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Abstract 

A new approach depending on the mathematical programming techniques for the 
analysis of elastoplastic structures under dynamic loadings will be presented in this 
investigation. 

The analytical model of the structure will be considered as an assembly of finite 
elements and the material of the structure is perfectly plastic with allowance for plastic 
unstressing. The development of plasticity is assumed to be confined to ends of the 
elements and the yield surface for each critical section in the space of the interacting 
stress resultants will be piece wise linearised.  The mass of each element is assumed to 
be concentrated in point masses at each of its nodes. The total mass concentrated at any 
node of the complete structure is then the sum of the nodal contributions from all 
elements attached to the node. 

Basic structural relations are presented in incremental form suitable for utilizing 
mathematical programming techniques where the original physical structural properties 
are maintained. These relations are manipulated to produce the governing formulation in 
the form of a differential linear complementary problem (DLCP). By utilizing an 
implicit direct integration method, a numerical procedure for solving this DLCP is 
presented. In this procedure a linear complementary problem has to be solved at every 
time increment by a suitable pivoting quadratic programming algorithm. Two numerical 
examples are solved and comparisons with elastic and rigid plastic solutions are made. 

1. Introduction: 

Elastoplastic analysis of structures subjected to dynamic excitations may be 
considered of vital importance for economizing the cost of the structure provided the 
designer can accept some permanent distortion to occur in the structure. Methods for 
performing such analysis can be categorized in two classes: 
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a)  A tangent stiffness method in which the physical properties of the system change 
during deformation and hence the stiffness matrix of the structure must be updated 
once plastification has changed during the analysis ([1] and [2]). 

b)  A pseudo force method in which the system physical properties are kept constant 
during the deformation process and accounts for the nonlinear behaviour is taken by 
applying extra forces (pseudo forces) the effect of which produces the true 
nonlinear behaviour of the structure. [3] 

In the current investigation a new approach depending on the mathematical 
programming methods will be presented, The original physical properties and hence the 
elastic stiffness will be maintained, Further, there will be no need for applying pseudo 
forces to obtain the true nonlinear behaviour. In this approach a formulation depending 
on the nodal description of statics and kinematics will be presented. The numerical 
solution of this formulation will also be discussed. To demonstrate this formulation, two 
numerical examples will be solved. 

In this investigation idealization of frame structure problems may be achieved by 
discretising the structure into a set of beam like elements of finite size, the terminals of 
which connect together at node points. Adjacent to each node is a critical section at the 
end of each element. The development of plasticity is assumed to be confined to these 
sections only. The yield surface for each critical section in the space of the interacting 
stress resultants will be assumed piecewise linearised [2]. 

The mass of each element is assumed to be concentrated in point masses (have no 
rotational inertia) at each of its nodes. The distribution of the element mass to these 
points should be determined by statics. The total mass concentrated at any node of the 
complete structure is then the sum of the nodal contributions from all elements attached 
to the node, each of such masses can have a maximum of two translational degrees of 
freedom (dynamic degrees of freedom). The mass matrix so obtained is always diagonal. 

Once the structural model has been established in the above way, it is convenient to 
associate each element with a positive direction (arrow ) (see examples). The graph 
model may be considered as a set of oriented branches (elements) connecting any two 
points (nodes). The connectivity properties of the branches in the graph can be expressed 
by the incidence of the branches at the nodes (nodal connectivity). These allow the 
statics and kinematics of the structure to be described in a nodal description ([5] and [6]). 

2. Basic Structural Relations: 

The nodal description of statics through d'Alembert's principle and of kinematics 
can be established in incremental form as [6]: 
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where X and x are, respectively, the stress and strain resultant vectors; λ and µ are, 
respectively, the applied load and inertia force vectors; δ is the load application point 
displacement vectors; u are the displacements of the masses (dynamic degrees of 
freedom); q is a vector containing the kinematic degrees of freedom (a set of 
independent generalized coordinates sufficient to describe the kinematics of the 
structure); A , A0 and Ad are constant matrices, under the small displacement 
assumption, depending on the way by which the structure is discretised and its geometric 
properties; ∆ denotes increment of the indicated variable, T denotes transpose. 

If a lumped mass model is adopted, then the increments of inertia forces µ can be 
given as: 

um∆−=∆µ .................................................................................................  (3) 

where: m is a diagonal mass matrix; superimposed dot denotes differentiation with 
respect to time. 

The structural material will be assumed elastoplastic. Thus the increment of the 
strain resultants may be split into elastic part ∆xE and plastic part ∆xP as follows: 

∆x = ∆xE + ∆xP..............................................................................................  (4) 

As an elastic relation, a stiffness relation may be used 

∆X =  k ∆xE..................................................................................................... (5) 

where : k is a block diagonal stiffness matrix 

Plasticity relations presented first by Maier [4] for non- holonomic linearised yield 
surface can be employed in incremental form as  

−  =     
T

* *

X
Y N X

1
.............. (6), 

∆   
= ∆   ∆   D

p
*T

*

Nx
x

X
 (7a,b) 

0x ,xY 0,Y **
T
** ≥∆=∆≥ 0 .............................................................  (8) 

where: Y* are the plastic potentials; N is the incidence matrix containing the 
components of the out word normals to the yield surfaces in all critical sections; X* is 
the plastic stress resultant capacity vector; x* is the plastic multipliers vector; D is the 
plastic dissipation. 

3. Governing Formulation: 

From relation (2c) it is possible to write u∆  in terms of q∆  as: 

qAu d∆=∆ ................................................................................................  (9) 

combining (3) and (9) and substituting the result into (1) yields  
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λ  ∆=∆+∆ T
0

T Aq MXA ......................................................................  (10) 

where: d
T
d A m AM =  

M will be assumed positive definite; if not so, either a static condensation 
procedure will be used to eliminate the singularity or a distributed mass model must be 
used instead. 

Combining relation (2a) and (4), one obtains 

pE xq Ax ∆−∆=∆ ...............................................................................  (11) 

Substituting (7a) into this and the result into (5) yields 

*x N kq A kX ∆−∆=∆ ..................................................................  (12) 

Relation (6) can be written at time t in incremental form as 

Y* = Y*n - NT ∆X ...................................................................................... (13a) 

where: Y*n = X* - NT Xn........................................................................... (13b) 

Feeding (12) into (10) and (13a)and arranging, one produces 
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.................. (14) 

This formulation represents a differential linear complementarity problem (DLCP) 
[6]. 

4. Numerical Solution Procedure: 

The numerical solution will be founded on one of the direct integration methods, In 
this solution, one normally assumes the dynamic state variables are known up to time tn , 
and approximate values for these variables are required at time tn+1. As demonstrated 
by Bathe [2], the Newmark method is more flexible and easier to implement, and it 
yields better accuracy at peak values since it does not suffer from any artificial damping. 
Moreover, it is unconditionally stable in the linear case where, as will be shown later in 
the examples, a good part of the response will be linearly elastic, For all these reasons 
this method will be employed so that the accelerations and velocities at time tn+1 may 
be approximated by means of the following relations: 

qn+1 = a0 ∆q - a1 qn - ( a2 - 1 ) qn ............................................................ (15a) 
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qn+1 = a3 ∆q - a4 qn - a5 qn ...................................................................... (15b) 

where: ∆q are the increments of the kinematic degrees of freedom; 

qn,qn are respectively the velocity and acceleration vectors at time tn 

a0,a1,...,a5 are numerical integration coefficients given by: 

a
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in which α and γ are two parameters that can be determined to obtain integration 
accuracy and stability. When γ = 1/2 and α = 1/6 the above relations correspond to the 
linear acceleration method. Newmark [7] originally proposed, as an unconditionally 
stable scheme in the linear case, the constant average acceleration method, in witch γ = 
1/2  and α = 1/4. 

Introducing relations (15) into DLCP (14) and arranging yields: 
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............ (16) 

where: K A  k A MT= + a0 ..........................................................  (17a) 

)q q ( MAF nn1n
T
01n 21 aa ++∆=∆ ++ λ ..................................... (17b) 

I is a unit matrix. 

The Numerical Procedure will be called the self-correcting because it takes into 
account the out-of balance forces inherited from the preceding time increment. These 
forces are normally produced by the fact that the equilibrium equations (the first set of 
equations of DLCP (14)) are not entirely satisfied by the solution resulting from solving 
LCP (16). This is because relation (15a) is an approximate estimate for qn+1. 

The out-of-balance forces can be calculated from the equilibrium equations in total 
variables as  

n
T

nn
T
0n  XAq MAr −−= λ .........................................................     (18) 
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In order to obtain better accuracy, these forces must be applied on the structure as if 
they were external loads, i.e.∆Fn 1+  becomes: 

]1)(a[a 21 nnn
T

1n
T
01n qqMXAAF −++−=∆ ++ λ ...................     (19) 

Steps of procedure: 

1.  Establish ATkA , ATkN , NTkN , M = AdTmAd , and hence the effective 

stiffness matrix K = ATkA + a0 M  can be computed. 

2.  Assume the initial conditions qn, qn, qn, xEn, xPn, Xn,x*n and Y*n are known. 

3.  Calculate ∆Fn 1+  from relation (19). 

4.  Solve LCP (16) by the pivoting procedure developed by Al-Samara[6] and reported 
in Al-Samara[8] to obtain ∆q, ∆x* and Y*n+1 

5.  Calculate the accelerations from (15a), the velocities from relation (15b) and the 
displacement at time tn+1 from: 

qn+1 = qn + ∆q 

6.  Establish the plastic strain, elastic strain and stress resultant vectors from: 

∆xP  = N ∆x*        ⇒   xPn+1 = xPn + ∆xP 

∆xE  = A ∆q - ∆xP   ⇒   xEn+1 = xEn + ∆xE 

Xn+1 = k  xEn+1 

7.  Calculate the dynamic degrees of freedom, if necessary, as 

un+1 = Ad qn+1 

8.  Put n=n+1 and return to step 2 to calculate for the next time increment. 

It should be pointed out that at the beginning of the loading program (i.e., at time 
t=0) if the initial conditions q0, q0 are given, one should establish the accelerations q0 
from the equilibrium equations as: 

q0 = M-1 (A0T λ0 - AT k A q0)................................................................... (20) 

It is worth mentioning that the size of LCP (16) can be reduced by eliminating the 
unrestricted variables ∆q by solving the first set of equations of (16) for  ∆q  as: 

∆q = K-1 (∆Fn+1 - ATkN∆x*) ..................................................................... (21) 

Introducing this into the second set of equations of (16) yields the following LCP: 
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-NT(k+k A K-1 AT k)N ∆x* + Y*n+1=Y*n - NT k A K-1 ∆Fn+1 

     Y*n+1 ≥ 0  ,   YT*n+1  ∆x*  = 0 ,  ∆x* ≥ 0 

.................................................   (22) 
Experience has shown that solving LCP (22) instead of LCP (16) is more cost 

effective with respect to computer time. The same steps used in the preceding numerical 
schemes may be used for solving LCP (22). LCP (16), however, has been given special 
emphasis since it represents the typical form of LCP resulting from the nodal elasto-
plastic analysis for both small and large displacement dynamic analysis. 

Example 1 

The response of the two story shear frame shown in Fig.1a is to be studied under 
the effect of the triangular impulse shown in Fig.1b. The columns have constant flexural 
rigidities EI and plastic moment capacities X* The material of the frame will be assumed 
nonholonomic elastoplastic. All  the structural properties are normalized in terms of the 
following two parameters: 

β β1
*

2
*

mgL
X

8 ,
EI
X L

25= = = =  , g is the gravity acceleration. 

The structure will be modeled as in Fig.2a. If the kinematic degrees of freedom (q1 
, q2) are given unit values each in turn, two independent mechanisms as shown in 
Fig.2(b,c) will be obtained. With the aid of these mechanisms, the kinematic description 
of the structure can be expressed in the form: 
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The mass of the structure is lumped at the floor levels as shown in Fig.1a; hence the 
increments of the inertia forces can be expressed as 
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where: 1,2i , u
g

u , 
X
L

i
1

ii
*

==′=′
β

µµ ι  

The assembled mass matrix then is:   M = AdT m Ad  = m 

Similarly the normalized applied load, time, velocities and accelerations can be 
expressed as 

′ =λ
L
X*

 λ   ,   ′ =t
t

(L / g)(1/2)
 

i1/2
1

i q
(L/g)

q
β

=′    ,   i
1

i q
g

q
β

=′   ,  i = 1,2 

The unassembled stiffness matrix can be written as  

k
k 0

0 k
k1

1
1=
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−
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  , 

8 4

4 8
 

provided that the following normalized stress and strain resultants are used: 

′ = ′ = =X X /X   ,  x x   ,  i 1,...,4i i * Ei 2 Eiβ  

Hence the assembled system stiffness matrix is given by 

A kAT =
−

−










24 24

24 48
 

plasticity will be allowed to develop only at the critical sections (1,...,4) whose 
plastic moment capacities are collected in the following vector  

[ ]′ = =Y Y*0 *0 /X 2 2 2 2 2 2 2 2*
T  

The normality matrix is: 

N = [I  -I] , I is (4 x 4) identity matrix. 

The normalized plastic strains and plastic multipliers can be expressed as: 

′ = ′ =+ +x  x    ,  x  xp
i

2 p
i

*
i

2 *
iβ β   ,  

′ = =− −x x ,i 1,...,4*
i

2 *
iβ  

The structure is assumed to be started with stationary initial conditions, 
i.e. 0qq 00 =′=′  
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By using the equilibrium equations one can establish the normalized initial 
accelerations as: 

[ ]T44==′ −
0

T
0

1
0 AMq λ  

If the Newmark numerical integration method is to be used, then the integration 
parameters (a0 , a1 ,....,a5 should be normalized as  
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Several time increments are used to establish reasonably accurate results, The 
results are very close when ∆ ′ =t  0.025 and ∆ ′ =t  0.0125 are used. Therefore the 
results obtained with ∆ ′ =t  0.125 will be considered as the required values for the 
dynamic state variables, The displacements q1 and q2 are plotted in Fig.3. For the sake 
of comparison, the rigid plastic displacements obtained by Al-Samara [6] and the elastic 
displacements are also shown on the same figure. 

Example 2 

The elastic and elasto-plastic response of the two story shear frame studied in the 
preceding example is required under the effect of the single ground acceleration plotted 
on fig.4. 

The Newmark average acceleration method for numerical integration with several 
values for the time increment is used. Reasonably accurate results are obtained when 
∆ ∆t t / 0.4598 0.05* = =  sec. The elastic and plastic displacements of 
the two floors are shown on fig.5 and the stress resultant at critical section 2 is plotted on 
fig. 6 in terms of the strain resultant. 

5- conclusion: 

By examining the results of example(1) it can be seen that three main phases of the 
response can be distinguished: 

1.   An initial elastic phase. 

2. An elasto-plastic phase during which the structure undergoes a series of shape 
changes until it reaches a mode pattern. 

3.   Finally, the elastic strain energy available leads to a final elastic stage of vibrations 
around the mode pattern developed in the preceding stage. 

It can be observed from Fig.3 that although the elastoplastic displacements are 
bigger than the corresponding elastic ones, the amplitudes of vibrations in the 
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elastoplastic case are significantly smaller. This can be justified by the fact that, in the 
elastoplastic analysis, plastic hinges developed at sections 1 and 2, Fig,2a. These hinges, 
under the effect of the applied loads, allow the frame to sway to a new position (mode 
pattern) and start vibrating elastically around its new deformed position. Therefore, some 
of the input energy caused by the applied loads is dissipated in developing the plastic 
hinges and forcing the structure to take the new position of vibration. For this reason the 
amplitudes of vibrations in this case are smaller than the corresponding amplitudes in the 
purely elastic case. 

It can also be seen from Fig.3 that the rigid plastic solution underestimates the final 
deflections with large errors, This is due to the fact that the duration of the pulse is long 
compared to the fundamental period of the structure. This confirms the remark made by 
Mosquera et al [9]. 

Again, the results of example (2) showed that the development of plastic hinges at 
sections 1 and 2, Fig.2, dissipated some of the energy imposed on the structure by the 
earthquake. For this reason, it can be seen by comparing the elastic and the elastoplastic 
displacements shown on Fig 5, that the amplitudes of the vibrations in the elastoplastic 
case are smaller than the amplitudes of the elastic vibrations. This may be attributed to 
the fact that the ground acceleration consists of a few early pulses only, and their energy 
is quickly dissipated in the development of the plastic hinges. This may be emphasised 
by observing Fig.6 which shows that the plastics phase of deformation is small. 

  اللدنة في مجال اإلنتقاالت -ديناميك املنشآت املرنة
 الصغرية بطريقة الربمجة الرياضية

  
  محمد أحمد السمارة

 
 ملخص

ــة      ــة   -ســنقدم فــي هــذا البحــث طريقــة جديــدة لتحليــل المنــشآت المرن ــة المعرضــة ألحمــال ديناميكي اللدن
العموديـة المحـدودة   -صـر الجائزيـة  كمجموعة مـن العنا " باستخدام مبادئ البرمجة الرياضية معتمدين نموذجا     

كمــا ســنفترض أن .  ومــادة المنــشأ مرنــة لدنــه مــع الــسماح بــالعودة مــن المرحلــة اللدنــة الــى المرحلــة المرنــة  
تطــور اللدونــة محــصور فــي نهايــات العناصــر المحــدودة وأن ســطح الــسيالن ألي مقطــع حــرج يمكــن تقريبــه      

اعتبـرت كتـل العناصـر مجمعـة فـي      . جهـادات المتفاعلـة   بمجموعة من السطوح المستوية في فراغ حاصالت اال       
نهاياتهــا فأصــبحت الكتلــة المجمعــة فــي كــل عقــدة مــن عقــد النمــوذج التحليلــي عبــارة عــن مجمــوع مــساهمات  

ســنقدم العالقــات االنــشائية األساســية علــى شــكل تفاضــلي وبطريقــة تناســب   . العناصــر المتــصلة بهــذه العقــدة 
وبحيــث يــتم المحافظــة علــى خــواص المنــشأ الفيزيائيــة األصــلية ومــن ثــم     اســتخدام طــرق البرمجــة الرياضــية  

 وسـوف نـستخدم احـدى    .نستنبط العالقات الحاكمة لتصرف المنشأ على شكل مسألة تفاضـلية خطيـة متتامـة         
طرق التكامل العددي المباشر لحل هذه المسألة عدديًا حيث سنحل مسألة خطية متتامة في كل مجال زمنـي     
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وسـنعرض نتـائج حـل مثـالين     .  بواسطة خوارزمية مناسبة لحل البرامج الرياضـية التربيعيـة      ) تفاضل  ( قصير  
  .عددين مع مقارنه بين الحلول المرنة والحلول اللدنة
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Abstract 

The hexahomotrioxacalix[3]naphthalenes 4 and 5 which are members of a new 
class of inherently chiral naphthalene based calixarenes were evaluated for their 
supramolecular complexation properties with [60] fullerene (“C60”). The stability 
constants for the complexes of 4 and 5 with C60  using UV-Vis. spectroscopy are 
reported and compared with the supramolecular complexation data obtained by a 1H 
NMR study  in benzene-d6 and toluene-d8. 

Introduction 

The supramolecular complexation of fullerenes with a variety of macromolecular 
hosts is a subject of extensive ongoing interest,[1] in particular, the independent 
discovery by Atwood[2] and Shinkai[3] and their co-workers that p-tert-
butylcalix[8]arene 1 selectively sequestered [60]fullerene (“C60”) from a mixture of 
higher fullerenes and thus led to an efficient purification of C60. Calixarenes themselves 
are extensively studied due to their remarkable synthetic versatility as molecular 
building blocks for the design of novel and varied supramolecular hosts.[4] Recently, 
Shinkai and co-workers[5] showed that p-tert-butylhexahomotrioxacalix[3]arene 2 and 
its various derivatives [6] formed inclusion complexes with C60 in solution. In 1998 Fuji 
and co-workers [7] reported the first X-ray crystal structure of a C60_2 complex and also 
of a C60 complex with p-bromohexahomotrioxacalix[3]arene 3. Sumanta Bhattacharya 
et al. studied the complexation of of hexamethoxy-tert-butylcalix[6]arene and 
octamethoxy-tert-butylcalix[8]arene with C60 in CCl4, toluene and xylene using UV-
Vis. spectroscopy.[8] Earlier, the synthesis of a new class of supramolecular host 
molecules which are naphthalene-based analogues of 2 was reported.[9] 
Hexahomotrioxacalix[3]naphthalene 4 and its tert-butylated analogue 5 showed poor 
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alkali-metal cation complexation properties, however they show much stronger 
complexing abilities with C60. The stability constants of 4 and 5 complexes with C60 
using 1H NMR spectrometry were reported previously.[10] Herein the stability constants 
of 4 and 5 complexes with C60  using  UV-Visible spectrometry will be reported. 

 

Results and discussion 

Supramolecular 1 : 1 complex formation between 4, for example, and C60 in 
solution, can be represented by equation (1). 

C60     + 4           ≡     C60 : 4 ....................................................................... (1)  

The corresponding association constant Kassoc can be defined by equation (2), 

Kassoc = [C60 : 4 ]/[C60] •[ 4 ] ...................................................................... (2) 

and can be determined using the Benesi–Hildebrand equation which is shown in 
equation (3);[11] 

1/∆A = 1/(∆Amax • Kassoc [4]o) + 1/∆Amax   .................................................. (3) 

where ∆A is the change in absorbance upon addition of 4, referenced to uncomplexed 
C60, and ∆Amax is the difference in absorbances between those observed in 4 and in the 
complex, while [4]o is the total concentration of 4.  

Fig.1 clearly shows the formation of new absorption bands in the range of 420-450 
nm indicating complex formation. These bands are similar to those obtained previously 
with calix[4]naphthalenes, [12] and also obtained by Verhoeven and his group. [13] It 
was proposed that this band is attributed to a charge transfer transition in which  electron 
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transfer from the electron-rich 4 or 5 to the electron- poor C60 takes place. The existence 
of an isosbestic point may be an indication about the number of states in the system. In 
all our systems this point was not observed and neither did most of the reported studies. 
Fukawaza et al.[14] observed an isosbestic point at 478 nm for iodocalix[5]arene with 
C60, Yamamoto et al.[15] also observed one at 585 nm in their study on the 
complexation between C60 and cyclotriveratryllenophane, and lately Sumanta 
Bhattacharya et al.[8]  also observed one at 420 nm in their study on the complexation 
between C70 with both octamethoxy-tert-butylcalix[8]arene and hexamethoxy-tert-
butylcalix[6]arene but they did not observe it with C60.  

The value of Kassoc is determined from the slope and intercept obtained from a linear 
regression analysis of the “double reciprocal linear plot” of 1/∆A vs. 1/[4 ]o. Equation 4, 
which is obtained from the first derivative of the relationship between Kassoc.  and both 
the slop and the intercept, is used to calculate the uncertainty (σK) in each value of 
Kassoc.: 

(σK) = Kassoc { (σs/slope)2 + (σi/intercept)2 }1/2 ......................................... (4) 

The uncertaintities of the individual slopes (σs) and intercepts (σi) are obtained from the 
non-linear regression determinations using  sigma plot. 

Table 1 lists the values of Kassoc at 298 K which were determined for C60 with each 
of 4 and 5 in toluene or benzene. The Kassoc values listed here are higher than the values 
reported for the analogous calixarenes: Shinkai and co-workers [5] reported a value of 
35 ± 5 dm3 mol-1 for  complex of 2 with C60 in toluene using UV-VIS measurements, 
while Fuji and co-workers[7] reported values of 35.6 ± 0.3 dm3 mol-1 for the same  
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Figure 1 The absorbance spectra of C60 and 5 in toluene at 25oC. 

complex under the same conditions, and 9.1 ± 1.0 dm3 mol-1 for the complex of 6 with 
C60 in toluene. Fuji and co-authors also reported a Kassoc value of 14.9 ± 2.0 dm3 mol-1 
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for the complex of 3 with C60 in toluene. Sumanta Bhattacharya et al.[8] reported higher 
values than ours; they reported values between 6400-17000 dm3 mol-1 for their systems. 
To our knowledge, there have been no reports on other solution studies on these systems. 
The larger Kassoc values observed in this study are consistent with earlier findings[12] on 
the complexation of C60 with the closely-related calix[4]naphthalenes. In that study the 
major attractive interactions for the complex formation between C60 and the 
naphthalene ring-containing host molecules was postulated to be due to the π– π 
interactions between C60 and both of the fused aromatic rings in each naphthalene unit, 
via a deep cavity inclusion. The values of Kassoc obtained from NMR and UV-VIS 
measurements are both comparable, however, the uncertainties of the NMR 
measurements are smaller in all measurements. Several factors affect the values of Kassoc, 
one of them is the solvent. Haino et al.[16] showed that the stability of the complex 
increases as the solubility of C60 in the appropriate solvent decreases, since less energy 
is required for the desolvation of C60 which must necessarily precede its complexation 
with a host molecule. This would explain the higher Kassoc value found for the C60-5 
complex in benzene compared to that in toluene, since the solubility of C60 is higher in 
toluene (2.1–3.2 mg cm-3) than in benzene (1.4–1.9 mg cm-3).[17] A discussion on the 
solvophobic effect on the values of Kassoc was previously presented, in which it was 
proposed18 that the solvophobic effect, which is mainly entropic, also plays a role in this 
system and in similar ones, even in non-aqueous solvents. Recent report on the partial 
molar volume study that showed that the change in molar volume upon complex 
formation between C60 and calix[4]naphthalenes was related to a solvophobic 
factor.[18] From a similar partial molar volume study undertaken with these 
hexahomotrioxacalix[3]naphthalenes and C60, it is concluded that the solvophobic effect 
is the larger one in the case of C60-4 complex formation in toluene. This explains the 
higher Kassoc value for C60-4 complex formation in toluene compared to that in 
benzene. The stoichiometry of the complex in each solution was determined to be 1:1 
from both the Job Plot[19] and the mole ratio method.  

Table 1 Kassoc (M-1) values for C60 complexes with 4 and 5 in toluene and benzene 

Toluene(nmr) Toluene(uv) Benzene(nmr) Benzene(uv)

5 1st run 300.3±9.2 305±19 444.4±13.7 467±56

5 2nd Run 292.2±9.4 275±40 438.4±29.7 500±43

Average 296±9.3 290±31 441.4±23.1 484±50

4 1st run 146.0±7.3 194±37 119.3±7.1 134±15

4 2nd Run 154.4±2.0 151±44 112.7±4.9 156±45

Average 150.2±5.4 173±41 116.0±6.1 145±34

 
Deep red prism crystals having a (5)2-C60 stoichiometry were obtained from the 

slow evaporation of a toluene-d8 solution of C60 and 5. The published single-crystal X-
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ray structure,[10] reveals that the complex has C3i symmetry and contains an 
encapsulated C60 molecule within the cavity defined by two molecules of 5. The C60 
molecule adopts a nesting position at the van der Waals contact distance between the two 
concave surfaces of the hexahomotrioxacalixnaphthalene. The 18-membered macrocycle 
of each of the two molecules of 5 line up with a six-membered ring in C60, compelling 
the three adjacent, fused six-membered rings of the C60 to reside above the three 
electron rich naphthalene units of 5 to maximize the π – π interactions. Methyl–π 
interactions similar to those observed in many diverse clathrates of tert-
butylcalixarenes,[20] are also evident here as revealed by the methyl groups of each of 
the tert-butyl groups which are directed toward the faces of the remaining six-membered 
rings in the “equatorial belt”of the C60. Each of the two molecules of 5 which are in 
cone conformations are staggered with respect to each other, there by minimizing any 
potential steric repulsion between them. The C60 group in the complex is highly 
disordered or rotating and as a result the R values are high; however, this phenomenon 
with other C60 examples has been noted by others.[21, 22] There are other instances that 
have been reported for C60-calixarene complexes, whose solid state compositions have 
been revealed by their X-ray structures to be different from their solution compositions. 
For example, Haino et al.[16] and Yanase et al.[23] have reported different solution and 
solid state stoichiometries for C60_calix[5]arene complexes. Atwood et al.[24] have 
reported 2:1 solid-state structures for the complexes between p-
benzylhexahomotrioxacalix[3]arene and C60, whereas in solution, it had 1:1 
stoichiometry. On the other hand, Fuji et al.[7] reported the X-ray structures for the 
complexes of C60 with both 2 and 3, and found them to exist as 1 : 1 complexes in both 
the solid- and solution-states. All of the reported X-ray structures show back-to-back 
stacking of the respective calixarene-C60 complexes, in which intermolecular phenolic 
hydrogen-bonding is present. As noted by others [23, 24] symmetry considerations play 
a significant role in complex formation. Thus, the presence of a common C3 symmetry 
element in both 5 and C60 facilitates the alignment of both the host and the guest thereby 
maximizing the number of points of contact within the resulting complex. In conclusion, 
it has been demonstrated that supramolecular complexation of C60 with the new class of 
naphthalene-based homooxacalixarenes represented by 4 and 5, can exist in both the 
solid state and in solution, the values of Kassoc. obtained from both NMR and UV-Vis. 
measurements are comparable and the latest have higher uncertainties. 

Experimental 

Toluene ( BDH, Scintillation Grade) was distilled over sodium metal with 
benzophenone prior to use. Benzene ( ACP Chemicals Inc., A. C. S. grade, 99+%) was 
used without further purification. C60 (99.5 from Aldrich). 

Hexahomtrioxacalix[3]naphthalenes, 4 and 5 were prepared according to methods 
previously described.[9]  UV-Vis. Absorption spectra were recorded on a HP 8452 diode 
array spectrophotometer. The toluene solutions of C60 with concentration of ca. 1 to 2 x 
10-4 mol.dm-3 were used. Similar solutions having the same C60 concentration were used 
as solvents for preparing 4 or 5 solutions with total macrocycle concentration of ca. 1-2 x 
10-3 mol dm-3. The temperature was controlled at 25 ± 0.02 οC. Two runs were used for 
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the calculation of a certain K value. Other details concerning equipment and techniques 
were similar to those reported previously.[12] 
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 نفثاليـــــن [3] اوكساكالكس السداسي املتجانس لثالثي مع C60 الناتجة من املعقدات دراسة
  

  مزيــــد شحاده

  ملخـــــص

 C60   مــع 5 ,4  العــضوية بــين المركبــات المحاليــل تمــت دراســة تــشكيل لمركبــات معقــدة فــي  لقــد 
 ومقارنـة لمركبـات المعقـدة الناتجـة    تم تحديد ثابت االسـتقرار لهـذه ا   و UV-Vis المطياف الضوئي    باستخدام

  .هذه النتائج مع غيرها مما تم نشره حول هذا الموضــوع
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Abstract 

Strain-free, SF, and bond separation energy, BSE, group equivalents have been 
developed for amines and imines. The developed groups have been used in the 
calculations of the effective stabilization energies, SEeff, for aliphatic amines and hetero 
cyclic aliphatic amines. The resonance of aromatic amines have been  also calculated via 
SEeff values and direct interaction method. The obtained results by the two methods were 
compared with each other. On the other hand, the obtained results were compared with 
those reported values in the literature. The comparison shows that there is a good 
correlation between the obtained results and the reported values.  

Introduction  

Empirical calculations are based on the fact that many thermochemical functions 
are additive, which means that these functions could be obtained by summation of group, 
atom or bond equivalents. Experimental heats of combustion [1,2], enthalpies of 
formation [3], heats of atomization [4] and zero point energies [5-7] are reproduced via 
different additivity schemes. Franklin [2] and Benson [3] et al., independently, 
developed group equivalents for most organic compounds to reproduce the experimental 
enthalpies of formation, ∆H°

f's, via the summation of these equivalents. Schleyer et al [8] 
developed strain-free equivalents, SF, for alkanes. The summation of these equivalents 
produces the ∆H°

f of unstrained molecules. For a given molecule, subtraction of the SF 
equivalents summation from the experimental ∆H°

f gives the strain energy of that 
molecule, Equation (1). 

k
strain  energy ∆H N X

f i ii 1
= − ∑

=
...............................................................(1) 
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where Ni is the number of groups of type i, Xi the equivalent for group i and k the 
number of different groups in the molecule.  

As it had been indicated by Ibrahim [9,10], this method is only true if the molecule 
has no stabilization energy, SE, that results from any stabilizing factor such as 
resonance, conjugation or electrostatic attraction. For stabilized molecules, Equation (1) 
can be rewritten as shown in Equation (2) where SEeff is the effective stabilization 
energy. 

k
S E ∆H N X   ef f f i ii 1

= − ∑
=

.............................................................(2) 

The  SEeff  value for a given molecule is equal to the algebraic sum of its 
stabilization and strain energies. The three quantities are related via Equation (3). In the  
absence  of  

       
SE  - SE   strain    energyeff= +

.............................................................(3) 

strain energy, SEeff equals the stabilization energy, SE, and it equals the strain 
energy in the absence of stabilization energy, SE.          

Stabilization energy, SE, is usually called resonance energy, RE, for aromatic 
compounds. Knowledge of any two terms in Equation (3), makes the calculation of the 
third term is possible. For example, the SEeff of benzene is about 32 kcal.mol-1 as 
obtained via the summation of alkenes equivalents. RE of benzene is 36 kcal.mol-1. 
Hence; the strain energy of benzene is 4 kcal.mol-1. 

Another comparable method for the calculation of SEeff energies is the bond 
separation energy, BSE, method developed by Ibrahim [11]. In this method, the SEeff is 
calculated via Equation (4)  

k
SE N X BSEeff exptli ii 1

= −∑
= ........................................................................(4) 

The summation term of Equation (4) is the BSE for the unstrained model and 
BSEexptl is the experimental BSE for the compound. The definition and the method of 
calculation of BSEexptl  are explained in detail elsewhere.[11,12] 

To calculate the SEeff values of amines and imines, seven group equivalents are 
required. These groups are H2N(C), H N(C)2, N(C)3, H2C(C)(N), HC(C)2(N), C(C)3(N) 
and N=(C)(C). The first three groups are for primary, secondary and tertiary amino 
groups. H2C(C)(N), HC(C)2(N) and C(C)3(N) are methylene, methyne and tertiary 
carbon groups bonded to nitrogen atom. The last group N=(C)(C) is imino group bonded 
to carbon atom. The derivation of each equivalent, either SF or BSE, requires a model 
compound. The model compound should have undoubted experimental enthalpy of 
formation and its strain energy could be easily calculated. The model compounds for the 
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previously mentioned groups are methylamine, dimethylamine, trimethylamine, 
ethylamine, isopropylamine, ter-butylamine and N-methylmethaneimine, respectively. 
These compounds are chosen as model compounds because the uncertainties in their 
experimental enthalpies of formation are small and the enthalpy differences between the 
different conformers of each compound are well known. This knowledge is necessary to 
calculate their strain energies. Therefore, the calculation of the strain energies of the 
model compounds will be discussed before the derivation of the equivalent values.  

Strain Energies of Model Compounds. 

Calculation of strain energy of methylamine. 

Experimental [13] and theoretical [14-16] studies suggest that methylamine exists 
in only one conformer. It is the staggered conformer, S. In this conformer, one of the 
methyl hydrogens is anti to the lone pair of electrons on nitrogen. No repulsive 
interaction is apparent in this conformer of methylamine. Therefore, its strain energy is 
assumed to be zero.  

In his calculations, Allinger et al [17] also assume that methylamine is strain-free 
molecule. From this, one can conclude that HCN(Lp) gauche interaction is zero.   

Calculation of strain energy of dimethylamine 

Experimental [13,15,16] and theoretical [14] data suggest that dimethylamine has 
also one staggered conformer, SS. This conformer has several HCN(Lp) and several 
HCNC gauche interactions. As mentioned previously, the value of HCN(Lp) gauche 
interaction is zero. In his calculations, Allinger et al [17] assume that dimethylamine is 
strain-free molecule. This means that the HCNC gauche interaction is also zero. 
Consequently, the strain energy of dimethylamine is considered to be zero in the present 
work.   

Calculation of strain energy of trimethylamine 

Molecular mechanics [14] suggests that trimethylamine has only one staggered 
conformer, SSS. The source of any strain energy in this conformer is due to the 
HCN(Lp) and HCNC gauche interactions. Both interactions are considered to be zero as 
mentioned previously. Consequently, the strain energy of trimethylamine is zero, which 
is in agreement to the assumption that made by Allinger et al [17]. 

Calculation of strain energy of ethylamine 

Experimental [18,19] and theoretical [20] studies indicate that ethylamine exists in 
anti, A, and gauche, G, conformers. This designation is based on the CCN(Lp) dihedral 
angle. The CCN(Lp) dihedral angle is 1800 and 600 in A and G conformers; respectively. 

Raman spectra [18], gas electron diffraction (GED) [19] and ab initio calculations 
[20] indicate that A conformer is more stable than G one by 0.592, 0.306, and 0.326 
kcal.mol-1; respectively. The GED value, 0.306 kcal.mol-1 has been adopted in the 
present work because it is in agreement with that obtained via ab initio calculations. This 
indicates that CCN(Lp) gauche interaction value is of 0.306 kcal.mol-1. The free energy 
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change, ∆G, between the two conformers is -0.103 kcal.mol-1 as calculated via equation 
(5) at 298.15 K, where m is the number of forms of the higher energy conformer divided 
by the number of forms of the minimum energy conformer. Applying equation (6) at 
298.15 K indicates that the population of the G conformer is 54.3%. Since there is no 
repulsive interaction in the A conformer, its strain energy is assumed to be zero. As 
mentioned earlier, the strain energy of G conformer is 0.306 kcal.mol-1. Multiplication of 
population of G conformer with its strain energy gives that the strain energy of 
ethylamine is 0.17 kcal.mol-1. 

∆G = ∆H – RT ln(m) ...............................................................................................(5) 

   ∆G = - RT ln(Keq) .................................................................................................. (6) 

Calculation of strain energy of isopropylamine 

Internal rotation of (C-N) bond gives rise to two staggered conformations. These 
conformations are designated as GG and GT. In the GG conformer, the lone pair of 
electrons on nitrogen is gauche to the two methyl groups. In the GT conformer, the lone 
pair of electrons on nitrogen is trans to one methyl group and gauche to another one. GT 
conformer has two forms while GG has one form. 

Durig, Guirgis and Compton indicate that the GG is more stable than GT conformer 
by 0.446 kcal.mol-1 [21]. Durig et al value was obtained from Raman spectroscopy [21]. 
However this result is in contradiction with what Durig reported for ethylamine [18]. 
Scott and Crowder [22] confirmed this contradiction. They reported that GT conformer 
is more stable than GG one. In accordance with Scott and Crowder findings [22], the GT 
conformer is considered to be more stable than GG conformer in this work.  
Unfortunately, Scott and Crowder didn’t report the enthalpy difference between GG and 
GT conformers. Therefore, the CCN(Lp) gauche interaction value, 0.306 kcal.mol-1, 
which had been adopted in ethylamine is also adopted in isopropylamine [19]. There are 
two CCN(Lp) gauche interactions in GG conformer and one in GT conformer, so the 
energy difference between the two conformers had been adopted to be 0.306 kcal.mol-1. 
Applying the same procedure described above gives that the total strain energy for 
isopropylamine is 0.38 kcal.mol-1. 

Calculation of strain energy of tert-butylamine 

A few structural data are available for tert-butylamine [23,24]. However, this 
molecule exists in one conformer [14]. This conformer has two gauche CCN(Lp) 
interactions. Each gauche interaction could be considered to be 0.306 kcal.mol-1 
according to what had been reported for ethylamine [19] as explained previously. Since, 
tert-butylamine exists in one conformer and has two CCN(Lp) gauche interactions, 
therefore, its strain energy is the sum of two gauche CCN(Lp) interactions, which is 
equal 0.612 kcal.mol-1. 

Calculation of strain energy of N-methylmethaneimine 

Experimental [25] and theoretical [26] studies indicate that N-methylmethaneimine 
exists in two conformers eclipsed and bisected conformers. In the eclipsed conformer, 
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the lone pair of electrons on nitrogen is anti to the hydrogen atom on the carbon atom, 
while in bisected they are eclipsed to each other. The eclipsed is more stable by 1.97 
kcal.mol-1 in both studies[26]. Since there is no repulsive interaction in the eclipsed 
conformer, its strain energy is assumed to be zero. Applying the same procedure 
described for ethylamine gives that the total strain energy for N-methylmethaneimine is 
0.08 kcal.mol-1 [11].  

Derivation of SF equivalents  

The strain-free enthalpy of formation, SF, equivalents for N(C)(H)2, N(C)2H, N(C)3, 
C(C)(N)(H)2, C(C)2(N)(H), C(C)3(N), N=(C)(C), C≡N(C) and NO2(C) groups have  been  
derived via  equation  (1)  to  reproduce  the  strain  energies  of  the  model  

compounds. The derived SF equivalents are listed in Table I, alongside the 
equivalents for other groups derived in previous studies [3,8,9,27] 

Derivation of BSE equivalents  

The corresponding bond separation energy, BSE equivalents are derived via 
equation (4) to reproduce the strain energy of the model compounds. 

The bond separation reactions, BSRs, of the model compounds, are illustrated in 
reactions (7-12).  

C H 3 C H 2 N H 2  +  C H 4  →  C H 3 C H 3  +  C H 3 N H 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 7 )  

( C H 3 ) 2 C H N H 2  +  2 C H 4  →  2 C H 3 C H 3  +  C H 3 N H 2 . . . . . . . . . . . . . . . . . . . . .  ( 8 )  

( C H 3 ) 3 C N H 2  +  3 C H 4  →   3 C H 3 C H 3  +  C H 3 N H 2 . . . . . . . . . . . . . . . . . . . . . . . ( 9 )  

( C H 3 ) 2 N H  +  N H 3  →  2 C H 3 N H 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 0 )  

( C H 3 ) 3 N  +  2 N H 3  →  3 C H 3 N H 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 1 )  

C H 2 = N C H 3  +  N H 3  →  C H 3 N H 2  +  C H 2 = N H . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 2 )  

The BSEexptl values of reactions 7-12 are 3.60, 10.02, 16.65, 4.40, 11.10 and 13.34 
kcal.mol-1, respectively. The experimental enthalpies of formation of reactants and 
products in reactions (7-12) are taken from Pedley, Naylar and Kirby compilation [28] 
except that for N-methylmethaneimine that is taken from reference 29.  Methylamine has 
no bond separation reaction. Therefore, its BSEexptl is zero. The derived BSE equivalents 
are listed in Table I, alongside equivalents for other groups derived in previous studies 
[9,11]. 

Calculation of Resonance Energy 

The resonance energies (RE) values of the aromatic compounds could be calculated 
via SEeff  values or via direct interaction method. The SEeff  method is previously 
discussed [39-41]. The direct interaction method could be summarized as follows: 

The RE of an aromatic compound in this method equal to the enthalpy change of a 
reaction between the aromatic compound and ethane molecule(s) to separate the 
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interacting groups and the double bonds in the aromatic compound from each other. e.g. 
The RE of pyridine could be calculated as the ∆H of reaction (13). 

N

3 CH3CH3
N

+ 2 +

Cis Cis

(13)

 
The separated groups i.e. products should have the cis configuration since these 

groups have cis configurations in pyridine. The uncertainty of the obtained results lies 
within the experimental uncertainties of the enthalpies of formation of the reported 
compounds. This is due to the fact that both used methods, in the calculations, mainly 
depend on the experimental enthalpies of formation. 

Results and discussion 

The effective stabilization energy, SEeff, for a given molecule is the algebraic sum 
of its stabilization energy, SE, and its strain energy [9,10].  SEeff for large number of 
amines have been studied in the present work. To facilitate the discussion of the obtained 
results, the results of each class are divided into two categories, aliphatic and aromatic. 
However, the aliphatic amines are subdivided into acyclic and cyclic amines.  

aliphatic Amines 

The calculated SEeff values of acyclic aliphatic amines via SF and BSE equivalents 
are recorded in Table II. The experimental enthalpies of formation are taken from 
Pedley, Naylor and Kirby compilation [28]. 

N-Propylamine is the simplest primary amines studied in this work. The SEeff value 
of it is -0.26 kcal.mol-1 as obtained by BSE equivalents. This could be attributed to the 
CCCN gauche (non-bonding) interaction, which is attractive. This result is in excellent 
agreement with the value obtained by Kao and Chung-Phillips [30]. They reported that 
CCCN non-bonding interaction is equal to –0.25 kcal.mol-1. 

The SF equivalents confirm that CCCN non-bonding interaction is attractive. 
However, these equivalents give it a value of -0.13 kcal.mol-1. N-butylamine shows the 
same trend. Its SEeff value is -0.21(-0.47) kcal.mol-1 as obtained from SF(BSE) 
equivalents. Other primary amines with larger groups such as, sec-butylamine and 
isobutylamine have steric interactions in the alkyl groups, which may reduce or 
overcome the attractive forces.   

The aliphatic cyclic amines (non-heterocyclic) have a large strain energies, 
especially, when 3-, 4- or 5-membered ring. The SEeff values for cyclopropylamine, 
cyclobutylamine, cyclopentyl amine and cyclohexylamine are 28.63(28.63), 
25.54(25.08), 7.70(7.13) and 0.88(0.16) kcal.mol-1, respectively as obtained by SF(BSE) 
equivalents. Since there are no stabilizing factors in these compounds, their SEeff values 
are completely attributed to the strain energy in the rings. The strain energy of 
cyclopropane, cyclobutane and cyclopentane are 29.0, 26.0, 7.0 kcal.mol-1, respectively 
[31], due to the angular strain and C-H eclipsing interactions. The absence of these 

3 C H 3 C H 3  
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factors in cyclohexane, makes the strain energy of cyclohexane is 1.0 Kcal.mol-1 [31]. 
The reported values of the strain energies of the above cyclic amines are comparable 
with the obtained SEeff values of cycloalkylamines. 

Heterocyclic Aliphatic Amines 

The SEeff values of seven cyclic secondary and tertiary amines are calculated via the 
SF and BSE equivalents. The results are recorded in Table III. Since there is no 
stabilization energies appear in these compounds, the SEeff values can be referred as 
strain energies. The obtained values, Table III, indicate that most of these compounds are 
strained. The reported strain energies for some compounds are recorded in the last 
column of the Table III. The strain energy (SEeff values) of aziridine, azetane and 
pyrrolidine are 26.60, 26.12 and 5.82 kcal.mol-1, respectively as obtained from SF 
equivalents. The values of aziridine and azetane show a good correlation with the 
reported figures [32]. However, less correlation is found in case of pyrrolidine. The 
absence of some eclipsed and axial interactions in heterocyclic compounds makes the 
strain energies (SEeff values) of aziridine, azetane, pyrrolidine and piperdine less than 
those of cyclopropane, cyclobutane, cyclopentane, and cyclohexane where their strain 
energies are 29.0, 26.0, 7.0 and 1.0 kcal.mol-1, respectively[31]. 

The two bridgehead compounds1,4-Diazabicyclo[2.2.2]octane and quinuclidine 
entries 5 and 7 in table III for which the SEeff values are 8.70 and 10.09 kcal.mol-1 
respectively are strained due to the angle distortion and eclipsed interactions. 

However, these two bridgehead molecules have SEeff values less than that of 
bicyclo[2.2.2]octane for which the SEeff value is 10.84 kcal.mol-1 [11]. This is again due 
to the absence of eclipsed interaction in heterocyclic compounds. 

Aromatic amines 

The SEeff values of several aromatic amines are calculated via the SF and BSE 
equivalents. The results are represented in Table IV. Unfortunately, aniline, pyridine and 
pyrrole are the only compounds have reported resonance energies among all the entries 
of Table IV. Therefore, the obtained SEeff values of these compounds will be first 
discussed and compared with their reported experimental resonance energies. The 
resonance energy, RE, of an aromatic compound is calculated as the sum of its -SEeff and 
its strain energy: 

RE = -SEeff + strain energy ...............................................................................(13) 

The SEeff value for pyridine is –31.63 kcal.mol-1, as obtained via the SF equivalents. 
The corresponding BSE equivalent is –32.10 kcal.mol-1, Table IV. The method of the 
calculation of the strain energy of pyridine and other aromatic amines depends on the 
fact that the strain energy of cis-2-butene and (Z)-methylethanimine are 1.13 [39] and 
2.68 kcal.mol-1 [26], respectively. The last figure is the difference between the 
theoretical total energies of (E)- and (Z)- methylethanimine [26]. Tetra-substituted 
ethylene has 3.0 kcal.mol-1 as strain energy [42].  Thus the strain energy of pyridine can 
be estimated to be 4.94 kcal.mol-1 since it has two cis C=C and one cis C=N bonds. This 
is reasonable due to the fact that the strain energy of benzene is 3.4 kcal.mol-1 [39]. It is 
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expected that the strain energy of pyridine is a little bit higher than that of benzene 
because the C=N bond is a little bit shorter than that of C=C bond. The C=N and C=C 
bond lengths are 1.30A° [38] and 1.33A° [29], respectively.  Applying equation 13 gives 
that the RE energy of pyridine is 36.57(37.04) Kcal.mol-1 via SF(BSE) equivalents. The 
reported RE of pyridine is 37.00 kcal.mol-1 [37]. 

The calculated RE values of aromatic compounds via SF equivalents and direct-
interaction method [39] are reported in Table V. The results show good correlation 
between the two methods. 

The SEeff value of pyrrole is –24.45 (-24.56) kcal.mol-1 as calculated via SF(BSE) 
equivalents, respectively Table IV. The strain energy of pyrrole can be estimated to be 
2.3 kcal.mol-1, which is twice as much as the strain energy of cis-2-butene [39] and 
which is equal to the strain energy of s-cis-1,3-butadiene [33]. Applying equation 13 
gives that the resonance energy, RE, of pyrrole is about 26.8 Kcal.mol-1 via both SF and 
BSE equivalents. Pauling [34], Wheland [35], Franklin [36] and Helal [39]reported that 
the RE of pyrrole is 31, 24, 27, 26.7 kcalmol-1, respectively. The obtained result in the 
present work is in excellent agreement with those reported values obtained by Franklin 
[36] and Helal [39].  

The SEeff value of aniline is –37.02 (-37.68) kcal.mol-1 as calculated via SF(BSE) 
equivalents. To calculate the RE of aniline via equation 13, the strain energy of benzene 
ring, 3.4 kcal.mol-1 [39], should be used. The resulting RE of aniline is 40.42(41.08) 
kcal.mol-1. This value correlates well with the values reported by Gold 42.00 kcal.mol-1 
[37] and Helal 40.8 kcal.mol-1 [39]. The RE of aniline appears higher than that of 
benzene (36.00 kcal.mol-1) [35] due to the conjugation between the phenyl and the 
amino groups. Thus the conjugation energy, Econj, between the amino group and benzene 
ring could be estimated to be about 5-6 kcal.mol-1. 

The results in Table IV indicate that the SEeff values of 2-methylpyridine and 2,6-
dimethylpyridine are -33.70 and -35.13 kcal.mol-1, respectively, as obtained via BSE 
equivalents. The corresponding values via SF equivalents are –33.18 and –34.56 
kcal.mol-1, respectively. To explain the extra stabilization of these derivatives over that 
of pyridine (-32.1 kcalmol-1, Table IV), the following point must be considered. The 
conformational analysis of E-ethylidineimine indicates that it exists in two conformers 
[26]. These are the eclipsed and the bisected conformers, Figure I. Eclipsed conformer is 
more stable than the bisected conformer by 1.60 kcal.mol-1 [26]. This result indicates 
that the eclipsing interaction between H and N in the H3CC=NH is attractive.  (Figure I). 

 

 

 

 

 
Figure I. Conformers of E-ethylidinimine 
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This interaction exists in 2-methyl pyridine, Figure II, and two similar interactions 
in 2,6-dimethylpyridine has two similar eclipsed interactions. Therefore, the later is more 
stable than 2-methylpyridine. 

                                                     

N C

H

H
H

 
Figure II. Attractive force in 2-methylpyridine 

3-Methyl and 4-methyl pyridines show no such effect. The SEeff values of these 
compounds are –31.98 and –31.53 Kcal.mol-1, respectively as obtained via BSE 
equivalents. These values are approximately equal to the value of pyridine, -32.10 
kcal.mol-1 Table IV.  

The SEeff value of N,N-dimethylaniline is –33.66 (-34.32) kcal.mol-1 as obtained via 
the SF(BSE) equivalents, respectively, Table IV. These values are lower than that of 
aniline by about 3.3 kcal.mol-1. This destabilization could be attributed to the steric 
interactions between the two-methyl groups and the ortho-hydrogens, Figure III. This 
steric interaction decreases the Econj between the amino and phenyl groups. 

N
CH3CH3

H H

 
Figure III. steric interactions in dimethylanaline 

To conclude, the direct interaction and SEeff values methods succeeded in 
reproducing the RE values of aromatic and stabilization or destabilization energies of 
aliphatic cyclic amines. This conclusion is apparent from the comparison between the 
calculated values via these methods and the available experimental data, as shown in the 
discussion. 
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Table I. SF and BSE group equivalents for unstrained molecules. 

Groupa SF Equivalent (Kcal.mol-1) BSE Equivalent(Kcal.mol-1) 

A l k a n e s  

H 3 C  ( C )  

H 2 C  ( C ) 2  

H C ( C ) 3  

C ( C ) 4  

 

A l k e n e s  

H 2 C = ( C )  

( C ) H C = ( C )  

( C ) 2 C = ( C )  

 

C a r b o n y l  c o m p o u n d s  

( C ) H C = O  

( C ) 2 C = O  

 

A m i n e s  

H 2 N ( C )  

H  N ( C ) 2  

N ( C ) 3  

H 2 C ( C ) ( N )  

H C ( C ) 2 ( N )  

C ( C ) 3 ( N )  

N = ( C ) ( C )  

 

 

-10.05b 

-5.13b 

-2.16b 

-0.30b 

 

 

6.26c 

8.59c 

10.34c 

 

 

-29.88d 

-32.06d 

 

 

4.55 

15.67 

24.49 

-6.02 

-4.85 

-3.91 

22.24 

 

 

0.07e 

2.75e 

7.42e 

13.11e 

 

 

0.00e 

5.36e 

11.29e 

 

 

11.59d 

21.40d 

 

 

-0.07 

4.26 

10.89 

3.77 

10.33 

17.12 

13.35 

 

a: The equivalent is for the group or the atom which is out of parenthesis. 
b: Ref 8 and 27; c: Ref 3; d: Ref 9. e: Ref 11 
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Table II. SEeff  values of aliphatic acyclic aminesa. 
ΣNiXi SEeff Molecular     

formula 
              Name ∆H°

f (g)b 

SF BSE 

BSEobs 

 SF BSE 

C2H8N2 1,2-Ethanediamine -4.21 -2.94 7.40 8.74 -1.27 -1.34 

C3H7N Cyclopropylamine 18.40 -10.56 15.76 -12.87 28.96 28.63 

C3H9N n-Propylamine -16.78 -16.65 6.52 6.78 -0.13 -0.26 

C3H10N2 1,2-Propanediamine -12.81 -11.82 14.03 15.09 -0.99 -1.06 

C4H9N Cyclobutylamine 9.85 -15.69 18.51 -6.57 25.54 25.08 

C4H11N n-Butylamine -21.99 -21.78 9.27 9.74 -0.21 -0.47 

C4H11N Sec-Butylamine -25.07 -25.53 13.15 12.82 0.46 0.33 

C4H11N Isobutylamine -23.59 -23.73 11.26 11.34 0.14 -0.08 

C4H11N Diethylamine -17.33 -16.47 11.94 12.80 -0.86 -0.86 

C4H12N2 1,2-Butanediamine -17.69 -16.95 16.78 17.72 -0.74 -0.94 

C4H12N2 2-methyl-1,2propanediamine -21.56 -20.93 20.89 21.59 -0.63 -0.70 

C5H11N Cyclopentylamine -13.12 -20.82 21.26 14.13 7.70 7.13 

C5H14N2 N,N,N',N'- Tetramethyl      
methane-diamine 

-4.23 2.76 25.83 32.89 -6.99 -7.06 

C6H13N Cyclohexylamine -25.07 -25.95 24.01 23.85 0.88 0.16 

C6H15N Triethylamine -22.18 -23.72 22.41 20.87 1.54 1.54 

C6H15N Dipropylamine -27.75 -26.73 17.44 18.72 -1.02 -1.28 

C6H15N Diisiopropylamine -34.42 -34.23 25.20 25.39 -0.19 -0.19 

C8H19N Dibutylamine -37.43 -36.99 22.94 23.90 -0.44 -0.96 

C8H19N Diisobutylamine -42.11 -40.89 26.92 28.58 -1.22 -1.66 

C8H19N Butylisobutylamine -40.87 -38.94 24.93 27.34 -1.93 -2.41 
a all values in Kcal.mol-1. 
b ∆Hf

°(g) values are taken from Ref (28). 
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Table III. SEeff  (strain energy) values of aliphatic cyclic aminesa. 
ΣNiXi SEeff Molecular     

formula 
 Name   ∆H°

f (g)b 

SF BSE 

BSEobs 

 SF BSEeq 

Reportedc 

 

C2H5N Aziridine 30.23 3.63 11.80 -14.73 26.60 26.53 27.70 

C3H7N Azetane 24.62d -1.50 14.55 -11.37 26.12 25.92 26.20 

C4H9N Pyrrolidine -0.81 -6.63 17.30 11.81 5.82 5.49 6.80 

C5H11N Piperidine -11.28 -11.76 20.05 20.03 0.48 0.02 1.00 

C6H12N2 1,4-Diazabicyclo 
[2.2.2]octane 

21.56 12.86 44.40 35.91 8.70 8.49 3.40 

C6H13N 2-Methylpipiridine -20.17 -20.64 26.68 26.67 0.47 0.01 ––– 

C7H13N 1-Azabicyclo[2,2,2] 
octane (Quinuclidine) 

-1.03 -11.12 37.87 28.53 10.09 9.34 ––– 

a all values in Kcal.mol-1. 
b ∆H°

f (g) are taken from Ref (28) unless specified otherwise. 
c Ref (32). 
d Ref (17). 
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Table IV. SEeff values of aromatic aminesa. 
ΣNiXi SEeff Molecular 

formula 
Name 

 

∆Hf
°(g)b 

SF BSE 

BSEobs 

SF BSE 

C4H4N2 Pyrimidine 46.82 78.84 48.14 80.56 -32.02 -32.42 

C4H4N2 Pyrazine 46.87 78.84 48.14 80.51 -31.97 -32.37 

C4H5N Pyrrole 25.88 50.33 25.70 50.26 -24.45 -24.56 

C5H5N Pyridine 33.56 65.19 40.15 72.25 -31.63 -32.10 

C5H7N 1-methyl pyrrole 24.64 48.80 32.40 56.99 -24.16 -24.59 

C6H7N Aniline 20.82 57.84 38.02 75.70 -37.02 -37.68 

C6H7N 2-methylpyridine 23.71 56.89 46.15 79.85 -33.18 -33.70 

C6H7N 3-methylpyridine 25.43 56.89 46.15 78.13 -31.46 -31.98 

C6H7N 4-methylpyridine 25.88 56.89 46.15 77.68 -31.01 -31.53 

C6H9N 2,5-dimethylpyrrole 9.51 33.43 37.70 62.15 -23.92 -24.45 

C7H9N Benzylamine 20.98 51.82 41.79 73.29 -30.84 -31.50 

C7H9N 2,3-dimethylpyridine 16.32 48.59 52.15 84.99 -32.27 -32.84 

C7H9N 2,4-dimethylpyridine 15.27 48.59 52.15 86.04 -33.32 -33.89 

C7H9N 2,5-dimethylpyridine 15.89 48.59 52.15 85.42 -32.72 -33.27 

C7H9N 2,6-dimethylpyridine 14.03 48.59 52.15 87.28 -34.56 -35.13 

C7H9N 3,4-dimethylpyridine 16.75 48.59 52.15 84.56 -31.84 -32.41 

C7H9N 3,5-dimethylpyridine 17.40 48.59 52.15 83.91 -31.19 -31.76 

C8H7N Indole 37.40 87.89 59.00 110.45 -50.49 -51.45 

C8H11N Dimethylaniline 24.02 57.68 49.12 83.44 -33.66 -34.32 

C8H11N N-ethylaniline 13.46 52.89 46.19 86.28 -39.43 -40.09 

C9H7N Quinoline 51.80c 103.05 73.45 125.70 -51.25 -52.25 

C9H7N Isoquinoline 48.20c 103.05 73.45 129.30 -54.85 -55.85 

C10H9N 1-naphthylamine 37.67 95.70 71.32 130.54 -58.03 -59.22 

C10H9N 2-naphthylamine 31.98 95.70 71.32 136.23 -63.72 -64.91 

C12H8N2 Phenazine 82.17 154.56 114.74 188.59 -72.39 -73.85 

C12H11N Diphenylamine 52.41 122.25 80.44 151.60 -69.84 -71.16 

C13H9N Phenanthridine 58.20 140.91 106.75 190.99 -82.71 -84.24 

C18H15N Triphenylamine 78.10d 184.36 125.16 233.40 -106.26 -108.24 

a all energy in Kcal.mol-1. 
b∆Hf

°(g) values are taken from Ref (28). 
c Ref (29). 
d Ref  (26). 
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Table V. RE values of aromatic aminesa. 
RE Name SEeff via SF 

Calc. Direct 
methodb 

reported 

Pyrimidine -32.02 38.51 38.68  

Pyrazine -31.97 38.46 38.63  

Pyrrole -24.45 26.75 26.70 31.0c, 24.0d, 27.0e 

Pyridine -31.63 36.75 36.46 37.0f 

1-methyl pyrrole -24.16 26.46 26.10  

Aniline -37.02 40.42 40.80 42.0f 

2-methylpyridine -33.18 38.12 38.05  

3-methylpyridine -31.46 36.40 36.33  

4-methylpyridine -31.01 35.95 35.88  

2,5-dimethylpyrrole -23.92 26.22 25.94  

Benzylamine -30.84 34.24 33.99  

2,3-dimethylpyridine -32.27 39.04 39.21  

2,4-dimethylpyridine -33.32 38.26 38.23  

2,5-dimethylpyridine -32.72 37.66 37.61  

2,6-dimethylpyridine -34.56 39.50 37.61  

3,4-dimethylpyridine -31.84 38.61 38.78  

3,5-dimethylpyridine -31.19 36.13 36.10  

Indole -50.49 56.19 56.48  

Dimethylaniline -33.66 37.06 36.64  

Quinoline -51.25 59.49 60.13  

Isoquinoline -54.85 62.09 63.73  

1-naphthylamine -58.03 63.73 65.06  

2-naphthylamine -63.72 69.49 70.75  

Phenazine -72.39 83.48 81.40  

Diphenylamine -69.84 76.64 75.80  

Phenanthridine -82.71 94.45 95.64  

Triphenylamine -106.26 116.46 115.20  

a all energies are in kcal.mol-1. 
b Reported or calculated via direct interaction method Ref  (39). 
c Ref [34] 
d Ref [35] 
e Ref [36] 
f Ref 37] 
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  بيانات الطاقة الحرارية للمركبات االمينية باستخدام مكافئات خالية التوتر 
  .ومكافئات طاقة فصل الروابط

  مصطفى هالل، محمد العمري، وعاكف عفانه

  ملخص

لقد تم تطوير مكافئات خالية التوتر ومكافئات طاقة فصل الروابط لألمينات و اإلمينات ومن ثم 
لألمينات األليفاتية والمركبات األمينية ،  SEeff، في حساب طاقة التثبيت الفعالةاستخدام هذه المكافئات 

. كما تم احتساب طاقة الرنين لألمينات األروماتية بطريقة التفاعل المباشر. متجانسةالالحلقية غير 
النتائج تبين وجود ارتباطا جيدا بين النتائج المنشورة و، وبمقارنة هذه النتائج بما هو منشور سابقا
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Abstract 

Semiempirical Austin Model 1 (AM1), ab initio Hartree-Fock (HF) and Density 
Functional Methods (DFT) were employed in the geometry optimization and in the 
computation of the one-electron oxidation potentials of phenothiazine and 
N-methylphenothiazine. The calculations show that N-methylphenothiazine radical 
cation is nonplanar but the phenothiazine radical cation is plannar. Using the Continuum 
Solvation Module (PCM) method for prediction of the solvation energies; the DFT/ 
B3PW91/6-311+g* method gave the best agreement with the experimental redox 
potential for both compounds. 

Introduction: 

Phenothiazines with an N-aminopropyl side chain and various ring substituents are 
potent neuroleptics1.[1] With their ability to cross the blood barrier in the brain, their 
high solubility in aqueous and nonaqueous solvents,[2] and their relatively low toxicity 
and non-genotoxicity;[3,4] phenothiazines have been in  clinical use for many years to 
treat mental disorders such as schizophrenia, paranoia, and psychosis, additionally not 
only that but they are used as antimicrobial drugs, and as an anti-oxidant, anti-tumor[5] 
and even can bind to RNA of HIV-1 to inhibit the interaction with Tat protein, which is 
an essential step in its viral replication cycle.[6,7] Although a great deal of information 
has been accumulated concerning the activity effect of substitution,[8] very little has 
been made to explore the influence of these substituents on the electronic structure of 
phenothiazines. Due to the fact that phenothiazines have low ionization potentials, an 
alternative mechanism of biological activity involves the formation of stable radical 
cations,[9] which is the first critical step for their activity and metabolism.[10,11] Even 
though phenothiazine itself may lack biological activity, it provides a key model for 
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understanding the biological activity of its derivatives such as promazine  and 
chlorpromazine which are shown in Figure 1 along with phenothiazine (PTZ) and N-
methylphenothiazine (MPTZ). The structural studies of neutral phenothiazine and their 
radical cations are of obvious importance for understanding their pharmaceutical 
properties. 

To elucidate detailed information about the geometry and electronic structures of 
these substances upon oxidation, cyclic voltammetry has been used to provide the best 
possible experimental data of the phenothiazines redox potentials. Accordingly, we have 
attempted to complement experimental measurements with computational data. Useful 
models for predictions of these redox potentials are provided using a free energy cycle. 
Scheme 1 gives an illustration of such cycle for the PTZ in particular.  The free energy 
change associated with the top side of the cycle is the gas-phase oxidation potential. The 
free energy associated with the left and right sides of the cycle are free energies of 
solvation, and thus the bottom side of the cycle refers to the oxidation potential in 
solution. Oxidation potentials are usually reported relative to normal hydrogen electrode 
(NHE); according to this convention, the addition of the NHE half reaction  
(-4.44 eV) [12] will refer to the free energy change for the net reaction (the solvation free 
energy of electron is not a relevant quantity in the energy cycle since the NHE and 
phenothiazine half-reactions involve a gas phase electron). According to Scheme 1, the 
oxidation potential of a closed-shell neutral solute X is determined by: 

eVXGXGeXXGXIPNHEvsXG o
S

o
Sgasevr

o
ox 44.4)()()()().( ,

 

(1) 

Where IP(X) is the ionization potential of X; 
)(, eXXG gasevr is the 

difference in thermal contributions to the solute free energy driving from changes in the 

electronic, vibrational and rotational partition functions upon ionization, )(XGo
S and 

)(XGo
S

 

are the free energy of solvation for the oxidized and neutral forms of the solute 
respectively.[13] To calculate solvation free energy, Self-Consistent Reaction Field 
(SCRF) method has been used; all these methods model the solvent as a continuum of a 
uniform dielectric constant, in which the solute is placed into a cavity within the solvent. 
In this work, we used Tomasi s Polarizable Continuum Model (PCM) which defines the 
cavity as the union of series of interlocking atomic spheres. The effect of polarization of 
the solvent continuum is computed by numerical integration rather than by 
approximation to the analytical form. 

This article focuses on the prediction of the absolute oxidation potentials of 
phenothiazine (PTZ) and N-methylphenothiazine (MPTZ) using various levels of gas-
phase theory and continuum solvation module (PCM), and then examines the structural 
changes upon oxidation and how these changes would affect the value of the 
corresponding redox potential of that molecule.  
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Computational Methods: 

Gas-phase molecular geometries were optimized at three different levels, 
Semiempirical Austin Model 1 (AM1), ab initio Hartree-Fock (HF) and Density 
functional Theory (DFT). For radical cation calculations, only unrestricted methods 
where used (abbreviated as UHF and UDFT). The DFT calculations were done with 
Bechke s three-parameter hybrid method using the Lee-Yang-Parr correlation functional 
(abbreviated B3LYP) and the B3PW91 with many bases set. Zero-point vibrational 
energies (ZPVE) and thermal vibration-rotation contributions to gas-phase free energies 
for both species were computed at the HF/6-31G* level of theory. In solution, the 
solvation free energy was calculated using PCM models via the same level of theories 
used for the gas-phase. The models are parameterized for gas-phase geometries either for 
neutral or for the radical cation, so geometry reoptimization is not carried out in solution. 
The gradients and vibrational frequencies were determined analytically, and no 
imaginary frequency modes were found at the optimized structures of all species 
examined. All calculations were carried out using Gaussian 03 software. [14] 

Experimental Section: 

Eelectrochemical experiments were carried out with an Au disk working electrode 
(1.6 mm in diameter, from Bioanalytical Systems, Inc., West Lafayette, IN), an aqueous 
Ag/AgCl reference electrode (also from BAS) and an Au foil (2.5 cm2) as a counter 
electrode, in Argon-degassed anhydrous CH3CN containing 0.1 M (n-
CH3CH2CH2CH2)4N

+ClO4

 

(TBAP) solutions at room temperature (23±1 C). All 
voltammograms have been 80% compensated for solution resistance. Phenothiazine and 
N-methylphenothiazine sublimed before use. TBAP was prepared as described in a 
previous publication. [15]  

Results and Discussion: 

Cyclic voltammetry of both PTZ and MPTZ are shown in Figure 2. The 
voltammograms show that both compounds are oxidized reversibly under the specified 
conditions. The formal redox potentials are 650 mV for PTZ and 766 mV for MPTZ vs. 
Ag/AgCl reference electrode. The potentials are recalculated vs. NHE by adding 196 mV 
(the redox potential (E) for the BAS Ag/ AgCl reference electrode at this temperature is 
+0.196 V (vs. NHE)) so that the new values are 846 mV for PTZ and 962 mV for 
MPTZ. The redox values reveal something very captivating; MPTZ is harder to oxidize 
than PTZ. Although alkylation is known to increase the electron density and thus render 
aromatic systems more easily oxidized; for example decamethylferrocene is shifted by 
about 0.5 V to more negative values relative to the corresponding ferrocene. Similarly, 
N,N,N ,N -tetramethyl-p-phenylenediamine (TMPD) demonstrate the typical pattern of 
lower redox potential as the degree of methylation increases compared to the non-
methylated p-phenylenediamine by about 280 mV difference. [16] According to this 
pattern, placing the methyl group on the PTZ should decrease the redox potential of 
MPTZ, but what we found was the reverse. This unusual behavior can be understood by 
looking carefully at the structures of both the neutral and the oxidized forms of both PTZ 
and MPTZ. 
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Geometry optimization of PTZ and MPTZ are shown in Figure 3. Table 1 
represents the structural parameters that result from the different computational methods 
compared with the experimental results[17] for the ground electronic state of neutral 
phenothiazine. The dihedral angle between the two lateral rings, range from 138.6

 
to 

160

 
for the HF/MIDI! and DFT/B3LYP computations, respectively, compared to the 

experimental 153.3

 
X-ray values. Regardless of the small discrepancies, both the 

experimental and the calculated results show that the ground state of PTZ is folded along 
the N-S axis (Figure 3.). Table 2 shows the ground state parameters for MPTZ; it is 
apparent that the neutral MPTZ is also folded along the N-S axis with a calculated angle 
of 141  vs. 140  for the X-ray values, [18] (see Figure 3.). The introduction of the methyl 
group at the N position of MPTZ leads to modification in the values of the dihedral angle 
from 153.3

 

for PTZ to 140

 

for MPTZ. This implies that the degree of folding increases 
as the substituent at the N position becomes larger, in which the steric repulsion of the 
substituted side chain forces an additional folding of the ring system. Careful inspection 
of Tables 1 and 2 reveals that the calculated values for the bond lengths and the bond 
angles of the neutral PTZ and MPTZ show reasonable agreement with the corresponding 
experimental values.  

Tables 3 and 4 list the structural parameters for the radical cation of PTZ and that of 
MPTZ obtained from the DFT, HF and AM1 calculations and compare them to X-ray 
experimental values.[18,19] All calculations for PTZ yielded a planner geometry for the 
radical cation with a dihedral angle of 180

 

while the experimental dihedral angle is 
176 . This discrepancy is most likely due to the different molecular system examined in 
the experimental study. Calculations for MPTZ radical cation show that the dihedral 
angle is 165

 

(HF) and 164

 

(DFT), and these values are in close agreement with that of 
chlorpromazine value of 169

 

(The X-ray values here are for chlorpromazine since no 
experimental values are available for MPTZ). [18] The data also indicate that the folding 
about N-S axis increases with oxidation. The DFT/MIDI! calculation shows that the 
dihedral angle for MPTZ increases from 138

 

in the neutral form to 164

 

in MPTZ 
radical cation. It is obvious that MPTZ radical cation is nonplanar but the PTZ radical 
cation is planar (Figure 3.). Upon oxidation, the frequency upshift for PTZ in the C-N-C 
mode in Raman spectroscopy; suggest that the radical cation of PTZ becomes planar 
while for MPTZ still contains some fold angle and thus has a nonplanar 
geometry.[20,21,22,23] Also, the structural changes that take place upon oxidation was 
shown, by picosecond laser flash photolysis studies, to contribute the internal 
reorganization i energy,[24] it also suggests that bond orders of C-N and C-S bonds 
increase upon formation of the radical cation than that of the neutral molecule of both 
species. As a consequence, formation of the radical cation leads to better -orbital 
overlap between the ring C and N atoms, as well as the ring C and S atoms, to give 
larger aromatic resonance stabilization of the radical cation structure which affects the 
C-S and the C-N bond electron order compared to the two phenyl rings.[25] Upon 
oxidation, PTZ has higher or larger aromatic resonance stabilization due to the plannar 
radical cation PTZ vs. the non-plannar form of MPTZ radical cation, which as a result 
gives the reverse phenomenon on the redox potential.  
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Next goal was to model the oxidation potential of the both PTZ and MPTZ at 
several computational levels. Accordingly, the energy of the four species (including 
neutral and cation radicals) where computed by density functional theory (DFT) and HF 
theoretical models and at different levels of complexity; tables 5 and 6. The free energy 
of the optimized structures were corrected for zero-point energy and thermal corrections 
to 298  K. The ionization potential (IP) was calculated from the difference in free energy 
of the neutral and that of the radical cation. Experimentally, IP has a range of different 
values, for example: PTZ has 7.02, 7.26 and 6.7 eV values and MPTZ has 7.17 and 7.15 
eV values. [26] The absence of a clear trend in the IP is also reflected in the calculated 
values using several computational techniques. This might indicate that the discrepancy 
in the redox potential for both systems is not due the changes in the IP but rather to a 
solvation factor (vide infra). The tables also list the negative energies of the highest 
occupied molecular orbitals (HOMOs) for the neutral phenothiazines at all levels of 
theory, as they can provide an estimate value for the ionization potential (IP). We have 
also computed electrostatic component of the solvation free energies (in acetonitrile) 
using the polarized continuum model (PCM) [27,28]of Tomasi at several computational 
levels (using the same gas-phase geometries). This method treat the solvent as a 
dielectric continuum, which is particularly an efficient approach for the computation of 
the electrostatic component of the absolute solvation free energy at a quantum 
mechanical level rather than explicit solvent modules used before.[29] The atomic radii 
for this model were taken to be 1.2 times the van der Waals radii. Unfortunately, to the 
best of our knowledge, there were no experimental values for the solvation energies of 
both neutral and the radical cations of PTZ and MPTZ.   

According to Equation 1, B3PW91/6-311+g* gave the best values (759 mV for 
PTZ and 855 mV for MPTZ) that match well with that of the experimental (846 mV for 
PTZ and 962 mV for MPTZ). It was also clear that all levels of calculations follow the 
same trend, i.e. the oxidation potential of PTZ is less than that of MPTZ. Also it is worth 
to say that as the substitution at the N position increase there may be an inhibition of 
solvation of the phenothiazine moiety; thus, in N-alkyl phenothiazines, solvent may be 
less able to stabilize the radical cation formed upon the oxidation. This is also clear from 
the values of the solvation energies.  

The higher redox experimental values reported here compared to the computed 
ones, might be due to the presence of the supporting electrolyte (0.1 M n-Bu4N

+ClO4 ) 
which would affect mainly the dielectric constant of the acetonitrile solution, and as a 
consequence affect the solvation energy. We also speculate that this systematic error of 
about 100 mV for both compounds, derived probably from the lower estimation of 
solvation energies, which can be addressed by linear regression, but at this point this is 
impractical without additional experimental data.  

Conclusion: 

Using Computational chemistry, we have established that N-methylphenothiazine 
radical cation is nonplanar but the phenothiazine radical cation is plannar. Similarly, and 
using the Polarized continuum method for prediction of the solvation energies, we where 
able to predict the oxidation potentials of phenothiazine and N-methylphenothiazine; the 
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DFT/ B3PW91/6-311+g* method gave the values (759 mV for PTZ and 855 mV for 
MPTZ) that are comparable with those of the experimental (846 mV for PTZ and 962 
mV for MPTZ).  
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   Figure 2. Cyclic voltammograms of PTZ and MPTZ (~3mM) at gold electrodes in 
Argon degassed acetonitrile containing 0.1 M n-Bu4N

+ClO4  at 100 mV/s.                 
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Phenothiazine (PTZ)  

 

N-methylphenothiazine (MPTZ) 

 

Phenothiazine radical cation (PTZ+ )  

   

N-methylphenothiazine radical cation (MPTZ+ )  

Figure 3.  The structures of Phenothiazine, N-methylphenothiazine and their radical 
cations calculated at DFT/B3PW91 level 
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List of Tables 
Table 1. Gas-phase bond angles and bond lengths for neutral PTZ at various levels of 
theory 
Substituent S-C6 a

 
N-C1 a

 
C6-C5 a

 
N-H13 a

 
C6-S-
C7b 

C1-N-C12 
b 

C1-N-H13 
b 

C1-C6-S 
b 

Dihedral 
angle b 

RAM1 1.696

 
1.405

 
1.415 0.997 103.2 121.7 114.8 123.4 160.0 

RB3LYP/MIDI! 1.793

 

1.410

 

1.406 1.025 99.5 121.5 113.0 120.0 144.4 

RB3LYP /6-31g 1.844

 

1.403

 

1.407 1.009 99.4 125.7 115.9 121.6 152.3 

RB3LYP /6-
31g** 

1.786

 

1.405

 

1.397 1.011 99.5 122.1 114.1 119.7 144.3 

RB3LYP 
/6311+g* 

1.786

 

1.405

 

1.403 1.009 99.4 121.9 114.1 119.6 143.7 

RB3PW91/6-
311+g* 

1.775

 

1.399

 

1.401 1.009 99.4 121.7 114.1 119.5 143.2 

RHF/MIDI! 1.789

 

1.412

 

1.390 1.008 98.4 119.0 112.1 119.2 138.6 

RHF/6-31g* 1.777

 

1,401

 

1.392 0.996 99.1 120.8 113.7 119.3 141.3 

RHF/6-311+g* 1.776

 

1.401

 

1.391 0.993 98.9 120.1 113.6 119.2 140.2 

Exp.C 1.762

 

1.399

 

1.391 1.09 100.9 124.4 114.1 120.9 153.3 

 

 a Bond lengths in A . b bond angles in degrees. c Values are taken form X-ray diffraction experimental results 
reported in (Li, X.; Mu, T.; Guo, Q.; Liu, Y. Res. Chem. Intermed, 26 (2000) 375-384.  

Table 2.  Gas-phase bond angles and bond lengths for neutral MPTZ at various levels of 
theory 
Substituent S-C6 a

 

N-C1 a

 

C6-C5 a

 

N-C13 a

 

C6-S-C7 
b 

C1-N-C12 
b 

C1-N-C13 
b 

C1-C6-S 
b 

Dihedral 
angle b  

RAM1 1.697

 

1.413

 

1.395 1.438 102.0 119.0 118.3 122.6 148.1 

RB3LYP /MIDI!

 

1.789

 

1.419

 

1.392 1.463 98.4 118.7 117.6 119.2 137.9 

RB3LYP /6-31g 1.840

 

1.419

 

1.394 1.464 97.7 120.9 118.5 119.2 141.0 

RB3LYP /6-
31g** 

1.782

 

1.415

 

1.395 1.455 98.3 118.9 118.2 119.1 138.1 

RB3LYP 
/6311+g* 

1.782

 

1.414

 

1.392 1.454 98.3 118.9 118.2 119.1 137.9 

RB3PW91/6-
311+g* 

1.772

 

1.408

 

1.390 1.447 98.3 118.8 118.2 119.0 137.7 

RHF/MIDI! 1.786

 

1.418

 

1.380 1.455 97.4 116.7 117.4 118.4 132.9 

RHF/6-31g 1.828

 

1.410

 

1.382 1.455 97.5 120.1 119.1 118.6 138.5 

RHF/6-31g* 1.774

 

1.409

 

1.383 1.445 98.1 118.1 118.5 118.7 135.7 

RHF/6-311+g* 1.773

 

1.409

 

1.382 1.445 97.8 117.6 118.4 118.6 134.9 

Exp. c 1.76 1.41 

  

99 117 

  

140 

 

a Bond lengths in A . b Bond angles degrees. c Values are taken form X-ray diffraction experimental results for 
Promazine reported in (Rodgers, J. R.;Horn, A.S.; Kennard, O.  J. Pharm. Pharacol, 28 (1976) 246-247.  
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Table 3. Gas-phase bond angles and bond lengths for radical cation PTZ  at various 
levels of theory.  

Substituent S-C6 a N-C1 a

 
C6-C5 a

 
C6-S-C7 b

 
C1-N-C12 b

 
S-C6-C5 b

 
C1-C6-S b

 
Dihedral angle b

 
UAM1 1.639 1.386 1.418 104.5 124.1 116.4 124.83 180 

UB3LYP /MIDI! 1.757 1.380 1.419 102.9 127.7 117.2 123.1 180 

UB3LYP /6-31g 1.809 1.384 1.402 102.3 128.8 117.5 122.4 180 

UB3LYP /6-31g** 1.749 1.377 1.407 103.5 128.1 117.6 122.8 180 

UB3LYP /6311+g*

 

1.748 1.376 1.404 103.5 128.1 117.6 122.8 180 

UB3PW91/6-
311+g* 

1.738 1.371 1.401 103.6 128.0 117.5 122.8 180 

UHF/MIDI! 1.728 1.375 1.409 103.5 126.9 116.8 123.0 180 

UHF/6-31g* 1.771 1.377 1.407 103.4 128.3 117.3 122.1 180 

UHF/6-311+g* 1.717 1.369 1.411 104.2 127.3 117.3 122.7 180 

Exp. c 1.71(2)

 

1.36(2)

 

1.43(2)

 

103.9(7) 127(1) 117.1(1) 125(1) 175.7 
a  bond lengths in A

 

b bond angles degrees c Values are taken form X-ray diffraction experimental results 
reported in ((a)Li, X.; Mu, T.; Guo, Q.; Liu, Y. Res. Chem. Intermed. 26 (2000) 375-384, (b) Sun, D.; 
Rosokha, S. V.; Kochi, J. K. J Amer. Chem. Soc. 126 (2004) 1388-1401   

Table 4 Gas-phase bond angles and bond lengths for radical cation MPTZ+  at various 
levels of theory 
Substituent S-C6 a

 

N-C1 a

 

C6-C5 
a 

N-C13 
a 

C6-S-C7 
b 

C1-N-C12 
b  

C1-N-C13 
b 

C1-C6-S 
b 

Dihedral 
angle b 

UAM1 1.636

 

1.397 1.418 1.450 104.0 122.1 119.0 125.0 167.6 

UB3LYP /MIDI!

 

1.750

 

1.398 1.404 1.485 101.9 123.8 118.1 123.4 164.5 

UB3LYP /6-31g 1.802

 

1.404 1.403 1.488 100.9 124.4 117.8 122.5 160.9 

UB3LYP /6-
31g** 

1.742

 

1.396 1.407 1.477 102.2 123.8 118.1 122.9 162.0 

UB3LYP 
/6311+g* 

1.741

 

1.394 1.404 1.475 102.2 123.7 118.1 122.9 161.7 

UB3PW91/6-
311+g* 

1.732

 

1.389 1.402 1.466 102.3 123.6 118.1 122.9 161.8 

UHF/MIDI! 1.723

 

1.389 1.408 1.478 102.5 123.3 118.3 123.3 165.0 

UHF/6-31g 1.768

 

1.405 1.408 1.477 102.4 124.1 117.6 122.2 162.8 

UHF/6-31g* 1.714

 

1.384 1.410 1.471 103.1 123.5 118.3 122.8 163.3 

UHF/6-311+g* 1.713

 

1.384 1.410 1.470 103.1 123.4 118.3 122.8 163.4 

Exp. c 1.776

 

1.391 1.414 1.459 99.6 123.5 118.7 125.0 169.9 
a  Bond lengths in A .  b Bond angles in degrees. c Values are taken form X-ray diffraction experimental results 

for Promazine reported  in (Lopez Reuperez, F.; Conesa, J. C.; Aperda, M. C.; Cano, F. H.;Foces-Foces, C. 
J. Phys. chem. 89 (1985) 1178-1182.  
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Table 5.  Negative HOMO energies, Solvation energies, and Oxidation potential (eV) 
(298 K, relative to NHE) for PTZ  

Compound 
IP 
eV 

HOMO 
eV 

HOMO(PCM) 
eV 

Gelec 

PTZ 
Gelec 

PTZ+

 
Oxidation Potential  

AM1 6.78 6.72 a a a a 

B3LYP/6-31g 6.54 4.95 5.03 -3.65 -38.12 0.591 
B3LYP /6-31+g** 6.65 5.28 5.36 -2.57 -38.37 0.627 
B3LYP /6311+g* 6.69 5.33 5.33 -2.42 -38.44 0.639 
B3LYP /MIDI! 6.50 5.06 5.14 -2.64 -38.43 0.474 
RB3PW91/6-311+g* 6.71 5.36 5.44 -3.99 -38.53 0.759 
HF/6-31g 6.26 7.29 7.40 -4.12 -37.86 0.344 
HF/6-31g* 5.98 7.32 7.43 -4.02 -37.94 0.065 
HF/6-311+g* 6.14 7.54 7.65 -4.34 -37.62 0.239 
HF/MIDI! 6.05 7.46 7.56 -3.90 -37.94 0.118 

.    
a
 PCM method is not parameterized for Semiempirical methods.  

Table 6.  Negative HOMO energies, Solvation energies, and Oxidation potential (eV) 
(298 K, relative to NHE) for MPTZ 

 Compound 
IP 
eV 

HOMO 
eV 

HOMO(PCM) 
eV 

Gelec 

MPTZ 
Gelec 

MPTZ+

 

Oxidation 
Potential  

AM1 6.76 7.48 a a a a  

B3LYP/6-31g 6.57 5.03 5.14 -2.58 -35.53 0.690  
B3LYP /6-31+g** 6.67 5.31 5.39 -2.57 -35.80 0.778  
B3LYP /6311+g* 6.85 5.33 5.44 -2.72 -35.83 0.960  
B3LYP /MIDI! 6.51 5.09 5.17 -2.64 -35.65 0.627  
B3PW91/6-311+g* 6.74 5.36 5.47 -2.92 -35.88 0.856  
HF/6-31g 6.32 7.46 7.59 -3.16 -35.44 0.467  
HF/6-31g* 6.05 7.37 7.51 -2.94 -34.76 0.213  
HF/6-311+g* 6.09 7.59 7.72 -3.22 -36.24 0.310  
HF/MIDI! 6.08 7.51 7.65 -2.99 -35.43 0.216          

a
 PCM method is not parameterized for Semiempirical methods. 

          

.

    

.PCM

 

DFT/B3PW91/6-311+g*

. 
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Abstract: 

Bromonitromethane adds to aliphatic aldehydes in the presence of tin (II) chloride 
to  yield β-nitro alcohols via a Reformatsky-type reaction in high yields, while aromatic 
aldehydes gave low yields.  The products were characterized by spectral (IR, NMR, MS)  
data and elemental analysis. 

Key words: Bromonitromethane, aliphatic aldehydes, β-nitro alcohols, Reformatsky 
reaction. 

Introduction 

As an electrophile, bromonitromethane was used as a versatile electrophile in the 
synthesis of aminothiophenes and their derivatives as well as in the reaction with  
nucleophiles such as: thiolate anions, sulphides, thiourea, thiocyanate, iodide ion and 
phosphorus nucleophiles [1]. Bromonitromethane contains only one carbon atom; 
therefore it is relevant to C-1 chemistry [2]. It is interesting to note that 
bromonitromethane, in chemical synthesis, is equivalent to one carbon nitro-
functionalized synthon , which has two  advantages  over other  C-1 synthons : (a) the 
nitro group of the product can be reduced to amino group.  (b) α- Hydrogen atoms 
adjacent to the nitro group in the product, being acidic, are consequently useful for 
further C-C bond formation via deprotonation-alkylation reactions [3]. It was found that 
bromonitromethane reacts with imines derived from aromatic aldehydes and ring 
substituted anilines in the presence of tin (II) chloride to give β – nitro amines via an 
addition reaction (Scheme 1) [4]. In such reaction, the polarity of  bromonitromethane is 
reversed from an electrophile to a nucleophile. 
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Ar1

C
N

H

Ar2 +       BrCH2NO2
1)SnCl2-ether, 0.5-1.0 h

2)H3O
C

CH2NO2

N

Ar2

HH

Ar1
+

 

Scheme 1 

Similarly β-nitro alcohols can be prepared by a tin (II) chloride mediated  addition  
of bromonitromethane and aliphatic aldehydes as reported here. β-Nitroalcohols were  
prepared in good yields by the addition of α,α-doubly metalated nitroalkanes to 
aldehydes at –900C [5], or from the reaction of nitroalkanes and aldehydes on an alumina 
surface [6], or alumina–supported potassium fluoride in the absence of a solvent [7], or 
generally in the presence of base (nitroaldol type Henry reaction) [8]. Nitroalcohols are 
useful precursors for the preparation of  nitroalkenes [9] and amino alcohols, where 
some of them are biologically important. In this work an alternative route for the 
synthesis of β- nitroalcohols is reported (Scheme 2).    

  

CH2BrNO2

1-SnCl2/  ether, RT

2-RCHO

R
NO2

OH

3-H3O

2a - f                                    
Scheme 2 

Table 1: Yields from the reactions of aliphatic aldehydes and bromonitromethane in the         
presenceof SnCl2 (1.5 mol). 

2 R Yields 

a CH3 75 

b C2H5 70 

c CH3CH=CH 68 

d CH3(CH2)4CH2 72 

e C6H5CH=CH 72 

f C6H5CH2CH2 70 

Results and discussion 

As shown in Scheme 2, bromonitromethane reacted with cinnamaldehyde, for 
example, in the presence of tin (II) chloride in diethyl ether at room temperature for 1h. 
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After workup of the reaction  and purification of the product, 1-nitro-4-phenyl-3-butene-
2-ol  2e was isolated in 65% yield.  

The 1H NMR spectrum of compound 2e showed a broad singlet at 2.7 ppm (OH 
group) which was exchanged with deuterium oxide and a doublet at 4.5 ppm for 
CH2NO2 methylene protons while 13C NMR spectrum of  2e showed a signal at 70.0 
ppm for CHOH carbon and a signal at 80.0 ppm for CH2NO2 carbon. IR spectrum 
showed broad absorption band at 3439 cm-1 corresponding to the hydroxyl group and a 
strong absorption band at 1556 cm-1 corresponding to the nitro group. All other prepared 
nitroalcohols gave 1H NMR, 13C NMR and IR signals consistent with the assigned 
structures.  

The electron impact  mass spectrum of compound 2e at 70 eV showed an M+ peak 
at m/e 193 with intensity less than 1%, an [ M+-H2O] peak (1.5%) at 175,  an [M+-NO2 –
H] peak  (13%) at 146, an [ M+-CH3NO2] (22%) at 132, an [M+-CH3NO2-H] (44%) at 
131. Loss of CO from 131 peak gives a peak   at 103 (55%)  which possibly produces  the 
base peak  at 77. The electron impact mass spectra of other products did not show any 
M+ peak, therefore, their structures were characterized by elemental analysis together 
with IR and NMR  spectroscopic methods. 

When the reactions were performed in tetrahydrofuran, dimethyl sulfoxide, or 
acetonitrile, no dramatic increase in the yield of the product was noticed.  But the yields 
were enhanced when the ratio of the SnCl2 was increased.  As an example, the yield of  
2e was increased from 65% to 72% when the mole ratio was changed from1:1:1 to 
1:1.5:1 (aldehyde: tin (II) chloride: bromonitromethane). Different aliphatic aldehydes 
were reacted with bromonitromethane in the presence of tin (II) chloride to give  yields 
summarized in  Table 1.  On the other hand, ketones were practically unreactive towards 
bromonitromethane in the presence of SnCl2. 

In conclusion, bromonitromethane proved to be a valuable C-1 unit in C-C bond 
formation. Functionalities present in the products may be suitable for a wide range of 
other chemical manipulations. A potential conversion of the nitro group into amino 
group via reduction and the ease of replacement of nitro group by hydrogen atom 
(denitration) using tributyltin hydride make bromonitromethane an interesting  and 
useful synthon. High yields, relatively short reaction time, low cost of starting materials 
and easy handling of the reactions are other advantages. 

The mechanism of this reaction is not studied yet, but a Reformatsky-type 
mechanism is proposed.            
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H
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Experimental 

All reagents were of commercial lab grade and were used without further 
purification. IR spectra were determined on a Mattson 5000 spectrometer. NMR spectra 
were determined on a Bruker AC 200 MHz,  samples were dissolved in CDCl3 and TMS 
as an internal standard.  Mass spectra were recorded on a Finnigian Mat 731 
spectrometer at 70 ev. Elemental analysis were performed at the Middle East Technical 
University-Analyses center (Ankara-Turky). 

Bromonitromethane was prepared according to the following improved 
procedure[10]: 

A mixture of water (500 ml), ice (200 g), NaOH (20 g, 0.50 mol) and nitromethane 
(36.6 g, 0.60 mol) was vigorously stirred using a mechanical stirrer for 30 minutes 
during which the temperature was kept around 0o C. Bromine (64 g, 0.40 mol) was 
added at once to the solution with continuous stirring.  After 4h the solution was steam 
distilled. The crude product was isolated, dried over anhydrous MgSO4 and fractionally 
redistilled.  Bromonitromethane was collected at 134-136 oC to produce 30 g, 54% yield. 
1H NMR: 5.45 ppm (s, CH2), IR (neat): 1565, 1373, 1260 and 747 cm-1. 

General procedure for the synthesis of β- nitroalcohols (2a-f): 

To a mixture of SnCl2 (1.42 g, 7.5 mmol) in Et2O (40 ml), the appropriate aldehyde 
(5 mmol) was added at 0o C. To this mixture was added, while stirring, 
bromonitromethane (5 mmol) dissolved in 2 ml of dry ether. The mixture was further 
stirred for 4h during which the reaction was monitored by TLC. The reaction mixture 
was then diluted with ether (50 ml) and washed successively with 1M HCl, H2O, 
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saturated NaHCO3 solution and brine.  The organic layer was separated and dried over 
anhydrous Na2SO4. The crude product  was purified by column chromatography. 

1-Nitro-2-propanol 2a: 

Purified by chromatography (EtOAc/hexane 1:4 v/v) to give a colorless oily 
product in 75% yield; IR (thin film): 3421 (broad), 1556(s), 1456,1386,1138 cm-1. 1H 
NMR δ: 1.35 (d,3H, J = 5Hz, CH3), 2.75 (broad,1H, OH), 4.4 (m, 2H, CH2NO2), 4.5 
(m,1H, CHOH). 13C NMR: 19.5 (CH3), 65.5 (CHOH), 81.2 (CH2NO2). Anal. Calc. for 
C3H7NO3: C, 34.29, H,6.71,N,13.33, found: C,34.22,H,6.69,N,13.21.  

1-Nitro-2-butanol 2b: 

Purified by chromatography (EtOAc/hexane 1:4) to give a colorless oily product in 
70% yield. IR (thin film): 3447 (broad), 1556 cm-1. 1H NMR δ: 1.0 (t, 3H, J = 5Hz, 
CH3), 1.6 (m, 2H, J = 5Hz, CH2Me), 2.65 (broad,1H, OH), 4.3 (m, 1H, CHOH), 4.4 (m, 
2, CH2NO2), 13C NMR: 9.5 (CH3), 26.8 (CH2), 70.0 (CHOH), 80.5 (CH2NO2). MS (EI) 
[m/e(% rel.int.): M+ (absent), 90(16), 72(10), 62(44), 57(26), 55(64), 43(72). Anal. Calc. 
for C4H9NO3 : C,40.32,H,7.62,N,11.76. found: C,40.11,H,7.55,N,11.69. 

1-Nitro-3-penten-2-ol 2c: 

Purified by chromatography (EtOAc/hexane 1:4) to give a colorless oily product in 
68% yield.IR (thin film): 3447 (broad), 1556(s) cm-1. 1H NMR δ: 1.75 (d, 3H, J = 5Hz, 
CH3), 2.6 (broad, 1H, OH), 4.45 (d, 2H, J = 5Hz, CH2NO2), 4.8 (m, 1H, CHOH), 5.5, 5.9 
(m, 2H, CH=CH). 13C NMR: 17.5 (CH3), 69.5 (CHOH), 80.3 (CH2NO2), 128.6,131.0 
(CH=CH). ). Anal. Calc. for C5H9NO3 : C,45.70,H,6.92,N,10.68, found: 
C,45.75,H,6.88,N,10.66. 

1-Nitro-2-octanol 2d : 

Purified by chromatography (EtOAc/hexane 1:5) to give a colorless oily product in 
65% yield. IR (thin film): 3440 (broad),1554(s) cm-1. 1H NMR δ: 0.85 (t, 3H, J = 5Hz, 
CH3), 1.3-1.5 (m, 10H, 5xCH2), 3.0 (broad,1H, OH), 4.3 (broad,1H, CHOH), 4.4 (d, 2H, 
J = 5Hz, CH2NO2). 13C NMR: 14.2 (CH3), 22.5, 25.2, 28.8, 31.6, 33.8 (5xCH2), 68.8 
(CHOH), 80.7 (CH2NO2). MS (EI) [m/e(% rel.int.): M+ (absent), 113(5), 97(15), 95(26), 
90(15),83(14),81(20),69((74), 57(68), 55(79). Anal. Calc. for C8H17NO3 : 
C,54.85,H,9.78,N,7.83, found: C54.56,H,9.81,N,7.83.   

1-Nitro-4-phenyl -3-buten-2-ol 2e: 

Purified by chromatography (EtOAc/hexane 1:5) to give oily product in 72% yield, 
IR (thin film): 3439(broad), 1556(s), 914cm-1. 1H-NMR δ: 2.7 (broad,1H, OH), 4.5 (d, 
2H, J = 5 Hz, CH2NO2), 5.05 (q, 1H, J = 5Hz, CHOH), 6.1 (dd, 1H, J = 5, J = 15Hz, 
CH=CH-CHOH), 6.8(d,1H, J = 15Hz, CH=CH-CHOH), 7.4 (m, 5H, ArH). 13C NMR: 
70.0 (CHOH), 80.0 (CH2NO2), 124.9, 126.7, 128.5, 128.8, 133.5, 135.5 (C6H5CH=CH). 
MS (EI) [m/e(% rel.int.): M+193(<1), 175(1.5), 146(13), 132(22), 103(55), 77(100), 
51(98). Anal.Calc.for C10H11NO3 : C,62.17, H,5.74, N, 7.25   found: C,62.12, 
H,5.76,N,7.20.  
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1-Nitro-4-Phenyl-2-butanol 2f: 

Purified by recrystallization from 95% hexane/ ethyl acetate mixture to give white 
crystals m.p = 82-83 oC. IR (KBr): 3402, 2949, 1549(s), 1493cm-1.  1H NMR  δ: 1.8 (m, 
2H, C6H5CH2-), 2.6 (d ,1H, J = 5Hz,OH), 2.8 (m,2,-CH2CHOH), 4.3 (m,1H, -CHOH), 
4.4 (d, 2H, J = 5Hz, CH2NO2). 7.25 (m, 5H, C6H5). 13C NMR: 31.2 (C6H5CH2), 35.3 (-
CH2CHOH-), 68.0 (CHOH), 80.5 (CH2NO2), 126.3, 128.3, 128.6,140.8(C6H5). MS (EI) 
[m/e(% rel.int.): M+ (absent), 133(32), 130(46), 105(86), 104(70), 91(100), 92(70), 
77(48), 65(37), 51(26). Anal.Calc.for C10H13NO3: C, 61.15, H, 6.69, N, 7.17 found: C, 
61.17, H, 6.72, N, 7.20. 

رتوميثان  االكحول من تفاعالت االضافة لربوموني–تحضري بعض مركبات بيتانيرتو 
  إلى االلدهايد باستخدام كلوريد القصدير الثنائي كعامل محفز

  علي محاسنة وعلي عبادله

  ملخص

يضاف برومـو نيتـرو ميثـان مـع األلدهايـدات األليفاتيـة بوجـود ثنـائي كلوريـد القـصدير منتجـا كحـوألت                      
ات األروماتيــة اعطــت شبة تفاعــل  رفورماتــسكي فــى حــين ان األلدهايــد  يــبيتــا نيتــرو بمــردود جيــد، التفاعــل   

مردودا قليأل  وقد شخصت  المركبات الناتجة وهي من فصيلة بيتا نيترو الكحـول بواسـطة مطيافيـة األشـعة                     
 .ومطيافية الرنين المغناطيسي ومطيافية الكتلة وا لتحاليل الدقيقة للعناصر ، تحت الحمراء
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Abstract: 
The aim of the study was to determine the mean blood lead levels and prevalence of elevated 

blood lead levels among preschool children aged 1-72 months in Northern Jordan. Data gathered 
by a questionnaire and blood samples for blood lead analyses comprising 389 children. The mean 
blood lead level was 7.12 ± 5.58 µg/dL (range 1.8 - 30 µg/dL). The mean blood lead level of 117 
samples (30.0%) was > 10 µg/dL. The percentage of children with elevated blood lead level who 
spend longer time outdoors is significantly higher (36.3%) compared to those who did not (22.7%) 
(P < 0.001). Results pointed out that, blood lead levels in children lives in urban areas were 
significantly higher than those in rural areas (P < 0.001).  This study showed that children aged 1-
72 months in Northern Jordan have moderately high blood lead levels and consistent with that of 
other countries using leaded gasoline.  

Key Words: Lead, blood, children, sociodemographic factors, Northern Jordan. 

Introduction 

Lead is not an essential element for human body, and high blood lead level (BLL) 
can result in plumbism or adverse health effects in the hematologic and/or neurologic 
systems [1]. Fetal exposures to lead may occur through placental transfer as early as 
week 12 of gestation and throughout full term [2]. Children are more susceptible to lead 
than adults due to hand to mouth activity, increased respiratory rates, and higher gastro-
intestinal absorption per unit body weight [3, 4]. Adult absorb 35–50% of lead that they 
ingest while children absorb greater than 50% [5]. It is well known that 90% of the body 
burden of lead is deposited in bone, which can leach out during growth of children 
constituting a significant long-term source of lead in the blood [6]. 

In young children, blood lead levels (BLL) as low as 10 µg/dL can lower 
subsequent scores on IQ tests [7,8].The same amount of lead would not expected to be of 
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much consequence in adults. The Centers for Disease Control and Prevention has, 
therefore, recommended that the goal of all lead poisoning prevention activities for 
young children should be the reduction of children’s BLLs to less than 10 µg/dL [9,3]. 
Furthermore, in a recent study, it was reported that even blood lead levels less than 10 
µg/dL may still significantly impair intellectual development in children [10]. Generally, 
fetuses, infants, children up to 6 years of age, and pregnant women were the most 
susceptible to lead toxicity [1].  In light of such concerns, the BLL, including cord blood, 
is usually used as a biological monitoring indicator for environmental lead pollution in 
addition to its original role on health condition index [11, 12]. 

Major sources of environmental lead pollution are leaded gasoline, leaded pipes for 
water supply, lead based paints, leaded ceramics, lead in cosmetics, and folk remedies. 
Distance of residence from traffic density, housing, poor nutrition, low maternal 
education, and socioeconomic status are the factors further influencing blood lead levels 
in children [13-15]. The objectives of the current study were to: (a) evaluate mean BLLs 
and the prevalence of elevated BLLs in children aged 1-72 months in Northern Jordan; 
and (b) investigate the relationship between the BLLs and the different socioeconomic 
factors. 

Method and Material   

1. Questionnaire 

Before blood sampling, parents of participating children completed a questionnaire 
that asked for information about the number of siblings in the family, family size, the 
amount of time the child habitually spent outdoors, housing standards, proximity of busy 
streets, area of living, car availability, house age, monthly income, play activities, 
parental education and other variables that might affect the child’s BLL.  

2. Collection of Samples 

Blood samples were collected during one year from August 2002 to August 2003 at 
Princess Rahma Hospital for Children (PRHC) from 389 children aged 1-72 month. 
During this period, hundreds of children visited the hospital; however, samples were 
collected just from children aged 1-72 months and free of any serious illness. Since 
venous blood is the preferred sample for analysis over capillary sample, this sampling 
approach was used for lead measurement in our study. Venous sample provide a larger 
volume for analysis and are less prone to clotting and other problems that can be 
encountered with capillary. Special lead-free evacuated tubes were used for blood 
collection. These tubes are standard tubes containing EDTA to prevent coagulation of 
the blood sample. All materials used were known to be lead-free before use. All 
personnel who collected the samples were well trained and thoroughly familiar with the 
collection procedure. The volume of each sample was 3-4 ml. After collection, samples 
were kept in the refrigerator until the time of analysis.  
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3. Preparation of samples for analysis 

All glassware and plastic ware were soaked in 10% nitric acid for 48 hours then 
washed with distilled water before final rinsing with deionized water and dried in oven at 
50Cْ for about 2 hrs.   

Samples were digested prior to analysis in order to extract lead and destroy sample 
matrix. One millimeter of the whole blood sample was transferred into a previously acid 
washed Pyrex test tube using standard pre-calibrated micro-pipette.  One millimeter of 
Ultra-pure HNO3 was added, followed by 1 mL of HClO4. The test tube was then heated 
over a sand bath set at about 150 oC. The sample was allowed to digest for 4-5 hours. At 
this point the solution should be clear, if not, an additional step was taken by adding (0.5 
mL HNO3 + 0.5 mL HClO4) and heating again. During that, the volume was reduced 
down, approximately to near dryness. After that, the sample is re-dissolved with 1% 
HNO3, diluted to 10.0 mL and transferred into a plastic bottle.  

4. Analysis of Samples 

Blank samples containing all reagents (HNO3 + HClO4) except blood were prepared 
along with samples. All samples were analyzed using the Inductively Coupled Plasma– 
Optical Emission Spectrometry (ICP-OES) (Perkin-Elmer). The digested blood samples 
were directly aspirated to the Plasma using a capillary tube and the emission reading for 
lead was then recorded for each sample.   

5. Quality Assurance of the Measurements 

5.1. Blank Samples 

Blanks were prepared and analyzed along with the samples. The average sample-to-
blank ratio was calculated and found to be larger than 10. This ratio was high enough to 
make reliable blank correction for lead in our samples.  

5.2. Accuracy of the measurements 

The reliability of lead measurements is greatly enhanced by the use of high quality 
lead standard solution for instrument calibration. These standards were supplied by the 
ICP-OES manufacturers and were tested by comparing it with several standards prepared 
in our laboratories. Therefore, the accuracy of the ICP-OES results were checked by 
periodic analysis of Laboratory Synthetic Standard (LSS) prepared from high purity lead 
salts. Results were always in excellent agreement with the certified concentration within 
less than ±5%.  

6. Statistical analysis 

The Centers for Disease Control (CDC) permissible childhood BLL of 10 µg/dL 
was used as a cutoff point. The characteristics and potential risk factors for exposure to 
lead among children with BLLs ≥ 10 µg/dL were compared to those of children with a 
BLL <10 µg/dL. All data were encoded, entered, and analyzed using SPSS 10.0 in 
personal computer. Data from each parameter were examined for statistically significant 
difference. 
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Results  

A brief statistical summary for blood lead levels in collected samples is given in 
Table 1.  The geometric mean BLL in this study was 5.07 µg/dL (median: 5.81 µg/dL; 
range: 1.8 – 30.0 µg/dL). Thirty percent of the children had BLLs ≥ 10 µg/dL, the 
current threshold of concern [9]. Figure 1 indicated that 46 % of the children had BLLs 
<5 µg/dL, 23.9% had 5–10 µg/dL, 21.3% had 10 –15 µg/dL, 6.2% had 15-20 µg/dL and 
2.6% had BLLs more than 20 µg/dL. 

Table 2 summarizes the BLLs in relation to sociodemographic variables of the 
studied children. Higher proportion of children with BLLs ≥ 10 µg/dL came from 
families with a monthly income of less than 150 JD (approximately 250 $). 
Approximately 40% of children in the study lived in families where at least one of the 
parents is well educated (B.Sc. or more). As given in Table 2, BLLs were significantly 
higher among children with high father education (P < 0.05). The location of the area of 
living (urban or sub-urban) was found to be one of the most significant factors related to 
children’s BLLs (P < 0.001). In addition, the frequency of playing outside the home was 
among the significant risk factors that affecting the BLLs.  

4. Discussion 

Approximately 30 % of children in the study had BLLs ≥ 10µg/dL. This value is 
higher than the range reported in some urban regions; higher than 8% in children aged < 
6 years in Toronto, Ontario, Canada, in 1992 and 7% in Finland children aged < 7 years 
in 1992, and 16% in Sydney, Australia reported for 1992 –1994 [16-18]. However, this 
percentage is still within the range reported for other urban regions. The percentage of 
EBLLs (>10 µg/dL) was 33% in New York children aged 4 months, 78% for children in 
South Africa, 29% for children in Zhejian, China and 42% for children in Mumbai, India 
[19-22].  

The overall geometric mean of BLL (5.07 µg/dL) in this study was lower than those 
reported for other regions directly affected by lead industry. Recent studies from 
Johannesburg [14], China [21],  Senegalese [15], Saudi Arabia [23] and Taiwan [24] 
reported respectively 11.90 µg/dL, 9.50 µg/dL,  8.34 µg/dL, 8.10 µg/dL and 5.50 µg/dL 
blood lead in their children. However, keeping in mind the fact that there is no safe level 
of blood lead in children [25, 26], efforts are still required to contain other sources of 
environmental exposure to lead.  

In this study, we attempted to identify variables affecting BLL among Northern 
Jordan children. However, not all the potential sources of exposure have been 
considered. For instance, we did not ask about smoking habit in the family, which could 
contribute to children’s exposure to lead at home. In addition, we did not assess exposure 
to lead from food or drinking water. Among the studied factors, the location of the area 
of living, has been found as risk factor to be associated with elevated BLLs (P<0.001). 
The percentage of children with EBLL whose living in urban area is significantly higher 
(36.4%) than those in rural areas (15.0%). Several authors from different countries have 
found similar results [15,21], supporting our findings. The primary source of lead 
exposure in most countries is leaded gasoline. Before lead was removed from gasoline in 
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the U.S., the average BLL of children 6-19 years of age was 11.7µg/dL [27] compared to 
3.6 µg/dL after removal [28].  

Lead has been emitted over the year from different anthropogenic sources and has 
been deposited everywhere. Accordingly, outdoor playing activities are expected to be a 
significant factor influencing BLL. Therefore, time spent outdoors by the child was 
another risk factor found to be associated with elevated BLLs (P<0.001). The percentage 
of children with EBLL who spend longer time outdoors was significantly higher (36.3%) 
than those who did not play frequently outdoors (22.7%). Playing outside may increase 
exposure to lead deposited in soil, sand, or dust, through ingestion or inhalation. Lead 
from soil and outdoor dust has been shown to be a pathway of residential lead exposure 
among urban children [29-31]. As presented in table 2, children who were reported to 
spend time outdoors had blood lead concentrations of 7.6% (1.56 µg/dL) higher than 
children who did not.  

Studies in other parts of the world have found blood lead levels to be correlated 
directly or indirectly with socioeconomic status. In the USA, for example, low 
socioeconomic groups have been found to have higher blood lead levels than higher 
socioeconomic groups [32], but other relationships have been seen elsewhere, depending 
on the prevailing forms of exposure. A number of sociodemographic factors were 
considered in this study. These include parental education, family size, car availability, 
house type, newspaper usage, and monthly income. Except for the car availability and 
father education, no significant differences were noted between BLLs and different 
subgroups related to these risk factors.  

A positive relationship between percentage of children with EBLL and their 
father’s education was found. BLLs in children were significantly influenced by father 
education level (p<0.05). The percentage of children with EBLL among families with 
educated and less educated fathers (more than high school or less than high school) were 
26.9% and 33.9%, respectively. In addition, the percentage of children with EBLL 
among families of low income are higher (30.7%) compared to those among families of 
higher income (26.0%). It is clear that there is a negative relationship between family 
income and percentage of children with EBLL.  

Health status of the child and its influence on BLL was also considered in our 
study. Table 2 shows that the percentage of children with EBLL among those having 
Epilepsy (18.8%) is less than those not having Epilepsy (31.9%). Regardless of the 
biological and physiological factors, the explanation of this is that the children with 
Epilepsy are expected to have less playing activities compared to those without epilepsy. 
The effect of other diseases was also included. Table 2 shows effects of allergy on BLL, 
where, little differences in the percentage of children with EBLL having allergy (29.3%) 
compared to those without (30.5%) was present. This may indicate that allergy is not an 
important factor in affecting BLL.  

Conclusion 

This study illustrated that, children <6 years in Irbid province appeared not severely 
contaminated with lead. BLLs were similar to those observed in other countries that 
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continue to use lead in gasoline. In addition, BLLs were higher in children live in urban 
areas and those spending longer time outdoors. Not all potential sources of exposure 
have been considered in this study, therefore, future studies should monitor other 
suspected heavy metals like mercury and arsenic. Finally, our study did not measure lead 
in potential exposure sources, such as soil, dust and air. This may have provided 
additional information about sources of lead exposure in this population.  

The phase-out of lead from gasoline has already begun in Jordan. However, less 
than 10% of the cars are using unleaded gasoline, most of them are concentrated in 
Amman. With the phase-out of leaded gasoline, BLLs in Jordan children are expected to 
rapidly decline as they have in other countries that have phased lead out of gasoline.  
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Figure 1: Frequency distribution of blood lead levels (µg/dL) 

                 in children, 1-72 months,  (N = 389). 
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Table 1: Blood lead level values in 389 children (µg/dL).  

Data set   

BLL  <10 BLL  ≥10 All 

Number 272 117 389 

Percentage 69.92 30.08 100 

Standard deviation 2.72 3.88 5.58 

Arithmetic mean 4.09 14.16 7.12 

Geometric Mean 3.3 13.72 5.07 

Median 2.67 12.89 5.81 

Maximum value 9.99 30 30 

Minimum value 1.8 10.09 1.8 

Table 2: Blood lead levels in relation to various potential risk factors. 

Sociodemographic  BLL (µg/dL)  

factor < 10 ≥ 10 Total P-value 

■ Father Education 

▪ Low (HS) 

▪ High (>HS) 

 

155(73.1) 

117(66.1) 

 

57(26.9) 

60(33.9) 

 

212(54.5) 

177(45.5) 

 

< 0.05 

■ Region 

▪ Urban 

▪ Sub-urban 

 

171(63.6) 

102(85.0) 

 

98(36.4) 

18(15.0) 

 

269(69.1) 

120(30.9) 

 

<0.001 

■ Family size 

▪  One child 

▪  >1 child 

 

95(69.9) 

176(69.6) 

 

41(30.1) 

77(30.4) 

 

136(35.0) 

253(65.0) 

 

0.66 

■ House Type 

▪ Single unit 

▪ Apartment 

 

181(69.1) 

91(71.7) 

 

81(30.9) 

36(28.3) 

 

262(67.4) 

127(32.6) 

 

0.27 

■ Car availability 

▪ Yes 

▪ No 

 

204(69.9) 

68(70.1) 

 

88(30.1) 

29(29.9) 

 

97(24.9) 

292(75.1) 

 

0.002 
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■ House Age 

▪ 5≤  

▪ 5-10 

▪  >10 

 

108(69.2) 

83(73.5) 

81(67.5) 

 

48(30.8) 

30(26.5) 

39(32.5) 

 

156(40.1) 

113(29.0) 

120(30.8) 

 

0.54 

0.67 

■ Monthly income  

▪ 150≤  JD 

▪  >150 JD 

 

235(69.3) 

37(74.0) 

 

104(30.7) 

13(26.0) 

 

339(87.1) 

50(12.9) 

 

0.70 

■ Mother education 

▪ Low (HS) 

▪ High (>HS) 

 

185(69.3) 

87(71.3) 

 

82(30.7) 

35(28.7) 

 

267(68.4) 

122(31.4) 

 

0.90 

■ Play Activities 

▪ Rarely 

▪ Daily 

 

117(72.7) 

155(68.0) 

 

44(27.3) 

73(32.0) 

 

161(41.4) 

228(58.6) 

 

<0.001 

■ Newspapers usage 

▪ Yes 

▪ No 

 

105(69.5) 

165(69.3) 

 

46(30.5) 

73(30.7) 

 

151(38.8) 

238(61.2) 

 

0.30 

■ Epilepsy 

▪ Yes 

▪ No 

 

26(81.2) 

246(68.9) 

 

6(18.8) 

111(31.9) 

 

32(8.2) 

357(91.8) 

 

0.13 

■ Allergy 

▪ Yes 

▪ No 

 

106(70.7) 

166(69.5) 

 

73(30.5) 

44(29.3) 

 

239(61.4) 

150(38.6) 

 

0.30 
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  مستويات الرصاص في دم األطفال القاطنني في شمال األردن
  

  .ادريس المومني ، زياد الراوي ، عواد سالمه ، قاسم بطاينه

  

  ملخص 

 الدراسة إلى تحديد مستويات الرصـاص فـي دم األطفـال ضـمن الفئـة العمريـة مـن شـهر إلـى          تهدف هذه 
 طفـل كمـا تـم تعبئـة اسـتبانه مـع       389في هذه الدراسة جمعـت عينـات الـدم مـن     .  شهرا في شمال األردن 72

مـستويات الرصـاص فـي دم    .  والظروف المعيـشية لكـل طفـل   يكل عينه تحتوي معلومات عن الوضع االجتماع    
 7.12وكـــان الوســـط الحـــسابي  . (µg/dl)ديـــسيلتر/ م مـــايكروغرا30 الـــى 1.8ألطفـــال تراوحـــت مـــا بـــين ا

µg/dl     5.58 واالنحراف المعيـاري  µg/dl .      كانـت أعلـى مـن    %) 30( عينـة  117مـستويات الرصـاص فـي
10 µg/dl  ً0.001(نتــائج الدراســه أثبتــت وجــود فــروق معنويــه   .  وهــو الحــد األعلــى المــسموح بــه عالميــا 
<p (              10بين نـسبة األطفـال الـذين زادت مـستويات الرصـاص فـي دمهـم عـن µg/dl) 36.3 (%  ويقـضون

كمـا أثبتـت   %) . 27.7(أوقات طويلـة خـارج المنـزل واألطفـال الـذين يقـضون أوقـات قـصيرة خـارج المنـزل              
حيث كانـت  الدراسة وجود فروق معنوية في مستويات الرصاص بين األطفال الذين يقطنون في مناطق ريفية    

بشكل عـام كانـت مـستويات الرصـاص فـي دم      ) . p >0.001(اقل واألطفال الذين يقطنون داخل المدينة     
 لمـــستويات الرصـــاص فـــي دم األطفـــال فـــي دول أخـــرى ال زالـــت ةاألطفـــال لعينـــة الدراســـة متوســـطة ومطابقـــ
  .تستخدم البنزين غير الخالي من الرصاص
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Abstract 

Gamma ray buildup factors in five materials Al, Steel, Cu, Brass and pb were 
measured using a scintillation detector NaI (Tl) (3//X3//) with two point isotropic 
radioactive sources Cs-137 and Co-60. Results obtained show that the buildup factors at 
1.253 MeV energy have higher values than those at 0.662 MeV. This experimental result 
is not in agreement with the theoretical studies except for lead. 

I. Introduction 
Many workers have theoretically studied the effect of the photon energy on the 

buildup factors. Goldstein and Wilkins [1] calculated the buildup factors for many 
materials within the energy range of 0.5 to 8 MeV. Alberg et al [2] have calculated the 
buildup factors in water and air, Al and concrete within the energy range of 0.03 to 10 
MeV using “Moments” method. On the other hand, high-energy gamma rays buildup 
factors for water, concrete , iron and lead, have been calculated by H. Hirayama [3]. Y. 
Harima et al made a comparison of gamma-ray buildup factors for low-z material and for 
low energies [4]. H. Hirayama and D.K. Trubey investigated the effects of incoherent 
and coherent scattering on buildup factors of low-energy gamma-rays [5]. H. Hirayama 
et al compared gamma-ray point isotropic buildup factors including fluorescence and 
bremsstrahlung in lead using discrete ordinates and point monte carlo methods [6]. 
While a detailed behavior of exposure buildup factor in stratified shields for plane-
normal and point isotropic sources, including the effects of bremsstrahlung and 
fluorescent radiation are investigated by Y. Harima [7]. On the other hand, K. Shin and 
H. Hirayama gave a new approximating model for gamma-ray buildup factors of 
stratified shield [8]. This work has been done to measure buildup factors for five 
materials (Al, Steel, Cu, Brass and pb) and to compare the obtained results with the 
available theoretical results. 
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II. Theory 

Consider a monodirectional beam of γ-ray of intensity ( or flux ) Φo and energy Eo 
which is incident upon a slab shield of thickness a. If there were no shield present, then 
the exposure rate would be [9] 

 0.0659 Φo Eo ( µa / ρ )air mR /hr                  (1)   =oX
•

    

It is convenient to write the above equation in the form 

Φo 
                                                                                     (2)                    C= oX

•

    

where: C = 0.0659 Φo Eo ( µa / ρ )air is a function of Eo. With the shield in place, the 
γ-ray flux Φ emerging from the shield is different from Φo and the problem of 
determining the actual value of the exposure rate at any point after the shield slab 
reduced to the problem of computing Φ. It would be easy to compute Φ if every time a 
photon interacted with matter it disappeared. Then Φ would be equal to the flux of 
uncollided γ-rays 

Φ u = Φo e – µa                                (3) 

where: µ is the total attenuation coefficient at the energy Eo. Unfortunately, γ-rays 
do not disappear at each interaction but they are also scattered due to many different type 
of reactions. As a result, the monoenergetic beam that incident on the shield slab, 
emerges from the other side as a contineous pectrum. The continuous part of the 
spectrum is due for the most part to Compton scattered photons, with some contribution 
from Photoelectric x-ray and annihilation radiation. The calculations of Φ (E) should be 
carried out for a variety of shielding materials as a function of the incident γ-ray energy 
and shield thickness. The computed values of Φ (E) were then used to compute the 
exposure rate from the formula 

•

X = 0.0659 ∫
0

0

E
 Φ (E) E (µa /ρ )air  dE     (4)            

The results of these computations are written as  

  Bm (µa) e-µa                                                    (5)                oX
•

 =
•

X    

where: Bm (µa) is called the exposure buildup factor for monodirectional beam 
and µ is the total attenuation coefficient at the energy Eo. 

Values of Bm are given in many tables as a function of energy for several materials. 
It will be observed from these tables that the numerical values of Bm can be very large, 
which shows the importance of the buildup of scattered radiation in shielding 
calculation. With a water shield, for example, which is µa = 10 mean free paths thick at 
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2 MeV, Bm is approximately equal to 10. This means that if buildup were omitted from a 
calculation of the effectiveness of such a shield, the resulting exposure rate would be in 
error by a factor of 10. The buildup factor, therefore, cannot be ignored. Since Bm is a 
continuous function of atomic number, values of Bm for materials not given in any table 
can be obtained by plotting Bm versus Z for the energy of interest and interpolating from 
the curve. Equation (5) gives the actual exposure rate at a point P, just behind the shield. 

According to Eq. (1) , oX
•

 is proportional to Φo and it is reasonable, by analogy, to 

write 
•

X  in the same form , namely  

                                   (6)  = C Φb 

•

X    

where: the quantity Φb is called the buildup flux and is clearly equal to that flux of 
monoenergetic γ-rays of energy E0 which gives the same exposure rate at P just behined 
the shield slab as the actual γ-ray flux at that point. Introducing Eqs. (2) and (6) into Eq. 
(5) shows that 

 (7)                       Bm (µa) e-µa Φo = Φb    

or equivalently  
    (8)                                  Bm (µa) Φu=  Φb      

where: Φu is the uncollided flux of Eq. (3), [9].  

III. Experimental Work 
The geometrical arrangement for the source, collimators, absorbers and the detector 

in the narrow beam attenuation case is shown in Figure 1. However, in broad beam 
attenuation case, the two collimators were removed from the experimental arrangement. 
The collimators are lead blocks with dimensions of (5 x 10 x 20 cm) with a central hole 
of 0.7 cm radius. The detector used in this study was a scintillation detector NaI 3//x3// 
(7.6 x 7.6 cm). The sources used were of activities of 2.8 mCi for Cs-137 and 5.9 mCi 
for Co-60. The absorbers were cylindrical in form. Table 1 shows some useful 
information about these absorbers. The accuracy of the spectrum analysis was achieved 
by subtracting the background and surrounding scattering photons. 

Table 1: Some information of the materials used in the present work 
Absorption Coefficients (m-1) 

Material Atomic no. Density x 103 (kg/m3) Disk Diameter (m) 0.662 MeV 1.253 MeV 

Aluminum 
Steel 
Copper 
Brass 
Lead 

13 
26 
29 
29.28* 
82 

2.700 
7.860 
8.960 
8.458 
11.400 

0.10 
0.08 
0.08 
0.10 
0.10 

20.125 
57.696 
65.021 
61.501 
126.007 

14.871 
42.135 
47.200 
44.620 
67.158 

 
*This is the effective atomic number of brass, since it is an alloy composed of 72.4% copper and 27.6% zinc. 
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IV. Results and Discussion 

The fitted buildup factors of the five-investigated materials using the two 
radioactive sources (Cs-137 and Co-60) are presented in Table 2. Figures 2, 3, 4, 5 and 6 
show the experimental buildup factors and the fitting curves for the Al, Steel, Cu, Brass 
and Pb, respectively, at the two energies 0.662 MeV and 1.253 MeV. The latter table and 
figures show that the buildup factors at 1.253 MeV are higher than those at 0.662 MeV 
for all materials. This experimental result is not in agreement with the theoretical studies 
except for lead. 

The present experimental results can be explained by the fact that the high energy 
photons have more power to penetrate inside the material and produce scattered photons 
with enough energy to escape from the absorber and reach the detector. While the low 
energy photons produce low energy scattered photons that are to be absorbed in the 
material itself and do not reach the detector. In addition to the fact we could not find in 
references energies and thicknesses matching the ones used in the current work, the 
theoretical results are different from the present experimental results because of the 
different purity of the available materials and different composition of the alloy used in 
this experiment.  

V. Conclusion 

The results for gamma ray buildup factors of the five materials (Al, Steel, Cu, Brass 
and pb) investigated with two point isotropic radioactive sources (Cs-137 and Co-60) 
showed that the these factors at 1.253 MeV energy have higher values than those at 0.662 
MeV. This is due to the fact that high energy photons have more power to penetrate 
inside the material producing scattered photons with enough energy to escape from the 
absorber and reach the detector. On the other hand, the low energy photons produce low 
energy scattered photons that are to be absorbed in the material itself, thus they do not 
reach the detector. This experimental result is not in agreement with the theoretical 
studies except for lead. The theoretical results are different from the experimental results 
because of the different purity of the available materials and different composition of the 
alloy employed in this experiment.  
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Table (2): Fitted buildup factors of Al, Steel, Cu, Brass and Pb. 
Source Thickness (mfp) Al Steel Cu Brass Pb 

Cs-137 

(0.662 MeV) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

1.150 

1.291 

1.451 

1.635 

1.852 

2.122 

2.487 

3.045 

4.030 

5.994 

1.135 

1.295 

1.493 

1.748 

2.093 

2.585 

3.325 

4.490 

6.391 

--- 

1.133 

1.290 

1.492 

1.758 

2.111 

2.587 

3.236 

4.129 

5.366 

--- 

1.141 

1.289 

1.456 

1.647 

1.870 

2.136 

2.472 

2.939 

3.671 

4.989 

1.000 

1.000 

1.001 

1.051 

1.142 

1.282 

1.484 

1.763 

2.137 

2.634 

Co-60 

(1.253 MeV) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

1.186 

1.334 

1.524 

1.729 

1.962 

2.233 

2.566 

3.037 

3.929 

6.303 

1.238 

1.470 

1.750 

2.095 

2.535 

3.124 

3.972 

5.310 

7.626 

--- 

1.232 

1.432 

1.702 

2.062 

2.537 

3.163 

3.983 

5.056 

6.455 

--- 

1.194 

1.381 

1.597 

1.848 

2.140 

2.485 

2.898 

3.414 

4.106 

5.142 

1.091 

1.164 

1.245 

1.336 

1.444 

1.577 

1.749 

1.989 

2.343 

2.894 

 العالقة بني معامل البناء وطاقة أشعة جاما
 

 محمد الفخار وفوزي اكريم

 

 ملخص

تــم قيــاس عامــل التــراكم ألشــعة جامــا تجريبيــًا لخمــس مــواد هــي األلمنيــوم ، الفــوالذ ، النحــاس ، البــراص        
مـع مـصدرين   ) NaI (Tl) (3//X3//)(والرصـاص ، وذلـك باسـتخدام كاشـف وميـضي نـوع أيوديـد الـصوديوم         

النتــائج المستخــصلة مــن هــذا   ). Cs-137( ومــصدر الــسيزيوم  ) Co-60 ( تمــشعين همــا مــصدر الكوبالــ 
أعلـى قيمـة مـن عامـل التـراكم عنـد       )  MeV 1.253 ( تالعمل بينـت أن عامـل التـراكم لطاقـة مـصدر الكوبالـ      
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إضافة إلـى ذلـك وجـد أن النتـائج ليـست متفقـة مـع النتـائج النظريـة          ). MeV 0.662(طاقة مصدر الســــيزيوم 
موجـود   هنالـك أسـباب عديـدة لعـدم تقـارب النتـائج مـع مـا هـو         . باستثناء الرصاص الذي أعطـى نتـائج مقبولـة    

نظريًا أهمها أن نقاوة وتركيب المواد والسبائك المستخدمة في هذه القياسات النظرية تختلف عـن تلـك التـي        
  .مت الستخراج القيم النظرية والتي يمكن أن تستخدم للمقارنةاستخد
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pb Source Collimator                                        pb Detector Collimator 

Fig. 1. Schematic diagram of the experimental setup. 
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Fig. 2. Buildup factors for Al using two photon energies of 0.662 and 1.253 MeV. 
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Fig. 3. Buildup factors for steel using two photon energies of 0.662 and 1.253 MeV. 
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Fig. 4. Buildup factors for Cu using two photon energies of 0.662 and 1.253 MeV. 
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Fig. 5. Buildup factors for brass using two photon energies of 0.662 and 1.253 MeV. 
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Abstract 

The spatial variation of radon concentration in soil is often controlled by some 
geological conditions. The aim of this study is to explore factors other than underlying 
geology that affect the variation of radon concentration in the soil. In this work the effect 
of soil parameters on soil radon concentration  were studied along two “radon affected 
areas” located in UK. Land slope, thickness, soil conductivity, moisture content and 
porosity were investigated. The measured quantities were compared with radon 
concentration in soil.  

Key words: Radon, concentration, soil, moisture content, resistivity, porosity, land slope 
1. Introduction 

Although geology science is regarded as the major factor controlling the variation 
in radon distribution in the soil atmosphere[1,2], our survey[3] in Derbyshire near to 
Biggin on the Monsal Dale Limestone showed that there was a considerable spatial 
variation within the lithological unit. This variation showed spatial structure and the map 
of kriged estimates showed that the radon concentration varied continuously from West 
to East in the area surveyed. The pattern of the variation is particularly distinctive 
because the radon concentrations appear to have an inverse relation with the relief. The 
small radon concentrations are associated with the highest elevations which are in the 
eastern part of the area, and the largest values in the western part where the elevations is 
low.  These results suggest that factors other than lithology are having a significant 
effect. The aim of this study was to explore other factors, such as soil depth, soil 
compaction, surface slope angle, moisture content, porosity and electrical conductivity. 

Two areas were selected for the study in the summer of 1996. One is within the area 
near to Biggin (grid reference SK 155359) to the south of Buxton in the county of 
Derbyshire in England and is underlain by a single lithological unit, the Monsal Dale 
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Limestone in which surface slope angle, soil conductivity and soil resistivity were 
measured. The second was to the north-west of the City of Nottingham in the Eastern 
Midlands of England[4], in which moisture content and porosity were investigated. Both 
areas have been declared as ‘radon affected’ areas by the UK National Radiological 
Protection Board, NRPB, (1992),[7]  

2. Experimental Work 

Radon concentration in the soil was measured by the can technique method[5,6] 
using a passive detection system that utilizes CR-39 detector. The detectors were placed 
in holes at a depth of 50 cm at a sampling interval of 20 m long  and 2 km transect near 
to Biggin and Nottingham.  

At each sampling location, near to Biggin, the slope angle was measured with an 
Abney Level meter. The ground apparent electrical resistivity was also measured using 
an Offest Wenner Sounding that used five electrodes placed in a line at equal distances 
apart. Two surveys were conducted, one in the western part of the transect and the other 
in the east. The continuous wave technique for measuring ground conductivity with the 
Geonics EM31 equipment was used.  

To determine  the effect of moisture content and porosity on the activity 
concentration of radon in the soil gas, undisturbed soil samples were taken from the 
northwest of the City of Nottingham in the East Midlands of England. The soil samples 
were collected using sampling tubes designed for this purpose. The soil cores from the 
tubes were cut into cylindrical lengths of 3.8 cm diameter and 7.5 cm length, weighed, 
and dried completely for 24 hours at 105ºC (standard conditions). 

3. Results and Discussion 
Figure 1 shows the radon concentrations plotted against sampling position along the 

2 km transect near to Biggin. The radon concentration varies erratically, which appears 
to be usual[2], but there is a weak trend in the values showing a decrease from west to 
east.  Figure 2 shows land slope angle plotted against sampling position along the 2 km 
transect near to Biggin. 

Based on Figure 3,we can see that the points are scattered above and below zero at 
a random manner, which indicates a lack of a linear relation between the land slope 
angle and radon concentration. This is evidenced by the numerical value of the 
correlation coefficient, which turned out to be –0.05 very close to zero.  

Figure 4 a, and b shows the electrical resistivity sounding curve for the western and 
the eastern parts of the surveyed area in Derbyshire, respectively. The differences 
between the two curves indicate that in the east, the apparent resistivity values increase 
rapidly, Figure 4b, with increasing electrode spacing, whilst in the west, Figure 4a, it 
does not start to increase until the electrode spacing is greater than 8m. This suggests 
that the depth to the limestone bedrock is greater in west (where the radon concentration 
is larger) than in the east; because (in the west) the current has to penetrate far deeper 
before the apparent resistivity value is dominated by the resistivity of the limestone.  
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Figure 5 shows the results of the ground conductivity survey along transect, and 
indicates that a weak trend with a gradual decrease in conductivity from west to east. By 
correlating radon concentration in soil with soil conductivity (Figure 6), it could be 
noticed that there is a weak correlation between Rn soil concentration and soil 
conductivity. (The correlation coefficient is 0.17).  

Figure 7 shows the values of radon activity concentration, the moisture content and 
porosity plotted against sampling position along the transect to the north-west of the City 
of Nottingham. The moisture content and porosity appear to be weak related to radon 
activity concentration; as the radon concentration decreases the moisture content and 
also porosity increase, and vice versa. This may be supported by the correlation 
coefficient for moisture and radon concentration, which is -0.381, while for porosity and 
radon concentration, is -0.251. However there was quite good correlation between 
moisture and porosity (0.775).This finding is supported by other study[8,9]. 

From the results obtained in the study, it could be concluded that radon 
concentration in soil is affected by many factors such as soil thickness to the bed rock, 
moisture content, and porosity.  

Conclusion:  

 It was found that the soil radon concentration at a depth of 50 cm was in the range 
of (1.5 – 36.5)kBq/m3 with an average value of (11.7 ± 7.3)kBq/m3.  Each value is 
subject to a statistical sampling error of approximately 10% due to a combination of the 
uncertainty on the calibration coefficient and the counting error. Moreover; this survey 
did not show a positive relation between the land slope angle, the moisture content, and 
porosity and radon soil concentration. However ;there appeared to be a weak relation 
between ground conductivity and radon concentration. Also ;  there was  quite good 
correlation between moisture and porosity.    
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  العوامل املؤثرة على تركيز الرادون في الرتبة
  أوليفر، سعيد اخضر دوراني علي أبو الخيرات، بركات البطاينة، رياض شويكاني،

  ملخص
ز الرادون في التربة غالبًا ما يتحدد عن طريق الدراسات الجيولوجية وتهدف إن التغير المكاني لتركي

هذه الدراسة إلى الكشف عن تأثير العوامل األخرى عدا الجيولوجيا التي تسبب تغير تركيز الرادون في 
وفي هذا العمل تمت دراسة أثر خصائص التربة على التركيز المكاني للرادون في منطقتين ذات . التربة

لقد تم البحث في أثر كل من ميالن األرض، سمك التربة، موصلية التربة للكهرباء، . ركيز عال في بريطانيات
مقاومة التربة، محتوى التربة من الرطوبة، ومسامية التربة، حيث قورنت القيم المقاسة مع تركيز الرادون في 

 .التربة
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Figure Caption 

Figure 1. Radon concentration vs. distance along the transect  

Figure 2. land slope angle vs. distance along the transect 

Figure 3 Relation between Rn concentration and land slope angle.  

Figure 4. The resistivity sounding curve for (a) west area and (b) east area, of Biggin.  

Figure 5. Ground conductivity along the transect in Biggin area (Derbyshire). 

Figure 6 Relation between Rn concentration and ground conductivity. 

Figure 7. Variation of the moisture content, porosity of the soil and the radon 
concentration. 
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Figure 1: Radon concentration vs. distance along the transect 
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Figure 2: land slope angle vs. distance along the transect. 
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Figure 3: Relation between Rn concentration and land slope angle.  
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Figure 4: The resistivity sounding curve for (a) west area and (b) east area, of Biggin. 



Factors Affecting Soil Radon Concentration 

 
245

0

2

4

6

8

10

12

0 500 1000 1500 2000
Distance along the transect (m)

G
ro

un
d 

co
nd

uc
tiv

ity
 

(m
m

ho
s)

 
Figure 5: Ground conductivity along the transect in Biggin area (Derbyshire). 
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Figure 6:Relation between Rn concentration and ground conductivity. 
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Figure 7:Variation of the moisture content, porosity of the soil and the radon 

concentration. 
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Abstract 

 In the course of the dating of ancient pottery, pottery shred were collected from 
AL-Khuraba (Tal Al- Katheab) located at Al-Ula zone in the north west of Saudi Arabia. 
The extracted quartz exhibited TL-dating peak at about (350 ±5ºC). The calculation of 
annual dose rate is considered as the most important term in the estimation of 
archaeological dating. The annual dose rate of the site that the pottery shreds buried in it 
was determined by using gamma ray spectroscopy. The γ -spectrum of the soil samples 

was investigated using high-resolution γ - ray spectrometer. The absolute dose for each 
γ –line was calculated and the annual dose rate was found to be 1643.2±40.4 µGy / yr. 
The TL dating result is (3043.0 ± 148.81 years). The obtained age shows that the 
uncertainties in TL dating using the additive method are much lower than that of 
archaeologists. 

Keywords: Thermoluminescence, Annual dose, Dating, Dosimetry 

Introduction: 

One of the most frequently recurring questions in archaeometry concerns is the age 
of the studied objects. To-date, while existing methods have not been successful in 
providing dating for all types of materials, the presence of the natural radiation  in 
environment has been of great help in finding mechanisms on which many dating 
techniques are based. 

The continuous irradiation from naturally occurring radioisotopes and from cosmic 
rays causes the filling of electronic trapping levels in non-metallic materials. These types 
of material can, in principle, be dated through the analysis of these filled electronic traps, 
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provided that the manufacturing of the object to be dated coincides with the initiation of 
the filling of the traps. 

This condition is satisfied in the case of thermoluminescence (TL) dating, which in 
principle can be applied to all materials whose manufacturing requires high temperature 
heating, such as pottery.  

For the case of applications to the TL dating there are the work of (Aitken et al., 
1974) and (Durrani et al. ,1977), which were focused on quartz, because of its 
importance to age determination. So for the 325ºC peak for quartz, (Aitken et al., 1974) 
reported that the sensitivity for irradiation at 100ºC, relative to that at 20ºC, is decreased 
by 17%. On the other hand,( Durrani et al. ,1977) found that the TL intensity of the high 
temperature region of the glow curve increased by a factor of 5 from liquid nitrogen 
temperature up to room temperature.  

Dating by TL is a particular application of TL dosimeter in which there is a source 
of constant irradiation, the natural radioactivity of the pottery, the activity of which can 
be independently determined. The duration of irradiation is taken to be the same as the 
age of the pottery, and this is proportional to the amount of the TL signal. Of course, it is 
essential to have an initial “zero of the TL signal”, this generally being provided by the 
making of the pottery itself, the high temperature reached by the furnace during the 
manufacture of the object erasing the previous TL signal by emptying all the electronic 
traps. In TL dating, pottery can be considered to consist of a number of quartz inclusions 
embedded in the pottery matrix. The inclusions act as dosimeters of the irradiation 
arising principally from the natural radioactivity (238U and 232Th series and 40K) of the 
pottery material. This natural radioactivity is the source of the “internal dose rate”, given 
by alpha and beta irradiation, which, in a typical pottery, is responsible for around the 
80% of the total absorbed dose. The remaining “external dose-rate” is given by the 
environmental gamma rays and by the cosmic rays. It is then possible to determine the 
total amount of annual dose-rate by measuring the concentrations of natural radioactivity 
of the pottery and the level of irradiation. Therefore the period since deposition is 
measured by determining the total amount of stored TL energy, the archaeological dose 
(AD), and the rate at which this energy is acquired, the annual dose rate (D): 

TL Age =
)/(

)(
yearGyD

GyAD
  ............................................................................. (1) 

Many authors have investigated the studies of pottery dating. (Aitken et al. ,1968) 
and (Mejdahl ,1970) discussed the principles of TL dating. (Fleming ,1970 and 1971) 
has developed two new techniques of TL dating for ancient pottery. The dating of 
pottery by TL have been used in different laboratories over the world such as (Roosevelt 
et al. ,1991), (Koul ,1992), (EL Fiki et al. ,1995), (Barnett ,1997), (Sampson et al. 
,1997), (Kuzmin et al. ,2001), (Vartanian et al. , 2001), (Zarie et al. ,2001) , (AL-Saleh et 
al. ,2001)  and (Martini, M et al. ,2001). 
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Experimental procedure: 

In the present work, TL dating of old Saudi artifacts was carried out. The samples 
were extracted from AL-Khuraba (Tal Al- Katheab) located at Al-Ula zone in the north 
west of Saudi Arabia .The pottery samples were collected from the third layer at the 
depth of (100-180) cm. The object of the dating project was to investigate the feasibility 
of TL dating of pottery samples from this particular site and to find out whether the TL 
dates would help the excavating archaeologists to solve some of their puzzles. 

1-Annual dose determination: 

In TL dating, it is very important to measure precisely the annual dose due to 
radioactive elements contained in the soil in which the archaeological samples were 
buried. Soil samples were collected from the site using a 25*25*5 cm template. The 
collected samples were dried, sieved and packed in ½ litter Marinelli beaker and stored 
for at least one month to reach secular equilibrium between 226Ra and 232Th and their 
corresponding daughters (Bonanti et al., 1988). Radioactivity in soil samples was 
measured using a low-level counting system consisting of a high-purity Ge detector 
(HPGe) of 42% relative efficiency, resolution 1.90 KeV and 64:1 peak/Compton ratio at 
1.33 MeV γ line from 60Co. It is coupled to conventional electronics connected to a 
multi-channel analyzer card (MCA) installed in a PC computer. The detector is shielded 
from the background radiation by cylindrical 10 cm thick lead internally lined with 2 
mm copper foil .A software program called MAESTRO-32 was used to accumulate and 
analyze the data, with the help of the chosen gamma libraries that include over 300 
nuclides and about 1900 gamma lines. The system was calibrated for energy using 
radioactive standards of known energies such as 137Cs and 60Co. For the efficiency 
calibration a multi-element Marinelli beaker standard of known activities was used with 
the same size and geometry to that of the samples under study. Each sample was counted 
for 80000 sec. The background correction was accounted for by measuring a distilled 
water sample spectrum in the same geometry, and was subtracted from each spectrum. A 
typical spectrum of the observed radioisotopes is shown in Fig. (1).  
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( a ) 

 
( b ) 
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( e ) 

 
( f ) 

Fig.1: A typical spectrum of the observed radioisotopes. 
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The energies of the photo-peaks of γ  spectrum were determined and the 
radioactive elements were qualitatively measured using the calibration curve of the 
detector. The intensity and the activity of γ -ray lines of the radionuclide of the soil 
samples are given in Table (1) together with its parent radioactive isotope.  

Table 1: Gamma spectroscopic analysis of the soil samples 

Radio-active 

Isotope 

Energy 

(keV) 

Activity 

(Bq) 
228Ac 209.05 1.500 
212Pb 238.49 4.601 
214Pb 295.16 4.772 
228Ac 338.21 5.827 
214Pb 351.83 4.834 
208 Tl 583.66 1.875 
214Bi 609.78 4.660 
134Cs 795.62 0.170 
208 Tl 861.12 1.671 
228Ac 911.90 5.259 
228Ac 969.67 5.370 
214Bi 1121.29 4.882 

40k 1462.41 49.541 
214Bi 1766.00 6.182 
208Tl 2616.42 2.630 

According to the fact that U and Th ores should be in equilibrium with their 
daughter products, the most suitable characteristic γ-ray peaks are at 1763 KeV   for 
214Bi and 2614 KeV for 208Tl. These peaks are used to detect the presence of equivalent 
uranium and equivalent thorium respectively, and to measure their concentrations (C). 
The values of C for parent elements (U, Th) can be evaluated from the measured 
activities (A) following the relationship:  

C =
mN

MAT

avα2ln
2/1   ..................................................................................... (2) 

Where T1/2 is the half life of the parent isotope 238U and 232Th, M is the molar mass 
of the parent element, Nav is Avogadro’s number, α is the natural isotopic abundance of 
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the parent isotope and m is the sample mass. The concentration in units of parts per 
million (ppm) were calculated using eqn. (2). The concentration of 40K was estimated by 
using the flame photometry technique. 

The annual dose rate (D) that affects the pottery shreds inside the excavation site is 
calculated as follows: 

D = Dα + Dβ + D γ ............................................................................................ (3) 

Where Dα, Dβ and D γ are the contributions to dose rate due to α, β and γ, which are 
arising from the decay of the 238U and 232Th series and from 40K. By using the dose rate 
conversion factor for the naturally occurring radionuclides Aitken (1974) and Singhvi et 
al. (1986) calculated the annual gamma dose (D) due to 238U, 232Th and 40K. It is well 
known that the cosmic ray contribution represents only a minor part of the overall dose 
rate. It is usual to allow for it by adding a standard 150 µGy/yr to the γ dose rate 
(Fleming 1979, El-Fiki et al. 1994). So eqn. (3) becomes: 

D = Dα + Dβ + D γ + Dc  ................................................................................... (4) 

Where Dc is the contribution term of cosmic radiation. The results are represented 
in Table (2) where the annual dose rate was found to be 1643.2±40.4 µGy /yr. 

Table 2: The concentration of the natural radioactive series in the soil and their effective 
annual dose rate of different types of radiation of the third layer (100-180) cm. 

Radio 
-active 
 series 

Concentration in 
soil 

α β γ Sub-total Effective  
value 

(µGy/yr) 
238U-series 0.62±0.0 

ppm 
1725.5 
±61.2 

90.6 
±3.2 

71.2 
±2.5 

1887.3 
±66.0 

419.4 
±14.9 

232Th -
series 

0.79±0.0 
ppm 

583.0 
±14.0 

22.6 
±0.5 

40.6 
±1.0 

646.2 
±15.5 

161.6 
±3.9 

40K 0.845%±0.0 
ppm 

- 701.6 
±16.6 

210.6 
±5.0 

912.2 
±21.6 

912.2 
±21.6 

Effect of cosmic radiation 150 
 

Total effective dose rate 
   1643.2 
    ±40.4 
 

2-Dating of the pottery: 

a-Sample preparation  

The pottery samples, which were extracted from AL-Khuraba site, contain few 
quartz and feldspars inclusions. About 2 mm layer from the pottery sample surface was 
removed by a sharp knife to eliminate the effect of light and beta irradiation from the 
surrounding soil. Gentle crushing in an agate mortar broke down the pottery shreds and 
the larger crystal grains (200 µm) were removed by hand. TL dating measurement had 
been achieved using crystals in the range 90 to 100 µm diameter grain Fleming, 1970). 
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These samples were obtained by sieving with suitable meshes. The required crystalline 
materials were separated using a Franz Isodynamic Magnetic Separator. The outside of 
the grain is etched with hydrofluoric acid (1N) for 100 min. (Fleming, 1970) to remove 
any minerals except quartz grains such as feldspars and calcite. 

b- Measuring technique and results: 

It has been found that the optimum weight for such quartz grains must be in the 
range 5 - 10 mg and the optimum condition for the annealing process of the quartz grains 
500º C for heating time of two hours. The fading characteristics of the quartz sample is 
extracted from the pottery shreds (for 350º C glow peak) are illustrated in Fig 2. 

 
Time of fading (days) 

Fig. 2: Natural fading of the irradiated quartz grains samples with (30 Gy) in the third 
layer (100-180) cm. 

 It is clear that the TL signal is decreased to 98.0% from the original value after one 
day and than to 93.5% after 5 days. The TL signal was stabilized after storage for 8 days. 
There is clearly good agreement that the samples under investigation (quartz grains) are 
not subjected to an anomalous fading. For archaeological dose measurements, a fixed 
additive dose procedure was followed using nine weighted samples (5 - 10 mg). The 
additive method (Fleming, 1970) is used to overcome the problem of the change in the 
sensitivity of the sample after 500ºC. The irradiation of the pottery sample was 
performed using a 60Co source. To obtain the first glow growth curve five samples were 
used, one of these samples for measuring the natural TL- signal, and the other four 
samples for the higher TL levels by irradiation with additive doses ranged from 10 to 40 
Gy in 10 Gy increments. The optimum heating rate is 2.5 º C/s. The TL-glow curves are 
illustrated in Fig. (3). 
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With respect to the second glow-growth curves, the samples were irradiated with 
the same doses as in the case of the first glow curve after annealing at 500ºC for 2 hours 
and left to cool to room temperature in the oven. The results are illustrated in Fig. (4). 
The peaks above 300ºC were used for dating calculations. 

Fig. (5) shows growth curves for quartz grain samples from the archaeological site, 
showing the excellent linearity and supralinearity, which were commonly observed in 
the quartz samples. 

 
Fig.3: Thermoluminescence glow curves induced by increasing irradiation doses for 
quartz samples for the third layer (100-180) cm. 
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Fig. 4: Thermoluminescence glow curves induced by increasing irradiation doses for 
quartz samples after the annealing for the third layer (100-180) cm. 

  
Fig.5: The two growth curves representing the variation of TL- intensity as a function of 
the dose for quartz grains samples of the third layer  (100-180) cm. 
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The equivalent dose (ED) as well as the correction term (I) was calculated by linear 
extrapolation as shown in Fig. (5), then the archaeological dose (AD) is calculated as 
follows: 

AD = ED + I  

The TL ages for the samples were calculated and the results are illustrated in Table 
(3). The obtained ages give a mean value equal to 3043.0±148.8 years. 

Table (3): Age determinations for pottery samples in the third layer (100-180) cm 
Equivalent 
Dose (ED) 
(Gy) 

Intercept 
(I) (Gy) 

Archaeolog- 
ical Dose 
(AD) (Gy) 
 

Annual 
Dose rate 
(mGy/yr) 

TL 
Age 
(year) 

Archaeolog- 
ical Age 
(year) 

4 1 5 1.6± 0.0 3043.0 
±148.81 
2894 - 3191 

2852 
± 350 
2502 - 3202 

Conclusion: 

The obtained results using the thermoluminescence technique for dating of an 
ancient pottery in AL-Khuraba proved to be very valuable to the archaeologist. The age 
of the extracted pottery shreds is consistent with that estimated by the archaeologists 
using some special notations. The obtained age shows that the uncertainties in TL dating 
using the TL technique is much lower than the age range of the archaeologists (Parr et al. 
1972). 

باستخدام تقنية ) اململكة العربية السعودية(تأريخ فخاريات أثرية من موقع الخريبة 
  الوميض الحراري

  عود الصالحفردوس س

  ملخص

والواقعـة فـي منطقـة العـال فـي الـشمال الغربـي        ) تـل الكثيـب  (تم تجميع الكسر الفخارية من موقع الخريبة   
ظهـرت قمـة وهـج واضـحة وحـادة      . لك بهدف تحديد عمـر الفخاريـات األثريـة    ذللمملكة العربية السعودية ؛ و    

ساب معدل الجرعـة الـسنوية مـن أهـم العوامـل      يعتبر ح . (5ºC± 350)لحبيبات الكوارتز عند درجة الحرارة  
وقــد تــم تحديـــد معــدل الجرعــة الـــسنوية فــي المنطقــة األثريـــة المــستخرج منهـــا        . التــأريخ األثـــري  لتقــدير  

وحـسبت  . ه الفخاريـات  ذالفخاريات باستخدام تقنية التحليـل الطيفـي الجـامي  لعينـات التربـة المدفونـة بهـا هـ              
) .  (µGy / yr 40.4±1643.2وجـد أن معـدل الجرعـة الـسنوية  هـو     الجرعـة اإلشـعاعية لكـل خـط جـامي و     
 يتـضح أن الخطـأ فـي    ه النتيجـة  ذهمن . (years 148.81 ± 3043.0)وبالتالي فإن تأريخ الفخاريات يساوي 

ي تــم الحــصول عليــه باســتخدام تقنيــة اإلضــافة فــي التــأريخ  بــالوميض الحــراري أقــل بكثيــر مــن      ذ لــالعمــر ا
   . الطرق الجيولوجية
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Abstract 

The activity concentrations of uranium isotopes (234U, 235U, and 238U) in phosphate-
wet rock samples collected from the three main Jordanian phosphate mines were 
measured using Alpha spectroscopy.  The average activity concentrations ranged from 
318 to 1854 Bq kg-1 for 234U, 15 to 104 Bq kg-1 for 235U, and 345 to 1884 Bq kg-1 for 
238U. The highest concentration of 238U was found in wet rocks produced from the upper 
horizon layer from ground level downward in Eshshidiya mine, while wet rocks 
produced from layer A3 at the same mine has the lowest concentration. Gamma 
spectroscopy was also used to determine the activity concentration of 238U.  A good 
agreement in the obtained results was found using both techniques. 

Key words: alpha spectroscopy, gamma spectroscopy, radioactivity, uranium, 
phosphate, 

Introduction 

Phosphate rocks deposits in Jordan are sedimentary in origin and have high 
phosphate pentoxide (P2O5) content capable of producing high grade Bone Phosphate of 
Lime (BPL).  Each type of phosphate-wet rock has phosphate concentration grade 
depending on BPL composition.  Table 1 shows the several types of produced phosphate 
wet rocks that have been included in this study, and their phosphate concentration grade. 

Because of phosphate industry is considered to be one of the potential sources of 
natural radio -nuclides contamination, several studies had been contributed out in the 
vicinity of phosphate ore processing, mining, and production[1-7].  This work 
complements a study conducted at the same laboratory by Al-Ahmad [8]. The 
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concentrations of the natural radioactivity  (238U, 232Th, and 40K) were measured in core 
samples collected from the three main Jordanian Phosphate mines, namely: Al-Hassa, 
Al-Abyad, and Eshshidiya mines.  She measured the concentration activity of natural 
radioisotopes in core samples.  The cores extended from the surface of earth to layer 
below the phosphate ore.  It was shown that the activity concentrations of 238U increase 
northward, and soft phosphate layer has a higher Uranium activity concentration than 
medium and hard phosphate layers.  This work measures the activity concentrations of 
uranium isotopes in phosphate-wet rocks produced in the above mentioned mines. This 
is the first study concentrating on radioactivity measurements in produced phosphate wet 
rocks which is stocked and ready for sale. Such measurements serve as an indicator for 
the effects of washing process in the distribution of natural radioactivity concentrations 
between the ore and wet phosphate rocks. 

Experimental   

Samples collections and preparations 

Samples were collected from three major phosphate mines in Jordan (Al–Abyad, 
Al-Hassa and Eshshidiya) by the Department of Research and Development Laboratories 
in Jordan Phosphate Mines Company.  Each sample is divided into two portions; a large 
portion for gamma ray spectroscopy and a small portion of 50-100 g for alpha particle 
spectroscopy. 

The conversion of the raw sample into a suitable form for alpha particle 
spectroscopy is an extensive process requiring three steps: preliminary treatment, 
chemical separation, and extraction and filtration. 

Preliminary treatment: this procedure is performed to homogenize and preserve the 
sample and to generally prepare the sample for subsequent chemical processing. After 
collecting the samples, removing large stones and milling the fraction, the samples were 
sieved for 20 minutes with 25 mm in diameter using little balls.  The samples were dried 
for at least 2 hours in an oven at a nominal temperature of 105°C to a constant weight 
which was recorded as a dry weight.  Next the samples were ashed in a furnace oven for 
6 hours gradually form up to 300°C, and for about 6 hours at 700°C.  The ratio of 
weights after and before ashing yields the required ash ratio. 

Chemical separation: chemical separation is often used to pre-concentrate 
radionuclides and remove them from the bulk of the analyzed matrix. Typically, a raw 
sample is divided into sub samples which represent the specific element of interest. 

Extraction and filtration: chromatography extraction is technically used for the 
extraction of the uranium and other actinides by impregnating inert microporous beads 
with extractive reagents, an extraction resin “commercial name UTEVA” may then be 
loaded on to a column for a more convenient operation. The primary advantage of the 
new generation of chromatographic resins UTEVA is their high degree of selectivity for 
Uranium. 
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Alpha Spectrometry and system calibration 

Alpha spectrometry system consists of a detector Passivity Implanted Planar Silicon 
(PIPS) with an efficiency of 14.60 % in a Vacuum Chamber connected to a preamplifier. 
The amplifier is connected to an Analog Digital Converter (ADC), which is connected to 
computer software.  A typical alpha spectrum of uranium separated from one sample of 
phosphate wet rocks with added U-232 as a yield determinant is shown in fig. 1. 

In order to ensure the correct identification and quantification of alpha emitting 
nuclides, it is necessary to calibrate the system for both energy and efficiency. The 
easiest and most effective way to do so is by counting a high quality standard source 
such as a mixed alpha standard. This standard has been prepared by an electro deposition 
of a long lived mixture nuclides (238U, 234U, 239Pu, and 241Am) onto a highly polished 
stainless steel disc. The activity of each nuclide is maintained at a nearly constant level 
of about 100 disintegrations per minute.  Measurement of the calibrated mixed alpha 
sources is then allowed for a simultaneous calibration of the channel-energy relationship 
and determination of the effective detector efficiency.  The contribution of the 
background was also corrected, for more details about the experimental method see 
Nearat [11].  

Results and discussion  

Activity concentrations of uranium isotopes in the samples were represented in Bq 
kg-1.  The total uncertainty of the measurement was calculated by taking into 
consideration the counting statistical error and uncertainty in the pipette and mass.  The 
results are shown in Table 2, which shows, except for Eshshidiya S2 samples (that 
produced from upper horizon layer), the activity concentration measured in Eshshidiya 
rock samples have the lowest activity concentrations compared to other samples from 
Al-Abyad and Al-Hassa mines.  This is in a good agreement with many previous 
studies[9,10]. However, The activity concentration in the upper horizon layers (S2) at 
Eshshidiya mine, showed a much higher activity concentrations compared to other layers 
in the same mine (A1, A2, and A3), thus more research is needed for this layer.   

The concentrations of Tricalcium Phosphate (TCP) for each type of phosphate wet 
rocks studied were also determined by chemical analysis and are shown in Table 3.   The 
variation of TCP values with the activity concentration of 238U obtained for the same 
sample is shown in Fig. 2.  It is obvious that the activity concentration of 238U increases 
with an increase in TCP value.  The sharp increase in 238U concentrations may be 
ascribed to the uranium enrichment within the phosphate minerals rocks of sedimentary 
origin.  This results is in an agreement with the results obtained by Khater et al. [4]. 

Activity concentrations of 238U in the samples are also measured using gamma ray 
spectroscopy.  The results obtained using the two techniques, namely alpha and gamma 
spectroscopy, is illustrated in Table 4, which indicates no significant difference in the 
results.  Thus, researchers can use either technique to analyze samples in their research. 
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To study the natural abundances of uranium isotopes, the activity ratio of 234U/238U 
and 235U/238U in wet rocks were also determined.  Table 5 shows that 234U/238U activity 
ratios in phosphate wet rocks do not significantly differ from unity, which normally 
occurs due to equilibrium state between 234U and 238U in nature. On the other hand; 235U / 
238U activity ratios are very low confirming the small contribution of 235U in nature. 

Conclusion 

With the exception of the upper horizon layer in Eshshidiya S2, the phosphate wet 
rocks obtained from Eshshidiya mine have the lowest uranium concentration followed 
by Al-Abyad and finally Al-Hassa phosphate wet rocks.  The activity concentration of 
234U, 235U, and 238U increases when the concentration of TCP increases in phosphate-wet 
rocks.   

Our data indicates that uranium isotopes are distributed in wet rocks at natural 
abundances.  There is a compatibility agreement in the uranium concentration from the 
two different techniques (alpha and gamma spectroscopy).  Finally, it is recommended 
that a further and extensive investigation of the upper horizon layer S2 in Eshshidiya 
mine should be considered by researchers. 
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  باستخدام مطيافية الفا في الصخور الفوسفاتية الرطبة نظائر اليورانيوم قياس
  جمال الجندي ، مازن النعيرات

  

  ملخص

فـي الـصخور الفوسـفاتية    ) 234U , 235U , 238U(سـة النـشاط اإلشـعاعي لنظـائر اليورانيـوم      لقـد تـم درا  
  .الرطبة التي تنتج في األردن باستخدام مطيافية ألفا

، 1884 إلـى  345 يتراوح ما بـين  234U , 235U , 238Uوقد وجد أن النشاط اإلشعاعي للنظائر الثالثة 
  .الترتيبكغم ب/ بيكرل1854 إلى 318 و 104 إلى 15

 موجـود فـي الطبقـة العلويـة مـن مـنجم الـشيدية بينمـا                 238Uكما وجد أن أعلى نـشاط إشـعاعي للنظيـر           
  . من المنجم نفسه تحتوي على أقل نشاط إشعاعيA3وجد أن طبقة 

ووجـد تطـابق     238Uوقد تم قياس العينات باستخدام  مطيافية جاما لقياس النشاط اإلشـعاعي للنظيـر               
  .فيتينبين نتائج المطيا
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Table 1. Phosphate concentration grade of phosphate wet rocks 

Phosphate Wet Rock Phosphate Concentration Grade  
( of BPL)  

Eshshidiya S2 75/77 
Eshshidiya  A1 68/70 
 Eshshidiya  A2 73/75 
Eshshidiya  A3 75/77 

Al-Abyad 65/67 
Al-Hassa 73/75 

Table 2.Uranium activity concentrations in phosphate wet rocks using alpha 
spectroscopy 

Wet Rocks  Specific Activity (Bq/kg) 

 234U 235U 238U 

Eshshidiya S2 1854 ± 33 104 ± 8 1884 ± 33 

Eshshidiya A1 448 ± 12 28 ± 3 427 ± 11 

Eshshidiya A2 464 ± 7 30 ± 2 486 ±7 

Eshshidiya A3 318 ± 8 15 ± 2 345 ± 8 

AL-Abyad 661± 8 38 ± 2 670 ± 8 

Al-Hassa 912 ± 28 51 ± 8 1142 ± 33 

Table 3. TCP concentrations in phosphate wet rocks 

Wet Rocks  

TCP 

Concentration  

(%) 

Eshshidiya S2 79.34 

Eshshidiya A1 56.52 

Eshshidiya A2 65.7 

Eshshidiya A3 41.16 

AL-Abyad 68.11 

Al-Hassa 74.65 
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Table 4.  Uranium-238 activity concentration in wet rocks determined by Alpha 
and Gamma spectroscopes 

Specific Activity (Bq/kg) 
Wet Rocks 

α-Spectroscopy γ-Spectroscopy 

Eshshidiya S2 1884 ± 33 2152 ± 31 

Eshshidiya A1 427 ± 11 422 ± 7 

Eshshidiya A2 486 ±7 482 ± 7 
Eshshidiya A3 345 ± 8 360 ± 6 

AL-Abyad 670 ± 8 675 ± 10 

Al-Hassa 1142 ± 33 1002 ± 16 

 

Table 5. Uranium activity concentration ratios in wet rocks 

Wet Rocks  234U / 238U 235U / 238U 

Eshshidiya S2 0.984 0.055 

Eshshidiya A1 1.049 0.065 

Eshshidiya A2 0.956 0.061 

Eshshidiya A3 0.920 0.044 

AL-Abyad 0.986 0.056 

Al-Hassa 0.7980 0.045 
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Figure 1. Alpha spectrum of uranium seperated from one sample of phosphate-wet 

rocks with added U-232 as yield determinant. 

 

 

 
Figure 2. Uranium activity concentrations versus TCP concentration in the wet 

rocks 
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Abstract 

Gas emissions produced from gasoline vehicles in Irbid directorate have been 
investigated. One thousand gasoline vehicles were tested for emissions of carbon 
monoxide (CO), carbon dioxide (CO2), oxygen (O2), and hydrocarbons (HC). The effect 
of different factors such as manufacturing year, manufacturing country, gasoline type 
(regular, super, and unleaded), engine capacity, engine fuel supply system (injection or 
carburetor), and periodic maintenance on emission rates has been also investigated.  

The measured concentrations of exhaust gases from vehicles were compared with 
the official Jordanian standards. Based on the Jordanian standards of emissions the 
statistical analysis of the collected data using SPSS and Excel software shows that the 
whole sample passed the official standard emission limits of Jordan with the following 
percentages: 79.3% (CO), 71.0% (CO2), 80.0% (HC), and 87.8% (O2). 

The results indicate that the most important factors affecting emission levels are the 
manufacturing year, gasoline type (regular, super, and unleaded), and engine fuel supply 
system (injection or carburetor). 

The comparison of the measured and calculated emissions with the Jordanian 
standards of emission limits indicate that (60.7%) of the tested samples emit less levels 
of air pollutants than those of the Jordanian standards, and satisfy the official emission 
standards for gasoline vehicles. The emission levels were 2.77% for CO, 10.91% for 
CO2, 3.08% for O2, and 488ppm for HC, compared with a maximum of 5.0% for CO, 
6.0% for O2, and 600ppm for HC, and a minimum of 10.0% for CO2.  

The results of the study are discussed and the necessary measures and actions to 
reduce emissions are suggested. 
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Introduction 

Air Pollution is becoming increasingly more international. The problem was 
noticed and raised in the late 1960s when the issue of acidification was brought. It 
continued with concern over depletion of the ozone layer, and has been intensified in the 
debate over climate change[1]. Nowadays, most pollutants enter the atmosphere from the 
burning of fossil fuels in power plants and factories (stationary sources) and in motor 
vehicles (mobile sources). In car-clogged cities, and in modern cities, like Irbid 
directorate, motor vehicles can be a major source of air pollution. 

Gasoline vehicles typically burn fuel in an engine to create power. Gasoline fuels 
are mixtures of hydrogen and carbon atoms (HC). Exhaust emissions are generated by 
the fuel-air mixture burning in internal combustion engines. Emissions are also produced 
by fuel evaporation within the vehicle when it is stopped, and again during fueling.  

The constituents of vehicle emissions vary depending on fuel type and individual 
vehicle operating characteristics. The bulk of vehicular emissions are composed of water 
vapor (H2O), carbon dioxide (CO2), nitrogen (N2), and oxygen (O2) (in unconsumed air). 
There are other pollutants, such as carbon monoxide (CO), nitrogen oxides (NOx), 
unburned fuel (HC), and particulate matter (PM), in smaller quantities 

Gasoline vehicles emit a number of air toxics associated with both long-term and 
short term impacts on people health; including heart problems, asthma, eye and lung 
irritation, cancer, and premature death. The major pollutant emissions from gasoline 
vehicles are (carbon monoxide (CO), carbon dioxide (CO2), and hydrocarbons (HC). 
These pollutants affect human health and the environment and are the primary cause of 
air pollution in many urban areas. Carbon monoxide (CO) reduces the flow of oxygen in 
the bloodstream and is particularly dangerous to persons with heart disease. 
Hydrocarbon emissions result when fuel molecules in the engine do not burn or partially 
burn. Hydrocarbons react in the presence of nitrogen oxides and sunlight to form 
ground-level ozone, a major component of smog. Ozone irritates the eyes, damages the 
lungs, and aggravates respiratory problems (U.S. Environmental Protection Agency 
(EPA), 1994)[2]. 

The effects of vehicle exhaust emission on the air pollution were investigated by 
many authors in different areas around the world. Ndiokwere (1984)[3] studied the 
heavy metal pollution from motor vehicle emission and its effect on roadside soil, 
vegetation and crops in Nigeria.[4] studied the impact of motor vehicle on air pollutant 
emissions and air quality in the UK. Bardeschi et. al. (1991)[5] studied the analysis of 
the impact on air quality of motor vehicle in the Milan urban area. Olsson [6] studied the 
motor vehicle air pollution control in Sweden. Carbajo and Faiz [7] discussed regulatory 
strategies and policy options to control automotive emissions in developing countries. 
Harrington [8] found that better fuel economy is strongly associated with lower 
emissions of CO and HC and that the effect gets stronger as vehicles age. Pocklington 
[9] considered that the air quality legislation and controls can be imperfectly conceived 
solutions to imperfectly understood problems. Afroz et. al. [10] reviewed the air 
pollution and health impacts in Malaysia. Schifter[11] studied the fuel formulation and 
vehicle exhaust emissions in Mexico. 
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Fuel consumption has doubled during the last two decades in Jordan, this affect 
increasing the emissions of air pollutants in the main cities. The number of vehicles in 
Jordan rose by 600% during the same period. Transportation consumed 38% of the total 
final energy consumption [12] and [13]. 

Jordan is one of the world’s fastest-growing populations. The population has grown 
rapidly during the last four decades. This was partially due to political instability and 
military conflicts in the region, which forced several waves of immigration into the 
country. The last wave was a result of the Gulf crises in 1990, which led to an abrupt 
population rise of 10% [12]. The rapidly increasing population and recent development 
in industrial and commercial activities, combined with a lack of a comprehensive 
regulatory framework have led to adverse impact on the environment.  

Transportation sector has witnessed a parallel increase to the population, and 
developed greatly. However, the number of vehicles has increased sharply during the last 
decade, with much of the growth taking place in cities. Amman, Irbid, and Zarka 
directorates hosted the highest numbers of the total vehicles at 419235, 50078, and 
12459 respectively [14, 15]. As a consequent, fuel consumption increased and road 
networks have developed [16, 17]. As a result, serious environmental problems begin to 
emerge due to pollution caused by vehicular emissions. 

Knowing that the air quality monitoring in Jordan is limited especially in high 
traffic areas, and believing that it is essential that the quality of our air should not 
continue to deteriorate, but should be improved. 

 To achieve this purpose it was necessary to measure the harmful air pollutants, 
emitted with exhaust gases of motor vehicles which are considered as a major source of 
air pollution. Irbid directorate was the study area in the present work.  

The measured exhaust gases which include carbon monoxide (CO), carbon dioxide 
(CO2), and hydrocarbons (HC) were compared with the official standard emission limits 
of Jordan.  In addition, the effect of different factors such as manufacturing year, 
manufacturing country, gasoline type, engine capacity, fuel delivery system (injection or 
carburetor), and regular maintenance on emission rates were also investigated. 

Material and Methods 

This study is based on the available data related the national air quality standards 
guidelines issued by the following national establishments: 

1- Guideline emission standards of the Traffic Department, and the Department of 
Drivers and Vehicles Licensing (Traffic law number 47-2001) for different exhaust 
gases emitted from gasoline vehicles, Amman - Jordan. 

2- Jordanian Standard Specifications (number 12-1995): Pollutants – allowable limits 
for gaseous pollutants emitted to the atmosphere from gasoline engine vehicles. 
Amman, Jordan. [21] 

3- Law of environmental protection (number 12-1995) – Ministry of Environment, 
Jordan. [18] 
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4- Jordanian Standard Specifications (1996): Pollutants – Ambient Air Quality 
Standards, Amman - Jordan.[19] 

5- Sharari, F. S. and Al-Tal, R. F. (1999)[20]. The Jordanian Environmental 
Legislation. King Hussein Project for Environmental Management, Training 
Program, Amman – Jordan. 

Figure (1) shows the flowchart of the present study. This study was accomplished 
based on the following investigations: 
- Collecting statistical data related to roads, fuel consumption, and number of 

vehicles in Jordan and in Irbid directorate. 

- Collecting the Jordanian standard specification related air pollution, especially, 
guidelines of vehicle emission standards of the Traffic Department, and the 
Department of Drivers and Vehicles Licensing for different exhaust gases emitted 
from vehicles. 

- Field study measurements at different major elements of exhaust gases emitted 
from vehicles in Irbid directorate, especially, (CO, CO2, O2, and HC). In this study 
the exhaust gases emissions were measured using computerized exhaust gas 
analyzer for a random sample of (1000) gasoline vehicles (private passenger cars). 
The exhaust gases emissions were measured based on the user guide of the 
computerized exhaust gas analyzer, the probe of the analyzer is put inside vehicle’s 
tail-pipe while at the idle speed, after a short period of time steady reading for (CO, 
CO2, O2, and HC) were taken (Figure 2). 

The sample was taken from two private certified vehicle test stations in Irbid 
directorate. Those stations are equipped with modern devices to perform certain tests 
including emissions. The first station was (Visa Techno-test gas analyzer model Visa-
4012, manufactured by Techno-test company - Italy) which is available at Technostar 
test center, it is located west of the industrial zone - Irbid. The second station was (Sun 
gas analyzer model Sun-SMP 4000, manufactured by Sun electric company - UK) which 
is available at Al-Azam Auto Care Center (Figure 2), it is located east of the industrial 
zone - Irbid. The sample was collected during the period of (May 2003 - October 2003). 

To carry out the analysis many factors were considered, these are:  manufacturing 
year, manufacturing country, gasoline type (regular (normal), super (premium), and 
unleaded), engine capacity, engine fuel supply system (Injection or carburetor), and 
regular maintenance. Table (1) shows the Questionnaire used for this study. Diesel 
vehicles are excluded from emissions testing because they need special testing 
equipment; this equipment is not available in the vehicle test stations in Irbid directorate. 

The SPSS and Microsoft Excel programs were used to perform the needed tests to 
identify the significance of the sample and its relationship with the whole categories, 
find the statistical parameters (min., max. average, standard deviation), and to plot and 
relate the various variables (categories) with each other. 
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Sample Characteristics  

Manufacturing country:  

The total number of licensed private gasoline vehicles registered in the Department 
of Drivers and Vehicles Licensing in  Irbid Directorate by the year 2003 was 26,850 
(Statistical yearbook 2003). The percentages of the tested vehicles sample (1000 
vehicles) with respect to different manufacturing countries are shown in Table (2). The 
results indicate that the tested vehicles samples were produced by more than ten 
countries, and German, Korean, and Japanese vehicles represented the highest 
percentages of the total vehicles at 53.2%,     25.4%,     and    16.7%     respectively. 
These    vehicles    are  most common, this is due to the cost of vehicles, fuel economy, 
maintenance and parts availability. 
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Figure (1): Flowchart of the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Questionnaire includes: 
- Manufacturing country 
- Manufacturing year 
- Engine capacity 
- Gasoline type 
- Engine fuel  system 
- Periodic maintenance 

Vehicles emission 
measurements include: 

- CO% 
- CO2% 
- HC (ppm) 
- O2%

Jordan standards for 
gasoline vehicle emissions: 

- CO = Max. 5% 
- CO2 = Min. 10% 
- HC = Max. 600 

ppm 
- O2 = Max. 6%

Statistical evaluations 
Using SPSS and Excel programs

Discussion and evaluation  

Conclusions 

Verhicle Gas 
Analyzer

Statistics related to  
- Population  
- Length of roads  
- Fuel consumption 
- Number of vehicles  
in Jordan and Irbid directorate. 

Results 
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A B 

Figure (2):    A) Visa Techno-test gas analyzer model 473,  

B) Sun gas analyzer model SMP 4000. 

            Table (1): Questionnaire of the vehicles emission study. 
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Manufacturing year: 

The results shown in Table (3) indicate that vehicles manufactured in period 1991-
1995 represented the highest number of vehicles in Irbid Directorate at 41.3%. Cars 
older than 5 years, 10 years, and 15 years represented the highest percentages of the total 
vehicles at   98.8%,  82.5%,  and 41.2% respectively (Table 4). This indicates that the 
majority of vehicles in Irbid directorate are old and manufactured before 1996. 
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Table (2): Distribution of the tested gasoline vehicles in Irbid Directorate according to 
manufacturing country. 

Total (%) % Number 
Manufacturer 
(Vehicle type) Manufacturing country 

30.6 306 Opel 
15.8 158 Mercedes 

3.9 39 BMW 
53.2 2.9 29 Golf G

er
m

an
y 

 
     

12.0 120 Daewoo 
7.2 72 Kia 
5.9 59 Hyundai 
0.2 2 Audi 

25.4 0.1 1 Asia 

K
or

ea
 

 

     
6.0 60 Toyota 
4.2 42 Mitsubishi 
3.0 30 Nissan 
1.5 15 Honda 
1.2 12 Suzuki 
0.3 3 Datsun 
0.3 3 Mazda 
0.1 1 Daihatsu 

16.7 0.1 1 Isuzu 

Ja
pa

n 
 

     
0.9 9 Skoda 
0.5 5 Lada 
0.5 5 Peugeot 
0.1 1 Saab 
0.4 4 Renault 
0.2 2 Ford 
0.1 1 Range Rover 
0.2 2 Fiat 
0.2 2 Sang Yong 
0.1 1 Chevrolet 
0.1 1 Dodge 
0.2 2 Proton 
0.2 2 Sabia 
0.2 2 Subaru 
0.1 1 Neon 
0.1 1 Siat 

4.7 0.6 6 Volvo 

    

O
th

er
s 

 

100 100 1000 Total  
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Table (3): Distribution of the tested gasoline vehicles in Irbid Directorate according to 
manufacturing year. 

Manufacturing Year 

Age period (years) Number % 
>2000 <5 12 1.2 

1996-2000 5-9 163 16.3 
1991-1995 10-14 413 41.3 
1986-1990 15-19 224 22.4 
1981-1985 20-24 121 12.1 
1976-1980 25-29 52 5.2 
1971-1975 30-34 12 1.2 
1965-1970 35-40 3 0.3 

    
Total  1000 100 

 

Table (4): Cumulative distribution of the tested gasoline vehicles in Irbid Directorate 
according to age period (years). 

% Cumulative (Age More than) 

Manufacturing Year 

% 

Age 
period 
(years) % Cumulative  

>2000 1.2 >5 98.8 
1996-2000 16.3 >10 82.5 
1991-1995 41.3 >15 41.2 
1986-1990 22.4 >20 18.8 
1981-1985 12.1 >25 6.7 
1976-1980 5.2 >30 1.5 
1971-1975 1.2 >35 0.3 
1965-1970 0.3   

Total 100   

Gasoline type (regular, super, and unleaded): 

The results indicate that the distribution of the all tested gasoline vehicle in Irbid 
Directorate according to gasoline type: regular, super, and unleaded represented 77.5%, 
21.1%, and 1.4% of the total vehicles respectively. Most of vehicles in the tested sample 
use regular (normal) gasoline. The second common type is super (premium) gasoline, 
while the unleaded gasoline is not common and constituted 1.4% of the total vehicles. 
Most drivers in Irbid Directorate use regular gasoline. This is due to the price and 
availability of this type in every fuel station in Irbid directorate (Table 5).  

The results indicate that vehicles, which run on unleaded gasoline, have very small 
percent (14 vehicles) of the total number of vehicles in the sample (1000 vehicles). The 
main factor is that this type of gasoline has very high price per liter (Table 5). Another 
factor is that this type of gasoline is available in very certain fuel stations. 

The percentages of the tested gasoline vehicles in Irbid Directorate with respect to 
different types of gasoline are close to the actual percentages of Jordan Petroleum 
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Refinery production of these types of gasoline [22] (regular, super, and unleaded) which 
represent 74.5%, 24.0%, and 1.5% respectively [23]. 

Engine fuel supply system (injection or carburetor) 

Table (6) shows the distribution of the tested gasoline vehicle in Irbid Directorate 
according to gasoline type and engine fuel supply systems (carburetor and injections), 
which indicate that the injection system represents 62.4% and the carburetor system 
represents 37.6% of the tested vehicles in Irbid Directorate. 

Injections are the most common engine delivery system. Table (7) indicates that the 
new vehicles are equipped with injection system; the old vehicles are mainly equipped 
with carburetor system. 

Engine capacity: 

The distribution of vehicles according to engine capacity shows that most of 
vehicles have an engine capacity in the range of 1200-1500 cm3 with a percentage of 
46.4% of the total number. Figure (3). 

Periodic maintenance: 

The distribution of vehicles according to periodic maintenance shows that 75.6% of 
the car owners do not have a regular maintenance schedule for their cars. Figure (4). 

Table (5): Gasoline prices in Jordan during 1998 – 2004 and Number of gasoline 
stations in Irbid Directorate. 

Gasoline type Unit price 1998 1999 2000 2001 2002 2003 2004 
Regular Fils/Litre 221 241 241 275 275 300 330 
Super Fils/Litre 301 321 321 370 370 400 435 
Unleaded Fils/Litre 351 371 371 425 425 450 470 
         

Regular 58 
Super 23 

Number of gasoline stations in Irbid Directorate According to the 
type of gasoline 

Unleaded 5 

Source: Annual Reports of Ministry of Energy and Mineral Resources 1999 – 2003,   Jordan Petroleum 
Refinery, 2004                   

Table (6): Distribution of the tested gasoline vehicles in Irbid Directorate according to 
gasoline type and engine fuel supply systems. 
 

Engine fuel supply system 
Injection Carburetor 

Fuel Type 

No. % No. % 
Regular Gasoline 430 55.5 345 44.52 
Super Gasoline 182 86.26 29 13.74 

Unleaded Gasoline 13 92.86 1 7.14 
     

Total 625 62.4 375 37.6 
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Table (7): Distribution of the tested gasoline vehicles in Irbid Directorate according to 
manufacturing years, gasoline type and engine fuel supply systems. 

Normal  Gasoline Super  Gasoline Unleaded Gasoline Whole sample 

% -Per interval % -Per interval % -Per interval % -Per interval 

Manufacturing years 

Injection Carburetor Injection Carburetor Injection Carburetor Injection Carburetor 

>2000 100 0.0 100 0 100 0 100 0.0 

1996-2000 73.03 27.97 92.68 7.32 100 0 77.91 22.09 

1991-1995 80.84 19.16 89.80 10.20 100 0 83.29 16.71 

1986-1990 36.93 63.07 86.96 13.04 50 50 47.32 52.68 

1981-1985 18.45 81.55 55.56 44.44 0.0 0.0 23.97 76.03 

1976-1980 12.0 88.0 0 100 0.0 0.0 11.54 88.46 

1971-1975 8.33 91.67 0 0 0.0 0.0 8.33 91.67 

1965-1970 0.0 100 0 0 0.0 0.0 0.0 100 

         

  Total  55.48 44.52 86.26 13.74 92.86 7.14 62.2 37.5 
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Figure (3): Distribution of the tested gasoline vehicles in Irbid Directorate according to 
engine capacity. 
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Figure (4): Distribution of the tested gasoline vehicles in Irbid Directorate according to 
periodic maintenance. 

Results and Discussion 

The emission test is required to compare the measured exhaust gases emissions 
from gasoline vehicles, especially (carbon monoxide (CO), carbon dioxide (CO2), 
oxygen (O2), and hydrocarbons (HC) with the official standard emission limits in Jordan. 
The gasoline vehicle must pass a test of four components that include (CO Max. 5%), 
(O2 Max. 6%), (HC Max. 600ppm) and (CO2 Min. 10%) at idle speed (Table 8).  

By comparing the measured emissions for the whole sample and each factor with 
the official standard emission limits, it was noticed that (60.7%) of the tested samples 
(Figure 5 and Table 9) emit less air pollutants than Jordanian standards, and satisfy the 
official emission standards for gasoline vehicles (%CO = 2.77, %CO2 = 10.91, %O2 = 
3.08, and HC = 488 ppm) compared with max. 5%, min. 10%, max. 6% and max. 600 
ppm) respectively (Table 8). This is clear in Figure (5) which shows that 79.3%, 71.0%, 
80.0%, and 87.8% of the whole sample pass the standard emission limits of CO, CO2, 
HC, and O2 respectively.  

The pass high results indicate that a substantial percentage of the tested sample of 
vehicles emits acceptable levels of air pollutants and consequently have less impact on 
environment compared to the vehicles that did not pass the emission tests.  

The average values of CO and HC emission of the tested vehicles were the highest 
in the old vehicles that were manufactured before 1991 and lowest for newer ones, 
particularly those manufactured after 1991 (Table 8). 
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Figure (5) shows that 39.3% of vehicles failed in the test. In fact there are a variety 
of reasons for that: 

-  The economical conditions are dominant factor affecting the selection of vehicle 
type, model or manufacturing year and type of fuel used in the vehicle by citizens 
in Jordan.  

-  The shortage in the number of skilled and qualified technicians and mechanics who 
have proper equipment necessary to examine, diagnose and repair or maintain the 
vehicle.  

Table (8): The measured vehicles emissions for the whole sample and for each variable. 
Category CO CO2 O2 HC Result 

The official standard emission limits Max. 5%
 

Min. 10% Max. 6% Max. 600
ppm 

Pass 
 

Whole Sample 2.77 10.91 3.08 487.7 Pass 
Normal Gasoline 2.99 10.6 3.19 508.8 Pass 
Super Gasoline 2.10 11.77 2.79 343.0 Pass 

 
Fuel 
Type Unleaded Gasoline 0.47 13.61 1.53 199.4 Pass 

       
 Manufacturing (Year)      

>2000 3.77 11.7 1.97 348 Pass 
1996-2000 2.62 10.9 3.25 505.2 Pass 
1991-1995 2.29 11.6 3.05 349.5 Pass 
1986-1990 3.31 10.4 3.25 550.6 Pass 
1981-1985 4.12 10.0 2.86 558.7 Pass 
1976-1980 4.47 8.97 3.9 617.9 Fail 
1971-1975 3.37 9.46 4.99 813 Fail 

 
Normal Gasoline 

 

1965-1970 5.35 8.74 4.72 844.3 Fail 
 All years 2.99 10.6 3.19 508.8 Pass 
       

>2000 0.56 13.58 1.76 207.7 Pass 
1996-2000 1.75 12.25 2.39 266.7 Pass 
1991-1995 1.85 11.78 2.92 333.6 Pass 
1986-1990 2.36 11.63 2.9 370.9 Pass 
1981-1985 3.68 10.66 2.9 547.8 Pass 
1976-1980 5.81 9.50 4.11 287.0 Fail 
1971-1975 -- -- -- -- -- 

 
Super Gasoline 

1965-1970 -- -- -- -- -- 
 All years 2.10 11.77 2.79 343 Pass 
       

>2000 0.04 15.0 2.84 82 Pass 
1996-2000 0.65 13.68 0.9 195.8 Pass 
1991-1995 0.35 13.83 1.24 208.9 Pass 
1986-1990 0.75 12.0 3.13 232.5 Pass 
1981-1985 -- -- -- -- -- 
1976-1980 -- -- -- -- -- 
1971-1975 -- -- -- -- -- 

 
Unleaded Gasoline 

1965-1970 -- -- -- -- -- 
 All years 0.47 13.61 1.53 199.4 Pass 
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Table (9): Pass (%) for the whole sample and for each age group of the tested gasoline 
vehicles (1000 vehicles). 

Manufacturing (Years) 
Age period (years) Number % % Pass 

>2000 <5 12 1.2 1.0 

1996-2000 5-9 163 16.3 10.9 

1991-1995 10-14 413 41.3 28.6 

1986-1990 15-19 224 22.4 12.5 

1981-1985 20-24 121 12.1 5.7 

1976-1980 25-29 52 5.2 1.6 

1971-1975 30-34 12 1.2 0.4 

1965-1970 35-40 3 0.3 0.0 

     

Total (whole sample)  1000 100 60.7 
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Figure (5): The results (%Pass – Fail) of gas emission test of the whole samples as 

compared the standard emission limits. 

The results of this study (Table 10) shows that the effect of gasoline type is more 
related to gasoline vehicle emission of carbon monoxide (CO), carbon dioxide (CO2), 
oxygen (O2) and hydrocarbons (HC) when compared with the official standard emission 
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limits in Jordan. The results showed that 76.2%, 66.8%, 86.5%, 76.7% of regular 
gasoline passed the standard levels of CO, CO2, O2, HC respectively, compared to 
89.1%, 84.36%, 91.94%, 91.47% of super gasoline passed these standards in the same 
order. In vast comparison, 100% of unleaded gasoline passed the test for all these 
standards. 

 In addition, CO emitted from the gasoline vehicles using unleaded gasoline 
(overall sample) is 5 times less than emitted by vehicles using the super gasoline (Table 
11). The results indicate also that the CO emitted from the vehicles using super gasoline 
is 2 times less than that emitted by vehicles using the normal gasoline. In vast contrast, 
the ratio of CO emitted from the vehicles using normal gasoline becomes 94 times when 
compared with that emitted from the vehicles using unleaded gasoline in the new 
vehicles with age interval (>2000). This is due to the specifications of the local gasoline 
(Table 12). The leaded gasoline either regular or super has a relatively high lead content 
(max. 0.83 gr/L) compared to the unleaded gasoline which has very low lead content 
(max. 0.013 gr/L). 

Table (10): % Pass of CO, CO2, O2, and HC for the whole sample (overall emission 
factors) and for gasoline type in the tested gasoline vehicles (1000 vehicles). 

 Pass Results 
Fuel Type % Pass CO  Pass CO2  % Pass O2  % Pass HC  

 n* % n* % n* % n* % 
Regular  591 76.2  518 66.8 670 86.5 594 76.7 
Super 188 89.1 178 84.36 194 91.94 193 91.47 

Unleaded 14 100 14 100.0 14 100.0 14 100.0 
         

Total  793 79.3 710 71.0 878 87.8 801 80.1 

n* = number of vehicles 

Table (11): CO (%) for the whole sample (over all emission factors) and for each age 
interval of the tested gasoline vehicles (1000 vehicles). 

CO% Manufacturing (Year) 
Normal Gasoline Super Gasoline Unleaded Gasoline 

>2000 3.77 0.56 0.04 
1996-2000 2.62 1.75 0.65 
1991-1995 2.29 1.85 0.35 
1986-1990 3.31 2.36 0.75 
1981-1985 4.12 3.68 -- 
1976-1980 4.47 5.81 -- 
1971-1975 3.37 -- -- 
1965-1970 5.35 -- -- 

    
All years 2.99 2.10 0.47 

Whole Sample 2.77 
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Table (12): Specifications of Jordanian Gasoline. 
Gasoline type Specifications 

Regular Super Unleaded 

Color Pink Yellow Blue 

Total sulfur (%wt) Max. 0.2 Max. 0.2 Max. 0.2 

Octane number Min. 88 Min. 96 Min. 95 

Lead (gr/L) Max. 0.83 Max. 0.83 Max. 0.013 

Source: Technical Service Department – Jordan Petroleum Refinery Company. 

The goal of a fuel supply system (injection or carburetor) is to mix just the right 
amount of gasoline with air so that the engine runs properly. New cars use fuel injection 
system; it is becoming nearly universal because it provides better fuel efficiency and 
lower emission. But older cars use carburetor because they are simple (Tables 6 and 7). 

Table (13) shows the correlation coefficients of the major gases emitted from the 
gasoline vehicles. It can be noticed and scientifically expected that the CO vs. CO2 show 
a significant negative correlation. On the other hand, HC vs. CO2 show a significant 
negative correlation. This suggests that when CO2 is low, the combustion process is not 
perfect, and engines emit several types of pollutants as combustion byproducts (i.e.: CO 
and HC). In addition, it is noticeable that manufacturing year vs. the major gases emitted 
from the gasoline vehicles (CO, CO2, O2, and HC) show a significant negative 
correlation. This suggests that replacement of the older vehicle by new ones will help to 
achieve lower emission rates and cleaner atmospheric environment.  

Finally, the results of this study indicate that the most important factors affecting 
vehicular emission levels are manufacturing year, gasoline type (regular, super, and 
unleaded), and engine fuel supply system (injection or carburetor).  

Accordingly, more studies on the effects of vehicle exhaust emissions on human 
health are needed. Extensive collaboration between fuel manufacturer; state and local 
governments, transportation planners; and individual citizens is necessary in order to 
achieve a noble goal of establishing a national environmental data base concerning the 
following major objectives: 

- Improving the quality of produced fuels will reduce exhaust vehicle emissions.  

- Replacement of the leaded gasoline by the unleaded gasoline will serve to reduce 
emissions, control pollution and achieve lower emission rates, and reduce fuel 
consumption. 

- Using qualified computerized gas analyzer in the maintenance and licensing centers 
will serve to reduce emissions, control pollution and achieve lower emission rate. 
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   التي عوادم السياراتء بالغازات املنبعثة منتلوث الهوا
  . في محافظة إربدتعمل بالبنزين

  طالل محمد المومني

 ملخص

 . إربـد ة التـي تعمـل علـى البنـزين فـي محافظـ       الصادرة مـن عـوادم المركبـات      الغازية  االنبعاثات ةتم دراس 
أول أكـسيد   : ية المنبعثـة منهـا وخاصـة      سيارة، حيت تـم قيـاس الغـازات الرئيـس         ) 1000(شملت عينة الدراسة    

دراسـة   م  وتـ  .O2) (، واألكـسجين    (HC)، والهيدروكربونات   (CO2)، وثاني أكسيد الكربون     (CO)الكربون  
سـنة  :   مثـل نـسب الملوثـات المنبعثـة      علـى    تـؤثر فـي الـسيطرة      مدى التلوث الناتج والبحث عـن العوامـل التـي         

، وسـعة المحـرك،    )عادي، خاص، خالي من الرصاص    (تخدم كوقود    ونوع البنزين المس     بلد المنشأ،  ،  الصنع
  . ، والصيانة الدورية)بخاخ أو كاربوريتر(ونظام تزويد المحرك بالوقود 

 المعتمـدة للمركبـات    األردنيـة  مقارنـة هـذه القياسـات مـع المواصـفات القياسـية            وقد ركزت الدراسـة علـى     
 إلـى أن  (SPSS, Excel)ليل اإلحـصائي باسـتخدام بـرامج     التحوقد أشارت نتائج .العاملة على وقود البنزين

  : المواصفة األردنية في العينة الكلية كانت كاألتي لمقاييسعوادم المركبات من لغازات المنبعثةاجتياز انسب 

79.3% (CO), 71.0% (CO2), 80.0% (HC), and 87.8% (O2). 

سـنة  : اث عـوادم المركبـات بـشكل رئيـسي هـي     أهـم العوامـل المـؤثرة فـي انبعـ        إلى أن    نتائجالأشارت  كما  
  .، ونوع الوقود، ونظام تزويد المحرك بالوقود)عمر السيارة(الصنع 

ــع          ــد مـ ــة إربـ ــي محافظـ ــات فـ ــوادم المركبـ ــن عـ ــة مـ ــازات المنبعثـ ــة للغـ ــات المختلفـ ــة القياسـ ــد مقارنـ  وبعـ
ــذلك، لــوحظ أن نــسبة      ــة ا ) 60.7(%المواصــفات القياســية األردنيــة الخاصــة ل   بنجــاحوافقــتلكليــة مــن العين

وكان معـدل انبعـاث الغـازات    .  المواصفة األردنية لعوادم المركبات بنسب انبعاث أقل من القيم الضارة          مقاييس
  :كاآلتي

2.77% for CO, 10.91% for CO2, 3.08% for O2, and 488ppm for HC, 5.0%  
 وكحـد  6.0% (O2),  600ppm (HC ,(CO)  %5.0(كحـد أعلـى   : األردنيـة وهـي  ةمقارنة مع المواصـف 

  CO2) %10.0.(أدنى 

  الغازيــة االنبعاثــات المناســبة لتقليــللتــم مناقــشة نتــائج القياســات المختلفــة واقتــراح بعــض الحلــو  كمــا 
  .    التي تعمل على البنزينالصادرة من عوادم المركبات
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Abstract 

Every organization needs effective decision making to reach its objectives and 
goals. Accurate and complete information is crucial. Computer simulation technique 
may offer a vital tool to reach a required information. “What-if” analysis is the process 
of making hypothetical changes to problem data and observing the impact on the results. 
Simulation technique gives the ability of the decision support system to act like or 
duplicate the features of a real system. We implemented a computer simulation 
technique to reach a best service offered by a single runway airport. 

Three different queuing disciplines have been investigated: First-In-First-Out 
“FIFO”, priority is given to the landing  rather than taking-off “Landing-Priority”, and 
finally, priority is given to landing but the waiting time of the taking-off airplanes do not 
exceed a specific amount of time “Limited-Landing Priority”. 

Our objective is to determine “suitable” service level for the airport, by reducing the 
waiting time of the landing airplanes besides keeping the takeoff airplanes waiting for a 
reasonable amount of time. An aspiration model have been used to compromise the 
conflict of waiting time for both landing and taking-off  airplanes. The comparison 
results of these disciplines shown that the third one is the best for a heavy-traffic single 
air port.  

Introduction   

Decision are courses of action that are taken to avoid or reduce negative effects, or 
to take advantage of opportunities. Decisions exist on a continuum, with programmed 
decisions at one end and non-programmed decisions at the other. The programmed 
decisions are repetitive and routine, to the extent that a definite procedure has been 
worked out for handling them so that they don’t have to treated as new each time they 
occur. Non-programmed decisions are novel, unstructured, and unusually consequential. 
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However, these two decision types are only the black-and-white ends of the continuum 
and that the world is mostly gray. 

The act of using a model is called simulation. Simulation takes place in a particular 
scenario and predicts the effect of the problem solvers decision or decisions. The 
scenario is used to describe the conditions that influence a simulation. The decision 
maker execute an optimizing model only once; it produce the best solution using the 
particular scenario and decision variables. Decision variables mean the input values that 
the decision maker enters to gauge their impact on the entity. However, it is necessary to 
execute a sub-optimizing  model over and over, searching for the combination of 
decision variables that produces a satisfying outcome, see [1], and [2]. 

Decision makers seeking for valuable information to take right action concerning 
the problem under study. Needed Information may be obtained in different ways such as 
information systems, statistical technique, simulation technique, … In this study we 
concentrate on simulation technique to provide the required information. The problem 
under study is to simulate a busy airport with a single runway. The objective is how to 
offer the best services for both the landing and taking-off airplanes. We meant by the 
best services is the reduction of landing waiting times and keep the takeoff airplanes wait 
a reasonable time  , see [3].  

One of the most powerful feature of computer simulation is offering the different 
alternatives. In fact, these alternatives are just a response of the facility to different 
parameters imposed by decision maker for different disciplines.  Gathering data of the 
airport status is crucial needed. Collection of the arrival and departure time for long 
periods is a statistical needs. Our data are assumed to be random with different rates of 
the arrivals and services for both landing and taking-off airplanes. 

We study the problem using discrete-event simulation technique, see [4]. 
Implementing this technique is to provide the decision maker with required alternatives, 
so the right action will be taken. A big challenge facing the  airport policy is the risk 
caused by landing airplanes that should wait in the space besides the costs. For these 
reasons the priority may be given to the landing airplanes rather than the taking-off 
airplanes. Many queuing approaches (disciplines) have been implemented in this study:  

1. the first-in-first-out. 

2. priority given to landing airplanes only. 

3. and finally, a limited priority given to the landing.  

These different discipline might provide abroad alternatives to the decision maker. 
Actually, the cost of waiting time for both airplanes (landing and taking-off) are difficult 
to estimate. According to the experience and the knowledge of the decision maker a 
“suitable” service level for the airport might determine.  

There are two decision models for determining “suitable” service level: the cost 
model and an aspiration level model. Both models recognize that higher service level 
reduce the waiting time in the system.  
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Queuing Decision Models 

The service level in a queuing facility is a function of the service rate and the 
number of parallel servers. Figure 1, shown that the cost of service increases with 
increases in the level of service and the cost of waiting decreases with the increase in the 
level of service. The two models make use of the measures of performance for different 
queuing situations to strike a balance between the conflicting factors of service level and 
waiting. 

1. Cost Models 

Cost models attempt to balance two conflicting costs:  

1. Cost of offering the service. 

2. And cost of delay in offering the service (customer waiting time). 

The two types of cost conflict because an increase in one automatically cause 
reduction in he other and vice versa, as in figure 1, for details see [5]. 

 
                                                    Figure 1, Depicts a typical cost model 

2. Aspiration Level Model 

The viability of the cost model depends on how well we can estimate the cost 
parameters. Generally, these parameters are difficult to estimate, particularly the one 
associated with the waiting time of the airplane. The aspiration level model seeks to 
alleviate this difficulty by working directly with measures of performance of queuing 
situation. The idea is to determine an acceptable range for the service level by specifying 
reasonable limits on conflicting measures of performance. Such limits are the aspiration 
levels that decision maker wishes to accomplished. 
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We adopt the aspiration’s idea to solve the conflict that will be occur from the 
different priorities for landing and takeoff airplanes. We illustrate the procedure by 
considering the following two (conflicting) measures of performance: 

1. The average waiting time for landing, W_landing. 

2. The average waiting time for takeoff, W_takeoff. 

The waiting times W_landing and W_takeoff are easily computed from the 
simulation session, as given in equation 3 of coming statistical section. The problem 
reduced to: 

                          W_landing  ≤ α 

                          W_takeo ff  ≤  β 

Where α and β are the levels of aspiration specified by the decision maker. Because 
the priority is already given to the landing airplanes, so we just needed to impose the 
value of  waiting time in taking-off queue,  β.   

Simulation of an Airport 

Let us conceder a small but busy airport with single runway. In each unit of time 
one airplane can be land or one airplane can takeoff, but not both. Airplanes arrive ready 
to land or to takeoff at random times, so at any given unit of time, the runway may be 
idle or a airplane may be landing or taking off, and there may be several planes waiting 
either to land or takeoff. We therefore need two queues, which we shall call landing and 
takeoff, to hold these airplanes. Because of a risk matter, it is better to keep a airplane 
waiting on the ground than in the air, so a small airport allows an airplane to takeoff if 
there are no airplanes waiting to land, i.e., the landing queue is empty, see [3] and [6]. 

Practically, the taking-off airplane (on the ground) can not wait too long. So, some 
time we have to release those airplanes to takeoff even the landing queue is still not 
empty. We implemented the idea of an aspiration level method that mention previously 
to compromise the conflicting waiting cost for both the landing and takeoff airplanes.  
However, any airplane wait more than β amount of time that airplane will get a 
permission to takeoff as soon as possible.  

A key step in our simulation is to decide, at each unit time, how many new 
airplanes become ready to land or takeoff. There are many ways, which these decisions 
can be made. One of the most interesting and useful is to make a random varites. So, we 
generate a non-uniform random varites using an exponential distribution technique, for 
full details see [5] and [7].  

Measures Performance 

Objectives are established in terms of a level of cost effectiveness or profitability. 
Inputs to such measures of performance are: price and cost values; and measures of 
operations of a system. We will focus on measures of operational performance since 
simulation is more commonly used to estimate such values. 
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A decision maker would be interested in statistical results. To collect statistical 
measures of performance, such as each airplane’s time in system and the server’s idle 
time (if any)…  The following statistics relationships are used, see [4]. 

 

• Average Utilization =            ………………….   (1) 

 

• Average Service Time per Airplane   =        …… (2) 

 

• Average Waiting Time per Airplane   =      …...    (3) 

 

• Average Content of Waiting Time   =        ……    (4) 

 

• Percentage of Time Runway (Server) is idle  =     … (5) 

 

• Average number of Airplanes in queue       Lq  =              …....     (6) 

mi is a Number of Customer in queue of interval ti , T is the total simulation time. 

 

• Average number of Airplanes in System     Ls  =          ………..   (7) 

ni is a Number of Customer in system of interval ti . 

Results and Discussion   

In order to illustrate the manner in which the calculations are carried out we 
specified the average arrival time and departure time for both landing and takeoff 
airplanes, as given Table 1. The statistical performance for the three simulation 
approaches are given in tables 2. The three columns indicate a comparison results of the 
three approaches and give three alternatives. The most excited result is the average 
waiting time for landing and taking-off airplanes, given in bold. It is clear that the 
second approach cause too long time for taking-off airplane but a substantial reduce the 
waiting in landing airplanes. The third approach produce a reasonable waiting time for 
both landing and taking-off airplanes. So, the decision maker can determine the right 
service level of the airport. The results produced are affected directly by the factor β that 
determine the maximum waiting time of the taking-off airplanes.  

Figures 2 to 7, shown the number of airplanes in landing queue and taking-off 
queue of the three approaches. It is clear the variance number of airplanes are depending 
of the discipline implemented. Again the reasonable results obtained of the third 
approach (limited waiting time of the taking-off airplanes), as shown in figures 6 and 7. 

 Σ Service Time 
Length of Simulation 

 Σ Service Time 
No. of Airplanes Served 

 Σ Waiting Time 
No. of Airplane served 

 Σ Total Waiting Time 
Length of Simulation 

 Σ Total Idle Time 
Length of Simulation 

 Σ mi ti 
     T 

 Σ ni ti 
    T 
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figures 4 and 5, show the big differences in the number of airplanes in landing queue and 
takeoff queue. This approach caused to long delay in the takeoff airplanes, so,  it is not 
quite appropriated  

  محاكاة الحاسب لصناعة القرار باستخدام نموذج تكاليف طموح
  طالب عبيد

  ملخص

تساعد القرارات الصائبة للمؤسسة بشكل جوهري في تحقيق أهداف تلك المؤسسة التي وجدت من 
حيث أن المعلومات .  إلى معلومات حقيقية و شاملة عن المؤسسة و إمكانياتهاالقراريحتاج متخذي .  أجله

توفر تقنية محاكاة الحاسب لعمل . ساعد متخذي القرار الختيار أي من البدائل الممكنةالصحيحة ت
يمكن تطبيق أسلوب . إجراءات المؤسسة طريقة مناسبة للحصول على معلومات مفيدة و بدائل متنوعة

في هذا األسلوب يمكن تغيير البيانات . في دراسة المحاكاة لمسألة معينة" What-If لو   –ماذا "
  . الفتراضية للمسألة و مالحظة النتائج المترتبة على ذلك، أي يمكن الحصول على بدائل مختلفةا

استخدمنا في هذا البحث تقنية محاكاة الحاسب لدراسة شدة انتظار الطائرات التي ترغب بالهبوط أو 
وال يخدم أوال الذي يصل أ"نظام  : تم تطبيق  ثالثة أنظمة مختلفة . اإلقالع في مطار ذو مدرج منفرد

FIFO "للطائرات التي ترغب بالهبوط  ة، نظام األسبقي "Landing-Priority "  على الطائرات التي ترغب
 " Limited-Landing Priority"باإلقالع  ، و نظام األسبقية المحدودة للطائرات التي ترغب بالهبوط 

  ). القرارقيمة يحددها متخذي (ة محددة بشرط أن ال تنتظر الطائرات التي ترغب باإلقالع أكثر من  فتر

. الهدف من البحث هو إيجاد تسوية بين فترة انتظار الطـائرات التـي تريـد الهبـوط و تلـك النـي تريـد اإلقـالع                   
تم استخدام نموذج تكاليف طموح للوصول إلى تلك التسوية حيث أمكن التخفيف من شدة انتظـار الطـائرات                

أظهرت نتائج مقارنة األنظمـة الثالثـة أن النظـام الثالـث هـو األنـسب فـي        .  العقبل السماح لها بالهبوط أو اإلق    
 . في مطار ذو مدرج منفرد”Heavy-Traffic“حالة اكتظاظ الطائرات 
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Table 1, Landing and Take off Data 
 Landing Taking-off 

No. Arrive Time Arrive Time 
0 15 20 32 9 
1 35 18 43 16 
2 40 13 58 10 
3 65 15 72 9 
4 75 12 86 6 
5 100 10 106 8 
6 120 14 133 9 
7 135 15 144 4 
8 140 11 158 8 
9 155 10 169 7 

Table 2, Statistics Measurements 
Without Priority With Priority With Priority Beta=20   

  Landing Takeoff Landing Takeoff Landing Takeoff 
The Average Utilization 57.7% 36.0% 57.7% 36.0% 57.7% 36.0% 
The Average Service Time per Airplane 13.8 8.6 13.8 8.6 13.8 8.6 
Average Content of Waiting Time 1.5 1.9 0.4 3.3 1.3 1.9 
The Average Waiting Time per Airplane 36.8 44.7 10.3 79.9 31.9 44.9 
The Percentage  the Server  is Idle 6.7 13.4 12.9 13.4 9.9 13.4 
Average No. of Airplanes In Queue 0.4 0.5 0.2 1.0 0.2 0.9 
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Figure 2, No. of Airplanes in Landing  Queue Without Priority Approach. 
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Figure 3, No. of Airplanes in Taking-off Queue Without Priority Approach. 
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Figure 4, No. of Airplanes in Landing Queue With Landing Priority Approach. 
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Figure 5, No. of Airplanes in Taking-off Queue With Landing Priority Approach. 



Computer Simulation for Decision Making using Aspiration Cost Model  

 
297

0
1
2
3
4
5
6
7
8

0 50 100 150 200 250

Ev ent Time

N
o 

of
 A

ir
pl

an
es

 In
 L

an
di

ng
 

Q
ue

ue

 
Figure 6, No. of Airplanes in Landing Queue with Limited Landing Priority 

(β =20)Approach. 
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Figure 7, No. of Airplanes in Taking-off Queue with Limited Landing Priority  

(β = 20) Approach. 
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Abstract 

The main objective of this paper is to develop economic secure transaction by mean 
of enhancing improved session tracking techniques in advanced wireless technology like 
j2me, which was previously not supported This has been carried out by modifying some 
program-coding units applicable for the both most important session tracking techniques. 
And inheriting some programming classes and codes from other technology like 
j2se.finally the results has shows efficiency and secure line between different terminals, 
this lead to the main objective of my paper which results in produce software provide 
secure transaction over mobile phones.     

Keywords: J2Me, MIDlet, MIDP, RMS, J2SE 

1. Introduction 

Every e-commerce application must support session tracking. Unfortunately, MIDP 
(Mobile Information Device Profile), a J2ME (Java 2 Platform, Micro Edition) 
technology, supports only the standard HTTP protocol, which is stateless [1,8,18]. In this 
paper, I explore ways to add session support into the current MIDP network API 
framework. I discuss the implementations, usages, and relative merits of two approaches: 
using cookies, rewriting URLs. In these applications, the server must individually 
respond to each user according to his/her previous actions. For example, when a user 
places an item into a shopping cart, the server must remember and associate that item 
with that particular user. When the same user selects Checkout later, the server must 
respond with a list of the merchandise he/she previously selected. However, the most 
widely used Internet e-commerce protocol, HTTP, is stateless. Each HTTP connection is 
independent and knows nothing about other connections. Standard HTTP connections do 
not remember client state information. Most developers solve this problem by requiring 
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the client to embed some unique session identification information (usually a session ID 
string) in each HTTP connection. E-commerce Web servers can then organize individual 
HTTP connections into sessions according to the session identification. It usually works 
like so:  

- When a new session's first connection is made, the server generates a new session ID 
and sends it back to the client  

- The client stores that session ID and attaches it to every subsequent HTTP 
connection so the server knows all connections belong to the same session that 
technique requires cooperation between the client and server software. The client and 
server must exchange session identification information with a previously agreed 
upon format. The industry has developed two de facto standards for exchanging such 
session information.  

One approach transmits small pieces of text, called cookies, through HTTP 
connection headers. The other approach attaches a session ID string to the end of each 
request URL, a technique also known as URL rewriting.  

Most Web browsers and desktop HTTP applications support both session-tracking 
methods. However, the HTTP session support in wireless Java platforms is far from 
smooth. In the main Java platform designed for cell phones and low-powered Personal 
Digital Assistant (PDAs)—the Mobile Information Device Profile (MIDP), a Java 2 
Platform, Micro Edition (J2ME)-based technology—the HttpConnection object supports 
neither cookie nor URL rewriting out of the box. Considering the importance of session 
tracking in e-commerce applications, if I want J2ME/MIDP to be a serious mobile 
commerce platform, I must equip it with session-aware HTTP connections.  

In this paper, I discuss how to implement session tracking in MIDP applications 
with both cookies and URL rewriting. As we mentioned earlier, session tracking requires 
a joint effort from both the client and the server. In this paper, I give examples in the 
context of Java application servers, but you can easily apply the same techniques to other 
servers. 

2. J2ME versus WAP  

J2ME apps have much more to offer than those built under the Wireless 
Application Protocol (WAP), in terms of both features and security. Whereas WAP is   
thin-client development protocol, J2ME is a development platform specifically for smart 
applications [1, 2].  

J2ME applications offer the following security advantages over WAP applications:  

-  Without a WAP gateway in the middle, smart applications can provide scalable 
end-to-end security from the back end to wireless devices. This will become 
especially important as the back end evolves into a message-driven Web-services 
framework.  

-  Smart applications can store and process data locally, thereby reducing network 
traffic. Not only does this conserve precious wireless bandwidth and reduce latency, 
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it reduces the likelihood that crucial information will be intercepted or interrupted 
(e.g., by denial-of-service attacks).  

-  Smart applications utilize device-processing power efficiently. Instead of 
encrypting everything with the same key strength regardless of needs, rich clients 
can establish a comprehensive differentiating security policy based on the content 
[2,12,13,14,15,18].  

3. MIDlet  

A MIDlet is a Java application that conforms to the specifications set out by the 
Connected Limited Device Configuration (CLDC) and the Mobile Information Device 
Profile (MIDP). OR simply we can say that an application on a MIDP device is known 
as MIDlet[1,16]. 

MIDlets are targeted at mobile devices that provide some level of network 
connectivity. The devices that will run MIDlets also have several common attributes 
such as: 

- Limited screen size 

- Limited memory 

- Limited processing power 

A MIDlet is similar to a java applet. It does not have a main () method. A MIDlet 
must extends the javax.microedition.midlet.MIDlet class and implement its fallowing 
three abstract methods: 

- startApp () 

- pauseApp() 

- destroyApp() 

A MIDlet has to define a public no-argument constructor. The MIDlet class defines 
method that can be invoked by the Application Management Software to start and stop a 
MIDlet. 

- Needs To Write A MIDlet 

Before you can write a MIDlet, you need to download the required software which 
are fallowing: 

- The Java Developer's Kit (JDK) 

- Connected Limited Device Configuration (CLDC)  

- Mobile Information Device Profile (MIDP). 

  3.1 CLDC objectives, security and area of use. 

The objective of CLDC includes: - 
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-  To define a standard Java platform for small, resource-constrained, connected 
devices. 

-  To allow dynamic delivery of Java applications and content to those devices. 

-  To enable 3rd party application developers to easily create applications             and 
content that can be deployed to those devices. CLDC Requirements 

-  To run on a wide variety of small devices ranging from wireless communication 
devices such as cellular telephones and two-way pagers to personal organizers, 
point-of-sale terminals and even home appliances. 

-  To make minimal assumptions about the native system software available in CLDC 
devices. 

-  To define a minimum complement or the “lowest common denominator” of Java™ 
technology applicable to a wide variety of mobile devices. 

-  To guarantee portability and interoperability of profile-level code between the 
various kinds of mobile (CLDC) devices. 

 The CLDC configuration addresses the following areas:-  

-  Java ™ language and virtual machine features 

- Core Java libraries (java.lang.*, java.util.*) 

-  Input/output 

-  Networking 

-  Security 

-  Internationalization 

The CLDC configuration does not address the following areas. These features are 
addressed by profiles implemented on top of the CLDC: 

-  Application life-cycle management (application installation, launching, deletion) 

-  User interface 

-  Event handling 

-  High-level application model (the interaction between the user and the application) 

The CLDC specification addresses the following topics related to security: 

-  Low-level-virtual machine security is achieved by requiring downloaded Java 
classes to pass a class file verification step. 

-  Applications are protected from each other by being run in a closed “sandbox” 
environment. 

-  Classes in protected system packages cannot be overridden by applications. 
Adherence to the Java Language Specification 
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The general goal for a Java VM supporting CLDC is to be as compliant with the 
Java2 Language Specification as is feasible within the strict memory limits of the target 
devices. Except for the following differences, a Java VM supporting CLDC shall be 
compatible with Chapters 1 through 17 of The Java Language Specification by James 
Gosling, Bill Joy, and Guy L. Steele. Addison-Wesley, 1996, ISBN 0-201-63451-1: 

-  No support for floating point data types (float and double). 

-  No support for finalization of class instances. The method Object. finalize() does 
not exist. 

-  Limitations on error handling. Most subclasses of lava.lang.Error are not supported. 
Errors of these types are handled in an implementation-dependent manner 
appropriate for the device (in contrast, CLDC includes a fairly complete set of 
exception classes.) Adherence to the Java Virtual Machine  Specification 

The general goal for a Java VM supporting CLDC is to be as compliant with the 
Java2 Virtual Machine Specification as is possible within strict memory constraints. 
Except for the following differences, a Java VM supporting CLDC shall be compatible 
with the Java Virtual Machine as specified in the Java Virtual Machine Specification 
(Java Series) by Tim Lindholm and Frank Yellin. 

Addison-Wesley, 1996, ISBN 0-201-63452-X. 

- No support for floating point data types (float and double). 

- No support for the Java Native Interface (JNI). 

- No user-defined, Java ™ -level class loaders. 

- No reflection features. 

- No support for thread groups or daemon threads. 

- No support for finalization of class instances. 

- No weak references. 

- Limitations on error handling. 

Apart from floating point support, which has been omitted primarily because the 
majority of the CLDC target devices do not have hardware support for floating point 
arithmetic, the features above have been eliminated either because of: 

- Strict memory limitations. 

- Potential security concerns in the absence of the full J2SE security model.  

3.2 The MIDP Libraries  

The MIDP libraries provide device-specific functionality. This functionality 
includes on-device application management, low-level and high-level graphical user 
interface, persistent storage and extended network capability.  
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MIDP contains the following packages, the first three of which are core CLDC 
packages, plus three MIDP-specific packages 

- java.lang 

- java.io 

- java.util 

- javax.microedition.io  

- javax.microedition.lcdui  

- javax.microedition.midlet  

- Javax.microedition.rms  

*Classes Inherited from J2SE 

- System Classes From java.lang. 

- Data Type Classes From java.lang. 

- Collection Classes From java.util. 

- I/O Classes From java.io. 

- Calendar and Time Classes From java.util. 

- Additional Utility Classes. 

- Exception Classes From java.lang. 

- Error Classes From java.lang. 

4. Cookies  

Cookies are pieces of NAME=VALUE format text embedded in HTTP headers. 
Netscape originally proposed the cookie concept as an "HTTP State Management 
Mechanism;" the specification was published in a request for comments, RFC 2109, in 
1997. (Note: RFC 2695 defines the current cookie specification.) Since cookies reside in 
HTTP headers, they are transparent to applications and users, and thus the most widely 
used HTTP session-tracking technique.  

The server assigns new cookies to a client through the HTTP header set-cookie. 
One HTTP connection can have multiple set-cookie headers and hence allows the server 
to set multiple cookies simultaneously. The set-cookie header takes the format:  

set-cookie: NAME=VALUE; expires=DATE; path=PATH; 
domain=DOMAIN_NAME; secure 

The first NAME=VALUE is the cookie itself and is required. Each cookie can have 
many optionally specified attributes, such as expiration time, domain, and path. The 
domain attribute states the cookie's valid domains. It proves especially important since it 
protects user privacy and reduces the chances for conflicting cookies. For example, a 
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cookie set by yahoo.com is not supposed to be sent out when the user visits amazon.com 
later. If no domain attribute is specified, a cookie's domain defaults to the host name of 
the server that sets it.  

The client program sends out the valid cookies to each URL it connects to. The 
client sends cookies back to the server in the HTTP header named cookies:  

cookie: NAME1=VALUE1; NAME1=VALUE2; ... 

A client can send multiple cookies in one connection header by delimiting them 
using semicolons.  

5. Server side 

All major Web server vendors support cookie-based HTTP sessions. In this paper, I 
discuss examples in the Java Web server context.  

The HttpSession interface in any Java 2 Platform, Enterprise Edition (J2EE)-
compatible Java servlet/JSP container knows how to handle sessions through cookies. 
To use cookies in our example, I must first ensure that cookie support is not disabled in 
the configure files. my example JSP, CookieSession.jsp, uses cookies to track sessions 
and update visit counters.  

As you will see later, an HttpSession object can track sessions using both cookies 
and URL rewriting, but by default, it uses cookies. So, in our example, if the client's 
incoming connection sends a valid cookie, the code below returns an existing session 
object:  

HttpSession sess = request.getSession(true); 

Otherwise, the server creates a new session object and sends a new cookie to the 
client. The server invalidates sessions after a period of inactivity. That expiration time 
can be set by server administrators in configure files or by servlets at runtime through 
the sess.setMaxInactiveInterval() method. We can then associate server-side objects 
containing client state information with the HttpSession object:  

sess.setAttribute("Count", count); 

I can retrieve the above session state information count object later as long as the 
session remains valid:  

String count = (String) sess.getAttribute("Count"); 

If no object associates with attribute Count (for example, at the session's 
beginning), the above statement returns a null value, and we need to start a new counter:  

if ( count == null ) { 
  count = "0"; 
} 
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6. MIDP cookie support framework 

Supporting cookies on the server side is easy; supporting them in MIDP 
applications proves more challenging.  

I try to make cookie support as transparent as possible; so i borrow a technique 
from Sun's Smart Ticket J2ME/J2EE demo implementation to design cookie-aware 
connection objects. RMSCookieConnector is a decorator class for the standard MIDP 
Connector class. It maintains a MIDP record management system (RMS) record store to 
store all cookies. When RMSCookieConnector.open() is called, that method completes 
the following steps:  

-  It calls Connector.open() to create a standard MIDP HttpConnection object:  

HttpConnection c = (HttpConnection) Connector.open(url); 

-  It iterates through the record-store records and fetches the valid cookies. I discuss 
this step's details in the next section.  

-  It assembles the valid cookies into a semicolon-delimited string and sets the string 
into the HttpConnection object's cookie header:  

c.setRequestProperty( "cookie", cookieStr ); 

Conclusion 

The stateless nature of HTTP requires devlopers to use their own custom method of 
managing state through the use of session specific information. While there are a number 
of ways of implementing a session management solution, there are benefits and 
restrictions to each implementation. It is vital that developers understand both the 
mechanisms available to them, as well as the limitations. For application requiring an 
application user to authenticate to access resources, it is imperative the session 
management process is implemented securely. 

While this paper has described first the limitations of other wireless technology as 
compare to j2me technology, second developing and enhancing some programming 
coding units to this technology in order to be in parallel with advancement of secure 
wireless transaction in order to improve the quality of services provided to the public 
over mobile phones as well as let developers aware of good session management is only 
one components of building a secure application.    
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  تطوير السرية في املعامالت االقتصادية باستخدام التكنولوجيا الالسلكية
  خلدون بطيحه

  ملخص

إن الهدف الرئيسي من هذه البحث هو تطوير السرية في المعامالت االقتصادية وذلك بإضافة وتحسين 
ير والتي كانت من قبل غير مدعومة وغ) J2ME(بعض تقنيات الجلسات في التكنولوجيا الالسلكية 

وقد تم ذلك من خالل تعديل بعض المقاطع والوحدات  البرمجية ، والتي . مستخدمة في مثل هذه التقنية
  ). J2SE( تستخدم في تقنية الجلسات وإدخال بعض المقاطع البرمجية من تقنيات أخرى للغة الجافا مثل

يرة في المراسالت التجارية وقد أظهرت نتائج البحث فعالية هذه الفكرة واالرتقاء بالسرية إلى درجة كب
  .واالقتصادية
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Abstract 

In this research paper, we focus on the performance of different task migration and 
load balancing algorithms on SPMD model based on their controlling parameters. A 
network of workstations has been chosen and PVM libraries have been used for 
implementation. Matrix multiplication has been selected as the application. Three 
algorithms have been investigated namely, fixed granularity, variable granularity (guided 
self scheduling) and one global centralized task migration algorithm. Program execution 
time, communication overhead and processing time have been considered as the 
performance measure. From the experimental results, it is found that the granularity is 
the controlling factor in the fixed granularity algorithm, the ratio that decreases the task 
size in guided self scheduling plays a vital role and that if the parameters are chosen 
carefully, variable task granularity and the task migration algorithms perform better than 
the fixed granularity. 

Keywords: Fixed granularity, Global centralized task migration, Load Balancing, PVM, 
SPMD Model, Variable granularity. 

1. Introduction 

Two important observations are becoming the trend of the new era: First, the 
development of new large-scale, complex and computation intensive applications and 
software packages including 3D and 4D graphics, and the second, the increasing demand 
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to manipulate large volume of data. These two observations require an increased interest 
in cluster computing [1] and in general in high performance computing (HPC) [2,3].  

Efficient and economically affordable high performance could be achieved from 
several factors mainly, the increase in clock rate, in the giga range, and by incorporating 
innovations and features present in supercomputer and mainframes into present day 
microprocessors.  

New developments in network technologies and operating systems made it also 
possible and easy to connect a collection of homogeneous or heterogeneous systems [4].  

Load balancing aims at improving the performance of parallel computations by 
distributing the workloads of processors automatically during the execution of parallel 
programs [5-9]. There are very well known algorithms to do this process allocation. The 
algorithms are mainly divided into two categories: static and dynamic. Considering the 
application and process sizes, heterogeneity of the distributed environment and other 
factors, in most of the cases dynamic algorithms show much better performance [8,10-
14].  

There is much research going on in this direction [11-12,15-18]. We tried in this 
research work to reach some conclusion comparing global centralized load balancing 
algorithms with the load sharing algorithms. There are some controlling parameters of 
these algorithms. We mainly focus on those parameters so that setting these different 
parameters suitably can increase the performance of these algorithms. Our contribution 
is in studying the characteristics of these parameters and then implementing and 
comparing algorithms of different strategies [15,16].  

The rest of the paper is organized as follows: Section 2 presents the load balancing 
schemes in general, which is then followed by Section 3, the experimental setup and 
tools used in the imperial study we are conducting. Next, Section 4 gives an overview of 
the SPMD (Single Program Multiple Data) model, and Section 5 introduces the actual 
algorithms used in our study. Section 6, Results and Analysis, explains the results 
obtained for each of the three algorithms under investigation. Finally, we present our 
conclusions and future possibilities in Section 7. 

2. Load Balancing 

Efficient load balancing can provide major performance benefits [19-22]. In 
general, there are two major categories of load-balancing algorithms: static (i.e., at 
compile time), or performed dynamically (i.e., during execution). A performance 
comparison between dynamic and static load balancing algorithms can be found in 
[12,23-24]. 

2.1. Static Load Balancing  

In this approach, the tasks are allocated to the workers by the master depending on 
the performance of the workers at the beginning of execution. Using optimum task 
distribution (OTD), static load balancing algorithms may provide better performance. 
The advantages of this technique include simplicity of the implementation and low 
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communication overhead between the master and slave, as there is no need to monitor 
the workstations for performance statistics, which may boost the performance. But on 
the other hand, it cannot adjust to the runtime performance of the machine and non-
homogeneous nature of the application, and hence, static load balancing algorithms are 
not well suited to environments where loads may vary significantly with the time of the 
day. 

2.2 . Dynamic Load Balancing 

In this strategy [12,20], algorithms adapt to changes in the execution environment. 
As a result, dynamic load balancing algorithms can provide a significant improvement in 
performance over static algorithms. However, this comes at the additional cost of 
collecting and maintaining load information, so it is important to keep these overheads 
within reasonable limits. 

There are many dynamic load balancing algorithms proposed. They can be 
categorized into two main types: load sharing and task migration. There are four basic 
steps that nearly all algorithms have in common: 

a. Monitoring workstation performance (load monitoring) 

b. Exchanging information between workstations (synchronization) 

c. Calculating new distributions and making workers as needed to carry out the 
movement decision (rebalancing criteria)  

d. Actual data movement (job migration) 

2.3 . Load Sharing Algorithms 

Load sharing algorithms are mainly based on master slave concept. The master first 
creates as many workers as needed to carryout the intended tasks. Then it assigns tasks 
to the workers based on some criteria. The algorithms differ from each other based on 
the issue of choosing these criteria.  

There are three main types of load sharing algorithms, namely: fixed granularity, 
variable granularity and adaptive granularity. In fixed granularity algorithms, task 
granularity is fixed statically. In variable granularity algorithms, task granularity 
decreases as the computation progresses. While both these types of algorithms take the 
system state into account implicitly, task granularity itself is not dependent on load 
variations in the system. In the adaptive task granularity algorithms the task granularity 
varies depending on the current system load [10]. 

2.4 . Task Migration 

In this approach, the master assigns tasks to the workers and tasks are migrated 
between workers from overloaded workers to the under-loaded workers. Depending 
upon the initiation of migration, they are categorized into two types, sender-initiated and 
receiver-initiated strategies. In sender-initiated policies, congested nodes attempt to 
move work to lightly loaded nodes. In receiver-initiated policies, lightly loaded nodes 
look for heavily loaded nodes from which work may be received [15].  



Kofahi and Abidur Rahman 

  
312

Task migration algorithms may be divided depending on where the load balancing 
decision will be made and what information will be used to determine the load balancing 
decision [17]. If the load balancing decision is made based upon performances of all the 
nodes, then it is global. The decision also can be made on the basis of groups of nodes’ 
performance. This type is referred to as local. A master makes the decision in the case of 
centralized load balancing and individual workers make the decision in decentralized 
policy.  

In our experimentation, we shall focus on the global centralized sender-initiated 
load balancing algorithm proposed by Lee, Cai, and Heng [17]. 

3. Experimental Setup and Tools 

To evaluate the performance of the selected algorithms, we used a network of 
workstations running SUN SOLARIS operating system. We used PVM (Parallel Virtual 
Machine) libraries to create the master processor and the workers and for message 
passing among different processes. PVM spawns tasks or processes to different 
processors. Message passing is easy and flexible in PVM. We used C language for 
programming.  

Gettimeofday() library function of UNIX has been used to calculate the time 
duration of the program. All through the experiment, we used 500x500 matrices of type 
double. The entries of the matrices are initialized by their row numbers. We have 8 
processors to create 10 nodes. In our experiment, the master also works as a worker. The 
master/slave model is shown in Figure 1. 

 
Figure 1. Master/slave model 
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4. The SPMD Model 

We used the SPMD model as it is very much suitable to study the performance of 
load balancing algorithms. In this model, each worker runs the same program but on 
different set of data. These types of problems are easy to implement and finely tuned for 
experimental purposes. SPMD model mainly relies on arrays of processors, distributed 
data, some global data, message passing between processors and loose synchronization.  

Figure 2 illustrates the SPMD model for message passing between two processors. 
Since each processor runs the same executable program, message passing must be 
masked by IF statements.  

  

 

 
Figure 2.  An example of message passing between two processors in a SPMD 
                  system. 

The very popular problem for this model, namely that of matrix multiplication, is 
used in the evaluation study. To make use of parallelism in the study of this problem, the 
first matrix is broadcasted to all slaves. Then the number of rows of the first matrix is 
distributed to the slaves or among the workers based on the algorithm. For the task 
migration strategies, the rows of the first matrix are considered as the migrating tasks.  

5. The Three Load Balancing Algorithms under Consideration 

The three load balancing algorithms chosen for our empirical study are as follows. 

5.1. Load Sharing Fixed Granularity Algorithm 

In this approach, after the first matrix has been broadcasted to all slaves, each slave 
is assigned fixed size of tasks say C columns of the second matrix. As soon as a worker 
finishes the required multiplication operation, it reports the results back to the master. 
The master then collects the result, writes it into the appropriate place of the result 
matrix and then assigns a new task to that worker. That is, the master sends C more 
columns of the second matrix to the worker. This continues until all columns of the 
second matrix have been sent.  It should be noted that the assigned task size is fixed all 
through the distribution phase. 
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5.2. Load Sharing Variable Granularity Algorithms 

The description of three algorithms that use variable task granularity is found in 
[10,15]. These algorithms have been proposed for multiprocessor systems for loop 
processing. The difference between fixed and variable task granularity algorithms is that 
the task size decreases with time. For example, the first task may have a size of ten 
columns, whereas the last one may have only one column. This can improve 
performance in two ways:  

1.  These algorithms attempt to minimize the time the master has to wait to receive the 
last results as task sizes at the tail end are much smaller. 

2.  It is well known that sending several short messages results in a performance that is 
worse than when a small number of large messages is sent. In the case of matrix 
multiplication, depending on the parameters used, variable task size algorithms can 
potentially decrease the number of messages sent while increasing their average 
size. 

Different ways are used by researchers to decrease the task size. One approach is 
the guided self scheduling algorithm [7]. In this algorithm, the task size is a function of 
the remaining number of columns. The task size is typically set to 1/C of the remaining 
columns. It is clear that the larger the value of C, the smaller will be the task size. Figure 
3 shows the non-increasing task size for consecutive workers for initial task size of 10. 
The size of the whole task is 100 [15]. 
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  Figure 3. Decreasing task size in guided self scheduling algorithm 
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5.3. Global Centralized Load Balancing Algorithm 

Lee, Cai, and Heng in [17] have proposed a dynamic load balancing algorithm 
which is in nature global and centralized. In this algorithm, the load balancing decision is 
made in the master and the load is distributed according to the performance of all the 
nodes. Lee, Cai, and Heng in [17] have also proposed an SPMD model which uses lock 
step. This model has normally three different steps, e.g., calculation phase, data 
distribution phase and synchronization phase. In the first phase, all the workers will do 
computation and there will be no communication. In the data distribution phase, each 
task will distribute the relevant data to other tasks that need it for next lock step. This 
phase confirms that all the nodes have reached a synchronization point. This is to avoid 
the problem of nodes working with wrong data.  

The two important issues now are: what will be the rebalancing criteria after every 
lock step; and the distribution of data among the nodes. Lee, Cai, and Heng [17] have 
also introduced the following parameters to explain the algorithm. 

icomputeT = The interval between the time the first task on workstation i starts 

executing and the time at which the last task on the same workstation 
completes the computation and waits for the synchronization.  

itaskT = The average computation time for task i on the given workstation. 

      =  
in

icomputeT
    Where in  is number of tasks on workstation i. 

highT  = The maximum computeT  over all workstations.  

lowT  = The minimum of computeT  over all workstations. 

For load balancing, tasks from workstations with longer computeT  should be moved 

to the workstation with shorter computeT   
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Rebalancing Criteria: ( )kiPiin
itaskTkn

ktaskT ≠≤≤












+> ,1)1(*min*  

Where,  

     k is the index of the task with highest computeT ,  

     P is the number of workstations (or processors), and  

     n is the current no of tasks assigned to a workstation.  

The master checks the rebalancing criteria after each lock step. If it is true, then 
some tasks will be moved from the slow workstation to a fast one. 

6. Results and Analysis 

Following the experiment setup and using the tools described in section 3, we 
developed and executed the programs and collected results for different parameters. 
Execution time and the communication overhead are the measures of performance in our 
experiments. We calculated the actual processing time by subtracting the communication 
overhead from the total execution time. That is: 

Actual execution time = Total execution time – Communication overhead. 

6.1. Load Situation 

Since the machines used to carryout our experiments were not loaded enough, we 
had to create some background jobs to load the workstations. To do this, we wrote a little 
program, which consumes CPU cycles to keep the processors busy. This makes the 
processors imbalanced in load and introduces some variance in the load situation on 
different machines to create a more realistic working environment. As both master and 
worker are running on one machine, we did not create more loads on this particular 
machine. We created different background load on other machines only.  

6.2. Fixed Granularity Algorithm with Different Task Size 

Task size is the most important factor in fixed granularity algorithm. The 
performance of the application generally depends on the task size. In our computation 
model, as stated in section 4, the number of rows of the first matrix is the task size. 
Figure 4 shows the execution time, communication overhead and processing time for 
different task sizes. 
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Figure 4: Performance variation of fixed granularity algorithm with varying task size 

It is obvious from Figure 4 that the execution time, the communication overhead 
and the processing time decreases as the task size increases. This really makes sense in a 
distributed computing environment, as larger task size needs less communication. If the 
task size is too big and one of the machines becomes heavily loaded, this may create 
substantial decrease in the performance of the system. 

6.3. Variable Granularity Algorithm with Different Values of C 

Choosing the value of C to be equal to the number of slaves can lead to diminished 
load sharing, as large tasks will take much more time on slow machines than on faster 
ones. Therefore, the experiment should be conducted for different values of C as shown 
in Figure 5. In this figure, we implemented Guided Self Scheduling algorithm with 
different task sizes. The decrease in task sizes is indicated as a function of the ratio 1/C 
as explained earlier.  Figure 5 shows the results of our experiment. 
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Figure 5. Guided Self Scheduling algorithm with different constants 
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Again, this result supports the fact that increasing the task size improves the 
performance. From Figure 5, it is clear that when the value of the constant C increases, 
the task size decreases, and hence, it takes more execution time, communication 
overhead and processing time. 

6.4 . Global Centralized Load Balancing Algorithm with Different Lock Steps 

The algorithm discussed in section 5.3, has two controlling parameters, namely: the 
number of lock steps and the number of tasks moving from one node to another after 
every lock step. We fixed the second parameter to 4, i.e. after every lock step, 4 rows 
will be removed from the slower node and will be assigned to a faster node. Then we 
collected the result with different lock step. Figure 6 shows the situation. 
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Figure 6: Global Centralized Load Balancing Algorithm with Different Lock steps 

Increasing number of lock steps actually consumes more execution time, 
communication overhead and processing time. If the machines are too much 
heterogeneous, then less number of lock steps may be a problem. 

6.5. Comparison among Three Algorithms 

To reach a conclusion about the performances of different algorithms, we need 
really to exhaustively work on all possible controlling parameters in a perfect 
heterogeneous environment with huge load imbalance. But as the implementation phase 
of the algorithms needs a substantial amount of effort and we since we do not have a 
perfect heterogeneous environment with much load imbalance, we had to compare the 
algorithms based on some assumptions. The main question that arises when we compare 
the algorithms is that what should be the values of different parameters discussed in 
previous sections? In the literature, it is found that this type of evaluation always chooses 
suitable parameters for different algorithms.  

In this study, we used the following parameters: 
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i) For fixed granularity, the task size is 5. This is chosen mainly because as there is no 
load rebalancing, so it may be inefficient to choose a large number of tasks. Even in 
some cases, only task of size one is chosen. 

ii) For variable granularity, we chose 10 as the ratio as indicated in Figure 3. If the 
ratio is too big, then after two or three times, the task size will be all the same 
always. On the other hand, if the ratio is too small, the risk of assigning a very big 
task to one node is always there. 

iii) For the algorithm proposed by Lee in 1995 [17], we choose the lock step as 4. 
Many more lock steps may create problems by imposing the overhead every time. 

Considering the above assumptions, the result obtained for the three algorithms is 
as shown in Figure 7. 
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Figure 7: Comparison among algorithms  

The graph shows that variable granularity performs much netter than fixed 
granularity and the algorithm proposed by [17] performs a little bit better than variable 
granularity. We need to remember that setting the parameters differently may change the 
scenario.  

7. Conclusion and Future Work 

From our experiments and analysis, it has been shown that the performance of fixed 
granularity algorithms increases with increasing task size. It is also observed that the 
performance of Guided Self Scheduling algorithm increases with decreasing task size 
ratio. The performance of the algorithm proposed by [17] decreases with increasing 
number of lock steps. 

This gives us an indication that if the task is distributed in small number, then the 
number of communications increases. This will increase the communication overhead 
and hence the total processing time will also increase. This happened in this experiment 
because the machines were not exactly heterogeneous and the load is nearly balanced. 
The following conclusions can be drawn from our experiment. 
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i) The performance of the three algorithms depends much on the parameters discussed 
earlier. However, if the parameters are carefully chosen, guided self scheduling 
algorithm and the algorithm proposed by Lee, Cai, and Heng [17] may provide 
better performance than fixed granularity algorithm. 

ii) For the three algorithms investigated, communication overhead is the real problem. 
So, developing any dynamic load balancing algorithm should take care of keeping 
the communication overhead to minimum. 

The conclusions above may be richer if the experiment is done on more 
heterogeneous and load imbalanced environment. CPU utilization for each worker may 
be considered as another good measure of performance. In addition, more 
experimentation on the parameters in future may explore more aspects of these 
algorithms and this type of evaluation is always suitable for choosing among different 
alternatives. 

 دينامكية لتوزيع األحمال بقصد موازنتها في أنظمة الحواسيب تقويم أداء ثالثة خوارزميات
   (SPMD)املوزعة باستخدام نموذج الربنامج الواحد وتعدد البيانات

  

   عبدالرحمنكازي و نجيب عبدالكريم الكوفحي
  

  ملخص

يناقش هذا البحث أداء ثالثة خوارزميات دينامكية لتوزيع األحمال بقصد موازنتها في أنظمة 
لقد تم اختيار شبكة من .  (SPMD)ب الموزعة باستخدام نموذج البرنامج الواحد وتعدد البياناتالحواسي

أي مكتبة األجهزة الحاسوبية  (PVMمحطات العمل الحاسوبية باإلضافة إلى المكتبة البرمجية المسماة 
ضرب مصفوفتين  تم اختيار تطبيق عمليات كذلك. الختبار أداء هذه الخوارزميات) التخيلية المتوازية

 fixed granularity, variable:   التي تم اختبارها هيةالخوارزميات الثالث. الختبار أداء الخوارزميات
granularity (guided self scheduling) and one global centralized task migration algorithm.  

مدة تنفيذ البرنامج، والوقت الالزم : لقد تم اختبار أداء الخوارزميات الثالثة من ثالثة جوانب هي
  . النتقال المعلومات عبر محطات المعالجة، والوقت المبذول في المعالجة

 fixed التحكم في خوارزمية ل هو عامgranularityلقد تبين من التجارب التي تم إجرائها أن الـ 
granularity. 

 guided selfلعمل في خوارزمية كذلك دلت التجارب التي تم إجرائها أن نسبة تناقص حجم ا
schedulingكذلك فإن أداء خوارزمية .  تلعب دورا هاما في أداء الخوارزميةvariable task granularity 

 variable task في حال اختيار بعض العناصر في خوارزمية fixed granularityيفضل أداء خوارزمية 
granularityبعناية   .  
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Abstract 

Bluetooth technology provides wireless connection between devices, therefore can 
be used as an alternate mean to cables. Bluetooth enables ad hoc networking with 
devices, enabling them to form a network without the need to have existing 
infrastructure and forward data between each other over multiple hops. Such a Bluetooth 
network is known as a Scatternet; a collection of Piconets. Bluetooth specification 
enables us to form Scatternets from many devices, but does not specify a protocol for it. 
This paper presents our work on Bluetooth network construction. 

In this research, a Bluetooth simulator known as BlueHoc with an extension to the 
Network simulator NS-2 was used for the purposes of evaluating Bluetooth connection 
thus forming a Piconet. On the other hand, another simulator called BlueWare was used 
to evaluate the formation of a Scatternet. 

From simulation results, it has been proved that as the number of Piconets in the 
area increases, the number of collisions increases, while the performance degrades. 

Keywords: Bluetooth, Piconet, Scatternet, inquiry process, page process, inquiry scan 
state, page scan state, TSF. 

1. Introduction 

Bluetooth [1] is a short-range radio technology that enables wireless connectivity 
between mobile devices. Design-wise, the three main goals of Bluetooth were: small 
size, minimal power consumption, and low price. The technology was designed to be 
simple, and the target was to make it the de facto standard in wireless connectivity. 
Bluetooth ad hoc networks are formed by interconnecting Bluetooth enabled devices into 
Piconets, (Figure 1); at its simplest would mean connecting two devices, and by 
interconnecting a number of Piconets to form a Scatternet, (Figure 2) [12]. 
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Figure 1.  
 

Piconet connected to 
seven slaves. [7]  

 
Figure 2.  

 
Two Piconets can be connected to form a 
Scatternet. [7]  

The device that initiates a connection in a Piconet is called a master node, while 
other devices are called slave nodes. A master can have simultaneous connections 
(point-to-multipoint) with up to seven slaves. Bluetooth connections are typically ad hoc 
connections, which mean that the network will be established just for the current task 
and then dismantled after the data transfer has been completed. 

Bluetooth technology was originally optimized for establishing point-to-point 
connection between devices, even though Bluetooth specification enables the formation 
of a larger network from many nodes. Many studies have been performed on Bluetooth 
technology covering a variety of fields like Scatternet formation and different ways to 
enhance and improve a Scatternet, however, an exact method for Scatternet formation is 
still not defined [15].  

The main objective of this study was to show how a Bluetooth network, both a 
Piconet and a Scatternet, will be formed in addition to presenting some concepts on how 
to design a Personal Area Network (PAN) that accommodates data transfer between 
different devices with varying capacities in an ad hoc manner without the need to have a 
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wired infrastructure. Finally, conducting a simulation that can help us in visualizing a 
Bluetooth network formation and structure. We predict that the results of this research 
could show the advantages of Piconet/Scatternet scheme, to allow many devices to share 
the same physical area and make an efficient use of the bandwidth. 

 To form a Bluetooth Scatternet, an obvious starting point is to choose nodes, such 
as nodes 1 and 2 in Figure 3, to participate as relays in multiple Piconets, forwarding 
data between Piconets [14]. Since two slave nodes cannot be linked together directly, the 
path of a packet must alternate between master and slave nodes, until it reaches its final 
destination. While the basic idea is simple enough, a number of challenging problems 
need to be solved before this can become a reality. 

 
Figure 3. A Bluetooth Scatternet with two types of relay nodes: node 1 is a “slave 

relay”, while node 2 is a “master relay”. [14] 

Bluetooth specification assumes that each node knows whether it is to be a master 
or a slave. The need for manual configuration of master or slave roles is unattractive 
when more than few nodes are attempting to form a connected Scatternet in an ad hoc 
fashion. To deal with such problem, the Bluetooth specification provided a Host 
Controller Interface (HCI) specification which gives a standardized method of accessing 
the Bluetooth baseband capabilities. This interface can be used to implement various 
topology formation schemes. 

2. Related Work 

There are two approaches to a simulation tool; either to build your own, or to use an 
existing one. Both approaches have advantages and disadvantages. The main reason for 
us not to build our own simulator was the time aspect and the availability of a free 
simulator with Bluetooth extension that seemed to fulfill most of our needs. 

In this research, we have used the Network Simulator (NS); an open-source, event-
driven simulator targeted at networking research [16]. It simulates most of the available 
network protocols such as TCP and UDP. It also supports the simulation of routing and 
multicast protocols over wired and wireless networks. In addition to that, we have used 
the Network Animator (NAM) to animate simulation traces. 
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Many simulators were developed by either universities or companies. In this 
research, and in order to simulate the Bluetooth scenarios, we have focused mainly on 
two simulators BlueHoc [17] (a Piconet simulator) and Blueware [18] (a Scatternet 
simulator), with Bluetooth extension for both to the Network Simulator (NS). 

The BlueHoc simulates a Bluetooth Piconet and it has a communication module 
given in Figure 4. Many Bluetooth layers were simulated using the BlueHoc simulator 
such as Bluetooth radio, Bluetooth baseband, Link Manager Protocol (LMP), and the 
Logical Link Control and Adaptation Protocol (L2CAP).  

 
Figure 4 Communication model. [17] 

The Blueware simulator, on the other hand, was designed for a Scatternet. The 
Blueware software module [18] contains implementations of a Bluetooth simulator that 
closely follows the Bluetooth Specifications 1.1 as in Figure 5, the Scatternet formation, 
and link scheduling schemes. The simulator implementation is based on the BlueHoc 
extension to Network Simulator (NS-2). Most of the original code of BlueHoc has been 
re-written and re-designed. In addition, a significant amount of new code has been 
added. In particular, Blueware provides an easy-to-program interface to various 
Scatternet formation and link scheduling schemes. Along with the simulator, the 
implementations of a Scatternet formation algorithm (TSF) and a link-scheduling 
algorithm (LCS) are also provided.  

 
Bluetooth Stack Blueware Simulator 

Figure 5.   Comparison between Bluetooth stack and Blueware modules. [18] 
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3. Bluetooth Network Simulation 

In this section, we investigate the performance of Bluetooth networks. The 
simulation has been an important part of this research, and it is on these simulation 
results that we have drawn our conclusions. In this research, we have studied both 
Piconet simulation using BlueHoc [17], and Scatternet simulation using Blueware [18]. 
Our results were compared in some cases to practical experiments performed by others 
that are both confirmed and verified. The main goal with the simulations was to find the 
minimal average time it takes a slave to get a connection with a master node, sending 
and receiving packets, and studying the throughput of the network 

3.1 Piconet Simulation 

In this research, we have simulated three different applications; FTP, Telnet, and 
Voice using the same Piconet configuration, the throughput for each slave and the delay 
distribution for the Piconet were studied. 

Figure 6 shows the Piconet configuration used in our study. Our Piconet consists of 
one Master and seven Slaves. The parameters applied for the master were: 

1. Start time = 0.0 Sec. 

2. Inquiry time out = typically 10.24 Sec. 

3. Number of responses = 7 (≤ number of devices) 

the parameters that were applied for each slave however, were: 

1. Start time: Typically slaves are started after masters. 

2. Inquiry scan offset: typically a value between 0 and 2.56 Sec. 
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Figure 6 Piconet configuration. 

Figure 7 shows the network animator for the Bluetooth Piconet used in the research, 
which illustrates packet forwarding from node to node. Figures 8, 9, and 10 show the 
throughput for slave 3 for the three simulated applications Ftp, Telnet, and Voice 
respectively. Figures 11, 12, and 13 on the other hand, show the delay distribution for all 
slaves. 

Figure 11 shows the delay in FTP applications, which varies between slaves 
according to the number of packets. The connection type was Asynchronous Connection 
Less (ACL). Figure 12 shows the delay in Telnet applications, which is almost 
approximate between slaves according to the number of packets. The connection type 
was Asynchronous Connection Less (ACL). Figure 13 shows the delay in the Voice 
application, which happen to be as small as possible, due to the Synchronous Connection 
Oriented (SCO) between slaves that were used, thus, we had no delay in the Voice 
Application 
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Figure 7. Piconet network animator. 

 

  
Figure 8. Throughput for slave 3 in a FTP 

application. 
 

Figure 9. Throughput for slave 3 in a Telnet 
application. 
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Figure 10. Throughput for slave 3 in a 

Voice application. 
Figure 11. Delay Distribution in Piconet for 

FTP application. 

  
Figure 12. Delay Distribution in Piconet for 

Telnet application. 
Figure 13. Delay Distribution in Piconet for 

Voice application. 

3.2 Scatternet Simulation 

In this research, we applied the TSF algorithm [13] on different number of nodes 
namely 16, 20, 24, 28, 32, 36, 40, and 44 nodes, and have studied the delay connection 
set up for each Scatternet alone. In addition to that, we have studied average connection 
set up delay and the standard deviation for the formed Scatternets with different nodes. 
Table 1 illustrates the obtained results, while Figure 14 shows the average connection 
delay and the standard deviation for Scatternet formation with different number of 
nodes.  

As part of the simulation, we have studied sending packets from node 0 as a source 
node to node 14 as the destination node. Then we have analyzed this process by studying 
the connection delay and the standard deviation on different formed Scatternets. 
Throughput for this connection was also found, Figures 15 and 16 show the connection 
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delay and standard deviation as well as the throughput. From these Figures, we can in 
general notice that Scatternets with small number of nodes has lesser connection delay 
than Scatternets with large number of nodes due to the fact that the more connected 
nodes we have, the more interference will be. In addition, simulation results have 
showed that as the number of Piconets in the area increases, the number of collisions 
would also increase, whilst the performance degrades.  

Table 1. Average Connection Delay and Standard Deviation for 
formed Scatternets with different number of nodes. 

No. of  Nodes AVG-ConnDelay 
(Seconds) 

StdDev-ConnDelay 
(Seconds) 

16 0.789 1.08 
20 0.475 0.538 
24 1.02 1.19 
28 0.937 1.13 
32 0.698 0.374 
36 0.904 1.21 
40 0.97 1.04 
44 1.07 1.22 
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Figure 14. Average Connection delay and Standard deviation for Scatternet 

formation with different nodes  
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Delay: Src=0 -> Dst=14
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Figure 15. Connection delay and Standard deviation in a Scatternet from 

node 0 (Src) to node 14 (Dst). 

Throughput: Src=0 -> Dst=14
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Figure 16. Throughput in a Scatternet from node 0 (Src) to node 14 (Dst). 
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4. Conclusion 

In this research, we have addressed challenges in internetworking Personal Area 
Networks (PAN) using Bluetooth. It has been noticed that this short-range radio 
technology is more capable of forming reliable networks and able to replace cables 
between devices. The Bluetooth specification enables the formation of larger networks; 
however, it still does not define an exact method for Scatternet formation. 

In this research, we have selected one of the algorithms used for Scatternet 
formation considered as one of the best algorithms; namely the Tree Scatternet 
Formation (TSF). Using TSF, we have performed a simulation study on both types of 
Bluetooth networks; Piconet and Scatternet using the BlueHoc and Blueware simulators 
respectively. 

We have simulated three types of applications FTP, Telnet, and Voice for the 
Piconets. Both the throughput for each slave of the Piconet and the delay distribution on 
each were obtained. We have concluded that the throughput for each slave increases as 
the time increases. The delay distribution for the FTP application varies among slaves of 
a Piconet, however, with Telnet and Voice applications, the delay was nearly the same. 

Furthermore, we have studied a Scatternet formation with different number of 
nodes 16, 20, 24, 28, 32, 36, 40, and 44 nodes. We have studied the connection set up 
and the delay for each one. We also have studied the flow of packets from one node to 
another in the Scatternet. We obtained the connection delay and the throughput from the 
source node to the destination node. 

In a Scatternet simulation, we have concluded that in general the connection set up 
delay would increase as the number of nodes increases. Sending packets from node to 
node will face a delay as the number of Scatternet nodes increase. On the other hand, 
however, the throughput would increase. The simulation results have showed that as the 
number of Piconets in the area increases, the number of collisions would also increase 
whilst the performance degrades.  

  دراسة محاكاة تشكيل الشبكات باستخدام تقنية بلوتوث
  عماد محمود الشواقفة و امجد ابو بكر

  ملخص

توفر تقنية بلوتوث إمكانية اتصال السلكية بين األجهزة المختلفة ولذلك يمكن استخدامها كبديل 
 البنية التحتية  دون الحاجة لوجودةتمكننا تقنية بلوتوث من تشكيل شبكة من األجهزة المختلف. للكوابل

تعرف الشبكة المكونة بتقنية بلوتوث باسم سكاترنت . الالزمة لنقل البيانات على عدة محطات و مراحل
Scaternet  والتي هي عبارة عن مجموعة من األجهزة المجتمعة والمكونة لما يعرف بالبيكونت Piconet 

يمثل هذا .  ال تعطي بروتوكوال خاصا بهاتمكننا تقنية بلوتوث من تشكيل شبكات من عدة أجهزة ولكنها. 
  .البحث نتاج عملنا في محاكاة تشكيل الشبكات باستخدام تقنية بلوتوث
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 والمتضمن وصلة BlueHocتم في هذا البحث استخدام محاكي لتقنية بلوتوث يدعى بلوهوك 
لتقييم تشكيل .  وذلك من اجل تقييم اتصاالت بلوتوث الالزمة لعمل البيكونتNS-2لمحاكي الشبكات 

  .BlueWareشبكات السكاترنت تم استخدام محاكي آخر يدعى بلووير 

تم ومن خالل النتائج المختلفة لعملية المحاكاة إثبات انه بزيادة عدد شبكات البيكونت في المساحة 
  .الواحدة فان عدد التصادمات سوف يزداد ما يؤدي إلى تقليل كفاءة الشبكة

ث، بيكونت، سكاترنت، عملية االستعالم، عملية التصفح، حالة االستعالم،  بلوتو:الكلمات المفتاحية
  .TSFحالة التصفح، تشكيل سكاترنت الشجري 

5. References 
[1] “The Bluetooth Special Interest Group" 2003. The official Bluetooth web site: 

http://www.bluetooth.com 
[2] “Specification of the Bluetooth System, Core v1.1”, Bluetooth SIG, available 

for download at  
http://www.bluetooth.com/pdf/Bluetooth_11_Specifications_Book.pdf 

[3] “Specification of the Bluetooth System, Profiles v1.1”, Bluetooth SIG. available 
for download at  
http://www.bluetooth.com/pdf/Bluetooth_11_Profiles_Book.pdf 

[4] Nokia Corporation, 2003. “Bluetooth Technology Overview”. Version 1.0. 
available for download at  
http://www.mcs.vuw.ac.nz/courses/COMP204/2003T1/Lecture-
Notes/Bluetooth_Technology_Overview_v1_0.pdf 
http://forum.nokia.com 

[5] Stallings, W. 2002. “Wireless Communications and Networks”. Prentice Hall, 
New Jersey, USA. 

[6] Ciampa M., “Guide to Wireless Communications”. Thomson, Massachusetts, 
USA, 2002. 

[7] Tanenbaum A., “Computer Networks”, 4th edition. Prentice Hall, New Jersey, 
USA, 2003. 

[8] Karlsson J. and Persson A., “Device and Service Discovery in Bluetooth 
Networks”. Unpublished M.Sc. thesis, Department of Telecommunications and 
Signal Processing. Blekinge Institute of Technology, Australia, 2002. 
Available for download at  
http://www.inst-informatica.pt/v20/cid/biblioteca_digital/telecomunicacoes 
/200206BluetoothNetworks.pdf 
 

[9] Godfrey T., “Self-Organizing Bluetooth Scatternet”. M.Sc. thesis Department 
of Electrical Engineering and Computer Science. Massachusetts Institute of 
Technology, Massachusetts, USA, 2002, Available for download at  
http://www.sds.lcs.mit.edu/papers/ 



A Simulation Study on Bluetooth Ad Hoc Networks 

 
335

[10] Salonidis T, Bhagwat P, Tassiulas L. and LaMaire R., “Distributed topology 
construction of Bluetooth personal area network”. Proceedings of the 
Twentieth Annual Joint Conference of the IEEE Computer and 
Communications Societies, 2001. 
Available for download at http://www.ieee-infocom.org/2001/paper/785.pdf 

[11] Law C. and Siu K., “A Bluetooth Scatternet Formation Algorithm”. 
Proceedings of IEEE Symposium an Ad Hoc Wireless Networks 2001, San 
Antonio, Texas, USA, 2001. 
Available for download at 
http://web.mit.edu/ching/www/pubs/ScatternetAlg.pdf 

[12] Helttunen J., Mishra A. and Park S., “Improved Bluetooth Network Formation 
(IBNF)”, 2002. 
Available for download at http://www.cs.mtu.edu/~amishra/IBNF.pdf 

[13] Godfrey T., Allen M., John G. and Hari B., “An Efficient Scatternet Formation 
Algorithm for Dynamic Environments”, 2002. 
Available for download at http://nms.lcs.mit.edu/papers/tsf-ccn02.pdf  

[14] Godfrey T., Allen M., John G. and Hari B., “Forming Scatternets from 
Bluetooth Personal Area Networks”, 2002. 
Available for download at http://nms.lcs.mit.edu/projects/Blueware/tr826.pdf 

[15] Felegyhazi, M., “Development and Evaluation of a Dynamic Bluetooth 
Scatternet Formation Procedure”. M.Sc. thesis Department of 
Telecommunications and Informatics. Budapest University of Technology and 
Economics, Budapest, 2001. 
Available for download at http://www.sds.lcs.mit.edu/papers/ 

[16] NS-2 Network Simulator. 
Available for download at http://www.isi.edu/vint/nsnam/  

[17] BlueHoc: Bluetooth Extension for NS. 
Available for download at 
http://oos.software.ibm.com/developers/opensource/bluehoc  

[18] Blueware: Bluetooth Simulator for NS.  
Available for download at http://nms.lcs.mit.edu/projects/blueware/software  

[19] “Toshiba Corporation" 2003. The official Toshiba web site: 
http://www.toshiba.com 

 



 



ABHATH AL-YARMOUK: "Basic Sci. & Eng." Vol. 14, No.2, 2005, pp. 337-353 

 

 
Mining Text in the Arabic Language 

using Keyword Distribution 
 
 
 

 
Sameh Ghwanmeh *, Ghassan Kanaan **, Riyad Al-Shalabi**, Tarek Kan’an**  and Omar Al-Azzam** 

 
Received on Aug. 14, 2005 Accepted for publication on Oct. 13, 2005 

 
Abstract 

Application of data mining to large unstructured data means to realize or extract 
knowledge from this data. Conventional text mining (a form of data mining), treats a text 
document as a single piece of information, but it is used on textual information on the 
World Wide Web, which is frequently  huge and varied and can be very valuable. In this 
paper we illustrate an approach to mining knowledge from Arabic text collections by 
applying a range of procedures that mine the most frequent words (except for the stop 
words) from each Arabic  document and utilize these keywords as labels. We classify all 
documents by their subject areas into different classes, which were initially divided 
using to human judgement. Our system produced an improvement in   knowledge 
extraction from large amounts of Arabic textual data. For a new query the system 
retrieves the associated documents depending on their labels; the system also provides 
the opportunity to retrieve all documents in the related class.   

Introduction: 

Access to a large number of textual documents becomes more and more important, 
considering the growth of the Web, digital libraries, technical documentation; medical 
data . . .  Texts constitute resources that are worth exploiting. For thee reasons, 
knowledge discovery from textual databases, or text mining (TM), for short, is an 
important and difficult challenge, because of the richness and ambiguity of natural 
language (used in most of the available textual documents). [1] 

The huge progress made in information technology (IT) and the huge amount of 
data around the world in different texts, which traditional computer techniques have not 
been able to handle properly and the need to extract the knowledge from this data gave 
rise to a new branch of science called data mining. 

                                                           
© 2005 by Yarmouk University, Irbid, Jordan. 
*  Department of Computer Engineering ,Yarmouk University, Irbid, Jordan. 

** Department of Computer Science,Yarmouk University, Irbid, Jordan. 



Ghwanmeh, Kanaan, Al-Shalabi, Kan'an, Al-Azzam 

  
338

Data mining deals with unstructured data so as to extract knowledge from this data 
in an efficient manner. 

The major reason that data mining has attracted a great deal of attention in the 
information industry in  recent years is due to the wide availability of huge amounts of 
data and the imminent need to turn this data into useful information and knowledge. The 
information and knowledge gained can be used for applications ranging from business 
management, production control, and market analysis, to engineering design and 
scientific exploration. 

Data mining can be viewed as a result of the natural evolution of information 
technology. [4] 

Selecting discriminating terms in order to represent the contents of texts is a critical 
problem for many applications in Information Retrieval. Most Information Retrieval 
systems index documents based on individual words that are not specific enough to 
define? the contents of the texts. As a consequence, there has been a growing interest in 
developing techniques for automatic term extraction. [2] 

Knowledge discovery in databases (KDD) is informally defined as the extraction of 
useful information from databases by large-scale search for interesting patterns. The vast 
majority of existing KDD applications and methods deal with structured databases, e.g. 
client data stored in a relational database, and thus exploit the predefined organization of 
the data in the database. [5] 

Traditional databases store large collections of information in the form of structured 
records, and provide methods for querying the database to obtain all records whose 
content satisfies the user’s query. More recently, however, researchers in Knowledge 
Discovery in Databases (KDD) have provided a new family of tools for accessing 
information in databases (e.g., Anand and Khan, 1993; Brachman et al., 1993; Frawley 
et al., 1991; Kloesgen, 1992; Kloesgen, 1995b; Ezawa and Norton, 1995). The goal of 
such work, often called data mining, has been defined as “the nontrivial extraction of 
implicit, previously unknown, and potentially useful information from given data” 
(Piatetsky-Shapiro and Frawley, 1991). Work in this area includes applying machine-
learning and statistical-analysis techniques to the automatic discovery of patterns in 
databases, as well as providing user-guided environments for exploration of data. [3] 

However, although the goal of KDD work is to provide access to patterns and 
information in online information collections, most efforts have focused on knowledge 
discovery in structured databases, despite the tremendous amount of online information 
that appears only in collections of unstructured text.[3]  

Data mining is typically applied to large databases of highly structured information 
in order to discover new knowledge. Therefore, it is important to develop methods to 
efficiently discover knowledge embedded in these document repositories. [8] 

Data mining gives us the ability to see patterns, predict the future, and make 
informed decisions based on the evidence in large databases. For example, data mining 
of categorical and numerical consumer shopping data allow a retailer to understand 
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which items are bought by the same customers, predict sales of seasonal items, and more 
efficiently manage its inventory. Over the past decade, the use of data mining techniques 
has revolutionized many commercial and government enterprises by enabling more 
accurate decision making in such areas as industrial control [Wang, 1999], fraud 
detection [Fawcett and Provost, 1997], inventory management [Agrawal et al., 1993], 
and customer relationship management [Domingos and Richardson, 2001]. [6] 

There is already much data in the necessary “database form,” (with fields and 
records), but there is also a vast amount of important information available only in 
natural language text, such as Web pages, publications, corporate memos, research 
findings, government reports and other documents. To be accurately mined, these 
documents must first be organized and normalized into database-form. [6] 

Textual information on the Web is very huge, varied and useful. While traditional 
text mining treat a text document as a single piece of information, this approach may not 
be suitable for web document that are long and heterogeneous in their contents .[9] 

Large text databases potentially contain a great wealth of knowledge. However, text 
represents factual information (and information about the author’s communicative 
intentions) in a complex, rich, and opaque manner. Consequently, unlike numerical and 
fixed field data, it cannot be analyzed by standard statistical data mining methods. 
Relying on human analysis results in either huge workloads or the analysis of only a tiny 
fraction of the database. We are working on text mining technology to extract knowledge 
from very large amounts of textual data. Unlike information retrieval technology that 
allows a user to select documents that meet the user’s requirements and interests, or 
document clustering technology that organizes documents, we focus on finding valuable 
patterns and rules in text that indicate trends and significant features about specific 
topics. [7] 

Text categorization is the assignment of relevant categories to documents, and a 
number of machine learning techniques have been developed to automate the process. 
After training with a sufficient number of example documents, associations are made 
between the words in documents and the concepts in the categorization scheme. [8] 

The data mining phase can be comprised of statistical techniques or algorithms to 
discover knowledge, rules, and relationships between concepts. Successful data mining 
leads to the discovery of facts which are non-trivial and previously unknown. [8] 

Previous Work: 

Text mining is a process based on the general knowledge discovery process. We 
start with a set of textual documents that are first prepared, i.e. selected, preprocessed, 
and indexed. Then we apply a text mining method, i.e. association rule extraction. In a 
final step, association rules are classified according to numerical measures, and validated 
by an analyst, actually an expert in the data domain. Once validated, the association rules 
are considered as new knowledge units and are used in turn to enrich the text indexing 
and annotation. It must be noticed that the whole text mining process depends on domain 
knowledge and on the analyst’s knowledge of the domain: we claim that the text mining 
process cannot be successfully carried out without a model of the data domain. [1] 
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One approach to mining knowledge from text collections is to by apply data mining 
techniques to metadata records generated via automated text categorization. By 
controlling the set of metadata fields as well as the set of assigned categories we can 
customize the knowledge discovery task to address specific questions. 

The methodology uses automated text categorization to create structured metadata, 
which can then be analyzed using traditional data mining techniques. The result is a set 
of associations or rules involving a pre-defined set of concepts. By using this approach it 
is possible to efficiently analyze large document repositories and discover new 
knowledge. [8] 

The KDT system for Knowledge Discovery in Text, in which documents are 
labeled by keywords, and knowledge discovery is performed by analyzing the co-
occurrence frequencies of the various keywords labeling the documents. We show how 
this keyword-frequency approach supports a range of KDD operations, providing a 
suitable foundation for knowledge discovery and exploration for collections of 
unstructured text. 

This approach addresses the problem of Knowledge Discovery from Text, and 
describes the KDT system, which provides for text the kinds of KDD operations 
previously provided for structured databases. Our approach is, first, to label documents 
with keywords taken from a controlled vocabulary that is organized into some 
meaningful hierarchical structure. Next, the keywords and higher-level entities in the 
282 FELDMAN, DAGAN AND HIRSH hierarchy are used to support a range of KDD 
operations on the documents, to index into interesting sub collections, as well as to 
access and understand the various documents in a collection through keyword co-
occurrence frequencies. A key insight in this work is that the frequency of occurrence of 
keywords can provide the foundation for a wide range of KDD operations on collections 
of textual documents, including analysis tools that allow a user to find patterns across 
sets of documents (such as tools for finding sets of documents whose keyword 
distributions differ significantly from the full collection, other related collections, or 
collections from other points in time) and presentation tools that allow a user to view the 
documents and information underlying them in convenient forms (such as tools for 
browsing a collection, viewing sets of underlying patterns in a structured way, or 
exploring the documents on which a pattern is based). [3] 

The focus is the analysis and presentation tools based on keyword co-occurrence 
frequencies. In particular, we do not concern ourselves with the initial step of labeling 
documents with keywords: in many commercial and scientific text collections and 
information feeds documents are already labeled with keywords taken from a hierarchy 
of controlled-vocabulary terms, to assist and augment free-text searching (e.g., the 
Dialog service of Knight Ridder Information Inc., the  First service of Individual Inc., 
and the Medical Subject Heading (MeSH) hierarchy), and further, there is also a large 
body of work on automatically labeling documents with keywords (Lewis, 1992; Jacobs, 
1992; Iwayama and Tokunaga, 1994; Apte et al., 1994; Lewis and Catlett, 1994).[3] 

Knowledge discovery for text begins with documents labeled by keywords selected 
from a hierarchy of keywords. A user can then explore potentially interesting collections 
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of documents by exploring the distribution of labels on the documents. We have 
described how this approach can support a range of mining operations, as well as how 
they are instantiated within (KDT), an implemented system for knowledge discovery 
from text. This includes tools for comparing the distribution of keywords under some 
node in the keyword hierarchy for sub collections of the full set of documents (selected 
via the keywords as well) to average distributions, as well as comparing distributions for 
collections from different points in time. The KDT system also provides a range of 
display methods for presenting such distributions and accessing the documents that give 
rise to them. [3] 

TextVis [Landau et al., 1998] is a new integrated visual system for text mining. 
TextVis takes a multi-strategy approach to text mining, allowing the formation of 
arbitrarily complex analysis tasks. The system provides the user with a set of basic tools 
as building blocks, and complex analysis tasks are constructed by combining the basic 
tools. The process may be interactive, defining and refining the analysis process ad hoc. 
The system provides a visual interface for constructing the analysis path. Using the 
visual interface, basic tools are represented as drag-and-drop icons (from an icon pallet), 
and the combination of tools is executed by drawing arrows between icons on the 
workspace. In addition, TextVis provides an elaborate set of browsers, including IR 
(Information Retrieval) tools, for viewing the data and the analysis results. The browsers 
are integrated into the analysis process, and may be used as active filters. Thus, TextVis 
provides a knowledge discovery framework that integrates advanced mining tools with 
traditional IR. [5] 

Text mining using passages defined the notion of a passage and a co-occurring 
range, which are concepts developed for passage-based text mining. An association rule 
is defined based on the original one of data mining. The approach is applied to Thai web 
documents where word segmentation is applied to extract words from each document. 
To avoid the problem of computational complexity of calculating support, confidence 
and improvement of association rules, a means of pruning is applied to filter out less 
plausible possibilities. The applicability of the approach was demonstrated with 
experiments on Thai documents from the web. The passage-based method is compared 
with the non-passage based one. The preliminary result shows that the concept of a 
passage can help improve the text mining process to some extent. [9] 

Comparison with other systems: 

To summarize is to reduce in complexity, and hence in length, while retaining some 
of the essential qualities of the original, this paper focuses on document extracts, a 
particular kind of computed document summary. [13] 

 Document extracts consisting of roughly 20% of the original can be as informative 
as the full text of a document, which suggests that even shorter extracts may be useful 
indicative summaries. We have developed a trainable summarization program that is 
grounded in a sound statistical framework. [13] 

Titles, keywords, tables-of-contents and abstracts might all be considered as forms 
of summary; however a document summary conventionally refers to an abstract-like 
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condensation of a full-text document. Traditionally, document summaries are provided 
by the author. [13] 

This paper focuses on document extracts, a particular kind of computed document 
summary. Abstracts are sometimes used as full document surrogates, for example as the 
input to text search systems, but they also speed access by providing an easily digested 
intermediate point between a document’s title and its full text that is useful for rapid 
relevance assessment. It is this second interface-related use that is our motivation for 
automatic document summarization. The goal is to generate a concise document 
description that is more revealing than a title but short enough to be absorbed in a single 
glance. A traditional Author-supplied indicative abstract clearly fulfills this objective, 
but it is hoped that other, more easily computed condensations may also serve. [13] 

We approach extract selection as a statistical classification problem. Given a 
training set of documents with hand-selected document extracts, develop a classification 
function that estimates the probability a given sentence is included in an extract. New 
extracts can then be generated by ranking sentences according to this probability and 
selecting a user-specified number of the top scoring ones. This framework provides a 
natural evaluation criterion: the classification success rate or precision. It also offers a 
direct method for finding an optimal combination of extraction selection heuristics, or 
features. However, it does require a training corpus of documents with labeled extracts, 
which can be expensive to obtain. [13] 

Extracting summarizers typically compute a score for each sentence in a document 
and then select the highest scoring subset. The scoring criteria employed include 
participation in predefined semantic roles, rhetorical relations, inclusion of phrasal index 
terms, document-specific keyword frequencies, location heuristics, and the assessment of 
sentence similarity structure. Methods either assume the document exists in isolation, or 
in the context of a larger collection, which allows term weights to depend on corpus 
statistics. [13] 

Our system: 

In our approach the first step is to label every document in our collection, this label 
is necessary for the search method. The documents are first cleaned by removing the 
stop words and stemming thereby improving the precision of the search, we then 
calculate the frequency for each stem and sort them in descending order, the five most 
frequent key words are selected as document labels. This process is carried out for our 
entire test data collection which is divided into four classes; each containing a number of 
documents. The classes in question are computers the Arabic language, economics, and 
politics; the other documents are outliers. 

Classification by using human judgment was applied in all these classes. 
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Research Methodology: 

Algorithm 
Main 
Begin 
For d=1 to NoOfDocs 

Procedure lexical (d) // this procedure do lexical analysis on the documents 
removing digits, hyphens, etc  

Procedure StopWordRemoval (d) // this procedure compare every word in the 
documents with the stop list stored in the 
database that contains all Arabic stop 
words and if there is match the word is 
removed. 

Procedure Steming (d) // this procedure takes every word in the document and 
return its stem (root) 

// after these three procedures we have a cleaned documents that are ready to 
process   

Procedure LabelDoc (d) 
Next d 
Procedure Search 
End 
Procedure LabelDocs 
Begin 
For DocNo=1 to NoOfDocs 
 For j=1 to length (d) 
  Compare word with wordarray 
  If found then 
   WordFrequency= WordFrequncy +1 
  Else 
   Add word to Wordarray 
  End if 
 Sort WordFrequeny in accending order 
 DocLabel(DocNo)= top 5 words  

Next j 
Next i 
End 
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Procedure Search 

Begin 

 Input query 

 Procedure lexical (query) 

 Procedure StopWordRemoval(query) 

Procedure Steming(query) 

Enter Search criteria 

If search criteria is by document then 

Compare cleaned query with every document label 

  If matched then return document 

  Rank documents according to match degree 

Else 

Compare cleaned query with every document label 

 Return most matched Class 

End if  

End 
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Methodology Flow Chart 

 
Arabic Text: 

Arabic, one of the six official languages of the United Nations, is the mother tongue 
of 300 million people. Unlike languages that use Latin-based alphabets, the orientation 
of writing in Arabic is from right to left. The Arabic alphabet consists of 28 letters, but it 
can be extended to ninety by additional shapes, marks, and vowels. Most Arabic words 
are morphologically derived from a list of roots. The root is the bare verb form. Most 
roots are made up of three consonants, but some have four or five. The Arabic language 
uses a root-and-pattern morphotactics; patterns can be thought of as templates adhering 
to well-known rules. These patterns generate most nouns and verb forms. Roots are 
interdigitated with the characters in the patterns to form Arabic surface forms [11]. 

A stem is a simple word form, from which other words are derived in a regular 
fashion. A stemmer is a module that examines words and extracts their stem.  The 
stemmer begins its work by looking for strings that contains three or more characters, 
since the root has three letters or more, words are formed by adding characters to the 
patterns of the root, so the stems must have at least three letters.   

 

Document Collection 

Cleaned Documents 

List of Document Names and Their Labels 

List of Classes 

Relevant Documents 

Data Cleaning  

Document Labelling 

Classification 

Search 
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Stop Words: 

Table 1 shows the effect of removing stop words. For all four degrees of stemming: 
raw, norm, light2, and light8, removing stop words  results  in  a  small  increase  in  
average  precision, which  is statistically significant for light2 and light8, but not for the 
raw and normalized conditions.  

Table 1: Average precision for stemmers with and without removing stop words. 

Stemmer raw norm light2 light8 

Stop words in   .194 .238 .284 .376 

Stop words removed   .196 .241 .291 .389 

Pct. Change   1.3 1.1 2.4 3.6 

The  fairest  comparison  is the one between  the  Khoja  stemmer  and  light8 after  
removing  stop words  (light8-s). The difference between light8-s and Khoja-u (with 
unbreakable) is statistically significant, for both unexpanded and expanded queries. The 
difference between light8-s and Khoja (without unbreakable) is not significant for 
unexpanded or expanded queries. In short, the best stemmers for monolingual 
information retrieval were light8-s, a light stemmer, and Khoja, a morphological 
analyzer [12] 

Stemming: 

With the rapid growth of the Internet in recent years, the World Wide Web (WWW) 
has become one of the most popular media for the dissemination of electronic Arabic 
documents. Automatic mediation of access to Arabic Web pages is becoming an 
increasingly important problem [11] 

Many words with different meaning are based on the same root; thus, a root-based 
algorithm creates invalid conflation classes and results in ambiguous queries. To resolve 
ambiguity, a light-stemming algorithm for Arabic texts was proposed. [11] 

The key problem of the root detector algorithm in information retrieval is that many 
word variants do not have similar semantic interpretations. Although these words are 
different in meaning, they originate from one identical root. Thus, the root-based 
retrieval methods increase word ambiguities. Inflected and derived words can have a 
vigorous impact on the retrieval effectiveness of any information retrieval system. 
Therefore, it is important to recognize the variants of word morphemes in any highly 
inflected language such as Arabic. Word-sense disambiguation is essential to improve 
any Arabic information retrieval system. [11] 

Labelling: 

Every document in our collection must be labelled, this label is necessary for the 
search method. The documents are first cleaned by removing the stop words and 
stemming Then we calculate the frequency for each stem and sort them in descending 
order, the  five most frequent key words are selected as document label. 
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Classification: 

In our test data collection we have four classes; every class contains 20 documents 
(80 documents in total). The classes in question are computers and the Arabic language, 
economics, and politics; the other documents are outliers. The documents in all these 
classes were classified using by human judgment. 

Search: 

The relevance of a document to each query is determined primarily by the 
frequency of terms in both the document and the query. Therefore, transforming 
different inflections and derivations of the same word to one common stem or base form 
creates a conflation class or group. Retrieval based on a conflation class that has all 
related words in one class leads to improvement in languages like English. Such 
conflation is more important in the Arabic language. [11] 
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Examples: 

Labelling Example 

 
Document Labeling  

- Stop Word Removal 

- Stemming 

- Labeling 
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Searching By Document Example 

 
Searching By Document 



Ghwanmeh, Kanaan, Al-Shalabi, Kan'an, Al-Azzam 

  
350

Searching By Class Example 

 
Searching By Class 
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Conclusion: 

We have developed a system of text mining to discover knowledge from a vast 
amount of Arabic textual data.  Our system is based on labelling document key words, 
document classification, and the query search system. 

Our efforts centre on extracting the label words from every Arabic text document in 
our collection by calculating the co-occurrences of every word in the document, and then 
we classify all test documents into different categories based on human judgment. 

We integrated our project with a search system. The user enters in a query and the 
system demonstrates the correlated documents and the related class. 

Our system gives an enhanced way to extract knowledge from large amounts of 
Arabic textual data. We found that managing the Arabic text is more complex than the 
English. Also we found that our system reduces the search time because the system after 
finishing the labelling step does not search for all words in the document but just 
searches the label words for each document. 

The system retrieves the documents  depending not only on a complete match 
between the query and label words but also retrieves the partial match documents and 
this gives us a broad range of retrieval documents with less time. 

Future Work: 

We plan to experiment with text mining techniques further. Especially we want to 
investigate alternative labels for each document. We also plan to investigate the effects 
of dividing each document into fixed size passages depending on a variety of rules. We 
think that dividing the document will improve the system because it gives us more label 
words and because many documents talk about more than one topic. 

  
  للتنقيب عن البيانات في اللغة العربية  إستخدام توزيع الكلمات املفاتيحية

  
  .سامح غوانمه، غسان كنعان، رياض الشلبي، طارق كنعان، عمر العزام

  
  ملخص

أن تطبيق تنقيب البيانات علـى معلومـات واسـعة غيـر مبنيـة يعنـي إدراك أو اسـتخراج المعرفـة مـن هـذه                     
ــات ــب الت . البيان ــالج التنقي ــستعمل          يع ــا ت ــردة مــن المعلومــات لكنه ــة منف ــاره قطع ــنص باعتب ــا ال ــنص م ــدي ل قلي

باعتبارها معلومات نصية على الشبكة الدولية والتي غالبًا ما تكون ضـخمة ومتنوعـة ولربمـا تكـون ذات قيمـة                   
  .عالية
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نوضــح فــي هــذه الورقــة نهجــًا لتنقيــب المعرفــة لمجموعــة نــصوص عربيــة مــن خــالل تطبيــق مــدى مــن       
. مـن كـل وثيقـة مـن الوثـائق العربيـة        ) عـدا كلمـات التوقـف     (ات تعمل على تنقيب أكثر الكلمات تكـرارًا         اإلجراء

ونــستخدم الكلمــات المفتاحيــة كعالمــات مميــزة كمــا نــصنف جميــع الوثــائق الــى فئــات مختلفــة حــسب حقولهــا     
 تحسينًا في اسـتخدام  نتج عن نظامنا. المعرفية والتي سبق وأن تم تقسيمها مبدئيًا من قبل العنصر البشري          

  .المعرفة من كم هائل من بيانات النصوص العربية
كمــا ينــتج النظــام . وفــي بحثنــا يــسترجع النظــام الوثــائق المــشاركة فعــًال معتمــدًا علــى عالمتهــا المميــزة  

 .الفرصة الستراجاع جميع الوثائق ذات الصلة بالتصنيف المقصود
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Abstract 

Rotating tubes have many applications. They are usually subjected to different 
types of loading and operating conditions such as axial loads, pressure difference, 
temperature difference, bending moment, transmitted torque and centrifugal effects. The 
use of ordinary analytic solution methods to find the proper thickness of the rotating tube 
yields a complicated set of equations. Hence, a computerized iterative approach may be 
a better method to tackle such a problem. The objective of this research is to develop a 
user friendly software package that helps the machine designer to compute the least 
possible thickness of a rotating tube that enables the tube to withstand a certain 
combination of given loads in compliance with some pre-selected set of failure theories. 
The software is user friendly and it provides a wide range of options such as filing, 
plotting, and reporting. The stress distribution across the wall of the tube can be plotted 
and the value and position of the maximum stress are displayed separately. The 
functionality of the software is validated by using it to solve problems with known 
solutions and the software display results as expected. The developed software is a 
useful tool for the designer for what-if sessions. In particular, the designer can study the 
effect of different assumptions of loads, internal radius, materials, and theories of failure 
on the design thickness of the tube. 

Keywords: Rotating tube, Software package, Thickness, Maximum stress, Failure 
theories. 

1. Introduction   

Rotating tubes has many applications in industry. These include, and not limited to, 
gas turbines and turbo machinery [1, 2], separation systems [3, 4], geo-environmental 
techniques [5, 6], and many others. In general, these machine elements are subjected to 
very complex loading conditions such as axial loads, pressure difference, temperature 
difference, bending moment, transmitted torque and centrifugal effects. In addition to the 
many parameters that affect the design of a rotating tube another problem arises from the 
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countering effect of these factors. An increase in the tube thickness leads to an increase 
in the centrifugal stresses, however it leads also to a decrease in other types of stresses. 
Moreover, the stress distribution across the wall of the tube varies from one loading 
condition to another, which makes the maximum stress point be any point across the 
wall. Hence finding such a point is very necessary for the design of the tube. Computing 
the maximum stress point manually is a tedious job that is also subject to making many 
mistakes. 

The objective of this research is to develop a user friendly software package that 
helps the machine designer to compute the least possible thickness of a rotating tube that 
enables the tube to withstand a certain combination of given loads in compliance with 
some preselected set of failure theories. 

Input parameters for the software will include for example: material properties, 
different types of loading and internal radius of the tube. The output of the software will 
include, for example, the optimum outer radius of the tube that enables it to withstand 
such loading and a plot of the stress distribution across the wall of the tube to determine 
the point of maximum stress. Up to the knowledge of the authors and based on an 
internet search a software that includes all these parameters is not available. Xcalcs, [7], 
is an example of the  available software. It deals with the design of beams, pipes, plates, 
vessels, and others but it does not deal with a rotating tube.  

This paper is structured as in the following: Section two covers the theoretical 
background of the different types of loading and the theoretical background of some 
failure theories. Section three presents the features of the software. Section four outlines 
the methodology of the research. Section five provides the summery and conclusions of 
the research. 

2. Theoretical background  

The design of a rotating tube is affected by the applied loads that might include 
simple stresses, pressure stresses, thermal stresses, bending stresses, torsion stresses, and 
centrifugal stresses. Table 1 presents a summery of the formulas used to determine each 
type of these stresses [8-11]. The formulas are written in a format that conforms with the 
Visual Basic syntax. Figure 1 shows also the coordinate system used in the analysis.  

2.1 Stress analysis: 

Pure tension, pure compression, or pure shear produce uniformly distributed 
stresses. Uniformly distributed stresses (axial force and shearing) can be evaluated 
according to following set of equations: 

σ = F/A  and  τ= F/A .......................................................................................  (1) 

However, bending stresses are not uniform. To evaluate the stress caused by the 
bending moment, it is important to find the maximum bending moment from the bending 
moment diagram and the position of maximum effect. Here, 

σmax = Mmax X ymax / I ...................................................................................... (2) 
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Burr, [8], showed that pressure difference in a cylinder develops both radial and 
tangential stresses with values that are dependent upon the radius of the element under 
consideration.  
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It should be realized that longitudinal stresses exist when the end reactions to the 
internal pressure are taken by the pressure vessel itself. 
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Burr, [8], also, presented the formulas that are used to find the effect of rotation. In 
the rotating tube case, the complexity of calculation can be simplified by considering it 
as a rotating ring. When this is done it is found that the same tangential and radial 
stresses exist as in the theory for thick-walled cylinders except that they are caused by 
inertial forces acting on all the particles of the ring. The resultant stresses can be 
evaluated if they are assumed constant over the length of the shaft. These stresses can be 
written as in the following: 
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Where r is the radius of the stress element under consideration, ρ is the mass 
density, and ω is the angular velocity of the ring in rad/sec.  

The effect of temperature difference is presented by Timoshenko and Goodier [9]. 
If a straight bar is restrained at the ends so as to prevent lengthwise expansion and then it 
is subjected to a uniform increase in temperature, a compressive stress will develop 
because of the axial constraint as in the following set of equations:  

( )x y z Tε ε ε α= = = ∆  and * ( )E T Eσ ε α= = ∆ .................. (8) 
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The values of the coefficients of thermal expansion can be found in many 
references such as Burr et. al., [8]. 

The thermal stress is one that arises because of the existence of a temperature 
gradient in a member. During cooling the maximum stress is the surface tension. During 
heating, the external surface is hot and tends to expand but it is restrained by the cooler 
center. This causes compression the surface and tension in the center.  

Timoshenko and Goodier [9]. differentiate between the cases whether the inner side 
temperature is lower or higher than the outer side and they give formulas for both cases. 
The stresses on long cylinders can be written as in the following:  
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2.2 Combined stress analysis and failure theories 

When a part is loaded such that the stress state is uniaxial, then the stress and the 
strength can be compared directly to determine the degree of safety, or to find whether 
the part will fail or not. The method is simple, because there is only one value of stress 
and there is only one value of strength, be it yield strength, ultimate strength, shear 
strength, or whatever, as appropriate. The problem becomes more complicated when the 
stress state is biaxial or tri-axial [10, 11]. In such cases there are a multitude of stresses, 
but still only one significant strength. A number of failure theories have been proposed 
in the literature to help answer the question of how safe the part is [8-12]. The remainder 
of this section is a discussion of five of the most common  used failure theories [8-12]. 
Table 2 contains a summery of conditions for failure of  each of these theories. 

The maximum-normal-stress theory states that failure occurs whenever one of the 
three principal stresses equals or exceeds the strength [10]. Thus, this theory predicts that 
failure occurs whenever 

tS=1σ   or  cS−=3σ .................................................................................. (12) 

Where 321 σσσ >>  and  St and Sc are tensile and compressive strengths, 
respectively.  
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The maximum-strain theory, also called Saint-Venant’s theory, applies only in the 
elastic range of stresses. This theory states that yielding occurs when the largest of the 
three principal strains becomes equal or exceed to the strain corresponding to the yield 
strength. If we assume that the yield strength in tension and compression are equal, then 
the strains due to the stresses can be equated to the strain corresponding to the yield 
strength, as in the following set of equations: 

ySv ±=+− )( 321 σσσ  

ySv ±=+− )( 132 σσσ   (13) 

ySv ±=+− )( 213 σσσ  

The maximum-shear-stress theory states that yielding starts whenever the maximum 
shear stress in any element becomes equal to the maximum shear stress in a tension test 
specimen of the same material when that specimen begins to yield. 

If we order the principal normal stresses as 321 σσσ >> , then the maximum-
shear-stress theory predicts that yielding will occur when: 
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≥ ...................... (14) 

Note that this theory also states that the yield strength in shear is given by the 
following equation: 

)( 50.0 ysy SS = .........................................................................................  (15) 

Equations (14) show that the failure is predicted whenever any one of the three 
shear stresses τ 1/2, τ 2/3, or τ 1/3 is maximum.  

The distortion-energy theory was originated because of the observation that ductile 
materials stresses hydrostatically exhibited yield strengths greatly in excess of the values 
given by the simple tension test [10]. Hence, it was postulated that yielding was not a 
simple tensile or compressive phenomenon at all, but, rather, that it was related 
somehow to the angular distortion of the stressed element. In other words, the distortion-
energy theory predicts that yielding occurs when the distortion strain energy in a unit 
volume equals or exceeds the distortion strain energy in the same volume when 
uniaxially stressed to the yield strength.  

In equation form: 
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Hence, yielding is predicted to occur when: 
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yS≥′σ ........................................................................................................ (17) 

The stress σ ′  should be given a special name, because it represents the entire stress 

state 1σ , 2σ , and 3σ . The preferred names are the effective stress or the Von Mises 
stress, after R. Von Mises, who contributed to the theory. 

The internal friction theory: The compressive strength of a material that fails in 
compression by a sudden shattering fracture has a specific value. However, if the 
material is not one that fails in this manner, then the compressive strength must be 
defined in some arbitrary manner corresponding to a specified allowed distortion [10]. 
The governing equation is: 

131 =−
ct SS

σσ
............................................................................................. (18) 

Where  0 and 0 31 ≤≥ σσ  

The selection of one or more of these theories is something that the designer must 
decide. For design purposes the maximum-shear-stress theory is easy and quick to use 
and correlates reasonably well with the yielding of ductile materials [12]. If the problem 
is to find why a part failed, then the distortion-energy theory may be the best to use [10]. 
Among the various theories already described, the maximum-normal-stress and the 
internal-friction theories are the best to the prediction of yielding of brittle fracture. 
However, the designer can consult a reference, e.g. [10], that includes a flowchart of 
how to choose the appropriate theory. For more conservative solution one can apply 
more than one theory and then design according to the more critical theory. The 
developed software package as described in the following sections allows the designer to 
choose any number of these five theories simultaneously.  

The preceding discussion of failure theories applies to isotropic materials. For 
anisotropic materials subjected to various combinations of stresses, that are beyond the 
scope of the current version of the package, the designer must refer to special references 
[e.g. 13].  

3. Features of the software 

The developed software package was implemented using the programming 
language Visual Basic (VB6). It consists of many standard forms like the splash screen, 
the log in dialog (password), the about dialog, the common dialogs (like open, save and 
color), introductory menu, and others.  

Fig. 2 presents the input window of the software package. This window is one of 
the important interface windows throughout the software package. Through this window 
the designer can activate the following buttons:  

1.  LOADING: to enter the loading on the shaft: e.g., the axial force, the bending 
moment, internal pressure, and the internal temperature. 
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2.  MATERIAL: to specify the material properties of the shaft. 

3.  SHAFT GEOMETRY: to declare the initial radius and length of the shaft. 

4.  THEORIES OF FAILURE: to select one or more of the failure theories. 

Moreover, other buttons can be activated from this window, for example, START is 
used to run the program, SAVE to save the entries to a file, and LOAD to open a saved 
run. 

Figure 3 presents the output window of the software package. On this page the plot 
of the stress distribution across the wall of the tube is displayed. The position and value 
of the maximum stress is also displayed separately. In addition, the software package 
includes an error tracking system of messages. For example, it reminds the user of 
missing data, or illogical entries.  

4. The methodology of the research  

Having covered the theoretical background of the stresses included by different 
loading types and the different failure theories, it is appropriate at this point to describe 
the logic used in the program. The program consists of three main parts: the main 
program, the principal stresses subroutines, and the theories of failure subroutine. The 
main program calls the other two subroutines. The flowcharts of the three programs are 
presented in Figures 4-6, respectively. In the following, the algorithm of each of the 
three programs is discussed separately. 

4.1 The main program 

The main program finds the least thickness of the rotating tube that withstands the 
applied load. One of the menus of the software prompts the user to enter a suggested 
value for the increment (INC) of the radius. Since the thickness of the rotating tube 
should not exceed 10% of the internal radius (Ri), it is suggested here to use an 
increment value of around 0.01* Ri. Fig. 4 presents the flowchart of the main program. 
The following is a pseudo code presentation of the algorithm of the main program:  

Algorithm: 

Initialization: Ro = Ri 

Step 1: Use the selected value of the increment (INC) and set Ro = Ro + INC 

Step 2: Divide the current thickness of the wall into 4 equal distances. This results into 5 
limiting points, namely:  

a) Point at the internal surface. 

b) Point at 25% of thickness. 

c) Point at 50% of thickness.  
d) Point at 75% of thickness.  

e) Point at the outer surface.  



Al-ajlouni and Kablan  

  
362

Step 3: Start at the innerest point, evaluate the principal stresses at the point and use 
the selected failure theories to test if the point withstands the loading. If it passes all 
selected theories then move to the next point of the limiting points and test if the current 
point passes all the selected failure theories, otherwise go to step 1 and increment Ro by 
INC and continue in the same manner until you reach some Ro, for which all 5 limiting 
points withstand the applied load. 

It is to mention here that if more than one theory is selected, then the final 
computed outer radius will be the largest because the tests of all selected failure theories 
must be passed. It must be also pointed out that the authors selected to divide the current 
wall thickness into five points and made sure that the tests of the selected failure theories 
are passed at all five points because the literature shows that maximum stress might 
occur either at the inner radius, the outer radius, or at RoRi ∗  (close to midpoint), [8]. 
An alternative approach to the design of the tube would be to start at the inner radius and 
to add a very small increment and to test the selected failure theories at the outer radius 
and continue this process of incrimination and testing at the current outer radius  until we 
find some Ro that passes all tests. The latter approach neglects the fact that the maximum 
stress might occur some-where within the current thickness of the wall and hence the 
authors did not select to use the latter approach. 

4.2 Principal stresses subroutine 

This subroutine computes the principal stresses at any given radius of the thickness 
of the tube. The computation of the principal stresses is based on a procedure that is 
explained by Oberg et. al., [11].The flowchart of this subroutine is presented in Fig. 5. 
The algorithm of this subroutine can be presented as in the following:  

Algorithm: 

Step 1: Evaluate all possible single stresses in radial (r), tangential (t), and 
longitudinal (l) directions due to each kind of loading using the equations in Table 1. It 
must be mentioned here that these equations are written in conformance with the syntax 
of the Visual BASIC Language. In these equations, the area, the second moment of area, 
and the polar moment of area are expressed in terms of the inner radius (Ri), and the 
outer radius (Ro). 

Step 2: Find the summation of stresses in each direction as in the following: 
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Step 3: Evaluate the coefficients A, B, and C of the stress cubic equation:  

023 =−+− CBSASS  .............................................................................. (20) 

Where  
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                 ……….(22) 

Step 5: Rearrange the values of I, J, and K in descending order and assign the 
highest value to σ1, the intermediate value to σ2, and the lowest value to σ3. 

At this point the values of the principal stresses σ1, σ2, σ3  are found and their 
values can be used in the design using the failure theories described before. 

4.3 Theories of failure subroutine 

The inputs for this subroutine are the principal stresses at some radius within the 
thickness of the tube. This subroutine tests if the tube withstands the principal stresses at 
the given radius according to the selected theories of failure for that material type (brittle 
or ductile). The flowchart of this subroutine is presented in Fig. 6. Table 2 presents a 
summery of conditions for failure of each theory. The algorithm of this subroutine is 
outlined as in the following:  

Algorithm: 

Step 1: Get the principal stresses σ1, σ2, σ3   

Step 2: Apply the tests of the first selected theory, if fail then return fail, otherwise 

…….(21) 
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apply the test of the next selected theory and continue in the same manner. 

It is apparent that the subroutine as shown in Fig. 6 only returns “pass” if the tube 
withstands the given principal stresses according to all selected theories of failure. 

5. Summery and Conclusions:  

Rotating tubes have many applications. They are usually subjected to different 
types of loading and operating conditions such as axial load, pressure difference, 
temperature difference, bending moment, transmitted torque and centrifugal effects. 
Hence, many parameters influence the evaluation of the proper thickness of the rotating 
tube that withstands the given combination of loads. The use of ordinary analytic 
solution methods to find the proper thickness yields a complicated set of equations. 
Hence, a computerized iterative approach might be a better method to tackle such a 
problem. 

This research has presented the development of a software package that can be 
considered as a tool for designing a rotating shaft under any combination of loads and in 
compliance with some preselected set of failure theories. The software is very user 
friendly and provides a wide range of options such as filing, plotting, and reporting. The 
stress distribution across the wall of the tube can be plotted and the position and value of 
the maximum stress are displayed separately. The developed software includes also an 
error tracking system. The functionality of the software has been validated by using it to 
solve many problems with known solutions. The software displayed results as expected 
(study cases are shown in figures 7-9). More complicated problems with more loading 
can be performed, but the results cannot be compared elsewhere.  

The developed software is a very useful tool for the designer in what-if sessions, 
particularly if he wants to test different assumptions of loads, internal radius, materials, 
and theories of failure. The software has other applications besides shafts, for example it 
can be used for finding the proper thickness of the pipes of heat exchangers where 
pressure and temperature differences are present. The developed software can be 
extended in many ways. For example, a more general loading, i.e. non-axial forces may 
be considered. In this case, a total free body diagram analysis must be performed, and 
the stresses not only across the thickness but also along the shaft must be taken in 
consideration. The future version of this software may include cases like, axial variation 
in temperature, impact and other type of material (e.g. anisotropic). 
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Table 1. Summery of equations used  for stress calculations.  

Type of load Stress equation 

Axial force SAFL = F / (Pii * (Ro ^ 2 - Ri ^ 2)) 

Bending moment SBML = 4 * R * Q / ((Pii * (Ro ^ 4 - Ri ^ 4))) 

Internal pressure SIPR = (-Pi * (((Ri ^ 2) / (Ro ^ 2 - Ri ^ 2))) * (((Ro ^ 2 / R ^ 2) 
- 1))) 

SIPT = (Pi * (((Ri ^ 2) / (Ro ^ 2 - Ri ^ 2))) * (((Ro ^ 2 / R ^ 2) + 
1))) 

External pressure SEPR = (-Po * (Ro ^ 2 / (Ro ^ 2 - Ri ^ 2))) * ((1 - (Ri ^ 2 / R ^ 
2))) 

SEPT = (-Po * (Ro ^ 2 / (Ro ^ 2 - Ri ^ 2))) * ((1 + (Ri ^ 2 / R ^ 
2))) 

Centrifugal force SCFR = ((RW * W ^ 2) * ((3 + v) / 8)) * (Ro ^ 2 + Ri ^ 2 - (Ri ^ 
2 * Ro ^ 2 / R ^ 2) - R ^ 2) 

 SCFT = ((RW * W ^ 2) * ((3 + v) / 8)) * (Ro ^ 2 + Ri ^ 2 + (Ri 
^ 2 * Ro ^ 2 / R ^ 2) - (((1 + 3 * v) / (3 + v))) * R ^ 2) 

Torque SHEAR = 2 * R * T / ((Pii * (Ro ^ 4 - Ri ^ 4))) 

Thermal stresses 

 

CT = C * E * (Ta - Tb) / ((2 * (1 - v) * Log(Ro / Ri))) 

STSR = CT * (((Ri ^ 2 / (Ro ^ 2 - Ri ^ 2)) * ((Ro ^ 2 / R ^ 2) - 
1) * Log(Ro / Ri)) - Log(Ro / R)) 

STST = CT * (1 - ((Ri ^ 2 / (Ro ^ 2 - Ri ^ 2)) * ((Ro ^ 2 / R ^ 2) 
+ 1) * Log(Ro / Ri)) - Log(Ro / R)) 

STSL = CT * (1 - ((2 * (Ri ^ 2) / (Ro ^ 2 - Ri ^ 2))) * Log(Ro / 
Ri) - (2 * Log(Ro / R))) 

Principal stresses SL = SAFL + SBML + STSL 

SR = SIPR + SEPR + SCFR + STSR 

ST = SIPT + SEPT + SCFT + STST 

SRT = SHEAR 

SH = (S1 - S3) / 2 
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Table 2. Summery of conditions of failure of each theory.  

Theory Conditions for failure of the theory 

Maximum principal 
stress theory 

If S1 >= STEN Or S3 >= -SCOM Then STATE = "FAIL" 

Maximum principal 
strain theory 

If S1 - v * (S2 + S3) >= STEN Then STATE = "FAIL" 

If S1 - v * (S2 + S3) >= -SCOM Then STATE = "FAIL" 

If S2 - v * (S3 + S1) >= STEN Then STATE = "FAIL" 

If S2 - v * (S3 + S1) >= -SCOM Then STATE = "FAIL" 

If S3 - v * (S1 + S2) >= STEN Then STATE = "FAIL" 

If S3 - v * (S1 + S2) >= -SCOM Then STATE = "FAIL" 

Maximum shear stress 
theory 

If S1 - S3 >= STEN Then STATE = "FAIL" 

Distortion-energy 
theory 

SDASH = Sqr((((S1 - S2) ^ 2) + ((S2 - S3) ^ 2) + ((S1 - S3) 
^ 2)) / 2) 

If SDASH >= STEN Then STATE = "FAIL" 

 

Internal friction theory If S1 >= 0 And S3 >= 0 Then 

If Abs(S1 - STEN) >= 0.1 Then STATE = "FAIL" 

If S1 >= 0 And S3 < 0 Then 

If (Abs(((S1 / STEN) - (S3 / -SCOM))) - 1) >= 0.1 Then 
STATE = "FAIL" 
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Figure 1.  The coordinate system for the three dimensional stress representations. 

 

Figure 2. The input window 
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Figure 3. The output window 
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Figure 4. The flowchart of the main program 
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 Figure 5. Principal stresses subroutine. 
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Figure 6. Theories of failure subroutine 
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Figure 7. Case1: The distribution of different stresses in a cylinder with internal pressure 
= 3.5 MPa as extracted from the software [Temperature difference, F, Po and 
ω are zeros] 
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Figure 8. Case2: The distribution of different stresses in a cylinder with external 
pressure = 5 MPa as extracted from the software [Temperature difference, F, Pi 
and ω are zeros] 
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Figure 9. Case3: The distribution of different stresses in a cylinder with internal 
temperature = 200 oC as extracted from the software[Pressure difference, F, To 
and ω are zeros] 
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 Nomenclature  

 
Symbol in 
program 

Symbol 
commonly 
used in text  

Descriptions Units used 

A, B, C, ..., K  A sequence of 11 constants used in the 
numerical solution to find the principal 
stresses. 

 

ACC ACC Accuracy of division  mm 
c α Thermal expansion coefficient X10-6/oC 
E E Modulus of elasticity N/m2 
F F Axial force   kN 
G G Modulus of rigidity N/m2 
INC INC Increment  mm 
L L Length of shaft m 
Pi Pi Internal pressure  N/m2 
Pii π Relative ratio (= 22/7) ------ 
Po Po External pressure  N/m2 
Q M Bending moment  kN m 
R r Radius mm 
Ri ri Internal radius mm 
Ro ro Outer radius mm 
RW ρ Density  Kg/m3 
S1, S2, S3 σ1, σ2, σ3 Principal stresses where σ1 > σ2 > σ3  N/m2 
SAFL σafl Stress due to axial force in longitudinal 

direction 
N/m2 

SBML σbml Stress due to bending moment in l direction N/m2 
SCFR, SCFT σcfr , σcft Stresses due to centrifugal effect in r and t 

directions, respectively 
N/m2 

SCOM σcom Compression strength (Yield) N/m2 
SEPR, SEPT σepr , σept Stresses due to external pressure in r and t 

directions, respectively 
N/m2 

SHEAR τrt Shear stress due to torsion in r-t plane N/m2 
SIPR, SIPT σipr , σipt Stresses due to internal pressure in r and t 

directions, respectively 
N/m2 

SL, SR, ST σl , σr, σt Summation of stresses in the l, r, and t 
directions respectively 

N/m2 

STEN σten Tensile strength (Yield) N/m2 
STSR, STST, 
STSL 

σtsr , σtst , σtsl Stresses due to temperature difference in r, t 
and l directions, respectively 

N/m2 

T T Torque kN.m 
Ta Ta Internal surface temperature.  o C 
Tb Tb External surface temperature o C 
W ω Speed of rotation rpm 
WC ωc First critical speed rpm 
v ν Poisson’s ratio ------ 
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   الدواراألنبوبحزمة برمجية للمساعدة في تصميم 
  النموسى العجلوني ومحمود قب

 ملخص

تكون هذه األنابيب في المعتاد معرضة إلـى أنـواع مختلفـة مـن              . هنالك عدة إستخدامات لألنابيب الدوارة    
العــزم المنقــول وكــذلك ، عــزم الحنايـة ، فــرق فـي درجــة الحــرارة ، فــرق الــضغط، األحمـال مثــل األحمــال الطوليـة  

اد الـسماكة المناسـبة لألنبـوب الـدوار يحتـاج      إن إستخدام الطرق التحليلية المعتـادة إليجـ    . التأثيرات المركزية 
 الحاســوب لتحديــد الــسماكة اســتخدامالــى حــل عــدد كبيــر مــن المعــادالت المعقــدة ولــذلك فأنــه مــن األنــسب   

  .المناسبة لألنبوب

 لتـساعد مـصمم اآلالت فـي حـساب       االستخدامإن الهدف من هذا البحث هو تطوير حزمة برمجية سهلة           
 اختيارهـا لـدوار بحيـث يتحمـل األنبـوب مجموعـة مـن األحمـال المختلفـة التـي يـتم             السمك المناسـب لألنبـوب ا     

  . بشكل مسبقأيضًا اختيارها األنبوب عدد من نظريات الكسر التي يتم يجتازمسبقًا وبحيث 

، إن الحزمــة البرمجيــة المطــورة ســهلة اإلســتخدام وتحتــوي علــى عــدد مــن الخيــارات مثــل حفــظ الملفــات 
 بواســطة الحزمــة البرمجيــة عمــل رســم بيــاني لتوزيــع       أيــضًاإنــه يمكــن  . يم التقــاريروتقــد، عمــل الرســومات 

اإلجهادات على أنصاف األقطار المختلفة في جدار األنبـوب الـدوار كمـا يمكـن تحديـد مقـدار ومكـان حـدوث                       
  .اإلجهاد األقصى في الجدار

حـل عـدد مـن المـشاكل     لقد تم إختبار مدى صحة عمل الحزمة البرمجيـة عـن طريـق إسـتخدام الحزمـة ل             
إن الحزمـة المطـورة تفيـد مـصمم اآلالت فـي دراسـة          . المعروف حلها مسبقًا وأظهرت الحزمة النتائج المتوقعة      

أو نظريـات الكـسر المختلفـة علـى الـسماكة المناسـبة          ، أو األحمـال المختلفـة    ، تأثير إستخدام المواد المختلفـة    
 .لألنبوب

References 

[1]  Gilham S., Ivey P.C. and Owen, J.M., 'The Transfer of heat by Self-induced flow 
in a rotating tube', ASME Journal of Turbo-machinery, 116 (1994) 316-326. 

[2]  NASA web site (as of Jan. 12, 2003): 
http://lifesci3.arc.nasa.gov/SpaceSettlement/75SummerStudy/5appendI.html. 

[3]  AL-Ajlouni M., "Studies of rotating high speed separation systems", PhD Thesis, 
UWCC, Cardiff UK (1996). 

[4]  Lee Chul-Huyng, AL-Ajlouni M. and Syred N., 'Centrifuges design for 
submicron particle separation', Journal of Energy Research and Development, 
17(3&4) (1995)  51-59.  

[5]  Burkhart S., Davies M. C. R., Depountis N., Harris C. and Williams  K., 'Sealing 
laws for infiltration and drainage tests using a geotechnical centrifuge', 



A Software Package for the Design of a Rotating Tube 

 
377

Proceedings of the International Symposium on Physical Modeling and Testing in 
Environmental Geotechnics, Garnier, J.,  Thorpe, L., and Haza, E ( 2000) 91-198. 

[6]  Hughes T. G., Davies M. C. R. and Taunton, P. R., 'The small scale modeling of 
masonry arch bridges using a centrifuge', Proceedings of the Institute of  Civil  
Engineers, Journal of Structures & Buildings, 128(1998) 49-58. 

[7]  Xcalcs web site (http://www.xcalcs.com/).  

[8]  Burr, Arthur H., Mechanical analysis and design, first edition, Elsevier, New 
York (1981). 

[9]  Timoshenko S. and Goodier, Theory of elasticity, third edition, McGraw-Hill 
books company, New York (1970). 

[10]  Shigley and Mischke, Mechanical Engineering design, seventh edition, McGraw-
Hill book company, New York (2003). 

[11]  Oberg E., Jones F. D. and Horton H. L., Machinery’s handbook, 23 rd edition, 
Industrial Press, New York (1988). 

[12]  Juvinall R. C. and Marshek K. M., Fundamentals of machine component design, 
Second edition, John Wiley and sons, New York and elsewhere (1991). 

[13]  Marin Joseph, “Theories of strength for combined stresses and nonisotropic 
material”, J. Aeron. Sci., 24 (4) (1957) 295-269. 

 



 



ABHATH AL-YARMOUK: "Basic Sci. & Eng." Vol. 14, No.2, 2005, pp. 379-381 

 

 
The Approximation of the Geometric Distribution 

by Gamma Distribution 
 

 

 
Khaled Aludaat *  

 
Received on March 27, 2005 Accepted for publication on July 7, 2005 

 
 

Abstract 

The geometric distribution has a property similar to that  of  the non-aging or 
"Markovian" property of the  exponential distribution 

  P(  X = x + k /  X ≥ k )  =  P( X= x ) 

Also the geometric distribution is a discrete analogue of the exponential 
distribution. 

My work is to find a suitable continuous exponential distribution to approximate the 
geometric distribution. 

Introduction: 

A geometric progression is a sequence of values each of which after the first is 
obtained by multiplying the preceding one by a constant value called the common ratio. 

Example: ,...,, 32 xxx eee −−−  with xe−  as a common ratio 

The sum of these values 

 

The sequence of values: ,...,, 2pqpqp  is also a geometric with a common ratio q. 

Let 
q

ppqT
x

x

−
== ∑

∞

=

−

11

1  

If   T = S term wise then  qpqepepqep xxx =⇒==⇒== −−− ,..., 2   
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So the best approximation of S by T when   p = q and   p + q =1 
2
1

=⇒ p  

Let X be a geometric random variable with probability of success   p 

X: G(p) 

1,2,3,....x pqg(x)x)P(X 1-x ====  

What are the possible values of   p to approximate the geometric distribution by the 
Gamma distribution. 

The following table gives us some indications where we take ,...3,2,11
== α

α
p  

as the  probability of success for the geometric  distribution . 

Let us have the two probability densities for Gamma and geometric, respectively: 

,...3,2,1)1(1)(,0
)(

1)( 11 =
−

=>
Γ

= −−− xxgxexxh xx

α
α

αα
α  

 

α  αβ=)( hxE  22 αβσ =xh  
p

xE g
1)( =  

2
2

p
q

gx =σ  The mode 
of 

=xatxh

The mode 
of 

=xatxh
 

1 1 1 1 0 0 1 

2 2 2 2 2 1 1 

3 3 3 3 23×  2 1 

4 4 4 4 4×3 3 1 

5 5 5 5 5×4 4 1 

6 6 6 6 6×5 5 1 

. . . . . . . 

. . . . . . . 

. . . . . . . 

n n n n )1( −αα  n-1 1 
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From this table we can conclude that the family of Gamma distributions for 1=β  

only  ,    and the family of geometric distributions have the same mean α=
p
1

 but their 

variances are proportional such that 3).1( 22 ≥∀−= ασασ
hg xx  

But the two distributions are very   close   together at 2=α  

 

  تقريب التوزيع الهندسي بتوزيع جاما
  خالد موسى العودات

  ملخص

  .سيالهندسي هو توزيع منفصل يتشابه مع التوزيع المتصل األان التوزيع 

  . توزيع متصل لتقريب التوزيع الهندسيإيجاد إلى مجال البحث يهدف 
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Investigation of Uranium Concentration Levels in Tomato and 
Mushroom Products in the Southern of Iraq 

  

Sai'd H. S. Al-Nia’emi, Rashid M. Yousif and Sana' F. Mahmood 

 

Abstract 

A group of experimental measurements has been carried out to investigate the 
concentration levels of uranium in some of the agricultural yields such as Tomato and 
Mushroom that expected to be polluted with depleted uranium used by USA and UK 
troops in the war against Iraq or what so called 2nd Gulf Ware in 1991. A negative 
accumulation dosimeters of solid state nuclear track detector CR-39 have been used 
considering long term measurement technique. The measurements showed that the 
concentration of Uranium in Basrah’s Tomato is between (3.23-16.08) ppb with average 
value of 8.121 ppb, is greater than that of Nineveh’s Tomato which is equal to  
(1.73-5.71) ppb approximately. It is also found that the concentration of Uranium in 
Basrah’s Mushroom is greater than that of Tomato and it is equal to (23.42-31.98) ppb 
with average value 29.0 ppb. The average of daily consumption of Iraqi person of 
Uranium from these yields found equal to 0.82 µg/day of Basrah’s Tomato and  
0.329 µg/day of Nineveh’s Tomato, while it was 2.9 µg/day of Basrah’s Mushroom. The 
concentration of Uranium in Basra’s Tomato and Mushroom, was higher than the 
allowed level of person consumption of one kind of food. So, this increment compared 
with that in Nineveh’s Tomato may be due to using the U.S.A and UK troops of the 
depleted Uranium ammunitions in the war against Iraq, specialy in the fighting operation 
fields and Basrah city in southern of Iraq.  
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 وبمقارنة تركيز اليورانيوم في محصول الطماطة في محافظتي البـصرة ونينـوى فـي العـراق مـع محـصول                  
الطماطة في مناطق مختلفة من القطر العربي السوري نجد أن التركيز في طماطة نينوى مقاربة أو أكثـر قلـيال              

فــي طماطــة البــصرة أعلــى ممــا فــي الطماطــة الــسورية     ممــا فــي الطماطــة الــسورية فــي حــين نجــد أن التركيــز     
وهذا قد يعـزى نوعـا مـا إلـى اخـتالف التـضاريس األرضـية فـي البلـدين الجـارين فـي               )1998 عثمان وآخرون، (

 علـى  حـرب ليورانيوم المنضب في الالقوات األمريكية والبريطانية ل ستخدام  احين أنها قد تعزى بشكل كبير إلى        
  .1991 سنة العراق

، أما الحدود العظمى  µg/day 1.75ر معدل تناول اإلنسان لليورانيوم عن طريق الطعام بـُيقّد
على لتركيز اليورانيوم في غذاء ، وإن الحد األ mg 1.48والمسموح بها عن طريق التناول لليورانيوم فهو

مغربي  ؛ ال1998عثمان وآخرون، ( Bq/day (0.024-0.012)نسان والذي يمكن للجسم تحمله هو اإل
 نجد إن معدل التناول اليومي للفرد العراقي من اليورانيـوم من (2)ومن مالحظة الجدول ). 1998وآخرون، 

 على µg/day(0.571-0.173) ومن طماطة نينوى بحدود µg/day(1.608- 0.323) طماطة البصـرة كانت
ل التناول اليومي للكمأ بحدود  من الطماطة يوميًا، بينما يبلغ معدg 100 أساس أن الفرد العراقي يستهلك

(1.172-1.58)µg/day2.0 بحدود  على أساس أن الفرد العراقي يستهلك kg  من الكمأ سنويا بسبب غالء
إن هذه النسب من اليورانيوم تقع ضمن الحدود المسموح بها . نتاجه وكميته المحدودةإسعره وقصر فترة 
نواع أوم الذي يسمح له بتناولها يوميا وبشكل طبيعي من جميع نسان مقارنة بكمية اليورانيلتناوله من قبل اإل

 من جاألغذية مجتمعة ، لكن هناك زيادة كبيرة عن معدل التناول اليومي الطبيعي المسموح به لليورانيوم النات
غذية نسان لدى تناول هذه األلى زيادة نسبة اليورانيوم في جسم اإلإنوع واحد من الغداء مما يؤدي 

  .شعاع يوميايل الملوثـة باإلوالمحاص

االستنتاجات. 5  

يستنتج من هذه الدراسة أن هناك زيادة أكيدة في تركيز اليورانيوم في محصولي الطماطة والكمأ 
المنتجين في مدينة البصرة في جنوب العراق مقارنة بمحصول الطماطة المنتجة في محافظة نينوى في شمال 

 كما وجد أن معدل التناول اليومي لليورانيوم من الطماطة و الكمأ لبعض العراق بما يقارب الثالثة أضعاف ،
 على التوالي وهي أعلى بحدود ثالث مرات من ppb 1.599و  ppb 1.608 تصل إلىالمناطق في البصرة 

نسان من وهذا مقارب لمعدل التناول اليومي لإلمعدل التناول اليومي من الطماطة في محافظة نينوى، 
أكثر من الحد الطبيعي   إن هذا سيؤدي حتما إلى زيادة.نواعهأطعام ككل بجميع ال عن طريق اليورانيوم

  . اليورانيوم فيما لو أخذت جميع أنواع األغذية المتناولة بنظر االعتبارلتناول
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  مستويات تركيز اليورانيوم في العينات مع معدل التناول اليومي اليورانيوم: (2)جدول

دل ـمع
اول ـالتن

 اليومي من
 اليورانيوم
µg/day 

تركيـز 
اليورانيوم 
في العينة 
 الطازجة

C2 (ppb) 
(µg /kg)  

تركيـز 
اليورانيوم 
في العينة 

 ةالجاف
C2 (ppb) 

(µg /kg)  

كتلـة 
اليورانيوم 
في العينة 

 الجافة
W2

 

µg  

عـدد ذرات 
اليورانيوم 
في العينة 

 الجافـة
N2 X1015 

 

العينـة  نوع
 وموقعهـا

 رقـم
  العينة

 1 بصرة /طماطة 4.080 1.613 41.93 3.23 0.323
  2 بصرة /طماطة 9.243 3.654 221.19 7.31 0.731
  3 بصرة /طماطة 20.335 8.040 329.24 16.08 1.608
  4 بصرة /طماطة 17.657 6.981 376.33 13.96 1.396
  5 بصرة /طماطة 13.561 5.361 801.35 10.72 1.072
  6 بصرة /طماطة 5.849 2.312 171.01 4.62 0.426
  7 بصرة /طماطة 5.963 2.358 91.40 4.72 0.472
  8 نينوى /طماطة 3.078 1.217 59.340 2.43 0.243
  9 نينوى /طماطة 7.216 2.853 141.94 5.71 0.571
  10 نينوى /طماطة 2.192 0.867 38.040 1.73 0.173
  11 بصرة /كمأ 19.986 7.902 158.04 31.6 1.58

  12  بصرة/ كمأ 14.81 5.855 139.41 23.42 1.172
 13 بصرة /كمأ 20.226 7.996 159.92 31.98 1.599

 بعد ثمانية اعوام من بداية الحرب الى الكشف عن خارطـة مفـصلة              لقد اضطرت وزارة الدفاع األمريكية    
 للمنـاطق التـي اسـتخدمت فيهـا اليورانيـوم      (CHRISTIAN SCIENCE MONITORY)نـشرتها جريـدة   

إذ تـراكم اليورانيـوم    . (Fahey, 2000) المنضب وانتشاره حتى حدود العراق ووصولها الكويـت والـسعودية  
ــساقطات الناتجــة عــن اســت    ــين       والمت ــات تراوحــت ب ــدات وقــرى ومــزارع بكمي  طــن 300خدامه فــي مــدن وبل

(Bushy, 2000)    طـن حـسب تقـدير منظمـة الـسالم االخـضر      (800-700) وقـد تـصل الـى (Green peace) 
ضـعفا   30، أي اكثـر مـن  270mrad/hr، وبلغ النشاط االشـعاعي   (Sticking Laka)ومركز التوثيق الهولندي

ه العاملون فـي الـصناعة النوويـة ممـا حـول منـاطق شاسـعة علـى بعـد عـشرات           ألقصى ما يمكن ان يتعرض الي    
، وال زال الفالحــون (Saleh and Meqwar,1995)ومئــات الكيلــومترات الــى بيئــة ملوثــة ونــشيطة اشــعاعيا  

ــى             ــال المــواد المــشعة ال ــى انتق ــاطق ممــا يــؤدي ال ــار والمواشــي فــي تلــك المن يقومــون بالزراعــة ورعــي االبق
 .زراعية والمواد الغدائيةالمحاصيل ال
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 فإنه يبيِّن عدد ذرات اليورانيوم وتركيزه في عينات المحاصيل المستخدمة الجافة (2)أما الجدول 
إذ نجد أن تركيز .  وكذلك معدل التناول اليومي لإلنسان من اليورانيوم من هذه المحاصيل،والطازجةمنها 

   في طماطة البصرة بمتوسط قيمةppb (376.33 -41.93)اليورانيوم في العينات الجافة بلغ بحدود 
90.349 ppb ،  (141.94-38.04)وبحدود ppb 79.773 في طماطة نينوى بمتوسط قيمة ppb،  فيما بلغ 

وبما أن اإلنسان  . ppb 152.459 بمتوسط قيمة ppb (159.92-139.41)تركيزه في كمأ البصرة بين 
يستهلك هذه الُخَضر وهي طازجة لذا يجب حساب تركيز اليورانيوم في العينات الطازجة فقد بلغ تركيزه 

طماطة نينوى فيما بلغ  في ppb (5.71-1.73)في طماطة البصرة، وبحدود ) ppb (16.08-3.23بحدود 
  . ppb (31.98-23.42) تركيزه في كمأ البصرة بحدود

 نفسه، أن هناك تباينًا في تراكيز اليورانيوم في النوع الواحد من الخضر (2)يالحظ من الجدول 
المأخوذة من المنطقة الجنوبية للعراق في مدينة البصرة مقارنة بتلك المأخودة من المنطقة الشمالية للعراق 

أن متوسط تركيز اليورانيوم في طماطة  .في نينوى والتي تظهر فيها تراكيز اليورانيوم متقاربة نوعا ما
 تركيزه في طماطة نينوى ويعزى هذا التباين إلى عوامل عّدة منها ثالثة أضعافالبصرة يساوي تقريبا 

ليورانيوم المّنضب المستخدم في لى تأّثر المنطقة باإطبيعة التربة والمياه المستخدمة في السقي وقد يعزى 
  1991مريكية على العراق سنة العمليات العسكرية في المنطقة الجنوبية في الحرب األ

 الضعف عّما منويالحظ كذلك أن تركيز اليورانيوم في الكمأ أكثر . )2003 ؛ الجبوري، 2002محمود، (
إلى أن الكمأ ذات عالقة مباشرة مع التربة ختالف عليه في الطماطة في محافظة البصرة ورّبما يعزى هذا اال

  .إذ أنه ينمو داخل التربة ويتأثر بها أكثر من الطماطة 

 قـد يعـزى إلـى     كمـا ذكرنـا  إن الزيادة في تركيز اليورانيوم في محافظـة البـصرة مقارنـة بمحافظـة نينـوى        
جنــوب   وبــاألخص فــي1991ســتخدام القــوات األمريكيــة لليورانيــوم المّنــضب فــي عــدوانها علــى العــراق ســنة ا

المرضـية التـي ظهـرت       خـالل اإلصـابات    مـن وهذا يتفق مع ما أكّدته وسائل اإلعالم األمريكيـة والغربيـة            .العراق
 وكـذلك مـا أكدتـه    ، (Wicknes ,2000 ; Newman, 2001)حـرب فيمـا بعـد بـين الجنـود المـشاركين فـي ال      

ــات التربــة و        ــد مــن الدراســات والبحــوث التــي أجريــت لعين المــاء والهــواء والخَُــَضر والنباتــات وشــظايا     العدي
   الجنـــــــوب وســـــــاحة العمليـــــــات العـــــــسكرية     الـــــــصواريخ المـــــــستخدمة ضـــــــد الـــــــدروع فـــــــي محافظـــــــات     

وقد كشف نيك كـوهين النقـاب عـن التقريـر الـسري الـذي          ). 2003 ؛ الجبوري،    1999العزاوي وآخرون،   (
منــضب فــي الكويــت وجنــوب العــراق    والــذي يــشير إلــى وجــود مــا يكفــي مــن اليورانيــوم ال    UKAFAوضــعه 

فــضال عــن مــوت اآلالف مــن   ) 1999العــزاوي وآخــرون،  (ليــسبب مــا يحتمــل أن يهلــك نــصف مليــون نــسمة     
 بــأمراض 1991 ألــف طفــل عراقــي فــي األشــهر الثمانيــة األولــى مــن ســنة  50الجنــود العــراقيين ومــوت زهــاء 

ــة       ــن معروفـــــــــــــ ــم تكـــــــــــــ ــرى لـــــــــــــ ــراض أخـــــــــــــ ــة وأمـــــــــــــ ــز الكليـــــــــــــ ــسرطان وعجـــــــــــــ ــة كالـــــــــــــ   مختلفـــــــــــــ
  .; Saleh and Mqwar,2000 (CHR,2000؛ 1998لغزي، ا(
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  النتائـج والمناقشـة. 4

لحجرة التشعيع   النتائج التي تم الحصول عليها لتراكيز الرادون في الحيز الهوائي(1)يوضح الجدول 
تركيز الرادون في  أن فقد وجد. ستخدام كميات مختلفة من عينات محصولي الطماطة والكمأاوالناتجة من 
 في Bq/m3 (69.27-17.63)ناتجة من طماطة البصرة تراوح بين  وال للمجراع المستخدمالحيز الهوائي

 كمأ البصرة  في فيما بلغ تركيزه، في طماطة نينوىBq/m3 (23.7-7.32)حين تراوحت هذه القيمة بين 
كما يظهر من الجدول .  تبعا لكمية العينة من المحاصيل المستخدمةBq/m3 (75.16--54.01)بحدود 

بمتوسط قيمة  Bq/kg (9.933-0.608)الجافة بلغ بحدود نفسه أن تركيز الرادون في عينات الطماطة
3.448 Bq/kg(1.759-0.471) وبحدود ، في طماطة البصرة Bq/kg0.988  بمتوسط قيمة Bq/kg  في

   وبمتوسط قيمةBq/kg (1.982-1.728)طماطة نينوى فيما بلغ تركيزه في كمأ البصرة بحدود 
 Bq/kg 1.90.   

  نوع العينات ومواقعها وتراكيز الرادون فيها): 1(الجدول 

 تركيز الرادون
 في العينات

  الجافة
CP 

(Bq/kg) 

  زـتركي
في  الرادون

  العينات الجافة
CP 

(Bq/m3) 

 زـتركي
  فيالرادون

لحيزالهوائيا  
Ca 

(Bq/m3) 

 كثافة اآلثار
  ي الكاشفف

ρ 
Tr/cm2

ة ـكتل
ة ـالعين

 الجافـة
WS 
(g) 

  نوع العينـة
  وموقعهـا

 رقـم
  العينة

 1 بصرة /طماطة 38.47 379.1 17.63 482.73 0.608
 2 بصرة /طماطة 16.52 633.7 29.47 2163.98 2.742
 3 بصرة /طماطة 24.42 1489.6 69.27 2890.72 4.080
  4 بصرة /طماطة 18.55 1242.5 57.78 3284.21 4.664
 5 بصرة /طماطة 6.69 903.6 42.02 4498.25 9.933
 6 بصرة /طماطة 13.52 403.8 18.78 1279.1 2.120
 7 بصرة /طماطة 25.8 435.6 20.26 859.89 1.133
 8 نينوى /طماطة 20.51 218.6 10.17 532.72 0.735
 9 نينوى /طماطة 20.1 509.5 23.70 135.68 1.759
 10 نينوى /طماطة 22.79 157.4 7.32 351.74 0.471
 11 بصرة /كمأ 50 1614.6 75.08 1850.13 1.959
 12  بصرة/ كمأ 42 1161.4 54.01 1527.31 1.728
 13 بصرة /كمأ 50 1616.2 75.16 1944.76 1.982

كتلة العينة الطازجة

معدل التناول 
اليومي لليورانيوم

 معدل التناول اليومي xانيوم في العينة الطازجة كتلة اليور
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 A1= WS CP ................................................................................(4)  

والذي ثابت  N1وهكذا فأنه يمكن إيجاد عدد ذرات الرادون . كتلة العينات المستخدمة WSذ يمثل إ
  :من العالقة  ي العيناتف ) =λ1) λانحالله

1

1
1 λ

A
N =  ...............................................................................(3) 

  في العينة N2انيوم ومن معادلة توازن النشاط اإلشعاعي يتم حساب عدد ذرات اليور

 N1λ1 = N2λ ............................................................................. (6)  
  . 4.8833x10-18 s-1ثابت انحالله ويساوي  λ2 و 238U عدد ذرات اليورانيوم N2إذ يمثل 

 W2  أو اليورانيومW1 يمكن حساب كتلة الرادون N2 أو اليورانيوم N1 وبمعرفة عدد ذرات الرادون 
  : الغرام من المعادلة اآلتية ةبوحد

 
A

avAW
N =  ............................................................................(7) 

   عدد أفوكادرو ويساويAav و 238U أو اليورانيوم 222Rn العدد الكتلي للرادون Aإذ يمثل 
 6.022x1023 mole-1 .   

  :  نستخدم العالقة ppm في العينة المستخدمة بوحدات C2اليورانيوم ) نسبةأو (ولحساب تركيز

 
)(

)(2
2 kgSW

mgW
C =  or (ppm) ......................................................(8) 

  ز اليورانيوم فيـ، لذا يجب حساب تركي)رطبة(محاصيل يتم تناولها وهي طازجة وبما أن هذه ال

  :ستخدام العالقة ا العينات الطازجة وذلك ب

 C2 (Fresh) = C2 (Dry) WS (Fresh) / WS (Dry) ...........................................(9) 

نسان يوميًا من اليورانيوم يعتمد على معدل ما يتناوله من خالل الطعام إن مقدار ما يستهلكه اإل
ذ ال يمكن للعائلة إفمحصول الطماطة يعد من المحاصيل الُخَضرية األساسية في التناول اليومي . رابوالش

ستغناء عنها ويمكن تقدير معدل التناول اليومي للفرد العراقي من محصول الطماطة بحدود العراقية اال
100gخر فصل الشتاء وإن أما الكمأ فأنه محصول موسمي ويستمر لفترة شهرين من السنة أوا.  يوميًا

 للسنوات التي يتوفر فيها kg/month 1.0معدل التناول اليومي للفرد العراقي من هذا المحصول ال يتجاوز 
هذا المحصول إذ أن وفرته يرتبط بشكل وثيق باألمطار والرعد والبرق ووفرة النتروجين فضًال عن غالء 

  :مكن حسابهوعليه فأن معدل التناول اليومي لليورانيوم ي. سعره 
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ع ساعات وذلك إلظهار اآلثار  ولمدة أرب70oC  ودرجة حرارة4N بتركيز KOHالمحلول الكيميائي القاشط 
  .الناتجة عن جسيمات ألفا المنحلة من الرادون المنبعث من العينات النباتية المستخدمة 

لغرض قياس كثافة  400Xلقد أجريت عملية المشاهدة المجهرية باستخدام مجهر ضوئي بقوة تكبير 
وجدير . زالة آثار المحلول القاشطاآلثار المتكونة في الكاشف، وذلك بعد غسل قطع الكواشف المقشوطة إل

 تم طرحها من عدد اآلثار 10Tr/cm2 بالذكر أن الخلفية اإلشعاعية في الكاشف المستخدم والبالغة بحدود
  .المتكونة في الكاشف والناتجة من كل عينة

  الحسـابات. 3

  قة اآلتيةلحساب مستويات تراكيز الرادون في الحيز الهوائي داخل حجرة التشعيع استخدمت العال
( AL-Bataina et al., 1997 ) :  

 
to

otoC
aC

ρ

ρ
=  ..........................................................................(1) 

  مستخدم من قبلة لمجراع ـاد مشابهـة خاملة بأبعيـع رادونـمن خالل استخدام مجاري
(AL-Bataina et al., 1997) مصدر قياسي فيبمعّير و   

( School of Birmingham and Space Research at the University of Birmingham )   

 كثافة oρو ،48hrs قـدره t0  بزمن تشعيع90kBq/ m3 الفعالية للمجراع المعير وتساوي C0ذ يمثل إ
 كثافة اآلثار ρو ، 96768Tr/cm2اآلثار المتكونة في الكاشف المستخدم في حجرة المعايرة وتساوي

زمن التشعيع  t أيضا، و (Tr/cm2)شف من العينات المستخدمة في البحث الحالي بوحداتالمتكونة في الكوا
   . hrs 960ويساوي 

  :لحساب تراكيز الرادون في العينات المستخدمة فقد اعتمدت العالقة 

 
L

thaC
mC

λ
=  .....................................................................(2) 

 λو خل حجرة التشعيع سمك مادة العينة المستخدمة داL  بعد الكاشف عن سطح العينة وhاذ يمثل 
   . 75.89x10-4 hr-1ويساوي  222Rn ثابت انحالل الرادون

على كثافة   ،Cmوذلك بقسمة  Bq/kgبوحدات  CPيجاد تراكيز الرادون في العينات النباتية إويمكن 
    .σ العينات النباتية

σ
mC

pC =  ................................................................................(3) 

  :ي العينات تستخدم العالقةإليجاد فعالية الرادون ف
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للمحتويات المشعة الموجودة فيه،علمًا أن العينات المستخدمة كانت نتيجة تجفيف نصف كيلوغرام من 
  .كيلوغرام من الكمأ الطماطة وربع

 لتحديد المحتويات المشّعة الموجودة CR-39لقد استخدم كاشف األثر النووي البالستيكي الصلب 
فالمجراع . في تلك العينات وذلك باستخدام مجاريع تراكمية خاملة واعتماد القياسات طويلة األمد

المستخدم عبارة عن قدحين بالستيكيين منطبقين على بعضهما من طرفيهما المفتوحين كما مبين في 
وارتفاعه  5cm وقطر قعره األسفل7cmقطر فتحته العليا ، إذ يستخدم القدح األسفل والذي (1)الشكل 

4.6 cmأما القدح العلوي والذي يختلف في االرتفاع .  لوضع العينة المراد قياس محتوياتها المشعة فيه
وَيفصل القدحين . فإنه يستخدم لتثبيت الكاشف في قعره األسفل من الداخلcm 5.0 فقط ويساوي

 وتغطى الفتحة بقطعة من اإلسفنج لمنع cm 0.75ة دائرية نصف قطرها المتقابلين حاجز في مركزه فتح
  . وصول الثورون إلى الحيز المحتوي على الكاشف

  

  

  

  

  

  

  

  

  

  

  

  تصميم المجراع المستخدم في الكشف عن الرادون : (1)الشكل 

ت الكاشف وبعد إحكام غلق األقداح وتثبي .إن اختيار األبعاد يتم وفقًا لمجراع يتم معايرته مسبقًا
وبعد االنتهاء من .  يوما40بشكل جيد تركت العينـات تحت الظروف الجوية نفسها لفترة زمنية قدرها 

عملية التعريض تم قشط ِقطع الكواشف المشععة بعد إخراجها من األقداح البالستيكية وذلك باستخدام 

الكاشف

  طعة إسفنجق

 حليز اهلوائيا

لعينةا

L 

h 
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إذ تحتـوي الفواكـه والحبـوب        كما لوحظ أن تركيزه في األوراق الخضراء أعلى منه فـي الفواكـه             بعد التجفيف، 
. 1998) وآخـرون ، عثمان ؛ (ppb Yousof et al., 1991 (30–0.3) بين راوح مايتعلى اليورانيوم بتركيز 

ــغ     ــزه يبلــــــــ ــإن تركيــــــــ ــماك والبــــــــــيض والحليــــــــــب فــــــــ ــوم واألســــــــ ــي اللحــــــــ ــا فــــــــ                    ppm(4–0.0005) أمــــــــ
(Fisher and Jackson,1983) الطازجة في الحالة.  

ياه والنباتات والذي يساهم أما انتقال اليورانيوم ونواتجه إلى اإلنسان فانه يتم عن طريق التربة والم
ويقّدر معدل تناول اإلنسان لليورانيوم يوميًا عن طريق . في الجرعة اإلشعاعية الداخلية لجسم اإلنسان

   فيما تبلغ الحدود العظمى المسموح بها لتناول اليورانيوم بحدودµg/day 1.75الطعام بحدود 
1.48 mg) ،العناصر الكيميائية الثقيلة السامةويّعد اليورانيوم من). 1998المغربي وآخرون   

(Toxic Heavy Metals)  الملوثة للبيئة وتأثيره السمِّي على الكائنات الحية أعلى من التأثير السمِّي
إن سمِّية اليورانيوم تحّدْد بفاعليته الكيميائية . للزرنيخ والرصاص والزئبق فضًال عن خطورته اإلشعاعية

،  (Electrons Donor)  من المجاميع الكيميائية الواهبة(Electrons Acceptor)على اكتساب اإللكترونات 
وبصورة عامة فان ). 2000خرنوب، (إذ تتناسب السمِّية مع فعالية العنصر الثقيل على اكتساب اإللكترونات 

 مع  تمنع تكوين الهيموغلوبين من خالل تكوينها أواصرUF3, UCl, UN وم الالعضوية مثلـمركبات اليوراني
 تمتاز بأنها ُتمتص من خالل الجلد واألمعاء UO3 و U3O5و UO2 األنزيم بينما مركبات اليورانيوم العضوية

لذلك فهي أكثر سمِّية من المركبات الالعضوية، يضاف إليها الفعالية الكيميائية لليورانيوم وقابليته على 
لي زيادة تركيزه مسبِّبة زيادة في عمليات انقسام إزاحة الكالسيوم من العظام والتجمع فيها لمدة طويلة وبالتا

   .( Aieta, 1987)الخلية وحصول النمو غير الطبيعي للخاليا 

بأن الخضراوات كالطماطة والكمأ لمحافظة نينوى لقد شاعت في اآلونة األخيرة في السوق المحلية 
ات ال بأس بها من اليورانيوم القادمة من المحافظات الجنوبية وباألخص محافظة البصرة تحتوي على كمي

في حرب  في المنطقة الجنوبية من العراق  والبريطانية األمريكيةقواتالمنضب بسبب العمليات العسكرية لل
.  والتي استخدمت فيها قذائف ضد الدبابات تحتوي على اليورانيوم المّنضب ،1991سنة الخليج الثانية 

دراسة لتحديد مستوى تراكيز اليورانيوم والرادون في عينات ولغرض التأكد من هذه الحالة قمنا بهذه ال
من الطماطة والكمأ المنتجة في مناطق مختلفة في محافظة البصرة ونينوى وذلك باستخدام كاشف األثر 

 باعتماد طريقة القياس 222Rn للكشف عن جسيمات ألفا الناتجة من الرادون CR-39النووي البالستيكي 
  .نتها بمصدر قياسي محّدد فيه تركيز اليورانيوم طويلة األمد ثم مقار

  المنهجية العمليـة. 2

ُأخذت عينات من الطماطة والكمأ من السوق المحلية في محافظة نينوى والبصرة إذ تم التركيز على 
  محافظة البصرة ولمناطق متعددة منها منطقة الزبير بعد أن تم التأكد من أّنها محصول العام

والمعروفة محليًا باسم طماطة الزبير والتي )  كانون األول–تشرين الثاني ( ترة من للف(2001-2002)
تّسوق إلى جميع مناطق العراق وتسقى المزارع المنتجة لهذا المحصول من اآلبار الموجودة بالقرب من 

فة وإلعداد العينات لغرض الفحص، تغسل المنتجات وتنظف جيدًا ثم توزن العينات لمعر. تلك المزارع
الوزن الطازج لها ثم تطحن بعد تجفيفها لعدة مرات للحصول على مسحوق ناعم ذو توزيع متجانس 
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، وتحديد النويدات المشعة في بعض )1995العيثاوي،  (CR-39أوراق بعض النباتات باستخدام كاشف 
، وكذلك 1998)الشامي،  ( CN-85 أنواع النباتات المأخوذة من مواقع معينة في اليمن باستخدام كاشف

 نوعًا مختلفًا من التبوغ العراقية وتبوغ السكاير األجنبية وذلك باستخدام 25إيجاد تراكيز الرادون في 
  . 1998)الجزراوي،  (CR-39كاشف 

ولتحديد تراكيز الرادون واليورانيوم في الصخور فقد تم قياس تراكيز اليورانيوم في أنواع مختلفة 
         ر في العراق وذلك باستخدام عملية التنشيط النيتروني وكواشف األثر النوويمن الصخو

، وكذلك قياس تراكيز الرادون واليورانيوم في الصخور المستخدمة في صناعة األسمنت 1989)التكريتي، (
اد كما تم إيج. 1997) سعيد، (محافظة نينوى في العراقفي معامل بادوش وحمام العليل وسنجار في 

تراكيز الرادون واليورانيوم في الدور السكنية والتربة لمناطق مختلفة في السويد باستخدام كاشف األثر 
LR-115-II) Jonsson, 1994 ( وفي هواء العديد من المساكن واألبنية العراقية باستخدام كواشف األثر

  ية في األردن وكذلك في أنواع مختلفة من المياه الطبيع1998)سعيد، (النووي الصلبة 
 (Al-Bataina et al., 1997).  

يّعد اليورانيوم من العناصر السامة بالنسبة للكائنات الحية وبخاصة اإلنسان إذ يدخل اليورانيوم إلى 
جسم اإلنسان عن طريق تناول الطعام أو استنشاق الهواء الملوث أو تّرسب المواد الحاملة له على سطح 

 مركبات ICRPلقد صّنفت الهيئة الدولية للوقاية من اإلشعاع . وح أيضاالجلد وقد يدخل عن طريق الجر
اليورانيوم بأنها شديدة ومتوسطة وضعيفة الذوبان، وهذا يعني أنها قابلة لالنتقال ويمكن أن تمتص عبر 

إن تركيز اليورانيوم في جسم اإلنسان النظامي . (Task Group,1966)الجهاز الهضمي أو الجهاز التنفسي 
 من gµ90 هو بحدود ICRP والمعتمد لدى الهيئة الدولية للوقاية من اإلشعاع kg 70بالغ كتلته ال

 منها في الكلية فيما تتوزع µg 7 منها في العظام وµg 59بحدود  اليورانيوم وتتوزع هذه الكمية في الجسم
أما تركيز اليورانيوم في الصخور البركانية . (Shapiro,1981 )الكمية المتبقية على أعضاء الجسم األخرى 

، كما يوجد اليورانيوم في ppm 120 وتركيزه في الصخور الفوسفاتية يصل إلى ppm 3 فإنه يبلغ بحدود
  . ppm (Wreun, 1987) 2.0 التربة بتركيز يقرب من

 ،نتقـال عمليـات عـدة     تنتقل بعض النظائر المشعة من التربة إلـى النباتـات بطرائـق متعـددة، ويتـضمن اال                
تـأتي بعـدها عمليـة انتـشار هـذه       أّولها عملية انتـزاع األيونـات مـن طـور التربـة الـصلب إلـى محلـول التربـة ثـم                     

عملية االمتصاص خالل رؤوس الجذور مع مـاء   األيونات خالل الغشاء الفاصل بين التربة وسطح الجذر لتتم    
 ذوبـان العنـصر ذو الطـور الـصلب والفعاليـة الديناميكيـة              ومـن أهـم العوامـل المـؤثرة علـى االنتقـال هـو             . التربة

، وال تعتمد عملية االمتصاص على كـون العنـصر مـشعًا أو غيـر مـشع إذ غالبـًا ال                   )1982النعيمي،  (لأليونات  
علـى  ،  فـي الجـدول الـدوري     المجموعـة نفـسها     يستطيع النبات التمييـز بـين العناصـر المختلفـة التـي تعـود إلـى                 

إلـى  البوتاسـيوم والـسيزيوم   ينتميان الى المجموعة األولى فيما ينتمي   كالسيوم والسترونشيوم   سبيل المثال ال  
وينتقل اليورانيوم بنسب قليلة من التربة إلى النباتات ويعتمـد تركيـزه      . المجموعة الثانية في الجدول الدوري    

ات علــى أن هــذه المــستويات  فــي النباتــات علــى نــوع النبــات وتركيــز اليورانيــوم فــي التربــة فقــد دّلــت الدراســ     
 ppb (60–10)فمثال يتراوح تركيـز اليورانيـوم فـي الخـضراوات العـشبية بـين      . الضعيفة تختلف من نبات آلخر
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وبصفات  محّددة لقد خلق الباري سبحانه وتعالى البيئة الطبيعية بمعطيات ومكونات ذات مقادير
لحق عز وجل وخصائص معينة بحيث تكفل لها توفير سبل الحياة المالئمة للبشر والكائنات الحية، وصدق ا

 ،)صدق الله العظيم ؛ بسم الله الرحمن الرحيم ؛ َوَخَلَق ُكلَّ َشْيٍء َفَقدََّرُه َتْقِديًرا(إذ يقول في كتابه الكريم 
  .ولكن اإلنسان دأب على التعامل مع البيئة بطرق غير مدروسة وأنانية مما أدى إلى إفسادها 

 بسباق التسلح وإنتاج أسلحة فتاكة ومدمرة بغية لقد بدأت الدول المتقدمة مع بداية القرن الماضي
والمفاعالت النووية التي  السيطرة على العالم وأدرك الجميع خطورة الفضالت المشعة التي تفرزها المصانع

ولنا في حادثة  .أنشئت لهذا الغرض وما يمكن أن تلحقه من آثار سلبية عديدة تؤذي مختلف أشكال الحياة
تشيرنوبل خير دليل على ذلك، إذ نتج  للتين ألقيتا على اليابان وحادث انفجار مفاعلالقنبلتين الذريتين ا

عنهما تلوث إشعاعي بيئي واسع النطاق كما حدث في العراق حينما استخدمت الواليات األمريكية القذائف 
اق وباألخص الحاوية على اليورانيوم المّنضب ضد األهداف المدنية والعسكرية في حربها على قطرنا العر

  .في محافظة البصرة

ويوجد  234, 235 ,238يتكون اليورانيوم الموجود طبيعيّا من ثالثة نظائر تبلغ أعدادها الكتلية
 الذي يوجد 234U ويكون عادة في حالة توازن مع اليورانيوم%99.28بتركيز يبلغ  238U اليورانيوم

ذي يعد النويدة األم لسلسلة األكتينيوم بحدود  ال235U، بينما تبلغ نسبة اليورانيوم  % 58x10-6بنسبة
الموجود  235Uويتم تخصيب اليورانيوم بعمليات مّعقدة لزيادة نسبة اليورانيوم). 1989معروف،  (0.71%

ويستخدم اليورانيوم المخصب في تصنيع وقود المفاعالت أو  .%90طبيعيًا إلى نسبة قد تصل إلى 
كناتج عرضي بسبب انخفاض نسبة ) المّنضب(المستنفذ  ى اليورانيوماألسلحة النوويـة إذ يتم الحصول عل

 فيه 238Uفي حين تزداد نسبة اليورانيوم) 0.3أو  %(0.2إلى نحو  %0.71 فيه من 235Uتركيز اليورانيوم
ولقد أضافت أمريكا وبعض الدول الغربية اليورانيوم ). 2000 ، وآخرونالعّزاوي (%99.7 لى إ99.28من

لمواد المستخدمة في صناعة رؤوس الصواريخ المضادة للدروع إذ يمتاز بمواصفات جيدة المنضب إلى ا
مما يعطي زخمًا عاليًا لتلك الصواريخ في اختراق الدروع  19x103 kg/m3منها كثافته العالية والتي تبلغ

لدروع محدثًا يؤدي إلى انفجار الوقود والعتاد داخل ا) كثافة نارية(وكذلك يعطيها خاصية التهاب عالية 
  .(Wazniak, 1999)بذلك دمارًا شديدًا فضًال عن رخص ثمنه كونه يعد نفاياٍت نووية ال يستفاد منها 

 ويّعدان مصدرًا 238U هما من النواتج الطبيعية النحالل اليورانيوم 220Rn والثورون 222Rnإن الرادون 
الخطرة والذي يؤدي إلى تلوث البيئـة إذ أن فالرادون من العناصر الغازية المشعة . لجسيمات ألفا الخطرة

وطول عمره  ); Tanuer, 1964 Jonsson, 1995(  في الهواءcm 220متوسط انتشاره يصل إلى حدود 
وعمر النصف له ) cm (3-2 مقارنة بالثورون الذي متوسط انتشاره بحدود days 3.86النصفي بحدود 

   .sec 55.6قصيٌر جدًا وهو بحدود 

راسات عديدة لتحديد مستويات تراكيز اليورانيوم والرادون في النباتات والتربة وهواء لقد أجريت د
المساكن واألبنية والمياه والخضراوات فضًال عن مواد أخرى وذلك باستخدام كواشف األثر النووي الصلبة 

 تراكيز النويات ومن هذه الدراسـات إيجاد. وباعتماد طريقة القياس طويلة األمد لما لها من نتائج دقيقة
، وتحديد تراكيز اليورانيوم في (Al-Saleh and Saleh, 1986)المشعة في بعض أنواع التبوغ األردنية 
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  ملخص

نيوم في بعض المحاصيل أجريت مجموعة من القياسات العملية لتحديد مستويات تراكيز اليورا
الزراعية ذات كالطماطة والكمأ والتي من المتوقع تلوثها بالمواد المشعة نتيجة استخدام اليورانيوم المنضب 

 وذلك باعتماد تقنية ،1991من خالل الحرب األمريكية على العراق أو ما يسمى بحرب الخليج الثانية سنة 
لقد  . CR-39ية خاملة من كاشف األثر النووي الصلب القياس طويلة األمد باستخدام مجاريع تراكم

 ppb (16.08-3.23)أظهرت القياسات أن مستوى تركيز اليورانيوم في محصول طماطة البصرة تراوح بين 
 ppb (5.71-1.73) نينوى والذي تراوح بين  طماطة وهو أعلى مما فيppb 8.121 بمتوسط قيمة
كيز اليورانيوم في كمأ البصرة أعلى مما في الطماطة إذ تراوح  كما وجد أن تر. ppb 3.29بمتوسط قيمة 

اليومي للفرد العراقي  لقد تم حساب معدل التناول . ppb 29.0 بمتوسط قيمة ppb (31.98-23.42)بين 
 0.329 من طماطة البصرة وµg/day 0.820ذ كانت بحدود إالواحد من اليورانيوم من هذه المحاصيل 

µg/day2.90 فيما بلغت بحدود ،ى من طماطة نينو µg/dayإن تركيز اليورانيوم في .  من كمأ البصرة
 وإن هذه ،طماطة وكمأ البصرة أكثر من الحد المسموح تناوله من قبل االنسان من نوع واحد من الغذاء

لى الزيادة مقارنة مع طماطة نينوى قد تعزى إلى استخدام القوات األمريكية لليورانيوم المنضب في حربها ع
  . العراق وباألخص في ساحة العمليات ومدينة البصرة في جنوب العراق 

  المقدمـة. 1

فرضت مشكلة البيئة نفسها على الحياة، وغدت خالل فترة وجيزة واحدة من أكثر المشاكل تداوًال في 
 عنها أروقة المحافل الدولية ومختلف وسائل اإلعالم، وسيظل موضوع البيئة وتلوثها واألخطار الناجمة

  .على اإلنسان والحيوان والنبات من المواضيع الرئيسة التي شغل العالم في القرن الحالي
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  .181-175، ص 1986اربد، جامعة اليرموك، 

ــشورة    توث-ب ــر المن ــات كلمــة     : يــق الهــوامش والمــصادر غي ــك فــي المــتن بإثب ــتم ذل ) هــامش(ي
وتــذكر المعلومــات ). 1هــامش: (متبوعــة بــالرقم المتسلــسل للهــامش داخــل قوســين، هكــذا 

  :التفصيلية لكل هامش في نهاية البحث تحت عنوان الهوامش وقبل قائمة المراجع
 فـي هـواء منـازل مدينـة اربـد، األردن،      222خضر، بسام راشـد، قيـاس تركيـز الـرادون        :1هامش

  .11-8، ص 1990رسالة ماجستير غير منشورة، جامعة اليرموك 
  .تقبل للنشر في المجلة مراجعات الكتب الحديثة القيمة :مراجعات الكتب

  .يحق لرئيس التحرير إجراء التغييرات التي يراها ضرورية ألغراض الصياغة :التصرف
نـشر بحثـه نـسخة واحـدة مـن عـدد المجلـة الـذي ينـشر فيـه البحـث                      يمنح كل من ي    :المستالت

  .باإلضافة إلى عشرين مستلة منه
  ترسل البحوث والمراسالت إلى

  رئيس تحرير مجلة
  "سلسلة العلوم األساسية والهندسية"أبحاث اليرموك 

  عمادة البحث العلمي والدراسات العليا
  جامعة اليرموك

  المملكة األردنية الهاشمية-اربد
 مـن قـسم التبـادل فـي مكتبـة جامعـة اليرمـوك، أو عمـادة         أبحـاث اليرمـوك   يمكن الحـصول علـى      

  .البحث العلمي والدراسات العليا لقاء دينار للنسخة الواحدة
ــًا فــي     : االشــتراك الــسنوي    دينــاران ونــصف فــي األردن، وثمانيــة دنــانير أو اثنــي عــشر دوالرًا أمريكي

  .ًا أمريكيًا أو ما يعادلها في البلدان األخرىالوطن العربي، وثمانية عشر دوالر



  

  بِسم اللَّه الرّحْمنْ الرّحِيمْ
  

  أبحاث اليرموك
  سلسلة العلوم األساسية والهندسية

  مجلة علمية محّكمة
  تنشر المجلة البحوث األصلية التي تتوافر فيها

  المنهجية السليمة، والتي لم تقدم للنشر في أي مكان آخر

  النشرقواعد وإجراءات 
ــة • ــر       :اللغ ــة وال تــستلم البحــوث بغي ــة اإلنجليزي ــة أو باللغ ــة العربي  تكتــب البحــوث باللغ

  .هاتين اللغتين
 تقدم البحوث فـي أربـع نـسخ مطبوعـة بفراغـات مزدوجـة وعلـى وجـه                   :تقديم البحوث  •

  .سم2.5واحد، وهوامش حجم الواحد منها 
الرســوم والمراجــع يجــب أن ال يزيــد عــدد صــفحات البحــث بمــا فــي ذلــك االشــكال و    -

  .صفحة) 30(والجداول والمالحق عن 
يقدم الباحث ملخصين لبحثه في صفحتين منفصلتين أحدهما باللغة العربية واآلخر             -

  . كلمة لكل منهما200باللغة اإلنجليزية في ما ال يزيد على 
يكتب عنوان البحث واسم المؤلف ورتبتـه العلميـة والمؤسـسة التـي يعمـل بهـا علـى                      -

 منفصلة، ثم يكتب عنوان البحث مرة أخرى علـى الـصفحة األولـى مـن البحـث                 صفحة
  .وعلى صفحة كل ملخص

يقدم البحث بعد الموافقة على نشره مطبوعًا ومحفوظًا على قـرص كمبيـوتر قيـاس          -
  IBM (Microsoft Word 2000, XP) إنش متوافق مع أنظمة 3.5

  :االشكال والرسومات
جداول في نهاية البحث مع اإلشارة إلى أماكنها المناسـبة فـي       توضع األشكال والرسومات وال    •

  .المتن، ووصف لها صفحة منفصلة
 Tracing) تقدم األشكال والرسومات والجداول مرسومة بالحبر األسود على ورق شـفاف   •

Paper)      ــومات ــكال والرســ ــذه االشــ ــاد هــ ــاوز أبعــ ــث ال تتجــ ــصلة بحيــ ــفحات منفــ ــي صــ ، وفــ
  ).سم12×سم19(
عند ورود أسماء أعالم أجنبية في البحوث المقدمة بالعربية         : م األجنبية  أسماء األعال  •

  .فإنها تكتب باللغة العربية تليها األسماء باإلنجليزية بين قوسين
  
  



 



  
  
  

  هيئة التحرير
  

  رئيس التحرير
  الرحمن عطياتاألستاذ الدكتور عبد

  
  

  األعضاء
  

 عمـــــــر الريمـــــــاوياألســـــــتاذ الـــــــدكتور 
 محمــــد أبوصــــالحاألســــــــتاذ الدكتـــــــــور 

ــومني    ــن المـــــ ــدكتور ايمـــــ ــتاذ الـــــ  األســـــ
  

 عبدالرحيم الحنيطياألســــتاذ الدكتـور  
 مشهور الرفاعيتاذ الدكتور ـــــــــــــاألس

 محــمـــد الشــــــبولـور ـــــــــــــــــالدكتــــ
  

  
  
  
  
  
  
  

  
  سكرتري التحرير
  ُعال شاكر عقله

  
  
  
  
  



  
  
  
  

  2005جميع حقوق الطبع محفوظة لجامعة اليرموك  ©
  ال يجوز نشر أي جزء من هذه المجلة أو اقتباسه دون الحصول على 

  موافقة خطية مسبقة من رئيس التحرير
  
  
  
  

  مجلة يعّبر عن آراء أصحابه، وال يعكس آراءما يرد في ال
  هيئة التحرير أو سياسة جامعة اليرموك

  
  
  
  
  

  المراجعه اللغوية
  االستاذ الدكتور ابراهيم جبريل

   جامعة اليرموك–قسم الكيمياء 
  
  
  

  تنضيد واخراج
   ومحمود السوقيأحمد أبوهمام

  
  
  
  

  



ISSN 1023-0149  
  
  
  
  
  
  

  أبَحـاث الَيرمـوك
  م األساسية والهندسيةسلسلة العلو

  مجلة علمية محّكمة
  
  
  
  
  
  
  
  
  
  
  
  

  م2005/هـ1426  الثانيالعدد    عشرالرابعالمجلد   




