10th Issue
Des 2018

:Masterful scientific journal, Issued half-yearly by
Faculty of Arts and Sciences- Masallata

The Issue Des 2018

To publish researches and academic studies that
intended to edit current social issues in all scientific
disciplines. The call is general to contribute to
.researchers from all over the country


 هَـذَا بَالَغٌ لِّلنَّاسِ وَلِيُنذَرُواْ بِهِ وَلِيَعْلَمُواْ أَنَّمَا هُوَ إِلَـهٌ

وَاحِدٌ وَلِيَذَّكَّزَ أُوْلُواْ األَلْبَاب 


سورة إبراهيم ،اآلية{}52
The Issue Des 2018

Advisory committee
Dr.Naseraldeen Bashir ALaraby
President
Dr.Mustafa Abdalsalam Almabrad
Member
Dr. Mohammed Mansor Emhamed
Member
Dr.Abdalnaser Mohammed Alfaitory
Member
Dr.Abdalnaser ALmabrook Salem
Member
Dr.Yousif Meftah Taleb
Member
Directed
Mr.Yuones Abobaker Abdusamad
y.onesabob@gmail.com

The Issue Des 2018

Editors
Dr.Mohamoud AL-aref Qashqash
Head editor
Dr.Adel Daw Elwerfaly
Member
Dr.Salem Muftah Abo-Algasem Member

Rules and Criteria for publication in the Journal
Editors are very stick on using the best scientific style that is used in the writing researches and
publishing studies in order to help readers and researchers, we hope that all the publishers and
researchers should follow the coming rules and criteria.
1- The researcher should submit written confirmation to show that his research never been published
before and will not be handled for publication in any other magazine.
2- The research or study should be in the subject matter of the journal domain.
3- The research should be linguistically corrected and free from any printing mistakes before
submitting it to the journal.

4- The research will be displayed to the editors written by Arabic or English language attached with
abstract not more than (300) word beside a copy on CD.
5- The researcher is committed to follow the scientific method used in writing sources, references,
and quotation (according to the well known schools)
6- The graphs and maps attached to the research should be drawn or taken clearly, so that can be
published on the same written space on the page. The photography pictures must not be more than
ten, and the researcher must take in his account accuracy and clarity.
7- Preferably, pages should not be more than (25) pages including: tables, drawings, maps and
images.
8- Printing should be on (A4) paper, font type (Simplified Arabic) size (14) for the researches written
in Arabic language. Footnote size (10), font type (Times New Roman) for the researches written in
English language.
9- Verses of Quran should be written between brackets according to the computer graphics .In
addition, Sonna and line of verses must be well punctuated.

The Issue Des 2018

10- The title page of the research must include: the name of the researcher or researchers, academic
degree, place of work, country and email.
11- The editors will notify the research authors about the permission of their research for
publication, after displayed their research to the panel, whom were chosen secretly with secret
number by editors. Panel recommendation must be implemented.
12- Researches published in the journal will be owned to the journal after its submission and it will
not be handled again to their authors if it's published or not.
13- The research published in the journal expresses authors' opinion.
The authors also will be responsible for their research morally and legally and not the journal.
14- The authors of the research and studies are entitled to a paper version for their researches with a
CD by the number of the journal that publishes their research and studies.
15- Arabic is the main language of the journal. The researches written with foreign languages
accepted with abstract written in Arabic language.

Editors

INDEX

1

Search Title
Some Inclusion Relationships For Certain Subclasses Of Functions
Associated With The Linear Fractional Differential Operator.

Page
1

2

APPLICTION GEORADR IN ARCAEOLOGICAL SITE INVESTIGATIONS.

13

3

Characterizations Of Semi-Normal Spaces.

31

4

Electrode position Of Copper In Presence Of Thiosemicarbazide
Derivatives.

35

Medical rhetoric: A contrastive study of English research article

5

abstracts written by native speakers of English in an internal
journal and by Libyan academics in a Libyan national journal.

60

The Issue Des 2018

S.N

SOME INCLUSION RELATIONSHIPS FOR CERTAIN
SUBCLASSES OF FUNCTIONS ASSOCIATED WITH THE
LINEAR FRACTIONAL DIFFERENTIAL OPERATOR
Aisha Ahmed Amer1 and Samah Khairi Ajaib2

Keywords: Unit disk, Analytic functions,

Derivative operator.

1 Introduction
Let A denote the class of all analytic functions in the open unit disk

U = {z  C :| z |< 1},
and Let H be the class of functions f in A given by the normalized power series



f (z ) = z  ak z k

(z  U) , (1)

k =2

where ak is a complex number.
For functions f given by (1) and


g  z  = z  bk z k , (z  U) ,
k =2

let  f * g  z

 denote the Hadamard product (convolution) of f  z  and g  z  , defined by

:

f



* g  z  = z  ak bk z k (z  U) .
k =2

1
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By using a linear fractional differential operator we introduce and investigate several
new subclasses of starlike, convex, close-to-convex, and quasi-convex functions. In
particular, we establish some inclusion relationships for each of these new classes.

Some Inclusion Relationships For Certain Subclasses Of Functions Associated With
The Linear Fractional Differential Operator

Abstract:

Let


(a )k 1 k
z , (z  U, c  0, 1, 2, 3,...),
n =0 (c ) k 1

 (a, c ; z ) = 

where (x ) k denotes the Pochhammer symbol (or the shifted factorial) defined by

1
for

(x ) k = 
x (x  1)(x  2)...(x  k  1)

k = 0,
for k  N = {1, 2,3,...}.

Carlson and Shaffer [2] introduced a linear operator L (a, c ) by
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L (a, c )f (z ) =  (a, c ; z )  f (z ).
Note that:

L (a, a ) is the identity operator,also

L (a, c ) = L (a, b )L (b , c ) (b , c  0, 1,...).

Definition 1.1

Let
k  (z ) =

z
,
(1  z ) 

where  is a real number.It easy to see that

(  )k 1 k
z , z  U.
k =2 (1) k 1


k  z  = z  
Thus

(k  * f )(z ), denotes the Hadamard product of k  with f that is

(  )k 1
ak z k , z  U.
k =2 (1) k 1


(k  * f )(z ) = z  

Definition 1.2



The fractional derivative of order
D z f (z ) =

1
d
(1   ) dz

2



z

0

(2)

is defined [4] for a function f by

f (t )
dt ,
(z  t )

0   < 1,

(3)

where f is an analytic function in a simply connected domain of the z-plane containing the
origin and the multiplicity of (z  t )



is removed by requiring log (z  t ) to be real when

z  t > 0.


Using D z f (z ) , Owa and Srivastava [5] introduced the operator  : A  A ,
which is known as an extension of fractional derivative and fractional integral, as follows:

  2,3, 4,

(k  1)(2   )
ak z k , z  U
( k  1   )
k =2


=z 

=  (2, 2   ; z )  f (z ).

Note that  f (z ) = f (z ).
0

Now ,by using Definition 1.1 and Definition 1.2 , for function f  H of the form (1) ,we
have

 (k  * f )(z ) = (2   )z  D z (k  * f )(z ),

  2,3, 4,

(  )k 1 (k  1)(2   )
ak z k , z  U. (4)
(1)

(
k

1


)
k =2
k 1


=z 

n ,
The linear fractional differential operator D  , : H  H is define as follow

D0,0, (k  * f )(z ) = (k  * f )(z )
D1,, (k  * f )(z ) = (1   ) (k  * f )(z )  z ( (k  * f )(z )) (5)

D

2,
 ,

(k  * f )(z ) = D

where

 ,

(D

1,
 ,

(0   < 1,  > 0)

(k  * f )(z ))

Dn,, (k  * f )(z ) = D, (Dn,1, (k  * f )(z )), n  N .
If f is given by(1), we then define a linear fractional differential operator

3
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 f (z ) = (2   )z  D z f (z ),
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D

n ,
 ,

n

 (  )k 1 (k  1)(2   )

(k  * f )(z ) = z   
(1   (k  1))  ak z k ,
( k  1   )
k =2  (1) k 1



where
(n  N 0 = N {0}).
When  = 0,  = 0, we get Al-Oboudi differential operator [6],when
 = 0,  = 0,  = 1, we get Salagean differential operator [7],when n = 1,  = 0,  = 0,
we get Owa  Srivastava fractional differential operator [5],and when  = 1, we get
the linear fractional differential operator [8].
A function f (z ) belonging to H is said to be starlike of order  in U if it satisfies
 zf (z ) 

(z  U),
>
 f (z ) 
for some  (0   < 1) .We denoted by S * ( ) the subclass of H consisting of all
functions f (z ) which are starlike of order  in U .
A function f (z ) belonging to H is said to be convex of order  in U if it satisfies
 zf (z ) 

 1 >  (z  U),
 f (z )

for some  (0   < 1) .We denoted by C * ( ) the subclass of H consisting of all
functions f (z ) which are convex of order  in U .
It is easy to observe from (6) and (7) that
f C * ( )  zf (z )  S * ( ).
We now define a subclass of close-to-convex functions of order  type  as
follows.
A function f (z ) belonging to H is said to be close to convex of order  type  in
U if it satisfies
 zf (z ) 
Re 
 >  (z  U),
 g (z ) 
for some  (0   < 1),  (0   < 1) and g (z ) C * ( ) .We denoted by K ( ,  ) the
subclass of H consisting of all functions f (z ) which are close to convex of order 
type  in U .
Similarly,a function f (z ) belonging to H is said to be quasi-convex in A if there
exists a convex function g with g (0) = 0, g (0) = 1 such that
 (zf (z )) 
Re 
 >  (z  U),
 g (z ) 
for some  (0   < 1),  (0   < 1) .We denoted the class of quasi-convex functions
by Q ( ,  ).
It follows easily from (9) and (10) that
f Q ( ,  )  zf (z )  K ( ,  ).

By using our linear fractional differential operator we introduce the following
4

(6)

(7)

(8)

(9)

(10)

(11)

subclasses of H .

Definition 1.3 Let f (z )  H . Then (k  * f )(z )  S n,, ( ) if and only if
Dn,, (k  * f )(z )  S * ( ).
Definition 1.4 Let f (z )  H . Then (k  * f )(z ) C n,, ( ) if and only if
Dn,, (k  * f )(z ) C * ( ).

Definition 1.6 Let f (z )  H . Then (k  * f )(z ) Qn,, ( ,  ) if and only if
Dn,, (k  * f )(z ) Q ( ,  ).
We note that

(k  * f )(z ) C n,, ( )  z (k  * f )(z )  S n,, ( ), (12)
n ,
n ,
and a similar relationship exists between the classes K  ,  ( ,  ) and Q  ,  ( ,  ).

In this paper we establish some inclusion relationships for the above- mentioned
function classes.
We recall first the following necessary lemma which is popularly known as the
Miller and Mocanu Lemma.

Lemma 1.7 (see Miller and Mocanu[3].)
Let u = u1  iu 2 and v = v 1  iv 2 and let  (u ,v ) be a complex-valued function such
that
 : D  C (D  C  C ),
C being (as usual) the complex plane.
Suppose also that the function  (u ,v ) satisfies each of the following conditions:
(i) (u ,v ) is continuous in D ;
(ii) (1, 0)  D and  (1, 0) > 0 ;
(iii)  (iu 2 ,v 1 )  0 for all (iu 2 ,v 1 )  D
p (z ) = 1  p1z  p 2 z 2  p3z 3  ...

is

a

and such that v 1   (1  u 2 ) .

function

2

2

analytic

in

U

such

If
that

( p (z ), zp (z ))  D for all z U.
If  ( p (z ), zp (z )) > 0,
(z U), then {p (z )} > 0 for z U.

Many other work on analytic functions related to derivative operator and integral
operator can be read in [9,10,11,12]. There are times, functions are associated with
linear operators and create new classes (see for example [13]). Many results are
considered with numerous properties are solved and obtained.
5
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Definition 1.5 Let f (z )  H . Then (k  * f )(z )  K n,, ( ,  ) if and only if

2 The main inclusion relationships
In this section, we give several inclusion relationships for function classes, which are
n ,
associated with the linear fractional differential operator D  ,  (k  * f )(z ).
Theorem 2.1 Let  > 0,   1   < 1. Then


S n,1, ( )  S n,, ( ).

(13)

Proof : To proof the Theorem 2.1 ,let (k  * f )(z )  S n,1, ( ) and set
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z (D n,, (k  * f )(z ))
D n,, (k  * f )(z )
where p (z ) = 1  p1z  p 2 z 2 
the definition of D

n 1,
 ,

=   (1   ) p (z ),

, is analytic in U and p (z )  0 for all z U. By

(k  * f )(z ), we get

Dn,1, (k  * f )(z ) = (1   )Dn,, (k  * f )(z )  z (Dn,, (k  * f )(z )),
D n,1, (k  * f )(z )
D n,, (k  * f )(z )

(14)

= 1   

(15)

z (D n,, (k  * f )(z ))
D n,, (k  * f )(z )

n 1,
1 D  ,  (k  * f )(z ) 1  
=
   (1   ) p (z ).
 D n,, (k  * f )(z )


(16)

By logarithmically differentiating both sides of the equation (16), we get
z (D n,1, (k  * f )(z )) z (D n,, (k  * f )(z ))
(1   )zp (z )
=

,
n 1,
n ,
1 
D  ,  (k  * f )(z )
D  , (k  * f )(z )
   (1   ) p (z )



and so
z (D n,1, (k  * f )(z ))

D

n 1,
 ,

(k  * f )(z )

=   (1   ) p (z ) 

1 



(1   )zp (z )
   (1   ) p (z )

.

Now we choose u = p (z ) = u1  iu 2 , and v = zp (z ) = v 1  iv 2 , and define the
function  (u ,v ) by
(1   )v
 (u ,v ) = (1   )u 
.
1 
   (1   )u

Now, it is easy to see that the function  (u ,v ) is continuous in
1 


D = (C \
)  C,
 1
and (1, 0)  D with ( (1,0)) > 0. To verify condition (iii), we calculate as
follows: for all (iu 2 ,v 1 )  D such that
v1  

we have
6

(1  u 22 )
,
2

(17)

n 1,
n ,
If 0   < 1,  > 0, Then C  , ( )  C  , ( ).

Proof : It suffices to show that
(k  * f )(z ) C n,1, ( )  Dn,, (k  * f )(z ) C * ( )
 z (Dn,1, (k  * f )(z ))  S * ( )
 Dn,1, (z (k  * f )(z ))  S * ( )

 z (k  * f )(z )  S n,1, ( )
 z (k  * f )(z )  S n,, ( )
 Dn,, (z (k  * f )(z ))  S * ( )
 z (Dn,, (k  * f )(z ))  S * ( )

 Dn,, (k  * f )(z ) C * ( )
 (k  * f )(z ) C n,, ( ),
which evidently proves Theorem 2.2.

Theorem 2.3

Let 0   < 1,  > 0, and 0   < 1, ,then

K n,1, ( ,  )  K n,, ( ,  ) (18)

Proof : We observe that (k  * f )(z )  K n,1, ( ,  ). Then, in view of the definition
n 1,
of the function class K  , ( ,  ), there exists a function q C * ( ) such that
n 1,
 z (D  , (k  * f )(z )) 
Re 
 >  (z  U).
q (z )



7
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(1   )v 1
{ (iu 2 ,v 1 )} =  

1 

   (1   )iu 2 
 

1 
(1   )(
  )v 1

=
1 
(
  ) 2  (1   ) 2 u 22

1 
(1   )(
  )(1  u 22 )


1 
2[(
  ) 2  (1   ) 2 u 22 ]

0 ,
 1
by the hypothesis
  < 1. Therefore  (u ,v ) satisfies the hypothesis of the

Miller-Mocanu Lemma.Consequently, we easily obtain the inclusion relationship 13.

n 1,
Choose the function (k  * g )(z ) such that q (z ) = D , (k  * g )(z )), so that we have

k  * g C

n 1,
 ,

 z (D n,1, (k  * f )(z )) 
( ) and Re 
 >  .
n 1,
 D  ,  (k  * g )(z ) 

We set

z (D n,, (k  * f )(z ))
D n,, (k  * g )(z )
where p (z ) = 1  p1z  p 2 z 2 

=   (1   ) p (z ),

(19)

, is analytic in U and p (z )  0 for all z U.

n 1,
By the definition of D  , (k  * f )(z ), we have
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z (D n,1, (k  * f )(z ))
D n,1, (k  * g )(z )

=

D n,1, (z (k  * f )(z ))
D n,1, (k  * g )(z )

(1   )D n,, z (k  * f )(z )   z (D n,, z (k  * f )(z ))
=
(1   )D n,, (k  * g )(z )   z (D n,, (k  * g )(z ))
(1   )D n,, z (k  * f )(z )
D n,, (k  * g )(z )



 z (D n,, z (k  * f )(z ))

D n,, (k  * g )(z )
 z (D n,, (k  * g (z )))
1 
D n,, (k  * g )(z )

=

.

n 1,
Since (k  * g )(z )  S  , ( ), by Theorem 2.1 we can put

z (D n,1, (k  * g )(z ))

=   (1   )G (z ),
D n,1, (k  * g )(z )
where
G (z ) = g 1 (x , y )  ig 2 (x , y ) and  G (z )  = g 1 (x , y ) > 0,
Then

z (D n,1, (k  * f )(z ))
D n,1, (k  * g )(z )

(1   )[   (1   ) p (z )] 
=

(z U).

 z (D n,, z (k  * f )(z ))
D n,, (k  * g )(z )

  (1   )G (z )  (1   )

.

(20)
We thus find from (19) that

z (Dn,, (k  * f )(z )) = Dn,, (k  * g )(z )[   (1   ) p (z )].
Upon differentiating both sides of (21) with respect to z , we get

z [z (D n,, (k  * f )(z ))]
D n,, (k  * g )(z )

= (1   )zp (z )  (   (1   ) p (z ))(  (1   )G (z )).
(22)

By substituting (22) into (20), we obtain
8

(21)

z (D n,1, (k  * f )(z ))



(1   )zp (z )
  = (1   ) p (z ) 
.
D
(k  * g )(z )
(1   )G (z )    (1   ) 

Taking u = p (z ) = u1  iu 2 , and v = zp (z ) = v 1  iv 2 ,
if we define the function  (u ,v ) by
(1   )v
(23)
 (u ,v ) = (1   )u 
.
(1   )G (z )    (1   )
Where (u ,v )  D = (C \ D * )  C,
and
   1
D * := {z : z  C and (G (z )) = g 1 (x , y ) 
}
1 
It is not difficult to see that  (u ,v ) satisfies the conditions (i) and (ii) of Lemma 1.7 .
To verify condition (iii), we proceed as follows:
(1   )v 1
{ (iu 2 ,v 1 )} = (
)
(1   )G (z )    (1   )
(1   )[(1   ) g 1 (x , y )    1   ]v 1
=
[(1   ) g 1 (x , y )    1   ]2  [(1   ) g 2 (x , y )]2

< 0,
which shows that  (u ,v ) satisfies the hypotheses of the Miller and Mocanu Lemma.
Thus, in light of (19), we easily deduce the inclusion relationship (18).
Theorem 2.4 : Let 0   < 1,  > 0, and 0   < 1, then

Qn,1, ( ,  )  Qn,, ( ,  )

Proof : Just as we derived Theorem 2.2 as a consequence of Theorem 2.1 by using
the equivalence (8), we can also prove Theorem 2.4 by using Theorem 2.3 in
conjunction with the equivalence (11).

3 A set of integral-preserving properties:
In this section, we present several integral-preserving properties of the function
classes introduced here. We first recall a familiar integral operator J c defined by
J c (k  * f )(z ) :=

c

z

t

c

(k  * f )(t ),
z
which satisfies the following relationship:
c 1

0

(c > 0, k  * f  H ).

cDn,, (k  * f )(z ) = (c  1)Dn,, J c (k  * f )(z )  z (D n,, J c (k  * f )(z )).

(24)

(25)
In order to obtain the integral-preserving properties involving the integral operator
J c , we also need the following lemma which is popularly known as Jack ' s Lemma.

Lemma 3.1 (See Jack [1].)

Let  (z ) be a nonconstant function analytic in U with  (0) = 0.
If |  (z ) | attains its maximum value on the circle | z |= r < 1 at z 0 , then
9
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n 1,
 ,

z 0(z ) = k  (z 0 ),
where k is a real number and k  1.

Theorem 3.2
n ,
Let 0   < 1,   0, and c > 0. If (k  * f )(z )  S  , ( ), then

J c (k  * f )(z )  S n,, ( ).

Proof:
n ,
Suppose that (k  * f )(z )  S  , ( ) and let

z (D n,, J c (k  * f )(z ))

Some Inclusion Relationships For Certain Subclasses Of Functions Associated With The
Linear Fractional Differential Operator

D

J c (k  * f )(z )

=

1  (1  2 ) (z )
,
1   (z )

where  (0) = 0. Then ,by using ( 25) and ( 26), we get
D n,, (k  * f )(z )
c  (c  2  2 ) (z )
=
,
n ,
D  ,  J c (k  * f )(z )
c [1   (z )]
which upon logarithmic differentiation ,yields
z (D n,, (k  * f )(z )) 1  (1  2 ) (z ) z  (z ) (c  2  2 )z  (z )
=


,
D n,, (k  * f )(z )
1   (z )
1   (z ) c  (c  2  2 ) (z )
so that
z (D n,, (k  * f )(z ))
(  1)[1   (z )] z  (z ) (c  2  2 )z  (z )
 =


.
n ,
D  , (k  * f )(z )
1   (z )
1   (z ) c  (c  2  2 ) (z )
(27)
Now, assuming that

max |z ||z | |  (z 0 ) |=|  (z 0 ) |= 1,
0

and applying Jacks Lemma, we have
z 0(z 0 ) = k (z 0 ),(k  1). If we set

 (z 0 ) = e i  , (  R ),
in (27) and observe that
(  1)[1   (z 0 )]
{
} = 0,
1   (z 0 )
then we obtain

 z (D n , (k * f )(z 0 ))

 (c  2  2 )z 0 (z 0 ) z 0 (z 0 ) 
  0 n,, 
   = 


 D (k * f )(z )

c

(
c

2

2

)

(
z
)
1   (z 0 ) 
 ,

0
0





2k (1   )e i 
=  
i
i 
 (1  e )[c  (c  2  2 )e ] 
=
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n ,
 ,

2k (1   )(c  1   )
c  2c (c  2  2 ) cos   (c  2  2 ) 2
2

 0,
n ,
which obviously contradicts the hypothesis : (k  * f )(z )  S  , ( ).
Consequently,we can deduce that

10

(26)

| (z ) |< 1,(z U),
which,in view of (26),proves the integral-preserving property asserted by Theorem
3.2.
Theorem 3.3 Let 0   < 1,  > 0, and c > 0. If (k  * f )(z ) C n,, ( ), then

J c (k  * f )(z ) C n,, ( ).

Proof: Consider the following
(k  * f )(z ) C n,, ( )  z (k  * f )(z )  S n,, ( )
 J c (z (k  * f )(z ))  S n,, ( )
 z (J c (k  * f )(z ))  S n,, ( )

Theorem 3.4
n ,
Let 0   < 1,  > 0, and c > 0. If (k  * f )(z )  K  , ( ,  ),

then so is J c (k  * f )(z ).

Theorem 3.5 Let 0   < 1,  > 0, and c > 0. If (k  * f )(z ) Qn,, ( ,  ),
then so is J c (k  * f )(z ).

Proof Just as we derived Theorem 3.3 from Theorem 3.2, we easily deduce the
integral-preserving property asserted by Theorem 3.5 from 3.4.

4 Open Problem
The operator defined can be extended and can solve many new results and properties.
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which evidently proves Theorem 3.3.
Next,we derive an inclusion property which is obtained by using (25) and the same
techniques as in the proof of the Theorem 3.2.
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APPLICTION GEORADR IN ARCAEOLOGICAL SITE
INVESTIGATIONS
Mousa Mohamed el-younsi *

Abdulah M. Alhatmi**

INTRODUCTION
Dargot Pasha Mosque and the tomb of Dargot pasha located in the old city
of Tripoli, facing the mediteranean sea. The walls of the mosque suffered from
severe fractures affecting some hall areas and the tomb.

occurred several times in different places of the mosque. The area inside and
around the mosque were inspected in order to put a plan for the survey.
The aim of this study is to find the cause or causes of the fracture problem. The
GPR team decided to use the (ground penetrating radar) to make the survey, as
this instrument give a clear picture for the soil profile under the mosque
building. The presence of cavities and weathered zones are considered the main
causes of wall fractures. Therefore, the study was designed to detect any
possible cavity, weathered soil layer and ruined pipes in the soil vertical
profile.

Basics of G.P.R. method and theory
The G.P.R. methodology is an active method that transmits
electromagnetic pulses from surface antennas into the ground and then
measures the amplitude and time elapsed between the sent and received
pulses (two-way travel time). As the radar pulses are transmitted through

Appliction Georadr In Arcaeological Site Investigations

The GPR team have been asked to study the problem since this phenomena has

various materials on their way to the buried target, their velocity will

Radar travel times are measured in nanoseconds, which are
billionths of a second. As the antennas are moved along the ground
surface, individual reflections are recorded about every 2-10 centimeters
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change, depending on the electromagnetic properties of the materials.

along transects. The depth to which radar energy can penetrate depends
largely upon two factors:
1) the frequency of antenna being used,
2) the electromagnetic characteristics of the soil, most specifically its
conductivity.
The reflected waves (called a waveform), that are received from
the ground, are digitized into a reflection trace and then are stacked to
obtain a two-dimensional vertical profile along the
transect.
Appliction Georadr In Arcaeological Site Investigations

One reflection trace shows the ground surface at about
2.5 nanoseconds with the waveform losing amplitude
with time, as energy is attenuated in the ground. 512
digital samples are collected to define this one reflection
trace. Strong reflections are determined by buried
discontinuities and changes in the electrical or magnetic properties of the
rock, sediment or soil, variations in their water content, lithologic
changes, or changes in bulk density at stratigraphic interfaces.
Voids in the ground, tunnels or pipes, will also generate significant radar
reflections because of a similar change in radar wave propagation
velocity.
In order to create a vertical display of the subsurface reflections, all
recorded reflection traces are displayed in a format where the two-way
travel time of the reflected waves is plotted on the vertical axis with the
surface location, or trace number, on the horizontal axis. These twodimensional profiles are recorded by a computer and appear as coloured
The issue 10
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horizontal bands .
Distance along the profile is measured in meters and two-way radar
travel time, measured in nanoseconds, is converted to depth below the
surface.
14

Data collection
The

investigation

was

carried

out

in

two

phases

Phase – 1 preparing for data acquisition.
The area of study was prepared for survey by clearing any obstacles in
the GPR route. A marker point from which the survey is oriented was set
at the right corner of the main gate of the northern street (Figure 2). The
importance of this point is to direct the orientation of the survey lines
planed in the streets around the mosque. Red color painting was used to

areas (explained in the data acquisition).
Figure 2 sketch map of the study area
Phase – 2 calibration and data acquisition
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define the mark point. Area prepared for study was divided into five sub

Field survey was carried calibration of the equipment and setting of

Filtering and Recording) were executed. Calibration was done also during
data acquisition whenever needed. The area for investigation was divided
into five sub areas in order to carry out data acquisition, the division was
set as follow:
15
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the investigation parameters including (Recording TWT, Amplification,

Sub-area one (Street North)
1. Sub-area two (Street East)
2. Sub-area three inside the tomb
Sub areas plan designs
1. Sub-area one (Street North)
Three surveying lines have been carried out in this area directed East –
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West. Two near the both side of the street and one in the middle

(Figure3).
Figure 3: Sketch map of North street show the location and direction of projected
lines.

2. Sub-area two (Street East)
In this street three surveying lines were carried out along north – south
direction. Two of the three lines positioned along street sides and one in

the middle. Another ten small lines, five meter apart were surveyed along

16

east – west direction. Figure (4) shows locations and directions of the
surveyed
3. Sub-area five inside the tomb
Inside the tomb ten surveyed lines have been carried out, in space where

Figure 6: Sketch map of Tomb area show locations and directions of surveyed lines

GPR system used in data acquisition
GPR systems with 200 MHz antenna has been selected for the survey.
This type of antenna is suited for shallow engineering and environmental
applications. The major external components of the control unit are the
keypad, video screen, connector panel and distance detector. The VGA
liquid crystal display (LCD) video screen provides realtime or playback
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viewing of the data (photo1)
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the area permits to move the GPR (Figure 6, photo 1, 2).

17
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GPR system

Data Processing
Filtering of field data
The data quality is displayed during the data acquisition in the pseudo
section matrix. If the data quality for the given point is not satisfactory,
that measurement could be repeated with different settings at any moment
during data acquisition.
The special condition of the area, characterized by very low values of
soil resistivity (high conductivity) associated with almost negligible
variations of the IP, required a special data processing aimed at pointing
out minimal variations of the soil conductivity.
Data interpretation
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The processed data indicated that the investigated depth (soil layers)
was affected by weathering and erosion of fine particles producing
cavities of different sizes. All studied profiles also showed weathered
zone cable to convert into cavities.
18

1. Sub-area one (North street)
The results obtained from processing the three lines in this sub-area

Figure 7: GPR record after filtering (Line N) with schematic interpretation

This surveyed line shows four cavities located as follow: the first one at a
distance 2.5 to 4 meters of the traverse at depth 1.5 to 2 meter. While the
second is located at a distance 13 to 16 meter, the third is located at a
distance 18 to 20 meter, and the forth is located at a distance 29 to 30
meter, all at depth 2 to 4 meters. Weathered zone also detected at a
distance 22 to 32 meter of the traverse at depth 1.5 to 2.5 meter.
Line M

Figure 8: GPR record after filtering (Line M) with schematic interpretation
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Line N
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are presented as follow:

Two locations detected either pipes or cables at a distance 2 and 14
meter at depth 1.5 meter. Cavities observed in the section in four
localities. The first cavity located at a distance 22 to 24 meter at depth 3
to 4 meter, the second cavity is found at a distance 29 to 32 meter at
depth 1 to 2 meter. The third cavity is below the second one at a depth 3
to 4 meter. The fourth cavity is found at a distance 34 to 37 meter at
depth 3 to 4 meter. The weathered layer detected at depth 5 to 6 meter
located on the traverse at a distance 32 37 meter.

Figure 9: GPR record after filtering (Line S) with schematic interpretation

Processing of this traverse indicate pipe or cable, cavities as well as
weathered zone. The pipe of cable located at a distance 22 meter at depth
2 meter below the surface. Three cavities were detected, the first and
second found at a depth 1 to 2 meters located at a distance 2 to 5 meter
and 19 to 21 meter respectively. The third cavity is found at depth 3 to 4
meter located on the traverse at a distance 2.5 to 4 meter. Weathering is
found affecting the zone at a distance from 6 meters to the end of the
traverse 28 meter at a depth 1 to 2 meters.
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Line S
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2. Sub-area two (East street)
After processing the data gained during the survey, the results were
presented as follow:
Three lines along (north – south)
Ten lines along (east – west)

Figure 10: GPR record after filtering (Line 5) with schematic interpretation

This surveyed line showed two locations of pipes and cables at depth of
1.5 meter. A cavity was determined at 4 to 6 meter in the horizontal
distance at depth of 2 to 3 meter. Two weathered zones were indicated at
depth of 3 to 4 and 5 to six respectively. The upper weathered zone is
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Line No. 5

occurred between 6 to 10 meters of the horizontal distance, while the
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lower one extends along the whole profile.
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Line 35

Figure 11: GPR record after filtering (Line 35) with schematic interpretation

This traverse line show no cavities exist in its path. However, the three
weathered zones detected may have in some location cavities filled with
very fine particles reflecting as weathered layer. Two pipes or cables
were detected, one at 0 distance at depth 1.5 meter while the other at 7
meter distance at depth 1 meter. The weathering zones located at different
depths, extending along the whole traverse distance. The first weathered
zone is found at depth 2 to 3 meters, the second weathered zone is found
at depth 3.20 to 4 meters, and the third weathered zone at depth 5 to 6.5
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meters.
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Figure 12: GPR record after filtering (Line 40) with schematic interpretation

In this line two locations for pipes or cables were detected at 0 distance
and at 7 meter within 1.5 meter depth. One cavity recorded at distance 4
to 8 meter at depth from 2.5 to 3.5 meter. Weathering showing effect
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Line No. 40
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along the whole profile at depth between 4.5 to 5.5 meter.
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Line 45

Figure 13: GPR record after filtering (Line 45) with schematic interpretation

Two locations were detected in this traverse defined as pipes or cables,
the first at 0 distance and the second at 7 meter distance. One cavity
detected from distance 5 to 8 meters at depth from 2.25 to 3.5 meter.
Weathering affect the zone at depth 4 to 5 meters along the whole profile.
The phenomena observed in this line are almost similar to those detected
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in line No. 40.
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Figure 14: GPR record after filtering (Line W( N-S)) with schematic interpretation

This line showed two weathering zones, one extending along the
whole profile at depth between 1.5 to 2.5 meter. The second weathering
zone extends from 25 meter to end of the traverse and located at a depth
between 3 and 5 meters. Cavities were detected in five localities. Two of
the cavities adjacent to each other found at a depth between 1 and 2.25
meters, at a distance 4.5 to 11 meter. The other two cavities are above
each other extending from a distance 28 to 32 meters and located at a
depth 1 to 2.5 meter and at 3 to 4.5 meter. The fifth cavity shows
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Line W (N-S)

extension at a distance 45 to 52 meter, observed at depth 2.5 to 4 meter of
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the soil profile.
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Line M (N-S)
Figure 15: GPR record after filtering (Line M(N-S)) with schematic interpretation

Interpretation of this line indicates five cavities and three weathered
zones. Two of cavities observed at depth from 1 to 2 meters, extending at
a distance 1 to 3 meters and from 33 to 35 meters. The third cavity
extends from 4 to 6 meters and observed at 3 to 4 meters depth, whereas
the fourth and fifth cavities observed above each other at depth 2 to 3.25
meter and at 3.75 to 5 meters, extending along a distance from 6.5 to 11
meter. Two of the weathered zones occurred at depth 3 to 4 meters, one
extending from distance 10 to 16 meter while the other extends from 32
to 36 meter. The third weathered zone shown at depth 4 to 6 meter in
some places less than this thickness and extends from distance 24 to 36
meter.
5.Sub-area five inside the tomb
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Line 1( E-W)
Figure 16: GPR record after filtering (Line 1(E-W)) with schematic interpretation
inside
the tomb.
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Two weathered zones detected in this traverse extending along the whole
distance, but showed different depth locations. The first zone formed at
depth 3 to 4 meters where the second zone formed at depth 5 to 6 meters.
The cavities detected in this traverse are six of different sizes. The first
cavity extends from 2 to 3 meters at a depth 2 to 3 meters, where the
second cavity extends from 6 to 8.5 meters at a depth vary from 1 to 3
meters, and the third cavity extends from 16 to 18 meters.

Figure 17: GPR record after filtering (Line 2(S-N)) with schematic interpretation
inside
the tomb.

In this traverse one weathered zone and three cavities were detected. The
first cavity extends from 0 point to 1 meter at a depth 2.5 to 3.5 meters,
where the second cavity extends from 3.5 to 4.5 meters and the third
27
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Line 2 (S-N)

extends from 4.5 to 6 meters at depth 3.5 to 4.25 meters. The weathered
zone also extends along the whole traverse distance. At a depth 3 to 4
meters.
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Line 3 (N-S)

Figure 18: GPR record after filtering (Line 3(N-S)) with schematic interpretation
inside the tomb.
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The last traverse line in the tomb hall showed two cavities and one
weathered zone extends along the whole traverse distance at a depth 4 to
5 meters. The first cavity extends from 0 point to 2 meters at a depth 3 to
28

4 meters, where the second cavity extends from 2 to 4 meters at a depth 4
to 5 meters.

\CONCLUSIONS
The study of the cracks existence on the walls of Dargot Pasha mosque
showed that the area was affected by soil weathering phenomena led to
the following conclusions:

zones exist beneath ground surface within a depth of 6 meters.
2. Most of the cavities were found within a depth between 1.5 and 4
meters, whereas the weathered layer found within a depth between
4 and 6 meters.
3. All the cavities and weathered zones were found near buried pipes
detected during the survey, which means that spill water from pipes
network is the main cause for forming cavities and weathered
zones.
4. Cavities and weathering zones led to partial settlement in the soil
layer leading to cracks forming in the walls of the mosque.
RECOMMENDATIONS
Following the conclusions reached by this study we recommend the
followings in order to stop the deterioration of soil layers and having
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1. The main causes for wall cracks are the cavities and the weathered

stop cracks forming.

water and those draining the water from. This means that water
spills from any existing pipe must stop.
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1. Maintaining all pipes network feeding the area of study with

2. Grout the whole depth from ground surface till 6 meter deep in
order to stabilize the soil and strengthen its ability to hold the
building.
3. During grout process it is necessary to execute dewatering process
in order to grant filling the soil with grout and ease grout process
operation.
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Characterizations of semi-normal spaces
Khairy S. Tawfik
Abstract
In this paper I obtain further characterizations of semi-normal spaces by
using -open and -closed sets. Moreover, I introduce a preservation
theorem of semi-normal spaces.

Preliminaries
Throughout the present paper, spaces always mean
topological spaces on which no separation axioms are assumed
unless explicitly stated. Let be a space and be a subset of ,
the closure of and the interior of are denoted by
and
respectively.
subset is said to be semi-open [1] if
there exists an open set
of
such that
, the
complement of a semi-open set is said to be a semi-closed set.
The family of all semi-open (resp. semi- closed) sets of
is
denoted by
(resp.
). The intersection of all semiclosed sets containing
is called the semi-closure of and is
denoted by
, the semi-interior of is the union of all semiopen sets contained in and is denoted by
.
Definition 2.1. [3]
A subset of a space
(briefly sg-closed) if

is said to be semi-generalized closed
whenever
and
.
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Introduction
N. Levine [1] introduced semi-open sets. C. Dorsett [2] defined
the semi- normal spaces by using semi-open sets and semi-closed
sets instead of closed and open sets. T. Noiri [3] characterized the
semi-normal spaces by using sg-open sets. M.V. Kumar [4]
introduced the -closed sets, and in [5] the class of quasi closed maps have been defined by using -closed sets due to
Kumar. In the present paper we explicitly state the -open sets
and characterize the semi- normal spaces.

Characterizations of semi-normal spaces

Keywords : -open set, -closed set, sg-open set, sg-closed set,
irresolute, quasi
-closed map, semi-normal space.

The complement of a sg-closed is said to be semi-generalized
open (briefly sg-open) set. A subset is sg-open if and only if
whenever
and
.
Definition 2.2. [4]
A subset
of a space
is called
-closed if
whenever
and is sg-open set in .
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The complement of a -closed set is said to be -open set. A
subset
of a space
is said to be
-open if and only if
whenever
and is sg-closed.
Theorem 2.1. [4]
1. Every semi-closed set and thus closed set is -closed.
2. Every -closed set is sg-closed.
Definition 2.3. [3]
A function
is said to be irresolute if
for every set
.
Definition 2.4. [5]
A function
is said to be quasi
-closed if
closed in for every -closed set in .
Theorem 2.2. [5]
Every quasi -closed map is closed.

is

Semi-normal spaces
Definition 3.1. [2]
A space is said to be semi-normal if for each pair of disjoint
semi-closed subsets,
and
of
there exist disjoint semi-open
sets and such that
and
.
Theorem 3.1.
For a space , the following are equivalent:
(i)
is semi-normal.
(ii) For each pair of disjoint
, there exist disjoint -open
sets and such that
and
.
(iii) For each
and each
containing , there
exists a -open set such that
.
(iv) For each
and each -open set
containing , there
exists sg-open set such that
.
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and each
such that

containing

, there

(i) ⇒ (ii) is obvious since every semi-open set is ψ-open set.
(ii) ⇒ (iii) let
and
containing A, then
and
, then there exist -open sets and
such that
,
and
, therefore we have
. Since every semi-open set is sg-open, then U is
sg-open and
is
-closed then
and we have
.
(iii) ⇒ (iv) let
and
be a -open set containing . Since
every -open set is sg-open, then by definition
, and
, then there exists a -open set
such that
.
(iv) ⇒ (v) let
be -closed set and
containing . Since
every semi-open set is sg-open, therefore
and
, then there exists
[ [ 3 ] theorem1] such
that
. Since
then we
have
.
(v) ⇒ (i) let
, then
with
hence it is
-closed and
containing A, therefore there exists
such that
. So that
, put
, then
and
. Hence X is semi-normal.
The following theorem investigates the preservation of seminormality.
Theorem 3.2.
Semi-normality is preserved under irresolute quasi
surjection.
Proof :
Let

-closed

be two spaces with
is semi-normal and let
be an irresolute quasi -closed surjection.
Suppose two disjoint sets
, then
are disjoint, then there exist two disjoint sets
with
. So that
which is closed since
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-closed set

and
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(v) For each
exists
.
Proof.:

and hence is -closed.
Therefore, we have
which is semi-open since every open set is semi-open.
Therefore, is semi-normal.
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Electrodeposition of Copper in Presence of
Thiosemicarbazide Derivatives
Fatma, M. Nabbra

Abd El Monem. M. Ahmed.

Hassan, M. Mokhtar.

Amira H. EL-din.Mostafa

.  النحاس- الترسيب الكهربي – الرطاص – مشتقات الثيىسمكاربزيذ: الكلمات المفتاحية

SUMMARY
The effect of these compounds on the copper electrodeposition from acidic
sulphate bath. The primary characteristics studies included limiting current inhibitor
efficiency, different models of adsorption isotherm, temperature, rotation, deposit
morphology. As a result: The presence of these organic additives had a major negative
impact of limiting current. The values of %inhibition (%I) increase with increasing
inhibition concentration and decrease slightly with temperature. The values of (K ads.)
and (ΔGads.) indicated that all the inhibitors strongly adsorbed on copper surface.
Using RCE at 298 K, we found that the limiting current density increase by
increasing the speed of rotation, then the reaction is diffusion controlled.
The values of thermodynamics parameters ΔH* (kJmol-1), ΔS* (J.mol-1 k-1) and ΔG*
(kJmol1) are represented. The results show positive sign for ΔH*, reflecting the
endothermic nature of the adsorption process. The negative values of ΔS* pointed to
greater order produced during the process of activation indicating more ordered and
nor random distribution of ions. ΔG* values show limited increase with rise in the
concentration of organic additives i.e.: ΔG* values of inhibited systems were more
positive than that for the uninhibited systems. The isokinetic temperature β were
estimate, their values are much higher than that of the experimental temperature 298K
35
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ٚ شتً ٌٍٕحاط فً حاٌح اٌّصؼذ إٌحاطٌٙح ػًٍ اٌرشعٍة اٌىٛفً ٘زا اٌثحث ذُ دساعح ذأثٍش اٌّشوثاخ اٌؼض
& ي اٌمطةٛذُ دساعح اٌرٍاس اٌّحذد & وفاءج اٌرثثٍظ & طٚ .ًي اٌىثشٌراخ اٌحّضٍٛاٌشصاص تإعرخذاَ ِح
خ دسخح اٌحشاسج & دسخاخٛع اٌمطة & ّٔارج ِخرٍفح ِٓ ِٕحٍٕاخ اإلِرضاص ػٕذ ثثٛٔ & ذشوٍضإٌحاط
ٖد ٘زٛخٚ ضحد إٌرائحٚ لذ أٚ . ًخٌٛٛسفٌّٛاس & شىً اٌرشعٍة اٚساْ ٌٍمطة اٌذٚاٌحشاسج & ِؼذي اٌذ
 ذمً ذذسٌدٍاٚ  لٍُ ٔغثح اٌرثثٍظ ذضٌذ تضٌادج ذشوٍض اٌّثثظ.ا ذأثٍش عٍثى ػًٍ اٌرٍاس اٌّحذدٌٙ ٌحٛاإلضافاخ اٌؼض
ػٕذٚ .ج ػًٍ عطح إٌحاطٛ( ذذي ػًٍ أْ وً اٌّثثٍطاخ ذّرض تمKads.)& (ΔGads.) ٍُ ل. تضٌادج دسخح اٌحشاسج
خذ اْ وثافح اٌرٍاس اٌّحذد ذضداد تضٌادجٚ  عٍٍٍضٌح72 اس ػٕذ دسخح حشاسجٚأً دٛاعرخذاَ لطة صٍة اعط
Thermodynamics parameters ٍُ ل.Diffusion controlled ً٘زا ٌذي ػًٍ أْ اٌرفاػٚ ْساٚعشػح اٌذ
 اإلشاسج اٌغاٌثح. ٘زا ٌؼىظ ػٍٍّح اِرضاص ِاصح ٌٍحشاسجٚ خثحِٛ ٍُا لٌٙ ΔH* .اٍٍٙ ذُ ذّثΔG*, ΔH*, ΔS*
ٌٓ ِشوة ٔشظ ِغ فمذ ِرراًٌ ٌذسخحٛ ٘زا ٌّىٓ أْ ٌرحمك ترىٚ  ذشٍش اٌى وثشج اٌرشذٍة اثٕاء ػٍٍّح اٌرٕشٍظΔS*
ٌحٛدٖ ِغ صٌادج ذشوٍض اإلضافاخ اٌؼضٚ ذشٍش اٌى صٌادج ِحذΔG* ٍُ ل.ائٍح ٌٍٕظاَ اثٕاء ػٍٍّح اٌرٕشٍظٛاٌؼش
Isokinetic temperature β ٍُ ل. خثح تذسخح أوثش ِٓ إٌظاَ اٌغٍش ِثثظِٛ  ٌٍٕظاَ اٌّثثظΔG* ٍُتّؼٕى أْ ل
Enthalpy ْٛ دًٌٍ ػٍى أْ ِؼذي اٌرفاػً ٌى298K ً٘ ٚ ْ أػٍى ِٓ دسخح اٌحشاسج اٌؼٍٍّحٕٛ٘ان لٍُ ذى
:اٍٍٙ اٌّؼادٌح اٌؼاِح اٌرً حصٍد ػٚ Sh, Re, Sc ً٘ ٚ ٌٗاي اٌالتؼذٚ ذُ حغاب اٌذ. controlled
Sh = 0.32 Re0.71 Sc0.33
: قطب اسطىاني دوار
Forced convection ْٛأْ اٌرفاػً ٌىٚ ) إٌرائح اٌغاتمح ذشٍش أْ اٌرذفك فً اٌرفاػً ذذفك دائُ (ِغرّشٚ
ض إٌحاط ذؤثش تشىً وثٍشٌٛح اٌى حٛ اضافح ٘زٖ اٌّشوثاخ اٌؼض. ٌرفك ِغ اٌذساعاخ اٌغاتمحٛ٘ ٚ mechanism
ْ اٌشاعة شذٌذٛ تضٌادج ذشوٍض٘ا ٌىٚ زب اٌشاعةٙ ذٚ ًخً ٌٍشاعة حٍث ذصمٌٛٛسفٌّٛاٚ ػٍى اٌرشوٍة اٌذلٍك
ًخٌٛٛسفٌّٛاٚ  وزٌه لذ ذُ دساعح اٌرشوٍة اٌذلٍك.صٌغ ػٍى اٌغطح اٌذاخًٍ ٌٍمطةٛ ِٕرظُ اٌرٚ اإلٌرصاق
.ٌحٛاد اٌؼضٌّٛد اٛخٚ ًاًِ فٌٍٛغطح ٌىً اٌؼ
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indicating that the rate of the reaction is enthalpy controlled. The dimensionless
groups Sh (Sherwood number), Sc (Schmidt number) and Re (Reynolds number) were
calculate and the relations between them were given. The general correlation in
presence of all organic compounds was:
Sh = 0.32 Re0.71 Sc0.33
for RCE
The exponents form last equation denotes a highly turbulent flow. In addition, a
forced convection mechanism obtained which agree very well with similar
relationships reported before. Addition of these compounds to copper bath exhibits
favors the production of copper powder rather than compact deposit.
In addition, we study the surface morphology. The optimum conditions to obtain
dense microstructure in absence and presence of additives which improvement the
deposit obtain.
Keywords: Electrodeposition – Lead –Thiosemicazide Derivatives –Copper .

1. INTRODUCTION AND THEORETICAL BACKGROUND
Electrodeposition involves metal deposition from an electrolyte into a conductive
electrode by application of electromotive force; Electrodeposition is the process of
producing a coating, usually metallic, on a surface by action of electric current. The
deposition of a metallic coating onto an object achieved by putting a negative charge
on the object to be coated and immersing it into a solution containing a salt of the
metal to be deposited. The metal ions are driven through the electrolyte by a
combination of electrostatics, diffusion and convection, and finally cross the
solution/electrode interface (the electric double layer).
Electrochemical deposition involves the reduction of metallic ions from aqueous,
inorganic, and fused salt electrolytes. The reaction in aqueous medium at the cathode
in its simplest form follows the equation:
Mn+ (solution) + ne- (metallic)

M

(1.1)

The reduction process can be accomplished by processes in which electrons are
supplied by an external power supply or by electro-less (autocatalytic) deposition
processes in which a reducing agent in the solution is electron source (with no
external power supplied).
Many metals deposited are in a very rough or powdery form when electroplating
carried is out at the limiting current density. The possibility of preventing powder
formation at the limiting current by means of suitable additive is of great interest and
represents a significant activity in electroplating, electrowinning, electrorefining.
Various organic substances used as additives in electroplating, electrowinning and
electroforming to produce fine- grained, smooth, bright deposits. Organic solvents
also employed in the electrodeposition of metals, which cannot be electrodeposits
directly from aqueous solutions.
The kinetics of the electrodeposition of metals involves mainly two steps (1) :
1) Mass transfer step where the metal ions reach the cathode surface from the
bulk solution.
2)
Charge transfer step where the metal ions combine with electrons at the
cathode surface to form metal atoms .
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Now, in the bath the electric current carried largely by the positively charged ions
from the anode (s) toward the negatively charged cathode.
This movement makes the metal ions in the bath to migrate toward extra electrons that
are located at or near the cathode's surface outer layer.
Finally, by way of electrolysis the metal ions are removed from the solution and are
deposited on the surface of the object as a thin layer, we refer this as
"electrodeposition", process(2) .
1.2. Mechanism and kinetics of the deposition process
Electrodeposition or electrochemical deposition (of metal or alloys)
involves the reduction of metal ions from aqueous, organic, or fused salt electrolytes.
The reaction in aqueous medium at the cathode in its simplest form follows the
equation(1,2) :
M n+ + ne-

M

(1.1)

With a corresponding anodic reaction .The anode material can either be the metal to
be deposited (in this case the electrode reaction is electro-dissolution that
continuously supplies the metal ions) or the anode can be an inert material and the
anodic reaction is oxygen evolution (in this case the plating solution is eventually
depleted of metal ions).The deposition may, in principle, be accomplished via two
different paths:
1) An electrodeposition process in which electrons are provided by an
external power supply.
2)
An electro-less (autocatalytic) deposition process in which a reducing
agent in solution is the electron source.
The deposition reaction presented in equation (1.1) is a reaction of charged particles at
the interface between a solid (metal) electrode and a liquid solution. The two types of
charged particles that can cross the interface are metal ions″ M n+″ and electrons ″e ″.The deposition reaction involves four issues:
37
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In addition, various substances (additives) introduced in the bath to obtain smooth and
bright deposits. The object to be plated is submerged into the electrolyte (plating
bath). Placed usually at the center of the bath, the object that is to be plated acts as a
negatively charged cathode. The positively charged anode(s) completes the electric
circuit; those may be at opposite edges of the plating tank, thus causing film deposit
on both sides of the cathode. A power source in the form of a battery or rectifier
(which converts ac electricity to regulated low voltage dc current) is providing the
necessary current. This type of circuit arrangement directs electrons (negative charge
carriers) into a path from the power supply (rectifier) to the cathode (the object to be
plated).

Electrodeposition of Copper in Presence of hiosemicarbazide Derivatives

1.1. Deposition
Electrodeposition or electroplating is defined as the process in which" the "deposit of
a (usually) thin layer (of metal) is formed "electrolytic" upon a substrate. The purpose
of such process may be to enhance or change the substrate's appearance and/ or
attributes (such as corrosion resistance). Examples are the deposition of gold or silver
on jewelry and utensils, and the deposition of chrome on automobile parts.
Electroplating is performed in a liquid solution called an electrolyte, otherwise
referred to as the "plating bath". The bath is a specially designed chemical solution
that contains the desired metal (such as gold, copper, or nickel).
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1) Metal – solution interface as the locus of the deposition process.
2) Kinetics and mechanism of the deposition process.
3) Nucleation and growth process of the metal lattice
(M lattice).
4) Structure and properties of the deposits (1).
Many metals are deposited in a very rough or powdery form (2) when electroplating is
carried out at the limiting current density. The possibility of preventing powder
formation at the limiting current by means of suitable additive is of great interest and
represent a significant activity in electroplating(3).
The use of the rotating cylinder electrode, RCE, as a cathode reaction surface
for metal electrodeposition or metal extraction has proved successful for a wide range
of applications. The RCE provides a modular and scaleable geometry, which can
release high rate of mass transport due to high rate of connective- diffusion in
turbulent flow (4).
1.3. Mass Transfer during Electrolysis
In the electrodeposition of metals the concentration of the metal ion is smaller
near the cathode than in the bulk of solution, the depleted zone in the vicinity of the
cathode is termed ″the diffusion layer″. At a given current density, or more exactly at
a given rate of metal deposition, the concentration right at the electrode surface is
determined by the mass transfer process by which the metal ions are transported
towards the electrode. If the current density is increased by increasing the voltage
applied to the cell, the interfacial concentration decreases.
The current density at which the interfacial concentration reaches zero is
termed ″the limiting current density″, it corresponds to the maximum rate at which
metal deposition can be carried out under a given set of experimental conditions and
its value is determined by mass transfer processes. The interfacial concentrations, on
one hand, and the limiting current density, on the other, are two main quantities of
practical interest that can be computed by considering the mass transfer processes.
The interfacial concentration is an important in many electrode reactions, for instance,
it influences greatly electro-crystallization (5). The importance of the limiting current
density lies in the fact that some electrochemical processes, e.g., electrodeposition of
metal powder (2) and electropolishing take place at the limiting current density, in
addition, the polarization (6) at any current density.
Mass transfer by convection becomes effective only when the diffusion layer
reaches some distance from the electrode surface. This is incidentally why sometimes
elapses before the steady state conditions are reached because the thickness of the
diffusion layer must have become larger enough to cause movement of material
transfers by bulk movement as whole. The total mass transfer rate, N, (the number of
moles going through a cross section of unit area of the solution immediately adjacent
to the electrode per unit time) is:
N = D (dC/dY) + inc/zF
(1.2)
The first term on the right hand side of equation (1.2) (dC/dY) represents the mass
transfer by diffusion, which is proportional to the concentration gradient at the
interface. The second term, stands for the mass transfer by electrical migration, is
proportional to the current density, i and to the transference number, nc, of the cations
considered.The current density, i, is given by the number of cations reaching the
electrode per unit area per unit time and it is thus proportional to the total mass
transfer rate, N:
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Interferometer measurements have shown that the concentration increases linearly
with the electrode distance over a substantial part of the diffusion layer (7). Following
an idea that has been developed by Nernst, it is often assumed that as a first
approximation that this holds true for the whole diffusion layer, i.e. the slope (dC/dY)
remains constant until the concentration becomes equal to that in the bulk of the
solution. The dotted straight line of Fig. (1.1) represents the Nernst concentration
profile . .N is often named as the effective diffusion layer thickness. It would be more
satisfactory in some respects to use the true thickness of the diffusion layer instead of
the fictitious one. However, .N can be more readily determined experimentally than
the true layer thickness. It is also important to note that owing to the asymptotic way
in which the true profile approaches the bulk concentration, Fig.(1.1) , the true layer
thickness is not a well- defined quantity, unless some arbitrary definition made. By
stating, for example, that the true layer thickness is equal to the thickness ( of the
layer extending up to the point where the concentration is equal to 99% of its value in
the bulk solution. The relationship N = 0.57, derived from boundary layer theory
for vertical electrodes under conditions of natural convection, gives an idea of the
magnitude of the difference true and effective layer thickness. If we disregard
migration and denote the mass transfer rate excluding migration by j, then we have
the following relationship (6)
j = D (dC/dY) = D (Co – Ce) / N
(1.4)
In view of equation (1.4 and 1.5), j can be written as:
j = N (1-nc) = i (1-nc) / zF = D (Co-Ce) / N

(1.5)

The mass transfer rate (and therefore the current density) is thus proportional
to the difference between the concentration in the bulk (Co) and at the interface (Ce)
and inversely proportional to the diffusion layer thickness N. (Co-Ce) can be regarded
as the driving force for the diffusion process and N as resistance opposed by the
diffusion layer to the mass transfer. So, the classical concept of Nernst has the
advantage of putting the mass transfer problem into an extremely simple form. An
alternative way of connecting the mass transfer rate, j, with the driving concentration
difference, (Co-Ce), in a simple manner is to write j as proportional to (Co-Ce):
j = k (Co-Ce)

(1.6)

where the proportionality factor k is the mass transfer coefficient, a method of
notation that is often used in chemical engineering problems. The interfacial
concentration, (Ce), at a given current density, i, or a current density at a given
interfacial concentration reduction, (Co-Ce), can be easily calculated from the equation
(1.5), providing that N and D are known. However, N, whose value depends on the
hydrodynamic situation (type, velocity of stirring … etc.), has to be determined
experimentally for a given set of experimental conditions. The great weakness of
Nernst‟s method lies in the fact that it does not allow any a prior computation of N
from the general properties of the system considered.
1.4. Dimensional Analysis Method
In contrast to the boundary layer theory, dimensional analysis does not allow a
complete calculation of the quantities of practical interest, but it is of much more
39
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i = zFN = (zFD / 1- nc) (dC/dY)
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general applicability and leads to a considerable simplification of the problem at hand.
The leading idea of the method is as follows: the local mass transfer coefficient is a
function of physical properties of the fluid that is flowing past the surface. In addition,
the mechanism of fluid flow also has a significant effect on the mass transfer
coefficient. Physical properties, such as fluid density, viscosity, diffusion coefficient
and concentration are considered to have an effect on the mass transfer coefficient, as
do the dimensional variables required for geometrical description of the system and
the point where the local mass transfer coefficient is being considered. The
dimensional variables include diameter (or equivalent diameter) of closed conduits
and distance from the entrance or leading edge. The flow characteristics to be
considered is the fluid velocity (average approach velocity). Mass transfer data and
convective mass transfer coefficients have been correlated by means of dimensionless
groups derived from the fore- mentioned variables. Dimensional analysis does not
yield a numerical equation and experiment is required to complete the solution of the
problem. The dimensionless groups most often used in convective mass transfer (6)
are:
Sherwood number: Sh = kd / D = Il (1- nc) / zFD(Co- Ce)
(1.7)
where, k is the mass transfer coefficient.
At the limiting current density the group is reduced to:
Sh = Il (1- nc) / zFDCo
(1.8)
Grashoff number;Gr = g(Co-Ce) l3/ 2

(1.9)

D

Schmidt number;

Sc =

Reynolds number;

Re = U d/ 

(1.11)

where, U is the characteristic flow velocity and d is the characteristic length that
depends on the system.The Reynolds number is used in forced convection problems,
while the Grash off number is used in the case of natural convection. The following
are some mass transfer correlations representing different situation by means of
dimensional analysis. For the case of natural convection at vertical electrodes, the
correlation:
Sh = 0.67 (Sc. Gr) 0.25
(1.12)
(8).
was found to fit the case For vertical cylindrical cathodes, rotating about their axis
Eisenberg et al. (6) found the relationship:
Sh = 0.0791 Re 0.7 Sc 0.356
(1.13)
to hold in the range 100 < Re < 100.000. In this case, both the characteristic length
and the characteristic velocity are the diameter of the cylinder and the peripheral
velocity, respectively. In the case of metal deposition on horizontal cathodes facing
upward, the natural convection flow is turbulent under the conditions most likely to
occur in practice, in contrast to the case of vertical electrodes where no analytical
solution is available. French and Tobias (9) found that the relationship:
Sh = 0.19 (Sc.Gr) 1/3
(1.14)
holds for (Sc.Gr) values varying between108 and 1.4 x1012. Here, the characteristic
length is the cathode- anode distance. Mass transfer rate at high vertical cathodes was
studied experimentally by Fouad and Ibl (10), the following relationship was found to
hold for (Sc.Gr) values between 4x1013 and 1015.
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Most of the additives studied appear to inhibit, to varying extent, the electroreduction .Two possible modes of inhibition, at the metal/electrolyte interface, have
been distinguished for electrodeposition of metals in general(14).
a. Primary inhibition: this is caused by substances whose molecular
compositions do not change during the electrodeposition process.
b. Secondary inhibition: secondary inhibition is caused by substances, which
are generated during the electrode reaction by an electrochemical or chemical
reaction. This electrochemical reaction (normally an electro-reduction)
competes with the electrodeposition of metals (16).
1.5.3 Additives accelerate Electrode Reactions
At low cathodic over potentials, the simultaneous presence of some ions accelerate
copper electrodeposition through the formation of ion complex in the solution,
Pasquale et al (17) explain the accelerating effect of 3-mercapto-2-propanesulphonic
acid (MPSA) in the presence of Cl- ion.
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a. Brighteners: For a deposit to be bright the microscopic roughness of the
deposit must be low compared to the wave length of the incident light so that it
is reflected rather than scattered. Not all fine- grained deposits are bright,
however, and it has been proposed that the brightness depends on the degree to
which morphological components of the surface of electrodeposits are in the
same plane (12). Molecules used as brighteners include thiols and disulphides,
thiourea being among the most common (11).
b. Levellers: These produce a more level deposit on the macroscopic scale;
glycene has been extensively used for this purpose. Some brightening agents
also include levelling (11). A distinction has been made true leveling and
geometric leveling (13). Geometric levelling is produced by uniform current
distribution while true levelling involves the disappearance of nonuniformities on the electrode surface.
c. Structure modifiers: These additives change the structure of the deposit and
may be used to optimize particular deposit properties. Gelatin, for example, is
a colloidal material that reduces grain size and hardens the deposit.
d. Wetting agents: These are added to accelerate the release of hydrogen gas
bubbles from the surface. This prevents occlusion of hydrogen in a deposit,
which can cause hydrogen embrittlement.
1.5.1 Effect of Additives on Copper Electrodeposition Kinetics
The effect of addition agents on the kinetics of electrodeposition of copper has
been the subject for many investigations (14-15). The additives may be classified as
those, which inhibit and those catalyze the electrode reactions.
1.5.2 Additives inhibit Electrode Reactions
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Sh = 0.31 (Sc.Gr) 0.28
(1.15)
1.5. Additives in Copper Plating Solutions
An addition agent is defined (11) as any material, which is added to an electroplating
bath for the specific purpose of modifying the physical properties of the deposit.
Relatively small amounts of addition agent have large effect on the physical
properties of deposits such as brightness, smoothness, hardness and ductility. Most
addition agents are organic compounds but occasionally inorganic materials are
employed. They are often considered in the following classifications:
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1.6. Related Literature Survey
The density distributions near the cathode surface in the above two electrolytes
CuSO4 and H2SO4 were calculated. From the comparison of both density
distributions, it was suggested that the upward natural convection be depressed in the
electrolyte containing CuSO4 and H2SO4 by the gravitational force due to the
enrichment of H+ ions in the outer portion of the diffusion layer. The free convection
mass transfer behaviour of horizontal screens has been investigated experimentally (18)
using an electrochemical technique involving the measurement of the limiting current
densities for the cathodic deposition of copper from acidified copper sulphate
solutions. Screen diameter and copper sulphate concentrations have been varied to
provide a range of Sc.Gr from 22x108 to 26x1010. Under these conditions, the data for
a single screen were correlated by the equation:
Sh = 0.375 (Sc.Gr) 0.305
(1.16)
THE AIM OF THE WORK
The objective of the present work is to investigate copper electrodeposition and
electrowinning from acidified solutions of copper sulphate mixed with different
contents of organic additives for thiosemicarbazide derivatives such as:
Benzaldehyde thiosemicarbazone(I) , p-Chlorobenzaldehydethiosemicarbazone(II) ,
p-Bromobenzaldehyde
thiosemicarbazone(III),
p-Methoxybenzaldehyde
thiosemicarbazone(IV), and p-Dimethyaminobenzaldehyde thiosemicarbazone(V) ,
under natural and forced convection. Such investigation included changes in
temperature, concentration of organic additives, speed of rotating cylinder electrode
(RCE), and anode type.
The aim was to define the influence of the structure of thiosemicarbazides derivatives
related inhibitors on the mechanism and kinetics of inhibition of electrodeposition
process.
Over all this study is concerned with all possibilities to generate new idea for
understanding and prediction of the electrode and cell geometries through
dimensionless correlation for copper deposition and less energy consumption to reach
the optimum conditions useful in the industrial fields related to such process. Also
study the effect of organic additives on morphology of the electrodeposited surface
for all experiments.

2. EXPERIMENTAL
This chapter shows the experimental procedures carried out in this work as
well as the detailed descriptions and specifications of the electrochemical circuits,
cells, electrodes, different chemicals and solutions, and instruments used.

2.1 Chemicals.
Analar grade CuSO4.5H2O and H2SO4 (98% w/w), supplied by BDH
Chemicals Ltd., were used for the preparation of the electrolytes,
Sodium carbonate, acetic acid, potassium iodide and potassium thiosulphate supplied
by BDH Chemical Ltd., were used to check the concentration of copper sulphate.
Solutions were prepared with water of resistivity of 18 M.Ω.cm, which was obtained
from a MilliRo / MilliQ water purification system. Analar grade
Benzaldehyde,pChlorobenzaldehyde,p-Bromobenzaldehyde, p-Metoxybenzaldehyde, and p-Dimethyl
aminobenzaldehyde thiosemicarbaized derivatives, supplied by BDH Chemicals Ltd.,
were used as organic additives.
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2.2 Preparation of Solutions.
All solutions were used freshly prepared for each experiment. A concentration
of 0.15M CuSO4.5H2O was used in all experiments, different concentrations were
used in the correlation of mass transfer under free convection conditions at 25 0C. A
concentration of 1.5 M H2SO4 was used in all experiments as supporting electrolyte.
Copper sulphate concentration and content was checked by the iodine
thiosulphate method.

2.3 Density and Viscosity Measurements.
The density was determined by using DA-300 Kyoto Electronics at 15,20, 25
and 30 0C.An oscillation period of the measuring cell, which is generated when it is
given the natural oscillation, will vary depend on the density of the sample contained
in the cell.

`Fig (2.1): The parallel vertical plates electrolytic cell and the electrical circuit.
2.4.2 The Rotating Cylinder Electrode (RCE).
Fig. (2.2) show the cell and electrical circuit that voltmeter is connected in
parallel with the cell to measure its voltage. The cathode consisted of Cu metal
cylinder 1 cm diameter and 5 cm length. The flat bottom was is insulated by epoxy
resin.The anode is made of cylindrical copper metal counter electrode of 12 cm
diameter; it's also acted as the reference electrode by virtue of its high surface area
compared to that of cathode.

Fig (2.2): The rotating cylinder electrode electrolytic cell and the electrical
circuit.
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The limiting current density was measured using the ordinary cell of two
vertical parallel plates, one is the cathode (a 99.99% purity rectangular copper plate or
analytical highly pure steel plate, 5cm width and 10cm height) and the other one is the
anode (a 99.99% purity copper with similar dimensions as the cathode). (Fig. 2.1)
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2.4 The Electrolytic cell and Electrical Circuit.
2.4.1 Vertical Parallel Plates cell.

2.5. Preparation of organic additives :
Melting points (m.ps.) were determined in open glass capillaries on Melt-Temp
II apparatus and are uncorrected . IR spectra ( KBr pellets , υ cm -1 ) were
recorded on Perkin- Elmer 1430 infrared Spectrophotometer . Mass spectra were
run on DI Analysis Shimadzu QP-2010 plus mass Spectrophotometer .
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2.5.1 Benzaldehyde/p-Substituted-benzaldehyde thiosemicabazones (II);
General procedure :
To a solution of the proper benzaldehyde / p-substituted-benzaldehyde
(I
; 1 mmol ) in ethanol (25 ml ) , thiosemicarbazide (1 mml) was added . The
reaction mixture was heated under reflux for 1 hr , concentrated then cooled .
The obtained precipitate was filtered off by suction and crystallized from
ethanol in needles giving the corresponding thiosemicarbaizde derivative (19,20) (II)
(see Table 1 ).
IR (KBr) , υmax (cm-1) : 3438-3333 , 3290-3154 cm-1 (NH) , 1640-1596 cm-1 (C=N)
& (C=C) , and 1537-1506 , 1491-1472 , 1372-1361 , 1286-1233 , 1186 , 1094-1012
, 954-925 and 829-817 cm-1 (N-C=S mixed vibrational coupling).
MS : Most prominent peaks m/z (Fragment , %) for compound
( II ,
R=CH3O(p-)) = 209 [ (M+) , 100 ] ; 192 [ (C9H8N2OS )+ , 36.6 ] ; 149 [(C8H9N2O )+
, 23.3 ] ; 134 [ (C8H8NO)+ , 97.0 ] ; 108 [ (C7H8O )+ , 22.4 ] ; 76 [(C6H4 )+ , 47.8 ]
; 60 [ (CH2NS )+ , 60.0] ; 51[ (C4H3 )+ , 23.4 ].
For compound ( II , R=Br(p-)) : 259 [(M+ + 2 )* , 39.8 ] ; 257 [ (M+) , 39.9 ] ;
197 [ (C7H6N2Br )+, 6.8 ] ; 182
[ (C7H5NBr )+ , 17.3 ] ; 155 [ (C6H4Br )+ , 8.0 ] ; 102 [ (C2H4N3S )+ , 16.0 ] ; 89 [
(CH3N3S )+ , 29.5 ] ; 76 [ (C6H4) + , 100 ] ; 60 [ (CH2NS )+ , 51.4 .
*

Lit (19,20) . m. p .160 oC , ** Lit 69 . m. p.178 oC ,
. m. p.207 oC

**

Lit 69 . m. p .220 oC ,

**

Lit 69

2.6. The structures of organic additives

3. RESULTS AND DISCUSSION
3.1.Natural Convection Mass Transfer in Presence of Organic Compounds:
Metals deposited in a very rough or powdery form, when the electrolysis carried out at
the limiting current .This seems to be a rather general rule (2) in the case of copper.
The possibility of preventing powder formation at the limiting current by means of
suitable additives is of interest in electroplating (3) and electrometallurgy in general.
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Some organic substances are used as additives in electroplating, electrowinning and
electroforming to improve the quality of electrodeposits.
3.1.1. Potentiodynamic Cathodic Polarization Curves:
Figs. (3.1)&(3.2) show the cathodic polarization curves for copper electrodeposition
from sulphate solution under the influence of adding different amounts of organic
compound (II). It is obvious that in the organic free solution, the current, first,
increases linearly, then tends to exhibit limiting current plateau with increasing the
cathodic potential . It is generally accepted that electrodeposition of Cu2+ ions takes
place through two steps (21):

Cu

slow step
fast step

It assumed that the first step in this process occurred slowly and the rate controlled by
the rate of Cu ++ diffusion to the electrode surface. However, addition of organic
substances to the sulphate solution increases the cathodic polarization and decreases
the value of limiting current density. The observed changes in the cathodic
polarization in the presence of organic compound suggest that it must be acting as an
inhibitor, which confirmed by the observation that at any given over-potential, the
values of current density for copper deposition from solutions containing organic
compounds are lower than those found for the corresponding organic free solution.
This inhibition of the organic compounds on the copper electroplating reaction may
be due to the adsorption of organic compounds on the cathode surface.
Therefore, the limiting current decreases with increasing organic compounds
concentration as shown in Figs.(3.1)& (3.2) due to a lowering of the complexed Cu2+
ions .Values of limiting current for all solutions at different temperatures using copper
anode and in another case using lead anode.
Noticeably, that the limiting current decreases with increasing organic additives
concentration and increases with temperature. The values of limiting current density Il
for all solutions at different temperatures were used to calculate the mass transfer
coefficient, K from the equation(22) :
K=iL/zFACo
(3.1)
where, z: number of electrons involved in the reaction, F: Faraday constant(As mol-1),
Co: bulk concentration of copper sulphate (mol/l-1), A: electrode area .
3.2. Effect of Electrode Height on the Limiting Current
Figs. (3.3)&(3.4) show the effect of the electrode height on the limiting current in case
of Cu-Cu and Pb-Cu. The limiting current density decreases with increase in height.
In electrodeposition and generally for cathodic deposition of metals, the direction of
flow of the hydrodynamic boundary layer is upwards, the thickness of the
hydrodynamic boundary layer and the diffusion layer increases in the upward
direction, i.e., the resistance to mass transfer increases in the upward direction;
accordingly, the local limiting density increases in the upward direction of the cathode
. The average limiting current density decreases with the increase in the height
according to the equation(20,23) :
Il = C/h 0.31± 0.01
(3.2)
3.3. Effect of Concentration of CuSO4 on the Limiting Current
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It is obvious that limiting current increases as copper sulphate increases (23).
Increasing the CuSO4 content in the bath decreases the cathodic polarization and
increases the limiting current plateau. These results were expected due to an increase
in the relative abundance of the uncomplexed Cu2+ ions in the solution (24) .
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3.4 Electrodeposition using lead anode:
In electrowining of metals such as Zn, Cu, Cd, Ni usually an insoluble anode such as
Pb, C or Pt is usually used. Under such conditions, O2 gas bubbles evolve at the anode
while at the cathode H2 may evolve simultaneously with metal deposition. These gas
bubbles travel upwards and burst when they reach the electrolyte surface and produce
a mist of acidic (sulphuric acid) droplets. The oxygen, the main product at the anodes
and hydrogen, a secondary product at the cathodes, were produce by the following
electrochemical reactions (24, 25).
At anode
H2 O
½ O2 +2H+ +2e(3.5)
And
At cathode
2H+ +2eH2
(3.6)
When these gas bubbles rise to the electrolyte surface, they burst and generate an
acidic aerosol known as acid mist (26). Acid mist emission is a problem in many
electrolysis operations because it corrodes the equipment and is a health hazard to the
workers in the tank house. It also pollutes the environment. As a result of recent
trends towards more environmental protection and more stringent in-plant hygiene,
there is an increasing need to find suitable measures to further minimize these
aerosols (27).
The limiting current I1 (A) obtained from polarization curves was used to calculate the
mass transfer coefficient, K (cm s-1) from the equation:
K = I1 / AnFCo = (D/δ) AC
(3.7)
where A: area of the electrode, n: number of electrons involved in reaction, F:
Faraday constant (96484.6 Cmol-1), Co: bulk concentration of copper sulphate (mol
cm -3), D: diffusion coefficient of Cu2+ ions in solution, δ : diffusion layer thickness ,
Values of K was reported; they are directly proportional to those of the limiting
current density and decrease by increasing the organic compounds concentrations (27).
Fig. (3.2) gives the relation between current and volt for Pb-Cu in presence of
compound (II) .This decrease in the limiting current may be attributed to adsorption of
organic compounds on the electrode surface (28,29). Thiosemicarbazide derivatives,
which are bulky, when used as additives would have a dual function in minimizing the
rate of mass transfer. The presence of thiosemicarbazide would strengthen the
absorbability on the metal surface . As a result from above, the mass transfer
coefficient at O2 evolving electrodes decreases with increasing thiosemicarbazides
concentration. The decrease in the mass transfer coefficient in presence of
thiosemicarbazides may be ascribed according to: the presence of additives in
solutions leads to the generation of small non-coalescent bubbles of rigid surface and
of low- rise velocity. (30).
The oxygen discharge velocity (V) is given by
V = iL RT / 4PF
(3.8)
where V is oxygen gas discharge velocity (cm s-1), iL the limiting current density(A
cm-2), R the molar gas constant (0.082 atm mol-1 K-1), T the absolute temperature (K),
P the pressure (1 atm) (22).
The value of K and V By plotting log k against log V a straight line is abtained. In
presence of organic substances the following relation will be obtained k α (V) b,
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In case of using a cell with a copper cathode and a lead anode where O2 evolves at the
anode according to the reaction :
H2O → ½ O2 + 2H+ + 2e(3.9)
Other effects should be considered as follows : Anodic O2 bubbles drag with them
same solution as they rise along the anode surface. The entrained solution is recycled
to the cathode surface .
Where it increases the rate of mass transfer with natural convection especially at the
upper part of the cathode. the organic compound molecules are adsorbed on the
bubble surface which become rigid. The decrease in bubble size and the rigidity of the
bubble surface decreases the rise velocity of O2 bubbles. As a result, their kinetic
energy as well as the kinetic energy of the recycled solution decreases. As a
consequent, the enhancing effect of the recycled solution on the limiting current of the
cathodic deposition of copper decreases (29,32).
3.5. Effect of organic additive on solution viscosity:
Viscous flow may by pictured as the movement of one layer of molecules with respect
to another layer and involving transition as well as rotational motion of the molecules,
with an energy required to pass over a hindering potential energy barrier. The
viscosity of a liquid can be express by the following equation:
η = (N/V) exp [-Δ S* /R] exp [- Δ H*/RT]
(3.10)
where N/V is the molecular volume of the liquid, Δ H* enthalpy or the energy
required for a molecule to reach the top of a potential energy barrier, ΔS* is the
corresponding entropy. That the change of viscosity slowly increases with increasing
the concentration of organic additives.
The variation of physicochemical properties of the medium with percentage
composition has an important role in controlling electrodeposition. It is found that the
organic compound inhibits electrodeposition or electroplating and the percentage
inhibition was found to increase with increasing organic compound concentration (33).
The increase in the viscosity of the solution with increasing the percent organic
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a. Adsorption of the thiosemicarbazide derivatives on the cathode surface
decreases the active cathode area “A” with a consequent decrease in the
limiting current according to equation (3.7) .
b. The increase in interfacial solution viscosity slows down the upward solution
velocity of the natural convection stream. As a consequence the diffusion
layer thickness δ increases with a consequent decrease in the limiting current
according to equation (3.7) .
c. Some of the thiosemicarbazide derivatives molecules form a complex
compound with part of the Cu++ ions present in solution. Accordingly the
effective concentration of Cu2+ decreases with a consequent decrease in
limiting current according to equation (3.7) .
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where “b “is constant depend on organic substances. It will be observed that values of
“ b “ are constant for all studied additives and their values approximately equal one,
which indicates that the discharge velocity of oxygen gas is affected by the presence
of additives compounds with the same extent as the mass transfer coefficient does (
31)
.
At cathode, the rate of mass transfer decreases due to presence of organic additives .
This may be attributed to :
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compound leads to a marked decrease in the mobility of reactant and its diffusivity
according to Stock-Einstein equation (34) :
Dη /T = constant
(3.11)
Generally, the higher values of viscosity measurements indicate that the organic
molecules becomes more bulky oriented by forming more hydrogen bonding
structures between organic compounds derivatives molecules and water molecules.
This new structure enhanced the internal friction between molecules.
The % Inhibition can be calculated using the equation (3.12) :
% Inhibition = (I –Il / I) x 100
(3.12)
where I and Il are electrodeposition limiting current values without and with inhibitor
respectively.
That the addition of organic compounds reduces the limiting current by amount
ranging from 0.90 % to 39.39 % (Cu- Cu cell) and from 1.14 % to 29.71 % (Pb-Cu
cell) as % Inhibition depending on the organic compound structure and the
different temperatures .The decreasing was found to be as follow :
Compound (V) > Compound (IV) > Compound (III) > Compound (II) > Compound
(I) in both cases of (Cu- Cu ) , (Pb-Cu) .
Under natural convection mass is transferred outside the diffusion layer by
natural convection which arises from the density difference between the interfacial
solution and the bulk solution while mass is transferred inside the diffusion layer by
diffusion only by virtue of the existence of concentration gradient across the diffusion
layer.
In view of the above mechanism, the adverse effect of organic compounds on the
limiting current can explained as follows:
Organic compound adsorbed on the cathode surface increases the interfacial viscosity,
η of the solution with a consequent decrease in diffusivity, D of Cu++ according to the
Stokes-Einstein equation (3.11) (34):
That the %Inhibition for all of organic compounds slightly decreases with increasing
temperature from 288 K to 303 K. this may be explained by desorption of adsorbed
inhibitor on the copper surface (33).
3.6. Adsorption isotherm :
Two main types of interaction can describe the adsorption of organic compound
namely: physical (electrostatic) adsorption and chemical adsorption (chemisorption)
on the metal surface. These are dependent on the electronic structure of the metal, the
nature of the electrolyte and the chemical structure of the inhibitor (33). Mostly,
organic compounds containing N, O or S groups or organic compounds having π
bonds in their structures are found to be effective inhibitors in acid media. Also
presence of functional groups, such as =NH, −N=N−, −CHO, R−OH, C=C, etc., in the
inhibitor molecule and also the steric factors, aromaticity, electron density at the
donor atoms are found to influence the adsorption of the inhibitor molecules over the
electrodepositing metal surface (35).
quasi-substitution process (36) between the organic compound in the aqueous phase,
(org.(aq.))and water molecules at the electrode surface, (H2O (S) ).
Org (aq)+xH2O = Org (S) + x (H2O) (aq)
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(3.13)

Inhibitor adsorption characteristics can be estimated by using the Langmiur
isotherm which is based on the assumption that all adsorption sites are equivalent and
that molecule binding occurs independently from nearby sites being occupied or not
given as (33) :
C/θ=1/K+C
(3.16)
where C is the concentration of organic additives (Inhibitor), θ is fractional surface
coverage and K is the adsorption equilibrium constant. A linear – relationship can be
obtained on plotting C/θ as a function of C for compounds, I, II, III in case of Cu-Cu
and compound I, II in case Pb-Cu at 288 K. It is observed that although these plots
are linear, the gradients are never unity, contrary to what is expected for ideal
Langmiur adsorption isotherm equation. Organic molecules having polar atoms or
groups which are adsorbed on the metal surface may interact by mutual repulsion or
attraction and this may be advocated as the reason for the departure of the slope
values from unity (39).
The characteristic of the Temkin adsorption isotherm given by:
Exp (-2aθ) = KC

(3.17)

Where "a" is the lateral interaction parameter describing the molecular interaction in
the adsorption layer and heterogeneity of the metal surface. The plot of θ as a function
of log C for compound I, II, III, IV, V in case of Cu-Cu cell and compound I , II, III,
IV, V in case of Pb-Cu cell at 288 K.
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ƒ (θ,x) exp(-a θ ) = K C
(3.14)
where ƒ (θ, x ) is the configuration factor depends essentially on the physical model
and assumptions underlying the derivation of the isotherm (37). The mechanism of
inhibition of electrodeposition is generally believed to be due to the formation and
maintenance of a protective film on the metal surface (38).
The primary step in the action of thiosemicarbazide derivatives in acid solution is
generally agreed to be adsorption on to the copper surface. This involves the
assumption that the electrodeposition reaction are prevented from occurring over the
area (or the active sites) of the copper surface covered by adsorbed inhibitors species,
where as the electrodeposition reaction occurred normally on the inhibitor free area.
Accordingly, the fraction of the surface covered with inhibitor species (θ) can be
followed as a function of inhibitor concentration and solution temperature. The part of
surface covered with inhibitor lead to decrease of limiting current . When fraction of
the surface covered is determined as a function of the concentration at constant
temperature, adsorption isotherm could be evaluated at equilibrium conditions.
The values of fractional surface coverage (θ) at different concentrations of organic
additives and at constant temperature have been used to explain the best isotherm to
determine the adsorption process can be determined from (33) :
θ = I - Il / I
(3.15)
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where x (the size ratio) is the number of water molecules displaced by one molecule
of organic inhibitor.
Adsorption isotherms are very important for determining the mechanism of organoelectrochemical reactions. The most frequently used isotherms are those of Frumkin,
Temkin, Florry-Huggins, Langmiur and Kinetic Isotherm (34). All these isotherms are
of the general form:

The molecular interaction parameter "a" can have both positive and negative values
.Positive values of "a" indicates attraction forces between absorbed molecules while
negative values indicates repulsive forces between the absorbed molecules . That the
values of "a" in all cases are negative indicating that repulsion exists in the adsorption
layer. It is generally known that K denotes the strength between the adsorbate and
adsorbent. Large values of K imply more efficient adsorption.
The equation of Florry – Huggins Isotherm
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log θ /C = log xK + x log (1- θ )

(3.18)

where x is the number of active sites occupied by one inhibitor molecule or number of
water molecules replaced by one molecule of the adsorbate. The value of x > 1,
implied that one inhibitor molecule replace more than one water molecule (40) . The
plots of log θ /C against log (1- θ) for compound I, II in case of Cu-Cu cell and for
compound I, II in case Pb- Cu cell.
The kinetic -thermodynamic model is given by:
log [ θ / (1- θ) ] = log Kʹ + y log C

(3.19)

where y is the number of inhibitor molecules occupying one active site. The binding
constant K is given by :
K = K ʹ (1/y)

(3.20)

If the slope y of the linear relation between log θ / 1- θ vs. log (C) all organic
compounds, is greater than unity implies the formation of multi-layers of the additive
on the metal surface, while if less than unity, however, it means that the given
additive molecule occupied more than one active site. Values of y and number of
active sites 1/y of the metal surface that occupied by one molecule of the organic
additive under the present conditions have given. Obviously, it was conclude from
the values that the number of additive molecules, which occupy one active site, in
some cases less than unity and in other cases greater than unity (41). Also the
efficiency of electrodeposition is essentially function of the magnitude of its binding
constant K. Large values of K mean better and strong interaction, whereas small
values of K mean that the interaction between the additive molecules and metal
surface is weaker .
The free energy of adsorption (ΔGads.) at different concentrations of organic
additives calculated from the equation (39) :
ΔGads = -RT ln (55.5 K)
(3.21)
The value 55.5: is the molar concentration of solvent (mol/l) which in our case is
water.The values of (ΔGads.) are giving in Table (2) and the negative values in all
cases means that spontaneous adsorption of inhibitor on the copper surface and strong
interaction between the inhibitor molecules and metal surface. The most efficient
inhibitor shows the most negative (ΔGads.) value. This suggests that they strongly
adsorbed on the metal surface. The (ΔGads.) values are negative and lie in the range of
-9.56 to -37.71 in case of Cu-Cu and -9.83 to -36.32 in case of Pb-Cu kJmol-1, so
more positive than - 40 kJmol-1 indicating physical adsorption that means the
adsorption of organic additives take place through electrostatic interaction between
the inhibitor molecule and the metal surface. While (ΔGads.) values about - 40 kJmol-1
50

or higher involve charge sharing or a transfer from the inhibitor molecules to the
metal surface to form, a co-ordinate type of bond indicates chemical adsorption.
According to (ΔGads.) values; all compounds follow the order of inhibition that shown
before either in case Cu or Pb anode by using different organic compounds.

Ea, ∆H* and ∆G* in kJ/mol
∆S* in J/mol.K
The results showed positive sign for Ea, reflecting the endothermic nature of
electrodeposition process. It is obviously seen that the Ea values for inhibited systems
are higher that Ea for uninhibited system. This indicates that physical adsorption
occurred in the first stage, which explains the nature of organic molecules – metal
interaction. On the other hand, physical adsorption is related to lower values of Ea (<
43 kJ.mol-1), also indicating that the diffusion processes are controlling the
electrodeposition reaction (29).
Thermodynamic parameters ; the enthalpy of activation , ΔH*, entropy of
activation , ΔS* , and the free energy of activation , ΔG* , and have been calculated
from transition state equation:
log (IL /T) = [(log (R/hN) + ( ∆S ٭2.303 R )]- ∆H ٭/ 2.303 RT (3.22)
where N is the Avogadro's number , h is the plank's constant . The change in the
activation free energy ΔG*, of the electrodeposition, process calculated by applying
the famous equation:
ΔG* = ΔH* - TΔS*
(3.23)
*
The results show positive sign for ΔH , reflecting the endothermic nature of the
adsorption process. The negative values of ΔS* pointed to a greater order produced
during the process of activation . This can achieved by the formation of activated
complex represents association or fixation with consequent loss in the degree of
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The effect of temperatures on the electrodeposition rate of Cu-Cu cell and Pb-Cu cell
in absence and presence of all organic additives were studied by measuring the
limiting current in the temperature ranges between (288-303 K) and illustrated. It
observed that the electrodeposition rate increases with temperature for all the studied
systems and its extent more pronounced in the uninhibited system, indicating the
physical adsorption of additives on the metal surface and desorption, added by
increasing the reaction temperature.
The variation of Il with temperature at different concentration of organic compounds
(42)
. It can be seen that Il increases for all organic compounds by desorption of
adsorbed inhibitor from the copper surface (42).
The electrodeposition reaction can be regarded as an Arrhenius – type process. The
activation energy for the studied systems calculated from Arrhenius equation (42).
log Il = log A – Ea / 2.303 RT
(3.22)
where A is, a pre-exponential factor related to concentration, steric effects, metal
surface characteristics …, etc., R the molar gas constant and T absolute temperature.
Values of Ea that have derived from slopes of the Arrhenius plots. It is an important
thermodynamic parameters for determining the rate-controlling step. It is well known
that when the rate-controlling step is the diffusion of aqueous species in the boundary
layer Ea is generally ≤ 28 kJmol-1, while Ea values
usually > 43 kJmol-1 if adsorption of species on the reaction surface and subsequent
chemical reaction take place (29).
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3.7. Effect of Temperatures and Thermodynamic Treatment of the reaction:

freedom of the system during the process . ΔG* values show limited increase with rise
in the concentration of organic additives i.e : ΔG* values of the inhibited systems were
more positive than that for the uninhibited systems revealing that in cores of inhibitor
addition the activated electrodeposition complex becomes less stable as compared to
its absence (43).
3.7.1 The isokinetic relationship:
Variation in the rate within a reaction series may be caused by changes in either, or
both, the enthalpy or the entropy of activation. The correlation of ΔH* with ΔS* is a
linear relationship may be stated algebraically ;
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ΔH * = β ΔS* + constant

(3.24)

δ ΔH * = β δ ΔS*
(3.25)
The operator , δ, concerns difference between any two reactions in the series.
Substituting from (3.25) into the familiar relationship:
δ ΔH * = δ ΔG* + T δ ΔS*

(3.26)

β δ ΔS * = δ ΔG* + T δ ΔS*

(3.27)

We obtain
It follows that when δ ΔG* equal zero, β equals T. In other words, the slope in a linear
plot of ΔH * versus ΔS* is the temperature at which all the reactions that conform to
the line occur at the same rate. β is therefore known as the isokinetic temperature. The
plot of ΔH * versus ΔS* in presence of organic additives, the isokinetic temperature β
were estimated as 261.2, 312.7, 313.7, 308.3, and 333.5 K For compounds, I, II, III,
IV, and V , respectively in case of Cu-Cu cell and 274.5 ,310.2 .311.9 ,309.5, and
254.6 K for the same additives in case Pb-Cu cell . Which smaller than 298 K
indicate that the rate of the reaction is entropy control , while which is greater than
298 K indicate enthalpy control reaction , when in both cases of Cu-Cu and Pb-Cu
cell .
3.8. Effect of Rotations:
Rotating Cylinder Electrode (RCE)
The rotating cylinder electrode (RCE) configuration is one of the most used
electrochemical configurations for electrochemical processes study. It is often used
with turbulent flow regime for industrial application such as intensive corrosion or
electrodeposition processes.
The effect of the speed of rotation on the electrodeposition rate can also be used to
determine whether the electrodeposition process is diffusion or chemically controlled
process. If the limiting current density increase by increasing the speed of rotation,
then the reaction is diffusion controlled . However, if the limiting current is
independent of the rotation, so the reaction is likely to be chemically controlled. The
angular velocity, ω , is related to speed of rotation by :
ω = 2π rpm / 60
(3.28)
The relation between the limiting current density and the angular velocity to a power
0.7 for RCE at 298 K for the different organic additives used. Straight lines were
obtained and the limiting current density increases by increasing rotation, which
indicates that the electrodeposition process of copper is diffusion controlled reaction.
The diffusion coefficient of Cu++ ions , D , in different solutions was determined from
the values of limiting current density , using Eisenberg equation (44) :
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iL = k n F Cb d-0.3 υ-0.344 D0.644 Ux
(3.29)
where , n is the number of exchanged electrons, F is faraday's constant nF is called
"faradic equivalence", Cb is the bulk concentration (mol cm-3) , U is the peripheral
velocity = ωr in cm rad.s-1 (where , ω is the angular velocity and in rad.s-1, and r is the
radial distance in cm) or U = 2Π ωr in cm s-1, d is the characteristic length for the
rotating cylinder = the diameter of the cylinder in cm , D is the diffusion coefficient
for the metal ions (Cu2+ ions in our case) cm2 s-1, ν is the kinematics viscosity in
Stoke (ν = η/ρ). the diffusion coefficient; D, of Cu2+ ions in solutions containing
organic solvents decreases due to the increase in the interfacial viscosity; η in
accordance with the Stokes-Einstein equation :
(3.30)

Where : η is the viscosity of solution (g.cm-1.s-1) , D is the diffusion coefficient
of copper ions (cm2 S-1) and T is the absolute temperature (˚K) . The present results
agree with the polaragraphic studies conducted in solution containing surfactants and
also solution containing organic solvent , where it was found that the diffusion current
decreases in the presence of surfactant and organic solvent.
3.8.1 Data Correlation
The mass transport to an inner rotating cylinder electrode in turbulent flow system
may be described by empirical dimensionless
Sh = a Scc Re b
(3.31)
where Sh , Re and Sc are the Sherwood (Sh = KL/ D) , k is mass transfer coefficient,
cm s-1 (K = iL/zFC (Cu++) where C (Cu++ ) is saturation solubility of copper sulphate,
Z is the valance , F is Faraday‟s constant in A s mol-1) , L is length of cylinder, cm
and D is diffusion coefficient, cm2 s-1, Reynolds ( Re = dU/ υ) , υ is kinematic
viscosity , cm2s-1 and U is rotation velocity = ωr , cm s-1 , d: diameter of the cylinder
in cm and (Sc = υ / D) numbers, respectively and a and b are empirical constants ,
c = 0.33 indicating forced convection regime (45) . By plotting log Sh /(Sc0.33) against
log Re , a straight line was obtained its slope gave the constant “b” while the intercept
gives the constant “a”. The mass transfer correlation for all parameters used in case of
RCE., the data can be correlated by the following equations :
1) Blank
Sh = 0.316 Re 0.71 Sc 0.33 with an average deviation= ±0.000615591
2) Compound I

Sh= 0.312 Re 0.71 Sc 0.33 with an averag deviation=±0.003431

3) Compound II

Sh= 0.326 Re 0.72 Sc 0.33 with an average deviation=±0.001795425

4) Compound III

Sh = 0.335 Re 0.72 Sc 0.33 with an average deviation=±0.001965539

6) Compound V
Sh = 0.32 Re0.71 Sc0.33

Sh = 0.325 Re 0.72 Sc 0.33 with an average deviation=±0.002673353
Sh = 0.310 Re 0.71 Sc 0.33 with an average deviation= ± 0.00181884
for RCE

In our present study a forced convection mechanism is obtained which agree very well
with similar relation ships reported before (44).
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5) Compound IV
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ηD
 constant
T

3.9. Effect of Chemical Structure Organic additives
Many of the organic inhibitors are compounds with at least one polar unit having
atoms of nitrogen, sulphur, oxygen, and in some cases selenium and phosphorous.
The polar unit is regarded as the reaction centre for the physicorption process. In such
a case the adsorption bond strength is determined by the electron density on the atom
acting as the reaction center and by the polarisability of the unit. Thus, polar organic
compounds acting as inhibitors are adsorbed on the surface of the bulk metal (M)
forming a charge transfer complex bond between their polar atoms and the metal .
M + RnX ↔ M : XRn

(3.32)
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The size , orientation , shape, and electric charge on the molecule determine the
degree of adsorption and hence the effectiveness of the inhibitor .
The ability of physical adsorption and co-ordination to metal is a well-known
characteristic of the thiosemicarbazide derivatives . Although the adsorption strength
depends on the electronic configuration of metal , it can be correlated with the dipole
moment and steric factor of the ligand molecule. The structure of investigated
thiosemicarbazide derivatives are of interest as inhibitor because of the presence of
N ,S center but also because of the other part of the molecule.
The investigated thiosemicarbazide derivatives have different substituted group in pposition of phenyl ring . The electron density at this group is contributing the main
reaction center of organic inhibitors affects the strength of the adsorption bond by
any mechanism .
Compound V recorded greater ability to donate electrons due to the presence of Ncenter in p-substituted group . through inductive effect (–I) and activate the benzene
ring , the former being moderately activating . This effect results in improved
adsorption through the aromatic ring and confirms better electrodeposition , than
compound IV which has O-center . So they have more than one active center
leades to resoncence and increase theirs inhibitior on copper surface rather than
compound II , III which have electron attracting group decrease the inhibition
efficiency . Also chlorine atom is highly electro negative than bromine atom so
give less inhibition (46) .
3.10 Surface Morphology of the Electrodeposited Copper
Various irregular morphological forms of metal deposits, such as dendrite, needle ,
spongy , fibrous , honeycomb-like structure , etc ., can be formed by electrodeposition
process. These forms may be either useful (the production of powders, the creation of
open and porous structures suitable for electrodes in electrochemical devices or
undesirable in electrowinning and electrorefining process, in batteries. It is clear that
the presence of organic additives modified the electrodeposition process from the
electrochemical analysis. In case of copper, irregular or disperse deposits are formed
at current densities and over-potentials which belong to the plateau of the limiting
diffusion current density and at higher ones, where parallel to copper
electrodeposition hydrogen evolution reaction occurs.
According to these results, the shape of obtained morphological forms strongly
depends on the quantity of evolved hydrogen. For example, the honeycomb – like
structure was obtained only under a quantity of evolved hydrogen which was enough
high to change hydrodynamic conditions in the near electrode layer.
In order to determine whether these changes were reflected in the deposit morphology
and composition, a scan electron microscope (SEM) study was performed. It can be
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noted that the surface morphology was markedly affected by the nature of the organic
additives (47).
The analysis of copper morphologies shown in Figure (3.5 ) after 5 minutes in
absence of organic additives reveals a highly branched dendrite structure obtained by
using copper or lead anode. According to Wranglen, a dendrite consists of a stalk and
branches (primary, secondary etc.).
Table(1) : Benzaldehyde / p-Substituted- benzaldehyde thiosemicarbazones(II).

R

M.p
o
C

I*

H

160

II **

Cl(p-)

208

III

Br(p-)

IV **

CH3O(p-)

V **

(CH3)2N(p-)

Yield
%

Mol.
formula

68,69

85

C8H9N3S

69

75

C8H8N3CLS

85

C8H8N3BrS

85

C9H11N3OS

85

C10H14N4S

210
169

69

188 69

Analysis %
(Calcd. /Found)
C H
N
S
53.6
53.3
45.0
45.0
37.4
37.5
51.7
51.5
54.1
54.1

5.0 23.5
5.2
23.5
3.8 19.7
4.0 19.9
3.1 16.3
3.0 16.3
5.3 20.1
5.5 20.0
6.3 25.2
6.5 25.1

17.9
18.0
15.0
14.8
12.5
12.3
15.3
15.3
14.4
14.5

Table (2): Linear fitting parameters of thiosemicarbazide derivatives for (Pb-Cu) at
288 K .

Models Parameters
Organic Compounds

Langmiur

Temkin

K

Slope

K

X

Compound I

1.0943

0.3342

-3.2786 35587.7064

7.2022

Compound II

1.1242

0.2825

-2.5523 25876.1702

Compound III

—

—

Compound IV

—

Compound V

—

K

Kinetic adsorption
Isotherm
y

1/y

K

241.8437 0.4817

2.0759

96.0012

3.6646

262.526

0.6461

1.5477

274.215

-1.6108 11117.3172

—

—

1.406

0.7112

896.492

—

-1.1424 69710.7892

—

—

2.1264

0.4702

1085.218

—

-2.1123 6865.9399

—

—

1.3094

0.7637

449.40
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Fig.1.1. Concentration profile near a cathode.
[……… Nernst fictitious profile,
true profile]
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Χ 3.51 x10-4
* 4.68 x10-4
● 5.85 x10-4
+ 7.03 x10-4
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Fig. (3.1 ): Polarization Curves in case of (Cu-Cu) at 288 k for different
concentrations of compound II.
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Electrodeposition of Copper in Presence of

Thiosemicarbazide Derivatives
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Fig. (3.2 ): Polarization Curve in case of (Pb-Cu) at 288 k for different concentrations
of compound II.
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Fig. (3.3 ): The relation between iL&log h in case of blank Cu-Cu at 298K.
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Fig. (3.4): The relation between iL &log h in case of blank Pb-Cu at 298K.
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Blank (Cu)
Blank (Pb)
Fig :(3.5) SEM micrographs of copper deposit obtained by using 0.15 M CuSO 4.5H2O, 1.5 M H2SO4, )
and after 5 minutes in absence of organic additives (Cu blank) (Pb blank).
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Medical rhetoric: A contrastive study of English research article
abstracts written by native speakers of English in an internal journal
and by Libyan academics in a Libyan national journal
Aiesha Ali E Emhammed
Abstract
Medical research and publications are the back-bone for advancing the medical field
of any country. However, few studies have investigated Libyan medical writing. These
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A contrastive study of English research article abstracts written by native speakers of English in an
internal journal and by Libyan academics in a Libyan national journal

studies have tended to focus on assessing the contribution of Libya to medical research
rather on the rhetorical or linguistic patterns of Libyan scholars‟ medical writing. For
example, a study was conducted by Bakoush et al. (2007), who assessed the
contribution of Libya to medical research by examining its contribution to the PubMed
database (PubMed is a service of the U.S. National Library of Medicine that includes
over 19 million citations from MEDLINE and other life science journals for
biomedical articles back to 1948). All publications affiliated with Libya in the PubMed
database were counted over a five year period ending December 2006. They also used
the same method to obtain data on the PubMed medical publications from Tunisia,
Morocco and Yemen. The results of their study show the low production rate of
scientific medical papers from Libya in international peer reviewed journals as
compared to countries such as Tunisia. Tunisia had the largest number of PubMed
publications among the studied countries: 20.4 publications per million population per
year. Libya had much fewer publications: 2.4 publications per million population per
year. They concluded that the biomedical research publications in Libya are scanty and
declining. The absence of a research culture among native Libyan medical
professionals is one of the reasons for the decline. Bakoush et al. (2007) point out that
the educational system in Libya does not emphasise medical research in undergraduate
and postgraduate studies. Furthermore, universities do not stress the quality of research
when deciding on academic promotion. This could be the same reason for the lack of
research on generic structure and linguistic patterns of Libyan academic writing and
medical writing.

The study here undertaken aims to make a start on filling the existing gap by offering a
contrastive analysis of Libyan and native speakers of English scholars writing in the
field of medicine. The major aim of this study is to investigate the rhetorical variation
60

between the research article (RA) abstract written in English by native speakers (NSs)
for an international journal and in English for a local journal by Libyan authors in an
attempt to understand how and why language choice might affect this genre in actual
use. For such purpose one method of data collection was employed, involving move
analysis. A total of 20 RA abstracts written in English were randomly selected: (i) 10
written in English by NSs of English, from an international journal in the field of
medicine, and (ii) 10 others in English from a Libyan national journal by Libyan

be favoured in each sub-corpus: whereas English NSs RA abstracts tended to follow
the canonical P-M-Pr-C (Purpose-Method-Product-Conclusion) structure. In contrast,
Libyan abstracts tended to include all the moves which characterise the patterning I-PM-Pr-C (Introduction-Purpose-Method-Product-Conclusion). It is here argued that an
explanation for these divergences should be sought in relationship to various factors.
These factors are the impact of editorial guidelines of abstracts of each journal;
discourse community size; publishing pressure, and the background knowledge of the
members of the discourse community. The implications of this study are discussed in
the Conclusion section.
Introduction
There is specific systematic co-patterning amongst the structure, content, purpose
and context of discourse activities. A benchmark term that captures such copatterning is 'genre'. The designation 'genre' has been used for many years to
describe different styles of literary discourse such as sonnets, tragedies and
romances. It emphasizes the fact that different types of discourse can be categorized
by their overall configuration.
In recent times, the term has been adapted by functional linguists to refer to
different types of communicative events (Martin, 1984; Swales, 1990). They state
that language exists to accomplish particular functions and that these functions
will establish the overall structure of discourse. This shape materializes as people
communicate with one another, that is, it will have certain conventional stages.
Different types of communicative events culminate in different types of discourse,
61
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Findings indicate that two different rhetorical organisations of abstracts were found to

A contrastive study of English research article abstracts written by native speakers of English in
an internal journal and by Libyan academics in a Libyan national journal

scholars also in the field of medicine.

and each of these will have its own distinctive characteristics. Specific
characteristics will be formed in a specific type of discourse and they will set it
apart from other discourse types.
The literature on genre of the last two decades displays a number of perspectives
that have been extensively acknowledged such as genre as typified as rhetorical and
social action (Miller, 1984, 1994), as a goal-oriented social process (Martin, 1985)
and as a communicative event in the context of communities of practice (Swales,
A contrastive study of English research article abstracts written by native speakers of English in an
internal journal and by Libyan academics in a Libyan national journal

1990).
It is noteworthy that what counts as beneficial research, a valuable argument and
sufficient evidence, depends on the disciplinary community the writer is acting
within. This means that writers succeed in being convincing to the extent they can
structure arguments in ways that their readership will find most persuasive (Hyland,
2006).
Recently, genre approach has been intensively employed to examine various
professional and academic written and spoken discourse. Rresearchers have focused
on how „expert‟ users exploit genres for social purposes and the ways genres are
created and evolve. Certainly, genre analysis helps reveal the conventional ways
that people convey their purposes and how this differs across disciplines. Alvesson
and Kärreman (2000) rightly point out that the proper understanding of societies,
social institutions, identities, and even cultures may be viewed as discursively
constructed ensembles of texts.
Research article abstracts is one genre which has been analysed by many
researchers. Analysts attempted to describe how writers construct their discourse
and to identify factors that impact on their language choice in this particular genre.
The reason why article abstracts have been greatly examined is that research
articles abstracts constitute a key genre used by academic communities for the
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dissemination and ratification of knowledge, both national and international, being
considered the major tool utilized by researchers for the introduction of new
findings and claims in the community (Hyland 2000; Salager-Meyer, 2001).
Despite the enhanced research activity on genre-specific writing cross-culturally,
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however, only a few studies have compared academic genres in Arabic and
English. The major aim of this study is to examine to what extent there is
rhetorical variation between the research article abstracts written in English by
native speakers of English and those written in English and published in Libyan
Journals in the area of medical science by Libyan writers.

Given the brevity of this paper, the present study is divided into two parts: the

previous studies on article abstracts. Part two of the essay analyses and discusses
the data. Firstly, it briefly describes the data and method of analysis. Then it
discusses the significance of the findings. Finally, the conclusion summarizes the
main findings and their importance for both research and pedagogy in genre studies.
The Importance of Article Abstracts
Recently, abstracts have been considered in the literature as an independent genre.
It has also become a standard feature of scientific journal articles. (Ventola (1994,
p.
333) maintains that abstracts “have become a tool of mastering and managing the
ever- increasing information flow in the scientific community”. The function of an
abstract is often regarded as “a description or factual summary of the much longer
report, and is meant to give the reader an exact and concise knowledge of the full
article” (Bhatia, 1993, p. 78). The American National Standards Institute (ANSI)
defines abstract as follows: “an abstract is an abbreviated, accurate representation
of the contents of a document, preferably prepared by its author(s) for publication
with it” (cited in Bhatia, 1993, p. 78).
Interestingly, most scholars seem to agree that after the title, readers typically read
an abstract to decide whether to go further and give the accompanying article
further consideration, or to disregard it (e.g. Graetz, 1985; Bazerman, 1988;
Bhatia, 1993; Kaplan et al, 1994). This is not surprising, as an abstract fulfils a
number of indispensable purposes for busy readers. It foregrounds vital
information for easy access and orients their readers and guides them so as to
63
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article abstracts among researchers and their communities. Section two will review

A contrastive study of English research article abstracts written by native speakers of English in
an internal journal and by Libyan academics in a Libyan national journal

first, subdivided into two sections. Section one will highlight the importance of

make their task of comprehending texts easier. It serves as an early screening
gadget, helping readers choose whether or not to read the rest of the article and it
also furnishes a vital function to persuade readers that the article is worth reading
(Bazerman, 1988; Berkenkotter and Huckin, 1995). Berkenkotter and Huckin‟s
view of abstracts are as “a promotional genre” (1995, p. 34). Hyland accentuates
the need for abstract writers to typically position themselves and their work in their
disciplines, by displaying credibility and „membership‟ (2000, p. 63). Similarly,
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Berkenkotter and Huckin (1995,
p. 29) point out that genre conventions which are products of discourse
communities and are thereby “windows” into the functioning of such
communities.
The importance of abstracts in influencing the readers‟ decisions about whether
the accompanying article is worth reading has been demonstrated in a number of
studies. To catch readers‟ attention and persuade them to read on, writers need to
show that they not only have something original and worthwhile to say, but that
they also have the professional credibility to tackle their topic as an insider
(Bhatia, 1993; Hyland, 2000). An abstract is, therefore, a selective representation
rather than an endeavour to provide the reader with exact knowledge of an article‟s
content. It does more than simply give the “gist of the article in a precise and
maximally efficient way” (Ventola, 1997, p. 333). In other words, in order for
claims made in article abstract to be accepted by the discourse community and
readership, they need to be phrased in ways that readers find persuasive and meet
their expectations. Abstracts are worthy of study because they are momentous
carriers of a discipline‟s knowledge; expectations and social assumptions, and,
therefore, a rich source of interactional features that allows us to see how
individuals work to locate themselves within their communities. At this stage, I
would like to broaden the discussion somewhat and present some previous studies
which have examined abstracts.
Previous Studies on Article Abstracts
In the past two decades or so, there have been an increasing number of studies on
genre analysis. Many of these studies have investigated overall organization, and
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grammatical and vocabulary choices (e.g. Christie, 1986; Swales, 1990, 2004).
Many different academic genres, such as the research article; grant proposal; sales
promotion letter and conference abstracts have been studied (Swales, 1990; Connor
& Mauranen, 1999; Bhatia, 1993 among others). While some researchers have
focused on genre variation across disciplinary lines, associating particular
discursive features with disciplinary communities (e.g. Melander et al. 1997;
Samraj, 2002; Swales & Najjar, 1987; Thompson, 2001) others have investigated

Broadly, research article abstracts is a genre that has received much attention
recently due to the crucial role it fulfils for the scientific community (Swales,
1990; Bhatia, 1993). A number of studies have analysed the global organisation of
this genre as well as the linguistic features that characterise it. Several of these
studies have focused on abstracts from a particular discipline. For example,
Salager-Meyer (1992) and Nwogu (1990) have studied abstracts from medical
science, whereas Santos (1996) has analysed abstracts from linguistics. One study
on abstracts that has been both cross- disciplinary and cross-cultural in its
perspective is that by Melander et al. (1997), which compared abstracts from
Biology, Medicine, and Linguistics, written in English (by native speakers from the
USA and non-native speakers from Sweden) and Swedish (by native speakers in
Sweden). Melander et al.‟s (1997) study reveals, among other things, that
linguistics abstracts produced in the American context are different in their overall
organization. In another study, also of cross-disciplinary and cross-cultural by
Martin-Martin (2003) examined rhetorical variation between research article
abstracts written in English for international journals and others written in Spanish
and published in Spanish journals in the area of experimental social sciences. The
study shows that the Spanish abstracts largely follow the international conventions
based on the norms established by the English-speaking international academic
community. Nonetheless, there are some degrees of divergence, primarily in the
frequency of occurrence of the Results move. A recent study of abstracts by Bonn
and Swales (2007) compares French and English article abstracts from the language
sciences (from a French linguistics journal, an equivalent English one and other
65
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how genre varies across linguistic and cultural communities (e.g. Ahmad, 1997;

paired French and English abstracts from the bilingual EAP journal). Bonn and
Swales (2007) find that there are significant differences in the two monolingual
journals in the rhetorical and linguistic features of French and English abstracts.
The research reveals that there are differences in the use of personal pronoun,
sentence length, transition and also in the way the research reported is “situated”.
These studies have provided evidence of the influence of cultural and linguistic
factors on discourse structure. The characteristics of texts produced by non-native
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speakers of English and texts produced in different languages have been compared
to the textual features identified in genres produced by native English speakers
(Taylor and Chen, 1991; Bhatia, 1993; Jenkins and Hinds, 1987). As Miller (1994)
states, a culture can be distinguished by its genre set.
Despite the enhanced research activity on genre-specific writing cross-culturally,
however, only a few studies have compared academic genres in Arabic and
English. The main focus of interest has been on the introduction of research
articles. One of these studies was carried out by Najjar (1990), who examined
forty-eight article introductions in Arabic in agricultural science. Of these, twentyseven fit the CARS (Create a Research Space) model and of these only thirteen
included establishing a niche. Similarly, Fakhri (2004) investigated the rhetorical
properties of Arabic research article introductions (from the humanities and social
sciences), using Swales‟ CARS model. The research reveals that Arabic
introductions are differed in terms of their global structure, resulting in a hybrid
rhetorical structure. A few of them consist of features proposed in the CARS
model, whereas, the majority vary from it considerably.
It is also shown how vital features of Arabic discourse such as “repetition and
high- flown, ornamented expressions interact with rhetorical aspects of
introductions” (Fakhri, 2004, p. 1119). The major aim of this study is to examine
the rhetorical variation between the research article abstracts written in English by
native speakers and those written in English and published in Libyan journals in
the area of medical science by Libyan writers. This study serves to fill in the still
important gap that exists in Libyan discourse analysis. It will build on what is
already known about abstract structure and it will extend our understanding with
66

regard to cultural variation.
Corpus and Analytical Framework
The analysed corpus consists of twenty texts, of which ten were written in English
by native speakers, and another ten again in English, but this time written by
Libyan scholars in the area of medical science and published in Libyan journals.
All the investigated abstracts were randomly selected: 10 abstracts from the Libyan
Journal of Medicine and another 10 from the British Medical Journal, 2007and

cultural variation in such an academic genre as the article abstract on the basis of
Libyan versus English texts.
Hyland‟s (2000) study of abstracts from eight disciplines employs a model with
five moves Introduction-Purpose-Method-Product-Conclusion (I-P-M-Pr-C); it is
this model that has been employed as an analytical framework in this study. An
important advantage of using Hyland‟ model in this study lies in the fact that it has
been applied in a large-scale study of 800 abstracts from several disciplines and in
many previous studies, which allows for more insights based on comparison of
findings whenever possible.
The majority of researchers see genre analysis as a form of textual interpretation,
or event interpretation that is strongly grounded in descriptive evidence though not
entirely determined by it. An ideal method of genre analysis should entail text
analysis and author response data as well, but the viability of the latter is usually
low, and does not eradicate the need for interpretation. Within its known limits,
text analysis still provides a systematically informed, functional and practical
approach to the analysis and understanding of genre.
Results and Discussion
Overall, the rhetorical frameworks used by both sets of abstracts did not differ

A contrastive study of English research article abstracts written by native speakers of English in
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2008 issues being chosen, available on the journals website. The study analysed

Introduction move in the English article abstracts.Table 1 presents the results of the
analysis of the abstracts and indicates that a general preference for the PurposeMethod-Product- Conclusion (P-M-P-C) pattern among all article abstracts (60 per
cent of all the papers), compared with 40 % of Introduction-Purpose-Method67
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significantly; in fact, the primary difference is the general absence of the

Product-Conclusion (I- P-M-Pr-C) model among abstracts (40 per cent of the all
cases). The most frequent move structures in the data were the sequences PurposeMethod-Production- Conclusion (P-M-Pr-C).
Table 1 Most frequent move structures in abstracts by journal
Journal
Libyan Journal of Medicine

I-P-M-Pr-C
8

P-M-Pr-C
2

/

10

40%

60%
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British Medical Journal
Overall (%)

Precisely 80 % of Libyan abstracts contained the five moves, whereas, all the
English papers consisted of four moves which are P-M-Pr-C (100 per cent of all
English abstracts). As the study did not provide for follow-up interviews with
authors, the remarks that follow are speculative. It is possible that the authors of
English papers do not share the conventional view that an Introduction section
should be included in their abstracts. An additional potential interpretation of the
difference between the two sets of abstracts may indicate that Libyan authors write
for non-native speakers of English, Libyan professionals and Libyan medical
students; therefore, they saw a greater need to situate their discourse with an
introduction. Another possible explanation is that the absence

of

shared

background knowledge among non-native speakers of English Libyan scholars
and students) may lead to more persuasive writing: authors may feel a greater need
to establish the worth of their research area in the abstracts to increase readership.
Brief introductions were provided for audiences to offer essential background to
the papers and, equally significantly, indicating the importance of the topic to the
community. For reason of space two exemplars are given:
Neo-angiogenesis is an essential process in physiological and pathological
conditions. However, it is a complex process … In some malignancies, high mast
cell density has been found to.... However, others reported unfavourable
associations….

However,

the

role

of

68

eosinophils

in

tumours

remains

controversial.(1)
Nitric oxide may have a protective effect on the liver during endotoxemia and
chronic inflammation. There is evidence that it maintains liver and intestinal tissue
integrity during inflammatory processes.(2)
The high presence of the five moves in the Libyan article abstracts could perhaps
also be explained solely through the explicit guidelines given to authors in

submission guidelines. Libyan Journal of Medicine editorial guidelines are given
in Appendix 1.This arrangement of generic stages or moves of abstract from
Libyan Journal of Medicine can be seen in examples listed in Appendix 2.
While approximately 80 per cent of Libyan abstracts contained the Introduction
move, as can be seen in the examples in Appendix 2, the figure was zero in the
British medical Journal abstracts. This may be due to common practice among the
native speakers medical community. This is in line with Melander et al‟s (1997)
findings. They found that the American medical abstracts are organized by “four
obligatory headings-Objective, Methods, Results, and Conclusion- and thereby
place the research activity within a standardized rationalistic framework” (Melander
et al., 1997, p. 260). An additional feasible rationalization is that readers in this
community are expected to be familiar with issues in which a study is embedded.
So, more space was given to the Method move and Product move where the writer
explained what he/she has done and how and states his/her main results.
Roughly 80% of the Libyan abstracts are composed in one paragraph. The method
was not divided into subheadings as in the English counterparts. It is labelled
under Methods/Materials with the Method move in the same paragraph with other
moves as can be seen in the examples in Appendix 2. The Method move is equally
important in the both sets of abstracts and is present in all cases (100%). This is in
accord with the linguistics abstracts studies by Santos (1996), where methods are
commonly described. However, this is in contrast to the Wildlife Behaviour and
the Conservation Biology abstracts investigated by Samraj (2002), where the
69
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editorial guidelines. These five elements (I-P-M-Pr-C) are set out in the journal‟s
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journals. To a great extent Libyan scholars‟ choice of moves is constrained by

Method move presents in only 50
% 0f the texts.
As shown in Table 2 below, the frequency of occurrence of Purpose-MethodProduct- Conclusion moves in all cases (20/20, 100%) shows that they are
“obligatory” moves in both Libyan and British abstracts; the authors in the two
journals seeming to agree upon the significance of these moves. This might
indicate that these sections of the abstracts are essentially seeking to construct a
context within which the research has importance and value. While the Product

comment on the implications of the study or draw generalizations based on the
findings of the research. There was not a considerable divergence among all the
papers in these two moves; hence, they were not discussed in depth in this study.
Examples of the English abstracts were included in Appendix 3.
Table 2 Percentage of abstracts containing particular moves (rounded %)
Journals
Libyan Journal of
Medicine

British Medical Journal
Overall (%)

Introduction Purpose Method

Product

Conclusion

8

10

10

10

10

⁄

10

10

10

10

40

100
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move used to report the main findings, the Conclusion move is utilized to

70

100

100

100

An example below shows that the Method move was divided into 5 subheadings
and this is the case with all English abstracts. I have located these subheadings
into one category which is method section. According to Hyland (2000), the
Method move provides information on design, procedures, assumption, approach
and data. A possible explanation for the much greater length of the Method move
can be related to the growing complexity of the methods and statistics used in
medical research. Without a detailed Method section, writers might not be able to

discussing the merits of their research methodology and the findings because they
are operating within a much bigger academic community, in which there is a
greater pressure to justify and defend their research methods. This pattern is
exemplified below:
Design Cost effectiveness study alongside …
Setting Memory clinic, day …
Patients 135 patients aged ≥65 with mild to moderate …
Intervention 10 sessions of occupational …
Main outcome measures Incremental cost effectiveness …
Similarly, the Product move is the move which can be considered obligatory,
being present in 100% of the abstracts studied. As suggested by Berkenkotter and
Huckin (1995), this emphasis on results can be seen as part of the promotion of a
article, as the results usually comprise its main contribution.
The choice of presentation verb often distinguished the Purpose move in both sets
of abstracts, items such as determine, explore, evaluate, and investigate. The
Purpose move is introduced by the infinitive such as to „to assess‟, „to compare‟
and „to examine‟. The most striking feature of the data is that 85 % of the all
papers are characterised by a move label. The labelling of the moves gives readers
a clear idea about the organization of the text, as well as indicating the function and
the content of each move.
Conclusion
In this paper, I have attempted to provide an overview of much research and a
different critical perspective on the genre of article abstracts and its importance in
71
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Another feasible explanation is that the British authors dedicate more space to
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convince the readership of the validity of the means employed to obtain findings.

the academic community. This paper has also presented a relatively detailed
discussion of theprocess of analysing the generic structure of 20 article abstracts
randomly selected from journals in the field of medical science. Similarities and
differences in RAA (research article abstract) structures have been reported and
disc+ussed.
This exploration of the abstracts in both sets suggests some areas where there are
significant differences in the generic structure of Libyan and English abstracts.
A contrastive study of English research article abstracts written by native speakers of English in an
internal journal and by Libyan academics in a Libyan national journal

discourse community, publishing pressure or discourse community size. As
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This might be attributable to background knowledge of the members of the

medical journal. The findings of the study, therefore, in conjunction with further

Ahmad (1997) and Salager-Meyer et al. (2003) assert particular characteristics and
even the size of a specific discourse community may to a certain extent shape the
conventions of the writing, which its members produce.
The Libyan abstracts are closest to the standard form of the I-P-M-Pr-C structure, 8
out of 10 the Libyan papers following the I-P-M-Pr-C religiously. However, 40 %
per cent of all the cases contained the five moves. This is in line with Hyland,
who, in his findings, states that not all the papers he investigated contained all five
steps. Less than 5% of the 800 abstracts he analysed contained all five steps in this
order.
It is important to mention, however, that in some instances the differences identified
in the present study between the Libyan abstracts model and the English papers
examined seem to be only differences in degree. There seems to be generally
agreement about the importance of the following moves P-M-Pr-C among the
Libyan and English medical communities.
The findings of this study may help Libyan medical researchers and students
towards a better understanding of the development of medical research articles
structurally, and it may also facilitate Libyan medical researchers to produce
English –medium medical abstracts more likely to be accepted by an international

research in this discipline, could be used to devise teaching strategies and materials
in order to familiarise prospective Libyan medical students and researchers with the
rhetorical structure that is considered acceptable by both the Libyan and English
72

medical community. As Hyland (2004, p.
20) states, “genre teaching helps students express individual meaning by making

them aware of the choices and constraints that the genre offers”
Appendix 1: Libyan Journal of Medicine Editorial Guidelines
A short abstract (200-250 words or less) is required for all papers. Structured

results and conclusions. This abstract should be carefully prepared. The abstract
should be a summary of the entire paper, not the conclusions alone, and should
precede the main body of the paper
The abstract should be structured in the original research articles as following:
•

Background

•

Aims

•

Methods

•

Results

•

Conclusions

It essential to include the following in the methods section:
The funding sources



An ethical and patients‟ approval statement
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abstract should contain the subheadings: Background /aims, material /methods,
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3. A. English Abstract (No. 2)

Objective To assess the cost effectiveness of community based occupational
therapy compared with usual care in older patients with dementia and their care
givers from a societal viewpoint.
Design Cost effectiveness study alongside a single blind randomised controlled
trial.
Setting Memory clinic, day clinic of a geriatrics department, and participants‟
homes.
Patients 135 patients aged ≥65 with mild to moderate dementia living in the
community and their primary care givers.
Intervention 10 sessions of occupational therapy over five weeks, including
cognitive and behavioural interventions, to train patients in the use of aids to
compensate for cognitive decline and care givers in coping behaviours and
supervision.
Main outcome measures Incremental cost effectiveness ratio expressed as the
difference in mean total care costs per successful treatment (that is, a combined
patient and care giver outcome measure of clinically relevant improvement on
process, performance, and competence scales) at three months after randomisation.
Bootstrap methods used to determine confidence intervals for these measures.
Results The intervention cost €1183 (£848, $1738) (95% confidence interval
€1128 (£808, $1657) to €1239 (£888, $1820)) per patient and primary care giver
unit at three months. Visits to general practitioners and hospital doctors cost the
same in both groups but total mean costs were €1748 (£1279, $2621) lower in the
intervention group, with the main cost savings in informal care. There was a
significant difference in proportions of successful treatments of 36% at three
months. The number needed to treat for successful treatment at three months was
2.8 (2.7 to 2.9).
Conclusions Community occupational therapy intervention for patients with
dementia and their care givers is successful and cost effective, especially in terms
of informal care giving.
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3. B. English Abstract (No. 3)
Comparison of analgesic effects and patient tolerability of nabilone and
dihydrocodeine for chronic neuropathic pain: randomised, crossover, double blind
study
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Objective To compare the analgesic efficacy and side effects of the synthetic
cannabinoid nabilone with those of the weak opioid dihydrocodeine for chronic
neuropathic pain.
Design Randomised, double blind, crossover trial of 14 weeks‟ duration
comparing dihydrocodeine and nabilone.
Setting Outpatient units of three hospitals in the United Kingdom. Participants
96 patients with chronic neuropathic pain, aged 23-84 years. Main outcome
measures The primary outcome was difference between nabilone and
dihydrocodeine in pain, as measured by the mean visual analogue score computed
over the last 2 weeks of each treatment period. Secondary outcomes were changes
in mood, quality of life, sleep, and psychometric function. Side effects were
measured by a questionnaire.
Intervention Patients received a maximum daily dose of 240 mg dihydrocodeine
or 2 mg nabilone at the end of each escalating treatment period of 6 weeks.
Treatment periods were separated by a 2 week washout period.
Results Mean baseline visual analogue score was 69.6 mm (range 29.4-95.2) on a
0-100 mm scale. 73 patients were included in the available case analysis and 64
patients in the per protocol analysis. The mean score was 6.0 mm longer for
nabilone than for dihydrocodeine (95% confidence interval 1.4 to 10.5) in the
available case analysis and 5.6 mm (10.3 to 0.8) in the per protocol analysis. Side
effects were more frequent with nabilone.
Conclusion Dihydrocodeine provided better pain relief than the synthetic
cannabinoid nabilone and had slightly fewer side effects, although no major
adverse events occurred for either drug.
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