 
et al.,

 
1995]. After the reaction was completed, 

100 ml distilled water was added, left in a refrigerator for 
1h, the precipitate was filtered, washed by 50 ml water,

 dried in air and recrystallized from ethanol. (scheme 
No.1)-

 
(I)

 Yield: 80%, colour: White, m.p: 75 0C.
 

2
DMF

   
1
 
h

K2CO3
at

 
room

 
temperature

2 + CO2 + H2O
C

OH

O
H C

OK

O

H

C

O

O
HC

O
H

O
2

C

OK

O

BrBr Reflux
 
4
 
h
 
,then

 
4
 
h

at
 
room

 
temperature

H
+ 2KBr

(Scheme
 
No.1)-

 
(I)

 

 
 To a stirred solution of salicylaldehyde (2.44g, 

0.02mol) and K2CO3

 

(1.38 g, 0.01mol) in DMF (50ml) 
α,α'-Dichlor-p-xylene (1.39g , 0.01 mol) in DMF(10ml) 
was added dropwise. The reaction was heated for 4h at 
150-1550C and then stirred at room temperature for 4h, 

after the reaction was completed, 100 ml distilled water 
was added, left in a refrigerator for 1h , the precipitate 
was filtered[Lindoy et al.,1976, Kenneth  et al.,1995], 
washed by 50 ml water, dried in air and recrystallized 
from ethanol.(scheme No.2)

 Yield: 85%, colour: White,
 
m.p: 107 0C.

 
 

2
C

OH

O
Reflux

 
4

 
h

 
,then

 
4

 
h

at
 
room

 
temperature

H
+ 2KClK2CO3 CO2+ H2O+

ClCl C

O

O
HC

O
H

O

(Scheme
 
No.2)-

 
(II)

 
iii.

 
Synthesis of  1,16-Di Aza-3,4,13,14-Tri Phenyl-17,25 
-Di Phenyl Methane-5,12-Di Oxacyclo Penta-
Icozane-1,15-Diene(III).

 The macrocyclic compound (III) was prepared 
by dropwise addition of a solution of 4,

 
4'-

Diaminodiphenylmethane (0.40g, 0.002 mol) in 
methanol (40 ml) to a stirred solution of compound (I) 
(0.652g, 0.002 mol) in methanol (60 ml). The stirring was 
continued for 12h, a white powder[Salih et al.,2007] was 
precipitated which was filtered and washed with cold 
diethyl ether, and

 
recrystallized from mixed (DMF, 

ethanol9:1). (scheme No.3)
 Yield: 80%, colour: Yellow,

 
m.p= 284 0C. 

formula:
 
(C33H32N2O2), M.Wt:(488g).

 IR (KBr disk): 3041.8 -
 

3083.3 cm-1 ((C-H), 
aromatic), 2870.6-2946.7 cm-1 (C-H), aliphatic), 
1660.4cm-1 (C=N), 1573.7-1593.3 cm-1 (C=C, 
aromatic), 1243.5cm-1 (C-O). 

 1H-NMR(CDCl3-400MHz) δ
 

= 8.512 
(s,2H,CH=N) , 6.954 -

 
7.766 (m,16 H, Ar) , 4.087-4.119 

(s,4H ,O-CH2-), 2.649 (s,2H, Ph-CH2-Ph), 1.625 –
 
1.927 

(m, 8H,-CH2-).
 Elemental analysis found % C : 81.07 , H: 6.72 , 

N: 5.69, O: 6.52  calculated for (C33H32N2O2) % C: 81.12, 
H: 6.60, N: 5.73 ,O:6.55.

 

 
 iv.

 
Synthesis of

 
1,16-Di Aza-3,4,7,10,13,14-Tri Phenyl-

17,25 -Di Phenyl Methan-5,8-Di Oxacyclo Penta-
Icozane-1,15-Diene. (IV).

 The macrocyclic compound (IV) was prepared 
by dropwise addition of a solution of 4,

 
4'-

Diaminodiphenylmethane (0.40g, 0.002 mol) in 
methanol (40 ml) to a stirred solution of compound (II) 
(0.692g, 0.002 mol) in methanol (60 ml). The stirring was 
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)

(Scheme No.3)       (III)

continued for 12h, a white powder[Salih et al.,2007]was 
precipitated which was filtered and washed with cold 

ii. Synthesis of a,a’-Bis(2-Carboxyaldehyde Phenoxy) 
Xylene(II)

X
IV

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II



diethyl ether, and

 

recrystallized from mixed (DMF, 
ethanol.9:1).(scheme No.4).

 
Yield: 80%, colour: White,

 

m.p> 300 0C dec. 
formula:( C35H28N2O2), M.Wt:

 

(508g).

 
IR (KBr disk): 3056.6 cm-1

 

((C-H), aromatic), 
2870.7-2946.6 cm-1

 

((C-H), aliphatic),   1660.8 cm-1

 
(C=N), 1575.2-1595.0 cm-1 (C=C, aromatic), 1243.2 cm-

1 ((C-O). 

 
1H-NMR

 

(CDCl3-400MHz) δ=8.661

 
(s,2H,CH=N),

 

6.965-8.160 (m,20 H, Ar), 5.073 (s, 4H-

 
O-CH2-Ph-),  3.994 ( s,2H,-Ph-CH2-Ph).

 
Elemental analysis found % C: 82.71, H:5.48, 

N:6.42, O:5.39 calculated for (C35H28N2O2) % C: 82.65,  
H: 5.55, N: 5.51, O: 6.29.

 

O

HCCH

O

H2
C

N N

 (Scheme No.4)-

 

(IV)

 v.

 
Synthesis of 1,16-Di Aza-3,4,13,14-Tri Phenyl-17,25 -
Di Phenyl Sulphide-5,12-Di Oxacyclo Penta-Icozane-
1,15-Diene(V)

 The macrocyclic compound (V) was prepared 
by dropwise addition of a solution of 4-Aminophenyl 
sulfone (0.432 g, 0.002 mol) in methanol (40 ml) to a 
stirred solution of compound (II) (0.692g, 0.002 mol) in 
methanol (60 ml). The stirring was continued for 12h, a 
white powder

 
[Salih et al.,2007]was precipitated which 

was filtered and washed with cold diethyl ether, and 
recrystallized from mixed (DMF , ethanol.  9:1). (scheme 
No.5).

 Yield: 65 %, colour: Yellow,
 
m.p> 300 0C dec. 

formula:
 
(C32H30N2O2S), M.Wt:

 
(508g).

 IR (KBr disk): 3047.6 cm-1

 
((C-H), aromatic), 

2864.7-2942.4 cm-1

 
(C-H), aliphatic),   1675.2cm-1

 (C=N), 1594.2 cm-1

 
(C=C, aromatic), 1245.8cm-1

       ((C-O). 
 

1H-NMR(CDCl3-400MHz)δ=8.140 (s,2H,CH=N) 
, 7.117-7.854 (m,16 H, Ar) , 3.729 (s,4H ,O-CH2-), 1.164 
-
 
1.642 (m, 8H,-CH2-).

 Elemental analysis found % C : 75.98 , H: 5.86 , 
N: 5.49 , O: 6.44 , S: 6.23   calculated for (C32H30N2O2S) 
% C: 75.86, H: 5.97 , N: 5.53 ,O:6.32 , S: 6.33.

 
 

 
(Scheme No.5)- (V) 

vi. Synthesis of N', N'-(2,2'-(Hexane-1,6-Bis (Oxy))     Bis 
(2,1-Phenylene)) Bis(Methanylidene) 
Dibenzhydrazide.(VI). 

The open Schiff base (VI) was prepared by 
dropwise addition of a solution of the benzhylhyrazide    
(2.72 g, 0.02 mol) in DMF (40 mL) to a stirred solution of 
1, 6-bis (2- formyl phenyl)-hexane (I) (3.26 g, 0.01mol) in 
DMF (60 mL) containing a few drops of concentrated 
HCl. The reaction mixture was heated to reflux for 5 hrs, 
where white precipitate was formed after cooling. On 
cooling, 200 ml distilled water was added and the 
mixture was kept in a refrigerator. After 2 hrs, the 
precipitate [Sultan et al., 2011] was filtered and washed 
with 200 mL water. The solid obtained was collected 
and recrystallized from mixture (DMF EtOH9:1) as yellow 
crystals. A white colored precipitate was washed with 
water, ethanol, CHCl3 and diethyl ether, respectively. 
Then dried in air. (scheme No.6). 

Yield: 84%, colour: White, m.p= 263 0C dec. 
formula:( C35H28N2O2), M.Wt: (562 g). 

IR (KBr disk): 3217.27cm-1 (N-H), 3035.96 – 
3062.96 cm-1((C-H), aromatic, 2870.08 – 2939.52((C-H), 
aliphatic), 1647.21cm-1 (C=O), 1642.0 cm-1 (C=N). 

1H-NMR (CDCl3-400MHz) δ =11.891 (s,2H, CO-
NH-), 8.824 (s,2H,CH=N) , 7.007 - 8.479 (m,18H, Ar), 
1.065 – 1.820(m,8H,-CH2-CH2-CH2-CH2-), 2.512 - 3.353 
(DMSO,H2O). 

Elemental analysis found % C: 72.81, H:5.98 
,N:10.04 , O: 11.17 calculated for (C34H34N4O4) % C: 
72.58; H: 6.09; N: 9.96; O: 11.37. 

 

(Scheme No.6)       (VI) 
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b) Biological Activity 
The prepared compounds were tested for their 

antimicrobial activity against four speices of bacteria 
(Bacillus subtilis, Escherichia coli, Staphylococcus 
aureus, Salmonella typhi) using filter paper disc method 
[Ibrahim et al., 2006] The screened compounds were 
dissolved individually in DMSO (dimethyl sulfoxide) in 
order to make up a solution of 50, 100, and 200 μg/ml 
concentration for each of these compounds. Filter paper 
discs (Whitman No.1 filter paper, 5mm diameter) were 
saturated with the solution of these compounds. The 
discs were placed on the surface of solidified Nutrient 
agar dishes seeded by the tested bacteria. The 
diameters of inhibition zones (mm) were measured at 
the end of an incubation period, which was 24 h at 37C 
for bacteria. Discs saturated with DMSO are used as 
solvent control. Ciprofloxacin 100 μg/ml was used as 
reference substance for bacteria.[Ibrahim et al.,2006] 

III. Result and Discussion 

a) Synthesis 
The prepared macrocyclic (III, IV, V, VI) were 

synthesized by the condensation of by condensation of 
intermediate compounds 1,6- bis (2- formylphenel) 
hexane (I) and α,α’-bis(2-carboxyaldehyde phenoxy) 
xylene (II) with both 4,4'-Diaminodiphenylmethane and 
4-Aminophenyl sulfonein the molar ratio 1:1  in absolute 
methanol.  Also new open Schiff bases (VI) which was 
prepared by condensation of   benzylhydrazidewith 1, 6- 
bis (2- formylphenel) hexane in the molar ratio 2:1 in 
DMF. The reactions proceeded smoothly, producing the 
corresponding Schiff bases ligands in good yield. The 
ligands are soluble in common organic solvent but 
insoluble in water. The structures of the ligands were 
elucidated by elemental analyses, MS, FTIR, electronic 
absorption, and 1-H- NMR spectra, which help in 
elucidating their empirical formulaTable 1. 

Table 1 :  Physical and Chemical Properties of the Synthesized Compounds [III]-[VI] 

Schiff base Color M.Wt Melting point 0C Yield % Crystallization Solvent 

III White 448 248 80 DMF , EtOH (9:1) 

IV White 508 >  300 85 DMF , EtOH (9:1) 

V Yellow 506 >  300 65 DMF , EtOH (9:1) 

VI White 562 263 – 264 84 DMF , EtOH (9:1) 

b) Elemental Analyses of Macrocyclic and Open (III, IV, 
V, VI). 

The results of elemental analyses macrocyclic 
and open (III, IV, V, VI), as shown in Table 2, are in good 

agreement with those required by the proposed 
formulae. 

 

Table 2 :  Elemental Analysis Data of the Synthesized Compounds[III]-[VI]. 

Elemental analysis Calculated   (Found % )  
Schiff base 

 O S N H C 
6.52 (6.55) -------- 

5.69 (5.73) 6.72 
(6.60) 

81.07 
(81.12) III 

5.39 (5.29) -------- 
6.42 (6.51) 5.48 

(5.55) 
82.71 

(82.65) IV 

6.44 (6.32) 
6.23 

(6.33) 
5.49 

(5.53) 
5.86 

(5.97) 
75.98 

(75.86) V 

11.17 
(11.37) 

-------- 
10.04 
(9.96) 

5.98 
(6.09) 

72.81 
(72.58) VI 

c) IR Spectra Analysis of Macrocyclic Schiff Bases    (III, 
IV, V, VI). 

Compound (III): A strong band at 1660.4cm-1 in the IR 
spectrum of the macrocyclic Schiff base (Figure (1)) are 
assigned to υ(C=N) of azomethine vibrations. The band 
in the spectra at 1593.3 - 1573.7cm-1   is due to (C=C) 
of aromatic rings. The band in the spectra at 1243.5 cm-
1 is due to (C-O). while the band at 2946.7 - 2870.6cm-1 
is attributed to (C-H aliph). Also, the band at 3083.3 - 

3041.8 cm-1 is attributed to (C-H ar). [Salih et al., 2007, 
Sultan et al., 2011]. 

Compound (IV): A strong band at 1660.8 cm-1 in the IR 
spectrum of the macrocyclic Schiff base (Figure (2)) are 
assigned to υ(C=N) of azomethine vibrations. The band 
in the spectra at 1595.0 - 1575.2 cm-1   is due to (C=C) 
of aromatic rings. The band in the spectra at 1243.2   
cm-1 is due to (C-O). while the band at 2946.6 - 2870.7    
cm-1 is attributed to (C-H aliph). Also, the band at 3056.6 
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cm-1 is attributed to (C-H ar). [Salih et al., 2007, Sultan et 
al., 2011]. 

Compound (V): A strong band at 1675.2 cm-1 in the IR 
spectrum of the macrocyclic Schiff base (Figure (3)) are 
assigned to υ(C=N) of azomethine vibrations. The band 
in the spectra at 1594.2 cm-1 is due to (C=C) of 
aromatic rings. The band in the spectra at 1245.8 cm-1   
is due to (C-O). while the band at 2942.4 - 2864.7 cm-1 is 
attributed to (C-H aliph). Also, the band at 3047.6  cm-1 
is attributed to (C-H ar). [Salih et al., 2007, Sultan et    
al., 2011]. 

Compound (VI): A strong band at 1600.92 and 
1647.21cm-1 in the IR spectrum of the Schiff base 

(Figure (4))

 

are assigned to υ(C=N) of azomethine and 
carbonyl υ(C=O) vibrations, respectively. An intense 
band at 3217.27 cm-1 is due to the -NH-

 
vibrations of 

the hydrazine group. The band in the spectra at 1554.83 
cm-1 is due to (C=C) of aromatic rings. The band in the 
spectra at

 
1249.86 cm-1   is due to (C-O). while the 

band at 2870.08  –
 
2939.52 cm-1 is attributed to (C-H 

aliph). Also, the band at 3035.96 –
 

3062.96 cm-1 is 
attributed to (C-H ar).

 
[Salih et al.,2007, Sultan et 

al.,2011].
 

However, in the IR spectra of Schiff bases this 
band (C=O) disappears and a new vibration band for 
azo methane (-HC=N-), indicating that complete 
condensation takes place. [17-18]. 

Table 3 :  IR Spectral Data of the Synthesized Compounds[III]-[VI].

v(N-H)
 

v(C-H) 
arom

 

v(C-H)
 aliph

 
v(C=O)

 
v(HC=N)

 
v(C=C)

 
v(C-O)

 
Schiff base

 

---------
 

3083.3 -
 3041.8

 

2946.7 -
 2870.6

 
---------

 
1660.4

 
1593.3 -

 
1573.7

 
1243.5

 
III

 

---------
 

3056.6
 

2946.6 -
 2870.7

 
---------

 
1660.8

 
1595.0 -

 
1575.2

 
1243.2

 
IV

 

 
3047.6

 
2942.4 -

 2864.7
 

 
1675.2

 
1594.2

 
1245.8

 V
 

3217.27
 

3035.96 –
 3062.96

 

2870.08  –
 2939.52

 
1647.21

 
1600.92

 
1554.83

 
1249.86

 
 VI
 

d)
 

1-H-NMR Spectra of Macrocyclic Schiff Bases      (III, 
IV, V, VI).

 
Compound (III):

 
The 1H NMR spectrum (Figure (5)) of 

the
 
Schiff base (III), showed that

 
in the signals at 8.512 

ppm were assigned to the protons of imine -CH=N 
groups, The multiple signals

 
in the region 1.927

 
-
 
1.625 

ppm were assigned to protons of methylene groups in 
two

 
different environments [Salih et al.,

 
2007, Sultan et 

al.,2011].The multiple signals in the region 7.766 -
 
6.954 

ppm were assigned to the aromatic protons. While The 
signals at 4.119 -

 
4.087 ppm were assigned to the 

protons of (-O-CH2-) group.
 

Compound (IV):
 
The 1H NMR spectrum (Figure (6)) of 

the Schiff base (IV), showed that  in the signals at 8.661 
ppm were assigned to the protons of imine -CH=N 
groups[Salih et al.,2007, Sultan et al.,2011].The multiple 
signals in the region 8.160 -

 
6.965 ppm were assigned 

to the aromatic protons. While The signals at 5.073 ppm 
were assigned to the protons of (-O-CH2-) group.

 
Compound (V):

 
The 1H NMR spectrum (Figure (7)) of 

the Schiff base (V), showed that
 
in the signals at 8.140 

ppm were assigned to the protons of imine -CH=N 
groups, The multiple signals

 
in the region 1.642 -

 
1.164

 ppm were assigned to protons of methylene groups in 
two different environments [Salih et al.,2007, Sultan et 
al.,2011].The multiple signals in the region 7.854  -

 
7.117  

ppm were assigned to the aromatic protons. While the 
signals at 3.729 ppm were assigned to the protons of   
(-O-CH2-) group. Also the signal at 11.891 ppm were 
assigned to the protons

 

of amide (-CO-NH-) groups.

 
Compound (VI):

 

The 1H NMR spectrum (Figure (8)) of 
the Schiff base (VI), showed that

 

in the signals at 8.824 
ppm were assigned to the protons of imine -CH=N 
groups, The multiple signals

 

in the region 1.065 –

 

1.820 
ppm were assigned to protons of methylene groups in 
two different environments [Salih et al.,

 

2007, Sultan et 
al.,2011].The multiple signals in the region 8.479 -

 

7.007 
ppm were assigned to the aromatic protons. While the 
signals at 4.087 ppm were assigned to the protons of 

   

(-O-CH2-) group. Also the signal at 11.891 ppm were 
assigned to the protons of amide (-CO-NH-) groups.

 

The other obtained values for 1-H-NMR 
chemical shifts of the compounds are given in the 
experimental section.

 

[Pathak et al.,

 

2000, Rajaa.,2008].
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Table 4 : 1-H-NMR Spectra of the Synthesized Compounds[III]-[VI] 

Chemical Shifts      δ  ppm  
Schiff base (-CH2-CH2-)n -O-CH2- -CO-NH- CH=N C-H aromatic 

1.927  - 1.625 
(m,8H) 

4.119 - 4.087 
(s,4H) 

 
-------------- 

8.512 
(s,2H) 

7.766 - 6.954 
(m,16 H) III 

 
-------------- 

5.073  
-------------- 

8.661 
(s,2H) 

8.160 - 6.965 
(m,20 H) IV 

1.642 - 1.164  
(m,8H) 

3.729 
(m,8H) 

11.891 
(s,2H) 

8.140 
(s,2H) 

7.854 - 7.117 
(m,16 H) V 

1.065 – 1.820 
(m,8H) 

4.087 
(s,2H) 

11.891 
(s,2H) 

8.824 
(s,2H) 

8.479 - 7.007 
(m,18H) 

VI 

e) Biological Activity 
During the last two or three decades, attention 

has been increasingly paid to the synthesis of 
macrocyclic and open (III, IV, V, VI) which exhibits 
various biological activities including antibacterial, 
fungicidal, tuberculostatic and plant growth regulative 
properties [19]. It was judicious to investigate the 
synthesis of various new types of Schiff base and 
studied their antibacterial activity against four strains of 
bacteria (Bacillus subtilis, Escherichia coli, 
Staphylococcus aureus, Salmonella typhi). The 

concentrations used for the screened compounds are 
50, 100, and 200 μg/ml. Ciprofloxacin was used as 
reference standard while DMSO as control and inhibition 
zones are measured in mm. The new compounds were 
tested against one strain each of a gram positive and 
two gram negative. The test results presence in Table 
(3.11), a new compound was active against tested and 
another compounds are no active.  

All compounds are no active where used 50, 
100 μg/ml but active in the concentrations 200 μg/ml 
see table (3.4).  

Table 5 : Antibacterial Activity of the Synthesized Compounds[III]-[VI] 

 

Shiff base 
Bacteria 

Gram negative Gram positive 

B. subtilis S. aureus E.coli S. typhi 

III 17     mm 18     mm 15      mm 18       mm 

IV 18     mm 16      mm 16       mm 19       mm 

V 20     mm 18      mm 17      mm 18       mm 

VI 20     mm 18      mm 17      mm 18       mm 

Control 00    mm 00   mm 00    mm 00    mm 

Ciprofloxacin 20    mm 20    mm 20    mm 20     mm 

(-)No zones of inhibition were observed. 

Moderately sensitive,(+)Inhibition zones of 7-10mm. 
Sensitive,(++)Inhibition zones of 11-14mm.

 

High sensitive,(+++)Inhibition zones of 15-20mm

 

Figure 9 : Antibacterial Activity of Synthesized Compounds[III]-[VI]. 
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IV. Conclusion 
1. The compounds are new and were prepared for the 

first time. 
2. The new compounds were identified by melting 

point, elemental analyses 1HNMR, IR, LC-MS, 
spectral methods. 

3. The prepared compounds have been biologically 
screened i.e. studying their effects against two 
gram-positive, two gram-negative bacteria. The 
results show that their activities were found to vary 
from moderate to very strong. 

 
The authors are grateful to the Department of 

Chemistry, Faculty of Science, University of Damascus, 
Damascus, Syria. 
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V. Figures 

 

Figure 1 : IR Spectrum of Macrocyclic Schiff Base(III) 

Figure 5 : 1-HNMR Spectrum of Macrocyclic Schiff Base(III) 
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Figure  2 : IR of  Macrocyclic Schiff Base(IV) 

Figure 6 : 1-HNMR spectrum of Macrocyclic- Schiff base(IV) 
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Figure 3 : IR of  Macrocyclic Schiff base(IV) 

 

Figure 7 : 1-HNMR spectrum of Macrocyclic- Schiff base(IV) 
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Figure 4 : IR spectrum of Schiff base(V) 

 

Figure 8 : 1-HNMR spectrum of  Schiff base(V) 
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Synthesis of 1-(2-(4-Substitutedphenylamino)-
Imidazo [2, 1-B] Benzothiazole-3-Yl) Propan-1-

One
Chalak Azimi α, Helal Tahazadeh σ & Rasol Kamari ρ

Abstract-  4-propionyl-3-(4-substitutedphenylamino) isoxazol-
5(2H)-one, substituted on nitrogen with a 2-chlorobenzot- 
hiazole group, reacts with triethylamine (TEA) in ethanol under 
reflux conditions to provide a convenient synthesis of 1-(2-(4-
substitutedphenyl  amino) -imidazo [2,1-b] benzothiazole-3-yl) 
propan-1-one.  
Keywords: isoxazolones; 2-chlorobenzothiazole; imidaz- 
obenzothiazoles; triethylamine (tea).   

I. Introduction 

he synthesis of isoxazol-5(2H)-one with 
benzothiazole substituted on nitrogen 1a has been 
reported by Prager and co-workers1 as shown in 

Scheme I. 

O

H
NR

EtO2C
O

S N

Cl

O
NR

EtO2C
O

N
S

1a    R=H

130 oC / 15 min+

 

Scheme I 

It has been reported2 that the 2-benzothiazol-2-
yl isoxazolones 1a and 2b gave the corresponding 
imidazobenzothiazoles 2a and 2b respectively on 
photolysis in ethyl acetate/ trifluoroacetic acid, and the 
acrylate 3 was obtained from the photolysis of 1a in 
methanol. 

O
NR

EtO2C
O

N
S

1b    R=Me

N

S

EtO2C
R

2a  R=H
2b  R=Me

N

S

NH

H
EtO2C

H

3  

Author α σ ρ :

 

Department of Chemistry Management, College of 
Chemistry, Piranshahr Branch, Islamic Azad University, Piranshahr, Iran.

 

e-mail: chalakazimi@yahoo.com

 

Base-catalysed rearrangement of isoxazolinyl 
heterocycle 1a using a solution of sublimed potassium t-
butoxide in dry tetrahydrofuran at 40 oC gave ethyl 2-
hydroxy-4-oxo-4H-pyrimido [2, 1-b] benzothiazole-3-
carboxylate 4.3 

N

S

N

O CO2Et

OH

4  

Khalafy et al. recently reported4 that the reaction 
of certain 2-aryl-3-arylaminoisoxazolones 5 with 
triethylamine (TEA) leads to the formation of indoles 6 
and carbon dioxide, an outcome that is formally the 
same as that achieved by photolysis or pyrolysis5 
(Scheme II). 

O
NHN

EtO2C
O

Ar

TEA/EtOH

N

ArHN

EtO2C

H

5 6  

Scheme II 

We have recently reported6 rearrangement of 4-
acetyl-3-(4-substituted phenylamino)-2- (5-nitropyridin-2-
yl) isoxazol-5(2H)-ones (7, X: Br, Me, OMe) to Imidazo 
[1, 2-a] pyridines (8, X: Br, Me, OMe) under Flash-
Vacuum-Pyrolysis (F.V.P) conditions (Scheme III). 

T 
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O
NHN

O
H3COC

X

N

NO2

N

N

O2N

NH

COCH3

X

7, X: Br, Me, OMe 8, X: Br  (90%), Me (93%), OMe (95%)

F.V.P

Scheme III

We have also reported7 that 4-propionyl-3-(4-
substituted phenylamino) isoxazole-5 (2H) -one, 
substituted on nitrogen with a nitropyridine group, react 
with triethylamine (TEA) to give imidazo [1,2- a]pyridines 
and indoles. With 4-bromophenyl and 4-methylphenyl 
group substituents only imidazopyridines 9a-b are 
formed, but the 4-methoxyphenyl derivative gave a 3: 1 
mixture of corresponding imidazo [2,1-a]pyridine 9c and 
2-pyridylaminoindole 10, respectively. 

N

N

NO2

EtOC

HN

R

N
H

EtOC

OMe
NH

NO2N

9a  R=Br
9b  R=Me
9c  R=OMe

10

 

Here we describe the synthesis of new N-
substituted derivatives of P-substituted 4-(phenylamino) 
isoxazol-5(2H)-ones 13 with a 2-chlorobenzothiazole 
group substituted on N-2 14, and their rearrangement in 
the presence of triethylamine to produce 1-(2-(4-
substitutedphenylamino)-imidazo [2,1-b] benzothiazole-
3-yl) propan-1-one 15, as shown in (Scheme V). 

II. Results and Discussion 

The required isoxazolones 14 were synthesized 
by reaction of 2-chlorobenzothiazole with 2H-
isoxazolones 13, which in turn were made by a 
modification of the procedure of Worrall.8,9  Thus, the 
reaction of the sodium salt of ethyl-3-oxopentanoate in 
ethanol with      4-phenylisothiocyanates 11 gave the 
thiocarbamates 12 in high yield, and these were 

converted to the corresponding isoxazolone 13 by 
reaction with 3 equiv of hydroxylamine (Scheme IV). 

N
C

S

X

HN

X

S

CH

NH2OH
O

H
NHN

EtOC
O

X

CO2Et

COEt
NaHC

CO2Et

COEt

11 12 13

X: Br, Me, NO2  

Scheme IV 

N-arylation of 13 with 2-chlorobenzothiazole in 
toluene under reflux conditions gave the corresponding 
N-substituted isoxazolones 14 in medium yield. The 
rearrangement of N-substituted isoxazolones 14, as 
shown in (Scheme V), proceeded in 40-60% yield in 
refluxing ethanol for 48 h in the presence of triethylamine 
(TEA). The reaction pathway leading to the 
imidazobenzothiazole is consistent with our earlier 
suggestion for the formation of imidazopyridines, which 
is consistent with the electronic requirements of the 
reaction, as shown in (Scheme VI), or with the alternative 
pathway suggested by Prager and co-workers.10  

O

H
NHN

EtOC
O

X

13

S N

Cl
45-60%

O
NHN

EtOC
O

X

14

N
S

N

NHN

EtOC

X

15

S
Et3N

-CO2

X= Br, Me, NO2Scheme V
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III.

 
Experimental

 
Freshly distilled solvents were used throughout, 

and anhydrous solvents were dried according to Perrin 
and Armarego.11

 
Melting points were determined on a 

Philip Harris C4954718 apparatus and are uncorrected. 
Infrared spectra were recorded on a Thermonicolet         
(Nexus 670) FT-infrared spectrometer, using sodium 
chloride cells and measured as Nujol mulls or KBr. 1H 
(300 MHz) and  13C (300 MHz) NMR measurements 
were recorded on a Bruker 300 spectrometer in DMSO-
d6

 
or CDCl3

 
using TMS as the internal reference. High 

resolution mass spectra were recorded on a Varian Matt 
311 spectrometer. Mass spectra were registered in a HP 
5973 MSD connected to HP 6890 GC interfaced by a 
Pentium PC and relative abundances of fragments are 
quoted in parentheses after the m/z

 
values. 

Microanalyses were performed on a Leco Analyzer 932.
 

 
a)

 

Ethyl-2-((4-bromophenyl)carbamothioyl)-3-
xopentanoate (12, X: Br)

 

In a 100 mL round-bottomed flask, absolute 
ethanol (60 mL) was reacted with sodium (2.9 g, 0.126 

mol) and after cooling to room temperature ethyl-3-
oxopentanoate (20 g, 18.90 mL, 0.126 mol) was added. 
The reaction mixture was stirred at

 

room temperature for 
20 min;

 

4-bromophenyl isothiocyanate  (26.82 g, 0.126 
mol) was added and the stirring was continued for a 
further 6 h, during which a yellowish white precipitate of 
sodium ethyl-2-

 

((4-bromophenyl)carbamothioyl)-3-
oxopentanoate salt was formed.  The salt was collected 
and washed with light petroleum ether (b.p. 30-55 ºC) (3 
×

 

50 mL) to give yellow crystals m.p. 155-156 ºC (31.18 
g, 70%). The pure salt was dissolved in water (50 mL) 
and neutralized with dropwise addition of HCl (10%) to 
maintain the pH at 7. The product was extracted with 
dichloromethane (CH2Cl2) and the extract was washed 
with water (3 ×

 

50 mL) and dried over anhydrous 
Na2SO4.  Removal of solvent gave (10, X: Br) as a yellow 
oil (21.6g, 66%). 

 

 

 
 

 

 

 

 
J=7.1Hz, 2H), 4.32 (q, J=7.1Hz, 2H), 5.09 (s, 1H), 7.23 
(d, J=8.3Hz, 2H),               7.66 (d, J=8.3Hz, 2H), 10.77 
(bs, 1H, NH).

 

 
 

 

c)

 

Ethyl-2-((4-nitrophenyl)carbamothioyl)-3 
oxopentanoate (12, X: NO2)

 
  

This compound was prepared as described 
above, using 4-nitrophenyl isothiocyanate (1.62 g, 9 
mmol) and stirring for a further 1.5 h after addition of 4-
nitrophenyl isothiocyanate to the ethyl-3-oxopentanoate 
salt to give ethyl-2-((4-nitrophenyl)carbamothioyl)-3-
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oxopentanoate (1.8, 68.20%) as pale yellow solid, m.p. 
54-56 ºC.

: 1.06 (t, J=7.1Hz, 3H), 
1.3 (t, J=7.1Hz, 3H), 2.5 (q, J=7.1Hz, 2H), 4.32 (q, 
J=7.1Hz, 2H), 5.09 (s, 1H), 7.55 (d, J=8.6Hz, 2H), 7.73 
(d, J=8.6Hz, 2H),              10.9 (bs, 1H, NH). 

13C-NMR(CDCl3)(δppm):  8.2, 14.34, 27.8, 
63.63, 70.68, 120.37, 125.13, 132.37, 137.89, 166.08, 
188.05.

FT-IR: 3285, 1759, 1723, 1548, 1431, 1285, 
1146, 1023, 831 cm-1.

b) Ethyl-2-((4-methylphenyl)carbamothioyl)-3-
oxopentanoate (12, X: Me)

This compound was prepared as described 
above, using 4-methylphenyl isothiocyanate (1.34 g, 9 
mmol) and stirring for a further 1.5 h after addition of 4-
methylphenyl isothiocyanate to the ethyl-3-
oxopentanoate salt to give ethyl-2-((4-methylphenyl)
carbamothioyl)-3-oxopentanoate (1.92, 70.25%) as pale 
yellow solid, m.p. 52-53 ºC. 

1H-NMR(CDCl3)(δppm): 1.06 (t, J=7.1Hz, 3H), 
1.3 (t, J=7.1Hz, 3H), 2.35 (s, J=7.1Hz, 3H), 2.49 (q, 

1H-NMR(CDCl3)(δppm)

13C-NMR(CDCl3)(δppm): 8.2, 14.35, 23.57, 34.3 
63.47, 67.62, 123.64, 129.86, 136.41, 137.43, 166.16, 
187.68.
FT-IR : 3284,1760, 1723, 1515, 1430, 1315, 1223, 1148, 
1020, 831 cm-1.

1H-NMR(CDCl3) (δppm): 1.06 (t, J=7.1Hz, 3H), 
1.3 (t, J=7.1Hz, 3H), 2.49 (q, J=7.1Hz, 2H), 4.32 (q, 

X
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J=7.1Hz, 2H), 5.09 (s, 1H), 6.8 (d, J=8.3Hz, 2H), 7.89 
(d, J=8.3Hz, 2H), 10.77 (bs, 1H, NH).

 
 

 

 

 

 

 

 

 

 
  

 

 

 

 

  

 
    

 

f)

 

4-propionyl-3-(4-nitrophenylamino)isoxazole-5(2H)-
one (13, X: NO2)

 

The compound was prepared as described 
above using Ethyl-2-(4-nitrophenyl)carbamothioyl-3-
oxopentanoate (1.3 g, 4  mmol) and refluxing for 24 h to 
give the desired product as colourless crystals (0.5 
g,65%), m.p. 162-164 ºC.  
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13C-NMR (CDCl3) (δppm): 8.2, 14.35, 34.3 
63.47, 67.62, 123.64, 129.86, 136.41, 137.43, 166.16, 
187.68, 199.

FT-IR: 3284, 1760, 1723, 1515, 1430, 1350, 
1315, 1223, 1148, 1020, 831 cm-1.

d) 4-propionyl-3-(4-bromophenylamino)isoxazole-
5(2H)-one (13, X: Br)

To a solution of hydroxylamine hydrochloride 
(7.06 g, 102 mmol) in water (30 mL), sodium
bicarbonate (10.17 g, 102 mmol) was added slowly. 
Ethanol (80 mL) was added and the resulting potassium 
chloride was filtered off. Ethyl-2-(4-bromophenyl) 
carbamothioyl-3-oxopentanoate (10, 12.13g, 34 mmol) 
was added to the filtrate and the mixture was stirred at 
room temperature for 24 h. The reaction mixture was 
acidified with dilute HCl and the white precipitate was 
collected and recrystallized from acetone to give the title 
product (8.78 g, 79%) as colourless crystals, m.p.= 201 
º C (dec.). 

1H-NMR (d6-DMSO)(δppm): 1.11 (t, J=7.1Hz, 
3H), 3.01 (q, J=7.1Hz, 2H), 7.37(d, J=8.4Hz, 2H), 7.57  
(d, J=8.4Hz, 2H), 8.30 (bs, 1H, NH), 9.39 (bs, 1H, NH).
13C-NMR (d6-DMSO)(δppm): 7.9, 30.7, 59.96, 84, 
118.02, 132.94, 137.10, 163.53, 164.74, 167.39. 

FT-IR : 3250, 2950, 2740, 1723, 1696, 1666, 
1607, 1563, 1456, 1398, 1316, 1183, 1018, 818 cm-1. 

e) 4-propionyl-3-(4-methylphenylamino)isoxazole-
5(2H)-one (13, X: Me)

The compound was prepared as described 
above using Ethyl-2-(4-methylphenyl)carbamothioyl-3-
oxopentanoate (1.17 g, 4  mmol) and refluxing for 24 h 
to give the desired product as colourless crystals (0.7 
g,73%), m.p. 165-167 ºC.  

1H-NMR (d6-DMSO + CDCl3) (δppm): 1.11 (t, 
J=7.1Hz, 3H), 2.35 (s, Me, 3H), 3.01 (q, J=7.1Hz, 2H), 
6.78 (d, J=9.2Hz, 2H), 6.79(bs, 1H, NH), 6.80(d, 
J=9.2Hz, 2H),   8.85 (bs, 1H, NH).

13C-NMR (d6-DMSO+ CDCl3)(δppm): 7.9, 
24.52, 30.85, 84.2, 121.53, 130.13, 133.29, 135.64, 
163.59, 165.51, 166.74. 

FT-IR : 3669, 2979, 2746, 1705, 1669, 1615, 
1331, 1208, 1115, 1023, 800 cm-1.

1H-NMR (d6-DMSO + CDCl3) (δppm): 1.11 (t, 
J=7.1Hz, 3H), 3.01 (q, J=7.1Hz, 2H), 6.78 (d, J=9.2Hz, 
2H), 6.79(bs, 1H, NH), 7.8 (d, J=9.2Hz, 2H), 8.85 (bs, 
1H, NH).

13C-NMR (d6-DMSO+ CDCl3) (δppm): 7.9, 
30.85, 84.2, 121.53, 130.13, 133.29, 135.64, 163.59, 
165.51, 166.74.

FT-IR: 3669, 2979, 2746, 1705, 1669, 1615, 
1350, 1331, 1208, 1115, 1023, 800 cm-1.

g) 4-propionyl-3-(4-bromophenylamino)-2-
(benzothiazol-2-yl)-isoxazol-5(2H)-one (14,  X: Br)

4-propionyl-3-(4-bromophenylamino) isoxazole-
5(2H)-one (93 mg, 0.3 mmol) and 2-chlorobenzothiazole 
(51 mg, 0.3 mmol) were refluxed in toluene (6 mL) for 48 
h. The solvent was removed under reduced pressure. 
On addition of n-hexane (10 mL) to the residue 
(colourless oil) a white precipitate was formed. The 
precipitate was filtered and recrystallized from ethanol to 
give 4-propionyl-3-(4-bromophenylamino)-2-(benzothia-
zol-2-yl)-isoxazol-5(2H)-one as white prisms (84.4 mg, 
60%) m.p. 153-155 ºC.

1H-NMR (d6-DMSO)(δppm): 1.11 (t, J=7.1Hz, 
3H), 3.01 (q, J=7.1Hz, 2H), 6.37(d, J=8.4Hz, 2H), 7.3  
(d, J=8.4Hz, 2H), 7.6 (t, J=8.4Hz, 2H), 8.3 (d, J=8.4Hz, 
2H), 8.30 (bs, 1H, NH). 

13C-NMR (d6-DMSO)(δppm): 7.9, 30.7, 59.96, 
84, 118.02, 121, 125.3, 132.94, 137.10, 163.53, 164.74, 
167.39.  

FT-IR: 3250, 2950, 2740, 1723, 1696, 1666, 
1607, 1563, 1456, 1402, 1398, 1301, 1183, 1018, 818 
cm-1. 

MS m/z: (%) 442.9 (M+, 12%), 440 (M+, 11%), 
417 (82), 415 (71), 371 (48), 369 (40), 334 (25), 294 (28), 
291 (27), 290 (100), 262 (30), 224 (27), 177 (33), 161 
(34), 150 (40), 135 (26), 134 (33), 108 (29), 44 (65).

h) 4-propionyl-3-(4-methylphenylamino)-2-
(benzothiazol-2-yl)-isoxazol-5(2H)-one (14,  X: Me)

This compound was prepared as described 
above, using the corresponding isoxazolone  (11, X: Me) 
(67 mg, 0.27 mmol) and 2-chlorobenzothiazole (45.8 
mg, 0.27 mmol) to give the desired product as white 
prisms (48 mg, 50%) after recrystalization from ethanol, 
m.p. 158-160 ºC.

1H-NMR (d6-DMSO)(δppm): 1.11 (t, J=7.1Hz, 
3H), 2.35 (s, J=7.1Hz, 3H),  3.01 (q, J=7.1Hz, 2H), 
6.37(d, J=8.4Hz, 2H), 7.3  (d, J=8.4Hz, 2H), 7.6 (t, 
J=8.4Hz, 2H), 8.3 (d, J=8.4Hz, 2H), 8.33 (bs, 1H, NH). 

13C-NMR (d6-DMSO) (δppm): 7.9, 24.3, 30.7, 
59.96, 84, 118.02, 121, 125.3, 132.94, 137.10, 163.53, 
164.74, 167.39.   

FT-IR: 3250, 2950, 2740, 1723, 1696, 1666, 
1607, 1563, 1456, 1402, 1398, 1301, 1183, 1018, 818 
cm-1. 

MS m/z: (%) 379.1 (M+, 12%), 371 (48), 369 
(40), 334 (25), 294 (28), 291 (27), 290 (100), 262 (30), 
224 (27), 177 (33), 161 (34), 150 (40), 135 (26), 134 (33), 
108 (29), 44 (65).
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i)

 

4-propionyl-3-(4-nitrophenylamino)-2-(benzothiazol-
2-yl)-isoxazol-5(2H)-one (14,  X: NO2) 

 

This compound was prepared as described 
above, using the corresponding isoxazolone (11, X: 
NO2) (94 mg, 0.34 mmol) and 2-chlorobenzothiazole 
(57.1 mg, 0.34 mmol) to give the desired product as 
white prisms (44 mg, 47%) after recrystalization from 
ethanol,

 

m.p. 168-170 ºC.

 

 
 

 
  

 
 

 

  

 
 

  
 

 
 

 

 

  

 
k)

 

1-(2-(4-methylphenylamino)-imidazo[2,1-b] 
benzothiazole-3-yl) propan-1-one

 

(15, X: Me) 

 

The isoxazolone (12, X: Me) (83.3 mg, 0.22 
mmol) and triethylamine (0.3 mL) were refluxed in 
ethanol (10 mL) for 24 hours. The reaction mixture was 
left to cool to room tempreture and resulting precipitate 
was colleted to afford 1-(2-(4-methylphenylamino)-
imidazo [2,

 

1-b] benzothiazole-3-yl) propan-1-one as 
white needles (43 mg, 50%), mp 151-156 oC.

 
J=8.4Hz, 2H), 6.9 (d, J=8.4Hz, 2H), 7.3 (t, J=8.4Hz, 
1H), 7.5 (t,

 

J=8.4Hz, 1H),   7.7 (d, J=8.4Hz, 2H), 8.2 
(bs, 1H, NH). 

 
 

 
 

 

 

 

 

   

 
 

 

 
 

 

 

 

 

IV. Conclusion

 

In conclusion we have shown that a variety of N-
substituted isoxazolones 14, rearranged with 
Triethylamine

 

to give imidazo [2,

 

1-b] benzothiazole.

 

 

We thanks Islamic Azad University branch of 
Piranshahr for financial support.
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Synthesis, Characterization, Antibacterial, and Extraction 
Studies of Dioxouranium (Uo22+) Ofn, N'-[(4, 4'-Biphenyl Bis 
(Methylidene))] Di Nicotinic Hydrazine            

By Hamid Hussein Eissa 
University of Hajah, Yemen      

Abstract-  New Hydrazonic Schiff base was synthesized by reaction Nicotinic hydrazidewith Biphenyl-4,4'-
Dicarbal-dehydehave been characterized by elemental analyses IR, massand1H-NMR spectral data 
Hydrazoic Schiff base have been studied by liquid-liquid extraction towards the metal ion Uo(II) from 
aqueous phase to organic phase. behave as a good extractant ligand for uranyl ions Uo(II) from aqueous 
solution, and the study of conditions of extraction shows that the optimum pH values for extraction was 
(pH= 5.2), so the suitable concentration of Uo(II) ions in aqueous solution which is giving highest 
distribution ratio (D) was (1x10-4M), in addition the optimum shaking time to reach the equilibria was (60 
min.), as well as the stoichiometric study by using three methods shows the structure of Uo(II) ions 
complex with ligand was 1 : 1 (metal : ligand), in addition the study of organic solvent effect appear there 
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Synthesis, Characterization, Antibacterial, and 
Extraction Studies of Dioxouranium (Uo22+) 
Ofn, N'-[(4, 4'-Biphenyl Bis (Methylidene))] Di 

Nicotinic Hydrazine 
Hamid Hussein Eissa 

Abstract- New Hydrazonic Schiff base was synthesized by 
reaction Nicotinic hydrazidewith Biphenyl-4,4'-Dicarbal- 
dehydehave been characterized by elemental analyses IR, 
massand1H-NMR spectral data.Hydrazoic Schiff base have 
been studied by liquid-liquid extraction towards the metal ion 
Uo(II) from aqueous phase to organic phase. behave as a 
good extractant ligand for uranyl ions Uo(II) from aqueous 
solution, and the study of conditions of extraction shows that 
the optimum pH values for extraction was (pH= 5.2), so the 
suitable concentration of Uo(II)  ions in aqueous solution which 
is giving highest distribution ratio (D) was (1x10-4M), in addition 
the optimum shaking time to reach the equilibria was (60 
min.), as well as the stoichiometric study by using three 
methods shows the structure of Uo(II)  ions complex with 
ligand was 1 : 1 (metal : ligand), in addition the study of 
organic solvent effect appear there is no straight line relation 
between the distribution ratio for extraction of Uo(II)  ions and 
dielectric constant for organic solvents but this study 
demonstrate there is an effect for the structure of organic 
solvent used, thermodynamic study shows the complexation 
reaction an endothermic.The new Schiff Bases was studied for 
antibacterial activities against (Bacillus subtilis and 
Staphylococcus aureus) are Gram positive and (Salmonella 
typhi and Escherichia coli) are Gram negative. The compound 
ligand was exhibited a variable activity of inhibition on the 
growth of the bacteria. 
Keywords: nicotinic hydrazide, liquid-liquid extraction, 
uranyl ions, stoichiometric, thermodynamic. 

 

chiff bases are widely studied and used in the 
fields of organic synthesis and metal ion 
complexation [1, 2] for a number of reasons: their 

physiological and pharmacological activities [3-5] their 
use in ion selective electrodes [6-11] in the 
determination of heavy metals ions in environmental 
samples [12] and in the extraction of metals ions [13,14] 
and their many catalytic applications (e.g. for 
epoxidation of olefins, alkene cyclopropanation [15,16] 
trimethylsily-lcyanation of ketones [17] asymmetric 
oxidation of methyl phenyl sulfide enantioselective-
epoxidation of silylenol [18] and ring- opening  Polymeri- 
 
Author: Assistant Professor in Physical organic Chemistry - Chemistry 
Department, Applied College Sciences, University of Hajah, Yemen.  
e-mail: Hamedesia2003@yahoo.com 

zation of lactide [19]. Hydrazones are special group of 
compounds in the Schiff bases family. They are 
characterized by the presence of (C=N-N=C). the 
presence of two inter-linked nitrogen atoms was 
separated from imines, oximes, etc. hydrazone Schiff 
bases of acyl, aroyl and heteroacroylcompounds have 
additional donor sites like C=O. The additional donor 
sites make them more flexible and versatile. This 
versatility has made hydrazones good polydentate 
chelating agents that can form a variety of complexes 
with various transition and inner transition metals and 
have attracted the attention of many researchers. 
Various hydrazones are obtained depending on the 
experimental conditions; which have application as 
biologically active compounds [20] and as analytical 
reagents [21]. As biologically active compounds, 
hydrazones find applications in the treatment of 
diseases such asanti-tumor [22] tuberculosis [22] 
leprosy and mental disorder [23]. Tuberculostatic 
activity is attributed to the formation of stable chelates 
with transition metals present in the cell. Thus many vital 
enzymatic reactions catalyzed by these transition metals 
cannot take place in the presence of hydrazones 
[24,25]. Hydrazones also act as herbicides, insecticides, 
nematocides, rodenticides and plant growth regulators. 

Uranium exists in various concentrations in all 
parts of the environment, in certain types of rockse.g. 
Some types of granites, and various mineral deposits. 
There are also some artificial contributions of uranium to 
the environment e.g. from mineral exploration, 
emissions from the nuclear industry, the combustion of 
coal and other fuels, and the use of phosphate fertilizers 
that contain uranium.[26].1 Natural uranium is one of the 
elements that can be transferred to the plants or 
accumulated under the influence of microbial processes 
including oxidoreduction, production of complexing 
compounds, and biosorption. In this way, plants and 
fungi are directly involved in the absorption, 
accumulation of major and trace elements including 
radionuclides. In natural and also in disturbed 
environments, accumulation of uranium has been 
observed in plants, mushrooms and fungal mycelium. 
[27] The contents have been observed in mycelia by 
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coupling the microscopic and spectrometric methods. 
The complex compounds formed between uranyl ions 
and different complexing agents are of great interest 
due to their possibilities to be applied in extraction of 
metallic ions from ores, extraction of uranium from 
solutions of low concentration treatment of the 
radioactive waters and in environmental chemistry. It is 
known the fact that the uranylions have a big 
complexing capacity in the presence of different organic 
and inorganic compounds. Behavior of uranium in 
solution is very interesting. Usually, uranium is found in 
form of uranyl ions very stable in both solution and solid 
state. From the structural point of view, the uranyl ions 
has in its center the uranium atom with the oxidation 
state (VI), and the two atoms of oxygen form two double 
bonds O=U=O with an angle of 180º between them 
(linear, stable structure), fact demonstrated by Duval 
[28] and Frankuchen [29] (in his studies over the uranyl 
and sodium acetate). The ligands coordinate 
equatorially to the uranium atom and in a perpendicular 
plane on the plane of the O=U=O bonds, coordination 
numbers being between 4 and 7 depending on the 
chemical surrounding.[30-32] The Schiff bases are 
chelating agents used to get different complexes with 
transitional metals. They form complexes compounds 
with different metallic ions in the 1/1 ratio form 3 very 
stable chelate cycles. Taking into account the high 
capacity of the Schiff bases to coordinate metallic ions, 
these are the intensively utilized as complexing agents 
to extract some. Metals from various media. The uranyl 
ions form complex compounds with numerous Schiff 
bases showing a strong affinity for ligands with oxygen 
and nitrogen-bearing ligands, a series of such 
complexes being already studied. [33-36]. 

 
Reagents and Apparatus 

All the chemicals used were of AnalaR grade 
and procured from Sigma-Aldrich and Fluka. Metal salts 
were purchased from E. Merck and were used as 
received. Distilled water was used in the extraction 
experiments. The solvents were saturated with each 
other before use in order to prevent volume changes of 
the phases during extraction. The C, H, and N were 

analyzed on a Carlo-Erba 1106 elemental analyzer. The 
IR spectrum was recorded on Jusco 300 instrument in 
KBr pellets. 1-H NMR spectra of ligands in CDCl3 
solution were recorded on a Bruker DT-400 MHz 
spectrometer, and chemical shifts are indicated in ppm 
relative to tetra methyl silane. Mass spectra were 
recorded using a KRATOS MS50TC spectrometer. 

AA 929 Unicam Spectrometer was used for 
FAAS measurements with an air-acetylene flame. A pH 
meter (Metrohm–691pH Meter) was also used. All 
extraction experiments were performed by using a 
mechanical flask agitator in 50 cm3  stoppered glass 
flasks, M.P Apparatus Digital  (32-300 0C).The thermo 
gravimetric analysis (TGA) was carried out in a dynamic 
nitrogen atmosphere (20 mL.min−1), with a heating rate 
of 10 ◦C min−1 using Shimadzu TGA-50H thermal 
analyzers. 

Synthesis of N,N'-[(4,4'-biphenyl bis (methylidene))] di 
nicotinic hydrazide 

The hot ethanolic solution (30mL), of 4, 4'-
biphenyl aldehyde (1 mmol, 0.210 g), and a hot 
ethanolic solution (30mL), of nicotinic hydrazide (2mmol, 
0.274 g), were mixed slowly with constant stirring. 
Containing a few drops of concentrated HCl. The 
reaction mixture was heated to reflux for 4hrs, where 
white precipitate was formed scheme (1). The solid 
obtained was collected and recrystallized from mixture 
DMF, EtOH (9: 1) as white crystals. A yellow colored 
precipitate was washed with water, ethanol, CHCl3 and 
diethyl ether, respectively, and dried under vacuum over 
P2O5. 

White; Yield: (80 %), m. p= 285 0C, Empirical 
formula (C26H20N6O2), M. Wt:  (448 g) 

Mass spectrum (m/z): 448. (Figure 1). 

UV-Vis: ʎmax = 360 nm. . (Figure 4). 

IR (KBr disk): 3248.13 cm-1 (N-H), 3062.96 cm-

1(C-H), aromatic, 1651.07 cm-1 (C=O), 1600.92 cm-1 

(C=N). (Figure 2). 
1H-NMR (CDCl3-400MHz) δ =12.0957(s, 2H, 

CO-NH-), 9.093 (s, 2H, CH=N), 7.591 - 8.979 (m,16H, 
Ar), 2.508 -2.677(DMSO,H2O). (Figure 3). 
 

+
Ethanol 

Ref lux
2 CHO

Molecular Weight: 210.23

HCHC

NNHN NH

CCO O

NN

NH2

NH
C

O

N

Molecular Weight: 137.14 Molecular Weight: 448.

OHC

Scheme (1)                  (I) 

Procedure of Extraction 
The extraction properties of the Schiff base 

ligand (I) was investigated under liquid–liquid phase and 
neutral condition using transition metal picrates Uo (II) 

as substrates and measuring by UV–vis measurements 
the amounts of metal picrate in the aqueous phase 
before and after treatment with the compounds. About 
10 mm of 2×10-5 M aqueous picrate solution and 10
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mm of 1×10-3 M solution of ligand in CHCl3, CH2Cl2, 
C6H6 were vigorously agitated in a stoppered plastic 
tube with a mechanical shaker for 2 min, then 
magnetically stirred in a thermo stated water bath at 25 
0C for 1 h, and finally left standing for an additional 30 
min. The concentration of the picrate ion remaining in 
the aqueous phase was then determined spectrophoto-
metrically. Blank experiments showed that no picrate 
extraction occurred in the absence of ligand. Transition 
metal picrate were prepared by successive addition of 
1×10-2 M metal nitrate solution to 2×10-5M aqueous 
picric acid solution and shaken at 25 0C for 1 h.This 
metal picrate Uo(II) was measured by UV–vis using 
maximum wavelength 352 nm. For  each combination of 
host and metal picrate, the picrate extraction was 
conducted on three different samples and the average 
value   of  percent  picrate  extracted,  with  a  standard  
deviation,  was  calculated. In the absence of host, a 
blank experiment, no metal ion picrate extraction was 
detected. The extractability was calculated by using the 
equation below: 

Extractability (%) =�A0−A
A0

�  x 100 

Where A0
 is the absorbance in the absence of 

ligand. A denotes the absorbance in the aqueous phase 
after extraction. [37]. 

Biological Activity 
The prepared compounds were tested for their 

antimicrobial activity against four speices of bacteria 
(Bacillus subtilis, Escherichia coli , Staphylococcus 

aureus, Salmonella typhi) using filter paper disc method 
[38]The screened compounds were dissolved 
individually in DMSO (dimethyl sulfoxide) in order to 
make up a solution of 50, 100, and 200 μg/ml 
concentration for each of these compounds. Filter paper 
discs (Whitman No.1 filter paper,

 
5mm diameter) were 

saturated with the solution of these compounds. The 
discs were placed on the surface of solidified Nutrient 
agar dishes seeded by the tested bacteria. The 
diameters of inhibition zones

 
(mm) were measured at 

the end of an incubation period, which was 24 h at 37C 
for bacteria. Discs saturated with DMSO are used as 
solvent control. Ciprofloxacin 100 μg/ml was used as 
reference substance for bacteria.

 
[38].

 

 

 

The prepared organic compound (I) was 
synthesized by the condensation of4,4'-biphenyl 
aldehyde with nicotinic  hydrazide in the molar ratio 1:2  
in absolute ethanol . The reaction proceeded smoothly, 
producing the corresponding Schiff bases in good yield. 
The ligand is soluble in common organic solvent but 
insoluble in water. The structures of the ligand was 
elucidated by elemental analyses, MS, FTIR, electronic 
absorption, and 1-H-

 
NMR spectra, which help in 

elucidating their empirical formula
 
(Table 3.1).

 

Elemental analyses of Schiff
 

base
 

The
 
results of elemental analyses Schiff base, 

as shown in Table (3.2), are in good agreement with 
those required by the proposed formulae

 

Table 3.1 :
 
Color, molecular weight and melting point of

 
Schiff base (I)

 
Schiff 

 
base

 
Color

 
M.

 
Wt

 
Melting point 0C

 
ʎmax  nm

 
Yield

 
%

 
Crystallization

 
Solvent

 
I
 

White
 

448
 

285
 

360
 

80
 

DMF , EtOH
 

Table 3.2 :
 
Elemental analysis data of  Schiff base (I)

 
Elemental analysis  Calculated   (Found % )  Schiff base O

 
S N H

 
C

 
6.99 (7.14) -------- 19.11 (18.74) 4.56 (4.49) 69.34 (69.63) I 

IR Spectra
 

The IR Spectraldata are shown in table (3.3) of 
the prepared Schiff base. The band at 1600.92 cm-1is 
attributed to imine group (-HC=N-) for (I) (Fig 2). The 
band in the spectra at 1579.8 -

 
1420.4cm-1is due to 

(C=C) of aromatic rings. while the band at 2858.5-
2933.5cm-1

 
are attributed to (C-H alkanes) for (I) .Also, 

 

the band at 3062.96cm-1 are attributed to (C-H ar) .While 
the band at 3248.13cm-1 are attributed to (N-H), and the 
band at 1651.07cm-1 are attributed to (C=O). However, 
in the IR spectra of Schiff bases this band (C=O) 
disappears and a new vibration band for azo methane   

(-HC=N-) is observed at 1600.92 cm-1, indicating that 
complete condensation takes place. . [39-40]. 

Table 3.3 :
 
IR spectral data (cm-1) of Schiff base (I) 

v(N-H) v(C-H) arom v(C-H)
 
aliph v(C=O) v(HC=N) v(C=C) Schiff base

 
3248.13

 
3062.96

 
2858.5-2933.5

 
1651.07

 
1600.92 1579.8 -

 
1420.4

 
I 
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1-H-NMR Spectra of   Schiff base (I) 
The data of 1-H-NMR Spectra of prepared Schiff 

base is shown in table (3.4). The 1-HNMR spectra of (I)  
ligand in d6-DMSO (Fig 3) shows a singlet signal at 
9.093ppm assigned to the protons (HC=N-) groups of 
the ligand, while the singlet signal at 12.0957 ppm 
assigned to the protons (CO-NH) group of the ligand (I). 
The multiple signals 8.979 - 7.591 ppm are due to the 

aromatic protons. The other obtained values for 1-H-
NMR chemical shifts of the compound is given in the 
experimental section. 

The 1-HNMR spectral data of the new 
compound. These data are in good agreement with 
those previously reported for similar compound.  These 
results strongly suggest that the proposed compound 
has been formed. [39-40]. 

Table 3.4 : 1-H-NMR Spectra of  Schiff bases (I) 

Chemical Shifts      δ  ppm  
 Schiff base -CO-NH- CH=N C-H aromatic 

12.0957 (s,2H) 9.093 (s,2H) 8.979 - 7.591 (m,16H) I 

Results and Discussion 

The complexation reaction between the ligand 
(I) and Uo(II) ion to produce the ion pair complex have 
to extracted to the organic phase, this complexation 
reaction of necessity behave among many optimum 
condition to reach equilibria and giving stable ionpair 
complex . 

Effect of pH 

Extracted of 10 ml of Uo(II)  ion in aqueous 
phase at different pH (3 –12) by using (10 ml) of (1×10-4 

M) ligands dissolved in chloroform, after that shaking 
the two layers for suitable time and separate this two 
layers and determined the remainder of Uo (II) ion in 
aqueous phase and Uo (II) ion transfer to the organic 

phase as complex by stripping method or by difference 
method according to general procedure, afterward 
determine the distribution ratio (D) and percentage of 
extraction (Eex%) at each pH, the results in Table (3.5), 
and Fig. (5) Shows

 

the optimum of pH

 

extraction was 
(pHex

 

= 5.2). At pH less than optimum value effect to 
protonated  ligand to occupy the pair of electron and 
then can't coordinate strongly with Uo

 

(II) ion and give 
less stable ion pair complex and minimize the 
distribution ratio (D) and percentage of extraction (Eex%), 
also atpH values more than optimum value effect to 
decrease distribution ratio (D) and percentage 
ofextraction (Eex%) by reason of formation ion pair 
complex contain anion (OH ) this complex more soluble 
in aqueous phase and less extracted to organic phase 
and sovereignty the dissociation equilibria.

 

Figure 5 : pH effect on the extraction of Uo (II)  ion 
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Effect of Shaking Time 
Extraction of Uo (II) ion from (10 ml) aqueous 

phase at (pH =5.2) by using (10 ml) of organic phase of 
(1×10-4 M) ligand dissolved in chloroform, after shaking 
the two phases at different times, separate the two 
phases and determine the concentration of Uo (II) ion 
remainder in aqueous phase and the concentration of 
Uo(II) ion transfer to organic phase as ion pair complex 
by previous spectrophotometric method and then 
determine distribution ratio (D) and percentage of 

extraction (Eex%). The results in Table (3.6) and Fig. (6) 
demonstrate that the optimum shaking time was (60 
min.) to reach the

 
equlibria of complexation reaction and 

giving higher distribution ratio (D), the shaking time less 
than optimum shaking time not allow to reach for 
equilibria and giving low distribution ratio (D), but at 
shaking time more than optimum time effect to favor

 
the 

dissociation step on the complexation and minimize the 
distribution ratio (D) depend on the kinetic energy of 
reaction. 

 

Table 3.6 : Effect of shaking time on extraction of Uo (II)ion 

UO+2 Shaking Time 
E% D Log D 

52.11 1.088 0.037 10 
61.14 1.573 0.197 20 
72.32 2.613 0.417 30 
84.64 5.15 0.712 40 
88.29 7.547 0.878 50 
95.41 20.79 1.318 60 
90.90 9.99 0.999 70 
85.69 5.99 0.777 80 

77.42 3.429 0.535 90 

68.92 2.205 0.343 100 

54.89 1.217 0.085 110 

51.69 1.070 0.029 120 
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Table 3.5 : Effect of pH on the extraction of Uo (II) ion

UO(II)
pH E%Dlog D

64.11.7860.2523
82.94.8480.6864.1
96.830.251.4815.2
78.94.8480.6866.1
62.12.1350.3297
46.40.866-0.0638.1
31.60.462-0.3359.2
19.60.244-0.61310.3

00011.1

b)

X
IV

X
 I
ss
ue

  
  
 e

rs
io
n 

I
V

II



Figure 6 : Effect of shaking time on the extraction of Uo (II)  ion 

Stoichiometry by Slope Analysis Method 
To knowing the more probable structure of Uo 

(II) ion pair complex produced, extracted (1×10-4  M) Uo 
(II) ion from (10 ml) aqueous phase at (pH= 5.2) by 
using (10 ml) of ligand solution dissolved in chloroform 
at different concentration (2 x10-5M –3×10-4

 M), after 
shaking the two layer for (60 min.), separate these layers 
and determine the remainder quantity of Uo (II) ion in 

aqueous phase and transfer quantity of Uo (II) ion to 
organic phase as complex, after that determine 
distribution ratio (D) and percentage of extraction (Eex%) 
by previous method (spectrophotometric method). 
Afterward plot log D against log [Ligand]. The results in 
Table (3.7) and Fig. (7) shows from the slope of straight 
line that the more probable structure of ion pair complex 
extracted was 1: 1(metal : ligand).  

Table 3.7
 
:
 
Slope analysis method for extraction of Uo

 
(II) ion

 

Uo(II)
 

Log [L]
 

sl
op

e 

E%
 

D
 

1.
35

2 

38.98
 

0.639
 

-4.698
 

58.11
 

1.387
 

-4.522
 

65.89
 

1.932
 

-4.397
 

74.43
 

2.911
 

-4.301
 

85.93
 

6.109
 

-4.097
 

94.89
 

18.58
 

-4
 

94.75
 

18.03
 

-3.698
 

94.70
 

17.87
 

-3.522
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Figure 7  : Slope analysis method for extraction of Uo (II) ion 
Organic Solvent Effect

 Solvent extraction method take care of orgain 
extraction method; according to this concept extracted 
(1×10-4

 
M) Uo

 
(II) ion in (10 ml) aqueous phase at (pH= 

5.2) by (10 ml) organic phase contain ligand dissolved 
in different organic solvents at concentration of (1×10-

4M), after shaking for (60 min) separate the two layers 
and determine the remainder Uo

 
(II)ion in aqueous 

phase and Uo
 
(II) ion transfer to organic phase as Uo

 
(II) 

complex, according to previous method, afterward 
calculate the distribution ratio (D) and percentage of 

extraction (Eex%). The results in Table (3.8) shows there 
is not any linear relation between distribution ratio (D) 
and dielectric for organic solvents used in extraction 
method of Uo (II) ion, Fig(8) as well as this results reflect 
the effect of organic solvent structure on the extraction 
method and without any effect for polarity of organic 
solvent, and reflect the effect on ion pair complex 
extracted to be contact ion pair (tight ion pair) or 
solvennic solvent used t separated ion pair (loose ion 
pair). 

Table 3.8
 
:
 
Organic solvents effect on the extraction of Uo

 
(II) ion

 
Uo(II)

  Ɛ
 

 Solvents
 

E %
 

D
 83.9

 
5.211

 
9.08

 
Dichloro methane

 95.8
 

22.81
 

5.708
 

Chloroform
 63.9

 
1.770

 
2.804

 
Benzene

 

Figure
 
8
 
:
 
Effect of solvents organic on the extraction of Uo

 
(II)  ion

 

y = 1.327x + 6.172
R² = 0.890
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Table 3.9
 
:
 
Temperature effect on the extraction of Uo

 
(II)  ion

 
Uo(II)

 1/Tx10-3

 
K0

 
T.K0

 
T.C0

 E %
 

D
 

Log D
 71.02

 
2.45

 
0.389
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1.391
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313
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40
 

 

Figure 9  : Temperature effect on the extraction of Uo (II) 
ion 

After calculated the thermodynamic data for 
extraction method to Uo (II) ion by using the below 
relation: 
Using the below relation: 

𝐊𝐊𝐞𝐞𝐞𝐞 =
𝐃𝐃

[𝐌𝐌𝐧𝐧+]𝐚𝐚𝐚𝐚[𝐋𝐋]𝐨𝐨𝐨𝐨𝐨𝐨
         (𝟒𝟒.𝟏𝟏) 

Plot log Kex against 1/T ºK and determine the 
slope of the straight line relation, calculate ΔHex as in the 
relation: 

∆ log Kex
∆1
T

=
−∆H

2.303 R 
(4.2) 

Slope =
−∆H

2.303 R
                           (4.3) 

∆Gext = -RT lnKext                   (4.4) 

(4.5)∆Gext =∆Hext -T∆Sext 
After application of these relation, found the 

value of enthalpy for  extraction of Uo(II) ion was (ΔHex = 
108.76 kJmol-1) and Gibbs free energy was (ΔGex = -
61.06kJmol-1), as well as the entropy was (ΔSex = 
542.56J mol-1) these results shows from the value of 
ΔHex the ion pair complex structure was 1 : 1  which is 
giving low value for ΔHex, but the high value for ΔSex 
reflect that complexation reaction was entropic in region 
[39]from other hand the endothermic reaction shows 
good association between Uo (II) ion and ligand and 
may be produce contact ion pair (Tight ion pair). 

Table  3.10 : Thermodynamic parameters of Ligand from extraction of Uo (II)ion 

∆Hext 
kjmol-1 

∆Gext 
kjmol-1 

∆Sext 
jK-1mol-1 Kext Cation 

108.76 -61.06 542.56 15.5 x 109 Uo(II) 

 

During the last two or three decades, attention 
has been increasingly paid to the synthesis of Schiff 
bases which exhibits various biological activities 
including antibacterial, fungicidal, tuberculostatic and 
plant growth regulative properties [41]. It was judicious 

to investigate the synthesis of various new types of 
Schiff

 
base and studied their antibacterial activity 

against four strains of bacteria
 

(Bacillus subtilis, 
Escherichia coli, Staphylococcus aureus, Salmonella 
typhi). The concentrations used

 
for the screened 

compounds are 50, 100, and 200 μg/ml. Ciprofloxacin 
was used as reference standard while DMSO as control 

R² = 0.99
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Extraction of Uo(II)   ion in (10 ml) aqueous 
phase at (pH = 5.2) by using (10 ml) of (1×10-4 M) 
ligand dissolved in chloroform at different temperature 
(10 – 40ºC), after shaking the two layers for optimum 
time and separate the two layers, determine distribution 

ratio (D) according to the general procedure. The results 
in Table (3.9) and Fig. (9) illustrate the complexation 
reaction between ligand  and Uo(II)   ion was 
Endothermic reaction, that is mean the coordination 
association between ligand and Uo (II) ion increase with 
temperature increasing.



and inhibition zones are measured in mm. The new 
compounds were tested against one strain each of a 
gram positive and two gram negative. The test results 
presence in Table (3.11), a new compound was active 
against tested and another compounds are no active.  

All compounds are no active where used 50, 
100 μg/ml but active in the concentrations 200 μg/ml 
see table (3.4). 

Table 3.11 : Effect of new azo Schiff bases on the growth of tested bacteria (conc.200 μg/ml) 

 
 

Shiff base 

Bacteria 

Gram negative Gram positive 

B. subtilis S. aureus E.coli S. typhi 

I 20     mm 18     mm 17      mm 19       mm 

Control 00    mm 00   mm 00    mm 00    mm 

Ciprofloxacin 20    mm 20    mm 20    mm 20     mm 

Figure 9
 
:   Antibacterial activity (Gram positive, negative) of synthesized compounds
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VI. Conclusion

1. The (I) compound is new and was prepared for the 
first time.

2. The new compound was identified by 1HNMR, IR, 
LC-MS spectral methods.

3. The compound showed a high draw ratio of copper 
ion at pH = 5.2 and the best organic stores is 
chloroform and that there is no linear relationship 
between the polarity of the shops and the 
distribution ratio (D).

4. That shaking a time more than a time best, which 
represents the time required to complete the 
process complexity and give a complex stable lead 
to lower values ratios distribution D and this would 
lead to the possibility of a reflection of interaction 
and increase the speed of interaction back and 
eventually dismantle the complex and perhaps a 
few Side reactions that may lead to the occurrence 
of the phenomenon of the three layers (Three layers) 
for the analysis of solutions and this is what requires 
us to comply with a time of shaking out the best.

5. That the rate of ion correlation between copper and 
composite studied by Molar (cation: connected 
(1:1) between the ligand and the cation.

6. Calculated some parameters associated with 
extraction, such as constant extraction as well as 
parameters thermodynamic namely, enthalpy 
change(ΔH*),entropy change (ΔS*), and Gibbs free 
energy change (ΔG*).

7. proven data study the effect of different 
temperatures on the recovery operations that the 
formation of complexes between ligand and cation 
studied endothermic (Endothermic) , as indicated 
negative values of energy free to spontaneous 
reactions, as also indicated positive values of 
entropy system that many random.

8. The prepared compound has been biologically 
screened i.e. studying their effects against two 
gram-positive, two gram-negative bacteria. The 
results show that their activities were found to vary 
from moderate to very strong.

The authors are grateful to the Department of 
Chemistry, Faculty of Science, University of Damascus, 
Damascus, Syria for supporting of this paper.
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Figure 1 : MS spectra of ligand (I) 

Figure 2 : IR spectra of ligand (I) 
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Figure 3 : 1-H-NMR spectra of ligand (I)
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 In addition to above, if one is single author, then entitled to 40% discount on publishing 
research paper and can get 10%discount if one is co-author or main author among group of 
authors.

 The Fellow can organize symposium/seminar/conference on behalf of Global Journals 
Incorporation (USA) and he/she can also attend the same organized by other institutes on 
behalf of Global Journals.

 The Fellow can become member of Editorial Board Member after completing 3yrs.
 The Fellow can earn 60% of sales proceeds from the sale of reference/review 
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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 GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
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) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) 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'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• 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 

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

IX



 

 
 

 
 

 

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. 

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

XI



 

 
 

 
 

 

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 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 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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• 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. 

• 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. 

• 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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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. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I 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.

 

 

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

 

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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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. 
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. 

 

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. 

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, I 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                    

29.
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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. 

 
 

 

 

 

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 

                                                                                               

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

                   

XVIII



 

 

 

 

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 
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. 

 

 

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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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. 
If 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:  

It 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. 

 

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. 
As always, 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 
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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 
As forever, 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  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If 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  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure 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.  

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. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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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. 

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. 

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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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

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 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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