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Dual polarization weather radar has now become a widely used as instrument in meteorological 
offices around the world because of its capability in distinguishing different precipitation type 
and in improving the accuracy of quantitative precipitation estimation. The aim of this work is 
to estimate the polarimetry radar variables for radars of different frequency bands and study 
their behavior with rainfall rates.  
Calculations of polarimetry radar variables were made on the basis of several assumptions. The 
results showed that factors at horizontal and vertical polarization, ZH,V, ranges between 20 dBz 
respectively, and more than 55 dBz for light rain and extreme heavy rain respectively, and radar 
reflectivity factor at horizontal ZH is greater than radar reflectivity factor at vertical ZV for all 
rainfall rates. The differential reflectivity, ZDR, also increases with increasing rainfall rates 
since it is the difference between ZH and Zv.  
Calculations of specific differential attenuation indicated that X band radars are seriously atten-
uated by rain and C band radars are less affected by rain. The specific differential attenuation, S 
band radars is very small. In addition to this feature, the results showed that the differential 
phase shift between return signals of horizontal and vertical polarizations for S band radars is 
much less than those for C and X band radars, and also, the results showed that the co-
polarization correlation coefficient for S band the radars is much higher than those of C and X 
bands.  
In order to investigate the accuracy of the calculated polarimetric weather radar variables per-
formed in this research, real radar measurements were used for this purpose. Results indicated 
that the range of values for calculated polarimetric radar variables are very consistent with range 
of values for measured variables.  
 
Keywords: Polarization; Radar; Reflectivity; Rainfall.  

  
 الخلاصـة

أصبح رادار الطقس مزدوج الاستقطاب جهاز شائع الاستخدام في دوائر الارصاد الجوية حول العالم بسبب قابليته في تمييز 
الاعتيادية ترسل وتستلم موجات ذات  رادارات الطقس .الأنواع المختلفة من الهطول وتحسين دقة التخمين الكمي للهطول

الرادارات المستقطبة ترسل وتستلم موجات كلا الاستقطابين الافقي  .استقطاب افقي منفرد ويمكنها قياس معدل الهطول فقط
يهدف هذا البحث الى تخمين  .والشاقولي واضافة لمعدل الهطول لها القابلية في تحديد حجم وشكل ونوع جسيمات الهطول

  .متغيرات الرادارات المستقطبة ذات حزم الترددات المختلفة ودراسة سلوك هذه المتغيرات مع معدلات سقوط المطر
بينت النتائج بان معاملات الانعكاسية عند الاستقطاب الافقي  .تم حساب متغيرات الرادار المستقطب بناءاٌ على عدة فرضيات

بالنسبة للأمطار الخفيفة والامطار الغزيرة جدا  dBz 55الى أكثر من  dBz 20، تتراوح بين ZH,Vوالاستقطاب الشاقولي 
 ZVأكبر من معامل الانعكاسية عند الاستقطاب الشاقولي  ZHعلى التوالي، وان معامل الانعكاسية عند الاستقطاب الافقي 

 ZHر كونها تمثل الفرق بين هي أيضا تزداد مع زيادة معدل المط ZDRالانعكاسية التفاضلية  .لجميع معدلات الامطار
  .ZVو

تعاني بشدة من التوهين بواسطة الامطار وان  Xدلت حسابات التوهين التفاضلي النوعي بأن الرادارات التي تعمل بالحزمة 
 ان التوهين التفاضلي النوعي للرادارات التي تعمل .هي أيضا تتأثر بالأمطار ولكن بشكل اقل Cالرادارات التي تعمل بالحزمة 

إضافة لهذه الخاصية، فان النتائج أظهرت بان فرق الطور التفاضلي بين الإشارات المرتدة عند  .قليل جدا Sبالحزمة 
، وأيضا بينت النتائج Cو  Xاصغر بكثير من فرق الطور عند الحزم  Sالاستقطابين الافقي والشاقولي للرادارات ذات الحزمة 

  .Cو  Xاعلى من معاملات الارتباط للحزم  Sدارات الحزمة بأن معامل ارتباط اشتراك الاستقطاب لرا
ولغرض التأكد من دقة حسابات متغيرات رادار الاستقطاب التي تم اجراؤها في هذا البحث، فقد استخدمت قياسات رادار 

 . المتغيرات المقاسةوقد دلت النتائج بان مدى قيم متغيرات رادار الاستقطاب متوافقة تماما مع مدى قيم  .حقيقية لهذا الغرض
 

 

Introduction 
Although weather radars have been in operation 

for more than half a century and Doppler weather 
radars for a few decades, polarimetric weather 
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radars, which retain Doppler capability, have on-
ly recently achieved operational status. Such a 
choice has been motivated by the capability of 
polarimetric variables to distinguish different hy-
drometeor types and to improve the accuracy of 
quantitative precipitation estimation [1]. The 
conventional meteorological radar transmits and 
receives a fixed single polarized wave. Mean-
while, polarimetric radar radiates and receives 
linear polarization waves which are polarized 
horizontally and vertically.  
The difference of characteristics of backscattered 
signal due to polarizations directly depends on 
the shape and orientation of particles. By com-
paring the signals received from returns at each 
polarization, one can glean information about the 
size, shape, and orientation of targets within the 
radar sampling volume [2].  
A large number of publications in the literature 
deal with theory and observations of weather ra-
dar polarimetry. Simulation of dual polarization 
parameters has also attracted many researchers. 
Otto [3] inspected the propagation effects influ-
encing polarimetric weather radar measurements 
attenuation correction. Methods for weather ra-
dar measurements at linear horizontal / vertical 
polarization basis were compared to each other, 
and identifying the robustly working methods. 
Kumjian and Ryzhkov [4] studied the impact of 
size sorting on the S-band polarimetric radar var-
iables by using two idealized bin models. They 
found that the size sorting produces regions of 
sparsely concentrated large drops with a lack of 
smaller drops. Thompson et al. [5] derived the 
bulk electromagnetic scattering properties of pre-
cipitation to prove that the extent to which polar-
imetric radar observations can be used to operate 
a winter hydrometeor classification algorithm. 
The results show that the algorithm is able to 
successfully discern dominant winter hydrome-
teor types. Jamali [6] examined the applicability 
of the simple models in estimation of ice mass 
across the microwave spectral region using three 
databases consisting of optical properties of 
some randomly oriented non-spherical ice parti-
cles and aggregates.  
 

Materials and Methodos 
Polarimetric Radar Variables 
Radar echoes are combined signals backscattered 
by all the hydrometeors within a radar resolution 
volume at a given range gate. The intensity and 

phase of received radar echoes are determined by 
both scattering and propagation effects. These 
effects depend on the radar frequency and the 
size, intensity, phase, shape, structure, and orien-
tation of the hydrometeors. The use of subscripts 
for polarimetric variables is quite common. In 
general, letters in lowercase correspond to linear 
units, while those in uppercase correspond to 
units in dB. The theoretical equations for the po-
larimetric radar variables are given below [7] [8] 
[9].  
1- Radar reflectivity factors at horizontal and 

vertical polarizations ( ,h vZ or ,H VZ ) 

max

min

4 2
6 3

, ,24

4
( / ) ( , ) ( )

D

h v h v
D

Z mm m f D N D dD
K





   (1) 

, 10 ,( ) 10log ( )H V h vZ dBz Z  (2) 

2- Differential reflectivity ( drZ  or DRZ ) 

/dr h vZ Z Z  (3) 

10( ) 10log ( / )DR h v H VZ dB Z Z Z Z    (4) 

3- Co-polar correlation coefficient ( ,h v ) 

max

min

max max

min min

*

,
2 2

( , ) ( , ) ( )

( , ) ( ) ( , ) ( )

D

hh vv
D

h v
D D

hh vv
D D

f D f D N D dD

f D N D dD f D N D dD

 


 




 

 (5) 

4- Specific differential phase shift ( dpK ) 

 
max

min

180
(deg/ ) (0, ) (0, ) ( )

D

dp hh vv
D

K km Re f D f D N D dD



   (6) 

5- Differential phase (
dp ) 

0
( )(deg) 2 ( )

gr

dp g dpr K r dr    (7) 

6- Specific attenuation at horizontal or vertical 

polarization ( HA or VA )  

max

min
, ,( / ) 8.686 Im (0, ) ( )

D

H V h v
D

A dB km f D N D dD      (8) 

7- Specific differential attenuation ( DPA ) 

(deg/ )DP H VA km A A   (9) 

where   is the radar wavelength; 

( 1) / ( 2)K     , where   is the complex die-

lectric constant of water; D denotes the effective 
diameter of particle (i. e. , hydrometeor); Dmax (or 
Dmin) indicates the maximum (or minimum) D 
within a radar resolution volume; and N(D) is the 
Particle Size Distribution (PSD) of all these par-

ticles; ,hh vvf  is the complex scattering amplitude 
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at the horizontal or vertical polarization, horizon-
tal or vertical and the parameters 0 and   for 

,hh vvf  denote the forward-scattering and back-

ward-scattering components, respectively; the 

notation   signifies the complex norm and Re 

(or Im) indicates the real (or imaginary) part of a 
complex number; and r denotes the range from 
radar and rg is the range for a given range gate.  

,h vZ  represents the energy backscattered by pre-

cipitating hydrometeors and depends on their 
concentration, size, and phase, which have a 
close connection to precipitation rate and water 

content. drZ  is directly related to the median size 

of observed hydrometeors, a parameter used to 

describe the DSD. dpK  is dependent on the 

raindrop number concentration but is less sensi-

tive to the size distribution than ,h vZ . Positive 

dpK values result from a phase lag in the horizon-

tally polarized wave compared with the vertical 
one. Oblate raindrops (those that have larger hor-
izontal dimensions than vertical) basically cause 
a slight phase delay, which is more pronounced 
at horizontal polarization. These three polarimet-
ric measurements can be directly applied for es-

timating rainfall. The correlation coefficient ( hv

) indicates how well the backscatter amplitudes 
at vertical and horizontal polarization are corre-
lated. It is a good indicator of hydrometeor phase 
(homogenous vs. mixed phase) and data quality. 
This variable is used for classifying the hydrome-
teor species of the radar echo. Precipitation can 
cause strong attenuation (power loss) in radar 
measurements, depending on the frequency of 

the radar wave. Specific attenuation ( HA , VA ) 

and specific differential attenuation ( DPA ) are 

two important variables to address how much 

power has been lost in hZ , vZ  or drZ , though 

they are not directly measured. Values of HA  , 

vA  , and DPA  also have a strong correlation with 

precipitation rate [7][9].  
 

Methodology  
The polarimetric radar variables defined by 
Equations (1) through (9) were estimated under 
the following assumptions: 

1. Air temperature of 10 
o
C.  

2. Marshall-Palmer raindrop size distribu-
tion for raindrop diameters 0.08 to 8 mm and 
rainfall rates 1 to 100 mm/hr. The distribution 
is defined as [10]: 

( ) D

oN D N e  (10) 

Where D is the rain drop diameter, ( )N D dD

is the number of drops between diameter D 

and D dD , and oN is the value of ( )N D  for 

D=0. For this distribution it was found that 

0.08oN   cm
-4

 and 
0.2141R   cm

-1
 where 

R is the rainfall in mm/hr.  
3. Rain fall speed formula proposed by Brandes 

et al. , [11]: 
2 3 4( ) 0.1021 4.932 0.9551 0.07934 0.002362v D D D D D     

 
(11) 

4. Raindrops are oblate spheroids with 0
o
 cant-

ing angle.  
All computer codes used in the computations 
were developed in Matlab

®
. Calculations of po-

larimetric radar variables were carried for three 
commonly used radar frequency bands, namely 
X band (10 GHz), C band (5 GHz) and S band (3 
GHz). To verify the theoretical computations, 
real polarimetric radar measurements were com-
pared with the results of computations. The data 
were obtained from NOAA Weather Radar for 
Research and Experimentation (KOUN) in Nor-
man, Oklahoma, USA. The data were collected 
for the 13 May 2005 squall-line case.  

Results and Discussion  
Figures 1 to 3 show the comparisons of ZH, ZV, 
and ZDR for the three bands. ZH for X band is 
greater than that of C band and S band has the 
lowest values among the three bands. ZV values 
for X and S band are very comparable but they 
are notably greater than the values of C bands, 
especially for rain rates greater than 10 mm/hr. 
As a consequence, ZDR for X band is greater than 
those of C and S bands for rainfall rates below 35 
mm/hr. beyond this value of rainfall rate, ZDR for 
C band becomes larger than that for X band.  
Figure 4 shows the comparison of ADP for the 
three bands. It is clear that radars operate at X 
band are affected seriously by rain attenuation. 
This leads to degradation of the radar signal as it 
propagates through rain medium. It is evident 
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that even light rain affects X band radars. The C 
band radar waves are less attenuated than X band 
radar. The S band radar very less attenuated by 
rain medium and for this reason S band radars 
are widely used for detecting rain storms.  
  

 

Figure 1: Reflectivity factor at horizontal polarization for 
X, C, and S bands versus rainfall rate.  

 

 

Figure 2: Reflectivity factor at vertical polarization for 
X, C, and S bands versus rainfall rate.  

 
Figure (3): Differential reflectivity for X, C, and S bands 
versus rainfall rate.  

 

Figure 4: Specific differential attenuation for X, C, and S 
bands versus rainfall rate.  

Figure 5 displays the results of computed specific 
differential phase shift, KDP. It is obvious that 
KDP increase linearly with increasing rainfall 
rates. Light rain produces a phase shift of less 
than 1 deg/km between horizontal and vertical 
return of the signals while heavy rainfall, 60 
mm/hr for instance, can cause a phase shit of 5, 
3, and 1.5 dB/km for radars operating at X, C, 
and S bands respectively.  
Figure 6 shows the results of the calculated co-

polarization coefficient, hv , versus rainfall for 

the three bands. It is seen that hv  is more than 

0.96 for rainfall rates below 10 mm/hr and that 

the return signals of S band radars have best hv  

it is almost constant for all rainfall rates while for 

radars operating at C band hv  decreases gradu-

ally to value 0.94 at rainfall rate of 60 mm/hr and 
then keep constant for rainfall rates higher than 

this value. For X band radars, hv decreases 

sharply to less than 0.90 at rainfall rate of 50 
mm/hr and then become constant for higher rain-
fall rates. This suggests that return signals of S 
band radar are best correlated than return signals 
of radars operating at other two bands.  
In order to investigate the accuracy of the calcu-
lated polarimetric weather radar variable per-
formed in this research, real radar measurements 
were used for this purpose. The measurements 
were obtained from the University of Oklahoma, 
Oklahoma, USA S band dual polarization radar 
(KOUN). The radar is located in Norman near 
Oklahoma City. The measurements were carried 
out during a squall-line case on 13 May 2005. 
Squall lines generally form along or ahead of 
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cold fronts and drylines and can produce severe 
weather in the form of heavy rainfall, strong 
winds, large hail, and frequent lightning. Squall 
line appears on radar has a shape of a bow echo.  
 

 

Figure 5: Specific differential phase shift for X, C, and S 
bands versus rainfall rate.  

Figure 7 shows the PPI of ZH, ZDR , hv , and DP  

for this squall-line case study, The bow echo is 
very apparent on ZH, and ZDR displays. The bow 
is located at the head of the storm, just east of the 
radar site and has high values of ZH, and ZDR. It is 
seen that the range of ZH is between 20 and 55 

and the range of ZDR is between 0 and 4. hv  is 

equal to unity all over the storm. DP  ranges be-

tween 0 and more than 50 at the edges of the 

storm. The DP  is the 2-way range integration of 

KDP. These values of measured polarimetric 
weather radar are very consistent with the calcu-
lated variables obtained in this research.  
 

 

Figure 6: Co-polarization correlation coefficient for X, 
C, and S bands versus rainfall rate.  

 

Figure (7): PPI of HZ  (top left), DRZ  (top right), hv  

(bottom left) and DP  (bottom right) for the 

13 May 2005 Squall-line case observed by 
KOUN S band dual-polarization radar.  

 

Conclusions 
This paper presents theoretical calculations of 
dual polarization weather radar variables, aimed 
at understanding the behavior of these variables 
for various rainfall rates. Three common radar 
bands were considered, namely X, C, and S. Cal-
culations were based on Marshall-Palmer 
raindrop size distribution. Results indicated that 
differential reflectivity for X band is greater than 
those of C and S bands for rainfall rates below 35 
mm/hr and beyond this value of rainfall rate, 
ZDR for C band becomes larger than that for X 
band. It was found that heavy rainfall can cause a 
differential phase shit of 5, 3, and 1.5 dB/km for 
radars operating at X, C, and S bands respective-
ly. Results also suggested that co-polarization 
correlation coefficient suggested that return sig-
nals at horizontal and vertical polarizations of S 
band radar are best correlated than return signals 
of radars operating at other two 
bands.comparisons with real radar measurements 
showed the calculated radar variables were very 
consistent with the measured ones.  
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This study was conducted on the number of pregnant women suffering from symptoms of 
preeclampsia who live in different areas in Baghdad city. These areas were suffering from air pol-
lution by different pollutants in high rates and it was chosen from among these pollutants lead 
metal which is a high percentage of air pollution where it was observed by measuring the level of 
lead in blood serum which taken from pregnant women by 40 pregnant women suffering from 
symptoms of preeclampsia and 20 pregnant women don't suffering from any abnormal symptoms 
during pregnancy period and classified as control group , so we found marked a significant rise in 
lead level in comparison with control group reaching ratio of lead in blood of pregnant women 
which suffering from symptoms of preeclampsia 38.44 mg/dl ± 3.0 mg/dl in comparison with con-
trol group which 14.56 mg/d l± 2.50 mg/dl,this increase may refer to the amount of lead which 
found in the air and in excess of the normal limit which exposed pregnant women like all people 
through the overcrowding of roads and use fuel non-environmentally friendly through breathing 
which effect on pregnant women health, it has been shown on symptoms of preeclampsia from 
measuring systolic and diastolic blood pressure and measuring of urea in blood, T-test was used at 
possibility of(0.001)to see the difference between infected samples and control group, therefore 
this study suggested that a lead is one of the causes of preeclampsia because live in polluted and 
unhealthy environment.  
 (pt space line after abstract text.) 

Keywords: lead, pollution, preeclampsia, symptoms. (leave 10pt space line here) 

خلاصـةال  
مختلفة ضمن مدينة اجريت الدراسة على عدد من النساء الحوامل التي تعاني من اعراض تسمم الحمل والتي يتواجدن في مناطق 

بغداد وكانت هذه المناطق تعاني من تلوث الهواء بالملوثات المختلفة وبنسب عالية وقد اختير من ضمن هذه الملوثات معدن 
الرصاص الذي يشكل نسبة عالية من تلوث الهواء حيث لوحظ من خلال قياس مستوى الرصاص في عينة الدم التي اخذت من 

أمرأة لا تعاني من اعراض غير طبيعية خلال فترة  20أمرأة حامل تعاني من اعراض تسمم حمل و 40النساء الحوامل بواقع 
الحمل وصنفت ضمن المجموعة الضابطة حيث لوحظ ارتفاع ملحوظ وكبير في مستوى الرصاص بالمقارنة مع المجموعة 

0mg/dl3.  ± اض تسمم الحملالضابطة حيث بلغت نسبة الرصاص في الدم لدى النساء الحوامل التي تعاني من اعر
4.4mg/dl38  0 6.514بالمقارنة مع المجموعة الضابطة التي بلغت ± mg/d.5mg/dl2  وهذا الارتفاع قد يعزى الى أرتفاع

مستوى الرصاص الموجودة في الهواء والتي تفوق الحد الطبيعي والتي تتعرض لها النساء الحوامل كسائر الاشخاص من خلال 
واستخدام الوقود غير الصديق للبيئة من خلال عملية التنفس والتي تؤثر على صحة المرأة الحامل,وقد استدل ازدحامات الطرق 

 Tعلى اعراض تسمم الحمل من خلال قياس ضغط الدم الانبساطي والانقباضي وقياس نسبة اليوريا بالدم ,وقد استخدمت قيمة 
وعليه تشير هذه . ق بين مجموعة العينات المصابة والمجموعة الضابطة( لمعرفة معنوية الفرو01.00الجدولية عند احتمالية )

 leave. الدراسة الى ان يكون الرصاص هو احد مسببات مرض تسمم الحمل وهذا يحدث بسبب العيش في بيئة ملوثة غير صحية

.6pt space line after abstract text) 

 

Introduction 
Lead is toxic and induces abroad range of harm-
ful effects on various organs including the repro-
ductive system [1] [2] [3].  
Lead as a neurotoxic can carry a lethal legacy. 
Young women who live in Lead –contaminated 
housing or who were lead-poisoned themselves 
as youngsters can be passed lead on their unborn 
fetuses [4]. Lead poisoning remains an urgent 
public health problem in both developed and de-
veloping countries [4].  

The main target for lead toxicity is the nervous 
system, both in adults and children [5] [6].  
Long –term exposure during pregnancy to even 
low concentrations of toxic metals , which have 
the ability to accumulate, often leads to irreversi-
ble damage to fetal developments and maternal 
morbidities including pre-eclampsia [1] [2] [3]. 
Environment pollution by lead is worldwide pub-
lic problem. such as elevated blood level among 
people living in the polluted areas [7] [8].  
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Lead is a heavy metal and is highly toxic to 
plants and cumulative poison to mammals so an 
important symptoms of lead toxicity is causing 
central nervous system disorder leading to in-
somnia like disease which are caused due to the 
discursive of hemoglobin [7].  
Lead is one of the heavy metals people most 
commonly exposed to in the environment. Lead 
is not biodegradable and the conference for eco-
toxicity of lead are increasing [7] [8].  
There are innumerable sources of lead in our en-
vironment such as paint, plumbing and water 
supplies from lead pipes or lead- soldered joints, 
dust and pint chips from older houses having 
lead paints, air and soil pollution from leaded 
gasoline, cooking in leaded pots, newsprint and 
many other sources [7] [8] [9].  
Preeclampsia, the most common medical com-
plication of pregnancy, is associated with oxida-
tive stress with lead elements [7].  
Long – term exposure during pregnancy to low 
concentration of toxic metals, such as lead which 
have the ability to accumulate, often leads to ir-
reversible damage to fetal and maternal morbidi-
ties including pre - eclampsia [7] [ 9].  
 

Materials and Methods  
The study was conducted in several areas, it is 
choked with traffic throughout the day, and it 
suffers from air pollution in various pollutants 
emanating from vehicle exhausts in Baghdad 
city.  
Venous blood samples (5 ml) were taken from 
each pregnant woman (40 women) does not suf-
fer from any abnormal symptoms during differ-
ent periods of pregnancy and ranked in the con-
trol group.  
Twenty pregnant women suffering from symp-
toms such as high blood pressure continues to 
rise during the six – hour up to 160/10mmHg 
during the day. And high proportions of urea in 
the blood which are less than 50 mg during 24 
hours.  
The ages of all samples (patiants and controls) 
are convergenced from (23 - 44) years with peri-
ods of pregnancy to every one. All of the sam-
ples did not suffer from other overlaps interven-
tion such as heart disease, diabetes and kidney. 
The systolic blood pressure and diastolics for 
pregnant women was measured using a standard 
mercury sphygmomanometer (Accoson, Essex, 
UK).  

The study also included a measurement of the 
proporation of protein in the blood urea. The 
samples were taken for pregnant women who 
completed 22 weeks of gestation at least 5 ml of 
urine from each pregnant woman in this study 
after centrifugation for 5 minutes at 3000 rpm for 
the testing of the present of albumin in urine, 5ml 
of blood sample was collected from the cubital 
veins.  
The blood was separated after centerfugation for 
5 minuts at 3000 rpm and the plasma were stort-
ed frozen at 200 C°. Untel analysis was carried 
out for lead estimation by atomic absorption 
spectrophotometer model 200A (Buck scientific, 
East Norwalk, UK) with detection limit of 1 mg 
/dl was employed for blood lead determination, 
as described by welz [10]. The digested samples 
analyzed in duplicates by the atomic absorption 
spectrophotometer methodology using wave-
length of 283 nm, the mean value computed.  
 
Statistical analysis:  
Mean ± standard error were calculated for all 
treatment. Mean of tests and controls were com-
pared using t – test (using a program of statistic 
for epidemiology) and p – values were obtained.  
P value was regarded significant if it is less or 
equal (0.05). Repeated analyses of standard solu-
tion confirmed the methods precision.  

Results and Discussion 
We found in this research significant increase (p 
= 0.001) in systolic and diastolic blood pressure 
for 24 hrs with a significant increase (p = 0.001) 
in blood lead level in the serum in the preeclamp-
tic women as compared to normal pregnant 
women as found in Table 1.  
Our results are in keeping with the results of 
Motawei et al. [1] [2] [3] who found same results 
of correlation between lead level in serum and 
symptoms of preeclampsia, systolic and diastolic 
blood pressure in women suffering from 
preeclampsia in Egypt.  
As well our results agree with kasper, et al [11] 
[12] [13] who they found that the lead level in 
the serum was positively associated with systolic 
and diastolic blood pressure.  
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Table 1: Preeclamptic women as compared to the normal 

pregnant women.  

p-
value 

Normal 
pregnant 

Preclampti
c women 

paramet
er 

0.001 8 ±7.10 40±23 

Urea 
24 hrs 
(mg/dl) 

 

0.001 
14.56±2.5

0 
38.44±3.0 

Lead 
(mg/dl) 

0.001 
117.8±8.9

0 
180.33±9.2

2 

Systolic 
blood 

pressure 
(mmHg) 

0.001 8.50±7.90 
20.19±7.90

1 

Diastolic 
blood 

pressure 
(mmHg) 

Mean ± SD 
 

 
Figure 1: Serum concentration of lead in normal and 
preclamptic women.  
 

Meanwhile explained Rothenberg et al and Mitra 
et al. [14] [15] found significant positive associa-
tion between lead level and blood pressure in 
pregnant women. This is what was said kasper, et 
al. [11] [12] [13] as explained the pregnant 
women exposure to lead from breathing the air 
contaminated by leaded gasoline which found in 
the roads. Exposure to excess toxic elements 
such as lead in the environmental that increases 
the production of free radicals, leads to decrease 
the availability of bioelements necessary for an-
tioxidant defense mechanisms, So acute and 
chronic low- level lead exposure has been shown 
to result in adverse health effects [16] [17]. As 
well our results agree with Line ,et al. who ex-
plained the elevated lead level observed in some 

rural areas by the fact that some villages are pol-
luted with high concentration of lead in soil and 
household dust that subsequently carry lead ex-
posure to the population there causing elevated 
lead level [18] [19] [20].  
Air polluted by oxides and minerals more dan-
gerous on human health where through breathing 
pollutants move by one hundred percent to hu-
man blood and features Baghdad city like all cit-
ies abundance cars which use fuel have danger-
ous toxic which include lead which effects sig-
nificantly on the patients , elderly and pregnant 
women posing a risk to fetuses ,High lead level 
in the blood causes anemia and lakes of hemo-
globin in the blood this may lead to liver kidney 
and brain damage and it was up to the central 
nervous system [21].  

Conclusions 
Through tests conducted in this study and com-
pare with similar studies,it is clear to us that lead 
which found in high rates in the polluted and un-
healthy environment may be a reason of 
preeclampsia which constitutes a danger on the 
pregnant woman this lead to the possibility of 
abortion or may be effect in future on the fetus 
health.  
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The specimens were collected from different region in Baghdad ⁄ Iraq, by using air net during 
April 2016. In this study, a morphological characters of Sympetrum fonscolombei (Selys, 1840) is 
include three region of body (head, thorax and abdomen); in addition, male and female genitalia. 
Such characters were supported by Figured.  

 line after abstract text.) 

Keywords: Libellulidae, Sympetrum fonscolombii, Morphological study, Baghdad.  

 
خلاصـةال  

في هذه  .2016خلال شهر نيسان العينات المدروسة جمعت من مناطق مختلفة من بغداد باسـتخدام الشبكة الهوائية 

تتضمن ثلاث مناطق من الجسم  Sympetrum fonscolombei (Selys, 1840) الدراسة، الصفات المظهرية للنوع

 .الرأس والصدر والبطن( بالإضافة الى السوأتين التناسليتين الذكرية والانثوية، وهذه الصفات معززة بالصور)

 
Introduction (title: level 1, style: Heading 2) 
Odonata is one of the ancient groups of winged 
insects found now; with 5680 present species 
dragonflies are a comparatively small order of 
insects [1]. Every known species of Odonata are 
hunters as adults and larvae, and as such, they are 
very evaluate for premising biological control 
over many noxious insects, particularly those 
with water larvae [2]. This genus Sympetrum is 
already represented in the Iraq by following four 
species:  
Sympetrum fonscolombei (Selys, 1840), Sym-
petrum striolatum (Charpentier, 1840), Sym-
petrum depressiusculum (Selys, 1841) and S. 
arena color Jodicke, 1994 according to list of 
Kalkman [3]. To Iraqi fauna, the species of Sym-
petrum fonscolombei (Selys, 1840) was recorded 
by Kalkman, Asahina, Derwesh, Morton and 
Sage [3] [4] [5] [6] [7]. The species of S. fonsco-
lombei (Selys, 1840) was distribution South and 
East Europe, sometimes reaching Western Eu-
rope, the whole of Africa and spreading into Asia 
as far east as Kashmir. Very extensively distrib-
uted in levant the period from April to October 
[8]. The aim of this study was to make a detail 

description for the species Sympetrum fonsco-
lombei (Selys, 1840) and afford additional in-
formation from these insects to Iraqi fauna.  
 

Materials and Methods  
Many specimens of O donate species were col-
lected from different region in Baghdad ⁄ Iraq, by 
using air net during April 2016. The specimens 
were killed by freezing for 48 hours, and mount-
ing by insect pins. The date and localities of 
sampling were recorded. The samples of the spe-
cies were diagnosed by using different taxonom-
ic keys such as: [3] [8] [9] [10] [11] [12] [13] 
[14].  
The morphology of the adults were studied by 
using dissecting microscope, while the minute 
parts were studied by preparation of microscope 
slides, the adults dissected by using two fine 
pins, then the required parts (the abdomen) put in 
a beaker 100 ml contains 50 ml water with KOH 
10% and placed on fire with shaking for about 10 
minutes for dissolving of lipid maters of the body 
and destroying the muscles. After that it was 
placed in distilled water for 5 minutes in order to 
reduce the effect of the alkali. abdomen are 
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placed in ethyl alcohol 25% and dissected under 
microscope to obtain the male genitalia, then 
transferred to ethyl alcohol 50%, 75% and 100% 
respectively for two minutes of each concentra-
tions to dehydration of water, then placed in Xy-
lol for two minutes, for translucency then placed 
in Canada balsam to prepare slides for examina-
tion under microscope [15].  
The binocular dissecting microscope (MB. 
MARIOBROMA. SRL, Roma) was used to 
magnificent the morphological features and pho-
tographs were taken with a Sony Camera (ca-
pacity 12.1 MEGA PIXELS); in addition, some 
photographs (wing and abdomen) used Samsung 
galaxy mega, GT-19152.  
 

Results and discussion  

Body: Measurements (mm): Male body length of 
42, fore wing 33, hind wing 32 (Figure 1); Fe-
male body length of 43, fore wing 34, hind wing 
33.  
 

 
Figure 1: body of the adult (male) of Sympetrum fonsco-
lombii.  

 
Head: 
Labrum yellow, Clypeus silvary, frons yellow 
and coated with short and pale hairs; a broad 
black stripe at base of frons; verte convex yellow 
(Figure 2a).  
Occiput pale olivaceous and overed by long and 
erect pale hairs (Figure 2b). Eyes brown above 
and pale olivaceous below. In mature specimens, 
the all face changes bright red (Figure 2c).  

 
 
Figure 2: head of Sympetrum fonscolombei a: anterior view 
(teneral specimen); b: posterior view; c: anterior 
view(mature specimen).  

 
Occ: occiput, Ant: Antenna V: vertex, F: frons; 
CE: compound eye, ACl: anteclypeus, PCl: post-
clypeus, Lbr: labrum, Se: Seta, LOc: Lateral 
Ocellus, MOc: Median Ocellus.  
 
Thorax:  
Prothorax: in dorsal view black. posterior lobe 
(PL) large, waisted in middle and posterior mar-
gin yellow and covered with long, erect and pale 
hairs(Figure 3a). Synthorax: in lateral veiw yel-
low-greenish, covered with long hairs, generally 
no antehumerals, Sutures marked with black, a 
long black line on humeral suture (Figure 3b).  

 
Figure 3: thorax of Sympetrum fonscolombei. a: Prothorax 
(dorsal view); b:Synthorax (lateral view).  

AL: Anterior lobe, ML: Median lobe, PL: Poste-
rior Lobe, HS: humeral suture, spi: Spiracle, 
epst2: mesoepisternum, Su1: Suture 1, Su2: Su-
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ture 2, Cx2: Coxa of leg 2, Cx3: Coxa of leg 3, 
Se: Seta. 
  
Wings:  
Wing clear, venation (only main veins) yellow in 
tenerals or red in adults, membranula white, ex-
treme bases of wings possessed with amber yel-
low; Pterostigma light yellow and boarded with 
black nervures. Fore wings with 6-½ antenodal 
crossveins, last antenodal crossvein incomplete. 
Arculus integrated at origin and situated between 
the first and second antenodal nervure. Discoidal 
cell divided to two cells, Discoidal field begins 
with three cells then parallel and lastly narrows. 
Triangular cell of the fore wing put vertical slop-
ing to the rear edge of wing, base equal to one–
third of the length of outer side. Only one row of 
cells between IRiii and Rspl. One Cubital 
crossvein (Cn) occur in each wing (Figure 4).  
 

 
 

 
Figure 4: wings of Sympetrum fonscolombei , a: fore wing; 
b: hind wing , c: base of hind wing.  
 
HT: Humeral triangle, Idta: Last discontinued 
transverse arculus, Ri: 1st Radius vein, Rii: 2nd 
Radius Vein, Riii : 3rd Radius vein, Riv: 4th Ra-
dius vein, IRiii: 1ST Radius vein branch, AL: 

Anal loop, MA: Median Arculus, Mspl: Nervulus 
between Cu and MA, IA:Anal vein ,Rs: Radius 
vein, Arc: Arculus, Nod: Nodus, Rspl: Nervulus 
between lRiii and Riv, C:Costal vein, 
ANC:Transverse antenodal nurvulus, PNC: 
Transverse post nodal nurvulus,Sc: Subcosta 
vein,Cn:Transverse Cubital nur-
vulus,Pt:Pterostigma, Sn:Sub nodus, Cuii: Cubi-
tal vein, T: Triangular cell, St: Sub triangular cell 
, DF: Discoidal field, Me: Membranula.  
 
Legs:  
Legs black, external surfaces of femora and tibia 
with bright yellow stripe (Figure 5).  
 

 
Figure 5: legs of Sympetrum fonscolombe: a: Fore-leg; b: 
Mid-leg; c:Hind-leg Cx: Coxa, Tr: Trochanter, Fe: Femur, 
Ti: Tibia, Ta:Tarsus, Cl: Claw, Sp: Spin.  

  
Abdomen :  
In male: Abdomen bright ochraceous in teneral 
then turning blood red at maturity (Figure 6a) ; a 
broad spot black on the dorsum of S1and base 
and sides of S2 (Figure 6b), also the S8-9 with 
carinal and lateral black straps (Figure 6c). In 
female: A carinal black spot extant on S8-S9 and 
a fine font on S10 (Figure 9a).)  
 
Anal appendages  
End abdomen with anal appendages; long, skinny 
and yellow (later bright red), coverd by erect, 
densely and black hairs (Figure 7a,b).  
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Figure 6: abdomen of Sympetrum fonscolombei 
a: the abdomen(dorsal view), b:first segments abdo-
men(dorsal view); c: end segments of abdomen(dorsal 
view). Ab. S: abdominal segment.  

 
Figure 7: anal appendages (male) of Sympetrum fonsco-
lombe a: (dorsal view) , b: (lateral view) Iap- Ept: Inferior 
anal appendage, Sap-Cr: Superior anal appendage, Sp: 
Spine, Se: setae, Ppt: paraproct.  

 
Male genitalia:  
Lamina anterior: very low in lateral veiw and 
black. Hamuli: small, with wide, short outer ra-
mus (Lobe), and much shorter pointed inner ra-
mus (Hook). Genital lobe: yellow, lengthen and 
hairy (Figure 8a,1b).  

(leave 10pt space line here) 
 
Female genitalia:  
Vulvar aperture with lips bulgy laterally and a 
profound U- shaped invagination is found in the 
mid (Figure 9b).  
 
 
 
 
 
 
 
 
 
 
 
(leave 10pt space line here) 
 
 

 
Figure 8: male genitalia of Sympetrum fonscolombei, a: 
lateral view b: ventral view c: penis LA: Lamina anterior, 
Lo: Lobe, H: hook, GLO: Genital lobe, P: Penis, Ha: Ham-
ula, PVe: Penis Vesicle.  
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Figure 9: female abdomen and genitalia of Sympetrum 
fonscolombii: a: Abdomen (Dorsal view); b: genita-
lia(Ventral view) Ab. S: Abdominal Segment, Ppt: 
Paraproct, Sp: Spine, VS: Vulvar Scale, Sap (cr): Superior 
appendages, VSt: Vestigial stylet.  
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This Study was intended to diagnose H. pyiori the major causative pathogen in gastro duodenal 
irritation and ulceration. Differert techniques were used invasive tests (histopathological examina-
tion, rapid urea CLO test and culture) , while noninvasive tests includes (serological tests and 
stool antigen) in addition to determination of some immune response factors (IgM , IgG , IgA) as 
well as (IL – 8 and IFN – y) in Ptients Sera.  
According to the results of invasive diagnostic method 30/113 (26.69%) patients were considered 
to be infected and 83/113(73.31%) patients were considered as noninfeted was contrasted with 
noninvasive diagnostic method 25/113 (22.14%) patients were considered to be infected and 
88/133(77.83%) patients were considered as noninfeted. In order to get the overall percentage of 
the infected people included in this study, we merge the results of the two methods ,so we found 
out that the total infected patients with H. pylori diagnosed by invasive and noninvasive methods 
were 42 /113 (37.2%) while the noninfected 71/113 (62.8) disseminated as 27/68(39.71%) infect-
ed male ,which was privileged than the infected female when it was 15/45(33.33%). The high 
prevalence of H. pylori infection in the age group ranging between (46-60) in male and female. 
Histology (invasive teq.) and ECO rapid test (noninvasive teq.) were considered as the ‘‘best 
techniques ’’ for H. pylori detection, in the outlook of its high specificity, sensitivity and because 
it detected the major number of H. pylori-positive patients along with the other techniques used in 
this work.  
The sensitivity, specificity, positive predictive values (PPV) and negative predictive values 
(NPV) for histology were 100,100,100 and 94.5% , respectively, while for the ECO rapid test 
they were 96, 93, 91.5, and 97.14%. Culture (invasive teq.) and IgG anti H. pylori (noninvasive 
teq.) coming secondly in the diagnosis of H. pylori infection because they detected a little fewer 
number of infected patients than the first two teq. as noted above. The sensitivity, specificity, 
(PPV) (NPV) for Culture were 80%, 97% ,96.96% and87.5% and for IgG anti H. pylori were 
85%, 91%,92.8% and 97.8%. Finally the smallest patient number was obtained from the rest of all 
the six teq. were used in the present work obtained from the urea CLO test and stool antigen, in-
vasive and noninvasive teq. respectively.  
 The present research found out that there were a relationship between the results of rapid anti H. 
pylori ECO test, antibody titer in ELFA, immunoglobulin (IgG and IgA) and (IFN-γ) , (IL-8) 
concentration. Also, all these data were related to the results of the histological changes and the 
results of the urea CLO test of patients when compared with the noninfected members. These 
results showed highly significant differences among patient groups in comparison with noninfect-
ed group at (P. Value < 0.001). On the other hand, there were no relationship between IgM con-
centration with any of the other results of diagnostic methods were used may such results consid-
ered a first step for determining the susceptibility of infection and to confirame the diagnosis by 
use one more test in each time especialy Histology (invasive teq.) and ECO rapid test (noninva-
sive teq.) correlated with estimation of (IgG and IgA) and (IFN-γ), (IL-8) concentration.  
 
Keywords: Helicobacter pylori, Gastric ulcer, Invasive test, noninvasive test, immunological 
parameters. 
  

خلاصـةال  
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المسبب الرئيسي لتهيج وتقرح القناة المعدية والاثنى عشر بأستخدام  pylori .H الى تشخيص بكتيرياتهدف هذه الدراسة 
والتي تضمنت الفحص النسيجي وفحص اليوريا والاستنبات  (invasive)تقنيات مختلفة شملت الفحوصات المجتاحة 

 تحديد بعض عوامل الالتهاب فضلاً عن (البراز الفحوصات المصلية وفحص مستضد) والفحوصات غيرالمجتاحه
 113شارك . كاما في مصول عينة الدراسة والانترفيرون 8والانترلوكين  (IgM , IgG , IgAكالأجسام المضادة )

أخضعوا جميعهم لفحص الناظور المعدي كما تم جمع عينات دم وبراز  (اناث 45ذكور و  68)مريض في هذه الدراسة 
غير مصابين وفقا لنتائج  (%73,  31) 83و  من مرضى عدوا مصابين (% 26 , 69) 30اضهرت النتائج ان . منهم

%( كانوا مصابين و 22,14) 25بينت ان  الفحوصات المجتاحه مقارنة بنتائج الفحوصات غير المجتاحه والتي
هما  (فحص غيرمجتاح)وعدت طريقتا الفحص النسيجي)فحص مجتاح( والفحص السريع  %(غير مصابين77,83)88

ومن اجل التوصل الى النسبة الكلية للمصابين في هذه الدراسه تم دمج نتائج النوعين من . الافضل للتحري عن الاصابة
 42/113الفحوصات وتوصلنا الى ان نسبة المصابين بالبكتريا بطريقتي التشخيص المجتاحة وغير المجتاحة بلغ 

( في كل 60-46هور الاكبر للبكتريا كان في الفئة العمرية )الظ .%(862.) 71/113%( بينما غير المصابين 237.)
وهو من الفحوصات غير  ECOالفحص النسيجي وهو من الفحوصات المجتاحة والفحص السريع  .من الاناث والذكور

لى بالنظر لحساسيتها العاليه وخصوصيتها العاليه اضافة ا pylori .Hالمجتاحة اعتبروا افضل تقنية للتحري عن بكتريا 
التحري على اكبر عدد من الحالات الموجبة حيث بلغت الحساسية والخصوصية وقيم التوقع الموجبة وقيم التوقع السالبة 

، 596،93،91.كانت هذه القيم كالاتي  ECO% على التوالي وبالنسبة لفحص 594.، 100،100،100للفحص النسيجي 
ستنبات وهو من الفحوصات المجتاحة مع فحص التحري عن بالمرتبة الثانية جاء فحصي الا .% على التوالي4.197

pylori .HIgG anti   وهو من الفحوصات غير المجتاحة وذلك لان الحالات الموجبة التي تم تشخيصها بهذين الفحصين
كانت اقل من الفحصين الاوليين، وقد بلغت قيم الحساسية والخصوصية والتوقع الموجبة والتوقع السالبة لفحص 

 85pylori  .HIgG anti ،91،%.892% على التوالي في حين بلغت بالنسبة لفحص 587.و 6.980،97،96نبات الاست
 CLOاخيرا فان اقل عدد للحالات الموجبة تم كشفها باستخدام بقيه الفحوصات السته وهي . % على التوالي897.و 

Eco test ,  pylori. H-rapid antiفحص كما وتوصلت الدراسة الى وجود علاقه بين نتائج  .وفحص مستضد البراز

antibody titer inفي تقدير تركيز الاجسام المضاده نوع IgG  باستخدام تقنيةELFA  وبين نتائج الفحص السريع
ECO  وبين تركيز كل من الاجسام المضاده نوعIgGوIgM وانترفيرون كاما في مصول  8وتركيز الانترلوكين

. (01.0Value < 0. Pوبمعنويه عاليه) CLOالمرضى كما ان هذ النتائج ذات علاقه مع نتائج الفحص النسيجي وفحص 
 . والفحوصات كافه IgMمن جهه اخرى لم نجد علاقه بين تركيز . بغير المرضى مقارنة

 

 

Introduction  
Helicobacter pylori is a Gram-negative, micro-
aerophilic, and small corkscrew-shaped rod, ex-
tremely motile bacterium that colonizes just in 
the mucous layer of the human stomach ,is an 
essential pathogenic factor in chronic energetic 
gastritis, duodenal and gastric ulcers [1,2], af-
fects more than semi of human population inter-
national and is mainly more settled in developing 
countries[3,4].  
H. Pylori in extraordinary in its ability to colo-
nize the stomach, where low pH normally pro-
tects against bacterial infection. This bacterium 
colonizes gastric mucosal cells in the stomach, 
surviving in the mucous layer that coats the epi-
thelium. The organism is noninvasive, but re-
cruits and activates inflammatory cells, thus 
causing a chronic inflammation of the mucosa. 
(H. pylori secrete urease, producing ammonium 
ions that neutralize stomach acid in the vicinity 
of the organism, thus favoring bacterial multipli-
cation. [5] 
There are now several invasive methods for the 
clinical diagnosis of H. pylori, such as histo-
pathology examination (HE), rapid urea (CLO) 
test, and bacterial culture as well as noninvasive 
methods such as serology, 13C-urea breath test, 
and the stool antigen test [6,7]. Regardless of the 

fact that several invasive and noninvasive meth-
ods exist for the diagnosis of H. pylori, none of 
these have been conventional as a gold stand-
ard[9,10]. Infection with this organism induces 
infiltration of polymorphonuclear and mononu-
clear leukocytes and enhances the creation of 
various cytokines in gastric mucosa [9,10]. This 
development enhanced protein secretion of inter-
leukin (IL) -8 and interferon-γ (IFN- γ) produc-
tion they can be detected in serum of H. pylori-
positive gastritis and control. [11,12,13,14]. In 
addition, concurrent of serum immunoglobulin 
(IgG), (IgM), and (IgA) antibodies towards H. 
pylori infection can be used to find out the inci-
dence of both acute and chronic infections. [15]. 
For the earlier description of the significance and 
occurrence diagnostic methods of H. pylori in-
fections associated with the determination of 
some inflammatory factors this study aimed to 
diagnose H. pylori in patients assumed to have 
gastric ulcers by both invasive methods includes 
histopathological examination (HE),rapid urea 
(CLO) test and culture in addition to noninvasive 
tests includes serological tests and stool antigen 
test, or else determine some humoral immune 
response factors (IgM, IgG, IgA),and detect the 
(IL-8 and IFN- γ) in patient sera.  
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Materials and Methods  
 Patients and Sample collection: The specimens 
were collected under physician medicine confer-
ence during the period between April 2015 and 
December 2016 from different private clinics and 
hospitals in Baghdad. One hindered thirteen vol-
unteers consisted of 43 males and 70 females un-
dergoing upper gastroduodenal endoscopy. 
These patients were admitted to the endoscopy 
unit of the Gastroenterology division. The patient 
consisted of participants that satisfied the follow-
ing criteria: misery from pain with the itchy 
burning feeling; not having taken H. Pylori erad-
ication treatment, antibiotic, or other drug within 
the last two weeks; and without bleeding and 
clotting disorders. The patient group was formed 
from patients in whom biopsy samples were 
found positive by at least two invasive diagnostic 
tests, such as histopathology and rapid urease test 
and/or bacterial culture. The noninfected group 
was formed of subjects whose biopsy samples 
were found negative for H. pylori by histo-
pathology and rapid urease test and/or culture or 
if they were found positive by at least two non-
invasive method used in this study while the oth-
ers represent the noninfected group.  
Gastric biopsies: biopsies were immediately sep-
arated into two portions one of them fixed at 
10% buffered formalin to be used for the histo-
pathological examination; the other part was 
ground at 10.000 rpm for 15 sec with an electric 
tissue homogenizer. The homogenized tissue 
separated in to two portions one of them used in 
rapid urea (CLO) test at the same time as the 
other parts immediately placed in transport me-
dium in order to use in a bacterial culture.  
 

Blood sample: 
Five mL of blood was collected in dry tubs with-
out anticoagulant, after clotting, the sera were 
obtained by centrifugation (for 10 min at 5000 
rpm) divided into aliquots and stored at (-20°C) 
until used in the serological and immunological 
test.  
 

Stool samples: 
One to two grams of stool sample were collected 
in a dry cup in order to use it in the stool antigen 
test.  
H. pylori infection diagnostic tests: 

Invasive test: 
 Histopathological examination (HE): For routine 
histology paraffin embedded tissue blocks were 
prepared and5μm thickness sections were 
mounted on slides for Hematoxylin and Eosin 
staining. Mucosal ulceration with heavy acute or 
chronic inflammatory cells infiltrate were detect-
ed. Giemsa stain was used to search for bacteria 
within the tissue [11].  
Culture (bacterial isolation): The biopsy portion 
was put in transport media immediately cultured 
on Colombia agar plates containing 5% defib-
rinated sheep blood, 10 mg/L Vancomycin, and 5 
mg/L Trimethroprim and incubated in 5% CO2 
incubator (microaerobic conditions) for 3-5 days. 
Organisms were identified as H. pylori by colony 
morphology of bacteria and their Gram-staining 
characteristics were studied. Convex semitrans-
parent, 1-2 mm diameter colonies with the posi-
tive reaction of catalase, urease, and oxidase 
[15].  
 

Rapid urea (CLO) test: 
The CLO test rapid urease test (Kimberly-
Clark/U. S. A) is a variation of the test where the 
biopsy sample is placed in a medium containing 
urea.  
A marker is then used to determine if a chemical 
reaction has taken place to suggest the presence 
of the h pylori bacterium. This reaction takes 
place (10 min-24 hour) the areas of H pylori hy-
drolyze urea to release ammonia, which is de-
tected colorimetrically and can be used as a di-
agnosis of an infestation by the H. pylori bacte-
rium. When the CLO test is positive (red color 
reaction) it is a fairly reliable indicator that the 
individual is suffering from an infection of this 
bacterium, while the negative reaction (yellow 
color reaction) it means that the individual is not 
infected.  
 

Noninvasive Tests 
Rapid Anti H. pylori Test: 
H. pylori antibodies Rapid Test Device (serum 
\plasma) was used as a rapid visual immunoassay 
for the qualitative presumptive detection of spe-
cific IgM and IgG antibodies to H. pylori in hu-
man serum specimens. The procedure was done 
according to manufacture instructions (ECOtest 
D-HP-32). The device and the specimens were 
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brought to room temperature and 75μl from the 
serum was transferred to the specimen well. Mi-
gration of specimen across the resort area in the 
center of the device will cause coloration (dark 
red color) of control band and another red band 
appeared within five minutes in case of a positive 
result ,while the only red control band appears in 
the negative results. Invalid: There should al-
ways be a purplish red control band in the con-
trol region regardless of test results. If a control 
band is not seen, the test is considered invalid. 
Deep of the color and time of result appearance 
was recorded.  
 

Quantitative determination of IgG-class anti-
bodies against H. pylori by Enzyme Linked 
Fluorescent Assay (ELFA) 
The Vidas is an automated qualitative test for use 
of the instruments of the Vidas family. For the 
detection of anti-Helicobacter pylori IgG anti-
bodies in human serum or plasma using the 
ELFA technique. The procedure was done ac-
cording to manufacture instructions of IgG-class 
antibodies kit (Biomerieux, France).  

Faecal antigen test: 
The H. pylori stool antigen test was performed to 
detect the presence of H. pylori infection in the 
patient and control groups. Stool samples were 
analyzed using the ABON H. pylori antigen test 
device (Abon Biopharm, Germany), that is, a lat-
eral flow chromatographic immunoassay for de-
tection of H. pylori antigen. A diluted stool sam-
ple was dispensed into the sample port of the test 
device, and the appearance of a colored line after 
10 min in the test line region of the strip indicat-
ed a positive result.  

Determine some humoral immune response 
factors: 
Determination of Human Immunoglobulinse 
(IgM, IgG and IgA) Turbidimetry method. This 
method depends on the quantitative determina-
tion of human Immunoglobulins IgG, IgA, IgM 
without sample dilution The procedure was done 

according to manufacture an instructions kit 
(Human, Germany).  
Determination of Human Interferon Gamma 
(IFN- γ) Interferon Gama (IFN- γ) according to 
the protocol of Human IFN- у ELISA (Enzyme-
Linked Immunosorbent Assay) kit was used for 
the quantitative measurement of human IFN- γ in 
serum.  
 

Determination of human (IL-8)  
Interlukin-8 (IL-8) estimated according to the 
protocol of Human (IL-8) ELISA Kit. The IL-8 
EASIA is a solid phase Enzyme Amplified Sen-
sitivity Immunoassay performed on microtiter-
plate.  
Statistical Analysis 
Statistical analysis was performed using SPSS 
v20.0 software (SPSS Inc, Chicago, IL, USA). 
Differences were considered significant when p 
≤ .05.  

Results and Discussion  
 Subject analysis 
One hundred and thirteen people's 68 male 
(60.18%) age ranges between 30-72 years while 
median age was 51 and 45 females (39.82%) age 
ranges between 32-70 years while median age 
was 48.5 years. Patients were divided into three 
age groups as listed in the Table 1. All patients 
were subjected to gastroendoscopy, venous blood 
and stool samples were collected from patients 
for diagnostic methods and some immunological 
tests used in this study.  
 

Determination of H. pylori in Patients by inva-
sive and noninvasive diagnostic methods: 
Methods that exactly detect H. pylori infection in 
dyspeptic patients are major importance. Direct 
manifestation of H. pylori in gastric biopsy spec-
imens is possible through the use of histological 
examination with Giemsa staining, culture, and 
assays for rapid urea (CLO) test. All these en-
doscopy-based methods require gastric biopsy 
specimens and are thus classified as invasive 
methods (7).  

Table 1: Descriptive statistics of samples. 

Age groups Age /year Gender 
No 113 (%) 61-72 46-60 30-45 Median Range Max. Min. 

5 43 20 51 30-72 72 30 
Male No.68 

(60.18) 

2 27 16 48.5 32-75 70 32 
Female No.45 

(39.82) 
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H pylori infection elicits a local mucosal and a 
systemic antibody response, circulating IgG anti-
bodies to H pylori can be detected by Enzyme 
Linked Fluorecent Assay (ELFA) antibody, Rap-
id anti H pylori ECO20E test and other serologi-
cal test, these two tests and detect the presence of 
H pylori antigens shed in the faeces involved in 
the noninvasive methods were used in this study. 
The patient group was selected from patients in 
whom biopsy samples were found positive by at 
least of two invasive diagnostic tests, and/or if 
they were found positive by at least of two non-
invasive methods used in this study while the 
others represent the noninfected group (16).  

Results of invasive test: 
In this study, the presence of H. pylori was reso-
lute by invasive techniques (histology, rapid urea 

CLO test and culture) of gastric antral biopsy 
specimens in 113 suspected patients. As shown 
in table (2) and Figure (1A and B), 17 (15.15%) 
patients were positive in the three tests, 11 
(9.76%) patients were positive in both culture 
and rapid urea CLO test, 2 (1.78%) patients were 
positive in both histological examination and cul-
ture, otherwise 3(2.56%) patients were found to 
be positive only in histological examination and, 
while 2 (1.78%) patients were positive in a bacte-
rial culture. Patients were considered to be in-
fected with H. pylori if they were positive in two 
of the three tests as we noted. So, according to 
these results of invasive diagnostic method 
30/113 (26.69%) patients were considered to be 
infected and 83/113(73.31%) patients were con-
sidered as noninfeted.  

Table (2): Results of endurance of H. pylori in Patients by invasive methods. 

(%) No. (113) 
Invasive methods 

CLO test Culture Histology 

15.15* 17 + + + 

1.78* 2 - + + 

2.65 3 - - + 

9.76* 11 + + - 

0.88 1 + - - 

1.78 2 - + - 

68 77 - - - 

*Infectedgroups  
 

 
 
 
 
 
 

Figure 1: A. The results of 1: urea CLOtest, 2: positive culture of H. pylori and 3: Gram stains reaction.  
 

1: Results of CLO test for H 
pylori. Negative results ap-
peared (yellow)and Positive 

results appeared (pink) 

 

2: Positive culture of H. py-
lori. The colonies were small 
round, convex and transpar-
ent gray in color. 

3: Gram stain of H. pylori 
Gram-negative, small - rod 

shaped.  
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Figure 1: B. Histology (Invasive test) of gastric mucosa.  

 

Results of noninvasive test: 
In order to confiram the results we have obtained 
in determination of H. pylori infected patients by 
invasive method we were undertaking a three of 
noninvasive techniques as shown in Table 3 Fig-
ure 2, 19 (16.9%) patients were only positive in 
ECO test , 11 (9.76%) were positive in both IgG 
against H. pylori and ECO test, otherwise 
13(11.5%) patients were found to be positive in 
three noninvasive tests and 1 (0.88%) patients 
were positive in both IgG against H. pylor and 

fecal antigen test, while 1 (0.88) patients were 
positive in a Fecal antigen test. Patients were 
considered to be infected with H. pylori if they 
were positive in two of the three tests as we not-
ed. So, according to these results of noninvasive 
diagnostic method 25/113 (22.14%) patients 
were considered to be infected and 
88/133(77.83%) patients were considered as non-
infeted.  

 

Table 3: Results of endurance of H. pylori in Patients by noninvasive methods. 

(%) NO (113) 

Noninvasive methods 

Fecal antigen 
test 

IgG against H. 
pylori 

Rapid anti H. pylori 
ECO test 

11.5* 13 + + + 

9.76* 11 - + + 

16.9 19 - - + 

• (3) :Biopsy shows atrophy of mucosal tissue (→), 
necrosis and infiltration(←) in.H &E. (200X)  

 

 

•(4): Biopsy shows mild ulceration 

• (↑) and necrosis 

• (↓)in mucosal tissue.H &E.(200X)  
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0.88* 1 + + - 

0.88 1 + - - 

0.88 1 - + - 

59.29 67 - - - 

*Infected groups 

 

Figure 2: The results of noninvasive tests. 

 
Invasive and noninvasive tests can be used and 
recommended to correctness for the in vitro di-
agnosis of H. pylori, which has a role in the pa-
thologies of gastritis [17].  
In order to get the overall percentage of the in-
fected people included in this study, we merge 
the results of the two methods (inv. and noninv.) 
as listed in Table (4) and Figure (3), where it was 
split percentage and the number of infected pa-
tients associated with sex and three age groups. 
The results showed that the total infected patients 
with H. pylori diagnosed by invasive and nonin-
vasive methods were 42 /113 (37.2%) while the 
noninfected 71/113 (62.8) disseminated as 
27/68(39.71%) infected male, which was privi-
leged than the infected female when it was 
15/45(33.33%). The high prevalence of H. pylori 
infection in the age group ranging between 46-60 
in male and female were15/68 (35.71%) and 9/45 

(21.43%) respectively, there was highly statisti-
cally significant differences at p value (0.02). 
Our results explained that there is a relation be-
tween the age and the incidence of H. pylori. The 
results of the current work disagree with the re-
sults of [18] who found that there is no signifi-
cant difference in H. pylori prevalence among 
patients have the same age range and a different 
gender, and agree with the study of [19] which 
showed a very high incidence of H. pylori infec-
tion in the age group ranging from 41-50 and 51-
60 years. The differences among the results 
might due to some factors such as skin and blood 
classification, habitates, teaching level and smok-
ing [20].  
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Table 4: Number and presentages of infected patients with H. pylori associated with age groups and gender.  
 

PV 
 
 

Female 
NO:45 

Male 
NO:68 

 
Gender Age groups/Years 

 
Negative 
NO (%) 

Positive 
NO (%) 

Negative 
NO (%) 

Positive 
NO (%) 

 

0.05 (S) 10(22.23) 5(11.11) 9(13.3) 7(10.3) 30-45 (No. : 31), M:16 // F:15 
0.02 (S) 15(33.33) 9(20) 19(27.9) 15(22.1) 46-60 (No. :58), M:34 // F:24 
0.01(S) 5(11.11) 1(2.2) 13(19.1) 5(7.4) 61-72 (No. :24), M:18 // F:6 

0.01(S) 30(66.67) 15(33.33) 41(60.3) 
27(39.7) 

 
Total 

 

 

Figure 3: The distribution of patients' number infected with H. pylori associated with age groups and gender. 

 
The relative results obtained by all the diverse 
tests used in the current study are listed in table 
(5) , showed that histology (invasive teq.) and 
ECO rapid test(noninvasive teq.) were consid-
ered as the ‘‘best techniques ’’ for H. pylori de-
tection, in the outlook of its high specifici-
ty,sensitivity and because it detected the major 
number of H. pylori-positive patients along with 
the other techniques used in this work. The sensi-
tivity, specificity, positive predictive values 
(PPV) and negative predictive values (NPV) for 
histology were 100,100,100 and 94.5% , respec-
tively, while for the ECO rapid test they were 96, 
93, 91.5, and 97.14%.  

Culture (invasive teq.) and IgG anti H. pylori 
(noninvasive teq.) coming secondly in the diag-
nosis of H. pylori infection because they detected 
a little fewer number of infected patients than the 
first two teq. as noted above. The sensitivity, 
specificity, (PPV) (NPV) for Culture was 80%, 
97%, 96.96% and87.5% and for IgG anti H. py-
lori were 85%, 91%, 92.8% and 97.8%. Finally 
the smallest patient number was obtained from 
the rest of all the six teq. were used in the present 
work they were the urea CLO test and stool anti-
gen, invasive and noninvasive teq. respectively. 
The sensitivity, specificity, (PPV) (NPV) for 
these tests was explained in Table 5.  
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Table 5: The relative accuracy of invasive and non invasive tests for H pylori infection. 

Test type Sensitivity % Specificity % *PPV % ^NPV % 

Invasive test     

Histology 100 % 100 % 100% 94.5% 

Culture 80 % 97 % 96.96% 87.5% 
Urea CLO test 91 % 89 % 85.71% 98.7% 

Noninvasive test     
Rapid ECO test 95 % 94 % 91.5% 97.14% 

IgG anti H. pylori 85 % 91 % 92.8% 97.6% 
Stool antigen 83 % 89 % 78.9% 96.9% 

PPV: Positive predictive value, means that if the 
test positive, you have a (according to the test 
type) % chance of actually having the disease ^ 
NPV: Negative predictive value, means that if 
the test negative, you have a according to the test 
type % chance of not having the disease.  
In the present study, six techniques were used to 
detect infection of H. pylori in random Iraqi peo-
ple, including invasive and noninvasive tech-
nique. Numerous people get H. pylori through 
childhood, but adults can get it from food and 
drinks or by get in touch with the saliva or body 
fluids of infected people. It’s further frequent in 
countries that suffering from contaminated water 
with sewage [20]. In a study carried by [21], they 
said that there is no particular test can be consid-
ered as the gold standard for the diagnosis of H. 
pylori infection and each technique has its pri-
vate compensation and discompensation. That is 
depends on the decreasing sensitivity of each 
method. The isolation of the bacteria from gastric 
tissues by culture is difficult because of its low 
sensitivity The critical troubles In the culture 
method such as the incubation conditions, media 
preparing, contamination problems, the slowly 
reproduction of the bacteria, strain type, tech-
nical difficulties and low diagnostic sensitivity of 
the method (80 % in the current study) , so it has 
not been used in the routine diagnosis, this result 
agreed with [23]. Gastric endoscopy is one of the 
important tests for H. pylori diagnoses neither by 
endoscopy examination and the diagnosis of pa-
tients' status or by taking the biopsy that it will 
be used in the all invasive diagnostic methods 
used for H. pylori infection [24].  
 In this study , we considered histology on of the 
‘‘best techniques ’’ for H. pylori detection, in the 
outlook of its high specificity,sensitivity and be-

cause it detected the major number of H. pylori-
positive patients along with the other techniques 
used in this work,during histological examination 
detects lower stage of H pylori infection and this 
bacteria can be found in some sections stained 
with haematoxylin and eosin, some biopsy shows 
mild ulceration , atrophy of mucosal tissue , ne-
crosis and infiltration.  
The detection of tissue morphological changes 
because of H pylori infection is an important ad-
vantage of histology , in addition to the historical 
record provided, gastric or duodenal sections 
from biopsies (or even other sections) can be ex-
amined at any time[18] [25].  
The urea CLO test and low expensive ureas tests 
are of comparable sensitivity and specificity. 
This simple tests used for detecting H pylori in-
fection but indicate only the presence or absence 
of infection. Conversely, in this study the sensi-
tivity of urease tests is frequently higher than that 
of culture (biopsy based technique) because the 
intact biopsy sample is placed in the media [26]. 
The CLO test, can consequence in fake positives 
for numerous reasons, contagion by other bacte-
ria producing urease enzyme, mistaken comple-
tion of the CLO test during endoscopy, provi-
sional reduce of bacteria due to antibiotics. As a 
result, when used alone, this test has low diag-
nostic concert [27].  
 For serological identification, rapid ECO test 
and ELFA are an uncomplicated, inexpensive 
more modern, successful method and because of 
their high specificity, sensitivity among other 
noninvasive test as listed in the Table 4 and can 
be made on frozined samples in addition this 
technique available in the private and public la-
boratories in Iraq. By using fecal antigen test 
there were no significant association was found 
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between H. pylori stool antigen positivity and the 
other diagnostic methods were used in this study. 
However, stool antigen test can be used for diag-
nosis infection, specifically in children as the 
easy obtaining of stool sample and the most dif-
ficult to make endoscopy [28].  
 
3- Results of Estimation of Immunoglobulins 
(IgM, IgG, IgA) and Interferon Gamma (IFN-γ) 
and Interleukin-8 (IL-8).  
Estimation of immunoglobulins (IgG, IgA, IgM), 
Interferon Gamma (IFN-γ) and Interleukin-8 (IL-
8) afford useful information for the assessment of 
convincing disease status. As revealed in the Ta-
ble 6 the IgG, IgA, titers showed high concentra-
tion compared with the noninfected groups, the 

statistical analysis showed that there are signifi-
cant differences at p value (0.001), while there 
were no statistically differences in IgM titer be-
tween the two tested group Table 6. [18] reported 
an important increase of IgG and IgA titer in H. 
pylori patients' serum, but IgM does not present a 
further role. While [29] found that IgM has been 
create to have slight diagnostic efficacy for H. 
pylori infections and is superior only intensely 
following infection, whereas H. pylori infections 
are common chronic, that is IgM has exception-
ally low sensitivity. Concentration of various cy-
tokines, as well as interferon gamma (IFN-γ) and 
IL-8, are increased in the stomachs of H. pylori-
infected patients compared to noninfected.  

Table 6: Immunoglobulin (IgM , IgG and IgA) conentration in H. Pylori infected and noninfected group. 

Study groups 

Immunoglobulins levels in serum (mg/dl) 

IgG 

Mean ± SD 

IgM 

Mean ± SD 

IgA 

Mean ± SD 

Infected (42) 1089.54±113.73 78.5±9.3 276.2±19.4 

Noninfected (71) 467.88±79.53 63.4±7.98 122±11.8 

P Value 0.001 NS 0.001 

The cytokines titers showed that highly signifi-
cant elevation of both cytokines (INF- γ and IL-
8) among patient groups in comparison with non-
infected group at (P. Value < 0.001) in Mean ± 
SD (140.40 ±61.08 and 241.72 ± 32.80 respec-
tively) with (53.82 ±11.49 and 118.69 ±29.36 
respectively) as a result mentioned in the table 
(7). The study of [18,29] showed that H. pylori 
induced considerably higher concentration of 
IFN-γ and IL-8, IFN-γ keeps mucosal inflamma-
tion and may encourage disease development to 
gastric ulcer. Another study [30],showed an in-
creased concentration of IFN-γ in the stomachs 
of H. pylori-infected patients is dependable with 
the expansion of a Th1- largest response and an-
other study by [31] reported that IL-8 is in-
creased within H. pylori-infected mucosa where 
it localizes to gastric epithelial cells, and levels 
of IL-8 are directly associated to the strictness of 
gastritis as well IFN-γ, IL-8 increased values co-
incided with increased inflammation and with 
increased H. pylori density in humans [32] in ad-
dition to in animal model studies [33].  

The cytokines titers showed that highly signifi-
cant elevation of both cytokines (INF- γ and IL-
8) among patient groups in comparison with non-
infected group at (P. Value < 0.001) in Mean ± 
SD (140.40 ±61.08 and 241.72 ± 32.80 respec-
tively) with (53.82 ±11.49 and 118.69 ±29.36 
respectively) as a result mentioned in the table 
(7). The study of [18,29] showed that H. pylori 
induced considerably higher concentration of 
IFN-γ and IL-8, IFN-γ keeps mucosal inflamma-
tion and may encourage disease development to 
gastric ulcer. Another study [30], showed an in-
creased concentration of IFN-γ in the stomachs 
of H. pylori-infected patients is dependable with 
the expansion of a Th1- largest response and an-
other study by [31] reported that IL-8 is in-
creased within H. pylori-infected mucosa where 
it localizes to gastric epithelial cells, and levels 
of IL-8 are directly associated to the strictness of 
gastritis as well IFN-γ, IL-8 increased values co-
incided with increased inflammation and with 
increased H. pylori density in humans [32] in ad-
dition to in animal model studies [33].  
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Table 7: Statistical analysis of Interferon Gamma (IFN-γ) and Interleukin-8 (IL-8) concentration in H. Pylori infected and 
noninfected group.  

Study groups INF- γ pg/ml, Mean ± SD 
IL-8 pg/ml, Mean ± 

SD 

Infected (42) 254.63±17.8 2.82±0.32 

Noninfected (71) 23.76±1.2 0.26±0.04 

P Value 0.001 0.001 

 
The present results found out that there was a 
relationship between the results of rapid anti H. 
pylori ECO test, antibody titer in ELFA, immu-
noglobulin (IgG and IgA) and (IFN-γ) , (IL-8) 
concentration. Also, all these data were related to 
the results of the histological changes and the 
results of the urea CLO test of patients when 
compared with the noninfected members, Such 
results could might be considered a first step for 
determining the susceptibility of infection and to 
confirm the diagnosis by use one more test in 
each time. On the other hand, there was no rela-
tionship between IgM concentration with any of 
the other results of diagnostic methods used in 
our study,may be because of IgM antibodies 
against H pylori decrease with older age patients, 
which, since this is frequently asymptomatic, 
makes it difficult to identify cases of primary in-
fection [34].  
The majority of research merge two methods or 
further to get a magnificent diagnosis, including 
invasive or noninvasive methods and/or molecu-
lar method to advance diagnosis of H. pylori in-
fection [35]. H. pylori in extraordinary in its abil-
ity to colonize the stomach and adhere to the epi-
thelial cells by producing adhesions and causing 
gastric and peptic ulceration and other unusual 
changes,where low ph normally protects against 
bacterial infection[5]. For the reason that of the 
severe complicatedness that escort H. pylori in-
fection which might have awful penalty ,it is es-
sential to clutch an early diagnosis to pass up the 
progress of the infection. Many particular meth-
ods had been used [36] or newly developed mo-
lecular techniques like Multiplex PCR was used 
for amplication the CagA genes assay to identify 
H. pylori in gastric biopsies [16] [36].  
Our results indicate that there were a relationship 
between the results of rapid anti H. pylori ECO 

test, antibody titer in ELFA, immunoglobulin 
(IgG and IgA) and (IFN-γ), (IL-8) concentration. 
Also, all these data were related to the results of 
the histological changes and the results of the 
urea CLO test of patients when compared with 
the noninfected members, this result showed 
highly significant differences among patient 
groups in comparison with noninfected group at 
(P. Value < 0.001). On the other hand, there were 
no relationship between IgM concentration with 
any of the other results of diagnostic methods 
were used. Such results could might be consid-
ered a first step for determining the susceptibility 
of infection and to confirame the diagnosis by 
use one more test in each time especialy Histolo-
gy (invasive teq.) and ECO rapid 
test(noninvasive teq.) correlated with estimation 
of (IgG and IgA) and (IFN-γ), (IL-8) concentra-
tion.  
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Eugenol (4-allyl-2-methoxyphenol, AMP), is a well known a biologically active phenolic compo-
nent and essential oil from Eugenia caryophyllata, which widely used of Eugenol as an antiseptic 
and analgesic in dental care, so it is active against oral bacteria associated with dental caries and 
periodontal disease as well as previous studies have shown the effect of Eugenol antifungal; anti-
carcinogenic; anti-allergic; anti-mutagenic activity; antioxidant and insecticidal properties, there-
fore it can be used in preparation of various food as a flavouring agent and cosmetic.  
This study aimed to synthesize derivative new medical material 2-(4-allyl-2-methoxyphenoxy) 
acetic acid (AMPAA) from eugenol (4-allyl-2-methoxyphenol) (AMP) and investigate the anti-
microbial activities of both AMP and derivative component (AMPAA), The minimum inhibitory 
concentration (MIC); minimum bactericidal concentration (MBC) and sensitivity against six 
pathogenic bacterial isolates: Streptococcus. pyogens; Enterococcus. faecalis; Escherichia. coli ; 
Klebsiella pneumoniae; Bacillus. subtilis and Proteus. mirabilis with study compare the efficien-
cy for both AMP and AMPAA on the same bacterial isolate obtained from Iraqi hospitals.  
In this present study synthesize new medical material (AMPAA) from AMP by reacting sodium 
eugenate with sodium chloroacetic acid and prepare soluble water from eugenol and its derivative 
AMPAAto scanning the antimicrobial efficacy against some pathogenic bacteria isolatesby two 
common methods; well diffusion and broth dilution methods.  
Results of the present study show all bacterial isolates were sensitive to both AMP and AMPAA 
in low concentration except K. pneumoniae, also 10.0 and 5.0 µg/mL of AMP and AMPAA as 
MBC for bacterial isolates except K. pneumoniae and P. mirabilis that’s meaning the new deriva-
tive compound AMPAA has more efficacy on six bacterial isolate than eugenol (AMP).  
 By using Well diffusion method all bacterial isolates were sensitive to both (AMP and AMPAA) 
in low concentration, but K. pneumoniae was killed in same concentration, so all isolates have 
been killed at concentrations between (10 - 50 µg/mL) of new derivative compound (AMPAA), at 
the same concentration of AMP were killed for K. pneumoniae and P. mirabilis) ,as well as all 
isolates have varying degrees of sensitivity towards both (AMP and AMPAA), whereas all iso-
lates where more sensitive to AMPAA than AMP.  
In conclusion, all bacterial isolate were sensitive to both AMP and AMPAA in low concentration 
except K. pneumoniae, also 10.0 and 5.0 µg/mL of AMP and AMPAA respectively conceder as 
MBC for bacterial isolate except K. pneumoniae and P. mirabilis, that killed in these concentra-
tion,so at the same concentration of AMP and AMPAA bacterial isolates were sensitivity by well 
diffusion method, whilst its killed by broth method, that’s consulate broth method was best than 
diffusion method.  
  
Keywords: AMP, Eugenol, 4-allyl-2-methoxyphenol, AMPAA, 2-(4-allyl-2-methoxyphenoxy) 
acetic acid.  

 الخلاصـة
الزيوت المشتقة من  (، من مركبات الفينولية المعروف بفعاليتة البيولوجيا وهوAMP)ميثوكس فينول-2-الأليل 4زيت القرنفل )

من القرنفل ، والتي تستخدم على نطاق واسع كمطهر ومسكن للعناية بالأسنان، كلذلك فهو فعال ضد البكتريا التي ترافق تسوس 
مضاد للحساسية؛ مضادة , كمضاد للفطريات و مضاد سرطاني الأسنان وأمراض اللثة، وهناك دراسات سابقة حول تأثيرها

، وبالتالي فإنه يمكن أن تستخدم في إعداد الطعام المختلفة (1خصائص مضادة للأكسدة وقاتل للحشرات )ولة  .للعوامل المطفرة
 . (2(كمادة منكهة وفي مستحضرات التجميل

( مشتقة من AMPAAحمض الخليك )-ميثوفينوكيس-2-الأليل-4) -2تهدف هذه الدراسة إلى تصنيع مادة طبية جديدة  
(، من خلال AMPAAو المشتقة ) AMPوالتحقق من نشاطها كمضاد ميكروبي للمادتين  AMP) -2-الأليل 4الأوجينول )

تجاة ستة العزلات  ( وحساسيهMBC(؛ و الحد الأدنى من التركيز القاتل للبكتريا )MICدراسة الحد الأدنى للتركيز المثبط )
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على نفس العزلات البكتيرية التي تم  AMPAAو AMPالبكتيرية المسببة للأمراض, مع دراسة مقارنة لكفاءة كلا المادتين 
 . الحصول عليها من المستشفيات العراقية

الصوديوم مع حامض  eugenateعن طريق تفاعل  AMP( من AMPAAطبية جديدة ) هذه الدراسة تم اشتقاق مادة
, لها قابلية للذوبان, الكلوروأسيتيك الصوديوم وتحضير محلول مائي من المادة الاولية و المادة الثانية الجديدة التي اشتقت منها

الانتشار بالحفر والتخفيف )وقد تم دراسة فعاليتهما كمضاد ميكروبي ضد بعض أنواع البكتيريا المسببة للأمراض بطريقتي 
 . (لالمتسلس

في تركيز منخفض  AMPAAو AMPوقد اظهرت نتائج الدراسة الحالية كل العزلات البكتيرية كانت حساسة لكلا المادتين 
على التوالي  AMPAAو AMPميكروغرام / مل من  5.0و  10.0 ، وقد وجد ان تركيزي K. pneumoniae عدا بكتريا

والتي تم قتلهما في  P. mirabilisو  K. pneumoniae عدا بكتريالكل العزلات  (MBC)اعتبر كتركيز ادنى قاتل للبكتريا 
 . (AMPكان اكثر فعالية على عزلات الدراسة من الـ ) AMPAAهذين التركيزين، وهذا يعني أن المركب المشتق الجديد 

منخفض، ولكنها ( في تركيز AMPAAو AMPباستخدام طريقة الانتشار كانت كل العزلات البكتيرية حساسة لكلا الماتين ) 
، بالاضافة لذلك فان كل عزلات الدراسة قد قتلت في تراكيز تراوحت بين  K. pneumoniaeبنفس التركيز قد قتلت بكتريا 

 قتلت فقط AMP(، غير انه في نفس التركيز من AMPAAميكروغرام / مل( للمركب الطبي الجديد المشتق ) 10-50)
 .Sللعزلات الباقية المتضمنه  MBCفي حين اعتبرت هذة التراكيز كــ, P. mirabilisو  K. pneumoniae عزلات بكتريا

pyogenes, E. faecalis, B. subtilis and E. coli  وكذلك كل العزلات لها درجات متفاوتة من الحساسية تجاه كل من
(AMP وAMPAA) . 

 .Kفي تركيز منخفض عدا  AMPAAو AMPتين البكتيريا كانت حساسة لكلا الماد اظهرت نتائج الدراسة ان كل عزلات
pneumoniae ميكروغرام / مل من  5.0و  10.0 ، وأيضا كان تركيزيAMP وAMPAA  على التوالي كادنى تركيز قاتل

وان طريقة التخفيف كانت أفضل من  ,قتلهما بهذه التراكيز حبث تم P. mirabilisو  K. pneumoniae للبكتريا لعزلات عدا
(، AMP( هي أكثر تأثير على ستة عزلات بكتيرية من الأوجينول )AMPAAالانتشار ، وكذلك مركب مشتق جديد )طريقة 

كمضادات حيوية جديدة ضد  AMPو AMPAAلذلك نوصي بدراسات مستقبلية قد يفتح طريقا جديدا في استخدام المركبات 
 . البكتريا المرضية

 

Introduction  
Increasing resistance of pathogenic bacteria to 
many antibiotics, multidrug resistace as well as 
conventional chemicals were prompting the sci-
entists to search alternative or novel sources such 
as plants extract and their derivatives as essential 
oils, that playing important role as bactericidal 
and bacteriostatic [3]. These activities of plants 
are extract and their derivatives due to have high 
level of phenolic derivatives [4]. Thus Eugenol, 
4-allyl-2-methoxyphenol (AMP) is main constit-
uent of essential oil obtained from commonly 
consumed spices such as Eugenia caryophyllata 
or Syzygiumaromaticum (clove), molecular for-
mula of Eugenol is C10H12O2 with has molecular 
weight (164.21), as dark yellow viscous oily liq-
uid with a strong clove flavor in normal tempera-
tures, so its slightly soluble in water as well as 
easily dissolved in organic solvents [5]. This 
component has widely applied in dentistry, anes-
thetics, analgesics, anti-inflammatory agents and 
flavouring agents. Eugenolhas been used as anti-
bacterial against Escherichia coli, antihelicobac-
ter and antiproliferative. So, in dentistry, it is 
employed as an antiseptic, disinfectant and also 
widely used as an analgesic, as well as in cos-
metic and food products as flavoring, antimicro-
bial, and antioxidant agent [6].  
In addition to these antioxidant properties, it pro-
tects neurons in culture from toxic events. It has 
activities of anti-convulsive and hypothermic 

agent [7]. Zinc oxide-eugenol materials have 
been developed for utilization in number of den-
tal applications; they are most widely employed 
as antibacterial and palliative agent in treatment 
of the lesions [8].  
antiseptic, disinfectant and also widely used as 
an analgesic, as well as in cosmetic and food 
products as flavoring, antimicrobial, and antioxi-
dant agent [Hattori et al., 1986 ].  
So eugenol has limit to stabilization and disper-
sion in aqueous food systems, which causing in-
creasing concentration required for antimicrobial 
functions, which may lead to phase separation 
and negatively affect the quality of food [9].  
A derivative of eugenol was prepared by reacting 
sodium eugenate with sodium chloroacetic acid 
to give, 2-(4-allyl-2-methoxyphenoxy)acetic ac-
id(AMPAA), this derivative was characterized 
by the available elemental analysis,UV-visible, 
Infrared absorption spectrophotometry, 

1
H and 

13
C NMR spectrometric techniques[10].  

Materials and Methods 
A- Material:  
 Sodium hydroxide, Eugenol, sodium chloroace-
tate from BDH, UK, Mueller-Hinton agar 
(Difco), and 95 % methanol from Merck, Ger-
many.  
B- Instrument: 
 Melting points were determined with Stuart Sci-
entific melting point SMP1, England melting 
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point apparatus. The electronic absorption spec-
tra were recorded in 95 % methanol by using 
Varian 100 Conc. UV-visible Spectrophoto-
meter with 1.0cm quartz cell immediately after 
preparing the solutions in range 200-800 nm. In-
frared spectra of the compounds were carried out 
by using KBr pellets in the range of 400-4000 
cm

-1
 on Fourier transform Infrared spectropho-

tometer. The 
1
H and 

13
C NMR spectra were rec-

orded on 300 MHz Bruker DMK-500 NMR 
Spectrometer by employing TMS as internal 
standard. Elemental analysis of C, H, and N of 
complexes were determined by micro analytical 
methods by Carlo-Erbamicroanalyser (Shimadzu 
model 8300).  
 
C-Preparation of 2-(4-allyl-2-methoxy-
phenoxy) acetic acid (AMPAA): 
Eugenol (5.0 g, 30 mmol) dissolved in a solution 
of NaOH (1.4 g., 33 mmol) in 75 mL 95 % etha-
nol until a clear solution was obtained. The solu-
tion was treated drop wise while stirring with a 
solution of sodium chloroacetate (3.85, 33 mmol) 
in 30 mL distilled water. The mixture was re-
fluxed for three hour, and cooled to ambient 
temperature. A solution of 1:1 hydrochloric acid 
was added slowly until the pH of the solution 
was below 2.0. Glossy needles of the product 
were formed after induction time of about 5.0 
minutes, and the mixture was left overnight at 
4ºC. The crystals were filtered over ceramic me-
dia, washed with 1:1 of ethanol-diethyl ether 
mixture, and then dried at 60ºC for 3 hours to 
give a solid crystals m. p 71.5°C, 4.42 gm (65%) 
of the total product. Found: C, 64.54, H, 6.40 
(Theoretical: C, 64.84; H, 6.35). UV-visible λmax 

(H2O): 280 nm, FT-IR (KBr disk): 1597 cm
-1

(m, 
Ar); 1250-1280 (s, Ar-O-CH2); 3100-3500 (s, 
COOH), 1650-1650 (m, C=C); 3000-3100 (m, 
Ar stretch.).1H NMR (300 MHz, CDCl3 .25 
(2H, d, J = 6.2 Hz, CH2); 3.9 (3H, s, OCH3); 5.09 
(2H, m, =CH2); 5.50 (2H, s, CH2-O); 5.91 (1H, 
m, =CH-); 6.6 - 6.90 (3H, aromatic protons).  
Equimolecular quantities of eugenol and sodium 
chloroacetate react readily to produce the acetic 
acid derivative of eugenol according to the fol-
lowing equation: The product of 2-(4-allyl-2-
methoxyphenoxy) acetic acid was identified with 
available analytical technique; elemental analysis 
for C, H, UV-visible, Infrared absorption spec-

trophotometry, 
1
H and 

13
C NMR spectrometric 

techniques.  
 

 

 
+ 
 

 

 

 
Eugenol (AMP) chloro-
acetate 

2-(4-allyl-2-
methoxyphenoxy)acetic 
acid(AMPA)  

  
D- Bacterial strains: 
Test pathogenic bacteria used in this study were 
stock cultures of standard and local isolates ob-
tained from Al-Yarmuk Teaching Hospital, 
Baghdad medical City Teaching Laboratories, 
and Health Center Laboratories in Baghdad. Bac-
terial isolate as gram-positive bacteria include: S. 
pyogens, E. faecalis, B. subtilis andGram-
negative bacteria as: E. coli, K. pneumoniae and 
P. mirabilis. Cultures of these bacteria were 
grown in Mueller-Hinton broth at 37°C and 
maintained on slants of nutrient agar at 4°C. The 
isolates were identified and checked for their pu-
rity on the basis of the following characteristics: 
morphology of the colonies by microscopical 
examinations; Gram's stain [11] morphological 
feature on culture media, and biochemical tests 
[12] as well as Vietk system.  
 
Antimicrobial activity assay: 
Antimicrobial activity was measured by two 
methods; well diffusion method [13] and broth 
dilution method [14]. In the well diffusion meth-
od, a sterile 8 mm diameter stainless steel borer 
cylinders were used to make wells in plates of 
Mueller-Hinton agar, which was spreaded super-
ficial with 100 µL of bacteria at logarithmic plan 
at a density adjusted to a 0.5 McFarland turbidity 
standards (10

8
 CFU/ mL). The wells were filled 

with 100 µL of sterilized eugenol (AMP) or its 
derivative solution 2-(4-allyl-2-
methoxyphenoxy) acetic acid (AMPAA) solution 
at working concentrations of 50 µg/mL. The fol-
lowing dilution were prepared and used for broth 
methods; 0.1, 0.5, 1.0, 5.0, 10.0, and 25.050 
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µg/mL. plates were then incubated for 24 hr at 
37°C. The results were recorded by measuring 
zones of growth inhibition (in mm).  
 Broth dilution method procedure was used to 
measure Minimal inhibition concentration (MIC) 
and minimum bactericidal concentration (MBC) 
of the test solutions. In these experiments, 0.4mL 
of a suspension containing 1 × 10

8
 CFU/ mL was 

added to 3.6 mL of susceptibility test broth con-
taining serial two fold dilutions of eugenol and 
its derivative 2-(4-allyl-2-methoxyphenoxy) ace-
tic-acid (AMPA) in glass test tubes. All tubes 
were incubated at 37°C for 24 hr before being 
read, the MIC was considered the lowest concen-
tration of the sample that prevented growth. 
MBCs 
from each negative tube and from the positive 
growth control, MBCs were defined as lowest 
concentration yielding negative subcultures or 
only one colony. All samples were examined in 
duplicate in three separate experiments.  

Results and Discussion 
By using Broth method the MIC and MBC of 
AMPA and AMPAA against six pathogenic bac-
teria were presented in Table 1 and Table 2, all 
bacterial isolate were sensitive to both AMP and 
AMPAA at concentration 0.1 µg/mL except K. 
pneumoniae was killed at same concentration, as 
well as all bacterial isolates were sensitive to 0.5 
µg/mL whilst this concentration concider as 
MICs for two isolate : K. pneumoniae and P. mi-
rabilis. So based on these results all bacterial iso-
late were killed at concentration range 10.0 to 
50.0 µg/mL of AMPAA and same results for 
same concentration of AMP except S. pyogenes, 
E. faecalis, B. subtilis that MBC in 10 µg/mL, as 
well as the concentration (10.0 and 5.0) µg/mL 
of AMP and AMPAA respectively conceder as 
MBC for bacterial isolate except K. pneumoniae 
and P. mirabilis that killed in these concentration 
are showed in table (1) meaning the new deriva-
tive compound (AMPAA) are more effect on six 
bacterial isolate than eugenol (AMP).  
By using well diffusion method all bacterial iso-
lates were sensitive to both AMP and AMPAA in 
concentration 0.1 µg/mL except K. pneumoniae 
was killed so all bacterial isolate were sensitive 
to 0.5 µg/mL whilst this concentration were 
MICs for two isolate (K. pneumoniae and P. mi-
rabilis). In addition, current results showed all 
isolates have been killed concentrations of be-

tween (10-50) (µg/mL) of new derivative com-
pound (AMPAA), at the same concentration of 
AMP were killed for K. pneumoniae and P. mi-
rabilis) whilst considered as MBC for other iso-
late such as S. pyogenes, E. faecalis, B. subtilis 
and E. coli in Table 2.  
 Results summarized in both tables 1 and 2 show 
that all isolates have varying degrees of sensitivi-
ty towards both AMP and AMPAA, however at 
the same time all isolates were more sensitive to 
AMPAA than AMP, as well as results in both 
table 1 and 2 appearance at the same concentra-
tion of AMP and AMPAA showed sensitive bac-
teria by well diffusion method, whilst it was 
killed by broth method, that’s consulate broth 
method is best than diffusion method.  
The results of Minimum inhibitory concentration 
(MIC) showed that S. pyogenes, E. faecalis, B. 
subtilis and E. coli were more sensitive to inhibi-
tion of eugenol(AMP) and (AMPAA) at concen-
tration between (0.1 to 1.0) (µg/mL) (Table 1) 
while its killed in both concentration 25, 50 
(µg/mL).  
 These results of current study is fully compatible 
with Thosar, et al. (2013) who showed that AMP 
active at the lowest concentration against many 
bacteria as S. aureusMIC (0.4 μl/mL) while 1 
μl/ml of MIC for both E. coli and E. facelis [15].  
So Walsh et al., showed in his study the MIC and 
MBC of eugenol against the bacteria tested have 
been proved to be as low concentration [16]. The 
determination of MIC and MBC of eugenol was 
necessary to induce death cells at ranging con-
centrations of these agents.  
Also these results of this study shown all isolates 
have varying degrees of sensitivity towards both 
(AMP and AMPAA), this difference in sensitivi-
ty were study by many researchers as Benniset 
al. ,(2001) who showed in his study the eugenol 
(AMP) exerts causing different envelope damage 
,this difference may be explained by the fact that 
the envelopes of gram negative bacteria and 
gram positive bacteria do not have the same 
structure [17], so eugenol effect on lipid of cell 
membrane for both Gram negative positive path-
ogenic bacteria [18].  
As well as Burt has shown in his studied the me-
chanical effect of eugenol in degraded bacterial 
cell wall, damages plasma membrane and mem-
brane protein [8 Burt, 2004], because AMP con-
taining phenol compound which disruption bac-
terial membrane and causing high leakage of pro-

http://onlinelibrary.wiley.com/doi/10.1111/jam.12111/full#jam12111-tbl-0001
http://onlinelibrary.wiley.com/doi/10.1111/jam.12111/full#jam12111-tbl-0002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thosar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24966732


Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN: 2521-3520 (online) Volume 28, Issue 2, 2017 DOI: http: //doi. org/10. 23851/mjs. v28i2. 496 

 

33 
 

 

Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International Licenses.  

 

tein content [14 ; 16 and 18], so the hydrophobi-
city of eugenol is play as important factor of an-
tibacterial activity via separate lipid from mito-
chondria and cell membrane causing change in 
structure as well as increasing the penetrability of 
the cell membrane [5].  
This study was the first time in the world and in 
Iraq which derivative 2-(4-allyl-2-
methoxyphenoxy) acetic-acid (AMPA) by the 
researcher from Eugenol (AMP) which its known 
composition and chemical and their effects, so 
the researcher has found necessary of experi-
mental study on some pathogenic bacteria and 
comparison effect with AMP.  

Conclusions 
In conclusion, all pathogenic bacterial isolate 
were sensitive to both (AMP and AMPAA) in 
low concentration except K. pneumoniae, so 
(10.0 and 5.0) µg/mL of AMP and AMPAA, re-
spectively considered as Minimum Bactericidal 
Concentration (MBC) for bacterial isolate except 
K. pneumoniae and P. mirabilis, that killed in 
these concentration, that meaning the new de-
rivative compound (AMPAA) are more effect on 
six bacterial isolate than eugenol (AMP).  
 By using well diffusion method all bacterial iso-
late were sensitive to both (AMP and AMPAA) 
in low concentration, but K. pneumoniae was 
killed in same concentration. So all isolates had 
killed a concentration of between (10-50 µg/mL) 
of new derivative compound (AMPAA), In the 
same concentration of AMP were killed for K. 
pneumonia andP. mirabilis) although considered 
as MBC for other isolate as S. pyogenes, E. fae-
calis, B. subtilis and E. coli, whilst all isolates 
have varying degrees of sensitivity towards both 
AMP and AMPAA, But at the same time all iso-
late showed more sensitive to AMPAA than 
AMP. So at the same concentration of AMP and 
AMPAA showed sensitivity bacteria by well dif-
fusion method, but it's killed by broth method, 
that’s consulate broth method was best than dif-
fusion method.  
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Algae are play a major role as straight producers of biofuels, so expansion of a new. harvesting-
technology is important to achieve economic feasibility of biofuel production from algae.. Fungal 
pelletization-assisted.. Microalgal harvesting has Emerged as new research area for decreasing the 
harvesting cost and energy inputs in the algae-to-biofuel method. The present study tried to opti-
mize process circumstances as (substrate inputs, process time and pH). Through choice of a ro-
bust fungal strain. Four fungal strains (Aspergillus terreus, Trichoderma sp., Mucor sp. and Rhi-
zopus sp.) were screened for their pelletizing efficiency in fresh/supplemented chu-10 with select-
ed media nutrient (glucose, nitrogen and phosphorous). Results showed that Aspergillus terreus 
was the most efficient strain for pelletizing in the nutrient supplemented chu-10 with its neutral 
pH (7) and acidic pH (5). Stimulatingly, A. terreus was capable to harvest nearly 100 % of the 
Clorella sp. cells (1×106 spore/ml at optical density (OD) approximately 2.5 initial working algal 
concentration) within only 24 h. at supplementation of (10 g/l glucose, 2.5 mg/l aNH4NO3 and 0.5 
mg/l mK2HPO4) also performed well at lower glucose level (5 g/l) can also results in similar har-
vesting but its need relatively higher incubation time. The procedure kinetics in term of harvesting 
index (H. I) as well as the variation of residual glucose and pH with time was also studied. The 
mechanism of harvesting process was studied through microscopic, examination. A. terreus strain 
investigated in this study could emerge as an efficient, sustainable and economically viable tool in 
microalgae harvesting for biofuel production and time conservation.  
 
Keywords: Co-cultivation, Chlorella sp., Harvesting, Filamentous fungi.  
 

خلاصـةال  
مباشر للوقود الحيوي، لذلك يجب تطوير تكنولوجيا حصاد جديدة ضرورية لتحقيق الجدوى تلعب الطحالب دورا رئيسيا كمنتج 

الاقتصادية لإنتاج الوقود الحيوي من الطحالب لذا برز دور الفطريات لحصاد الطحالب الدقيقة كساحة أبحاث جديدة لتقليل 
لتحسين ظروف التفاعل )المغذيات الاضافية، وزمن انجزت الدراسة الحالية  .تكاليف الحصاد في انتاج الطحالب للوقود حيوي

Aspergillus, .sp Trichoderma  اختبر كفاءة اربع عزلات فطرية لحصاد الطحلب وهي .العملية ودرجة الحموضة(
: . sp Mucor, terreusو.sp Rhizopus  10اذ زرعت في وسط -chu 10الغير محور والمحور باضافة )كلوكوز 

اذ  terreus .A لتر( تم اختيار العزلة الاقوى في هذه العملية وهي\ملغم 50.لتر, فوسفات \ملغم  52.لتر, نتروجين\غرام
( وفي 7ساعة من الحضن في الوسط المحور المتعادل )درجة حموضة  24% بعد 100اظهرت كفاءة حصاد مقاربة لنسبة 

≈ مل مع عالق الطحلب ذو الكثافة الضوئية\سبور 1×610( اذ زرع العالق الفطري بتركيز 5)درجة حموضة  الوسط الحامضي
 A. مل الحصاد مع التراكيز المتبقية من الكلوكوز ودرجة الحموضة خلال فترة الحضن اذ اظهر الفطراتم دراسة مع .52.

terreus ( لكنه يحتاج فترة حضانة اطول\غرام 5كفاءة حصاد جيدة بتركيز كلوكوز واطيء )ه تم دراسة ميكانيكية هذ. لتر
كفاءة عالية في استخدامه كأداة مجدية في حصاد الطحالب  terreus .A اظهر الفطر .العملية تحت المجهر الضوئي المركب

 . لانتاج الوقود الحيوي باقل كلفة وعدم هدر الوقت
 

 

Introduction 
The limitation of non-renewable energy supplies 
and the serious threat to the environment, alter-
native energy sources based on biomass appear 
increasingly attractive [1]. Several candidates 
appeared to replace the current energy supplies, 
with no more pollution [2]. Recently microalgae 

gained great attention as one of the most promis-
ing renewable energy sources [3].  
Microalgae produce much larger amounts of 
"biofuels" in a shorter time than other sources 
depend on plant wastes and seeds. However, 
there are several obstacles impeding algae-
based biofuel production, from these complica-
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tions: microalgae cultivation, harvesting process 
which contributes to substantial cost and energy 
demand [4].  
The current harvesting approaches as sedimenta-
tion, centrifugation, filtration and flocculation 
had low efficiency due to small sizes and unicel-
lular microalgae [5], thus we need novel harvest-
ing processes.  
In nature, associations between microbes particu-
larly in aquatic habitats. Free living algae and 
fungi coexist in the same habitat without direct 
structural contact between them, however the 
physiology and ecology of algal-fungal associa-
tions found in freshwater in which algae live as 
epiphytic on fungi which could be considered a 
kind of artificial lichen [6], so pelletization char-
acteristic of filamentous fungi could be utilized 
to harvest microalgae [7].  
Recent studies indicate that the pelletization 
characteristic of filamentous fungi as Aspergillus 
oryzae had a wanted harvesting effect on Syn-
echocystis sp. ,though Rhizopus oryzae had no 
effect [8]. other studies reveled that co-
pelletization of Chlorella vulgaris. with filamen-
tous fungi could improve biomass production [9].  
This study aimed to achieve the following objec-
tives: (1) Screening for the efficient fungal iso-
late for pelletization in chu-10; (2) exploring the 
usability of chu-10 for fungal pelletization; (3) 
selecting a strain with pelletization ability under 
wide range of pH; and (4) investigating the har-
vesting kinetics and mechanism (5) reducing the 
time and glucose inputs required for achieving 
complete harvesting.  
 

Materials and Methods 
Microorganisms isolates and Growth Media 
Four filamentous fungal strains, Aspergillus 
terreus, Trichoderma sp., Mucor sp. and Rhizo-
pus sp. were collected from domestic 
wastewater. (Al-Jaesh canal-Baghdad), and 
streaked straight on potato dextrose agar (PDA) 
plates by applying the method designated by 
[10].  
The isolated fungal strains were tested for pellets 
formation ability by cultivating spores of con-
tender strains in 100 ml of PG broth which con-
sist of (4 peptone and 6 glucos g /l for each) and 
pH 6.0, those which could form pellets were fur-
ther identified based on mycelia and spores mor-
phological analysis under the microscope and 
compound- secretion ability grown on the PDA 
agar plates, depending on the taxonomic key 

[11].  
Chlorella sp. isolated from Al-Mustansiriyah 
University garden by Patterson Method [12]. Al-
gal strain identified by using an optical micro-
scope according to [13], this strain had been sta-
bly cultivated in our lab under both autotrophic 
(cultured in chu-10 media) and mixotrophic with 
(modified chu-10 by adding 10 g /l glucose) 
modes.  
 
Screening of Pellet Forming Fungal 
Strains in chu-10 media (PFF) 
The method for screening of PFF described by 
previous study [14], experiments were carried 
out in 250 ml conical flasks with 100 ml working 
volume. Two weeks-old Chlorlla sp. culture with 
optical density of ≈2.5 at 680 nm) was used as 
inoculum (10 % v/v). Flasks were inoculated 
aseptically with fungal spore suspension contain-
ing ≈1.0×10

6
 spores/ml at inoculum size of (2% 

v/v), then incubated under shaking (150 rpm) in a 
bench top orbital shaker at 30°C for 72 h to 
achieve pelletization. The growth and pelletiza-
tion were recorded with the visual observations. 
The chu-10 medium was supplemented with 
(10g/l glucose) in order to provide carbon source 
to fungi.  
In second set of experiments, glucose and nitro-
gen (as NH4NO3, 2.5 mg/l) was added to the chu-
10 media. The third set of experiment was ac-
complished with supplementation of phosphate 
(K2HPO4, 44 0.5 mg/l) in order to adding the 
glucose and nitrogen with adjusted pH (≈6.8) 
was tested for fungal growth and pelletization. 
All above flasks were then inoculated and incu-
bated under shaking (150 rpm) at 30 °C for 72 h.  
 
Fungal-algal Pelletization  
After the optimization of fungal pelletization 
process in supplemented chu-10 media, the next 
study investigated the harvesting of Chlorlla sp. 
by fungal pelletization. Chlorella sp. was culti-
vated in a 250-ml flask using 100 ml sterile chu-
10 medium at 25°C. Chlorella sp. culture (two 
weeks-old; OD680≈2.5) was used as inoculum at 
(10% v/v). Chlorella sp. cultivation was under 
light intensity of 4.5 Klux with dark/light cycle 
of 12 h. After two weeks of growth, flaks (con-
taining microalgal broth) were substituted with 
optimized media inputs (glucose, NH4NO3 and 
K2HPO4) and inoculated with selected fungal 
spores' suspension (1×10

6
 spore/ml). The kinetics 

of fungal pelletization assisted Chlorella harvest-
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ing was studied by withdrawing samples after 
every 3 h for determination of residual suspended 
algal cells by measuring optical density at 56808 
nm (OD680). The harvesting efficiency of the se-
lected fungus was calculated using the harvesting 
index (HI) calculated as: 
 

HI= (1 −
λt

λ0
) (1) 

  
Where λ0 is the OD680 of the initial microalgal 
culture and λt is the OD680 of the residual algal 
cells at time t. harvesting efficiency (%) was es-
timated using the following equation:  
 

Harvesting efficiency (%) =HI×100 (2) 
 
Residual glucose concentration was also deter-
mined in order to measure the glucose utilization 
rate of the fungal strains during the algal harvest-
ing process. The residual glucose in the broth 
was estimated using the" phenol- sulphuric acid 
method [15] briefly, the powdered biomass (100 
mg) was hydrolyzed with 5 ml of 2.5 N hydro-
chloric acid in boiling water bath for 3 h, cooled 
at room temperature and neutralized with solid 
sodium carbonate. After neutralization, an ali-
quot of 0.1 mL was pipette out in a clean test 
tube and diluted to 1 ml. After dilution, 1 mL 
phenol solution and 5 ml of 36N sulfuric acid 
were added, well mixed and cooled to 25 

0
C in a 

water bath.  
The optical density of the samples was measured 
at 490 nm and the total carbohydrates were than 
calculated using standard calibration curve. 
Changes in pH were also monitored using pH 
meter.  
 
Effect of Variation in Glucose Concentration 
on Fungal–algal Pelletization 
According to the hypothesis that fungus can use 
microalgal biomass as carbon source, attempts 
were made to decrease the glucose inputs during 
fungal assisted microalgal harvesting. Depending 
on the method that achieved by [16], glucose 
concentration was lowered to 5 and 2.5 g/l, while 
NH4NO3 and K2HPO4 concentrations were the 
same as used previously. High glucose level (15 

g/l) was also tested to check if it can further 
speed up the algal harvesting process. Whenever 
needed sterile distilled water was used for dilut-
ing to maintain the initial OD680 at≈2.5.  
The HI and efficiency of algal harvesting through 
fungal pelletization process was then estimated 
depending on the (Equation 2).  
 
Mechanism of Fungal Pelletization-Assisted 
Microalgae Harvesting 
The changes in the color of the culture, and the 
aggregations of suspended Chlorella sp. cells in 
the culture, were monitored. So, to understand 
the interaction of algae with fungal spores and 
mycelium, samples from experimental flasks 
were collected every three hours and visualized 
under optical microscope (Olympus compound) 
with objective lenses of 40× magnification.  
 
Statistical Analysis 
All the tests were achieved in triplicates and re-
sults presented here are either mean of triplicate 
reported as mean ± standard deviation or with 
error bars.  

Results and Discussion 
Screening of Efficient (PFF) in the initial run 
with fresh chu-10 media without glucose sup-
plementation, it was showed that chu-10 media 
alone is unable to support growth of any fungal 
strain. Hence, the glucose supplemented chu-10 
media was used for further studies. The pelletiza-
tion ability of the tested fungal strains in glucose 
supplemented chu-10 media at different time in-
tervals is shown in (Table 1).  
With glucose supplementation, A. terreus, 
Trichoderma sp. showed good pelletization with-
in 12h, Mucor sp. and Rhizopus sp. started to 
grow within 24h. However, despite the good 
growth of Mucor sp. and Rhizopus sp. was not 
able to pelletize even after 48h (Table 1). 
According to microscopic examination, it was 
observed that the pellets formed were uniform 
(within fungal strains) with pellet size varying 
from 0.5 to 1.2 mm, so A. terreus was the best. 
 

 
Table 1:Occurrence of fungal growth and pelletization in fresh /supplemented chu-10 media with glucose (10 g/l), NH4NO3 
(2.5 mg/l) and K2HPO4 (0.5 mg/l).  
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Time 
(h) 

fresh chu-10 
media 

 

Supplemented chu-10 media 

Glucose (10 g/ l) only 
Glucose+ 
NH4NO3 

Glucose+ 
NH4NO3+K2HPO4 

At Tri. Muc. Rhi. At Tri. Muc. Rhi. At Tri. Muc. Rhi. At Tri. Muc. Rhi. 

0 
- - - - - - - - - - - - - - - - 

12"= 
- - - - - - - - - - - - + - - - 

24"= 
- - - - - - - - - - - - + + G"< G"< 

36"= 
- - - - - - - - - - - - + + G" G"< 

48"= 
- - - - - - - - 

+ 
- - - + + G"< G"< 

60"= 
- - - - - - - - 

+ 
- - - + + G" G"< 

72"= 
- - - - - - - - 

+ + 
- - + + G G" 

"+" growth with pelletization, "-"no growth, "G" growth without pelletization.  
At=Aspergillus terreus, Tri. =Trichoderma sp., Muc. =Mucor sp., Rhi. =Rhizopus sp.  
 

Moreover, glucose level of 10 g /l was found to 
be suitable for proper pelletization of selected 
fungal strains grown in chu-10. Based on the 
screening studies, the selected PFF was then test-
ed for growth and pelletization on chu-10 media. 
In the first set of experiments, chu-10 media 
(with 10 g/l) was used as nutrient source for fun-
gal pelletization. Interestingly, no palletization or 
growth was observed in any flask with fresh chu-
10 media (Table1), even up to extended incuba-
tion period of 72 h (table 1). The causes for this 
could be either (1) the neutral pH of the chu-10 
media (≈7) or (2) absence of the basic nutrients 
(N and P) other than glucose, as prolonged culti-
vation of microalgae in chu-10 media results in 
utilization of nutrients as well as shift in pH to-
wards alkaline range. At 2.5 and 0.5 mg/l as 
NO

3−
and PO4

3−
, respectively, further confirmed 

the hypothesis of neutral limitation in chu-10 
media. Supplementation with NH4NO3 and glu-
cose in chu-10 media also did not stimulate the 
fungal growth and pelletization (table 1) these 
results agreed with [17] informed that Rhizopus 
oryzae had fast and well peletization ability 
when carbon was supplemented to the broth me-
dia during co-cultivation with algae, suggesting 
that organic carbon have profound impact on 
fungi growth and cell palletization of filamentous 
fungi species. Only A. terreus showed growth as 
well as palletization but after 48 h. Moreover, 
pelletization in the case of Trichodermasp was 
observed in 72 h. The biomass and pellets ob-
tained in both the cases were relatively small as 
compared with that obtained in fresh chu-10 me-

dia supplemented with same glucose level. How-
ever, addition of K2HPO4 with NH4NO3 and glu-
cose resulted in dramatically enhanced growth 
and pelletization of the A. terreus as fugal pellet 
were observed within 12 h, Trichoderma sp. ob-
served after 24 h (table 1). However, with rest 
fungal strain, there were growth and no pelletiza-
tion was observed, even at 72 h. These results 
established the significance of particular combi-
nation of nutrients for fungal growth and pelleti-
zation. It is not worthy that in previous attempts 
on fungal-assisted microalgae harvesting, addi-
tion of any inorganic nutrients (N and P) was not 
reported [18, 19]. At the end of the exponential 
phase of microalgal growth, no primary nutrients 
might be available in the chu-10 medium. Thus, 
it is very unlikely for the fungal strains to grow 
and pelletize without the addition of primary nu-
trients along with glucose, as confirmed with 
current observations.  
Such nutrient limitation was possibly not en-
countered in the study conducted by [20] as fun-
gus was cocultivated with microalgae in nutrient-
rich fresh medium. Similarly to [21] utilized pre-
cultured fungus (in nutrient medium) to harvest 
microalgae and hence did not required further 
addition of any primary inorganic nutrients. 
Nevertheless, in order to develop a realistic and 
economically competent harvesting protocol, the 
availability of data on minimum nutritional de-
mand for fungal pelletization is must. In the pre-
sent study, only A. terreus was able to efficiently 
pelletize in glucose and nutrient supplemented 
chu-10, followed by Trichoderma sp. with rela-
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tively delayed and poor pelletization. No or very 
little pelletization (and growth) of other tested 
PFF could be attributed to their inability to sur-
vive and pelletize under unfavourable (≈ neutral 
pH) growth conditions further strengthen the hy-
pothesis that the pH has vital role in fungal 
growth and pelletization. Similarly [19] also ob-
served the crucial role of pH in fungal pelletiza-
tion-assisted algal harvesting. However, there is 
no studies reported earlier on fungal-assisted mi-
croalgal harvesting could establish fungal 
pelletization and harvesting at alkaline pH. How-
ever, in the present study, A. terreus showed re-
markable behavior of ample growth and fast 
pelletization at the actual pH (≈7) of Chu-10. 
Hence, the growth and pelletization of A. terreus 
was unaffected with variation in pH. The versa-
tile nature of this fungal strain with respect to 
growth and contaminant removal at various pH 
has been previously reported by [22, 23]. The 
acid- and alkali-tolerant characteristics have ren-
dered this organism equally capable of treating 
acidic electroplating effluent [24] and alkaline 
textile effluent [22] without the need of any pH 
adjustment. In this study, the ability of A. terreus 
to pelletize under neutral pH for algal harvesting 
has been established. Therefore, it can be con-
cluded that A. terreus has high potential for mi-
croalgal harvesting at any pH, which further 
strengthens the applicability of this strain at 
commercial scales. Therefore, A. terreus was se-
lected as the most efficient PFF for further stud-
ies. 
Harvesting Microalgae Using Selected PFF Nu-
trient supplementation and spore inoculation re-
sulted in an immediate pH drop of chu-10 from 
initial value of 7 to 6.5 this decline in pH due to 
the fungal growth, filamentous fungi grow fast 
and show compound performance when suitable 
organic carbon is supplied in the medium [17], 
pH of the chu-10 medium after fungal assisted 
micro algal harvesting decreases during incuba-
tion period and the final pH values were in-
creased as in Table 1, these results confirm the 
harvesting efficiency was not pH-dependent, un-
like previous studies [25, 26] reported that low 
pH supports micro algal harvesting by fungi. The 
culture pH is possibly an important factor for the 
pelletization of fungal spore, but not for the ad-
hesion of Chlorella sp. cells to the surface of the 

fungal pellet [25]. Significant harvesting phe-
nomenon was observed during the 24 h observa-
tion period.  
The variation in efficiency of fungal assisted mi-
croalgae harvesting process (in terms of HI), re-
sidual glucose and pH with time is shown in 
(Table 2). The fungal assisted micro algal har-
vesting started within the first 3 h with (≈20 % 
glucose utilization). The harvesting continued at 
very fast rate up to 12 h (≈75 % of glucose utili-
zation) with harvesting efficiency of more than 
80 % during this period. After 9 h, harvesting 
process as well as the glucose utilization contin-
ued but at relatively slower rate and resulted in 
more than 66 % harvesting within 18 h table 2. 
Eventually, up to 100 % harvesting of microalgal 
cells was recorded within 24 h with utilization of 
86 % of the added glucose (table 2), these results 
as compared with previous studies on co-
cultivation of fungi with microalgae [20] report-
ed about 60 % harvesting of Chloreela vulgaris 
cells in 72 h of co-cultivation system using pre-
cultured Aspergillus niger. similarly [25] stated 
the best harvesting of C. vulgaris in 418 h at high 
glucose level (260 g/1) with Aspergillus sp.  
 

 
Figure1: pictorial illustration of various stages of microal-
gal–fungal pellet formation at different time intervals. A: 
Chlorella sp. culture at 0 time, B: co-culture after 6 h, C: 
co-culture after 18 h D: pellet on completion of harvesting 
after 24 h.  

 
Table 2: Variation in pH, Residual glucose and harvesting 
ratio (%) and with time (h). data for pH and Residual glu-
cose as (Mean± SD).  

Incuba-
tion 

time(h) 
pH 

Residual 
glucose con-
centration 

(g/l) 

Harvest 
ratio 
(%) 

0 6.8±0.8 10±0.7 0 
3 5.7±0.1 8.1±0.18 20 
6 4.8±0.2 5.2±0.3 41 
9 5±0.8 4.3±0.3 73 

12 5±0.7 4.1±0.2 78 
15 5.3±0.2 3.9±0.1 80 
18 5.8±0.9 3.8±0.2 90 
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21 5.6±0.2 3.2±0.1 93 
24 6.9±0.1 3.1±0.5 100 

As shown (Figure 1) the initially microalgal cells 
were suspend in medium (0 h). Sooner the fungal 
spores were geminated, microalgal cells started 
aggregating (along with fungal biomass) and 
eventually turned into tightly packed pellet on 
completion of harvesting process (24 h). These 
pictures taken at different time intervals, show-
ing the aggregation stages of harvesting process 
further validated the profile of observed harvest-
ing kinetics After 24 h, the microalgal fungal 
pellets settled down at the bottom of the flask 
with separation of the clear supernatant. The set-
tled pellets were harvested easily by simply de-
cantation of supernatant or filtering though filter 
paper. Hence, the present study makes important 
contribution by depicting the correlations be-
tween fungal growth, glucose consumption and 
accompanied pH change in the medium to best 
algal harvesting.  
The latter will effect of Glucose level variation 
on Chlorella sp. through PFF. It is clear that A. 
terreus was the most efficient in harvesting 
Chlorella sp. from the liquid culture at glucose 
concentration of (10 g /l). Further attempts were 
then made to reduce the glucose input in order to 
make the fungal assisted microalgal harvesting 
economically feasible at large scale. The varia-
tion of HI at different glucose levels is shown in 
(Figure 2). It was interesting to notice that the 
reduced glucose level (5 g/l) was enough to sup-
port the efficient fungal growth and subsequently 
the harvesting of microalgal cells at (5 g/l), the 
recorded harvesting was more than 75 % within 
24h. Moreover, 30 % harvesting of microalgal 
cells was observed approximately in 24h at (2.5 
g/l) glucose concentration. Though, the harvest-
ing efficacy was relatively poor at (110 g/l glu-
cose) with own harvesting 93%. Farthermore, as 
realized from Fig.2, the raised glucose level 
(1053 g/l) does not have any significant differ-
ences from the concentration (10 g/l) on the fun-
gal pelletization assisted algal harvesting pro-
gression. As confirmed by [9] the heigh concen-
trations of glucose up to (10 g/l) increase produc-
tivity of the fungus about (800 mg/l. day

−1
) 

which was about seven times higher than the 
fungal productivity with low glucose concentra-
tions. [26] confirm higher concentrations of glu-
cose increase fungal biomass in the co-culture, 

whereas the microalgal biomass in the co-culture 
was much lower compared with the biomass 
produced in the pure culture of only microalgae 
So it strong to be determined that although 10 g/l 
glucose concentration was optimal for 100 % 
harvesting of microalgal cells within 24 h, the 
reduced glucose level (5 g/l) can also results in 
similar harvesting but maybe with relatively 
higher incubation time. Hence, the efficient mi-
croalgal harvesting can be done either at (10 or 5 
g/l) glucose concentration, depending up on the 
time of incubation, similarly to [27] improved 
the ability of A. lentulus to harvest was nearly 
100 % of the Chroococcus sp. within only 24 h 
at supplementation of(10 g/l) of glucose also per-
formed well at lower glucose level (5.0 g/l) re-
sulting in 92 % harvesting within 24 h and up to 
98 % harvesting within 52 h.  

 
Figure 2: Comparison of H. I % at different glucose con-
centration (supplemented with 2.5 mg/l NH4NO3 and 0.5 
mg/l K2HPO4) ranging from (0 -15 g/l).  

 
The Possible Mechanism of Microalgal–
Fungal Pelletization 
The microscopic analysis revealed that in this 
particular study, the fungal pelletization assisted 
microalgal. Harvesting mainly talented through 
coagulative type pelletization (Figure 3). From 
microscopic observations it is clear that the mi-
croalgal and fungal spores coagulated in form of 
algal–fungal (spore) cluster as soon as the spore 
germination started. This cluster then turned into 
“microalgal cell containing fungal hyphal net-
work”, which subsequently evolved as algal–
fungal pellet after further hyphal growth and 
binding of more algal cells. Previous studies [26, 
27] state that fungal growth in submerged culture 
undergoes mainly by three phases including mi-
cromorphological growth (germ tube elonga-
tion), macromorphological growth (pelletization) 
and fungal cell autolysis. Hence, the fungal as-
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sisted microalgal harvesting could result from the 
interaction of microalgal cells with fungal bio-
mass at any of the above stated stages of fungal 
pelletization process as described by [14], in the 
coagulative-type pelletization, germinating 
spores possibly may cluster together along with 
the microalgal cell due to germinating spore to 
spore interaction and spore to microalgal cell in-
teraction. Moreover, in the hyphal–elemental ag-
glomeration, the microalgal cells might bind to 
the exposed hyphal tips of the geminating spores 
as soon as the germination starts followed by 
fungal hyphal growth resulting in its further in-
teraction with other fungal hyphae and microal-
gal cells and subsequently the formation of al-
gal–fungal pellet.  

 
Figure 3: optical microscopic pictures Illustrate various 
stages of fungal pelletization assisted algal harvesting pro-
cess  

It is widely reported that fungal growth (in sub-
merged culture) results in secretion of various 
metabolites including organic acids, polysaccha-
rides, proteins and enzymes [28, 29]. Hence, the 
interaction and attachment of microalgal cells to 
fungal spore and hyphal surface may be facilitat-
ed by growth associated metabolite secretion by 
the fungi.  

Conclusions  
The present study was focused on the identifica-
tion of the limiting factors and subsequent opti-
mization of the process of fungal assisted micro-
algal harvesting. From the present observations, 
it was found that the fresh chu-10 does not sup-
port growth of selected PFF and hence needs to 
be supplemented with carbon and nutrient 
sources. Supplementation of the chu-10 media 
with glucose (10 g/l), NH4NO3 (2.5 mg/l) and 
K2HPO4 (0.5 mg/l) was optimal for efficient fun-
gal pelletization of selected strains. Among the 
tested PFF, only A. terreus was efficient to grow 
and pelletize in the nutrient supplemented chu-

10, irrespective of its pH. Moreover, A. terreus 
resulted in nearly 100 % harvesting of Chlorella 
sp. from the suspended culture within 24 h. 
However, the mechanism behind the fungal 
pelletization-assisted microalgae harvesting was 
observed to be coagulative type. Based on the 
above observations, the process of microalgal–
fungal pelletization can be summarized in the 
following possible steps: (1) germination of fun-
gal spore, (2) interaction followed by binding of 
microalgal cell to active sites (on germinating 
spore or fungal hyphae) resulting in the nuclea-
tion of microalgal–fungal pelletization process, 
(3) further growth of fungal pellet with more ac-
tive sites on exposed hyphae and finally (4) bind-
ing of microalgal cells on other exposed active 
sites and completion of pelletization process. 
This technique is yet to be tested at pilot level in 
order to replace energy intensive harvesting 
methods currently being employed at industrial 
scale. If the investigated process is scaled up and 
optimized properly, it could be the most efficient 
and the economically feasible process at indus-
trial scale in the world of microalgal biofuel.  
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The aim of the present study is to explore micronuclei recurrence, as a biomarker of genomic 
damage in buccal cells of individuals living in polluted areas located near to the cement factory in 
Kufa city. Twenty four apparently healthy males residing in Kufa are enrolled in the present 
study, their ages between 18-30 years, as control group 24 males with same age are enrolled liv-
ing in the center of Najaf city a far from cement factory. A sample of the exposed and control 
groups of buccal mucosa cells was collected during Spring months in 2016. The mean count of 
cell with micronuclei in buccal cells of the exposed group and control were (22.33 ± 0.97; 11.583 
± 0.85) respectively, the mean count of the binucleated cells of the exposed and control groups 
were (7.208 ± 0.71, 10.041 ± 0.84) respectively, a significant difference was detected in the ob-
served frequencies of micronuclei and binnucleated cells in the buccal mucosa cells between the 
exposed and control group. The results indicated that exposure to air pollutants related to cement 
production induce cytotoxic as well as genotoxic damage in buccal mucosa cells.  
 
 
Keywords: Kufa, micronuclei, binucleated cells, air pollution.  

خلاصـةال  
في الخلايا الطلائية المبطنة للفم كمؤشر لمقدار الضرر في  الهدف من الدراسة الحالية هو التحري عن تكرار النوى الصغيرة 

المادة الوراثية لمجموعة من سكان منطقة ملوثة بالقرب من معمل أسمنت الكوفة, شملت الدراسة اربعة وعشرون ذكرا من 
من سكان مدينة كما شملت الدراسة ايضا اربعة وعشرون ذكرا , سنة 30-18سكان منطقة الكوفة ,كانت اعمارهم تتراوح بين 

ربيع  تم جمع العينات من الافراد المتعرضين والسيطرة خلال اشهر. وبنفس الفئة العمرية وعدت كمجموعة سيطرة النجف
 0.322 ±7.93 ;85كان معدل الخلايا ذات النوى الصغيرة في الخلايا المبطنة للفم للأفراد المعرضين والسيطرة ) .2016

وجود  لوحظ (0.27 ± 708.;1 0.010 ± 4.841نائية النواة للأفراد المعرضين والسيطرة )ومعدل الخلايا ث (.0.511 ± 83
اختلافا معنويا بتكرار ظهور النوى الصغيرة والخلايا ثنائية النواة في الخلايا المبطنة للفم عند مقارنة الافراد المعرضين مع 

للخلايا  يستحث سمية خلوية ووراثية حبة لإنتاج الاسمنتدلت النتائج الى ان التعرض الى ملوثات الهواء المصا. السيطرة
 . المبطنة للفم

 
Introduction 
Air pollution is a combination of inconsistent 
concentrations of gases and solid particles in the 
air. Air pollution and particulate matter are glob-
ally recognized as carcinogenic to human [1] [2]. 
During the previous decades, many literatures 
have evaluated the genotoxic impacts of air pol-
lution among population residing in areas with 
medium or high levels of air pollution [3] [4].  
Numerous studies have utilized the micronucleus 
test to determine an association between pollu-
tion and cytotoxic and/ or genotoxic effects [5] 
[6]. In the eighties the buccal cell micronuclei 
test recommended as a biomarker for genomic 
damage. Subsequently, this test chosen as con-
venient biomarker of chromosomal damage cre-

ated by exposure to different environmental pol-
lutants, lifestyle habits in addition to inherited 
diseases [7]. In the last decade the micronuclei 
tests in buccal cell have gotten increasing popu-
larity among laboratories working in the field of 
environmental mutagenesis consequently, the 
number of published researches based on this 
biomarker has expanded. Previous research 
demonstrates that an elevation in the micronu-
cleus score in buccal cells denotes to an increase 
in risk for malignancy [8] [9]. In Iraq, there are 
no studies have considered the genomic damage 
in mucosa buccal cells as micronuclei(MN) score 
in cells of the population exposed to air pollu-
tion. The aim of the present work is to explore 
micronuclei recurrence, as a biomarker of ge-
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nomic damage in buccal cells of individuals liv-
ing in polluted areas located near to the cement 
factory in Kufa city.  
 

Materials and methods  
The present study includes twenty four apparent-
ly healthy males residing in Kufa near cement 
factory (Al-Kūfa is a town in the south of Bagh-
dad northeast of Najaf city it is situated on the 
banks of the Euphrates river). Their ages be-
tween 18-30 years, as control group 24 males 
with same age are enrolled living in the center of 
Najaf city a far from cement factory. All study 
participants were informed of the study objec-
tives. The data about date of birth, occupational 
history, health status Lifestyle (smoking, drink-
ing habits and diet) was provided by question-
naire.  
A sample of the exposed and control groups of 
buccal mucosa cells was collected during spring 
months in 2016. Before cell collection all volun-
teered were asked to rinse their mouth thorough-
ly with water to get rid of any unwanted debris. 
Smooth toothbrushes were used, the head of the 
toothbrushes was swapped on clean slides, and 
then samples were fixed with ethanol (90%) for 
48 h, and stained with Giemsa for 20 minutes. To 
count the cells with micronuclei and binucleate 
cell per 2000 cells for each individual stained 
slide scanning by light microscope (at 400 X 
magnification). This procedure was done accord-
ing to the criteria originally described by Tolbert 
et al. [10] [11].  
 
Statistical Analysis: 
To analyze the data The Statistical Analysis Sys-
tem- SAS [12] program was used. Least signifi-
cant difference –LSD test was used to compare 
the means of micronuclei and binucleated cells 
between the studied groups.  

Results and Discussion 
A cell with micronuclei was differentiated by the 
presence of one or more than one a small addi-
tional nuclei in the cytoplasm (Figure 1). The 
main finding of the present work was a surpris-
ingly in an elevation score of micronuclei in buc-
cal cells of male living in exposed area. As 
shown in Table (1) the mean count of cell with 
micronuclei in buccal cells of individuals from 
exposed area was (22.33 ± 0.97). It was signifi-
cantly higher in comparison with the micronuclei 
frequency of control subjects (P<0.0001).  

According to preceding researches that included 
adults and children, the range of micronuclei 
score in buccal cell in unexposed subjects inter-
val of between (3-17 /2000 cell) [13]. Hence, the 
mean count of cell with micronuclei found in the 
present study is about two- fold higher than ref-
erence value for unexposed individuals. Addi-
tionally, the mean value of the binucleated cells 
of males from exposed area was (10.041 ± 0.84) 
also significantly higher (P < 0.01) in compari-
son with mean value of binucleated cell in the 
control subjects.  

 

 
 

 
Figure1: A: buccal cell with two micronuclei, B: buccal 
cell with one micronuclei (400X magnification).  

 
Binucleated cells are cells containing two very 
close main nuclei instead of one and they are 
considered marker of cytokinesis failures or cy-
tokinetic faults as a result of aneuploidy [7]. In-
creased frequency of binucleated cell of the male 
of exposed area indicated that exposure to air 
pollutants induce cytotoxic as well as genotoxic 
damage. Our results are consistent with Jara-
Ettinger et al. [5] who report a significant in-
crease of binuclated score in Mexican wilder.  
Al-Kufa cement factory located near urban cen-
ters and may create a serious hazard to the envi-
ronment as well as human health [14].  
 The main air pollutants related to cement pro-
duction include: sulfur oxides, nitrous oxides, 

B 

A 
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carbon oxides, particulates and organic com-
pounds in addition to cement kilns release large 
amounts of dust which possibly contains large 
concentrations of heavy metal and particu-
lates[15] [16]. In fact, most of these compounds 
have mutagenic and / or cytotoxic effects for that 
reason it is difficult to conclude which of them 
represent the effects seen in the present work. 
The result obtained in the present work are in 
agreement with previous studies Ceretti et al. 
[17] reported that the rate of micronuclei occur-
rence in epithelial buccal cells significantly asso-
ciated with concentration of air pollutants, for 
example, particulate matter (PM10, PM2.5) and 
nitrous oxide NO2. Furthermore an increase of 
micronuclei score has been detected in peripheral 
blood lymphocytes as well as in buccal mucosa 
cells of individuals exposed to urban air pollu-
tion[3] [4] [6] [18].  
As mentioned above, SO2 is one of the air pollu-
tants related to cement production; previous 
study documented an increase of chromosomal 
aberration in lymphocytes of subjects who were 
occupationally exposed to SO2. Numerous stud-
ies were published which revealed that SO2 in-
duces DNA instability in laboratory animals as 
well as in cultured human cells and it was sug-
gested that SO2 exposure was responsible to in-
creased risk of lung cancer in workers [19] [21] 

[22].  
Furthermore, the SO2 also induces genomic in-
stability in plant cells [23]. The impact of cement 
industry emission on plant production and soil 
properties has been studied by some researchers, 
Salama et al. [15] documented that cement in-
dustry emission includes NO2, O3 and SO2 in-
tensely impact the morphology and physiology 
of Datura innoxia plant., Al-Omran et al., [24] 
reported an increase of the Cr, Cd, Ni, and Pb in 
the soil surrounding the cement plant in Saudi 
Arabia.  
The results of present study showed elevation 
score of micronuclei and binucleated cells in 
males living near cement factory. It is in conso-
nance with the finding of earlier studies where 
researchers utilized the micronuclei test in oral 
cells to detect the genotoxic impact of air pollu-
tion in outdoor workers including tunnel worker, 
street vendors, driver and gas station attendants 
[18].  
In conclusion the results reveal that first, this mi-
cronuclei assay can be utilized in monitoring 
studies second, supports the need to additional 
researches shed light on the genotoxic and cyto-
toxic impact of air pollution on population resid-
ing in areas with medium or high level of air pol-
lution.  
 

  
 Table (1): Micronucleated and Binucleated cells frequencies in exposed and control males  

Controls  
(unexposed males) 24 (mean ± S. E) 

Exposed males 24 (mean ± S. E) Parameter /2000 cell 

11.583 ± 0.85 22.33 ± 0.97 ٭٭٭  Micronucleated cells 

  Binucleated cells  ٭0.84 ± 10.041 0.71 ± 7.208

 

Conclusion 
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Cyclohexane-1,2-bis(thiosemicarbazone) (CHTSC) was synthesized via the condensation reaction 
of cyclohexane-1,2-dione and thiosemicarbazide. Series of metal complexes of the prepared lig-
and, of general formula [M(CHTSC)(NO3)2], were reported. The prepared coordination complex-
es were characterized and their structures elucidated using different techniques. These showed 
that all complexes are octahedral geometries. The kinetics of the formation of these complexes 
have been investigated using stopped-flow spectrophotometry. These studies revealed that the 
reactions are completed on the second’s timescale with 1st-order dependence (either on the con-
centration of metal salt or on the concentration of CHTSC).  
  

Keywords: Schiff base ligands, Thiosemicarbazones, Kinetic study.  

خلاصـةال  
تم . تضمن البحث تحضير ليكاند لقاعدة شيف من خلال التفاعل التكثيفي للسياكلوهكسان ثنائي اون والثايوسيمي كاربازايد

تم تشخيص المعقدات . M(CHTSC)(NO]3(2[تحضير سلسلة من معقدات العناصر لليكاند المحضر ذات الصيغة العامة 
التناسقية المحضرة وتم التوصل الى اشكالها الهندسية بأستخدام تقنيات مختلفة, حيث بينت الدراسة بأن جميع المعقدات 

تمت دراسة حركية تكوين المعقدات والتي أظهرت التفاعل من المرتبة الأولى  .لها شكل هندسي ثماني السطوح المحضرة
 . اعتمادا على كل من تركيز الليكاند او الأيون الفلزي

 

Introduction 
 Compounds that are containing sulfur and nitro-
gen atoms (thiosemicarbazones) have received 
remarkable interests and extensive investigation 
due to their bonding modes and biological appli-
cations [1] [2] [3] [4] [5] [6] [7]. Thiosemicarba-
zone compounds are also applicable in several 
fields of inorganic chemistry. The commonly use 
as: a chelating agent for the formation of metal 
complexes. Moreover, the metal complexes of 
thiosemicarbazones have been applied in the 
field of material sciences such as nonlinear opti-
cal (NLO) [7] [8], electrochemical sensing [9], 
and Langmuir film [10]. During the recent twen-
ty years, so may papers have been published re-
porting the synthesis and characterization of 
transition metal complexes with thiosemicarba-
zones [17]. In this paper, the synthesis, character-
ization and structural studies of cyclohexane-1,2-
bis(3-thiosemicarbazone) (CHTSC) and its metal 
complexes with different transition metal ions 
like : Co(II), Ni(II) and Cu(II), are reported. Ki-

netic studies on the formation of the prepared 
complexes have been also investigated.  

Materials and Methods 
 All reagents that have used in this work were 
commercially available (Aldrich Co.). Elemental 
analyses (C, H and N) were carried out on a Eu-
roEA Elemental Analyzer. Electronic spectra 
were measured in the region (200–1,100) nm for 
solutions in DMF at room temperature using a 
Shimadzu, 100 UV–visible spectrophotometer. 
Infrared spectra were recorded using a Cary 630 
FTIR spectrometer equipped with an ATR mod-
ule.1H and 

13
C NMR spectra were measured in 

DMSO–d6 solution with the TMS as an internal 
standard, using a Brucker 400MHz. Metals were 
determined using a novaAA 350 flame atomic 
absorption spectrometer. Conductivity measure-
ments were made with DMF solutions using a 
Inolab multi 740 digital conductivity meter. 
Magnetic moments of the prepared complexes 
were measured at RT using an auto magnetic 
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susceptibility balance (Sherwood).  
 
Preparation of CHTSC 
A mixture of thiosemicarbazide (0.7 g, 8mmol) 
and cyclohexane-1,2-dione (0.4 g,4mmol) was 
dissolved in methanol (30 mL). The solution was 
heated under reflux for 4 h, during which a yel-
low precipitate was formed. This solid was fil-
tered off and washed with hot methanol. Yield = 

54 %, 0.5g, m. p = 212– 214 C. Elemental anal-
ysis, found (calc.), C 37.95 (37.20), H 5.22 
(5.42), N 32.20 (32.55) S 25.50 (24.80).1H NMR 
spectrum: δ/ppm:1.75-2.87 (cyclohexane pro-
tons, m, 8H); 7.75(H2N–CSH, d, 2H); 8.6 (NH, s, 
1H); 10.3 (H2N–C =S, d, 2H); 12.22(SH, s, 
1H).1

3
C{

1
H} NMR spectrum: 20.95-33.5 (cy-

clohexane carbons); 146.12 (C=N); 178.93 
(C=S).  
 
Synthesis of the complexes 
To a solution of CHTSC (0.15g, 0.58mmol) in 
acetonitrile (40 ml) was added the solution of 
metal salt (0.58mmol) [Co(NO3)2.6H2O, 0.17g ; 
Ni(NO3)2.6H2O, 0.17g ; Cu(NO3)2.2.5H2O, 
0.13g] in acetonitrile (5ml). A microcrystalline 
solid was formed immediately. This was filtered 
off and washed with acetonitrile. Microelemental 
analysis; yield and other properties for the com-
plexes are listed in Table 1.  
 
Kinetic studies 
Applied Photo physics SX.18MV stopped-flow 
spectrophotometer was used to perform the ki-
netic studies. The solutions were prepared in 
MeCN at RT and used within 1 h of preparation. 
Pseudo-first-order conditions were applied for all 
experiments with the concentration of CHTSC in 
an excess over the concentration of the metal ion.  

Results and Discussion 
N2S2 type ligand, CHTSC (Scheme 1), was syn-
thesized by the reaction of cyclohexane-1,2-
dione and 3-thaiosemicarbazide.  

 
Scheme 1: General route for the preparation of CHTSC.  

 
Different spectroscopic techniques (elemental 
analysis and IR, 

1
H and

13
C NMR spectroscopies) 

were used to characterize the prepared ligand. 
Characteristic bands have been observed in the 
IR spectrum of the ligand which mainly belong 
to NH, NH2 and C=N functional groups, Table 2. 
While, several signals are located at the 

1
H and 

13
C NMR spectra of the ligand. These signals are 

correspond to the various proton and carbon nu-
clei (see Experimental part and Figure 1). The 
UV–visible spectrum of CHTSC exhibited an 
intense absorption peak at (28571cm

-1
) attributa-

ble to the (π-π*) transition.  
 

 
(a) 

 
(b) 

Figure 1: NMR spectra of CHTSC: a) 1HNMR 
b)

13
CNMR.  

 
The reactions of equimolar amounts of CHTSC 
with a variety of divalent metal ions (M = Co,Ni 
or Cu), in a 1:1 stoichiometric ratio, produced 
rapid deposition of microcrystalline solids. How-
ever, the physical properties together with ele-
mental analysis and molar conductivity values, 
Table 1, give an evidence that all the prepared 
complexes are neutral with the formulation 
[M(CHTSC)(NO3)2].  
 



Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN: 2521-3520 (online) 

Volume 28, Issue 2, 2017 DOI: http://doi.org/10.23851/mjs.v28i2.499 

 

50 

 

 

Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International Licenses.  

 

 
Scheme 2: Proposed molecular structures of the prepared 
complexes.  

 
The IR spectrum of the free ligand (Figure2) 
shows bands in the region (3420–3110 cm

–1
), 

which is attributed to the υ(NH) and υ(NH2) vi-
brations. The bands due to υ(C=N) and υ(C=S) 
vibrations are located in the regions 1610 and 
1360 cm

–1
, respectively [18]. While, in the spec-

tra of Schiff base complexes, the υ(C=N) mode 
of ligand is found to shift to higher wave num-
bers, suggesting the coordination of the azome-
thine nitrogen to the central metal ion, in agree-
ment with previous studies [19] [20]. In the far 
infrared region, weak to medium bands have 
been observed around (610-510), (420–475) and 
(400–403) cm

–1
 in all the complexes. These 

could be assigned to the vibrations of υ (M-O), 
υ(M–N) and υ(M–S), respectively [21] [22] [23]. 
In addition, the spectra of complexes displayed 
two characteristic bans at the ranges: (1580 – 
1450) cm

-1
. These are due to the stretching vibra-

tions of NO3 group [24]. The most important in-
frared bands of the ligand and its complexes to-
gether with their assignments are collected in 
Table 2.  

Table 1: Physical properties, elemental analyses and molar conductance values for the prepared compounds. 

 

 
Figure 2: FTIR spectra: CHTSC (black), [Co (CHTSC) 
(NO3)2] (green), [Cu (CHTSC) (NO3)2](blue), [Ni 
(CHTSC) (NO3)2] (red).  
 

In general, hypsochromic shifts of ligand bands 
were detected in all the electronic spectra of the 
prepared complexes (Figure 3). The electronic 
spectrum of the cobalt (II) complex in DMF so-

lution exhibited absorption bands at (18867cm
–

1
), (15625cm

–1
) and (14084cm

-1
). These bands 

can be attributed to the 
4
A2g

(F) 
- 

4
T1g

(P)
, 

4
A2g

(F) 
- 

4
T1g

(F) 
and 

4
A2g

(F) 
- 

4
T2g

(F) 
transitions respective-

ly [25] [26] [27]. Furthermore, the magnetic 
moment value of this complex is (3.80 BM). 
These data confirm the octahedral geometry 
around cobalt atom. Three absorption bands at 
(24390cm

–1
), (15151 cm

–1
) and (13333cm

-1
) 

were observed in the he UV-Vis spectrum of the 
Nickel (II) complex. These may be assigned to 
the 

3
T1g

 (F) 
- 

3
T1g

(P)
, 

3
T1g

(F) 
- 

3
A2g

(F) 
and 

3
T1g

(F) 
- 

3
T2g

(F) 
transitions respectively [25–27]. The posi-

tion of these bands together with magnetic mo-
ment value (2.9 BM) revealed the octahedral ge-
ometry around nickel atom. While, two charac-
teristic absorption bands at (20833cm

–1
) and 

(18181 cm
–1

) were located in the electronic spec-
trum of the Copper (II) complex. These bands 

Compound Color Yield 
(%) 

m. p.   Found (Calcd.) (%) -- 

M S C H N Λ/(S cm2 

mol-1) 

[CHTSC] Yellow 54 212-214 
– 25.50 

(24.80) 
37.95 

 (37.20) 
5.22  

(5.42) 
33.20 

(32.55) 
– 

[Co(CHTSC)(NO3)2] Brown 58 290-293 
14.30 

(13.37) 
15.23 

(14.51) 
22.30 

 (21.76) 
3.55  

(3.17) 
26.32 

(25.39) 
9 

[Ni(CHTSC)(NO3)2] Brown 56 245-247 
13.98 

(13.28) 
15.12 

(14.52) 
 

22.43 
(21.79) 

4.01 
 (3.17) 

26.12 
(25.42) 11 

[Cu(CHTSC)(NO3)2] Brown 63 233-235 
13.92 

(14.25) 
15.20 

(14.36) 
22.21 

(21.54) 
3.88 

 (3.14) 
26.20 

(25.14) 
13 
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can be assigned to the 
2
B1g- 

2
Eg and 

2
B1g-

2
B2g 

transitions respectively. The magnetic moment 
value of this complex is (1.86 BM). These data 
confirm the octahedral geometry around copper 
atom [25] [26] [27]. The electronic spectral data, 
magnetic moment data and molar conductivity of 
(CHTSC) complexes are listed in Table 3.  

 
Figure 3: U. V- Vis spectra: CHTSC (black), 
[Co(CHTSC)(NO3)2] (green), [Ni(CHTSC)(NO3)2] (blue), 
[Cu(CHTSC)(NO3)2] (red).  

Table 2: IR frequencies (cm-1) of the prepared compounds. 

Compound υN–H, (NH2) υ(C = N) υ(NO3) υ(M–O) υ(M-N) υ(M–S) 

[CHTSC] 3420, (3225,3150) 1610 - -  – 

[Co(CHTSC)(NO3)2] 3415, (3255,3110) 1622 1550-1450 610 475 402 

[Ni(CHTSC)(NO3)2] 3375, (3300,3150) 1640 1580-1540 510 420 403 

[Cu(CHTSC)(NO3)2] 3390, (3250,3120) 1620 1560,1520 559 450 400 

 
Table 3: Magnetic moments and UV-vis spectral data in DMF solution. 

Compound (υ
-
cm

-1
) 

Extinction coefficient 

(ε, L mol
-1 

cm
-1

) 
Assignment μeff(BM) 

 
[CHTSC] 

 
28571 

 

1750 
 

π-π* 

 
- 
 

[Ni(CHTSC)(NO3)2] 

37735 
24390 
15151 

13333 

 

1570 
700 
70 
20 
 

π-π* 
3T1g

(F)-3T1g
(P) 

3T1g
(F)- 3A2g

(F) 
3T1g

(F)- 3T2g
(F) 

 

2.90 

[Cu(CHTSC)(NO3)2] 

32258 
28571 
20833 
18181 

 

1620 
900 
390 
200 

π-π* 
CT 

2B1g - 2Eg 
2B1g - 2B2g 

 

1.86 

[Co(CHTSC)(NO3)2] 

34482 
27777 
18867 
15625 

14084 

 

1700 
1180 
180 
60 
15 

π-π* 
CT 

4A2g
(F) - 4T1g

(P) 
4A2g

(F) - 4T1g
(F) 

4A2g
(F) - 4T2g

(F) 
 

3.80 

 

Kinetic studies 
Stopped-flow spectrophotometry was used to 
study the kinetics of the reactions between 
CHTSC and variety of metal ions: Co (II), Ni(II) 
or Cu(II). The reactions were studied under 
pseudo-first-order conditions with [CHTSC] ≥ 
10[M

2+
]. Figure 4, shows that the absorbance-

time traces is fitted to a single exponential curve, 
which indicates a first-order of the reactions de-
pending upon the concentration of metal ion. 
This conclusion is confirmed in studies where 
the concentration of metal ion was varied in the 
range 0.2–1.0 mmol dm

-3
 with [CHTSC] = 10 

mmol dm
-3

. For each different metal ion, all reac-
tions displaying a first-order dependence on the 
concentration of CHTSC, as typified by the plot 
shown in (Figure 4) and the corresponding rate 
law in Eq. (1). A proposed mechanism for the 
reactions is shown in scheme 3.  
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Scheme 3: Proposed mechanism for the reaction of diva-

lent metal ion and CHTSC in MeCN.  
 

 
(a) 

 
(b) 

Figure 4: Kinetic data for the reactions of divalent metal 
ion with CHTSC in MeCN at RT.  
 
The example shown is for the reaction with Ni

2+
. 

a) Shows an absorbance-time curve when [Ni
2+

] 
= 0.2 mmol dm

-3
 and [CHTSC] = 2 mmol dm

-3
. 

b) Shows the first order dependence of kobs on the 
concentration of CHTSC. Straight line fit to the 
data is that defined by the equation kobs = 7.5 x 
10

2
 [CHTSC].  

－d[M
2+

]/dt=ka
M

[CHTSC][M
2+

] (1) 

－d[M
2+

]/dt =k1
M

 k2
M

 [CHTSC][M
2+

] / k-1
M 

 [MeCN] + k2
M

 [CHTSC] (2) 

－d[M
2+

]/dt = k1
M

k2
M

 [CHTSC][M
2+

] / k-1
M

 

 [MeCN] (3) 
Previous studies [16] [17] on other Schiff base 
thiosemicarbazones complexes [M(CHMTSC-
2H

+
)] and [M(PHMTSC-2H

+
)] (where PHMTSC 

and CHMTSC have the structures shown below) 
have investigated the kinetic of the reactions of 
PHMTSC or CHMTSC with divalent metal ions. 
The rate constant ka

M
 values for the reactions of 

CHTSC with metal ions, and the reactions of 
PHMTSC or CHMTSC with metal ions, are 
found to be quite close to each other. This may 
be due to the similarity in back bone structures of 
such type of ligands (slightly different).  
 

 
 
As in PHMTSC and CHMTSC, and also other 
studies [28], the rate-limiting step of the chelate 
formation is the initial binding of CHTSC to 
[M(NCMe)5]

 2+
 by replacing one of the coordi-

nated CH3CN molecules. The usual intimate 
mechanism for such a reaction is dissociative and 
involves initial dissociation of a coordinated sol-
vent from [M(NCMe)n]

2+
, generating 

[M(NCMe)(n-1)]
2+

 containing a vacant site at 
which CHTSC can bind as shown in (scheme 3). 
The full rate law for this mechanism is shown in 
eqaution (2). When the concentration of CHTSC 
is small, k-1

M
 [MeCN] >k2

M
 [CHTSC] the rate 

law would simplify to that shown in eqaution (3), 
which is of the same form as observed experi-
mentally in eqaution (1). For each of the reac-
tions studied, the values of ka

M
 = k1

M
 k2

M
 /k-1

M
 

[MeCN] are presented in Table 4.  

Table 4: Rate constants for the reactions of CHTSC with divalent metal ion in MeCN at RT. 

Metal ion M
2
 ka

M
 / dm

3
 mol

-1
 s

-1
 

Co 
Ni 

4.5 ± 0.5 x 10
2
 

7.5 ± 0.5 x 10
2
 

Cu 8.3 ± 0.5 x 10
2
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A new N, N'-imidazolium salt 1-(2,6-diisopropylphenyl)-3- (4,6-dimorpholino -1,3,5-traizine-2-
yl)-1H-imidazol-3-ium chloride) as a precursor of N - heterocyclic carbene ligand was prepared 
via the reaction of 1 - (2, 6 - diisopropyl phenyl - 1H - imidazole) with 1, 3, 5 - triazine derivative 
bearing morpholine substituent (2, 6 -dimorpholine - 6- chloro-1, 3, 5-triaziazine). Linear coordi-
nated Ag (І) NHC complex was synthesised via deprotonation of the imidazolium salt and reac-
tion with Ag2O in darkness at room temperature by in situ method. The complex was synthesised 
for using as transfer agent to prepare another transition metals complexes by transmetallation 
method in the future. The imidazolium salt and their silver complex have been characterized by 1 

H and 13C NMR spectroscopy as well as mass spectrometry.  
 
Keywords: Heterocyclic carbene, Silver complexes.  
 

خلاصـةال  
- ثنائي مورفولين -4،6) -3-ثنائي ايزوبروبيل فنيل( -2،6) -1تم في هذا البحث تحضير ملح جديد من املاح الاميدازول  

2,6 -(1)- (diisopropylphenyl-  3-  4,6)-  .ليوم كلورايد -3-اميدازو  – 1H-يل(  -2- ترايزين – 5،3،1
1,-dimorpholino  ium chloride)-3-imidazol-1H - )yl-2-traizine-3,5  من خلال مفاعل الايميدازول احادي

مع  H1-diisopropyl phenyl  -(2,6  -1- (imidazole اميدازول H 1-ثنائي ايزوبروبيل فنيل -6،2) -1التعويض 
  dimorpholine  -(2 ,6–  6- ترايزين - 5،3،1-كلورو - 6-ثنائي المورفولين -6و 2مركب الترايزين ثنائي التعويض 

)triaziazine-1,3,5-chloro . تم استخدام ملح الاميدازول كمصدر لتحضير ليكاند نوع كربين الحلقات الغير متجانسة -N 
Heterocyclic carbene (NHC)  من خلال نزع البروتون من حلقة الاميدازول باستخدام اوكسيد الفضة الاحاديةO2Ag 

الغرض من تحضير هذا  .المستخدم كقاعدة لتوليد الكربين و كمصدرللفضة لتحضير معقد الفضة باستخدام الطريقة المباشرة
 في تحضير بعض العناصر الانتقالية الاخرى باستخدام طريقة transfer agentهو امكانية استخدامه كناقل لليكند المعقد

transmetalation وكذلك تقنية طيف  ومعقد الفضة باستخدام مطيافية الرنين المغناطيسي الملح المحضرتم تشخيص . مستقبلا
 . الكتلة

 

 

Introduction  
N - Heterocyclic carbene (NHC) compounds 
have got much attention especially when Ardu-
engo synthesized the first free carbene in 1991 
[1]. NHC ligands derived from imidazolium salts 
have received a lot of attention due to the ease of 
their synthesis. Through modification of the sub-
stituents on the nitrogen atoms many imidazoli-
um salts were achieved with a variety of steric 
properties and asymmetric environment [2], [3], 
[4], [5], [6], [7], [8], [9].  
 1, 3, 5 - triazine compound was widely used as a 
core in synthesis of many compounds due to 
their reactivity toward nucleophilic substitution 

reaction and their ring stability (82.5 K cal/mole) 
[10] as well as their application in different fields 
like herbicide production, [11] polymers photo-
stabilizers, [12] and biological properties for ex-
ample morpholine – s - triazine is used to treat 
lung and ovarian cancer [13].  
Silver N- heterocyclic carbene complexes were 
synthesized first time in 1993 by Arduengo and 
his workers. [14]. Due to sensitivity of free car-
bene toward moisture air and heat. A few number 
of silver heterocyclic carbene have been prepared 
by this method as a result of decompose of free 
carbene ligands [15] [16]. To overcome this ob-
struction, in situe method was used in synthesis 
these complexes by using basic silver sources 
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like Ag2O in the deprotonation of imidazolium 
salts. A lot of silver heterocyclic carbene com-
plexes were synthesized by this method due to 
their easiness of preparation, ambient conditions, 
and high yield [17] [18] 
Silver N-heterocyclic carbene complexes were 
used as transfer agent for synthesis other transi-
tion metals carbene complexes in addition their 
applications in different fields. [19] [20] 

Materials and Methods 
Chemical reagents (morpholine C4H9NO, cy-
anuric chloride C3N3Cl3, Ammonium chloride 
NH4Cl, 2, 6-diisopropyl aniline 
(CH3)2CH]2C6H3NH2, glyoxal C2H2O2, formal-
dehyde CH2O, and silver oxide Ag2O were used 
as received. NMR spectra were obtained using 
Bruker Avance AMX 250, 400 and JEOL 

Eclipse 300 spectrometer, mass spectra were ob-
tained in electrospray (ES) mode. The analysis is 
performed in the laboratories of School of Chem-
istry of Cardiff University United Kingdom.  
 

1. Synthesis of 2, 4-di morpholine-6-chloro-1, 
3, 5-triazin. [21] 
In a round bottom flask cyanuric chloride (9.22 
g, 50 mmol) was dissolved in acetone (200 mL) 
and ice water (200 mL). Morpholine (8.7 g, 100 
mmol) was added to the reaction gradually with 
Na2CO3 (10.69 g, 100 mmol). The mixture was 

stirred ice bath for 2 hours at 0-5 ⁰C, followed by 
stirring at room temperature for 24 hours. The 
white precipitate formed was isolated by filtra-
tion and recrystallized from hot ethanol. Yield: 
8.8 g (72 %).  

 

Scheme 1 synthesis of 2,4-dimorpholine-6-chloro-1,3,5-triazine 

2. Synthesis of 1-(2,6-diisopropylphenyl)-1H-
Imidazole. [22] [23] 
2, 6-diisopropylaniline (8.8g, 0.05 mol) in 
MeOH (25 mL) was stirred with 30% aqueous 
glyoxal (8.1mL, 0.05mol) for 16 h at room tem-
perature. A bright yellow mixture was formed. 
NH4Cl (5.4 g, 0.1 mol) was added followed by 
37% aqueous formaldehyde (8 mL ,0.1 mol). The 
mixture was diluted with MeOH (200 mL) and 
refluxed for 1 h. H3PO4 (7 mL, 85% soln) was 
added over a period of 10 min. The resulting 

mixture was then stirred overnight. After remov-
al of solvent, the dark residue was poured onto 
ice (200 g) and treated with aqueous 40% KOH 
solution until pH = 9. The resulting mixture was 
extracted with EtOAc (2 × 200mL) and the or-
ganic phases were combined and washed sequen-
tially with H2O and brine solution before drying 
with anhydrous MgSO4. After filtration, the sol-
vent was removed and residue was purified by 
distillation on a Kugelrohr under vacuum at 240 

 C.  

 

Scheme 2 synthesis of 1-(2,6-diisopropylphenyl) - 1H Imidazole 
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3. Synthesis of 1-(2,6-diisopropylphenyl)-3-(2, 
4 - dimorpholine- 1, 3, 5 triaz – 6 - yl) imid-
azolium chloride.  
In a tub pressure a mixture of the 1-(2,6-
diisopropylphenyl)-1H-Imidazole (0.5 g, 2.1 
mmol) (2) and 2,6-dimorpholine-chloro- 1,3,5-

triazine (1) (0.62 g, 2.1 mmol) was stirred at 140 

⁰C overnight. Crud product was dissolved in 
CH2Cl2 (20 mL) and diethyl ether (100 mL) to 
obtain a white precipitate, yield= 0.89 g (80%).  

 

Scheme 3 synthesis of 1- (2,6-diisopropyl) -3-(2,4-dimorpholine-1,3,5 triaz-6-yl) imidazolium chloride 

4. Synthesis of [Ag(NHC)Cl] 
Imidazolium salt (3) (0.41 g, 0.8 mmol) was dis-
solved in 20mL of CH2Cl2 and Ag2O (0.09 g, 0.4 
mmol) was added to the solution, the reaction 
was stirred under nitrogen for overnight at room 

temperature before filtration through celite. The 
reaction was protected from light by an alumi-
num foil. The solvent was removed in vacuo and 
the resulting solid recrystallised (CH2Cl2/Et2O) 
to produce a whit precipitate 

 

Scheme 4 synthesis of Ag (I) NHC complex 
 

Results and Discussion  
Triazine derivative (1) (Scheme 1) was prepared 
according to Dudley method [21] by reaction of 
2 equivalent of morpholine with 1 equivalent cy-
anuric chloride in basic condition to neutralize 
the hydrogen chloride formed as a side product 
during the reaction. The recrystallization of crude 
product was conducted by hot ethanol to produce 

a white product with 72% yield.1H NMR spec-
trum confirmed the conversion of cyanuric chlo-
ride to secondary amin triazine (2, 4- dimorpho-
line -6-chloro 1, 3, 5-triazine) by appearance a 
multiplet at 3.74-3.5 ppm with integration of 
16H corresponding to the methylene groups of 
the morpholine moieties consistent with previous 

literatures Figure 1 [24]. 

 

Figure 1: 1 H NMR spectrum of 2,4-dimorpholine -6-chloro- 1,3,5-triazine, 1. 
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13
C NMR spectra showed two peaks for morpho-

line in 66.6 and 43.8 ppm in addition two signals 
in range in 169.7and 164.4 ppm consistent with 
carbon atoms of triazine Figure 2. Low resolu-
tion mass spectrometry (ES+) was confirmed the 
formation of compound by appearance of peak at 
286 (100%) which can be attributed to the mo-
lecular weight of compound [C11H16O2N5Cl]

+
 

[M+H]
+
. [M+H]

+
.  

1-(2,6-diisopropylphenyl)-1H-Imidazole (2) was 
synthesis by reaction of glyoxal, ammonium 

chloride, 1 eq of 2, 6-diisopropylaniline and 
phosphoric acid in methanol according to previ-
ous method (Scheme1) [9,21].1H NMR shows 
duplet peaks at 1.17 ppm with integration of t 12 
H, triplet peak at 2.42 ppm with integration 2H 
and three singlet peaks at 6.99, 7.31 and 7.52 
ppm for imidazole protons as well as doublet 
peak at 7.29 ppm for meta- 2H and multiplet 
peak at 7.48 ppm for para- 1H proton Figure 3.  

 

Figure 2: 13 C NMR specrtum of 2,4-dimorpholine-6- chloro- 1,3,5-triazine,1 

 

Figure 3: 1H NMR of 1-(2,6-diisopropylphenyl)- 1H- imidazole, 2 

In order to synthesis the imidazolium salt (3), the 

corresponding of N-Heterocyclic carbene ligand 

was synthesised by mixing of 1-(2,6-

diisopropylphenyl) imidazole and 2,4-

dimorpholine-6-chloro1,3,5-triazinine in pressure 

tube in absence of solvent at 140 ⁰C for over-

night, the product was dissolved in dichloro-

methane and diethyl ether to produce clean pow-

der in yield 70%.1H NMR observed two doublet 

peaks at 1.19 and 1.15 ppm for four methyl 
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group, multiplet peak at 2.34 ppm with integra-

tion 2H for (CH)2, multiplet peaks in ranges 3.6-

3.9 ppm with integration of 16H corresponding 

to the methylene groups of the morpholine sub-

stituents, singlet peaks at 7.78, 8.82 and 10.53 

ppm integration to 1H for each peak for imidaz-

ole protons, doublet peak and multiplet peak at 

7.6 and 7.5 corresponding to 2H in position meta 

and 1H in Para respectively Figure 4.  

 

Figure 4: 1 H NMR spectrum of imidazolium salt, 3 

13
 C NMR also confirmed the formation of imid-

azolium salt. peaks were emerged in ranges 120-
145 ppm consistent with imidazole ring and aryl 
carbon atoms, two doublet peaks were emerged 
at 44.2, 44.6, 66.0, 66.6 ppm corresponding with 
morpholine carbon atoms, in addition two peaks 

at 24.4, 24.6 and 28.7 for methyl groups as well 
as two peaks in 158.9 and 164.6 observed can be 
attributed to triazine carbon atoms Figure 5 Mass 
ES spectrometry gave peak at 478.32 corre-
sponding to [M-Cl]+, Figure 6. 

 

 

Figure 5: 13 C NMR spectrum of imidazolium salt, 3 
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Figure 6: mass spectrum of imidazolium salt, 3 

Silver N-heterocyclic carbene complex 
[Ag(NHC)Br] was synthesised via in situ method 
[17] [25]by reaction of the imidazolium salt with 
of Ag2O under ration 2:1% in dry dichloro-
methane under nitrogen at room temperature 
overnight, the reaction was protected from light 
by aluminum foil to avoid the photodecomposi-
tion of silver complex.  
The reaction was set up by filtration through a 
pad of celite. The product of crud has been re-

crystallized by diffusion of diethyl ether in con-
centrated dichloromethane solution of the crude 
product. The imidazolium salt Deprotonation 
was confirmed by peak disappearance at 10.53 
ppm which attributed to (NCHN) in addition 
peaks attributed to imidazole ring in position 
C4and C5 were moved up field at 6.95 and 8.15 
ppm Comparison with the ligand precursors in 
the ranges 7.8, 8.8 ppm as coordination result 
with Ag and formation of complex ,Figure 7.  

 

Figure 7: 1H NMR of [Ag (NHC) Cl], 4 

 
The formation of the silver complex was 
confirmed by the 

13
 C NMR spectrum by 

disappearance of NHCN peak and the emergence 
of a weak peak at 187 ppm for Ag-C carbene 
which consistent with previous literatures .1

3 
C 

NMR spectrum was observed singl peak for Ag-

C instead of two due to fluxional changes 
between the ionic and neutral complex; for 
example Internal change between the mono- and 
bis-carbene species.  
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Figure 8: 13 C NMR of [Ag(NHC) Cl] complex, 4 

Mass spectrum of the silver complex has been 
found that the complex formed biscarbene struc-
tures in gas state with the formula, [Ag  

(NHC)2]+, which is combatable with previous 
reports in the literature ,Figure 9 [26].  
 

Figure 9: mass spectrum of [Ag (NHC) Cl] complex, 4 
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The workcontains a theoretical treatment of the preparedligand (3-{[(Z)-(4-nitrophenyl) methyli -
dene] amino}-2-thioxoimidazolidin-4-one)[L] and their metal complexes[S1-S6]in the gas phase. 
Hyperchem-8 program has been used to determined structural geometries of ligand and their met-
al complexes. The electrostatic potential(Ep)of the ligand was calculated,furthermore binding en-
ergy(∆Eb),the heat of formation(∆Hf),vibration spectra and bond length for the ligand and their 
metal co -mplexes were calculated by PM3methods at 298K°. The theoretically calculateddata 
were agreed with those found experimentally. The antibacterial activity for free ligand and its 
metal complexes (S1-S6) were studied against two selected micro-organisms [(Staphylococcusau-
reus) as gram positive] and [(Escherichiacoli)as gram negative]. The minimal inhibitory concen-
trations (MIC) have been also studied to determine the low concentration for inhibition. The anti-
biotics (Amoxcillin and Ampicillin) have been chosen to compare their activity with those of the 
new compounds. Furthermore the antif -ungal activity against two microorganisms (Candidaalbi-
cans) and (Aspergillusflavus) were studied for all compounds. The results showed great activity 
of the complexes relative to that of free ligand.  
 
Keywords: 2-thioxoimidazolidin-4-one, complexes, theoretical study, biological activity.  
 

خلاصـةال  
-3-{[(Z)-(4-nitrophenyl)methylidene]amino}-2):[L]تضممممن همممذا العممممل معالجمممة نظريمممة لليكانمممد المحضمممر

thioxoimidazolidin-4-one)ومعقداتممممه[S6-S1] فممممي الطورالغممممازي .(8أسممممتخدام برنممممامج-Hyperchem لأسممممتنتاج)
وطاقممممممممة (Ep)والجهدالالكتروسممممممممتاتيكي(Hf∆)تممممممممم حسمممممممماب حممممممممرارة تكمممممممموين. الأشممممممممكال الهندسمممممممميةلليكاندومعقداته

وعنممممممد  PM3الأواصممممممرلكل مممممممن الليكاندومعقداتممممممه وبأسممممممتخدام دالممممممةوالأطيمممممماف الأهتزازيممممممةوأطوال (Eb∆)التاصممممممر
 [L]تم تقويم الفعالية المضادة للبكتريا لليكاند. ووجد بأن هنالك توافقاً كبيراً بين القيم العمليةو النظرية .كلفن298درجةحرارة
 وسممممممممالبة(Staphylococcusaurous)واختيممممممممر نوعممممممممان مممممممممن البكتريمممممممما موجبممممممممة الصممممممممبغة[S6-S1]ومعقداتممممممممه

وتمت مقارنمة فعاليمة المركبمات المحضمرة  (MIC)تم دراسة أقل تركيز يحدث عندهالتثبيط. (Escherichiacoli)الصبغة
كما تم اجراء التقويمالحيوي لليكاند ومعقداتمه ضمد نموعين . AmpicillinوAmoxcillinمع نوعين من المضادات الحيوية

,وقممد أظهممرت النتممائج الفعاليممة العاليممة للمعقممدات مقارنممة (Aspergillus flavus)و(Candidaalbicans)مممن الفطريممات
 . باليكاند

 

Introduction 
 Thioxoimidazolidin is a five membered hetero-
cyclic ring with two nitrogen atoms and contain 
two groups, thion (C=S) and carbonyl (C=O) at 
position, 2 and 4, respectively [1] [ 2]. Thioxoim-
idazolidin are biologically active molecules 
widely used in medicine as drugs [3] [4] [5] [6]. 
It is also an effective medication for the treat-

ment of some type of cancer [7] [8] as well as it 
is may be used as fungicidesandherbicides [9] 
[10]. In literature there are somepapers studies 
the crystal structure and hydrogen bonding inter-
action of 2-thioxoimidazolidn-4-one [11] [12]. In 
our previous work [13] the Schiff base [L], and 
its metal complexes[S1-S6] have been prepared 
andinvestigated using different chemical tech-
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niques, as well as molar ratiomethod measure-
ment in solution gave comparable results with 
thoseobtained from solid state studies. Continu-
ing the studies on free ligand and it's complexes. 
This paper reports here the theoretical studies in 
the gas phase was done by using semi-empirical 
method in order to show the most stable confor-
mation. The study aims to calculate the binding 
energy, heat of formation for all the structures 
geometries to find the most active sites of the [3-
{[(Z)-(4-nitrophenyl) methylidene] amino}-2-
thioxoim -idazolidin-4-one] [L] by using the 
electrost -atic potential calculations. The vibra-
tional frequencies of the free ligand [L] and their 
metal complexes have been carried out in order 
to compare the results with the experi -mental 
vibrational frequencies to make assig -nment of 
the most diagnostic bands.  
The biological activities for free ligand [L], and 
its metal complexes [S1-S6] were employed in the 
present study to show the effect of introducing 
the azomethian group in the(2-
thioxoimidazolidin-4-one) ring to compare the 
biological activity of the ligand and their com-
plexes with the main ring structure.  
This paper reports here the theoretical studies in 
the gas phase was done by using semi-empirical 
method in order to show the most stable confor-
mation. The study aims to calculate the binding 
energy, heat of formation for all the structures 
geometries to find the most active sites of the [3-
{[(Z)-(4-nitrophenyl) methylidene] amino}-2-
thioxoimidazolidin-4-one] [L] by using the elec-
trostatic potential calculations. The vibrational 
frequencies of the free ligand [L] and their metal 
complexes have been carried out in order to 
compare the results with the experimental vibra-
tional frequencies to make assignment of the 
most diagnostic bands. The biological activities 
for free ligand [L], and its metal complexes [S1-
S6] were employed in the present study to show 
the effect of introducing the azomethian group in 
the(2-thioxoimidazolidin-4-one) ring to compare 
the biological activity of the ligand and their 
complexes with the main ring structure.  

Materials and Methods 
(A)-Theoretical treatment  
Hyperchem is a sophisticated molecular modeler; 
it is a powerful computational package, that is 
known for their quality and ease of use [14] [15]. 
It can plot orbital wave functions resulting from 

semi-empirical quantum mechanical calculations, 
the total charge density or the total spin density 
and the electrostatic potential can be determined 
during semi-empirical calculation, this infor-
mation is useful in determining reactivity and 
correlating calculation results with experimental 
data.  
 
1-Computational methods:  
a) Semi -empirical quantum mechanical, 
b) Molecular mechanics, c) Mopac 2000 
 
2-Types of calculations: 
The types of prediction possible of Molecules 
are [14]: Geometry optimization calculations 
used energy minimization algorithms to lo-
cateBond distances, stable structures, Molecu-
lar dynamics which gave the thermodymemic 
calculations and dynamic behavior of mole-
cules, Plot the electrostatic potential field 
(HOMO and LUMO),and Vibrational spectrum 
(I. R and Raman spectra).  
 
(B)-Study of biological activities for (L) ligand 
and their Metal Complexes (S1 –S6) 
The bioactivities of the free ligand(L) and its 
complexes(S1-S6) were studied against selected 
types of bacteria which include (Escherichia 
coli) and (Staphylococcus aureus)cultivated in 
Nutrient agar medium, DMSO was used as a sol-
vent and as a control, the concentration of the 
complexes of this solvent was (10

-3
M)[15, 16]. 

The new complexes (S1-S6) were tested for their 
in vitro growth inhibitory activity against further 
pathogenic fungi, i. e., [Candida albicansand 
Aspergillus flavus] on potato dextrose agar me-
dium and incubated at 30 

○
C for 72 hours. 

DMSO was used as a solvent and as a control for 
both techniques.  
The concentrations of the compounds in this sol-
vent were (10

-3
M). The inhibition of fungal 

growth expressed in percentage terms, were de-
termined on the growth in test plates compared to 
the respective control plates.  

 
Results and Discussion 
Study Complexes in Gas Stat (Theoretical 
studies): Electrostatic Potentials:  
The electrostatic potential (E. P) describes the 
interaction of energy of the molecular system 
with a positive point charge. The active side can 
be found by calculating (E. P) in a molecule; 
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positively charged species tend to attack a mole-
cule where the electrostatic potential is strongly 
negative (electrophonic attack)[14] [17] [18]. 
The (E. P) of the ligand (L) were calculated and 
plotted as 2D and 3D contours to investigate the 
reactive sites of the molecules, Figure1. The re-
sults of calculate -ions show that the LUMO of 
transition metal ions prefer to react with the 
HOMO of two-donor atoms of sulfur of thion 
group and nitrogen of the azomithane group for 
free ligand (L),Figure2.  
 

 
E. P. (L) in 2D 

 

 
E. P. (L) in 3D 

Figure 10 : Electrostatic Potential as 2D&3D Counters for 
ligand L 

 
HOMO and LUMO in 2D for (L).  

 
HOMO and LUMO in 3D for (L) 

Figure 11: HOMO and LUMO Sites for the L 
 

Optimized energies: The heat of formation 

(Hfº), binding energy (Eb), and total energy 

(ET) for ligand (L) and its metal complexes(S1-
S6) were calculated ,by using the semi-empirical 
(PM3) and (AMBER) methods, Table 1.  
 
Table 1 : Conformation energetic (in KJ. mol-1) for the L 
and their metal complexes (S1-S6).  

No. 
PM3 AMBER 

∆Hºƒ ∆Eb ∆ET ∆ET 

L 226 -11573 
-

291004 
 

S1 -1145 -25476 
-

720062 
 

S2 -425 -24696 
-

743800 
 

S3 1640 -22538 
-

755897 
 

S4 ----- ----- ------ 520 

S5 1124 -22849 
-

681625 
 

S6 1911 -21798 
-

582825 
 

 

Optimized vibrational spectra for ligand (L): 
The vibrational spectra of the prepared ligand (L) 
and its metal complexes (S1-S6) have been calcu-
lated, Table 2. The results of theoretic -cally cal-
culated wave numbers for ligand and its com-
plexes showed that some of deviations from the 
experimental values, these devia -tions are ac-
ceptable in theoretical calculations[14] [18] [19] 
[20] [21] Tables 2.  
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Table 2: Comparison between the experimental and theoretical vibrational frequencies (cm-1) for free ligand (L) and their 
metal complexes.  

Comp.  υN-H υC=N υC=O υC=S υM-N υM-S 

L 

3329* 

3404** 

2.203** 

1633* 

1606** 

1.681*** 

1708* 

1800** 

5.11*** 

1099* 

1030** 

6.699 

- - 

S1 

3336* 

3243** 

2.87*** 

1618* 

1609** 

0.56*** 

1707* 

1727** 

1.158*** 

1072* 

1077** 

0.464*** 

535* 

530** 

0.943*** 

462* 

477** 

3.114*** 

S2 

3267* 

3404** 

4.02*** 

1614* 

1592** 

1.38*** 

1703* 

1797** 

5.23*** 

1068*,1076* 

1051**,1088** 

1.62***,1.1*** 

530* 

532** 

0.375*** 

458* 

455** 

0.659*** 

S3 

3299* 

3381** 

3.522*** 

1619* 

1728** 

6.195*** 

1705* 

2000** 

14.75*** 

1078* 

1073** 

-0.465*** 

528* 

551** 

4.174*** 

460* 

471** 

2.335*** 

S4 

3240* 

3232** 

0.247*** 

1608* 

1571** 

2.36*** 

1710* 

1671** 

2.333*** 

1072* 

1088** 

1.47*** 

533* 

524** 

1.171*** 

455* 

457** 

0.437*** 

S5 

3172* 

3200** 

0.88*** 

1620* 

1674** 

3.225*** 

1708* 

2000** 

14.6*** 

1082* 

1111** 

2.61*** 

530* 

552** 

3.985*** 

462* 

457** 

1.094*** 

S6 

3240* 

3263** 

0.70*** 

1593* 

1598** 

0.31*** 

1710* 

1720** 

0.58*** 

1051*,1064* 

1044**,1059** 

0.67***,0,47*** 

533* 

537** 

0.744*** 

458* 

450** 

1.777*** 

 *: Experimental frequencies    **: Theoretical frequencies     ***Error % 
 

Optimized geometries of ligand (L) and their 
metal complexes 
Theoretically chosen structures of ligand and its 
metal complexes have been calculated to find the 
most possible model building stablestructure for 
ligand and its metal complexes, as shown in Fig-
ure 3.  
 
Bond lengths measurements for (L) and their 
metal complexes 
The Gaussian suite of software was employed 
throughout this study optimizations were carried 
out for the model systems represented in Figure 
4, Table 3, for the free ligand and its metal com-
plexes by using the semi-empirical (PM3) meth-

od at geometry optimization (0.001Kcal/mol). 
The data results gave excellent agreement with 
the experimental data [14] [19] [22].  
 

Table 3:Bond length of Ligand and their Metal Complexes.  

Comp. C=N C=S 

L 1.289 1.6224 
S1 1.3126 1.6507 
S2 1.2835 1.6569 
S3 1.3187 1.7627 
S4 1.3261 1.6768 
S5 1.3138 1.7069 
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L 
L 

S1 
S1 

S2 S2 

S3 
S3 

S4 S4 

S5 
S5 

S6 S6 

Figure 12: Conformation structure of Ligand (L) and their metal complexes using Hyperchem 8 Program 
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Figure 13:Bond length of Ligand and their metal complexesUsing Hyperchem.  
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Biological Studies 
The ligand (L) and theirmetalcomplexes (S1-S6) 
were screened in vitro for their ability to inhibit 
the growth of representative [(E. coli) as gram 
negative] and [(Staph. aureus) as gram positive] 
are shown in Table (4). Also the study was done 
against (Candida albicansandAspergillus flavus) 
fungus, in DMSO as a solvent, Table4. As aresult 
from the above mentioned studies, the following 
points were concluded:  
1) The study of antibacterial activities gave that 
the ligand (L), exhibited high activity against the 
studied bacteria Staph. aureus while against E. 
coli. was moderately active.  
2) (S1-S6) complexes showed highly active 
against two types of bacteria compared with the 
freeligand (L).  
3) Results of the antifungal activity of the new 
compounds, Table 4 showed that the metal ion 
complexes (S1-S6) were more toxic compared 
with their parent ligand (L) toward the same mi-
cro-organism and under the identical experi-
mental conditions. The increase in the antifungal 
activity of metal chelates may be due to the effect 
of the metal ion on the normal cell process; these 

activities may be explained by Tweedy’s Chela-
tion theory [15]. According to this theory the po-
larity of the metal atom mainly reduce the polarity 
of metal ions, because of the partial sharing of its 
positive charge with the donor groups of the lig-
and, which favors permeation of the complexes 
through the lipid layer of cell membrane [16, 22].  
4) The results of the (MIC) were compared with 
those of the two antibiotics, Table 5. The new 
compounds were more active at low concentra-
tion, Table 5.  
 
Table 4: Antibacterial and antifungal activities for ligand 
(L) and their metal complexes (S1-S6) (10-3µgm. ml-1) 

No. E. coli 
Staph. 
aureus 

Cand. 
albic 

Asper 
. flav 

Con 
DMSO 

- - - - 

L 4 6 30 27 

(S1) 6 8 27 20 

(S2) 8 10 23 25 

(S3) 10 12 20 22 

(S4) 14 16 18 20 

(S5) 8 10 24 26 

(S6) 18 14 19 16 

 
Table 5: Minimal inhibitory concentration (MIC) for Schiff base (L) ligand and [S1-S6] their metal complexes (μgm. ml-1)

Symb. 
Escherichia coli Staphylococcus aurous 

0.025 0.05 0.075 0.1 0.5 0.025 0.05 0.075 0.1 0.5 

(L) + + (MIC) - - + (MIC) - - - 

(S1) + (MIC) - - - + (MIC) - - - 

(S2) + (MIC) - - - + (MIC) - - - 

(S3) (MIC) - - - - (MIC) - - - - 

(S4) (MIC) - - - - (MIC) - - - - 

(S5) + (MIC) - - - + (MIC) - - - 

(S6) (MIC) - - - - (MIC) - - - - 

Ampicillin + + + (MIC) - + + + + (MIC) 

Amoxicillin + + + (MIC) - + + + + (MIC) 

 

Conclusion 
Hyperchem-8 program has been used to predict 
structural geometries of all compounds in gas 
phase. The free ligand (L) and its metal complex-
es [1-6] show significant antimicrobial activity. 
The all complexes are found more effective than 
the free ligand.  
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A series of new 3-Acetyl N-Methyl-2-quinolones oxadiazoles derivatives were synthesized by 
reaction of 3-acetyl-4-hydroxy-1-methylquinolin-2(1H)-one 3 with ethylbromoacetate to produce 
compounds 4. The hydrazinolysis of compound 4 with hydrazine hydrate afforded hydrazide 
compounds 5. New Schiff bases 6 were obtained by condensation of compound 5 with different 
aryl aldehydes. The last step involves refluxing compound 6 with acetic anhydrides to give the 
corresponding 3-acetyl-N-methylquinolin-2-one oxadiazoles 7. All the synthesized compounds 
were characterized on the basis of FT-IR, 1H-NMR and 13C-NMR. The synthesized compounds 
have been evaluated for antimicrobial activity against Gram-positive and Gram-negative bacteria. 
Among sixteen synthesized novel compounds, in which five compounds (7a, 7b, 7c, 7e, 7g) ex-
hibited promising Antimicrobial activity as compared to Trimethoprim (100µg/ml).  
 
Keywords: Quinolines, Oxadiazoles, Antimicrobial activity.  
 

خلاصـةال  
-٤-أسيتايل-٣كوينولين أوكساديازول,عن طريق تفاعل -2-مثيل– Nأسيتايل-3لقد تم تحضير سلسلة جديدة من مشتقات 

مع الهيدرازين هيدريت  ٤تفاعل مركبات  .٤ مثيل كوينولينون مع أثيل برومو أسيتيت للحصول على مركبات-1-هيدروكسي
الديهايدات أروماتية مع  5جديدة بواسطة تكثيف مركبات  6وتم الحصول على قواعد شف  .5ليعطي مركبات الهيدرازايد 

– Nأسيتايل-3الخطوة الأخيرة تضمنت تفاعل غلق لمركبات قواعد شف مع أنهيدرايد الحامض للحصول على مشتقات  .متنوعة
 .NMR-C13 و NMR-H1, IR-FTوتم تشخيص جميع المركبات المحضرة بأستخدام تقنيات  .كوينولين أوكساديازول-2-مثيل

من بين ستة عشر . negative-Gramو  positive-Gramدرست الفعالية البكتيرية للمركبات الجديدة المحضرة تجاه بكتريا 
( أظهرت فعالية بيولوجية جيدة بالمقارنة مع دواء 7a, 7b, 7c, 7e, 7gمن المركبات الجديدة المحضرة فقط خمسة مركبات )

Trimethoprim (100µg/ml) . 

Introduction 
Synthesis of functionalized N-methylquinolin-2-
one with acyl group in position 3 has found much 
interest because of their biological properties [1]. 
A wide spectrum of important pharmacological 
activities have been associated with 4-substituted 
3-acylquinolin-2(1-methyl)-ones [2] [3] [4] [5] 
[6]. Several derivatives of this heterocyclic class 
are very interesting in biological activity and was 
found in many naturally occurring compounds, 
and also consider as useful intermediates for 
many medicinal products [7] [8] [9]. It had been 
reported that N-methyl derivatives of 4-hydroxy-
quinolin-2-one are possess significant biological 
activity [10] [11] [12], and many derivatives of 
6-methylpyrano [3, 2-c] quinolinone are utilized 
as pharmaceutical active ingredients e. g. the fa-
mous alkaloids: veprisines and flindersines [13] 
[14].  

Over the last few decades 2,5-disubstitued 1,3,4-
oxadiazoles have received much attention be-
cause of their potential application as antioxi-
dant, antibacterial, antitubercular and insecticidal 
agents [15] [16] [17] [18]. Herein, we report the 
first highly efficient total synthesis of seven nov-
el 3-acetyl N-methyl-2-quinolones oxadiazoles 
derivatives. The chemical structures of the syn-
thesized compounds 7 were characterized by 
spectroscopic techniques and confirmed. The an-
tibacterial activities of the prepared compounds 
were investigated.  

Materials and Methods 
All the chemicals and solvents used in this study 
were reagent grade and they are available from 
Sigma-Aldrich and Alfa-Aesar companies. Melt-
ing points were determined on a Micro heating 
table HMK 67/1825 Kuestner (Büchi Apparatus), 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Ghazwan S. 
Theoretical Study and Biological Activity of Co(II), Ni(II), Cu(II),Pd(II),Pt(IV) and Cd(II) Complexes with2-

Thioxoimidazolidin-4-one Derivative 
2017 

 

74 
 

Leitz Labolux 12 Pol with heating table Mettler 
FP 90. Melting points are uncorrected. The FT-
IR spectra were obtained using Nicolet 205 FT-
IR, Nicolet Protége 460 FT-IR. The 

1
H-NMR 

spectra were recorded on a Bruker AVANCE 
250 II (built 2006), Bruker AVANCE 300 II 
(built 2007) spectrometry, using CDCl3 as sol-
vent and TMS as internal standard. Thin layer 
chromatography (TLC) was carried out on Merck 
Kieselgel 60 F254 on aluminium foil from Ma-
cherey-Nagel. Detection was carried out under 
UV light λmax at 254 nm and λmax at 365 nm. So-
lutions were evaporated under diminished pres-
sure unless otherwise stated.3-acetyl-4-hydroxy-
1-methylquinolin-2(1H)-one 3 was obtained ac-
cording to ref. [19].  
 
Preparation of compounds 4-7 Preparation of 
ethyl2-((3-acetyl-1-methyl-2-oxo-1,2- dihydro-
quinolin-4-yl) oxy) acetate (4): 
A stirred mixture of 3-acetyl-4-hydroxy-1-
methylquinolin-2(1H)-one 3 (0.1 mol), an-
hydrous potassium carbonate (0.1 mol), and ethyl 
bromoacetate (0.12 mol) was heated under reflux 
in dry acetone (25ml) for 12 h. The resulting so-
lution was allowed to cool to room temperatura, 
and the produced precipitate was filter off, was-
hed thoroughly with acetone, and then dried un-
der vaccium. Yield 90%; M. p.210 

o
C. IR (KBr) 

[υ, cm
-1

]: 1735 (C=Oester), 1715, 1692 
(C=Oketone), 1285 (C-Oester).1H NMR (300 MHz, 
CDCl3): δ = 1.27 (t, 3H, CH3), 2.26 (s, 3H, CH3 

ketone), 3.52 (s, 3H, N-CH3), 4.25 (q, 2H, CH2, 

J = 7.3 Hz), 5.16 (s, 2H, OCH2), 7.23-7.30 (m, 
3H, ArH), 7.49-7.52 (m, 1H, ArH).1

3
C NMR 

(62.9 MHz, CDCl3): δ = 16.0, 30.9, 33.1 (3CH3), 
61.0, 65.3 (CH2), 102.2, 106.2 (C), 120.6, 124.8, 
126.3, 128.3 (CH), 129.3, 131.0, 156.9 (C), 
167.7 (COester), 206.9 (CO).  
 
Preparation of 2-((3-acetyl-1-methyl-2-oxo-
1,2-dihydroquinolin-4 yl)oxy)acetohydrazide 
(5):  
A solution of compound 4 (0.05 mol) and 80% 
hydrazine hydrate (0.03 mol) in (25ml) metanol 
was stirred for 10 h at room temperatura. After 
concentrating the reaction mixture under presure 
the residue solid mass washed with metanol and 
then recrystallized using absolute ethanol to give 
a yellow solid of compound (5). Yield 88%; M. 
p. : 225 

o
C. IR (KBr) [υ, cm

-1
]: 1745, 1705, 1685 

(C=O), 3367-3462 (-NHNH2).1H NMR 

(250 MHz, CDCl3): δ = 2.26 (s, 3H, CH3), 3.56 
(s, 3H, N-CH3), 4.25 (s, 2H, NH2), 4.95 (s, 2H, 
OCH2), 7.21 (d, 1H, J = 8.2 Hz, ArH), 7.49-7.53 
(m, 3H, ArH), 8.01 (s, 1H, NH).1

3
C NMR (62.9 

MHz, CDCl3): δ = 29.8, 34.1 (2CH3), 63.0 
(CH2), 102.2, 107.4 (C), 113.5, 124.7, 125.6, 
128.7 (CH), 142.5, 150.8, 155.7, 157.6 (C), 
207.5 (CO).  
 
Preparation of (E)-2-((3-acetyl-1-methyl-2-
oxo-1,2-dihydroquinolin-4-yl) oxy)-N'-
(arylidene)acetohydrazide (6): 
A stirred solution of hydrazide (5) (0.05 mol) and 
appropriate substituted aldehyde (0.052) in et-
hanol (25ml) was refluxed for 6 h at boiling tem-
peratura. The obtained brownish solution was 
poured in cold water (50ml). The produced solid 
was filtered and recrystallized with ethanol.  
 
(E)-2-((3-acetyl-1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-N'-(4 bromobenzyli-
dene)acetohydrazide (6a). Yield: 80%; M. p.230

 

o
C. IR (KBr) [υ, cm

-1
]: 1740, 1708, 1695 (C=O), 

1430 (C=N), 3210 (NH).1H NMR (250 MHz, 
CDCl3): δ = 2.27 (s, 3H, CH3), 3.43 (s, 3H, N-
CH3), 4.86 (s, 2H, OCH2), 6.25 (s, 1H, N=CH), 
7.25-7.29 (m, 3H, ArH), 7.49-7.53 (m, 3H, ArH), 
8.25-8.39 (m, 2H, ArH), 9.99 (s, 1H, NH).1

3
C 

NMR (62.9 MHz, CDCl3): δ = 30.9, 34.5 (2CH3), 
67.7 (CH2), 100.4, 112.2 (C), 120.4, 122.3, 123.5 
(CH), 125.9 (C), 126.6, 127.6, 128.5, 129.3, 
129.6 (CH), 130.6, 135.7 (C), 136.0 (CH), 145.3, 
145.8, 146.5 (C), 206.2 (CO).  
 
(E)-2-((3-acetyl-1-methyl-2-oxo-1,2- dihydroqui-
nolin-4-yl)oxy)-N'-(4-
chlorobenzylidene)acetohydrazide (6b). Yield: 
75%; M. p.205

 o
C. IR (KBr) [υ, cm

-1
]: 1735, 

1705, 1692 (C=O), 1530 (C=N), 3211 (NH).1H 
NMR (250 MHz, CDCl3): δ = 2.36 (s, 3H, CH3), 
3.53 (s, 
 3H, N-CH3), 4.67 (s, 2H, OCH2), 6.29 (s, 1H, 
N=CH), 7.12 (d, 2H, J= 8.1Hz, ArH), 7.28-7.38 
(m, 3H, ArH), 7.39-7.67 (m, 3H, ArH), 9.85 (s, 
1H, NH).1

3
C NMR (62.9 MHz, CDCl3): δ = 

29.1, 30.8 (2CH3), 67.9 (CH2), 112.1, 122.1 (C), 
123.2, 124.2, 125.0, 126.7, 128.3, 129.3, 130.1, 
130.2 (CH), 135.5, 135.8, 135.9 (C), 137.5 (CH), 
144.3, 144.6, 159.2 (C), 206.1 (CO).  
 
(E)-2-((3-acetyl-1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-N'-(naphthalen-1-
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ylmethylene)acetohydrazide (6c). Yield: 82%; M. 
p.222

 o
C. IR (KBr) [υ, cm

-1
]: 1748, 1705, 1690 

(C=O), 1485 (C=N), 3222 (NH).1H NMR 
(250 MHz, CDCl3): δ = 2.28 (s, 3H, CH3), 3.53 
(s, 3H, N-CH3), 4.78 (s, 2H, OCH2), 8.79 (s, 1H, 
N=CH), 7.13 (d, 2H, J= 8.2Hz, ArH), 7.28-7.42 
(m, 3H, ArH), 7.51-7.72 (m, 3H, ArH), 7.82-7.93 
(m, 3H, ArH), 9.87 (s, 1H, NH).1

3
C NMR (62.9 

MHz, CDCl3): δ = 29.9, 31.1 (2CH3), 67.6 
(CH2), 103.0, 112.1 (C), 120.5, 121.9, 123.4, 
123.6, 124.6, 128.3, 129.3, 130.1 (CH), 131.2, 
135.5 (C), 136.0 (CH), 142.4, 144.2 (C), 147.3 
(CH), 156.8, 158.9, 167.3 (C), 207.3 (CO).  
 
(E)-2-((3-acetyl-1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-N'-(3,4-
dimethoxybenzylidene)acetohydrazide (6d). 
Yield: 77%; M. p.245

 o
C. IR (KBr) [υ, cm

-1
]: 

1750, 1710, 1695 (C=O), 1480 (C=N), 3100 
(NH).1H NMR (250 MHz, CDCl3): δ = 2.27 (s, 
3H, CH3), 3.43 (s, 3H, N-CH3), 3.75 (s, 3H, 
OCH3), 3.85 (s, 3H, OCH3), 5.12 (s, 2H, OCH2), 
7.25 (d, 2H, J= 8.1Hz, ArH), 7.26-7.29 (m, 3H, 
ArH), 7.49-7.52 (m, 2H, ArH), 8.43 (s, 1H, 
N=CH), 9.93 (s, 1H, NH).1

3
C NMR (62.9 MHz, 

CDCl3): δ = 29.7, 31.1 (2CH3), 56.2 (2OCH3), 
67.2 (CH2), 105.8 (C), 112.1, 123.0, 123.4, 
123.5, 126.1, 126.2, 127.9 (CH), 128.3, 129.3 
(C), 130.6 (CH), 135.4, 136.0, 145.5, 147.3, 
159.8, 167.2 (C), 205.3 (CO).  
 
(E)-2-((3-acetyl-1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-N'-(4-
hydroxybenzylidene)acetohydrazide (6e). Yield: 
80%; M. p.235

 o
C. IR (KBr) [υ, cm

-1
]: 1755, 

1712, 1693 (C=O), 1510 (C=N), 3210 (NH).1H 
NMR (250 MHz, CDCl3): δ = 2.41 (s, 3H, CH3), 
3.64 (s, 3H, N-CH3), 5.14 (s, 2H, OCH2), 5.74 (s, 
1H, OH), 7.09 (d, 2H, J= 8.3Hz, ArH), 7.32-7.39 
(m, 3H, ArH), 7.58-7.64 (m, 3H, ArH), 8.17 (s, 
1H, N=CH), 9.84 (s, 1H, NH).1

3
C NMR (62.9 

MHz, CDCl3): δ = 29.7, 33.6 (2CH3), 65.4 
(CH2), 105.1, 112.3 (C), 119.2, 122.3, 122.6, 
123.4, 123.5 (CH), 127.3 (C), 127.4, 128.0 
(2CH), 128.9 (C), 130.6 (CH), 135.1, 137.5, 
157.6, 159.3 (C), 205.1 (CO).  
 
(E)-2-((3-acetyl-1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-N'-(4-

methylbenzylidene)acetohydrazide (6f). Yield: 
82%; M. p.200

 o
C. IR (KBr) [υ, cm

-1
]: 1755, 

1712, 1696 (C=O), 1510 (C=N), 3210 (NH).1H 
NMR (250 MHz, CDCl3): δ = 2.28 (s, 3H, CH3), 
2.41 (s, 3H, CH3), 3.77 (s, 3H, N-CH3), 5.21 (s, 
2H, OCH2), 6.96-6.98 (m, 3H, ArH), 7.05-7.06 
(m, 2H, ArH), 7.22-7.27 (m, 3H, ArH), 8.33 (s, 
1H, N=CH), 9.81 (s, 1H, NH).1

3
C NMR (62.9 

MHz, CDCl3): δ = 21.7, 27.5, 30.5 (3CH3), 63.8 
(CH2), 103.1, 112.1, 114.1 (C), 120.5, 121.8, 
123.4, 123.6, 124.7, 127.7, 127.8 (CH), 129.4, 
130.1, 130.6 (C), 131.2 (CH), 142.4, 156.8, 
158.2 (C), 206.4 (CO).  
 
(E)-2-((3-acetyl-1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-N'-(4-
nitrobenzylidene)acetohydrazide (6g). Yield: 
75%; M. p.215

 o
C. IR (KBr) [υ, cm

-1
]: 1760, 

1715, 1689 (C=O), 1558 (C=N), 3225 (NH).1H 
NMR (250 MHz, CDCl3): δ = 2.27 (s, 3H, CH3), 
3.63 (s, 3H, N-CH3), 4.92 (s, 2H, OCH2), 7.04-
7.12 (m, 3H, ArH), 7.32 (d, 2H, J= 8.5Hz, ArH), 
7.33-7.52 (m, 1H, ArH), 7.53-7.77 (m, 2H, ArH), 
8.37 (s, 1H, N=CH), 9.67 (s, 1H, NH).1

3
C NMR 

(62.9 MHz, CDCl3): δ = 29.6, 30.5 (2CH3), 65.5 
(CH2), 103.1, 112.3 (C), 121.7, 122.2, 123.5, 
123.6, 125.7, 126.7, 128.4, 128.9 (CH), 129.3, 
129.6 (C), 130.5 (CH), 135.6, 136.1, 142.1, 
159.2 (C), 207.4 (CO).  
 
Preparation of 3-acetyl-4-((4-acetyl-5-
substitued-4,5-dihydro-1,3,4-oxadiazol-2-
yl)methoxy)-1-methylquinolin-2(1H)-one (7) 
A mixture of compound 6 (0.001), and acetic an-
hydride (10ml), was stirred for 15 min., and then 
heated under reflux for 12 h. The hot reaction 
mixture was poured onto ice water (10ml), and 
the produced precipitate was filtered off, washed 
many times with wáter, and then recrystalized 
from ethanol and dried [20].  
 
3-acetyl-4-((4-acetyl-5-(4-bromophenyl)-4,5-
dihydro-1,3,4-oxadiazol-2-yl)methoxy)-1-
methylquinolin-2(1H)-one (7a). Yield: 75%; M. 
p.245

 o
C. IR (KBr) [υ, cm

-1
]: 1715, 1705, 1690 

(C=O), 1645 (C=N), 1445 (N-N), 1250 (C-O-
C).1H NMR (250 MHz, CDCl3): δ = 2.36 (s, 3H, 
CH3), 2.55 (s, 3H, CH3), 3.94 (s, 3H, N-CH3), 
5.67 (s, 2H, OCH2), 6.29 (s, 1H, H5

'
), 7.11 (d, 
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2H, J= 8.1Hz, ArH), 7.25-7.29 (m, 3H, ArH), 
7.40-7.67 (m, 3H, ArH).1

3
C NMR (62.9 MHz, 

CDCl3): δ = 25.5, 29.2, 30.3 (3CH3), 67.2 (CH2), 
85.4 (CH

'
), 103.0, 112.2 (C), 114.2 (CH), 121.7 

(C), 122.2, 123.4, 123.5, 125.7, 126.6, 128.9, 
129.4 (CH), 129.7, 130.5, 130.7, 142.1, 158.2, 
159.2 (C), 207.2 (CO).  
 
3-acetyl-4-((4-acetyl-5-(4-chlorophenyl)-4,5-
dihydro-1,3,4-oxadiazol-2-yl)methoxy)-1-
methylquinolin-2(1H)-one (7b). Yield: 80%; M. 
p.230

 o
C. IR (KBr) [υ, cm

-1
]: 1720, 1701, 1684 

(C=O), 1595 (C=N), 1450 (N-N), 1240 (C-O-
C).1H NMR (250 MHz, CDCl3): δ = 2.27 (s, 3H, 
CH3), 2.67 (s, 3H, CH3), 4.06 (s, 3H, N-CH3), 
5.56 (s, 2H, OCH2), 6.25 (s, 1H, H5

'
), 7.15-7.38 

(m, 3H, ArH), 7.49-7.75 (m, 3H, ArH), 8.25-8.43 
(m, 2H, ArH).1

3
C NMR (62.9 MHz, CDCl3): δ = 

21.0, 29.2, 30.8 (3CH3), 67.4 (CH2), 86.0 (CH
'
), 

103.0, 112.2 (C), 121.7 (CH), 122.2 (C), 123.5, 
123.8, 125.7, 126.7, 128.5, 129.0, 129.3 (CH), 
129.7, 130.5, 135.6, 136.0, 142.1, 159.2 (C), 
206.2 (CO).  
 
3-acetyl-4-((4-acetyl-5-(naphthalen-1-yl)-4,5-
dihydro-1,3,4-oxadiazol-2-yl)methoxy)-1-
methylquinolin-2(1H)-one (7c). Yield: 72%; M. 
p.232

 o
C. IR (KBr) [υ, cm

-1
]: 1715, 1707, 1691 

(C=O), 1650 (C=N), 1480 (N-N), 1250 (C-O-
C).1H NMR (250 MHz, CDCl3): δ = 2.28 (s, 3H, 
CH3), 2.55 (s, 3H, CH3), 3.78 (s, 3H, N-CH3), 
5.55 (s, 2H, OCH2), 6.25 (s, 1H, H5

'
), 7.09-7.25 

(m, 3H, ArH), 7.29-7.39 (m, 3H, ArH), 7.40-7.63 
(m, 3H, ArH), 7.83 (d, 2H, J=8.1Hz, ArH).1

3
C 

NMR (62.9 MHz, CDCl3): δ = 25.4, 29.2, 30.3 
(3CH3), 67.2 (CH2), 85.2 (CH

'
), 103.0, 112.2 (C), 

114.0, 121.7, 122.2, 123.5, 123.6, 125.7, 126.6, 
128.9, 129.4, 129.8, 130.5 (CH), 130.7, 142.0, 
145.3, 145.8, 146.9, 158.2, 159.2 (C), 207.0 
(CO).  
 
3-acetyl-4-((4-acetyl-5-(3,4-dimethoxyphenyl)-
4,5-dihydro-1,3,4-oxadiazol-2-yl)methoxy)-1-
methylquinolin-2(1H)-one (7d). Yield: 80%; M. 
p.240

 o
C. IR (KBr) [υ, cm

-1
]: 1718, 1700, 1690 

(C=O), 1655 (C=N), 1420 (N-N), 1195 (C-O-
C).1H NMR (250 MHz, CDCl3): δ = 2.29 (s, 3H, 
CH3), 2.53 (s, 3H, CH3), 3.75 (s, 3H, OCH3), 
3.93 (s, 3H, OCH3), 4.02 (s, 3H, N-CH3), 5.52 (s, 
2H, OCH2), 6.43 (s, 1H, H5

'
), 7.25-7.26 (m, 2H, 

ArH), 7.27-7.29 (m, 3H, ArH), 7.49-7.52 (m, 2H, 
ArH).1

3
C NMR (62.9 MHz, CDCl3): δ = 23.4, 

29.2, 30.3 (3CH3), 55.2.55.4 (2OCH3), 67.2 
(CH2), 86.4 (CH

'
), 102.4, 112.1 (C), 114.1, 

120.2, 121.9, 123.5, 123.6, 124.8, 127.7 (CH), 
129.4, 130.1, 130.5, 131.2, 147.2, 157.5, 158.2, 
159.1 (C), 207.2 (CO).  
 
3-acetyl-4-((4-acetyl-5-(4-hydroxyphenyl)-4,5-
dihydro-1,3,4-oxadiazol-2-yl)methoxy)-1-
methylquinolin-2(1H)-one (7e). Yield: 70%; M. 
p.230

 o
C. IR (KBr) [υ, cm

-1
]: 1715, 1706, 1690 

(C=O), 1651 (C=N), 1401 (N-N), 1200 (C-O-
C).1H NMR (250 MHz, CDCl3): δ = 2.24 (s, 3H, 
CH3), 2.63 (s, 3H, CH3), 3.98 (s, 3H, N-CH3), 
5.62 (s, 2H, OCH2), 5.98 (s, 1H, OH), 6.33 (s, 
1H, H5

'
), 7.11 (d, 2H, J=8.3Hz, ArH), 7.38-7.39 

(m, 3H, ArH), 7.56-7.64 (m, 3H, ArH).1
3
C NMR 

(62.9 MHz, CDCl3): δ = 23.9, 29.2, 30.4 (3CH3), 
67.2 (CH2), 85.3 (CH

'
), 103.2, 112.2 (C), 114.1, 

120.3, 122.3, 123.5, 126.5, 127.6, 129.5 (CH), 
130.5, 130.8, 145.7, 146.5, 146.9, 158.2, 159.2 
(C), 206.2 (CO).  
 
3-acetyl-4-((4-acetyl-5-(p-tolyl)-4,5-dihydro-
1,3,4-oxadiazol-2-yl)methoxy)-1-methylquinolin-
2(1H)-one (7f). Yield: 65%; M. p.215

 o
C. IR 

(KBr) [υ, cm
-1

]: 1718, 1702, 1689 (C=O), 1665 
(C=N), 1480 (N-N), 1250 (C-O-C).1H NMR 
(250 MHz, CDCl3): δ = 2.33 (s, 3H, CH3), 2.52 
(s, 3H, CH3), 3.57 (s, 3H, CH3), 4.08 (s, 3H, N-
CH3), 5.67 (s, 2H, OCH2), 6.29 (s, 1H, H5

'
), 

7.09-7.25 (m, 3H, ArH), 7.28-7.40 (m, 3H, ArH), 
7.65 (d, 2H, J=8.2Hz, ArH).1

3
C NMR (62.9 

MHz, CDCl3): δ = 21.9, 25.4, 29.2, 31.5 (4CH3), 
67.4 (CH2), 85.9 (CH

'
), 102.4, 112.1 (C), 120.2, 

121.9, 123.5, 123.6, 124.4, 126.5, 127.7, 128.5 
(CH), 128.7, 130.2, 131.2, 138.5, 147.3, 157.5, 
158.9 (C), 207.9 (CO).  
3-acetyl-4-((4-acetyl-5-(4-nitrophenyl)-4,5-
dihydro-1,3,4-oxadiazol-2-yl)methoxy)-1-
methylquinolin-2(1H)-one (7g). Yield: 77%; M. 
p.205

 o
C. IR (KBr) [υ, cm

-1
]: 1715, 1705, 1690 

(C=O), 1615 (C=N), 1450 (N-N), 1221 (C-O-
C).1H NMR (250 MHz, CDCl3): δ = 2.33 (s, 3H, 
CH3), 2.77 (s, 3H, CH3), 3.98 (s, 3H, N-CH3), 
5.61 (s, 2H, OCH2), 6.41 (s, 1H, H5

'
), 6.96-6.98 

(m, 3H, ArH), 7.07 (d, 2H, J=8.2Hz, ArH), 7.22-
7.27 (m, 3H, ArH).1

3
C NMR (62.9 MHz, 

CDCl3): δ = 24.7, 29.2, 31.5 (3CH3), 67.7 (CH2), 
85.0 (CH

'
), 103.0, 112.3 (C), 120.3, 121.9, 123.5, 

123.6, 124.3, 126.5, 127.8, 128.5 (CH), 128.7, 
130.1, 131.2, 138.6, 147.4, 156.9, 158.9 (C), 
207.2 (CO).  
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Results and Discussion 
The synthesis of the desire compounds was ac-
complished according to the representation 
scheme 1.  
 

 

Scheme 1: Total synthesis of 3-acetyl-N-methylquinolin-2-
one oxadiazoles 7.  

 
The starting material 3-acetyl-4-hydroxy-1-
methylquinolin-2(1H)-one 3 was obtained from 
known method from aniline 1 and diethyl malo-
nate via the pyronoquinolone 2 and subsequent 
ring opening with sodium hydroxide followed by 
spontaneous decarboxylation [19].compound 4 
was prepared in 90% yield by refluxing 
ethylbromoacetate with compound 3 in anhy-
drous acetone in the presence of anhydrous po-
tassium carbonate. It was observed that the broad 
band belong the OH stretching in compound 3 
was disappeared in IR spectrum of compound 4 
and also signal disappearance of OH proton in 
1
H-NMR spectrum of compound 4. Hydrazinoly-

sis of compound 4 with 80% hydrazine hydrate 
in methanol at room temperature afforded hydra-
zide compounds 5 in good yield. The FT-IR 
spectrum of compound 5 exhibited absorption 
bands in the region 3342.7-3201.8 cm

-1
 (belong 

to hydrazide NH-NH2) and 1645.7 (amide car-
bonyl stretching). The 

1
H-NMR spectrums 

showed a singlet due to the –NH proton at δ 

8.08 ppm. The –OCH2 methylene protons ap-

peared as singlet at 4.94 ppm [20]. Heating hy-
drazide compound 5 with different aryl alde-
hydes in absolute ethanol in the presence of a 

catalytic amount of glacial acetic acid for 5-6 h 
afforded the corresponding compounds 6a-g. The 
evidence for formation of Schiff base is the dis-
appearance of a significant two bands at 3332 
and 3150 cm

-1
 which could be attributed to 

asymmetric and symmetric stretching vibrations 
of NH2 group in compound 5, and the 

1
H-NMR 

showed disappearance of singlet (NH2) protons 
at 4.25 ppm, and displayed a singlet (N=CH) 
proton at 6.25 ppm in compounds 6. In the last 
step for synthesis of target compounds, the com-
pounds 6a-g then refluxed with acetic anhydride 
for 8-10 h to give the corresponding substituted 
3-acetyl-N-methylquinolin-2-one oxadiazoles 7a-

g in good yields. All the new substituted deriva-
tives of oxadiazoles compounds 7 have been 
characterized by FT-IR, 

1
H-NMR, and 

13
C-NMR 

spectroscopy, to elucidate their structures. The 
1
H-NMR spectrum of compounds 7a-g exhibited 

disappearance of singlet N-H proton at 9.8 ppm, 
and instead, it displayed a methyl protons of the 
additional acyl group connected to oxadiozole 

ring appear as a singlet at δ 2.65 ppm. The aro-

matic protons (both quinolinone and oxadiazolin-
ic) are observed between 7.05 and 7.96 ppm.  
 

Antimicrobial activity [21] [22] [23] [24]:  
All the synthesized compounds 4-7 have been 
screened in vitro for their antibacterial activity 
against gram-positive bacteria Staphylococcus 
aureus (NTCC 11632), Bacillus substilis (ATCC 
60511), gram-negative bacteria Escherichia coli 
(ATCC 10536), and the fungus Candida albicans 
(ATCC 2501) at 100 µg/ml concentration by 
cup-plate agar diffusion method using dimethyl-
sulfoxide as a solvent and using trimethoprim as 
a reference. After 24 and 48h of incubation at 
37

o
±1, the antimicrobial activity was determined 

by measuring the zones of inhibition in mm. The 
results are summarized in Table (1).  
 
Table 1: In vitro antimicrobial activity of the synthesized 
compounds at a concentration of 100 µg/ml (zone of inhi-
bition in mm).  

 

Compounds 

Zone of inhibition 

Gram-positive 

bacteria 

Gram-

negative 

Fungus 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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bacteria 

S. 

aureus 

B. 

sub-

tilis 

E. coli C. albi-

cans 

4 11 07 10 11 

5 10 - 12 - 

6a 15 17 20 - 

6b 11 13 18 - 

6c 16 15 21 14 

6d 14 12 19 13 

6e 09 12 22 - 

6g 16 - 18 12 

6f 15 - 17 11 

7a 21 22 31 18 

7b 20 22 30 17 

7c 22 24 32 19 

7d 16 19 19 - 

7e 22 23 31 20 

7f - - 15 09 

7g 21 24 31 20 

Trimethoprim 23 26 34 21 

-No inhibition zone 

When we examine the data of inhibition zone of 
all compounds against gram-positive bacteria, we 
observed that compounds 4,5,6a-g showed poor 
activity, while compounds 7a-g showed higher 
activity against the same bacteria. We noted that 
compounds 4, 5, 6a-g also exhibited a moderate 
activity against E. coli bacteria compared with 
compounds 7a-g which appeared a potent bacteri-
al growth inhibition. In the same context, inspec-
tion the biological activity results of all synthe-
sized compounds against C. albicans we found 
similarly that only compounds 7a-c, e, g showed 
very good activity compared to the other. The 
professional antimicrobial activity of compounds 

7a-c, e, g, we can be attributed may be to the pres-
ence of oxadiazole fragments in the structure of 
these compounds.  

Conclusions 

In conclusion, we developed a convenient and 
high yielding methodology for the synthesis of 
novel 3-acetyl N-methyl-2-quinolinone oxadia-
zoles compounds and evaluated for antimicrobial 
activity. The antibacterial test against gram-
positive and gram-negative bacterias performed 
on the obtained products showed that compounds 
(7a, 7b, 7c, 7g) possess a potent activity as com-
pared to Trimethoprim. The presence of oxadia-
zole fragments with electron poor substituents in 
the structure of these compounds may be play a 
main role of their antimicrobial activity. Suitable 
molecular modification of these compounds pro-
babiliy generate a powerful antimicrobial agents 
in future.  
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An abstract is a brief summary of a research article, thesis, Schiff base ligand (L) was prepared by 
the reaction of 4-aminantipyrine with o-phenylenediamine, the prepared ligand characterized by 
Micro elemental Analysis, FT. IR, UV-Vis, and 1H,13C-NMR spectroscopy.complexes of Mn(II), 
Co(II), Ni(II), Cu(II) and Hg(II) with Schiff base and 1,10-phenanthroline (Phen) have been in-
vestigated in aqueous ethanol with (1:1:1) (M:L:Phen). The prepared complexes were character-
ized using flame atomic absorption, (C. H. N) Analysis, FT. IR and UV-Vis spectroscopic meth-
ods as well as magnetic susceptibility and conductivity measurements. From the obtained data the 
octahedral structure was suggested for all complexes. The biological screening effects of the in-
vestigated compounds were tested against the bacterial species (Staphylococcus aureus), (Esche-
richia coli), (Bacillus) and (Pseudomonas) by the good diffusion method.  
 

Keywords: Schiff base, 1, 10-phenanthroline, 4-aminoantipyrine, Mixed ligand complexes.  

  

خلاصـةال  
اطياف شخصت الليكاند المحضرة بواسطة‘ امينوانتيبيرين مع اورثوفنيلين ثنائي الأمين-4تم تحضيرليكاند قاعدة شف من تفاعل 

 المرئيةوالرنين النووي المغناطيسي للكاربون والهيدروجين والتحليل الدقيق –الأشعة تحت الحمراء وفوق البنفسجية 
مع قاعدة شف  (II)والزئبق  (II)، النحاس (II)، النيكل  (II)، الكوبلت (II)حضرت معقدات المنغنيز. N. H. (Cللعناصر)

 شخصت المعفدات المحضرة بوساطة .()فلز:ليكاند:فينانثرولين(1:1:1ماء وبنسبة ) -فينانثرولين في وسط ايثانول-1,10و
المرئية،  -وأطياف الأشعة تحت الحمراء وفوق البنفسجية  اللهبي؛ تقنية الإمتصاص الذري N. H. (Cالتحليل الدقيق للعناصر)

ومن النتائج المحصول عليها تم اقتراح الشكل ثماني السطوح  فضلا عن قياسات التوصيلية الكهربائية والحساسية المغناطيسية،
 . نواع مختلفة من البكترياكما تمت دراسة الفعالية البكتيرية لليكاند والمعقدات المحضرة تجاه ا .للمعقدات المحضرة

 

 
Introduction  
One of the most important derivatives is 4-
aminoantipyrine which is deemed from remarka-
ble reagents as its significance in biological [1], 
pharmacological [2], clinical and analytical ap-
plications [3]. Further, they have been investigat-
ed due to their diverse biological properties as 
sedative [4], antifungal [5], ability anti-
inflammatory [6], analgesic [7], antibacterial [8], 
greater DNA binding [9], and antipyretic agents 
[10]. Amino group in antipyrine as a site of che-
lation shows highlighting behavior with transi-
tion metal ions through covalent or coordinate 

[11]. In this work, we are interested to explore 
preparation and structural design of 4-
aminoantipyrine based Schiff base having nitro-
gen donors, derived from a 4-aminoantipyrine 
and o-phenylene diamine, and its complexes with 
Hg (II), Ni (II), Mn (II), Co (II) and Cu (II) metal 
ions. The antibacterial evaluation of present 
complexes is also researched against the bacterial 
types such as (Staphylococcusaureus), (Esche-
richia coli), (Bacillus subtilis) and (Pseudomo-
nas aeruginosa).  
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Materials and Methods 
Preparation of the ligand (L) 
Ethanolic solution of 4-aminoantipyrine (4.06g, 
0.02mmol) was added to ethanolic solution of o-
phenylenediamine (1.08g,0.01mmol) with 2 drop 
glacial acetic acid[8]. The solution mixture was 
stirred and refluxed for 36 hours, yellow crystal-
line precipitate observed. The resulting precipi-
tate as filtered off recrystallized from menthol 
and dried at 50

˚
C. The preparation method of the 

ligand (L) is represented inScheme 1. 
 

NH2

NH2

+
N

N

CH3
O

H3C

N

N

N

CH3

CH3

N

N

N

CH3

CH3

NH2 H2N

(N1Z ,N2Z)-N1,N 2-bis(4-amino-1,5-dimethyl-2-phenyl-1H -pyrazol-

3(2H)-ylidene)benzene-1,2-diamine

2

O-phenylene diamine

4-amino antipyrene

reflex 36h

Eth

NH2

 
Scheme 1: Preparation method of ligand. 

 
Preparation of Metal Complexes 
A aqueous solution of the metal salts containing 
0.198g, 0.2388g, 0.238g, 0.170 g and 0.271g 
(1mmole) of MnCl2.4H2O, CoCl2.6H2O, 
NiCl2.6H2O, CuCl2.2H2O, and HgCl2 respective-
ly was added gradually with stirring toethanolic 
solution (0.29g, 1mmol, the complexes precipi-
tate of the ligand, an ethanolic solution of (0.18g, 
1mmol) of 1, 10-phenanthroline added in each 
case by using stoichiometric amount (1:1:1) 
Metal to ligands molar ratio. The mixture was 
refluxed with constant stirring for 2 hours. The 
mixture was cooled at room temperature dark 
precipitate was formed, filtered and recrystal-
lized from ethanol. The preparation method is 
shown in Scheme 12.  

N N
N

N

N

CH3

CH3

N

N

N

CH3

CH3

NH2 H2N

M
Cl2

N

N

N

CH3

CH3

N

N

N

CH3

CH3

NH2
H2NM Cl2

NN

refluex

M
+2

= Mn,Co,Ni,Cu and Hg  
Scheme 2: The expected structure of the metal (II) com-
plexes.  

Instrumentation 
Melting points were determined on "Gallen-
kamp melting point Apparatus”. Elemental mi-
croanalysis C. H. N. was carried out using Euro 
Vector EA 3000A Elemental Analysis (Italy). 
FT-IR measurements were recorded on Shimad-
zu-8300 Spectrophotometer in the range of 
(4000-400cm

-1
) as KBr disc. Electronic spectra 

were recorded using U. V-Vis. Spectrophotome-
ter type (CECIL, England, with quartz cell in 
rang (200-1000) nm which path length (1cm) 
atroom temperature in ethanol.1H and

13
C-

NMRspectra were recorded by using a [Bruker 
300 MHZ (Switzerland), Chemical shift of were 
recorded in δ(ppm) unit downfield internal refer-
ence (TMS)], using DMSO. Conductivity meas-
urements were obtained from (WTW conductivi-
ty meter)by using ethanol of 10

-3 
M concentra-

tion at room temperature. The chloride content 
determined using potentiometric titration method 
on 686–Titro Processor–665 Dosim A–
Metrohm/Swiss. Magnetic properties were per-
formed by usingAuto Magnetic Susceptibility 
Balance Sherwood Scientific instrument at 25C

o
. 

Metal analysis of complexes was determined by 
Atomic Absorption (A. A.) technique. Using a 
shimadzu PR-5. Oraphic Printer atomic absorp-
tion spectrophotometer.  

Results and Discussion 
The ligand was prepared by condensation reac-
tion between 4-amino antipyrine and o-pheylene 
diamine. Synthesized ligand (L) was character-
ized by FT-IR, Elem. Anal (C, H, N) and UV-
Vis, 

1
H,

13
C-NMR spectroscopic technique. [1] 

The solid complexes were prepared by reaction 
of alcoholic solution of the ligands with the 
aqueous solution of the metal ions in a (M:L) of 
(1:1:1). The (C. H. N) analysis with metal con-
tents of these complexes was in good agreements 
with the calculated values Table 6 includes some 
physical properties and elemental analysis [2]. 
Conductivity measurements of complexes were 
carried out in (10

–3
 M) in dimethylsulphoxide 

(DMSO) solvent. The molar conductance values 
are listed in the Table-5. The table reveals that 
the conductance values of all the metal complex-
es supporting their 1:2 electrolytic behavior.  
 
NMR Spectra 
The 

1
H NMR spectrum of ligand Figure 14 in 

DMSO-d6 solution shows the following signals: 
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=C-CH3 at δH 2.15, DMSO at δH 2.49, N-CH3 at 
δH 3.31, NH2at δH 4.78, C6H5 as multiple at 
δH6.66 ~7.08, Ph-NH- at δH 7.82, the data rec-
orded in Table 1[3]. The 

13
C NMR spectrum of 

ligand Figure-2 in DMSO-d6 solution shows the 
signals at: (8.82 for =C-CH3 group);(34.96 for N-
CH3 group); (40.52 for DMSO);(75.12 attributed 
to -C-OHgroup); (109.82for=C-
N);(123.10~135.86) to 4 benzene rings) and 
(139.90 for C=C in antipyrine). The peak ob-
served at 164.50 is due to the C=N imine groups 
for Schiff base[4]. The data tabulated in Table 
2:13 CNMR chemical shifts for the ligand (ppm 
in DMSO-d6).  
 

 
Figure 14: 1H-NMR spectrum of ligand 

 
Table 1: 1H NMRchemical shifts for ligand (ppm in 
DMSO-d6).  

 
DMSO CH3-N CH3-C= NH2 C

=C 
Ph-

NH 

2.5 2.16 3.33 4.79 6.67-
7.07 

7.84 

 
Figure 15:13C-NMR of the ligand.  

 
Table 2: 13CNMR chemical shifts for the ligand (ppm in 
DMSO-d6).  

Compound NH2 υ(C=N)imine 
M–N 

 

L 
3428 
3343 

1624 - 

[Co(phen)(L)]Cl2 
3339 
3261 

1615 
1608 

597 

[Ni(phen)(L)]Cl2 
3350 
3272 

1614 
1607 

588 

    

[Cu(phen)(L)]Cl2 
3377 
3265 

1618 
1610 

547 

[Mn(phen)(L)]Cl

2 

3348 
3274 

1616 
1608 

553 

[Hg(phen)(L)]Cl2 
3381 
3251 

1617 
1610 

545 

 
Figure 16:FT-IR spectrum of the lignd 

 

Figure 17:FT-IR spectrum of [Hg(phen)(L)]Cl2 
complexes 

Table 1:Diameter of zone of inhibition (mm) 

Ba-
cil-
lus 

Pseu-
domo-

nas 

Esche-
richia. 
Coli 

Staphy-
lococcus 
aurous 

Com-
pound. 

10 9 7 6 L 

11 15 15 12 
[Co(phen)(

L)]Cl2 

10 13 10 14 
[Ni(phen)(

L)]Cl2 

15 10 11 13 
[Cu(phen)(

L)]Cl2 

12 16 17 18 
[Mn(phen)

(L)]Cl2 

19 10 12 15 
[Hg(phen)

(L)]Cl2 
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Figure 5: Difference between the antimicrobial activity of ligand and its complexes.  

 
Table 5:Some physical prepared ligand and its complexesand weight of metal salts 

Compounds Formula 
Molecu-

lar 
Weight 

Colour 
Yeil
d% 

M. 
P. 
˚C 

%Elemental Analysis Found 
% (Calculated) 

C H N M 

L C28H30N8 478.59 
pale 

yellow 
65 178 

70.00 
(70.2

7) 

6.07 
(6.32

) 

23.70 
(23.41) 

- 

[Co(phen)(L)]Cl2 C40H38Cl2Co
N10 

788.64 Brown 74 210 
61.20 
(60.9

2) 

4.76 
(4.86

) 

17.53 
(17.76) 

7.64 
(7.47) 

[Ni(phen)(L)]Cl2 
C40H38Cl2N1

0Ni 
788.40 Brown 76 231 

59.52 
(60.9

4) 

4.84 
(4.86

) 

17.77 
(8.68) 

7.29 
(7.44) 

[Cu(phen)(L)]Cl2 C40H38Cl2Cu
N10 

791.20 
Deep 
brown 

82 236 
60.56 
(59.0

7) 

4.37 
(4.83

) 

17.41 
(17.66) 

8.46 
(8.01) 

[Mn(phen)(L)]Cl

2 

C40H38Cl2M
nN10 

784.64 
Light 
brown 

72 227 
59.87 
(61.2

3) 

4.87 
(4.88

) 

 
17.73 

(17.85) 

6.88 
(7.00) 

[Hg(phen)(L)]Cl2 
C40H38Cl2Hg

N10 
930.24 

Off-
White 

72 227 
50.87 
(51.6

4) 

4.23 
(4.12

) 

 
14.73 

(15.06) 

21.13 
(21.56) 

 
Table 6: Electronic spectral data of the ligand and its metal complexes 

Compound 
µeff 

 

Λm 

ohm. 
cm

2
mol

e
-1

 

λnm 
υ' wave 
number 

cm
–1 

(εmax 
molar

–1 

cm
–1

 

Assign-
ments 

Proposed 
structure 

L - - 
243 
312 

41152 
32051 

2278 
1245 

π→π* 
n→π* 

- 

1,10-
phenan-
throline 

 
- 
 

 
- 

202 
228 
264 

49504 
43859 
37878 

2469 
2281 
1456 

π→π* 
π→π* 
n→π* 

- 

[Co(phen)(L)
]Cl2 

4.65 77.4 

330 
519 
654 
824 

30303 
19267 
15933 
12135 

1402 
615 
209 
148 

C. T 
4T1g(F) 

→4T1g(P) 
4T1g 

→4A2g 
4T1g 

→4T2g(F) 

octahedral 
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[Ni(phen)(L)]
Cl2 

2.47 
 

73.6 
333 
827 

27700 
12091 

734 
213 

C. T 

3A2g(F)→
3

T2g(F) 
octahedral 

[Cu(phen)(L)
]Cl2 

1.85 70.9 
338 
855 

29585 
11687 

1517 
318 

C. T 

4
B1g→

4
B2

g 
octahedral 

[Mn(phen)(L
)]Cl2 

5.43 81.0 
328 
805 

30487 
12422 

1236 
436 

C. T 

6A1g(F)→
4

T1g(G) 
octahedral 

[Hg(phen)(L)
]Cl2 

- 71.6 
331 
407 

30211 
24570 

1271 
629 

C. T 
C. T 

octahedral 

 
References 
 

[1]  M. F Tolulope, O. O Olorunfemi, and A. 
Isaac,"Synthesis and biological properties of 
N2O2 Schiff bases derived from o-
phenylenediamine and substituted salicylal 
dehydes," vol.6, no.6, pp.816-819, 2014.  

[2]  M. Aly, A. H Osman., B Abd El-mottled 
andB. AGouag, "Thermal stability and 
kinetic studies of Cobalt (II), Nickel 
(II),Copper(II), Cadmium (II) and Mercury 
(II) complexes derived from N-salicylide 
Schiff bases," vol.54, no.4, pp.349-353, 
2009.  

[3]  F. M. Morad,M. El-jail,S. Mand,B. George, 
" Preparation, physical characterization and 
antibacterial activity of Ni (II) Schiff Base 
complex," vol.1, no.1, pp.72-78., 2007.  

[4]  J. Zhang,Y. Tang,J. Q. Xie, Zeng and C. 
Weihu, "; Study on phenol oxidation with 
H2O2 catalyzed by Schiff base manganese 
complexes as mimetic peroxides," vol.70, 
no.10, p.1137–1146, 2005.  

[5]  R. a. Y. A. -. D. [5] N. R. J. Jebe, " 
Synthesis and spectral study of new azo - 
azomethine dyes and its copper (II) 
complexes derived from resorcinol, 4-
aminobenzoylhydrazone, and 4-amino 
antipyrine," no.14, 2011.  

[6]  M. A Neelakantan,T. Jeyakumar and K. 
Muthukumaran, " spectral, XRD, SEM and 
biological activities of transition metal 
complexes of polydentate ligands 
containing thiazole moiety," pp.71- 628, 
2008.  

[7]  Z. L. You and H. -L Zhu, "Syntheses, 
crystal structures, and antibacterial activities 
of four Schiff base complexes of copper and 

zinc," vol.630, no.15, pp.2754-2760, 2004.  

[8]  M. Golcu, H. Tumer, R. Demirelli, and A. 
Wheatley " Synthesis, characterization, 
properties and biological activity, Cd (II) 
and Cu (II) complexes of polydentate Schiff 
base ligands," vol.358, no.6, pp.1785-1797, 
2005.  

[9]  K. D. KarlinandZ. Tyeklar,Bioinorganic 
chemistry of copper, vol.5th Edition, New 
York: Chapman and Hal, 1993.  

[10]  R. Garg N. Fahmi, andR. V. Singh, " 
Spectral and biological studies of 
manganese (II), dioxo molybdenum (VI) 
and oxovanadium (V) complexes with 
monobasic bidentate Schiff base ligands," 
pp.86-670, 2009.  

[11]  M. F. El-Ghar,N. T. Abdel-Ghani, Y. Badr, 
and O. MEl-Brady," Synthesis, 
Spectroscopic and Thermal Studies of 
Co(II),Ni(II),Cu(II),Zn(II),Cd(II) and Hg(II) 
with Arylazo Derivatives of 5-amino 
Pyrazole. ," ISESCO. Science and 
Technology Vision, vol.3, pp.58-6, 2007.  

[12]  A. Osole, "Antimicrobial activity and 
spectral, Magnetic and thermal studies of 
some transition metal complexes of a Schiff 
base hydrazone containing a quinoline 
moiety," vol.3, no.9, p.1080, 2007.  

[13]  H. Dawood, and N. Jasim, " complexes., 
Antimicrobial polyester containing Schiff-
base metal," J. Coord. Chem., vol.62, no.7, 
p.1091, 2009.  

[14]  E. Arai,Y. Nishida,J. Wasa,H. Urakawa 
andL. Zhuo, "The synthesis, 
characterization and antimicrobial activity 
of N,N’-bis (2-Thiophene carbox amide)-
1,3-diaminopropane and N,N’-bis(2-furan-
carboxamido)-1,3-diamino propane and 



Al-Shemary et al. 
Synthesis, characterization and antibacterial Evaluation for mixed-ligand Complexes of Nickle (II), 

Manganese(II), Copper(II),Cobalt(II) and Mercury(II) with Tetradentate Schiff base and 1,10-phenanthroline 
2017 

 

85 
 

their Cu (II), Zn (II), Co(II) complexes," 
Trans. Met. Chem., vol.9, pp.1633-1641, 
2008.  

[15]  H. Hassib andA. A. Razik,"; acetyl acetone, 
Synthesis and characterization of some 
transition metals complexes of Schiff base 
derived from benzidine andand 
acetylacetone," J. Sci. Appl., vol.2, no.1, 
pp.83-90, 2008.  

[16]  F. Karipcin andE. Kabalcilar; Spectroscopic 
and thermal studies on solid complexes of 
4-(2-pyridylazo)-resorcinol with some tran-
sition metals, Acta. Chim. Slow.2007, 54 : 
242-2472003, p.55.  

[17]  G. Eason, B. Noble, and I. N. Sneddon, On 
certain integrals of Lipschitz-Hankel type 
involving products of Bessel functions, vol. 
A247, London: Phil. Trans. Roy. Soc, 1955, 
pp.529-551.  

[18]  J. C. Maxwell, A Treatise on Electricity and 
Magnetism, 3rd ed. ed., vol.2, Oxford: 
Clarendon, 1892, pp.68-73.  

[19]  I. S. Jacobs and C. P. Bean, “Fine particles, 
thin films and exchange anisotropy, in 
Magnetism, vol. III, New York: Academic: 
G. T. Rado and H. Suhl, Eds, 1963, p.271–
350.  

[20]  K. Elissa, "Synthesis and characterization of 
nickel (II), cobalt (II), manga-
nese(II),copper(II),iron(III)and chromi-
um(III) complexes of unsymmetrical salen-
type ligand and their application as catalyst 
for the oxidation of styrene J. Indian Chem. 
Soc., 2009,10(7) p.86- 697.  

[21]   [1] R. Nicole," Synthesis and characterization 
of nickel (II), cobalt (II), manga-
nese(II),copper(II),iron(III)and chromi-
um(III) complexes of unsymmetrical salen-
type ligand and their application as catalyst 
for the oxidation of styrene, J. Indian Chem. 
Soc., 2006,3(8): 60- 69.  

 



Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN: 2521-3520 (online) Volume 28, Issue 2, 2017 DOI: http://doi.org/10.23851/mjs.v28i2.504 

 

86 

 

 

Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International Licenses.  

 

Research Article 

 
Affect the Cross Linking Degree and Polymer Composition 
on the Mechanical Properties of Poly (vinyl alcohol)/ Pullu-

lan Films 

Shemaa A. Soud 
Department of Applied Science, University of Technology, IRAQ.  

*Correspondent Author Email: shymaa_soud@yahoo.com 

 
A r t i c l e I n f o Abstract 
 

Received 
 

Revised 
  

Accepted 
 
 

Published 
 
 

 

In this study Cross-linked PVA/Pullulan film was prepared. Cross-linking reaction done by addi-
tion of gluteraldehyde at different reaction time (10,30and 60) min. Chemical interaction, me-
chanical, thermal properties, water solubility and film morphology was studied for cross-linked 
PVA/Pullulan, PVA and Pullulan only. Thus FTIR investigated formation of hydrogen bonding 
between pullulan and PVA with (GA). Tensile strength, tensile modulus and elongation (%) at 
break for PVA/Pullulan film was improved with addition of (GA) as the reaction time proceed 
equivalent with increasing PVA content.  
 
Keywords: Polymer Film, Blend, Mechanical Properties, Crosslinking Reaction.  
 

خلاصـةال  
 .بنسب وزنيه معينه  Pullulanو Poly (vinyl alcohol)في هذه الدراسه تم تحضير الغشاء البوليمري المكون من خلط كل 

وتم التفاعل بفترات زمنيه مختلفة تراوحت بين Glutaraldehyde (GA) تم باضافة العامل الربط تفاعل الارتباط التشابكي
العديد من الخصائص الفيزيائية  تمت في هذا البحث دراسة تاثير اضافة عامل الترابط التشابكي على. دقيقة 60و30و10

رابط الكيميائي و الخواص حيث تمت دراسة كل من طبيعة الت. الترابط اجراء عملية والكيميائية للغشاء البوليمري قبل وبعد
 FTIRحيث اظهرت نتائج . بالاضافة الى الخصائص المظهريه لسطح الغشاء وقابلية الذوبان في الماء الميكانيكيه والحرارية

نتيجة اضافة العامل الرابط ادت الى زيادة   Pullulanو Poly (vinyl alcoholتكون اواصر هيدروجينه بين كل من )
ادت الى تحسنا في  Poly (vinyl alcohol)المضافة من العامل الرابط والزيادة الوزنيه كما ان وجود. مرينالتجانس بين البولي

  .للغشاء البوليمري [(%) Tensile strength, tensile modulus elongation ]الصفات المكانيكية والتي شملت كلا من
 

 

Introduction 
In recent times, biodegradable polymer has "in-
novated in biomedical" concept. Introducing of 
natural polymers results in a biocompatible mate-
rial with lower mechanical properties. An indi-
vidual approach to produce biocompatible mate-
rial with good mechanical properties was to 
blend biodegradable synthetic polymer with nat-
ural polymers as reinforcement agent.  [1]. Mis-
cibility is the most significant property of a 
blending polymer since it affects the morphology 
and the mechanical properties. Polymer blends 
are physically mixture of different structural pol-
ymers that interact by secondary forces [2]. Such 
as charge-transfer complexes, dipole-dipole forc-
es and hydrogen bonding to form homogenous 
polymer mixtures [3] [4] [5]. Addition of cross-
links among polymer chains have an effect on 

the physical properties such as decrease in the 
viscosity, Increased Tg, increase strength 
,toughness and insolubility of the polymer de-
pending upon the degree of cross linking and 
presence and absence of crystallinty. Moreover, 
polymers insolubility was increase [6]. Cross 
linking can be done by different techniques ac-
cording upon the structure of the polymer. One 
of these methods for cross-linking is the 
polymerization of monomers with functionalities 
or through irradiation, chemical reactions by add-
ing different chemicals with heating and, some-
times, pressure. In all cases, the chemical struc-
ture of the polymer is altered through the cross 
linking process. [7] [8]. In the chemical cross-
linking polymers are cross-linked with many 
chemical compounds such as glutaraldehyde, 
formaldehyde, epoxy compounds, dialdehyde [9] 
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[10] [11]. Pullulan is a water soluble extracellu-
lar polysaccharide [12]. Biocompatible, non-
toxic, colorless, tasteless, can form transparent 
and glossy films [13]. Poly (vinyl alcohol) is a 
biodegradable, biocompatible and water soluble 
synthetic polymer, material. by reason of its has 
number of –OH group in each repeating unit, 
PVA shows a hydrophilic and able to form cross 
linked film via hydrogen bonding [14] [15] I n 
this study mechanical properties of natural poly-
mer pullulan were improved by blending with 
PVA. Cross linker gluteraldehyde was introduce 
to improve miscibility between PVA and pullu-
lan. Effecting of cross-linking reaction on the 
chemical structure, degree of swelling, film mor-
phology thermal and mechanical properties to the 
different PVA/pullulan ratios at different time of 
reaction was studied 

 
Materials and Methods 
Pullulan was obtained by Shandong Freda Bio-
technology, China. Poly (vinyl alcohol) (PVA) 
average MW≈31.000-50.000with 98-99% hy-
drolyzed was achieved from Aldrich, Germany. 
Glycerol was acquired from Aldrich, Germa-
ny.25% Glutaraldehyde (GA) aqueous solution 
was acquired from Aldrich, Germany.  
 
Preparation of Pullulan /PVA Blend Films 
Preparations of Pull/PVA blend films were 
done by mixing Pullulan and PVA in100ml 
DW at various Pullulan/PVA 100/0, 85/15, 
70/30, 55/45, 40/60, 25/75 and 0/100 (wt %). 
Polymer mixture was stirred at 80°C to be 
dissolved. Then glycerol 1.19 ml was added to 
the polymer solution as plasticizer.  The Cross 
l inking blend f i lm were prepared by add-
ing 10% (v/v) HCl and 0.0001% (v/v) GA to 20 
mL form Pullulan /PVA blend solutions and 
stirred for 10, 30 and 60 min at room tempera-
ture. Pullulan/PVA blends before and after 
cross linking solution were poured on a petri dish 
and the films were cast by drying at 45ºC for 72 
hr.  

 
Characterizations of the Blend Film 
FTIR spectrum of KBr pellets for film was stud-
ies with Mattson Satellite 5000 spectrophotome-

ter. The tensile strength, E-modulus, and % 

elongation at break of the polymer films with 
and without cross linker measured at room tem-

perature on a tensile test machine Jinqiao, Chi-
na. The rectangular specimens with about (width 
12.6, thikness 0.10 and length 60.0) mm mount-
ed between the grips of the machine before ap-
plying the stress at a 40.599 N.  
The polymer blend specimens were observed un-
der a (Stereoscan 360, Cambridge) scanning 
electron microscope (SEM) in order to explore 

surface properties.  
Water up take behavior of the pullulan/PVA 
with 75% PVA (Wt %) films only and with dif-
ferent cross-linking reaction time (10, 30 and 
60 min) was studied at room temperature by 
immersing a bout(25X25x0.1 mm

3
) f r o m  

weighed and dry samples of the films in dis-
tilled water. The strips were removed from wa-
ter at different time intervals and weighed after 
blotting out the excess water from the surface of 
the films with filter paper. The percent water 
a b s o r p t i o n  was calculated using the follow-
ing equat ion : 
 % Water Absorptivity = ((DS –Dd) / Dd) x 100. 
Where Dd  and Ds are the weight of the blend 
films in the dry and swollen states respectively.  

Differential Scanning Calorimetry (DSC) and 
Thermogravimetric Analysis ((TGA) have been 
done at university of Baghdad / college of educa-
tion for pure sciences Ibn Al-haitham -Central 
service laboratory. Heating temprature was start-
ed from 0 to 300°C. With heating rate 10°s per 
minute. Study was done with 20 mg from 
PVA/Pull and crosslinking PVA/Pull with 75% 
PVA (Wt %).  

Results and Discussion 
Fourier Transform Infrared (FTIR) 
Cross-linking reaction between pullulan /PVA 
blend film and the cross linker was investigate by 
using FTIR spectroscopy. Cross linking reaction 
was done when aldehyde groups of the gluter-
aldehyde reacted with the hydroxyl groups for 
both pullulan and PVA. The spectra of pure films 
for pullulan and PVA and cross linked blend film 
pullulan /PVA were compared to study the ef-
fecting of cross linking reaction at different peri-
od of time on the pullulan/PVA miscibility. Fig-
ure 1 (a, b and c) present the FTIR spectra for 
pure pullulan, pure PVA and cross-linked blend 
pullulan/PVA films respectively. Figure 1 (a) 
shown abroad – OH band at 3418cm

-1
. Moreo-

ver, Characteristic polysaccharide band was 
found at 1423 cm

-1
. Strong band was found at 
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1158 cm
-1

related to C-O-C polysaccharide ring. 
While in Figure (c) - OH band for PVA film was 
found at 3437 cm

-1
 and Characteristic absorbtion 

beack for C-O stretching appears at 1044 cm
-

1
and 1444 cm

-1
. However, in Fiuger (c) – OH 

streaching was shefted to lower intensity and ap-
pers at cm

-1
 by blending pullulan with PVA and 

cross linking with (GA). Thus it can be related to 
the formation of hydrogen bond between pullu-
lan and PVA with (GA). Therefore, the FTIR 
spectroscopy results conforim the reaction be-
tween PVA and Pullulan.  
 

Figure 1: FTIR Spactroscopy for Pure Pullulan Film (a), 
Pure PVA Film (b) and Cross Linked Pullulan/PVA 

Film (c). 

 
Mechanical properties  
Studies of mechanical behaviors of poly-
mer films are very essential for the rea-
son that they show the film applications. 
The mechanical properties of pullulan 
/PVA blend films with (0, 15, 30, 45, 60, 
75 and 100) PVA (Wt %) contents were 
study before and after cross linking with 

(GA) at 10, 30 and 60 min. The tensile 
strength, tensile modulus and elongation (%) 
was shown in Figure 2 (a, b and c) respectively. 
Figure 2(a,b) show the lowest values of 
tensiles strength and tensile modulus at low-
est PVA contents of 15 and 30 wt%, respec-
tively. The tensile strength and modulus of 
the blend films were increased at lower pullulan 
contents. Thus, it can be correlated to weakness 
mechanical properties of pure pululan film such 
as other polysaccharide that form a slight brittle-
ness polymer film. Lower mechanical properties 
for pullulan were conformed to study done by 
[16] [17] As a result, by increasing the PVA 
contents in the blend film the (%) elonga-
tion at break decreasing as present in the Figure 
2 (c). This can be attributed to the semi-
crystalline structure of PVA [6]. Mechanical 
properties for pullulan/PVA blend film cross 
linked with (GA) at 10, 30 and 60 min in (a) ten-
sile strength, (b) tensile modulus and (c) elonga-
tion (%) at break were shown in Figure 3. It was 
found after incorporating (GA) and increasing 
cross-linking reaction time from 10 min to 60 
min both tensile strength and tensile modulus 
were increasing equivalent with increasing PVA 
content. Therefore, by addition of (GA) to the 
polymer blend miscibility was improved due to 
increase the hydrogen bond interaction among 
pullulan and PVA via (GA). As a result by in-
creasing the cross linking reaction time the inter-
action was improved parallel with improved both 
tensile strength and tensile modulus. [19] While, 
(%) elongation at break decreased due to increase 
the interaction between these polymer reduce the 
brittleness of polymer film. Moreover, Figure 3 
was shown by addition of (GA). The tensile 
properties of pullulan /PVA were improved 
comparing to the results of the tensile properties 
before cross-linking reaction as shown in Figure 
2. It was found the maximum tensile strength and 
tensile modulus about 82 and 4000 MPa respec-
tively at 75% PVA Wt% content. However, at 
same PVA content the maximum tensile strength 
was found about 86.89 and 89.9 MPa and tensile 
modulus start from4020, 4100 to 4387 MPa at 
10, 30 and 60 min respectively. Thus above re-
sults were supported with above FTIR results.  
 
Scanning electron microscopy (SEM) 
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The surfaces micrographs of the pure pullulan 
film ,pure PVA film, PVA /Pullulan blend film 
with compositions of 75% PVA (Wt%) without 
cross linker and PVA /Pullulan blend film with 
compositions of 75% PVA (Wt%) and cross 
linked with (GA) at 30 min was shown in Fig-

ure.4 (a,b,c and d) respectively. The pure PVA 

and pullulan film shows a continuous phase as 
shown in Figure 1a and 1b respectively Figure 1c 
PVA /Pullulan film illustrate a co-continuous 
phase separation from PVA and pullulan parti-
cles. Moreover the presence of interfaces domain 
and empty spaces is apparent in the micrographs 
of the PVA /Pullulan film, which are due to the 
weak interactions between PVA and pullulan. In 
Figure (d) hemogenisity was improved, as a re-
sult of cross linking reaction and continuous 
phase was found from PVA/pullualn film with 
(GA) as crosslinker.  
 
Water up Take Behavior 

The water up take of the dried PVA/ pullulan at 
75% PVA (wt %) films onlyand with different 
cross-linking reaction time was shown in Figure 
6 (a and b). As shown in these Figures, the swell-
ing degree of the polymer decreased with the in-
crease in cross-linking reaction time. As con-
ferred previous, at increases time of cross-linking 
reaction the density of cross-linking produced 
increases while the intermolecular space is freely 
decreases. The latter is up taking within the pol-
ymer film matrix when it is in contact with wa-
ter. Pure pullulan film is not showing any swell-
ing behavior as a result of its water soluble poly-
saccharide [12]. Blending pullulan with PVA 
water resistance properties was improved, thus 
related to the crystallinity stature of PVA as 
shown in Figure 5. When (GA) was introduced 
with PVA /pullulan matrix, the swelling behavior 
was improved due to the presence of (GA) intro-
duce cross-linking points between PVA and pul-
lulan in film sample and therefore, less –OH 
groups which reduce the hydrophilicity are pre-
dictable. [18].  
 
Thermal properties 
DSC and TGA were achieved for the Pull/PVA 
and pull/PVA cross linked with GA, shown in 
Figures (5) and (6). Thermogram measurement 
was performed to find out the thermal stability of 
polymer film. First loss in mass of Pull/PVA and 
cross linked Pull/PVA was due the water loss at 

127 °C and 230°C respectively TGA curves 
demonstrated that pull/ PVA cross linked with 
GA was stable up to 230°C with 36.2 %mass loss 
occur above 303°C. Thus, pull/ PVA showed 
49.1%mass loss occur above 300°C. Cross linked 
Pull/PVA showed higher thermal stability model, 
it specifies that cross-linking between the PVA 
and pullulan increase the thermal stability of 
PVA. The DSC thermogram of pull/PVA shows 
endothermic peak at 86.1°C can be attributed as 
Tg of PVA followed by melting of the crystalline 
portion start at 195.6°C that is Tm melting tem-
perature of PVA as shown in Figure 6. The val-
ues of Tm and Tg are in concurrence with those 
in previous report (19) above results indicating 
that this blend was phase-separated and that the 
interfacial adhesion between PVA and pullulan 
was poor. DSC thermograms of Pull/PVA cross 
linked formulations showed two major endo-
thermic peaks. However peak at 101°C can be 
attributed as Tg for pull/PVA crosslinking with 
GA. Shifting in Tg to higher value 101 °C can be 
related to the intermolecular crosslinking modi-
fies the stuffing of local molecular, ensuing de-
cline in free volume, then increase in Tg. Moreo-
ver as a result of crosslinking reaction hindrance 
to the chain orientation can form elastic polymer 
having lower melting point. [20] 

Conclusions  
In this study PVA/pullulan films was prepared 
both mechanical and thermal properties, water 
solubility of pullulan were improved via blend-
ing with PVA. We found addition of (GA) to the 
polymers blend produce humongous polymer 
film rather than film PVA/pullulan without 
cross-linker. Above results indicate that cross-
linking is effective way for improving physical 
properties of polymer blend film.  
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Figure 2: Mechanical Properties for Pullulan/PVA Blend 
Film in (a) Tensile Strength, (b) and (c)Elongation (%).  

 

 
Figure 3: Mechanical Properties for Pullulan/PVA 
BlendFilm cross linked with (GA) at 10,30 and 60 min in 
(a)Tensile Strength,(b) Tensile Modulus and (c)Elongation 
(%) 

 
Figure 4: Scanning Electron Microscopy (SEM) of Pure 

Pullulan Film (a), Pure PVA film (b),Pullulan /PVA (c) 

and Cross-Linked Pullulan /PVA.  
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Figure 5: water up take behavior of PVA/Pullulan in (a) 
and cross –linked PVA /Pullulan film at different time of 
cross linking reaction.  
 

 
Figure: 6 DSC and TGA for the Pull/PVA. 

 
Figure 7:DSC and TGA for the pull/PVA cross linked with 
GA.  
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A simple and novel method was developed by combination of dispersive liquid-liquid microex-
traction with UV spectrophotometry for the preconcentartion and determination of trace amount 
of malathion. The presented method is based on using a small volume of ethylenechloride as the 
extraction solvent was dissolved in ethanol as the dispersive solvent, then the binary solution was 
rapidly injected by a syringe into the water sample containing malathion. The important parame-
ters, such the type and volume of extraction solvent and disperser solvent, the effect of extraction 
time and rate, the effect of salt addition and reaction conditions were studied. At the optimum 
conditions, the calibration graph was linear in the range of 2-100 ng mL-1 of malathion with a 
limit of detection of 0.8 ng L-1. In addition, the enrichment factor was 30. The developed method 
was successfully applied for the determination of malathion pesticide in water samples.  
 
Keywords: Malathion, Spectrophotometry, Pesticide, Microextraction, Sample preparation.  
 

خلاصـةال  
سائل المايكرويه مع مطياف الاشعه فوق -الى تطوير طريقه جديدة وبسيطة وذلك بأقتران طريقه تشتت سائليهدف البحث 

تعتمد الطريقة على الحقن السريع لمزيج المذيبات الثنائي  .البنفسجية وذلك لتقدير تراكيز ضئيلة جدا من مبيد الملاثايون
مذيب استخلاص( والممتزج مع حجوم صغيره جدا من الايثانول والمتكون من حجوم صغيرة من مذيب كلوريد المثيلين )ك

تمت دراسة الظروف المثلى للأستخلاص والمتضمنه ظروف  .المستخدم كمذيب تشتت الى محلول مائي يحتوي على الملاثايون
عند  .لملحالتفاعل ونوع وحجم كل من المذيب المشتت والمذيب المستخلص وتاثير سرعة وزمن الاستخلاص وتأثير أضافة ا

 .نانوغرام لكل مل 80.نانوغرام لكل مل مع حد كشف قيمته  100-2الظروف تم الحصول على خطيه جيدة تراوحت بين 
تم تطبيق الطريقة المطورة بنجاح على لتقدير مبيد المالاثايون  .30بالإضافة الى ذلك تم الحصول على عامل تركيز جيد قيمته 

 . في عينات مياه ملوثة

 
Introduction 
Pesticides are one of the most potentially harm-
ful chemicals introduced into the environment. 
Worldwide using pesticides increased enormous-
ly since the 1960s. However, using pesticides 
helped to significantly reduce crop losses and to 
improve the yield of crops such as corn, maize, 
vegetables, potatoes, and cotton. Organophos-
phate pesticides are commonly used pesticides in 
the world and require more awareness because of 
their possible toxic effects on-target animals [1].  
Malathion (S-1,2-bis(ethoxycarbonyl) ethyl-O,O-
dimethyl-phosphorodithioate) Figure 1 is an or-
ganophosphorus pesticide that used in both agri-
culture and households to control insect pests 
affecting a number of crops, stored grains and 
livestock feed via ground and aerial sprays and 
aerosols. Malathion rapidly converts to its me-
tabolism malaoxon either after absorption or in-

gestion into the human body or in untreated wa-
ter during the chlorination phase of water treat-
ment. Therefore, malathion should not be used in 
the drinking waters or any upstream waters. In 
addition, the toxic exposure effect to high level 
of malathion considers a source of body-wide 
symptoms such skin and eye irritation, cramps, 
nausea, diarrhea, excessive sweating, seizures 
and even death [2] [3] [4].  
Various analytical methods have been reported 
for the determination of malathion such gas 
chromatography [3] [5] HPLC [6] [7] thin layer 
chromatography [8], capillary electrophoresis 
[9], spectrophotometry [2] [3], atomic absorption 
spectrometry [10], fourier transform infrared 
(FTIR) spectrometry [11] [12] [13] [14].  
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Figure 1: Chemical structure of malathion.  

 

In the analytical process, sample preparation is 
the first necessary and crucial step since it pro-
vides reliable and accurate results at low detec-
tion limits. Recently, there is considerable 
awareness about the environment; therefore sam-
ple preparation techniques using solvents with 
low toxicity that are more environmentally 
friendly are important.  
Most of traditional sample preparation tech-
niques are time consuming and tedious proce-
dure. Moreover, they demand using large 
amounts of hazardous high-purity organic sol-
vents, that resulting in the production of toxic 
laboratory wastes. Microextraction technique 
effectively overcomes these problems by reduc-
ing the amount of organic solvent. In addition, 
extraction, preconcentration and sample intro-
duction are done in one step. Various microex-
traction techniques have been widely used for the 
pesticide analysis such as solid-phase microex-
traction [15] [16] liquid-phase microextraction 
[17] [18], stir-bar sorptive extraction [19] [20] 
combination of dispersive liquid-liquid microex-
traction (DLLME) with HPLC-MS/MS [21] and 
micro-solid phase extraction [22] [23]. Most of 
microextraction methods are simple, rapid and 
consume smaller amounts of toxic solvents than 
conventional sample-preparation methods.  
DLLME is one of the effective microextraction 
techniques that have been developed by Rezaee 
et al. in 2006 [24]. It based on formation a 
cloudy solution after injection of appropriate 
mixture of extraction and disperser solvents rap-
idly into the aqueous solution. The simplicity of 
operation, rapidity, low time, high recovery and 
high enrichment factor are among the main ad-
vantages of DLLME [25]. In this work, reliable, 
simple, inexpensive method for the determina-
tion of malathion in water samples by spectro-

photometric determination after preconcentration 
by DLLME technique. Moreover, some parame-
ters such as extraction solvent, dispersive sol-
vent, effect of salt addition, and extraction time 
were investigated and optimized.  
 

Materials and Methods 
A Shimadzu-160 double beam UV-Vis spectro-
photometer with 1 cm quartz micro cell was used 
for the determination and analysis of Malathion. 
Phase separation was accelerated using Hettich 
centrifuge (EBA 20) with 10 mL calibrated cen-
trifuge tubes was used.  
All chemical reagents used were of analytical 
grade and double distilled water was used. Stock 
solution (1000 µg mL

-1
) was prepared by dis-

solving the appropriate amount of malathion in 
methanol while working standard solutions were 
prepared freshly by appropriate dilution of the 
standard stock solution. Methanol, ethanol, chlo-
roform, carbon tetrachloride, 1, 2-dichloroethane, 
dichloromethane, and ethylene chloride were ob-
tained from Merck (Darmstadt, Germany).  
 

Dispersive liquid–liquid microextraction pro-
cedure 
To a glass test tube with a conical bottom, an ali-
quot amount of the sample solution containing 
10 ng/mL

-1
 was added. After a few minutes, a 

binary solution containing 1.5 mL of ethanol 
(disperser solvent) and 300 µL of ethylene chlo-
ride (extraction solvent) was injected rapidly into 
the sample solution using a syringe and a stable 
cloudy solution (water, ethanol and ethylene 
chloride) was rapidly produced, resulting in fine 
droplets. Thereafter, malathion was extracted in-
to fine droplets of ethylene chloride. Later, the 
mixture was centrifuged at 4000 rpm for 3 min, 
and the fine droplets of ethylene chloride were 
joined together and sedimented at the bottom of 
the conical test tube. After removing of the aque-
ous phase, the remained organic phase was dilut-
ed to 400 µL with ethanol and transferred to a 
500 µL cell the absorbance measured at 226 nm 
against blank. A blank solution was prepared as 
for the sample solution without adding any mala-
thion.  

 
Results and Discussion  
It is necessary to investigate the maximum ab-
sorption wavelength for the quantitative analysis 
of malathion. Therefore, sample solution con-
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taining different concentrations of malathion was 
examined according to the recommended proce-
dure of DLLME and corresponding spectra of 
sedimented phase were recorded in the range of 
200-650 nm.  
Figure 2 shows maximum absorbance wave-
length at 226 nm. Therefore, this wavelength was 
selected for measuring the absorbance of the ex-
tracted phase throughout this work. In order to 
achieve a high recovery and enrichment factor, 
all the parameters that can probably influence the 
extraction performance such as; type and volume 
of extraction solvent, kind and volume of dis-
perser solvent, extraction time and salt concen-
tration that were investigated and optimized.  

 

Figure 2: UV-Spectrum of malathion a) 500 ng mL-1 be-
fore DLLME and b) 50 ng mL-1 after DLLME.  

Effect of type and volume of the extraction 
solvent 
In DLLME, the type of extraction solvent is an 
important factor for efficient extraction and 
should meet three requirements. The solvent 
should be denser than water, low solubility in 
water and it capable to extract the interested 
compounds [26]. Due to high density of halogen-
ated hydrocarbons, usually they are examined as 
an extraction solvent. Thus, chloroform (CHCl3), 
carbon tetrachloride (CCl4), 1,2-dichloroethane 
(C2H4Cl2), dichloromethane (CH2Cl2), and eth-
ylene chloride were examined for this purpose. 
In spite of a cloudy solution and two-phase sys-
tem was formed using the selected solvents but 
ethylene chloride shows higher signal than oth-
ers. Therefore, ethylene chloride was selected as 
extraction solvent. The effect of the extraction 
solvent volume was performed using 1.5 mL of 
ethanol different volumes of ethylene chloride in 
the range of 200–800 µL. According to Figure 3, 

the absorbance increased by increasing the vol-
ume of ethylene chloride to 300 µL and then re-
mained approximately constant with further in-
creasing of its volume. Therefore, 300 µL was 
selected as optimum volume in other experi-

ments.  

 

 

 

 

 

 

 

 
Figure 3: Effect of the extraction solvent (ethylene chlo-
ride) volume on the analytical responses after DLLME 

 
Effect of type and volume of the disperser sol-
vent 
Selection of the disperser solvent is based on its 
miscibility in the extraction solvent and aqueous 
solution, which enables the extraction solvent to 
be dispersed as fine droplets in the aqueous 
phase to form a cloudy solution. Therefore, it is 
limited to some solvents such as methanol, etha-
nol, acetonitrile, and acetone. A series of sample 
solutions were studied using 1.5 mL of each dis-
perser solvent with 400 µL of ethylene chloride 
as the extraction solvent. The results show that 
high enrichment factors were obtained with etha-
nol. The effect of different volume of ethanol 
ranged from1000–3000 µL using 400 µL of chlo-
roform on the extraction recovery was examined. 
As it is shown in Figure 4 the absorbance 
reached its maximum value at 1500 µL of etha-
nol to disperser solvent volume and after that, the 
absorbance decreases slowly. Thus, 1500 µL of 
ethanol was chosen as the proper amount.  
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Figure 4: Effect of the disperser solvent (ethanol) volume 
on the analytical responses after DLLME.  

Effect of extraction time and extraction rate 
Extraction time is the important factor in most 
extraction techniques. It defined as the interval 
time between the injection of the solvents mix-
ture and starting to centrifuge. The effect of ex-
traction time was studied over the range of 1 to 
15 min under the constant experimental condi-
tions. Due to the infinitely large surface area be-
tween extraction solvent and aqueous phase after 
the formation of cloudy solution, malathion dif-
fuses quickly into the extraction solvent. There-
fore, equilibrium state is achieved quickly and 
the extraction time is very short about 3 min. Ex-
traction rate (centrifuge rate) was also examined 
in the range of 1000-5000 rpm for 5 min. Higher 
absorbance value was obtained at 4000 rpm. 
Subsequently, it was selected as the best centri-
fuge rate.  
 

Effect of salt addition 
In general, addition of salt decreases the solubili-
ty of analytes in the sample solution by increas-
ing the ionic strength (salting out effect) and en-
hances their partitioning into the organic phase. 
The influence of ionic strength on the perfor-
mance of DLLME, was investigated by adding 0, 
2.5, 5 and 10% (w/v) sodium chloride, respec-
tively to sample that was spiked with malathion. 
However, it was found that salt addition did not 
result in an increase in extraction efficiency 
while addition of large amounts of salt to the 
aqueous phase increases its viscosity. Therefore, 
the velocity of the mass transfer processes of the 
analytes from the aqueous layer to the organic 
layer is diminished. Thus, no salt was added in 
further experiments.  
 

Analytical features of the proposed method 
After optimization all the experimental condi-
tions, analytical parameters of the proposed 
method such regression equation, linear range, 
limit of detection, reproducibility, preconcentra-
tion, and improvement factors were investigated 
and the obtained data were summarized in Table 
1. The calibration graph was linear in the range 
of 2-100 ng/mL

-1
 with a correlation coefficient 

(r) of 0.9996 while, the limit of detection (LOD) 

was calculated based on 𝐿𝑂𝐷 = 3𝑆𝑏
𝑚⁄  and limit 

of quantification (LOQ) based on 10𝑆𝑏
𝑚⁄  

(where Sb, and m are standard deviation of the 
blank, and slope of the calibration equation, re-
spectively). However, LOD and LOQ values 
were 0.8 ng/mL

-1
 and 2.56 ng/mL

-1, 
respectively. 

The preconcentration factor for the proposed 
DLLME method is calculated by the ratio of the 
highest sample volume (10 mL) and the final 
volume of nearly 300 µL. Therefore, the solution 
is concentrated by a factor of 33.3. The enrich-
ment improvement factor was obtained from the 
slope ratio of the calibration graph after and be-
fore the extraction. According to this concept, 
enrichment improvement factor of 29 was ob-
tained.  

Table 1: Analytical parameters of the proposed method.  

Parameters  Data 

Regression equation using 
DLLME 

A = 0.0088C + 
0.012, R

2
= 0.9996 

Regression equation be-
fore DLLME 

A = 0.0003C + 
0.02, R

2
= 0.9993 

Linear range 

 (ng mL
-1

) 

2-100 (200-5000)
a 

Limit of detection  

(ng mL
-1

) 

0.8 (6)
a 

Repeatability (RSD%) 
(n=5) 

1.74 (1.34)
a
 

Preconcentration factor  33.3 

Enrichment factor 29 

a
 The results before DLLME 
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Application to real samples 
To evaluate the performance and validation of 
the suggested method, it was applied to deter-
mine the malathion in two water samples, which 
were selected from Tap and river water (Bagh-
dad, Iraq). The tested water samples were found 
to be free from malathion according to the opti-
mized procedure. The results are presented in 
Table 2. The recoveries for the addition of differ-
ent concentrations of malathion to samples are in 
the range of 98.8–102.1% and indicate that the 
proposed method is suitable for determination of 
trace amounts of malathion in the real samples.  
 
Table 2: Determination of malathion in river and tap 
waters samples by proposed method..  
 

Sample 
Added 

(ng mL
-1

) 

Found
a 

(ng mL
-1

) 

Recovery 
% 

 

River 
water 

0 NDb - 

10 10.21 102.10 

50 50.80 101.60 

 80 79.99 99.98 

 

Tap wa-
ter 

0 NDb - 

10 9.98 99.8 

50 49.40 98.8 

80 80.12 100.12 

a Standard deviation (n= 5); b Not detected 

 
Conclusions 
Spectrophotometric method by using DLLME 
technique for the extraction, preconcentration 
and determination of trace amount of malathion 
in water was developed. Besides employment of 
usual laboratory equipment, the proposed 
DLLME method provides advantages such as 
simplicity of operation, low sample volume, low 
cost and high preconcentration factor.  
Moreover, due to the large surface area between 
the organic droplets and the aqueous sample so-
lution, it is much shorter since the extraction 
equilibrium is reached quickly. Finally, in com-
parison to solvent extraction methods, it is much 
safer, since only a small amount of the solvent is 
used.  
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Titanium dioxide (TiO2) nanostructures were synthesized via the hydrolysis of TiCl4 in alcohol / 
water solution/with sodium hydroxide solution in the ice-bath (0-5 ◦C). The particles were char-
acterized by using X-ray diffraction technique (XRD), spectroscopy of Ultra Violet-Visible (UV 
/ Visible) and infrared (FT-IR), atomic force microscope (AFM) and scanning electron micro-
scope (SEM) analysis were used in order to gain information about the material, morphology, 
size and the shape of the particles.  
 
Keywords: TiO2 nanostructures, TiCl4, hydrolysis.  

 الخلاصـة
( في محلول مائي/كحولي مع TiCl4بواسطة التحلل لرابع كلوريد التيتانيوم ) TiO2)تم تحضير ثنائي اوكسيد التيتانيوم )

السينية  تم تشخيص الراسب المتكون باستخدام تقنية حيود الاشعة. م( ◦5-0محلول هيدروكسيد الصوديوم في حمام ثلجي )
(XRDمطيافية الاشعة الفوق البنفسجية ،) المرئية / (Uv/Visible( والاشعة تحت الحمراء )FT-IR ،)القوى ومجهر 

 المجهر السطح بأستخدام طبوغرافية دراسة وتم النانوية للجسيمات الحبيبي والحجم الاطوار لدراسة (AFMالذرية )
 . (SEMالماسح ) الالكتروني

Introduction 
Titanium dioxide (TiO2) or titania, is one of the 
most attracted materials in nanotech-nology and 
nanoscience because of a very useful semicon-
ducting transition and exhibits unique character-
istics such as non-toxicity, easy handling and low 
cost [1]. Interests towards the nanostructures ti-
tanium dioxide (TiO2) was grown in the past 
decades, due to its interesting physical and chem-
ical properties [2] [3].  
These advantages make TiO2 a material in solar 
cells, fuel cell, environmental purification appli-
cations, a pigment, selfcleaning, surfaces, re-
sistance to photochemical, chemical erosion and 
chemical sensors for hydrogen gas evolution [1] 
[4] [5]. Titania has three different crystalline 
phases: brookite (orthorhombic), anatase [6] and 
rutile [7]. Rutile is the most stable phase at sizes 
greater than 35 nm, while brookite is more stable 
than anatase for crystal sizes greater than 11 nm. 
Among these phases, the TiO2 exists mostly as 
anatase and rutile which have the tetragonal 
structures while brookite has orthorhombic struc-

ture [8]. However, the high-temperature stable 
phase is rutile [9].  
Several methods have been reported in the litera-
ture to prepare TiO2, including the hydrolysis of 
titanium alkoxides, acidic solutions of Ti (IV) 
salts, oxidations of TiCl4 on gaseous phase [10], 
sputtering, chemical vapor deposition and sol-gel 
process [11]. Among them, one of the most used 
methods is the sol-gel technique due to its excel-
lent chemical homogeneity and possibility of de-
riving unique metastable structure at low reaction 
temperatures [12]. The different routes were usu-
ally found produced different results. Even for 
the same route, the obtained powder size is dif-
ferent when using a different amount of the start-
ing materials [13]. Many methods have been em-
ployed to prepare TiO2 films, including sol-gel 
process, chemical vapor deposition, e-beam 
evaporation and sputtering.  
The sol-gel conventional method uses the hydro-
lytic route, which involves the initial hydrolysis 
of the chloride or alkoxide precursor followed by 
continual condensations between the hydrolyzed 
particles forming the gel [14]. In this work, we 
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have prepared TiO2 nanostructures using TiCl4 as 
a precursor.  

Materials and Methods 
Titanium tetrachloride (TiCl4), sodium hydroxide 
(NaOH) and ethanol (EtOH) absolute grade, all 
these chemicals have purity 99.9%, where ob-
tained from Fluka Company in high purity and 
no further purification was done before use.  
  

Synthesis of TiO2 nanostructures 
TiO2 nanostructures were prepared by sol–gel 
technique using titanium tetrachloride (TiCl4), 
absolute ethanol (EtOH), distilled water, and so-
dium hydroxide (NaOH) as the starting materials. 
TiCl4 is added to a mixture of water/ alcohol 
(50:50) in an ice bath.  
The receiving water is maintained at 0°C while 
TiCl4 is added dropwise under vigorous stirring. 
The resulting precursor solution has a TiCl4:H2O 
volume ratio of 1:40 and pH ≈ 1. Subsequent 
condensation of the hydrolysis product results in 
gel formation.  
 In order to obtain a more stable suspension, the 
Cl

-
 concentration was reduced and pH increased 

to around 2.5 by added dropwise of sodium hy-
droxide solution under vigorous stirring and the 
gel is precipitated from the suspension. The re-
sulting material is then subjected to repeated cy-
cles of centrifugation, washing, and resuspension 
until the final product, usually in powder form, is 
considered free from impurities.  

Results and Discussion 
We prepared crystalline titanium dioxide by sol-
gel precipitation method using titanium tetrachlo-
ride in aqueous solution and subsequently an-
nealed at 300°C and 500 °C. As soon as TiCl4 
hydrolyses TiO2 particles, H

+
 and Cl

−
 ions were 

generated, the process of reaction can be de-
scribed by the following steps [15]: 
 

TiCl4 + 2H2O → TiO2 + 4H+ + 4Cl− (1) 
4NaOH → 4Na+ + 4OH- (2) 

TiCl4 + 4NaOH → TiO2 + 4NaCl + 2H2O (3) 
 

The general process for preparing TiO2 by sol-gel 
process, at low temperature, anatase is the prima-
ry structure phase formed observed which trans-
forms only upon annealing to rutile phase which 
is thermodynamically more condense and most 
stable [16]. As annealing treatment prolonged the 

rutile XRD peaks became sharper indicating the 
formation of larger r-TiO2.  
  

Calcinations temperature 
Characterization of Nanostructures 

The XRD is employed for the identification and 
understanding the crystalline growth nature of 
titanium dioxide structures prepared by sol-gel 
method. Calcination is a common treatment used 
to improve the crystallinity of TiO2 powders 
[12]. Two phase structures of titanium dioxide 
powders were characterized at (300 and 500 °C) 
for (4-hours), by X-ray diffraction (XRD) at 
room temperature.  
Major peaks corresponding to the tetragonal 
TiO2 were observed.  
The diffraction peak at 2θ with 27.5◦, 36.2◦, 
39.2◦, 41.3◦, 44.1◦, 54.4◦, 56.6◦, 62.6◦, 64.1◦, 
68.8◦, and 70.0◦ corresponds to the (110), (101), 
(200), (111), (210), (211), (220), (002), (310), 
(301) and (112) planes of rutile TiO2 (JCPDS 
Card No.21-1276), respectively, except the peaks 
(2θ = 64.1◦ and 70.0◦) corresponds to the crystal 
planes of (310) and (112) respectively, were un-
distinguished at 300 °C calcination, indicating 
the formation of rutile phase of TiO2. Our FT-IR 
peaks are in good agreement with the literature 
report [17]. The presence of titanium dioxide 
particles was confirmed by the location of the 
peaks which compared to literature values [18]. 
As a result of annealing, the nanostructures are 
found to have increased intensity and a slight re-
duction of the full width at half maximum 
(FWHM). The crystalline size of the titanium 
dioxide calculated by the equation of Debye-
Scherer’s which is given by: 
 

D = Kλ/ (βcosθ) (4) 
 

Where D is the crystal size; K is usually taken as 
0.89, β is the line width at half-maximum height 
(FWHM) and λ is the wavelength of the X-ray 
radiation (λ=0.15406 nm) for CuKα [19]. The 
representative XRD charts, Figure 1, samples as-
prepared and calcined at (300 and 500 ◦C).  
Miller indices provided in the Figure 1 and all 
peaks determine the transformation of calcined 
powder to TiO2 crystallites with tetragonal rutile 
crystal structure. In addition, the increasing of 
the calcination temperature causes increases the 
number of reflection. We can calculate the lattice 
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constant of the titanium dioxide particles by us-
ing the formula: 
 

1/d
2
 = ((h

2
 +k

2
)/a

2
) + (l

2
/c

2
) (5) 

 
Where (d) is the interplanar distance, (a) and (c) 
are the lattice constant for the tetragonal structure 
and (h k l) are the Miller indices. The calculated 
crystalline size (D) and lattice constant (a and c) 
of TiO2 are tabulated in Table 2.  
 It is observed that the TiO2 crystallinity im-
proves with increasing substrate temperature 
(300 ◦C to 500 ◦C) for study peaks (110, 101 and 
211) evident from XRD pattern. The crystallite 
size of TiO2 obtained using Debye-Scherer’s 
equation and the XRD parameters of nanostruc-
tures at various crystalline orientations at 300 ◦C 
and 500 ◦C respectively were shown in Table 1.  
 
Scanning Electron Microscope (SEM) Analy-
sis  
SEM was used to further examine the morpholo-
gy, crystallinity, and shape and particle size of 
the sample. A SEM image of  
TiO2 nanostructures in rutile phase are shown in 
Figure 2. It is clearly seen that the TiO2 consist 
of shapes like porous hollow. 
 

 

(a) 

 
(b) 

Figure 1: XRD peaks for the prepared TiO2 nanostructures 
after annealing at (a) 300 ◦C and (b) 500◦C for (4 hours).  
 

Table 2:The crystallite size and lattice parameters of TiO2 nanostructures.  

Substrate 
temperature 

hkl d(Å) 2θ θ 
FWHM 

(β) 
D(Å) a(Å) c(Å) 

300 ◦C 110 3.226 27.560 13.833 1.029 7.955 4.562 4.271 

 101 3.118 28.600 14.300 0.500 16.390 - - 

 211 1.682 54.502 27.250 1.140 7.835 - - 

500 ◦C 110 3.233 27.560 13.780 0.670 12.206 4.572 4.263 

 101 3.118 28.600 14.300 0.431 19.014 - - 

 211 1.683 54.446 27.223 0.677 13.194 - - 
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a 

 
b 

 
c 

Figure 2: A top-view SEM image of TiO2 nanostructures annealing at (a) 100 ◦C (b) 300 ◦C and (c) 500 ◦C for (4- hours).  
 

FT-IR Spectroscopy 
It is well known that the vibrational spectroscopy 
is a very useful technique for the determination 
of the functional groups of titanium dioxide 
nanostructures. The FT-IR spectrum of TiO2 
nanostructures shows in Figure 3. The peaks, in 
the spectra around, to 3400 and 1630 cm

-1
 are 

due to stretching and bending vibration of the –
OH group respectively. In the FT-IR spectra, all 
the peaks observed were around 560-460 cm

-1
 

represent to both stretching and bending of Ti-O-
Ti group [4]. When annealing at (300 ◦C and 500 
◦C) the broad peaks of O-H stretching vibration 

become smaller with increase temperature and 
the Ti-O stretching become broad and more sig-
nificant.  
 

Atomic force microscope (AFM) 
Figure 3 shows a typical three-dimensional atom-
ic force microscope (AFM) images and the cor-

responding size distributions of the titanium di-
oxide nanostructures as prepared, annealing at 
300 ◦C and 500 ◦C. As shown in the Figure the 
better surface quality and crystallographic struc-
ture are obtained.  
It’s clear from the Figure 4 that TiO2 nanostruc-
tures are porous in shape, having an average di-
ameter of 64.56 nm, 94.29 nm and 100.48 nm for 
as-prepared, annealing at 300 ◦C and 500 ◦C re-
spectively. The 3-dimensional (3D) AFM image 
of material nanostructures in which the regularly 
distributed TiO2 nanostructures pillars and voids 
over the entire surface can be seen with a maxi-
mum value and morphology with a root-mean-
square (RMS) roughness and average diameter as 
shown in Table 2.  

 

 
(a) 

 
(b) 
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(c) 

Figure 3: FT-IR spectra of TiO2 annealing at (a) 100 ◦C (b) 300 ◦C and (c) 500 ◦C for (4 hours).  

Table 2: Roughness average, root-mean-square (nm) 
roughness and the average diameter of TiO2 annealing at 
100 ◦C, 300 ◦C and 500 ◦C in nm units.  

Sam-
ples 

Rough-
ness aver-

age 

root-
mean-
square 
(RMS) 
rough-

ness 

Average 
Diame-

ter 

100 ◦C 0.612 0.712 64.56 

300 ◦C 0.335 0390 94.29 

500 ◦C 0.637 0.746 100.48 
 

Optical Properties 
The optical transmittance and absorbance of the 
TiO2 solution (0.001 M) in ethanol, was meas-

ured by using UV-Vis spectrophotometer. The 
UV- Vis optical properties in the range (250–
1000) nm at various temperatures (as-prepared 
(100), 300 and 500 ºC) showed temperature de-
pendent transmittance and absorbance, as shown 
in Figure 5. Both samples (300 and 500 ºC) 
showed a slight decrease in optical transmittance 
at higher temperatures. This is probably due to 
the increased particle size and surface roughness, 
and also to the phase transformation from anatase 
to rutile which results in band gap decrease and 
led to higher surface scattering [20].  

  

  

 
 

 
Figure 4: AFM image of TiO2 nanostructures annealing at (a) 100 ◦C (b) 300 ◦C and (c) 500 ◦C. 
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The optical band gaps were measured by plotting 
(αhυ)

2
 verses hυ for TiO2 thin films prepared by 

dip coating technique are illustrated in Figure 6.  
The band gap values: (3.24, 3.19 and 3.21 eV) 
are corresponding to the (as-prepared, 300 and 
500) ◦C. The optical band gaps were measured 
by plotting (αhυ)

2
 verses hυ for TiO2 films and 

are illustrated in Figure 6. The band gap energy 
(Eg) of as-prepared TiO2 nanoparticles (3.31 eV), 
which is larger than that values of (3.25 and 3.20 
eV) for the bulk TiO2, corresponding to the (300 
and 500) ◦C temperatures respectively.  
This can be explained because the band gap of 
the semiconductors has been found to be particle 
size dependent [21]. The band gap decreases 
with increasing particle size and the absorption 
edge is shifted to a lower energy (red shift) with 
increasing particle size.  
 

 

 
Figure 5: Optical Transmission (upper) and Absorption 
(lower) as a function of wavelength for TiO2 at different 
temperatures (100, 300 and 500 ◦C).  

 
 

 
 

 

Figure 6: A plots of (αhν)2 verses photon energy (hν) of 
TiO2 thin films with different temperature: 100 °C, 300 °C 
and 500 ◦C.  

Conclusions 
TiO2 nanoparticles have been prepared from tita-
nium tetrachloride (TiCl4) with sodium hydrox-
ide solution. We confirmed the nanoparticles by 
X-ray diffraction (XRD) and subsequently an-
nealed at 300 and 500 °C. The studies of surface 
morphological obtain from SEM micrograph 
showed that the particles with the shapes like po-
rous hollow are rutile in nature. Based on the 
XRD, SEM and AFM analyses, the current study 
shows that the size range of the nanoparticles is 
(64.56, 94.29 and 100.48 nm) at a temperature 
(As-prepared (100 °C), 300 °C and 500 °C) re-
spectively.  
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This research describes preparation of new four compounds (A2-A5) having 1,3-oxazepine and 
Tetrazole rings. The first step involves reaction of benzidine (A1) with aromatic aldehyde (cin-
namaldehyde) in ethanol as a solvent in the presence of acid as catalyst to yield the Schiff base 
(A2), Schiff base (A2) was condensed with maleic anhydride and phthalic anhydride in dry ben-
zene to give a seven-membered heterocyclic ring derivative (A3, A4), In addition, we synthesis 
novel tetrazole derivative (A5) from the reaction of Schiff base (A2) with sodium azide in tetra-
hydrofuran. The structure of synthesized compounds was identified by spectral methods [FTIR, 
¹H-NMR, and ¹³C-NMR] and measurement physical properties. The photo stabilization of poly 
(vinyl chloride) films by compounds (A1-A5) was studied. The Photo stabilization activities of 
these compounds were determined by monitoring the carbonyl and hydroxyl indexes values with 
irradiation time. The changes in viscosity average molecular weight of PVC with irradiation time 
were studied by using tetrahydrofuran as a solvent. The influence of concentrations additives 
(range 0.1-0.5wt) on the rate of photo degradation and Photo stabilization course was studied. 
Therefore, we found that was an increase Photo stabilization rates with increasing concentrations 
of additives. In addition, Studying the effect of film thickness and the results showed that an in-
crease in film thickness would reduce the rate of photolysis. The results indicated that Photo sta-
bilization proportion of plastic in the presence of additives follow the trend: (PVC blank) > 
PVC+A1> PVC+A2 > PVC+A5> PVC+A4> PVC+A3. According to the results obtained, it pro-
posed mechanisms depending on the structure of the additive. 
Keywords:1,3-Oxazepine,Photochemistry, PVC, Photo stabilizer, UV absorber, Tetrazole.  

 الخلاصـة 

 
 

والخطوة الأولى  Tetrazoleوoxazepine -1,3تحتوي على  A5)-(A2تحضير أربعة مركبات جديدة يصف هذا البحث
 بوجود حامض كعامل مساعد لتنتج كمذيب مع ألديهايد اروماتي )سينمالدهيد( في الإيثانول (A1)البنزدين  تتضمن تفاعل
( مع الانهيدريدات ) أنهيدريد الماليك وأنهيدريد الفثاليك( في البنزين A2، وعند تكثيف قاعدة شيف )(A2)قاعدة شيف 

من تفاعل قاعدة شيف  (A5( الى جانب ذلك، حضرنا مشتق جديدة )A3, A4).الجاف لإعطاء حلقة سبعة غير متجانسة 
(A2مع أزيد الصود ).يوم في تتراهيدروفيوران كمذيب 

[ وقياس الخواص FTIR ،1HNMR، ¹³CNMR [وقد تم التعرف على تركيب المركبات المحضرة بالطرق الطيفية
 (.A5-A1) لافلام بولي )كلوريد الفينيل( بوجود المركبات التثبيت الضوئي الفيزيائية. وقد درس

موشرات قيم معاملات الكربونيل والهيدروكسيل مع وقت  خلال رصد لهذه المركبات من فعاليه التثيبت الضوئي تم تحديد
التشعيع. تم دراسة التغيرات في اللزوجة وأيجاد متوسط الوزن الجزيئي للبولي كلوريد الفينيل مع وقت التشعيع باستخدام 

 لل الضوئي وعملية(على معدل التح0.5wt)-0.1 المضافات كذلك تمت دراسة تأثيرتركيز رباعي هيدرو الفوران كمذيب.
الى جانب ذلك، تم  مع زيادة تركيزات المواد المضافة. التثبيت الضوئي. ولذلك، وجدنا أن سرعه التثيبت الضوئي تزداد

 أشارت النتائج إلى أن نسبة دراسة تأثير سمك الفيلم وأظهرت النتائج أن بزيادة سمك الفيلم يقل معدل التحلل الضوئي.
 :جود المضافات تتبع الترتب التاليبو لوريد الفاينيللبولي ك التثبيت الضوئي

(PVC blank)>PVC+A1>PVC+A2>PVC+A5>PVC+A4>PVC+A3 
 .ووفقا للنتائج التي تم الحصول عليها اقترحت ميكانيكيه عمل تلك المضافات اعتمادا على تركيبها

 

Introduction 
The chemistry of carbon-nitrogen double bonds 
has played a basic role in March of chemical sci-
ences. Because there is a lone pair of electrons 

on the nitrogen atom and general electron donat-
ing character of the double bond, it has found 
these compounds is very large applications in the 
field of chemistry . It is known that the com-
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pounds containing >C=N group as imines or az-
omethines or anils or ligands, but in general, 
which is known as "Schiff bases" in honors of 
Schiff who synthesized these compounds for the 
very first time [1] [2].Oxazepine derived was 
presented in 1965 for use in mental ease charac-
terized by anxiety and stress [3]. Oxazepine Is an 
unsaturated, seven membered containing heteroa-
toms and oxygen in the position (1) and nitrogen 
in position 3 in addition to five carbon atoms. It 
is prepared by the pericyclic cycloaddition of 
Schiff bases with anhydrides [4]. Oxazepine and 
derivatives have medical and biological im-
portance and they have medicinal and pharma-
ceutical application [5], [6]based on its spectrum 
therefore many of industrial and medical applica-
tions like photo stabilizer, pigments, and dyes 
take place in these fields [7], [8].Tetrazole ring is 
unsaturated five-membered heterocyclic contain-
ing four nitrogen atoms and one carbon atom in 
position (5). Tetrazoles also serve as precursors 
for the synthesis of further interesting heterocy-
clic. Tetrazole derivatives were prepared by the 
reaction of Schiff bases derivatives with sodium 
azide 
There is considerable importance at present in 
the photo-oxidative degradation of polymeric 
compounds as large molecules have ever more 
rife merchant applications. When exposed to 
synthetic polymer, semi-synthetic and natural 
environment [9]. 
All commercial organic polymers destroy in air 
when exposed to rays, as energy from sunlight is 
sufficient to cause the collapse of the C-C bonds 
because of polymer degradation. Synthetic pol-
ymers require almost all the stability against the 
negative impact with the improvement of syn-
thetic resin has become essential that looking at 
ways and means for the prevention, or at least a 
limit, the damage due to ecological light, air and 
heat factors. This can be accomplished by adding 
the chemicals and optical stabilizers special or 
stabilizers, UV, which must be adjusted to the 
specific nature of the resin and the application in 
mind. Photostabilization polymers has achieved 
in many ways. It has been developed following 
the stability of systems. That rely on the work of 
stabilizer: - (1) Screeners light, (2) the excited 
state quenchers, (3) UV absorption), (4) analyz-
ers peroxide, and (5) scavengers free radical, this 
is generally believed that the types 2 and 4 and 5 
is the most effective [10]. 

In our research we were studied Photostabiliza-
tion of PVC using four compounds derived 
from benzidine and contain 1,3-Oxazepine and 
Tetrazole rings. 

Materials and Methods 
Preparation methods of organic compounds 
Melting points were determined on Gallen Kamp 
Melting Points apparatus MFB-600-Olof, and 
Stuart Scientific Co. LTD melting point SMP1 in 
the University of Mustansiriyah, College of Sci-
ence. 
FT-IR spectra were recorded using Shimadzu 
FT-IR 8000 series Fourier Transform, Infrared 
Spectrophotometer in the University of Mus-
tansiriyah, College of Science. 
¹H-NMR spectra were recorded on a Fourier 
transform spectrometry [11], company Bruker, 
model, ultra-shield 300 MHz, and origin: Swit-
zerland, in DMSO-d6 solution with the TMS as 
internal standard, measurements were made at 
the Chemistry Department, AL-Albait Universi-
ty, Jordan. 
Intrinsic viscosities were determined with vis-
cometer.  

Preparation of Schiff base (A2) 
1mmole (0.184 gm) of Benzidine was dissolved 
in 20ml absolute ethanol with 2 mmole 
(0.264gm) of Cinnamaldehyde in presence (2-3 ) 
drops of glacial acetic acid and the mixture was 
stirred and refluxed for 7 hours. The precipitate 
was filtered to give(A2). The product was 
washed with cold water and recrystallized from 
ethanol to give the pale yellow color solid. 
N4-Allylidene-N4'-(3-phenyl-allylidene)-
biphenyl-4, 4’-diamine (A2) 
Yield:82%;M.p:200°C;FTIR(ν,cm¯¹):3057.3032(
CHaro-
matic),2947.2874(CHaliphatic),1627(CH=N),16
02,1581(C=C) ,833,746.692(CH out of plane) 
Figure 18;¹H-NMR (300 MHz, DMSO-
d6,δ,ppm):8.6-7.2(m,,Ar-H),9.1(signal,1H 5.6(d, 
2H, CH=CH) Figure 19; 
¹³C-NMR DMSO-d6): 163 (CH=N), 148 (C aro-
N), 138 (Caro-CH=), 137(Caro- Caro), CH aro. 
(129 -110) Figure 20 
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Preparation of Oxazepine compound. 
(A3, A4): 
A mixture of (A2) (0.0012mole) and (phthalic 
anhydrides) (A3), maleic anhydrides (A4) 
(0.0025mole) was melted in (20mL) solvent (dry 
benzene). The mixture was stirred and refluxed 
at 9-10 hours. Excess solvent was distilled; the 
precipitate was filtered and recrystallized from 
ethanol to give the Orang color solid for (A3) 
and the Deep Orange color solid for (A4). 
 
4,4-biphenyl-diyl)bis(3(cinnymyl)-3,4-
dihydrobenzo[e]1,3-oxazapine-1,5dione)(A3) 
Yield:68%;M.p:230°C(Dec);FTIR(ν,cm¯¹):3055-
3194(CH aromatic),2994,2872(CHaliphatic), 
1600,1555(C=C),825,813,746.69(CH out of 
plane) ,1697 (C=O lactam) , 1723 (C=O lacton) 
Figure 21; ¹H-NMR (300 MHz, DMSO-d6, δ, 
ppm): N-CH, (d,1H7.12 N)-HC-CH, =tri,1H ( 
6.17-576)= ,CH H1(d, 7.20), Ar CH (m, ,8.59.-
67.7) Figure 22 ¹³C-NMR DMSO-d6):125, 129, 
78 (CH=CH-CH-N), 150 (C aro-N), 139 (Caro-
CH=),140-148(Cphtha), CH aro. (129 -110) 165 
(C=O ester), 164 (C=O amid) Figure 23. 
 
3,3--biphenyl-4,4--diyl)bis(2-(phenyl-3,4-
dihydro -[1,3]oxazapine-4,7-dione )(A4) 
Yield:72%;M.p:235°C;FTIR(ν,cm¯¹):3045.3138(
CHaro-
matic),2992,2854(CHaliphatic),1535(C=C) 
,817,850,755.613(CH out of plane) ,1639 (C=O 
lactam ) , 1722 (C=O lacton) Figure 24 ; ¹H-
NMR (300 MHz, DMSO-d6, δ, ppm): Maleic + 
CH=CHN-7 (d,1H, CH,N) -CH-( tri,1H, =CH 
656.-76) ,6. =CH (d, 1H .28), 7Ar (m, CH 6.7-76 
7)Figure 25;¹³C-NMR DMSO-d6) : 
129,128,79(C=C-C-N), 135 (C aro-N) ,134 (Ca-
ro-CH=) , 156-158(C =C oxa ), CH aro.( 123 -
114 ) 169 (C=O ester), 164 (C=O amid) Figure 
26 

Preparation of Tetrazole compound 
(A5): 
Compound (A2) 0.001mole (0.412gm) was melt-
ed in (20mL) solvent (tetrahydrofuran) and 
mixed with 0.002mole (0.134gm) sodium azide. 
This mixture was stirred and refluxed for 
12hours. Excess solvent was distilled; the precip-

itate was filtered and recrystallized from Metha-
nol to give the Pale Yellow color solid. 
 
 
Bis (4, 4-(5-styryl-2, 5-dihydro-tetrazol-1-yl)-
biphenyl (A5)  
Yield:60%;M.p:260°C;FTIR(ν,cm¯¹):3045.3138(
CHaro-
matic),2922,2885(CHaliphatic),1600,1581(C=C) 
,833,812,746,692(CH out of plane) ,1453 (N=N 
ring) , 3174 (NH) Figure 27; ¹H-NMR (300 
MHz, DMSO-d6, δ, ppm): ) .aro H8(m ,-7]a11 
9.3( singlet, NH )[ reference =CH),CH-,1H( CH 
tri( 35.,)CHCH=-( CHH1(d, 6, 5. CH=)-CH-1H 
(N, d (3.7) Figure 28; ¹³C-NMR DMSO-
d6):81[reference, 121,124(N-CH-CH=CH), 149 
(C aro-N), 139 (Caro-CH=), (138,129,118,107) 
CH aro Figure 29.  
 
Process of preparing the films: 
Poly (vinyl chloride) (PVC) [supplied from Bat-
teries factory in (Iraq) (the origin of the United 
States)] was re-precipitated from THF solution 
by methanol several times and lastly dried under 
vacuum at room temperature for (24) hours. 
Fixed concentrations of PVC solution (4 gm in 
100 ml) in THF were used to get thickness 
(measured through a micrometer type 2610A, 
Germany). The prepared compounds (0.4% con-
centrations) were added to the films starting at 0 
concentrations (control). It was essential to con-
trol the dimension of humidity and the rate of 
solvent vaporization during casting to maintain 
good visual quality is very narrow. 
The films were get ready by vaporization method 
at room temperature for 24h. for removing the 
solvent. Films prepared were fixed on stands 
specially used for irradiation. The stand is pro-
vided with an aluminum plate (0.6 mm in thick-
ness) by Q-panel Company. 
 
Method for the accelerated test: 
Weather accelerator meters QUV test (panel Q, 
Inc., USA), and was used for the irradiation of 
polymer films. Accelerated weathering test panel 
include stainless steel, which has two of the 
holes on the front side, and other behind. Each 
side contains side a lamp (type fluorescent UV 
lights) 40W each. These lamps are the type of 
UV-B 313 tender spectrum range between 290 
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and 360 nm with a maximum wavelength of 313 
nm. Polymer film samples were fixed vertically 
parallel to the lamps to make sure that ultraviolet 
radiation is incident perpendicular to the sam-
ples. Irradiated samples have been rotated from 
time to time to make sure that the incident light 
intensity on all samples is same. 
 
Measuring photolysis rate of polymer films 
using infrared spectroscopy: 
This was followed by the degree of photolysis of 
samples of polymer film by monitoring FTIR 
spectra in the range of 4000- 400 cm¯¹ using 
8400S Shimadzu FTIR spectrum. It is deter-
mined by the position of the hydroxyl and car-
bonyl absorption (3430.1720) cm¯¹respectively. 
The provide photo deteriorating at different times 
of irradiation followed by monitoring changes in 
hydroxyl and carbonyl peaks. Then calculated 
hydroxyl (IOH) and carbonyl (ICO) comparing the 
absorption peak in the FTIR (3430.1720) cm¯¹ 
with a peak signal at 1332 cm¯¹, respectively. 
This method is called the band the way the index, 
which contain 
 

𝐼𝑠 [𝐶𝑂 𝑜𝑟 𝑂𝐻] =  
𝐴𝑠

𝐴𝑟
  (1) 

 
Where (As) represents the absorbance of peak 
below study. (Ar) represents absorbance of refer-
ence peak. (Is) is the index of carbonyl or hy-
droxyl group below study. The actual absorbance 
difference between the absorbance of the highest 
peak and the baseline (A Top beak-base line) is 
calculated using the baseline method [12] [13]. 
 
Determining the average molecular weight by 
using the method of measuring the viscosity: 
Determining the viscosity average molecular 
weight of the polymer property was used using 
the relationship Mark Houwink [14] [15]. 

    


 MK  (2) 

Where "[η] is the intrinsic viscosity, K and 


'
constants based on polymer- solvent system at 

a given temperature". It was measured viscosity 
of the polymer solution with the U-tube measure 
viscosity Ostwald. The solutions provided by 
dissolving the polymer in a solvent (g / 100 ml), 
and the times the flow of the polymer solution 
and the solvent is pure (t) and (to) respectively. 
The specific viscosity account ηsp as follows: 

 

 
(3) 

 
(4) 

 
Intrinsic viscosities by the relation (5) which is 
then converted to the average viscosity molecular 
weight by using  

    


 MK  (2) 

: 
 

 
(5) 

Where C is the concentration of polymer solution 
(g/100 ml). 
 

Results and Discussion  
One new Schiff base (A2) have been synthesized 
from the condensation of Cinnamaldehyde with 
amino compound (A1) 
 

NH2
H2N

NN CHC
H

C
H

C
H

PhC
H

C
H

PhPhCH=CH-CHO

A1 A2

+

 
The formation of compound (A2) was indicated 
by presence in their IR spectra of (CH=N) 
stretching bands at 1627 cm¯¹ combined with the 

disappearance doublet bands of NH₂ stretching 
bands. ¹H- NMR of compound (A2): 9.1 (s, 1H, 
CH=N), 6.6-5.6 (d, 2H, CH= CH), 8.6-7.2 ppm 
which belonged to aromatic protons [16]. 
The ¹³C- NMR spectra provide further support 
for the structural characterization of the Schiff 
base: 163ppm due to (CH=N) group and signals 
at (110 -148) ppm due to aromatic carbons. 
In addition, in the present work two new Oxaze-
pine compounds (A3, A4) were prepared by re-
action compound (A2) with (phthalic anhydride 
(A3) and maleic anhydride (A4) in good yields. 
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The structures of prepared compounds were 
identified by FTIR spectral and Magnetic reso-
nance (

13
C, ¹H-NMR, the FTIR-spectra of these 

compounds shows the appearance of the absorp-
tion bands at (1722-1639)cm¯¹ characteristic to 
(C=O) of (lacton – lactam) and the disappearing 
of the two absorption bands at (1750-1800) 
cm¯¹of pure anhydrides. The ¹H-NMR spectrum 
of compound (A3) showed the following charac-
teristic signals at: ( 7.67-8.59) multiplet signal 
due to aromatic protons ,7.20 (d,1H CH=) ,6.57-
6.17 ( tri,1H, =CH-CH-N) 7.12 (d,1H, CH-N) 
while ¹³C-NMR spectrum of the same compound 
showed signal at :125,129,78 (CH=CH-CH-N), 
signal (107- 150) due to carbon aromatic and 
signals at 165 ppm due to (C=O ester) signal at 
164 ppm due to (C=O amide). 
The ¹H-NMR spectrum of compound (A4) 
showed the following characteristic signals ¹H-
NMR (300 MHz, DMSO-d6, δ, ppm): 7.2, 7.7 
(m, Ar-H) 6.6,5.67,6.17 (d,2H, tri,1H CH= CH-
CH) ,¹³C-NMR DMSO-d6) :129,128,79(C=C-C-
N), 135 (C aro-N) ,134 (Caro-CH=) , 156-158(C 
= C oxa ), CH aro.( 123 -114 ) 169 (C=O ester), 
164 (C=O amid) 
Tetrazole derivatives (A5) was prepared by the 
reaction of Schiff base derivative (A2) with so-
dium azide in tetrahydrofuran as solvent. 
 

NN C
H

C
H

CH PhC
H

C
H

C
H

Ph

NN
H
C C

H
CH Ph

H
CC

H
C
H

Ph

HN

N

N
N

N

NH

sodium azide

A2

A5  
The structure of synthesized compound was 
shown in Scheme 4.The synthesized compound 
was characterized by its melting point, FT-IR, 

¹H-NMR. and 
13

C-NMR , FT-IR spectrum of 
compound (A5) Figure 27 showed absorption 
bands at 1453 cm¯¹, 3174 cm¯¹due 
to√(N=N,NH).The ¹H-NMR spectrum of com-
pound (A5 )Figure 28 showed singlet signal at 
9.3 ppm due to NH group, multiplet signals at (7-
8 ) due to aromatic protons. 
¹³C-NMR spectrum of compound (A5)Figure 29 
showed signals at (138-107) ppm due to aromatic 
carbon and at 121,124 ppm due to (N-CH-
CH=CH) and 139 ppm due to Carbon arom-
CH=). 
 
 
 
Mechanism of photodegradation of PVC: 
It may be outlined steps photochemical degrada-
tion of PVC as follows:- 
1. Free radicals (P1) and (Cl

.
) were Formed by 

homolytic cleavage of (C-Cl) bond in (2). 

 
2. Peroxy radical (4) was produce by reaction of 
free radical (3) with oxygen. 

 
3. Hydro peroxide polymers (5,6) were produced 
by abstraction of hydrogen atom in polymer 
chain by peroxy radicals (4). 

 
4. The free radical polymers (5) react with O2 to 
give chloro alkyl peroxy radical (7). 
 

 
 5. The radical (7) abstraction from PVC with the 
formation of hydroperoxide (8) and (9) or it reac-
tion with PO

.
2 leads to formation of Peroxide 

bridge and alkoxy radicals (10). 
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6. Alkoxy radical (10) suffered some interactions 
such as: 
i) Abstraction of hydrogen atom from polymer 
chain to give polymeric alcohols (11). 
ii) β – scission reaction to produce ketonic poly-
mers. 
Forming a keto group in the polymer chain plays 
an important role in increasing the oxidative deg-
radation of the polymer chain through the defec-
tion of a key chain for the production of acyl rad-
ical mechanism. The Oxazepine– tetrazole com-
pounds usage as additives for the polymeric 
films. In order to studying the optical activity of 
these additives for Photostabilisation of plastic 
films, Led, irradiation of plastic films using light 
of wavelength λ=313nm new changes in their 
FTIR spectrum. Appearance of bands at range √ 
(1770 – 1720) cm¯¹, and (√ 3430) cm¯¹, attribut-
able respectively to form a carbonyl and hydrox-
yl groups. These absorptions account as carbonyl 
and hydroxyl index. It is reasonable to assume 
that the growth indicators carbonyl and hydroxyl 
is a measure of the extent of polymers degrada-
tion. 
Nevertheless, in the Figure 30,Figure 31 the ICO 
and IOH of (A3), (A4), (A5), (A2), (A1) and 
(PVC control) showed fewer growth rate with 
irradiation time with respect to the (PVC control) 
film without additives. Since the growth of car-
bonyl and hydroxyl index with irradiation time is 
lower than PVC blank, as seen in the Figure 30, 
Figure 31 it is suitable to conclude that these ad-
ditions can be considered photo stabilizers of 
PVC polymer. 
Photo stabilizer shows the efficiency of the in-
duction period is longers. Therefore, the (A3) 
studies such as photo stabilizer more active, fol-
lowed by of (A4), (A5), (A2) and (A1), which is 
the least active. 
In this work the Photostabilization of PVC films 
of 40 μm thickness was examined with changed 
additive concentration, Figure 32, Figure 33 
shows the relationship between carbonyl index 
and hydroxyl index with irradiation time for ad-

ditive (3) concentrations Figure 34, Figure 35 
shows the relationship between the (3) additive 
concentrations and carbonyl or hydroxyl index 
for PVC film at fixed irradiation time (150) 
hours and fixed thickness 40μm. 
In addition, in this work studying the relationship 
between the carbonyl and hydroxyl indexes with 
various different thicknesses for PVC samples 
Figure 36, Figure 37 could be explained consid-
ering the relatively important permeability of 
polymer to oxygen, which results in the care 
zone of the selected films thickness being rich in 
oxidation product in addition to the superficial. 
However, Figure 36, Figure 37 presented de-
crease of photodegradation with increasing of 
thickness of the film. 
 
Variation of PVC molecular weight during 
photolysis in the presence 1,3-Oxazepine-
Tetrazole: 
Viscosity of PVC solution depends on concentra-
tion and size of the dissolved polymer 
,Measuring the solution viscosity and idea about 
molecular weight [17]Figure 38show the plot of 
Mv versus irradiation time for (PVC) film with 
and without 0.4% (wt/wt) of the additives select-
ed . Mv is measured using Equation 2 with tetra-
hydrofuran as a solvent at 25 

o
C. It is worth men-

tioning that hints of the films with additives are 
not soluble in tetrahydrofuran representing that 
cross- linking or branching in the (PVC) chain 
does occur during the course of photolysis. To 
provide the best support from this point of view , 
the number of average chain scission (average 
number cut per single chain) (S) [18] was calcu-
lated using the relation: 

𝑆 =  
𝑀𝑣, 0

𝑀𝑣, 𝑡
 − 1  (6) 

Where:" Mv, o and Mv, t are viscosity average 
molecular weight at initial (0) and (t) irradiation 
time" respectively. It shows a plot of the (S) ver-
sus time Figure 39. In addition, it indicates an 
increase in the degree of branching that may 
arise, such as the occurrence of cross-linking 
curve. It was observed that the material is soluble 
formed during irradiation, which provided addi-
tional evidence on the idea that cross-linking oc-
curs. For randomly distributed weak bond links 
[19], which break down quickly in the early 
stages of photolysis, and given the degree of de-
terioration (α) as follows: 
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𝛼 =  
𝑚

𝑀𝑣, 0
 𝑆   (7) 

 
Where m is the initial molecular weight. The 

scheme of  as a function of irradiation time in 
the Figure 40. In addition, the values of samples 
irradiated higher when absent and lower addi-
tions in the presence of additives compared to the 
corresponding values of PVC free additive [20]. 
In the early stages of the photolysis of PVC, and 

the value of () increases rapidly with time, 
these indicators point to a random breaking of 
bonds in the polymer chain. 
 

 
Scheme 2:Suggested mechanism of Photostabilisation of 
1,3-Oxazepine ring as UV absorber. 

 
Scheme 3: Suggested general mechanism of Photostabili-
sation of Tetrazole ring as UV absorber. 

 
Scheme 4: Suggested mechanism of Photostabilisation of 
PVC by Schiff base as UV absorber. 

 
Scheme 5: Suggested mechanism of Photostabilisation 
of PVC by compound (A2) through the interaction be-
tween PVC and Schiff base. 

 
Figure 18: The FT-IR spectrum of compound (A2). 

 
Figure 19: 1HNMR spectrum of (A2). 

 
Figure 20: 13CNMR spectrum of compound (A2). 
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Figure 21: The FT-IR spectrum of compound (A3). 

 
Figure 22: 1H-NMR spectrum of compound (A3). 

 
Figure 23: 13CNMR spectrum of compound (A3). 

 
Figure 24: The FT-IR spectrum of compound (A4). 

 
Figure 25: 1HNMR spectrum of compound (A4). 

 
Figure 26: 13CNMR spectrum of compound (A4). 

 
Figure 27: The FT-IR spectrum of compound (A5). 

 
Figure 28: 1HNMR spectrum of compound (A5). 
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Figure 29: 13CNMR spectrum of compound (A5). 

 
Figure 30: The relationship between the (ICO) and irradia-
tion time for PVC films (40 μm) thickness Containing 
0.4% additive. 

 
Figure 31: The relationship between (IOH) and irradiation 
time of PVC films (40 μm) Thickness containing 0.4% 
additives. 

 
Figure 32: The relationship between the (ICO) and irradia-
tion time for PVC films (40 μm) thickness containing dif-
ferent concentrations of compound (A3). 

 
Figure 33: The relationship between the (IOH) and irradia-
tion time for PVC films (40 μm) thickness containing dif-
ferent concentrations of additive (A3). 

 
Figure 34: The relationship between the (ICO) and irradia-
tion time at (150hrs) for PVC films (40 μm) thickness con-
taining different concentrations of compound (A3). 

 
Figure 35: The relationship between the (IOH) and irradia-
tion time at (150hrs) for PVC films (40 μm) thickness con-
taining different concentrations of compound (A3). 

 
Figure 36: The relations ship between the carbonyl indexes 
with different thicknesses (μm) at (150hrs) irradiation time 
containing (0.4%) Wt. of additives. 
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Figure 37: The relations ship between the Hydroxyl index-
es with different thicknesses (μm) at (150hrs) irradiation 
time containing (0.4%) Wt. of additives. 

 
Figure 38: Variation of the viscosity-average molecular 
weight with irradiation time of PVC films (40μm) (control) 
and 0.4% wt. of additives. 

 
Figure 39: Changes the average number cut per single 
chain (s) during irradiation of PVC films (40μm) (control) 
and with 0.4% wt. of additives. 

 
Figure 40: Changes in the degree of deterioration during 
irradiation of PVC films (40μm) (control) and with 0.4% 
wt. of additives. 

Conclusions 
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There are many attempts tried to improve the encoding stage of FIC because it consumed time. 
These attempts worked by reducing size of the search pool for pair range-domain matching but 
most of them led to get a bad quality, or a lower compression ratio of reconstructed image. This 
paper aims to present a method to improve performance of the full search algorithm by combining 
FIC (lossy compression) and another lossless technique (in this case entropy coding is used). The 
entropy technique will reduce size of the domain pool (i. e., number of domain blocks) based on 
the entropy value of each range block and domain block and then comparing the results of full 
search algorithm and proposed algorithm based on entropy technique to see each of which give 
best results (such as reduced the encoding time with acceptable values in both compression quali-
ty parameters which are C. R (Compression Ratio) and PSNR (Image Quality). The experimental 
results of the proposed algorithm proven that using the proposed entropy technique reduces the 
encoding time while keeping compression rates and reconstruction image quality good as soon as 
possible.  
 
Keywords: Fractal Image Compression, Entropy, Image Quality, Domain Pool, Similarity, En-
coding.  
 

خلاصـةال  
هناك  .الصور الكسورية بسبب انها مستهلكة للوقتهناك عدة محاولات أجريت لتحسين وقت الترميز في خوارزمية ضغط 

حجم مستودع البحث لكل عملية مطابقة بين المدى و المجال لكن اغلب هذه المحاولات أدت الى  لتقليلتم عملها عدة محاولات 
البحث الكلي من  ن أداء خوارزميةيهذا البحث يهدف الى تقديم طريقة لتحس .كفاءة رديئة او نسبة ضغط قليلة للصورة المسترجعة

مع  Lossy Compression Algorithm خلال دمج و تركيب خوارزمية البحث الكلي التقليدية التي هي من نوع

تقنية الانتروبي . Losseless Compression Algorithemالمقترحة التي هي من نوع  خوارزمية الانتروبي

لوكات المجال( و بالتالي تقلل عدد المقارنات بين بلوكات )عدد ب Domain Poolالمقترحة تقلل من حجم مستودع المجال 

المدى و المجال بالاعتماد على قيمة الانتروبي لكل من بلوكات المدى و المجال و من ثم حساب نتائج الخوارزمية البحث الكلي 
تقلل من وقت البحث المستغرق مع تحقيق )و مقارنتها مع نتائج تقنية المقترحة لرؤية أي خوارزمية تعطي نتائج افضل  التقليدية

النتائج التجريبية للخوارزمية المقترحة اثبتت ان استخدام (. و نسبة الضغط PSNRنسب مقبولة في كفاءة الصورة المسترجعة 

 . يقلل من وقت الترميز و يحافظ على نسبة الضغط و كفاءة الصورة المسترحعة على قدر الإمكان تقنية الانتروبي المقترحة

Introduction 
The goal of image compression is to reduce the 
amount of data required to represent a digital im-
age [1]. Fractal compression is a lossy compres-
sion method for digital images, based on fractals 
[2]. The idea of fractal image compression (FIC) 
also named full search algorithm was originally 
introduced by Barnsley in 1988 and the first 
practical FIC scheme was realized by Jacquin in 
1992 [3] since each natural image has sub sec-
tions and the pixels of each subsection have great 
self-similarity to each other that is called Parti-
tioned Iterated Function System or PIFS [4]. FIC 

is best suited for textures and natural images, re-
lying on the fact that parts of an image often re-
semble other parts of the same image [2] which 
can be regarded as possessing fractal nature [5].  
In full search algorithm, fixed block size parti-
tioning will be used to generate the range and 
domain blocks. The main drawback of FIC is 
larger computational time in encoding stage be-
cause 8- symmetry mappings that must be tried 
to each domain block and then select the sym-
metry case of the domain block that led to least 
square error (lesser difference) and optimum 
matching when comparing this domain block 
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with range block this caused that the number of 
comparisons between range and domain block 

is 𝟖𝒏𝒓𝒏𝒅. Number of the range blocks can be 

calculated using (𝑵 𝒏⁄ )𝟐 while number of the 

domain blocks can be calculated using (𝑵 −
𝟐𝒏 + 𝟏)𝟐 where 𝑵 is image dimension while 𝒏 
is block dimension.  
In order to reduce the computation time, different 
optimization techniques have been proposed. The 
main objective of this paper is to develop an effi-
cient optimization technique for FIC which is 
called “entropy technique” that involves per-
forming the search in part of domain pool rather 
than over the whole domain pool by reducing the 
domain pool size based on entropy value of both 
range and domain blocks this make the domain 
pool more productive. Using proposed FIC based 
on entropy technique has two fundamental tar-
gets which are speeding up the encoding time by 
check the entropy value of all domain blocks in 
the domain pool, the domain blocks having high 
value of entropy threshold (ɛ) will be excluding 
while the domain blocks having low value of ɛ 
only will be selected. This technique will reduce 
size of the domain pool, therefore the matching 
stage pair of range and domain blocks will be 
achieved in faster time. Also the other target is 
keeping on quality of the reconstructed image 
good after their construction as well as increas-
ing compression ratio. The balance of the paper 
is organized as follows: introduction to funda-
mentals of FIC scheme is given in section 1. The 
proposed encoding and decoding stages of the 
proposed algorithm based on entropy technique 
are described in sections 2 and 3. The experi-
mental results of our proposed entropy technique 
and comparing this technique with full search 
algorithm are illustrated in sections 4-A and 4-B. 
Finally, some concluding remarks are given in 
section 5.  
 
1. The Encoding Stage in Proposed FIC Based 
on Entropy Technique 
 As said before that full search algorithm is time 
consuming so that a new approach must be pro-
posed to overcome this problem. In this paper, 
entropy technique will be used; it is information 
theory that provides the basic tools needed to 
deal with image representation directly and quan-
titatively. The proposed FIC based on entropy 
technique is similar to the full search algorithm 
expect few differences. See Figure 1 that ex-

plains the main steps of the proposed FIC based 
on entropy technique. The proposed entropy 
technique can be illustrated in the following 
points: 
 a. Generating Range and Domain Pools 
Generating range and domain pools starting with 
loading the original image into its buffer to cre-
ate the range image and generating the domain 
image from the range image by down sampling 
process using averaging method then the range 
and domain blocks must be formed to need them 
in the remaining steps in the encoding stage by 
partitioning the range and domain images using 
quad tree technique since the range blocks are 
non-overlapped to make the decoder capable of 
reconstruction the image while the domain 
blocks are allowed to be overlapped depend on 
the step size values where allowing the domain 
blocks to be overlapped improving quality of the 
reconstructed image. In proposed FIC we will 
use quad tree partitioning technique to generate 
these range and domain blocks since the reasons 
that make us use this partitioning technique is by 
using quad tree technique more acceptable quali-
ty of reconstructed images will be obtained as 
well as because each range block will be com-
pared only with four domain blocks so the en-
coding time for FIC systems that use this tech-
nique will be less than these FIC systems that use 
fixed block size partitioning technique which this 
most important reason. Mean absolute error 
(MAE) which can be calculated using equation 1 
is used to decide whether range and domain 
blocks partitioned or not since MAE of range and 
domain blocks are computed then comparing 
MAE of range block with MAE of domain block 
must be occurred if MAE difference of them 
within specific threshold then range and domain 
blocks are not partitioned (they are similar): 
 


 


M

i

N

j

jiyjix
MN

MAE
1 1

)1|)...(),(),((|
1

 

(1) 

Otherwise this means that these blocks are not 
similar then partitioning of these blocks will be 
applied. The specific threshold that used to de-
cide whether MAE values of range and domain 
blocks are approximate or non is minimum block 
error (MBE) which its tested values in our work 
are (0.1, 0.01, 0.001, 0.0001 and 0.00001). If the 
difference between MAE values of range and 
domain blocks lesser than MBE then these 
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blocks are partitioned otherwise no partitioning 
process is implemented. The matching computa-
tion will be reduced in the proposed algorithm 
where the entropy values of the range and do-
main pools will be computed and used these val-
ues to find the best matching between pairs 
range-domain locks in an encoding stage.  
 
b. Entropy Values Determination 
After completing the partitioning process, the 
domain pool size is resulted very large, this size 
will be consume time in the encoding stage when 
searching in the domain pool to find the best 
matched domain block that satisfied least error 
for each pair range-domain blocks. In the best 
matched domain block that satisfied least error 
for each pair range-domain blocks. In the pro-
posed algorithm, the entropy values will be com-
puted from equation 2 to each range and domain 
blocks separately. In the encoding stage, the best 
matching between the entropy values of range 
with the entropy values of domain block can be 
found if these blocks satisfied the condition in 
equation 3: 

)2...(log
1 i

n

i i ppentropy  


 
|𝐞𝐧𝐭𝐫𝐨𝐩𝐲(𝐑𝐢) − 𝐞𝐧𝐭𝐫𝐨𝐩𝐲(𝐃̃𝐣)| ≤ 𝛆 … (𝟑) 

Where: p is the probability value, 𝐃̃𝐣  is the aver-

age of domain block, and ɛ is the entropy thresh-
old. Before searching and matching processes, 
the entropy values of range and domain blocks 
must be tested to show whether the domain block 
satisfy this condition or not.  
In this paper entropy threshold (ɛ) determined to 
be in values from 0.1 to 0.9 where according to ɛ 
a decision will be made to determine if the do-
main block belong to the domain pool or not. 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
Figure1: The schematic diagram of proposed FIC based on 
entropy technique.  
 

According to equation 3 the new reduced domain 
pool will be formed since if the difference of en-
tropy values between range and domain blocks 
lesser than or equal to ɛ then this domain block 
will join to the domain pool. Otherwise the do-
main block will be discarded and excluded from 
the domain pool so the new domain pool consists 
of only the domain blocks that have low entropy 
value instead of all domain blocks this will lead 
to reducing number of the comparisons for find-
ing the best matched domain block for each 
range block and then speeding up the encoding 
time. Ɛ value will be controlled parameter in the 

Image of size n×n 

Range image 

Domain image 

Quad tree Partitioning of range 
and domain images 

Determine the entropy 
values of each range and 
domain blocks separately 
 

Decoding stage 

Reconstructed image 

 

Reducing domain pool size by 
comparing the entropy value of 
range blocks with entropy values 
of all domain block and select the 
domain block that fulfill the condi-
tion |entropy(range block)-
entropy(domain block)| <=entropy 
threshold (ɛ) 

Down sampling of the range im-
age 

 IFS code 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Abbaas et al. Fractal Image Compression Based on High Entropy Values Technique 2017 

 

122 

 

encoding stage, if ɛ value is high this mean that 
the encoding stage need long time to be done 
(large domain pool). But if ɛ value is small the 
encoding process need short time to compare the 
domain block in domain pool with suitable range 
block (small domain pool). This process will re-
duce the encoding time with acceptable quality 
of the reconstructed image.  
 
c. Searching and Matching Processes 
After computing the entropy values of all range 
and domain blocks, the searching and matching 
process among each range block and all over-
lapped domain blocks in the reduced domain 
pool size must be done but may be noticed that 
range and domain blocks must be at the same 
size since must not comparing range and domain 
blocks of different sizes.  
In general, the best matched domain block must 
be found for each range block so that the error 
between each range block and all domain block 
will be computed based on their entropy values 
but before calculating the error the scale coeffi-

cient  𝑠𝑖 must be calculated and quantized as well 
as index of the quantized scale coefficient must 
be computed. If the computed error lesser than 
minimum block error (MBE) then this domain 
block will consider the best matched block and 
information of the best matched domain block 

such as the position (𝑥𝑑  , 𝑦𝑑) and index of quan-

tized scale 𝐼𝑠 will be stored in the compressed file 
(Frac) but the quantized offset coefficient doesn’t 
be saved in the compressed file because the off-
set coefficient doesn’t change the entropy value 
of the block. After that the searching process will 
continued for another range block.  
Otherwise, if the computed error greater than 
minimum block error (MBE) then newly search-
ing process in the reduced domain pool for the 
range block will be done until finding the best 
matched domain block with minimum error. The 
proposed encoding stage diagram can be shown 
in Figure 2. In this work, index of quantized 
scale coefficient will be stored in IFS code in-
stead of quantized values of it to reduce the size 
of compressed file (to increase the compression 
ratio C. R) and to access to the quantized scale 
coefficient. Also, to increase the compression 

ratio, the values of 𝑥𝑑 and 𝑦𝑑 must be mini-
mized.  
At the end, result of the encoding stage is com-
pressed file (code book file or IFS code) where 
the compressed files of both full search and pro-

posed algorithms contain the similar information 
expect compressed file of the proposed algo-
rithms doesn’t contain index of the quantized 

offset 𝐼𝑜. The compression information must be 
saved in header of the compressed IFS file before 
starting the encoding stage such image width 
(W), image high (H), block length, step size, no. 
of bit used to quantize scale coefficient, maxi-
mum and minimum scale coefficient, entropy 
threshold ɛ and MBE to make the decoder capa-
ble of reconstruction the original image from the 
compressed file. The decoder needs this infor-
mation to reconstruct the original image.  
 
2. The Decoding Stage 
The decoding stage in proposed FIC based on 
entropy is similar to the decoding stage in full 
search algorithm since this process very fast 
when compared with encoding stage which con-
siders the first advantage of decoding stage be-
cause no searching step for finding the best 
matched domain block for each range block 
which spent a lot of time. Any initial image can 
be taken such as zero images and then recon-
structed the compressed image from it. To recon-
struct the compressed image, the range image 
must be created by loading the initial image into 
a buffer and then domain image must be created 
by down sampling range image.  
The same as to the decoding stage in full search 
algorithm, range and domain images must be 
partitioned using quad tree partitioning that used 
in encoding stage. Before starting the decoding 
stage, content of the header in IFS code must be 
extracted because they are necessary to integrate 
other parameters that the decoder need them also 
the quantized values of scale coefficient (sq) must 
be de-quantized to their original values since we 
can arrive to these quantized scale coefficient by 
using quantized scale indexes as well as coordi-
nate of the best matched domain block (x, y) also 
must be reconstructed to their original value. 
Now, all data of IFS code become prepared to be 
using them in reconstruction operation since con-
tent of each domain block multiplied by de-
quantized scale value to reconstruct the range 
blocks, these steps will continue until small or no 
change appear in quality of the reconstructed im-
age.compression ratio (C. R), PSNR, bit rate (B. 
R) and mean square error (MSE) are calculated 
using the following equation to need them in sec-

tion 4:  
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𝐵𝑖𝑡 𝑅𝑎𝑡𝑒 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑡𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠
=

(8) 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑦𝑡𝑒𝑠

𝑁×𝑁
=

8×𝑁×𝑁

𝑁×𝑁
… (7) 

  
Where : L is number of the grey levels in the im-
age M, N is image dimensions, x(i, j) is the orig-
inal image, y(i,j) is the reconstructed image, N is 
high or width of an image.  
 
Experimental Results 
Experimental results were implemented using 
Visual Basic (Ver.6.0). It is tested on laptop 
Acer, 2 GHz processor. Entropy technique had 
been tested specially on bitmap grey scale imag-

es of size n × n since in this thesis we will use 
lenna, golden hill, girl, train and plane images of 
size (256 x 256 pixel, 8-bits) as a test images as 
well as other color images of size (256 x 256 
pixel, 24-bits) are also used in experimental tests.  
 
Results of the Decoding (Reconstruction) 
Stage Based on Entropy Technique 
The sample images are compressed using MBE, 
block length ,step size, scale bits ,maximum 
scale and entropy threshold (ɛ) parameters since 
these parameters are set to be (0.0001, 4, 2, 11, 
0.9, 0.8) respectively, Figure 3 can be shown to 
observe results of applying the proposed algo-
rithm on these sample images. Newly, the encod-
ing parameters will be set again to be (0.001, 8, 
2, 12, 0.8, and 0.7) respectively to show the new 
effects on these sample images in Figure 4. Be-
cause in the proposed entropy technique, the off-
set coefficient doesn’t be used in compression 
process since as said in section 2 the offset coef-
ficient don’t change the entropy value of the 
block so the memory of offset coefficient will be 
exploited to enlarge the number of bits that used 

to store scale coefficient to arrive to the 12-bit 
this give chance for obtaining on best results of 
the reconstructed images using proposed tech-
nique.  
 
Comparing Results of Full search algorithm 
and Proposed FIC Based on Entropy Tech-
nique  
To verifying from any proposed algorithm give 
the required results the comparing between this 
proposed algorithm and traditional algorithm 
must be done so that results of the proposed al-
gorithm that use quad tree partitioning will be 
compared with results of full search algorithm 
that use fixed block partitioning and sure from 
does that proposed algorithm speed the encoding 
time and reconstruct the images with acceptable 
C. R and PSNR or not, see Tables 1, 2 and 3. See 
Figures 5, 6 and 7 that show the reconstructed 
images in both full search algorithm and pro-
posed algorithm according to the encoding pa-
rameter values which determined in Tables 1, 2 
and 3.  
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Figure 2: The proposed encoding stage diagram.  
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Original Image: 
Lenna Image (24-bit) 

 

The Reconstructed Im-
age 

E. T=120.230 sec 
C. R=52.63 

PSNR=21.230 dB 
MSE=489.76 
MAE=38.390 

B. R=16.313 bpp 
 

 

Original Image:  
Lenna Image (8-bit) 

 

 

The Reconstructed 
 Image 

E. T=109.51 sec 
C. R=69.066 

PSNR=27.155 dB 
MSE=125.17 
MAE=8.241 

B. R=12.510 bpp 
 

 

Original Image: 
Rose Image 

 

The Reconstructed Im-
age 

E. T=124.74 sec 
C. R=46.241 

PSNR=27.254 dB 
MSE=122.35 
MAE=16.675 

B. R=12.975 bpp 

Figure 3: Reconstructed images with its values 

 

 

The Reconstructed 
Image 

E. T=79.56 sec 
C. R=177.604 

PSNR=19.959 dB 
MSE=656.33 
MAE=35.235 

 B. R= 3.378 bpp 

 

The Reconstructed 
Image 

E. T=80.36 sec 
C. R=168.099 

PSNR=18.282 dB 
MSE=965.74 
MAE=46.436 

B. R= 3.569 bpp 

 

Original Image: 
Fruits Image 

 

The Reconstructed Image 
E. T=120.95 sec 

C. R=35.366 
PSNR=19.586 dB 

MSE=715.17 
MAE=43.920 

B. R=10.858 bpp 
 

 

Original Image:  
Golden Hill Image 

 

The Reconstructed 
Image 

E. T=109.14 sec 
C. R=23.583 

PSNR=22.863 dB 
MSE=336.32 
MAE=24.784 

B. R=4.071 bpp 
Figure 3: Reconstructed images with its values 
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Original Image: 
Girl Image 

 
 
 
 
 
 

 

The Reconstructed 
Image 

E. T=109.18 sec 
C. R=70.323 

PSNR=22.070 dB 
MSE=403.69 
MAE=40.547 

B. R=12.28 bpp 

 

Original Image: 
Mandrill Image 

 

The Reconstructed Image 
E. T=123.26 sec 

C. R=53.633 
PSNR=24.363 dB 

MSE=238.10 
MAE=16.219 

B. R=15.110 bpp 
 
 

Figure 4(a): Reconstructed images with its values 

 

Original Image: 
Train Image 

 

The Reconstructed 
Image 

E. T=112.20 sec 
C. R=56.393 

PSNR=14.258 dB 
MSE=2124.5 
MAE=80.430 

B. R=10.640 bpp 

 

Original Image: 
Lake Image 

 

The Reconstructed Image 
E. T=121.45 sec 

C. R=18.552 
PSNR=29.270 dB 

MSE=76.919 
MAE=6.319 

B. R=5.174 bpp 

 

The Reconstructed 
Image 

E. T=79.80 sec 
C. R=169.023 

PSNR=25.640 dB 
MSE=177.44 
MAE=9.016 

B. R=3.550 bpp 

 

The Reconstructed 
Image 

E. T=70.81 sec 
C. R=177.284 

PSNR=17.787 dB 
MSE=1082.3 
MAE=51.341 

B. R=2.166 bpp 
 

Figure 4 (b): Reconstructed images with its values 
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The Reconstructed  
Image 

E. T=79.08 sec 
C. R=171.53 

PSNR=20.132 dB 
MSE=630.71 
MAE=32.438 

B. R= 3.508 bpp 

 

The Reconstructed  
Image 

E. T=74.02 sec 
C. R=45.343 

PSNR=18.551 dB 
MSE=907.66 
MAE=44.684 

B. R=0.529 bpp 

 

The Reconstructed 
 Image 

E. T=80.36 sec 
C. R=168.099 

PSNR=18.282 dB 
MSE=965.74 
MAE=46.436 

B. R=3.569 bpp 

 

The Reconstructed  
Image 

E. T=79.67 sec 
C. R=140.084 

PSNR=30.807 dB 
MSE=53.991 
MAE=5.157 

B. R=2.741 bpp 

 
Newly, the encoding parameters will be set again 
to be (0.001, 8, 2, 12, 0.8, 0.7) respectively to 
show the new effects on these sample images in 
Figure 4 (a and b).  
Because in the proposed entropy technique, the 
offset coefficient doesn’t be used in compression 

process since as said in section 2 the offset coef-
ficient don’t change the entropy value of the 
block so the memory of offset coefficient will be 
exploited to enlarge the number of bits that used 
to store scale coefficient to arrive to the 12-bit 
this give chance for obtaining on best results of 
the reconstructed images using proposed tech-
nique.  
 
Comparing Results of Full search algorithm 
and Proposed FIC Based on Entropy Tech-
nique  
To verifying from any proposed algorithm give 
the required results the comparing between this 
proposed algorithm and traditional algorithm 
must be done so that results of the proposed algo-
rithm that use quad tree partitioning will be com-
pared with results of full search algorithm that 
use fixed block partitioning and sure from does 
that proposed algorithm speed the encoding time 
and reconstruct the images with acceptable C. R 
and PSNR or not, see Tables 1, 2 and 3. See Fig-
ures 5, 6 and 7 that show the reconstructed imag-
es in both full search algorithm and proposed al-
gorithm according to the encoding parameter 
values which determined in Tables 1, 2 and 3.  
Finally, the main important reasons that make the 
proposed encoding stage faster than the encoding 
stage in full search algorithm will be explained in 
the following points: 
1-Using quad tree partitioning technique which 
reducing the encoding time of proposed FIC 
technique since every range block will compared 
with only 4- domain block in every search pro-
cess of finding best matched pair of range – do-
main blocks while in the full search algorithm 
fixed block partitioning is used which slowing 
the encoding time since every range block will 
compared with all domain blocks in every com-
paring time.  
2-Reducing size of the domain pool according to 
the entropy threshold (ɛ) participate in decreasing 
size of the searching space that led to reducing 
the number of comparing for finding the best 
matched domain block for each range block.  
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Table 1: Comparing results of full search and proposed algorithms 
 

The encoding parameters of both algorithms are block 

length=4, MBE=0.00001, step size=2, scale bits=7, 

offset bits=10 (only for full search algorithm), MaxScale =1, ɛ=0.6 

Experimental Results of Full search algorithm 

Image 

Name 
E. T C. R PSNR MSE MAE B. R 

Lenna 
(24-bit) 

821.16 8.476 33.873 26.651 3.222 2.831 

Lenna 
(8-bit) 

803.26 11.088 31.320 147.970 9.184 2.164 

Fruits 834.68 8.387 31.094 50.538 4.234 2.861 
Golden 

Hill 
796.41 11.291 36.747 13.751 1.418 2.126 

Mandrill 901.70 8.534 30.622 56.352 5.302 2.812 
Girl 788.07 11.192 40.898 5.287 1.288 2.144 
Rose 436.83 8.957 42.917 3.321 1.757 2.680 
Train 732.58 10.956 25.230 195.01 8.924 2.191 
Lake 233.28 8.073 33.413 29.631 3.350 2.675 
Plane 805.64 11.637 36.031 16.215 1.909 2.062 

 
Experimental Results of Proposed FIC 

Based on entropy technique 
Image 
Name 

E. T C. R PSNR MSE MAE B. R 

Lenna 
(24-bit) 

121.11 25.429 26.396 149.11 16.912 8.494 

Lenna 
(8-bit) 

105.41 11.088 24.611 224.89 17.937 2.164 

Fruits 120.65 41.937 25.931 165.94 13.232 14.307 
Golden 

Hill 
107.03 11.291 24.449 233.43 22.593 2.126 

Mandrill 120.11 34.132 25.453 185.25 16.674 11.249 
Girl 110.29 33.576 35.451 18.531 4.172 6.433 
Rose 121.54 53.426 35.826 16.997 5.653 16.172 
Train 111.59 32.867 24.503 230.54 9.644 6.572 
Lake 123.46 8.973 29.851 67.293 2.095 2.675 
Plane 106.56 58.185 29.144 79.182 8.345 10.312 

 
The reconstructed 

images using 
full search algorithm 

The reconstructed 
images using 

proposed algorithm 
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Figure 5: Comparing in reconstructed images between full search algorithm and proposed algorithm based on entropy tech-
nique (using parameter values in Table 1).  

 
Table 2: Comparison results between full search and proposed algorithms 

 

 

The encoding parameters of both algorithms are block 
length=4, MBE=0.00001, step size=2, scale bits=9, 

offset bits=6 (only for full search algoritm), 
MaxScale =0.8, ɛ=0.7 

Experimental Results of Full search algorithm 

Image Name  E. T  C. R PSNR  MSE MAE B. R 

Lenna (24-
bit) 

903.94 9.151 32.758 34.457 3.953 2.623 

Lenna (8-
bit) 

802.67 11.849 29.860 67.140 5.455 2.026 

Fruits  899.85 9.120 30.363 59.799 4.920 2.632 
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Golden Hill 796.91 11.291 36.747 13.751 1.418 2.126 

Mandrill 913.49 9.255 30.005 64.937 5.783 2.593 

Girl  789.49 12.057 35.748 17.306 3.388 1.990 

Rose 722.172 9.640 38.611 8.952 2.249 2.490 

Train 806.14 11.619 24.120 251.83 10.568 2.066 

Lake 881.05 9.674 32.326 38.054 4.094 2.481 

Plane 785.52 12.619 32.977 32.765 3.894 1.918 

 
Experimental Results of Proposed FIC Based on Entropy Technique 

Image Name E. T C. R PSNR  MSE MAE B. R 

Lenna (24-
bit) 

119.34 45.757 25.402 187.41 15.482 13.113 

Lenna (8-
bit) 

109.50 35.547 22.040 406.425 33.302 6.071 

Fruits 124.63 45.600 24.223 245.88 19.944 13.158 

Golden Hill 114.41 60.695 22.687 350.20 33.173 9.886 

Mandrill 120.69 18.510 26.784 136.32 11.901 5.187 

Girl 110.16 72.344 35.659 17.666 3.416 11.943 

Rose 115.91 38.560 30.690 55.972 13.740 9.958 

Train 109.39 46.477 19.523 725.60 31.307 8.262 

Lake 121.80 9.674 32.117 39.931 4.216 14.886 

Plane 108.88 62.578 25.835 169.64 17.276 9.588 

 
The reconstructed 
images using 
full search algorithm  

The reconstructed 
images using 
proposed algorithm 
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Figure 6: Comparison in reconstructed images between 
full search algorithm and proposed algorithm using 
based on entropy technique (using parameter values in 
Table 2).  

 
Table 3: Comparison results between full search and proposed algorithms.  

 

 

The encoding parameters of both algorithms are block Length=4, MBE=0.001, step size=3, scale 
bits=10, offset bits=10 (only for full search algoritm), MaxScale =0.9, ɛ=0.9 

Experimental Results of Full search algorithm 

Image 

Name 
E. T C. R PSNR MSE MAE B. R 

Lenna 
(24-bit) 

324.53 7.950 33.269 30.630 3.441 3.019 

Lenna 
(8-bit) 

362.28 10.483 30.482 58.191 4.520 2.894 

Fruits 403.75 7.872 30.623 56.326 4.480 3.049 
Golden 

Hill 
377.602 10.664 36.048 16.151 1.536 2.251 

Mandrill 416.15 8 30.140 62.960 5.623 2.999 
Girl 279.52 10.575 39.931 6.605 1.480 2.269 
Rose 102.85 8.610 41.655 4.441 1.391 2.787 
Train 308.44 10.364 24.322 240.32 9.879 2.316 
Lake 341.77 8.404 32.743 34.572 3.619 2.856 
Plane 393.93 10.972 34.821 21.428 2.169 2.187 

Experimental Results of Proposed FIC Based on entropy technique 
Image 
Name 

E. T C. R PSNR MSE MAE B. R 

Lenna 
(24-bit) 

54.48 31.799 27.332 120.174 11.592 12.076 

Lenna 
(8-bit) 

47.45 31.449 29.799 68.168 4.927 6.868 

Fruits 54.55 7.872 30.346 60.04 4.602 3.049 
Golden 

Hill 
48.14 53.319 26.155 157.59 14.487 11.253 

Mandrill 54.82 8 22.782 342.63 29.341 2.100 
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Girl 47.73 10.575 31.586 45.127 4.140 2.269 
Rose 53.26 49.951 42.166 3.949 1.202 17.297 
Train 49.16 41.457 17.851 1066.5 41.579 9.263 
Lake 55.32 8.385 29.272 76.886 7.535 2.862 
Plane 48.02 43.888 29.399 74.662 6.928 8.750 

 
The reconstructed 

images using 
full search algorithm  

The reconstructed 
images using 

proposed algorithm 
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Figure 7: Comparison in reconstructed images between full 
search algorithm and proposed algorithm based on entropy 
technique (using parameter values in Table 3).  

Conclusions 
The experimental results in Tables 1, 2 and 3 
which include 10 grey scale and color images 
of size 256 × 256 indicate that the proposed 
FIC algorithm based on entropy technique re-
constructed the images with faster E. T and ac-
ceptable C. R as well as good quality of the 
reconstructed image.  
 The resulted C. R by proposed algorithm with-
in the values that ranged from 7.872 to 72.344 
which consider acceptable values when com-
pared with C. R values of full search algorithm 
that ranged from 7.950 to 12.619 this means 
that the proposed algorithm reconstruct the im-
ages with C. R values better than C. R values 
of full search algorithm also the proposed algo-
rithm reconstruct the images with good PSNR 
values which ranged from 17.851 dB to 42.166 
dB that close to PSNR values of full search al-
gorithm which included in values from 24.120 
dB to 42.917 dB.  
Relatively E. T, must be noticed from the men-
tioned tables that the highest E. T value of full 
search algorithm (for step size is 2 of Mandrill 
image) was 913.49 sec while the highest E. T 
value of the proposed algorithm (for the same 
step size of Mandrill image) was 120.69 sec 
this means that E. T of full search algorithm 
decreased about 792.8 sec where the main tar-
get from the proposed algorithm is breaking the 
slowing encoding time problem after then the 
secondary targets is to reconstruct the images 
with acceptable C. R and good PSNR that also 
invoked by the proposed algorithm as shown 
from results of the previous Tables.  
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Cloud Environment is next generation internet based computing system that supplies customiza-
ble services to the end user to work or access to the various cloud applications. In order to provide 
security and decrease the damage of information system, network and computer system it is im-
portant to provide intrusion detection system (IDS. Now Cloud environment are under threads 
from network intrusions, as one of most prevalent and offensive means Denial of Service (DoS) 
attacks that cause dangerous impact on cloud computing systems. This paper propose Hidden 
naïve Bayes (HNB) Classifier to handle DoS attacks which is a data mining (DM) model used to 
relaxes the conditional independence assumption of Naïve Bayes classifier (NB), proposed sys-
tem used HNB Classifier supported with discretization and feature selection where select the best 
feature enhance the performance of the system and reduce consuming time. To evaluate the per-
formance of proposal system, KDD 99 CUP and NSL KDD Datasets has been used. The experi-
mental results show that the HNB classifier improves the performance of NIDS in terms of accu-
racy and detecting DoS attacks, where the accuracy of detect DoS is 100% in three test KDD cup 
99 dataset by used only 12 feature that selected by use gain ratio while in NSL KDD Dataset the 
accuracy of detect DoS attack is 90 % in three Experimental NSL KDD dataset by select 10 fea-
ture only.  
  
Keywords: Cloud Environment, IDS, NSL KDD Dataset, KDD CUP 99 Dataset, Multiclass Clas-
sification, Hidden Naïve Bayes (HNB), and Dos.  

خلاصـةال  
الجديد الذي يعتمد على نظام الحوسبة والذي يجهز مختلف الخدمات الى المستخدمين للوصول والعمل ان بيئة الغيمة هي الجيل 

لكي يتم توفير الامن وتقليل الاضرار التي تحصل لنظام المعلومات و الشبكات ونظام الحاسبة  .على تطبيقات الغيمة المتعددة
لقد اصبحت بيئة الغيمة حاليا تحت تاثيرالمتطفلين على الشبكة  .فأن من الضروري توفير نظام كشف التطفل في بيئة الغيمة

 في هذا البحث تم اقتراح المصنف .من اكثر الانواع انتشارا وهجومية هو الذي يسبب تاثير خطير على بيئة الغيمة DoSويعد 
HNB  ليتم اكتشافDoS والتي تعتبر احدى طرق DM الموجودة  المشروطةالتي تستخدم للتخلص من افتراضية الاستقلالية

حيث يتم اختيار افضل حقول لتحسين  feature selectionو  discretization مع HNB, النظام المقترح يستخدم NB في
حيث اظهرت النتائج ان . KDD Dataset, NSL KDD اداء النظام وتقليل وقت التنفيذ, لتقييم النظام المقترح تم استخدام

% في ثلاث 100حيث اصبحت نسبة اكتشافه  Dosام كشف التطفل من ناحية اكتشاف يحسن من اداء نظ HNB استخدام
بينما في  GRاستخدمت لفحص النتائج بأستخدام اثنى عشر صفة فقط تم اختيارها بأستخدام  KDD Cup 99مجاميع من 

NSL KDD  كانت نسبة اكتشافDoS 90في ثلاث مجاميع مختلفة اخرى بأستخدام عشرة صفات فقط % . 
 

Introduction 
Cloud computing enables the customers to access 
and use resources that are distributed in the in-
ternet to make processing or computations with-
out installing in their own computer and they 
must to pay just for the service they consumed, it 
is a modern technology that provide immediately 
access to resources as per the needs of the users 
[1]. Cloud environment started in the mid of 
2007 and it is developed rapidly to satisfy infu-

sion and diffusion of IT in systems, it's important 
to provide IDS in cloud environment because of 
the Distributed model of cloud that makes it sus-
ceptible and prone to sophisticated attacks like 
DoS, ID is process of examining the events hap-
pen in a network resources or computer system 
and analyzing them to determine the presence of 
intrusion and possible accident that can cause 
threats to security measures [2]. While the IDS 
are defined as the hardware or software product 
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that detecting attacks over network, computer 
systems or against information systems [3]. ID 
methods can be classified into misuse detection 
and anomaly detection, in misuse detection that 
is also called rule-based detection or signature-
based the user’s activities are compared with 
known behaviors of attackers, its gathered in-
formation, analyzed and compared with huge 
databases for attack signatures [4]. While in 
anomaly detection is used to identify abnormal 
behavior on a network or host, where assume 
that intrusions are different from legitimate 
events and therefore can be detected by the sys-
tems that identify these differences [5].  
Data mining (DM) is used for extracting relevant 
information from huge database; DM techniques 
are used to analyze and monitor large network 
data and classify these data into anomalous and 
normal data. DM commonly involves four clas-
ses of task. Clustering, Classification, Regression 
and Association rule learning [6]. A classifica-
tion is process of taking each instance in dataset 
and determines it to a specific class attack or 
normal, that means known structure will be used 
for new instances [7].  
In last two decades, there are several studies fo-
cused on reducing the independence assumption 
of NB classifier, one of these studies introduced 
HNB classifier, this new model depends on build 
additional layer, this layer represents a hidden 
parent for every feature as shown in Figure 1. 

The benefit of using hidden parent (𝐴ℎ𝑝𝑖) is to 

gather the weighted influences from all other fea-

tures (𝐴𝑖), where i j= 1, 2,… n and i is not equal 
to j, and P(C) is the probability of class. Joint 
distribution is defined as Equation 1, while the 
hidden parent defined as Equation 2, and HNB 
classifier is defined as Equation 3 [8].  
 

 

Figure 1: HNB Structure.  

 

𝑃(𝐴1,…,𝐴2|C)  =  P(C) ∏ 𝑃(𝐴𝑖|𝐴ℎ𝑝𝑖,

𝑛

𝑖=1
𝐶) (1) 

P(𝐴𝑖|𝐴ℎ𝑝𝑖 , 𝐶) = ∑  𝑊𝑖𝑗 ∗ 𝑃(𝐴𝑖|𝐴𝑗 , 𝐶)

𝑛

𝑗=1,𝑗≠𝑖

 (2) 

𝑐(𝐸) = arg max
𝑐∈𝐶

𝑃(𝑐) ∏ 𝑃(𝑎𝑖|𝑎ℎ𝑝𝑖 , 𝑐)

𝑛

𝑖=1

 (3) 

 

The method to calculate the weights 𝑊𝑖𝑗, is by 

using conditional mutual information (CMI) be-

tween every two features 𝐴𝑖 and 𝐴𝑗 as shown in 

Equation 4, The CMI is defined as Equation 5 
[8]: 
 

𝑊𝑖𝑗 =  
𝐼𝑝 (𝐴𝑖; 𝐴𝑗|𝐶)

∑ 𝐼𝑝(𝐴𝑖; 𝐴𝑗|𝐶)𝑛
𝑗=1,𝑗≠𝑖

 (4) 

𝐼𝑝(𝐴𝑖; 𝐴𝑗|𝐶) = ∑ 𝑃(𝑎𝑖 , 𝑎𝑗 , 𝑐) 𝑙𝑜𝑔 
𝑃(𝑎𝑖 , 𝑎𝑗|𝑐)

𝑃(𝑎𝑖|𝑐)𝑃(𝑎𝑗|𝑐)
𝑎𝑖,𝑎𝑗,𝑐

 (5) 

 

Feature selection is an essential data processing 
step prior to applying a learning algorithm. Fea-
ture selection is a process of finding a subset of 
significant features from the original set of fea-
tures and reduces the number of irrelevant re-
dundant features from dataset to improve the per-
formance of the classification and also decreases 
storing of memory space, one of the most com-
mon methods in feature selection is Information 
Gain that measures the amount of information in 
bits about the class prediction. It measures the 
expected reduction in entropy. Entropy measure 
is considered as a measure of systems unpredict-
ability which is usually used in information theo-
ry measure.  
The Expected information (Entropy) of a feature 
A is defined as Equation 6, where a is a value of 
feature, and a =1, 2, …, n. The Information 
needed to classify D after using A for divide D 
into n partitions is mention in Equation 7. Infor-
mation gained by branching an attribute A as in 
Equation 8 [9]: 
 

Info D = H(A) = - ∑ P(a)

𝑛

𝑎=1

Log
2
 P(a) (6) 

𝐼𝑛𝑓𝑜𝐴(𝐷) = ∑
|𝐷𝑗|

|𝐷|

𝑣

𝑗=1

 ∗  𝐼(𝐷𝑗) (7) 
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Gain (A)= Info D - 𝐼𝑛𝑓𝑜 𝐴(D) (8) 

 

Gain ratio (GR) is an enhancement of the infor-
mation gain to solve the matter of bias towards 
features with big set of values that appeared in 
Information Gain. GR should be small when all 
data belong to one branch attribute and large 
when data is equally spread. GR selecting an at-
tribute by takes size and number of values into 
account.  
It's correct IG by taking the substantial infor-
mation of a split into account (i. e. How much 
information is needed to determine which branch 
the instance belongs to?) Where substantial in-
formation is the entropy of distribution of in-
stances into branches based on Equation 9. This 
value generated by splitting the training data set 
as in Equation 10 where represents the substan-
tial information [10]: 
 

𝑆𝑝𝑙𝑖𝑡 𝐼𝑛𝑓𝑜𝐴(𝐷) = − ∑
|𝐷𝑗|

|𝐷|

𝑣

𝑗=1

log2

|𝐷𝑗|

|𝐷|
 (9) 

Gain Ratio (A) =  
Gain (A)

Split Info (A)
 (10) 

Related Work 
Mukherjeea S. et al., 2012, discussed the im-
portance of reduce features to build effective and 
efficient IDS. They checked performance of (In-
formation Gain, Gain Ratio and Correlation-
based Feature Selection methods, they propose 
Feature Vitality Based Reduction Method to 
identify the importance of reduce feature. They 
applied NB classifier on NSL KDD dataset for 
ID. Experimental results showed that select Fea-
tures enhance performance to design effective 
and efficient NIDS [11].  
Koc L. et al., 2012, introduced HNB model as a 
solution of ID problem. To decrease the resource 
requirements and enhance the accuracy, they 
used NB and structurally extended Naïve Bayes 
methods augmented with feature selection and 
discretization. They compared the performance 
of the NB classifier and leading extended Naïve 
Bayes approaches with the HNB classifier as an 
IDS, they uses KDD99 dataset, The results 
proved that HNB model enhance the accuracy of 

detecting DOS attacks, where the accuracy of 
detect Dos is 0.99 [12].  
Padmakumari P. et al., 2014 presented IDS in a 
cloud environment, to detect most occurring at-
tacks in several network environments by apply-
ing the Apriori algorithm using k-means cluster-
ing and combine it with a frequent attacks gener-
ation module.  
Experimental results showed that applying a 
clustering algorithm separately for different at-
tributes enhance the accuracy of detection. The 
frequent attack detection module increases the 
reliability and achieve low false alarm rate, they 
used KDD 99 CUP dataset to evaluate their sys-
tem [13].  
Koc L. et al., 2015, they discussed that the HNB 
binary classifier model can be applied to ID 
problem. They used KDD Cup 99 dataset to 
prove that the HNB binary classification model 
with CONS feature selection method and EMD 
discretization enhance performance of system in 
terms of accuracy and error rate than the tradi-
tional NB model, where the accuracy of detect 
normal and attack events is 0.93 [8].  

Datasets and Attacks in Cloud Envi-
ronment 

The KDD Cup 99 dataset is widely used in IDS 
which consist of 10% of the original dataset that 
containing 494,020 records each record consist 
of 41 features and class feature labeled either 
normal or attack. It has 80.31% attack and 
19.69% normal. The NSL KDD data set solve 
some of the ingrained problems of the KDD CUP 
99 dataset, which selected records of the com-
plete KDD data set that contain the same features 
as KDD cup 99. The class feature contains 21 
kinds of attacks within four types: DOS, Probe, 
R2L attacks and U2R attacks as mention in Table 

3 [13].  
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Table 3: description of attacks in KDD Cup 99 and NSL KDD Datasets.  

Attack type Description Types 

DOS Denial of services attacks Pod, Land, smurf, back etc.  

Probe Surveillance and probing Satan, ipssweep, nmap etc.  

R2L 
Unauthorized access from remote machine to lo-
cal machine 

Guess_passwd, ftp_write, imap, 
phf etc.  

U2R 
Unauthorized access to local superuser privileges 
by a local unprivilege user 

Rootkit, buffer overflow, load-
module etc.  

The benefit of using NSL KDD over the original 
KDD data set, that it doesn't contain redundant 
records in the train and test dataset and from eve-
ry difficulty level set, the number of records that 
selected is inversely commensurate to the per-
centage of records in KDD 99 dataset [14].  
Since large size of data translates between cloud 
environments, the intrusions are eager to exploit 
the vulnerabilities in cloud and by this way they 
can gain the important data. DoS attacks are the 
dangers attack among numerous threats in cloud 
computing, even the Cloud Security Alliance has 
been indicated as one of the nine major attacks. 
DoS make the system cannot respond to any re-
quests by overloads the system with requests and 
that leads to make the resources unavailable to its 
users [1].  

Proposal Network Intrusion Detection 
System 
The proposed system is multiclass NIDS in 
Cloud environment based on HNB classifier, as 
we mention above the attackers in cloud envi-
ronment is different from traditional network, 
where is usually from DOS attack which is the 
most dangerous attack that effect the availability 
of resource, the reason of used NIDS instead of 
host intrusion detection system HIDS is that the 
HIDS can be detected by use antivirus, to evalu-
ate the system we used the well-known dataset 
KDD Cup 99 and NSL KDD Dataset. Figure 2 
describes the general structure of the proposed 
NIDS, for more understanding see Algorithm 1. 
The proposed NIDS consists of the following 
steps: 
 

1. Normalization.  
2. Discretization.  
3. Feature Selection method.  
4. Training and testing 
 
 

Algorithm 1: General structure of the proposed 
system.  

Input: training dataset  
Output: evaluation for three test dataset 
Begin 

1. Normalization process 

For each Attribute in Dataset 

 select Maximum value (Max) 

 select Minimum value (Min) 

For each value v in Attribute 

 Combine the new value by use Equation 11 

New v =  
Old v − Min

Max − Min
 (11) 

End For 

End For 

2. For each continues feature in dataset 

 Discrete the values into specific range 

End for 

3. Feature selection 

 Find the size of training dataset D 

 Find the Probability of each class  
 compute the entropy of five class (c) to find info 

D by use Equation 6 

Info D = H(A) = - ∑ P(a)

𝑛

𝑎=1

Log
2
 P(a) (6) 

For each Feature F in training dataset 

 For each value j in Feature F 
 compute the frequency of value in all training 

dataset Ft 
 compute the frequency of value with each 

class 𝐹𝑛 
 compute the entropy for each value with five 

class by using Equation 6 

I(𝐷𝑗) = - ∑
𝐹𝑛

𝐹𝑡
Log

2

𝐹𝑛

𝐹𝑡
  

 End For 

 compute info A by used Equation 7: 

𝐼𝑛𝑓𝑜𝐴(𝐷) = ∑
|𝐷𝑗|

|𝐷|

𝑣

𝑗=1

 ∗  𝐼(𝐷𝑗) (7) 

 compute gain for each Feature as in Equation 
8 
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Gain (A)= Info D - 𝐼𝑛𝑓𝑜 𝐴(D) (8) 

 compute Split Info by use Equation 9 

Split InfoA(D)

= − ∑
|Ftj|

|D|

v

j=1

log2

|Ftj|

|D|
 

(9) 

 compute the Gain ratio by use Equation 10 

Gain Ratio (A) =  
Gain (A)

Split Info (A)
 (10) 

 End For 

4. Select set of features that have the highest gain ra-
tio.  

5. Applied HNB classifier in training dataset to build 

the NIDS by use Algorithm 2.  

6. Evaluation the proposed system by use three ex-

perimental test dataset 

For each test dataset 

Compute accuracy (acc) by use Equation 12 

acc

=  
TP + TN

TP + TN + FP + FN
 

(12) 

Compute the detection rate (DR) by use 

Equation 13 

DR =  
TP

TP+FN
 (13) 

Compute error rate(ER) by use Equation 14 

ER =  
FP+FN

TP+TN+FP+FN
 (14) 

Find the confusion matrix 

End for 

End 

Normalization dataset  
The first step in the proposed system is applied 
normalization process to continue feature in da-
taset to enhance the performance and effective-
ness of the system by making the values of at-
tribute within specific range from 0 to 1, in our 
system will be used Min-max normalization 
method.  

Discretization dataset 
As a result of contains continues and discrete 
feature in KDD Cup 99 and NSL KDD Datasets 
it is important to convert the continuous attribute 
to discrete to ensure the efficiency of the system 
and to solve the problem of appear new value 

when test dataset which it is not appeared in 
training dataset.  

Feature Selection 
Feature selection is one of the most important 
preprocessing of DM methods that used to re-
move the unrelated and redundant features in 
large dataset, and to improve the performance of 
the system by use the correct feature and reduce 
the consuming time. In our study, we used gain 
ratio as a feature selection method.  
 

Training and Testing 
The system used HNB Classifier (see Algorithm 
2) by select 4000 records in learning phase by 
select 2169 DOS, 388 probes, 173 R2L, 35 U2R 
and 1235 normal in both datasets (KDD cup 99 
and NSL KDD), while in test phase it will be 
used 1200 samples to evaluate the work and two 
other datasets (600,900) samples to validate the 
performance of the system in KDD Cup 99 Da-
taset, the selection samples of attack mention in  
Table 4. While in NSL KDD Dataset the test sam-
ples that have been used is 1028 and two other 
dataset to validate the performance of system 
with (795 and 566), as mention in Table 5. It is 
important to note that, the NSL KDD Dataset 
different from the original KDD Cup 99 Dataset 
where the samples of attack is less than the KDD 
Cup 99 Dataset as a result of remove the redun-
dant samples and there is some kind of attack is 
not mention in NSL KDD Dataset like (warezcli-
ent and spy) Which is R2L attack, for that reason 
the selected test dataset in NSL KDD is different 
from the selected test in KDD Cup 99.  

http://creativecommons.org/licenses/by-nc/4.0/
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(a) (b) 

Figure 2: (a) Block Diagram of KDD Cup 99 Dataset. (b) Block Diagram of NSL KDD Dataset.  

Algorithm 2: Hidden Naïve Bayes Classifier 

Input: training and testing dataset after normaliza-
tion and discrete processes (KDD Cup 99 10% or 
NSL KDD Dataset) 
Output: classification the test dataset 

Begin 
Step1:Training phase 
1) Compute the size of training dataset D 

2) For each class c in training dataset  
 Compute P(c) from training dataset 
End for 

3) For each class c 

 For each Feature ai, aj in training dataset 

Compute P(ai, aj, c) by divide FrEquation 

of appeared (ai, aj, c) on training D 

Compute P(ai, aj|c) by divide FrEquation 

of appeared (ai, aj|c) on FrEquation of class 

Compute P(ai|c) by divide FrEquation of 

appeared (ai|c) on FrEquation of class 

Compute P(aj|c) by divide FrEquation of 

appeared (aj|c) on FrEquation of class 

Apply Equation 5 to find the CMI between 
two feature: 

𝐼𝑝(𝐴𝑖; 𝐴𝑗|𝐶) = ∑ 𝑃(𝑎𝑖 , 𝑎𝑗 , 𝑐)𝑙𝑜𝑔
𝑃(𝑎𝑖,𝑎𝑗|𝑐)

𝑃(𝑎𝑖|𝑐)∗𝑃(𝑎𝑗|𝑐)𝑎𝑖,𝑎𝑗,𝑐  (5)  

 End for 
For each feature  

 compute 𝑊𝑖 = ∑ 𝐼𝑝(𝐴𝑖, 𝐴𝑗|𝐶)𝑛
𝑗=1,𝑗<>1  

 compute 𝑊𝑖𝑗 =  
𝐼𝑝 (𝐴𝑖;𝐴𝑗|𝐶)

𝑊𝑖
 

End for 

End for 
Step 2: Testing phase 

4) For each record in test dataset 
For each value in test dataset 

 find probability of vi with c in training da-
taset 

End for 

Multiply the probability of each record as 
Equation 2 

P(E|c) = 𝑃(𝑎1 , 𝑎2, … , 𝑎𝑛|𝑐)

=  ∏ 𝑃(𝑎𝑖

𝑛

𝑖=1

|𝑐) 
(2) 

Classify the record by Multiply the result 
of Equation 2 with probability of class 
and choose the maximum value to classify 
the record as Equation 1: 

c(E) = arg max
c∈C

P(c)P(a1 , a2, … , an|c) (1) 

End For 

End 

 
Table 4: Test KDD Cup 99 Dataset selected.  

Dataset DOS Probe R2L U2R normal 

600 342 74 23 4 157 

900 515 111 36 5 233 

1200 680 133 53 8 326 

KDD Cup 99 
Dataset 

Preprocessing 

(Normalization, 
Discretazation) 

Training Dataset 

Feature Selection 

(IG, GR) 

Building Classifier 

(NB, HNB) 

Test Dataset 

Classifier (Nor, 
DoS, Probe, R2L, 

U2R) 

Evaluation 

NSL KDD  

Dataset 

Preprocessing 

(Normalization, 
Discretazation) 

Training Dataset 

Feature Selection 

(IG, GR) 

Building Classifier 

(NB, HNB) 

Test Dataset 

Classifier (Nor, 
DoS, Probe, R2L, 

U2R) 

Evaluation 
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Table 5: Test NSL KDD Dataset selected. 

Dataset DOS Probe R2L U2R normal 

566 326 68 10 6 156 

795 434 100 17 11 233 

1028 539 122 24 13 330 

Experimental Work and Results 
The proposed network intrusion detection sys-
tem is used three test dataset (KDD cup 99 and 
NSL KDD) to evaluate the system where the 
records selected randomly and then build the 
classifier proposed system by use HNB classi-
fier supported by discretization and feature se-
lection method, to evaluate the detection effec-
tiveness of the proposed system we used con-
fusion matrix, accuracy, detection rate and er-
ror rate, the confusion matrix is a quality 
measurement of classifier.  

KDD CUP 99 Dataset Evaluations 
Table 6 shows the evaluation of classification in 
three KDD cup 99 test datasets with used 12 
best features selected by gain ratio method. 
The evaluation consists of (Accuracy binary) 
which is the accuracy of detecting normal and 
attack, the accuracy of multiclass is the accura-
cy of detecting normal, DoS, probe, R2L and 
U2R, detection rate (DR), error rate (ER) and 
Precision. The accuracy for each class show in 
Table 7 that demonstrates the accuracy of de-
tecting DoS attack is 100%.  
 
Table 6: Performance measure of KDD cup 99 Dataset.  

DS 
Acc. mul-

ticlass 

Acc.  

binary 
DR ER Precision 

Test1 0.94 0.97 0.96 0.02 100 

Test2 0.92 0.97 0.97 0.02 0.98 

Test3 0.93 0.96 0.95 0.03 0.99 

Table 7: Accuracy for each class in KDD Cup 99 
Dataset.  

DS DOS Probe R2L U2R Normal 

Test1 100 0.89 0 0 100 

Test2 100 0.83 0 0 0.96 

Test3 100 0.87 0 0 0.99 

 

Tables (8, 9, and 10) show the confusion ma-
trix for Tests (1, 2 and 3) of KDD Cup 99 da-
taset based on select 12 feature by gain ratio 
which achieve best result in detecting DoS at-
tack.  

Table 8: Confusion matrix for test1. 

 Normal DOS Probe R2L U2R 

Normal 157 0 0 0 0 

DOS 0 342 0 0 0 

probe 0 8 66 0 0 

R2L 11 12 0 0 0 

U2R 3 1 0 0 0 

 
Table 9: Confusion matrix for test2. 

 Normal DOS Probe R2L U2R 

Normal 226 7 0 0 0 

DOS 0 515 0 0 0 

probe 0 18 93 0 0 

R2L 17 13 6 0 0 

U2R 0 5 0 0 0 

 
Table 10: Confusion matrix for test3.  

 Normal DOS Probe R2L U2R 

Normal 324 2 0 0 0 

DOS 0 680 0 0 0 

probe 0 16 117 0 0 

R2L 28 25 0 0 0 

 

As shown in the Table 7 the rate of detect R2L 
as R2L attack and U2R as U2R attack is low, 
but actually when you look at Tables (Table 8, 
Table 9, and  
Table 10) you can observe that it's detected but 
another kind of attack.  
 

NSL KDD Dataset Evaluations 
The evaluation of classification in three NSL 
KDD test datasets viewed in Table 11 (accura-
cy binary, accuracy of multiclass, detection 
rate (DR) and error rate (ER), Precision), while 
the accuracy for each class show in Table 12 
that demonstrate the accuracy of detecting DoS 
attack is best when select 10 feature based on 
gain ratio method.  
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Table 11: Performance measure of NSL KDD Dataset.  

DS 
Acc. 
mul-

ticlass 

Acc.  

bina-
ry 

DR ER 
Preci-
sion 

Test1 0.83 0.92 0.90 0.07 100 

Test2 0.82 0.92 0.90 0.06 100 

Test3 0.83 0.93 0.90 0.06 100 

 
Table 12: the accuracy for each class in NSL KDD.  

DS DOS Probe R2L U2R Normal 

Test1 0.90 0.29 0 0 100 

Test2 0.90 0.29 0 0 100 

Test3 0.90 0.28 0 0 100 

 

In Tables (13, 14, and 15), show the confusion 
matrix for Test (1, 2 and 3) of NSL KDD da-
taset based on select 10 features by using gain 
ratio method which achieves best result in de-
tecting DoS attack.  
 

Table 13: Confusion matrix for test1. 

 Normal DOS Probe R2L U2R 

Normal 157 0 0 0 0 

DOS 30 296 0 0 0 

probe 0 48 20 0 0 

R2L 0 10 0 0 0 

U2R 3 3 0 0 0 

 
Table 14: Confusion matrix for test2. 

 Normal DOS Probe R2L U2R 

Normal 233 0 0 0 0 

DOS 40 394 0 0 0 

probe 0 71 29 0 0 

R2L 1 16 0 0 0 

U2R 6 5 0 0 0 

Table 15: Confusion matrix for test3.  

 Normal DOS Probe R2L U2R 

Normal 330 0 0 0 0 

DOS 50 489 0 0 0 

probe 0 87 35 0 0 

R2L 3 21 0 0 0 

U2R 7 6 0 0 0 

 

As shown in Table 12 the accuracy of detect 
normal events is 100% and the accuracy of de-
tect DOS is 90 %, while the accuracy of detect 
probe as probe attack, R2L as R2L attack and 
U2R as U2R attack is low rate, but its detect it 
as a DoS attack and this is the important is to 
detect attack as any kind of attacks, look at Ta-
bles (13, 14, and 15).  
Table 16 shows comparison the experimental 
results between the proposed system and the 
previous studies [12] [8].  

Conclusions 
Our research indicates the important to use 
NIDS in cloud environment to detect the most 
harmful attack in network which is DoS attack 
that effect the availability of the resource, The 
experimental results have revealed that when 
working with gain ratio and select only 12 fea-
tures from 41 features in KDD Cup 99 dataset 
our detection system achieves high accuracy 
rate, reduce the computation time and reduce 
the error rate as mention in Table 7, while in 
NSL KDD it is best to select only 10 feature by 
used gain ratio method as shown in Table 11. 
The proposed system show that use KDD Cup 
99 dataset in cloud environment is best than 
NSL KDD in detecting DOS attacks.  
 
 

Table 165: Comparison between proposed system and previous studies.  

Dataset parameters Pre1 2012 Pre2 2015 
Proposed system 

Test1 Test2 Test3 

KDD Cup 99 

Accuracy bina-
ry 

_ 0.9340 0.97 0.97 0.96 

Accuracy of 
DoS 

0.99 _ 100 100 100 

Accuracy mul-
ticlass 

0.9372 _ 0.94 0.92 0.93 

Precision _ _ 100 0.98 0.99 
Error_rate 0.06 0.0660 0.02 0.02 0.03 

Detection rate _ _ 0.96 0.97 0.95 
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NSL KDD 

Accuracy bina-
ry 

_ _ 0.92 0.92 0.93 

Accuracy of 
DoS 

_ _ 0.90 0.90 0.90 

Accuracy mul-
ticlass 

_ _ 0.83 0.82 0.83 

Precision _ _ 100 100 100 
Error_rate _ _ 0.07 0.06 0.06 

Detection rate _ _ 0.90 0.90 0.90 
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A quick growth of internet technology makes it easy to assemble a huge volume of data as text 
document; e. g., journals, blogs, network pages, articles, email letters. In text mining application, 
increasing text space of datasets represent excessive task which makes it hard to pre-processing 
documents in efficient way to prepare it for text mining application like document clustering. The 
proposed system focuses on pre-processing document and reduction document space technique to 
prepare it for clustering technique. The mutual method for text mining problematic is vector space 
model (VSM), each term represent a features. Thus the proposed system create vector-space mod-
el by using pre-processing method to reduce of trivial data from dataset. While the hug dimen-
sionality of VSM is resolved by using low-rank SVD. Experiment results show that the proposed 
system give better document representation results about 10% from previous approach to prepare 
it for document clustering.  
 
Keywords: High Dimensional Datasets, Dimensionality reduction, SVD, Vector Space Model.  
 

خلاصـةال  
على شكل النص؛  لأجهزة الكمبيوتر والإنترنت يجعل من السهولة تجميع وتوريد كمية كبيرة من المعلوماتان النمو السريع 

، ان زيادة  وغيرها. على سبيل المثال، استعراض، المدونات الالكترونية، وصفحات الويب، مقالات، رسائل البريد الإلكتروني
لذلك فان النظام  .ة مما يجعل من الصعب تصنيف الوثائق في مختلف الفئاتنطاق قواعد البيانات النص والأبعاد العالية غير مهم

تجهيز  وذلك من خلال. ركزفي معالجة هذه البيانات الكبيرة وتقليص من ابعادها ليتم تهيئتها الى عملية تصنيف البيانات المقترح
وهكذا يهدف النظام المقترح إلى  .فيهاهو نموذج فضاء المتجه ، حيث تعتبر الكلمات هي الخصائص المهمة  VSMتقنية 

يتم حل مشكلة  .استخدام نموذج فضاء المتجه والتي تعتمد على طريقة المعالجة المسبقة للحد من الخسائر من المعلومات التافهة
نظام المقترح وتشير النتائج أن ال .VSMعلى القيم  SVDالأبعاد العالية مع تقنية اختيار ميزة من خلال تطبيق رتبة منخفضة لل 
 . % ليتم ادخالها الى عملية تصنيف البيانات10اعطى نتائج أفضل بتمثيل البيانات الكبيرة مع تقليص ابعادها بنسبة 

 

Introduction 
In the latest years, there has been a growing at-
tention in English Language pre-processing re-
search. English is the intuitive language of resi-
dents of more than 380 million. So the big doc-
uments datasets convert to term-document matri-
ces which called a Vector Space Model which 
the term-specific weights in the document vec-
tors are products of local and global parameters. 
The model is known as term frequency-inverse 
document frequency model of information (TF-
IDF) [1]. In the VSM, a vector is castoff to char-
acterize all piece or paper in a gathering. All sec-
tion of the direction mirrors key word, or word 
related through the known paper. The cost given 
near that module replicates the status of the word 
in signifying the document. Typically, the cost is 
a role of the occurrence by the word ensues in 
the paper or in the paper gathering as a total. To 

create term-document matrix the collection of 
document must preprocessing first [2].  
 
Preprocessing phase 
The preprocessing holds a practice for increase 
the set of words to categorize meeting. The drive 
for pre-processing stage is to clip all words from 
the datasets that have cheap material that con-
tainer perhaps touch an excellence of the collec-
tion reports. While Singular value decomposing 
skilled the commerce by loud information, the 
popular of open immaterial ideas would be con-
nected to empty common relations [3].  
The chief procedure of preprocessing phase ex-
ists through eliminating stop words. The stop 
words are common words that transmit not at all 
evidence then empty after castoff as a hunt rela-
tions (i. e., pronouns, prepositions, conjunctions 
etc) [4].  

http://creativecommons.org/licenses/by-nc/4.0/
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The additional procedure is to stem a term. Mor-
phological variations of arguments typically need 
related imports. Unknown these arguments are 
conflated into only word, the presentation of 
document reclamation can be enhanced. By con-
suming the procedure of stemming in a method 
that verses are stemmed hooked on a root formu-
la through eliminating their affixes [5].  
 
Dimension Reduction techniques  

  Singular Value Decomposition (SVD) 
Is built by deduction since linear algebra which 
states a four-sided m-by-n matrix. A container by 
damaged into the creation of three array - an or-
thogonal matrix U, a diagonal matrix S, and the 
transpose of an orthogonal matrix V. SVD of an 
n x n matrix A is defined by the operation:  
 
A=U*S*V

T 

 [

𝐴1,1 … . 𝐴1,𝑛

𝐴2,1 … . 𝐴2,1

𝐴𝑛,1 … . 𝐴𝑛,𝑛

]  

= [

𝑈1,1 … 𝑈1,𝑛

𝑈2,1 … 𝑈2,1

𝑈𝑛,1 … 𝑈𝑛,𝑛

] . [

𝑆1,1 0 0

0 𝑆2,1 0

0 0 𝑆𝑛,𝑛

] 

 

. [

𝑉1,1 … 𝑉1,𝑛

𝑉2,1 … 𝑉2,1

𝑉𝑛,1 … 𝑉𝑛,𝑛

]

𝑇

… (𝟏) 

The matrix is formerly rotten via singular value 
decomposition into: word path matrix involving 
in the left singular vectors, the document vector 
matrix involving in the right singular vectors and 
the diagonal matrix involving of singular values 
[117].  
The following steps show how SVD applied on a 
matrix A: [117]
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Related works 
The approach presented in [7] is to find the dam-
age to the use of electronic documents over data-
bases. The solution is by text illustration which 
critical stage for writing pre-treating. Text (arti-
cle) is a pool of arguments, in [7] Research was 
recognized in numerous steps. Text assembly, 
Format cancelling, Data pre-processing on nu-
merous levels, with subsection serial identifica-
tion. With a stretch sequence identification. By 
stop words subtraction and section order docu-
mentation with stop words elimination then a 
judgment order identification. In [8] the paper 
discussed about the text mining and its prepro-
cessing techniques, discuss the three key steps of 
preprocessing namely, stop words removal, 
stemming and TF/IDF algorithms. In [9] their 
methodology to use an actual Preprocessing 
stages to protect both galaxy then while supplies 
through consuming developed stemming algo-
rithm. Stemming algorithms are castoff near alter 
the arguments in editions into their correct origin 
formula. In [10] Mining text document from a 
preprocessed stage is calm as relate to natural 
languages documents. So, preprocessing phase it 
is a significant process in text mining applica-
tion. This paper talk about shrink the dimension-
ally of the words space, different procedures 
such as cleaning (filtering) and stemming are 
practical. Filtering methods eliminate those 
words from the regular of wholly words, which 
do not offer related evidence; stop word filtering 
is a typical filtering manner.  
  
Proposal of Preprocessing and reduction 
techniques 

 Module1: Preprocessing 
The proposed system selects a domain from Reu-
ters 21578 datasets. collect whole documents 
from datasets by using Body based feature: All 
body-based features existing in the body of Reu-
ter’s document that includes: (body-keyword), 
(<body >), (body-java script), and etc. after these 
body the content of document begin, each body 
document in datasets was represented using the 
bag-of-words approach, also these representation 
known as Vector space model (VSM): it includes 
the words as column and the documents as rows 
in VSM matrix. The proposed system tokenize 

the file content into individual word as shows in 
the Figure 1, then removed stop words. In order 
reduces the dimensionality of TF-IDF matrix 
(VSM representation). In the stop words removal 
function the proposal system use the classic 
method which it is traditional and simple method 
based on removing stop words by compared the 
words of the text with in the words store in list so 
if there are any match the word is remove from 
text, then the proposed system apply porter 
stemming algorithm with enhancement on its 
rules, at each step, a certain suffix is deleted by 
uses of set rules to decrease amount of verses, to 
must accurately similar stems, and to protect rec-
ollection space and period. The proposed system 
used Porters algorithm and table look up ap-
proach by having two dictionaries, one for vari-
ous irregular English words, and another for var-
ious suffixes. To applied the following: 
 
Root = past simple or past participle.  
 

Suffixed = root + suffix. 
 
As the result of preprocessing phase which it 
produce the TF-IDF matrix with hug dimension, 
so the second phase is dimensionality reduction 
techniques by using SVD.  
 

 Module2 :Dimensionality Reduction 
Techniques using SVD 

 
The proposed system decomposition the Term 
Frequency-Inverse Document Frequency matrix 
(TF-IDF) matrix by using Singular Value De-

composition (SVD) in to three matrixes 𝐔𝐒𝐕𝑇, 
then find k greatest chief scopes (through the top 
singular values in S matrix) is nominat-
ed.completely additional features stay absent. 
The summary matrix perfectly denotes the signif-
icant and dependable patterns underlying the data 
in TF-IDF matrix. The proposed system drop-
ping the rank of the TF-IDF matrix is incomes of 
eliminating unimportant info or clatter from the 
datasets it embodies.  
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The proposed system is summarized using the 
following algorithm: 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Experimental Results 
The proposed system presents the experimental 
results. The stop words list is specified as: {a, an, 
the, all, am, able, and, after, also, anybody, 
among, yet, yes….. ect}. The ignore non alpha 
characters list is: {~, `, !, @,, $, %, , &, *, (,), -, 
_, +, =, ,, {, }, [, ], |, \, /, :, ;, 0,1,2,3,4,5,6,7,8,9}. 
All words that are less than 4 characters in 
lengths are ignored. The results are shown by 
applied tokenization with vectors (with pre-
processing) on given input documents. The re-
sults created by testing the proposed system on 

Dimension Reduction techniques (SVD) 

Tokenization all documents 

Remove special character terming it (End-
ing special character + Beginning special 

character) 

Convert uppercase character to lowercase 

character 

If term contain non alpha characters (a…z, 
A…. Z) ignore it 

If term matching stop words lists then re-
move it 

If term matching irregular list then get stem 
term 

Apply porter stemming to get stem term 

Find frequency of each term  

Calculate TF value (term frequency) = 
𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐭𝐢𝐦𝐞𝐬 𝐭𝐞𝐫𝐦𝐬 𝐓 𝐚𝐩𝐩𝐞𝐚𝐫𝐬 𝐢𝐧 𝐚 𝐝𝐨𝐜𝐮𝐦𝐞𝐧𝐭

𝐭𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐭𝐞𝐫𝐦𝐬 𝐢𝐧 𝐭𝐡𝐞 𝐝𝐨𝐜𝐮𝐦𝐞𝐧𝐭
 

Calculate IDF = 

𝐥𝐨𝐠𝐞
𝐭𝐨𝐭𝐚𝐥 𝐍𝐨.𝐨𝐟 𝐝𝐨𝐜𝐮𝐦𝐞𝐧𝐭

𝐍𝐨.𝐨𝐟 𝐝𝐨𝐜𝐮𝐦𝐞𝐧𝐭 𝐰𝐢𝐭𝐡 𝐭𝐞𝐫𝐦 𝐓 𝐚𝐩𝐩𝐞𝐚𝐫 𝐢𝐧 𝐢𝐭
 

Calculate TF*IDF for each term in all docu-
ment and create TF-IDF matrix 

Assign singular value 

U Σ V
T
 

Dimensionality Reduction 
matrix  

Figure 1: The system Architecture  

 

Datasets 
Extract document 

from datasets Algorithm 1: Best approximate vector 
space model algorithm 
Input: The documents datasets 

Output:  Uk ∗ Σk ∗ Vk
T 

Step1: Input datasets, a document by term matrix is 
created using only term counts. The proposed system 
set the following: 

 The stop words list and the ignore characters 
are specified.  

 The short words are also declared (the pro-
posed system propose to exclude words less 
than 4 characters).  

 Apply porter stemming enhancement and fi-
nally, create TF*IDF matrix.  

Step 2: Execute the Singular value decomposing on 
the TF-IDF matrix to get matrix Σ, the right matrix VT, 
and matrix U.  
 
Step 3: Select the K-th rank approximation through 
save the chief k singular values from matrix Σ and set 
the residual singular values to null, The proposed sys-
tem propose to investigate different k values around 
k>30.  
 

Step 4: Choice the top k’th from matrix VT: set 𝐕𝐓
𝐤 

equal to the first k rows of 𝐕𝐓 ( 𝑻𝑭 − 𝑰𝑫𝑭𝒌+𝒏) matrix.  
 

Step 5: Select only the top k singular values: set Σk 

equal to the first k rows and columns of Σ, (TF −
IDFk+k) matrix, corresponding to the selected k singu-
lar values of TF-IDF matrix.  

Step 6: Select only the top k left singular vectors: set 

𝐔𝐤 equal to the first k columns of U (𝑻𝑭 − 𝑰𝑫𝑭𝒎+𝒌) 
matrix.  

Step 7: proposed system computed low- rank approx-

imation is then TF − IDFk= Uk ∗ Σk ∗ Vk
T 

Step 8: If k ranges the required number then end the 

process; else, addition k value by one, go to Step 4. 
End.  
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925 input documents, and whole number of to-
kens made in all effort documents after treating 
are (13195). Lacking tokenization treating to 
huge number of tokens, which is hard to supply, 
and time expended in complete tokenization pro-
cedure is right relative to show degree of an in-
formation retrieval system, as it acutely moves 
the indexing and storing features. The proposed 
system extraction the documents from Reuters 
21578 datasets as shown Table 1, and finally the 
proposal system calculates TF-IDF value for 
each term in datasets, a small example from huge 
TF-IDF matrix shown in Table 2.  

 
The role of the preprocessing is to prepare the 
datasets as shown in table1 for next proposed 
system stage. This is basically to reduce the noise 
from the dataset and keep only the desired in-
formation represent by document body.  
 
Table 2: Sample of TF-IDF value calculation 

 
Term 

TF val-
ue 

IDF val-
ue 

TF-IDF 
value 

week 0.0108 4.3027 0.0464 
behia 0.0144 8.0163 0.1153 

cocoa 0.0216 7.3232 0.1581 
come 0.0072 6.9177 0.0498 

tempora 0.0072 8.0163 0.0577 
have 0.0072 3.7536 0.0270 

commissari 0.0180 8.0163 0.1442 
said 0.0180 1.7174 0.0309 

Period 0.0072 5.9369 0.0427 
year 0.0072 2.9226 0.0210 

arrive 0.0072 8.0163 0.0577 
februari 0.0108 4.8383 0.0522 

bag 0.0180 6.9177 0.1244 
kilo 0.0072 6.9177 0.0498 
total 0.0108 4.7582 0.0513 

against 0.0108 5.1831 0.0559 
consign 0.0072 8.0163 0.0577 

still 0.0108 6.4069 0.0691 
crop 0.0180 6.6300 0.1192 

export 0.0072 4.3528 0.0313 
dlr 0.0504 2.5191 0.1269 
port 0.0108 6.4069 0.0691 
open 0.0072 6.2246 0.0448 
north 0.0476 6.6300 0.3157 

 
Figure 2: sample of TF-IDF matrix 

  

Table 1: Datasets Extraction 
Do. Id  Document contents 

 1 Showers continued throughout the week in 
behin coca zone alleviating drought since 
early January improving prospects coming 
tempora 

2 Standard oil co and bp north America said 
they plan form venture manage borrowing 
investment activities both companies north  

3 Texa commerce Bancshares incs texa com-
merce bank Houston said filed application 
with comptroller currency 

4 Bankamerice corp is not under pressure 
quickly proposed equity offering would 
well delay because stocks recent poor  

5 The u. s. agriculture department reported 
farmer-owned reserve national five day av-
erage price through February follows dlrs/ 
bu  

6 Argentine grain board figures show crop 
registrations grains oilseeds their products 
February thousands tonnes showing  

7 Lion inns limited partnership said 
filed registraction statement with 
securities exchange commission 
covering proposed 
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Figure 3: sample of left matrix U after applying SVD (TF-
IDF matrix) 

The first sample of calculate TF-IDF value, these 
coefficients give the best energy to reconstruct 
the original TF-IDF value as shows in table 2. In 
the proposed system, by testing the TF-IDF value 
it is found that the best value it have large num-
ber of TF-IDF coefficients to represent the sub-
word as feature vector. In order to get these fea-
tures and passed it to next stage in proposed sys-
tem.  
Figures 2 and 3 show the sample matrix of TF-
IDF matrix in the proposed system and Figure 
4,5,6,7 explain the procedure of the proposed 
system through applying r-rank SVD.  
 

 
Figure 4: Sample of Right matrix 𝐕𝐓 after applying SVD 
(TF-IDF matrix) 

 

 
Figure 5: Sample of singular value matrix Ʃ after applying 
SVD (TF-IDF matrix) 

 

 
Figure 6: Final dimension reduction matrix 

( 𝐔𝐊 𝜮𝑲 𝑽𝑲
𝑻)after input threshold value =0.52627  

Results Discussion 
The results obtained from applying the proposed 
algorithms and the effect of the proposed algo-
rithm of the system are presented in tables. The 
test setup and the experimental results obtained 
for the preprocessing the datasets to obtain fea-
tures represented by TF-IDF value. The proposed 
system is implemented in Visual Studio 2013 
programming languages.  
The experiments were performed on an Intel 
Core i7, 64 bit Operating System, 2.50 GHz pro-
cessor and 6GB RAM. In order to evaluate the 
proposed system, number of metrics is obtained 
by applying singular value decomposition.  
The results of applying the proposed system are 
shown in Figure 7. The proposed preprocessing 
algorithm is applied for document sets from the 
Reuters 21578 datasets.  
 

 
Figure 7: The proposed system 
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Conclusions 
The proposed system introduces an enhancement 
to the pre-processing information retrieval sys-
tem by using an existing open source Reuters 
21578 datasets; this step affects the outcomes of 
any IR system. The lack of standard porter 
stemming algorithm and preprocessing steps 
such as, stop-word removal and stemming also 
motivates us to bring out these instruments.  
The proposed system GUI has many options in-
cluding reading dataset files, display output in 
tables, and produce statistics about preprocessing 
steps. And it is careful as a chief step through a 
Standard English language preprocessing sys-
tems and then applies low-rank SVD, Singular 
Value Decomposition (SVD) is a dimensionality 
technique that can be used to create lower-
dimensional embedding from a full term-
document matrix. The compared of porter algo-
rithm enhancement in the proposed system with 
the popular porter stemming algorithms that 
failed with 22 English words and we understood 
that the proposed enhanced stemming algorithm 
output the best result that consider English 
words, this also should be regarded as a standard 
feature for any upcoming English stemming al-
gorithm.  
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This paper introduces a promising hybrid lossless image compression method by combining the 
wavelet transform along with a hierarchal non-linear polynomial approximation model to com-
press natural and medical images.  
The test results showed good performance in which the compression ratio is improved about three 
times or more on average in compered with the results of a non-linear coding system that does not 
adopt the techniques used in this research.  
 
Keywords: Wavelet Transform, Non-linear Polynomial..  

خلاصـةال  
هجينة واعدة جمعت بين طريقة التحويل المويجي و طريقة التنبوء الهرمي اللالخطي متعدد في هذا البحث تم تقديم طريقة 

 . الحدود لضغط الصورالأعتيادية والطبية بدون خسارة
مقارنة مع نتائج نظام التشفير اللاخطي  مرات او اكثر كمعدل 3اظهرت النتائج اداء جيد حيث تم تحقيق نسبة ضغط بما يعادل 

 . فكرة الدمج بين الطرق المقترحة في هذا البحث والذي لايتبنى

 

Introduction 
Image compression is very important in the pre-
sent world for efficient archiving and transmis-
sion. Lossless image compression is character-
ized by preserving image quality; where the im-
age can be reconstructed exactly as the original 
image with error free [1]. Unfortunately, there is 
a limitation in the compression performance (i. 
e., small compression ratio from 2 to 10) because 
of exploiting the statistical redundancy only (i. 
e., exploits the coding redundancy and/or inter 
pixel redundancy) [2] [3] [4].  
The performance of a lossless compression sys-
tem can be improved either by combining differ-
ent techniques such as wavelet and prediction or 
by exploiting a technique that selects significant 
blocks and exclude others [5] [6] [7].  
Recently, many researchers, such as [8] [9] [10] 
[11] [12], focused on using the Discrete Wavelet 
Transforms (DWT) in image compression. In 
contrast to the discrete cosine transform (DCT); 
the advantage of DWT is that; it does not require 
the image to be divided into blocks, but it anal-
yses the image as whole.  

In one-dimensional wavelet transform (1D) the 
image is decomposed into high and low sub-
images, more details about 1D transform can be 
listed in [13], while in two dimensions (2D) 
DWT, the decomposition is achieved by apply-
ing (1D) transform in horizontal and vertical di-
rections; so this will result into four sub bands 
images; low sub band image (LL), high sub band 
image (HL), low sub band image (LH), and high 
sub band image (HH). This process can be re-
peated with the (LL) image several times. Gener-
ally, the approximation sub band (LL) consid-
ered the most significantly important part since it 
contains all image information, while other sub 
bands considered to be less significant, since 
they contain very small image information and 
they can be set to zero without significantly 
changing the image [13].  
In this paper, an efficient, simple and fast hybrid 
lossless method was suggested to compress im-
ages; based on exploiting a two dimensional 
wavelet transform along with polynomial repre-
sentation of non-linear base which utilized hier-
archically in order to maximize the compression 
ratio.  
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Materials and Methodologies 
The main taken concerns in the suggested hybrid 
system are:  
First, the polynomial coding of non-linear ap-
proximation model is exploited to compress im-
age efficiently using six coefficients (a0, a1, a2, 
a3, a4, a5) [14].  
Second, the hierarchal scheme was adopted to 
improve the compression ratio and preserve im-
age quality [15]. The Hierarchical technique 
worked reversely from subsequent layers to con-
struct up layers, this means, the coefficients (a00, 
a01, a02, a03, a04, a05) of layer2 are used to con-

struct layer1 coefficient ( 0̂a ); then layer1 coeffi-

cients ( 0̂a , a1, a2, a3, a4, a5) are used to recon-
struct the approximated image LL.  
The following steps illustrate the system implan-
tation in more details. Figure (1) shows the basic 
steps clearly: 
The following steps were adopted in this study:  

1- Input grayscale image (I) of size NxN.  
2- Apply the wavelet transform which is 

characterized by simplicity and high 
compression ratio. The transform based 
on decomposing image (I) into four 
quadrants sub band namely (LL and de-
tail sub bands LH, HL and HH) each of 
size (N/2×N/2).  

3- For the approximation sub band (LL), the 
polynomial prediction of non-linear 
based model is utilized hierarchically to 
remove the redundancy embedded within 
image pixel values, using the following 
steps: 

a- Construct layer1 of hierarchal representa-
tion, first partition the approximation sub 
band (LL), (LL considered here as the 
original image), into non overlapped 
blocks of fixed size n×n. Then, the poly-
nomial coefficients a0,a1,a2,a3,a4 and a5 
was calculated using the following equa-
tions [14]: 
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Where a1, a2 and a5 coefficients corresponds to 
the ratio of sum pixel multiplied by the distance 
from the center divided by the squared distance 
in i, j.  
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Where (j-xc) and (i-yc) measure the distance from 
a pixel coordinates to the block center (xc, yc).  
Other coefficients, namely the a0, a3 and a4 can 
be founded by applying the Crammers rule, 
where: 
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4- Construct layer 2 of the hierarchal repre-
sentation from layer1 a0 coefficient. The 
non-linear polynomial coding technique 
will be utilized again in this layer using 
Equations (1-14) to construct coefficients 
a00,a01,a02,a03,a04 and a05 (in this layer a0 
coefficient from layer1 will be consid-
ered here as original image).  

5- For Layer 2: 
a- Determine the deterministic part (function 

formula) 0
~

a .  
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b- Find residual image using the following 
equation [16]: 

 

0
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c- Build the modeled approximated 0̂a  
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6- Reconstruct layer1 from layer2 hierarchi-
cally as follows: 

a- Determine the deterministic part LL
~
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b- Find the error (residual)  

LLLsdLL
~

Re   
 

7- Use Run Length and LZW and Huffman 
coding techniques to encode: 

a- Layer 2 information of coefficients (a00, 
a01, a02, a03, a04, and a05) and the error 
(a0Resd) along with the layer1 infor-
mation of coefficients (a1, a2,a3,a4,a5) and 
the error (LLResd).  

b- The sub bands LH, HL and HH.  

8- Reconstruct the compressed image (that 
identical to the original one I) using the 
following steps: 

a- For the approximation sub band LL, the 
residual along with the coefficients used 
to rebuild the LL quadrant 

 

sdLLLLLL Re
~
  

 
b- Apply the inverse wavelet transform to 

reconstruct image I.  

Results and Discussion 
To evaluate the performance of the suggested 
hybrid method; two sets of image natural and 
medical were tested (as illustrated in Figure 2) all 
images in size of 256×256. Figure 3 shows the 
reconstructed image after the compression pro-
cess.  
In this paper, the compression ratio was adopted 
as a guide to the performance of the suggested 
system; because in lossless image compression 
system there is no degradation needed to be 
evaluated; i. e., the compressed image will be 
identical to the original one.  
Table 1, summarizes the results of the suggested 
method; it shows the size of the compressed in-
formation and the compression ratio against the 
utilized block sizes for the tested images.  
Table 2, illustrates the results obtained from a 
non-linear compression system without using the 
suggested techniques in this paper; these results 
are used to illustrate the effectiveness of the sug-
gested method.  
The results show the high compression ratio is 
achieved for a lossless compression system char-
acterizes this technique compared to other tech-
nique, in which the compression ratio is im-
proved about three times or more on average.  
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Figure 1: The suggested Compression System Structure. 
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(d) MR (e) Brain  (f) Knee  

Figure 2: The Tested Grayscale Images.  
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(a) Camera (b) Pepper (c) Rose 

 

   
(d) MR (e) Brain  (f) Knee  

Figure 3: The Reconstructed Images using block size of 8*8.  

 

Table 1: Performance of the Suggested Method. 

 Block size of 4 Block size of 8 

Test im-
age 

Size of 
original 

image (in 
bytes) 

Size of com-
pressed image 

(in bytes) 

Compression Ra-
tio 

Size of com-
pressed image 

(in bytes) 

Compression 
Ratio 

Camera 65536 1400 46.8114 1388 47.2161 
Pepper 65536 1216 53.8947 1204 54.4319 
Rose 65536 932 70.3176 920 71.2348 
Mr 65536 988 66.3320 976 67.1475 

Brain 65536 1126 58.2025 1116 58.7240 
knee 65536 1084 60.4576 1072 61.1343 

 
Table 2: The Performance of non linear prediction compression system. 

 Block size of 4 Block size of 8 

Test im-
age 

original 
image size 
(in bytes) 

Size of com-
pressed image 

(in bytes) 

Compression Ra-
tio 

Size of com-
pressed image 

(in bytes) 

Compression 
Ratio 

Camera 65536 12470 5.2555 8320 7.8769 
Pepper 65536 12852 5.0993 8533 7.6803 
Rose 65536 12251 5.3494 7512 8.7242 
Mr 65536 11764 5.5709 7981 8.2115 

Brain 65536 12482 5.2504 8659 7.5685 
knee 65536 12672 5.1717 6989 9.3770 
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Conclusions 
The results in this paper are promising in terms 
of the higher compression gain achieved com-
pared to the current standard technique. The 
compression ratio is affected by two factors; the 
first one is the image nature, natural images con-
tain more details than the medical one, which 
implicitly means; decreasing in the compression 
rate compared to the medical. The block size of 
the approximation sub band LL was the second 
factor; whereas the block size gets bigger, less 
coefficient are needed (i. e., 6 coefficients for 
larger block sizes); and this will implicitly im-
proves the compression ratio. On the other hand; 
exploiting the wavelet transform along with a 
hierarchical polynomial approximation of non-
linear base effectively improved the compression 
ratio about three times or more on average.  
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New partial encryption schemes are proposed, in which a secure encryption algorithm is used to 
encrypt only part of the compressed data. Partial encryption applied after application of image 
compression algorithm. Only 0.0244%-25% of the original data isencrypted for two pairs of dif-
ferent grayscale imageswiththe size (256 ́  256) pixels. As a result, we see a significant reduction 
of time in the stage of encryption and decryption.  
In the compression step, the Orthogonal Search Algorithm (OSA) for motion estimation (the dif-
ferent between stereo images) is used. The resulting disparity vector and the remaining image 
were compressed by Discrete Cosine Transform (DCT), Quantization and arithmetic encoding. 
The image compressed was encrypted by Advanced Encryption Standard (AES). The images 
were then decoded and were compared with the original images.  
Experimental results showed good results in terms of Peak Signal-to-Noise Ratio (PSNR), Com-
pression Ratio (CR) and processing time. The proposed partial encryption schemes are fast, se-
cure and do not reduce the compression performance of the underlying selected compression 
methods.  

   
Keywords: Stereoimaging, Stereoimage compression, Imageencryption, cryptography.  
 

خلاصـةال  
 

 .ةالمضغوط البياناتن م جزءفقط  تشفيرآمنة لالتشفيروالذي يستخدم خوارزمية ,للتشفيرالجزئي، جديدة طرق اقتراح تم
بأبعاد من الصور الرمادية المختلفة  لزوجين الأصلية البيانات من(0)0.%244-%25وشفربحدود 

خوارزمية  الضغط مرحلة في استخدمت .الشفرة التشفيروفك زمن في مهم تقليل على (عنصرصورةللحصول256*256)
تتم عملية ضغطه بالتحويل  الجزء المتبقيومتجه الحركة الناتج  .الفرق بين الصورتين()لتقدير الحركة   OSA)(البحث المتعامد

 مثلا تشفيرمتقدمة طرقباستخدام  المضغوطةر بعد ذلك الصورة تشف ثم .الجيبي المنقطع, التكميم الرقمي والترميز الحسابي
 .استرجاعها و تقارن مع الصور الاصليةوعاد استرجاعها ثم فك ضغطها يالمشفرة  ( والصورAES) المتقدم لتشفيرالقياسي

 .انظمة التشفير الجزئي المقترحة كانت سريعة وذات سرية عالية كما ان انجازية الضغط لا تقل ضمن طرق الضغط المختارة
ووقت  (CR)ونسبة الضغط  (PSNR)النتائج التجريبية بينت نتائج جيدة عند حساب نسبة قمة الإشارة إلى الضوضاء 

 . المعالجة
 

Introduction 
As a result of the increase in the use of images in 
recent years, it must be to have to deal with it 
(move) safely through the so-called pressure and 
encryption. For this, the researchers combined 
compression and encryption together to reduce 
the overall processing time.  
In this research, has been selected a pair of stereo 
images which are very similar to each other are 
taken from two different angles (and this is why 
the pressure of each of the images independently, 
which means in the efficiency of the stereo im-

age compression). We can get the sequence of 
these images by film cameras or generated by 
demand sequentially.compress these pictures is 
the foundation necessary to reduce this data 
through the difference between the two images 
Account (matching), also known as disparity es-
timation, then squeeze one image independently. 
This is known as image as a reference, and can 
either is the right image or the left image, then 
use the reference image and vector disparity to 
rebuild the second image [2]. Figure 1 shows 
flowchart of encryption a pair of stereo image-
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safter compressed.  
 

 
Figure 1: Encryption a pair of stereo images after Com-
pressed.  
 

The work aims to propose an efficient technique 
for stereo images compression by estimated the 
disparity vectors between them (The left and 
right image) using Orthogonal Search Algorithm 
(OSA). The remaining image is transformed us-
ing Discrete Cosine Transform (DCT). The re-
sulting image is quantized using the scalar quan-
tization and then compressedusing arithmetic 
coding; we show that in Section 2. The two im-
ages are very similar to each other; disparity vec-
tors between the two images are estimated. The 
resulting disparity vector and image compressed 
are encryption byAdvanced Encryption Standard 
(AES), We show that in Section 3. Section 4 
gives the experimental results. Finally, the paper 
has been concluded in Section 5.  
 
Motion Estimation 
Motion Estimation (ME) is the process of ana-
lyzing successive frames in any image sequence 
to identify objects motion. In this paper, motion 
estimation used to process of analyzing two ste-
reo images by using OSA.  
The motion of an object is usually described by a 
two-dimensional motion vector, which is the 
placement of the co-ordinate of the best similar 
block in previous frame for the block in current 
frame. This placement is represented by the 
length and direction of motion [3] [4].  
 
Disparity Estimation Using Orthogonal 
Search Algorithm (OSA) 
OSA was introduced by Puri. It has a vertical 
stage followed by a horizontal stage for the 
search for the optimal block. The algorithm may 
be described as follows: 
Step1- Pick a step size (usually half the maxi-
mum displacement in the search window). Take 
two points at a distance of step size in the hori-
zontal direction from the center of the search 
window and locate (among these) the point of 

minimum distortion. Move the center to this 
point.  
Step 2- Take two points at a distance step size 
from the center in the vertical direction and find 
the point with the minimum distortion.  
Step 3- Halve the step size, if it is greater than 
one, else halt.  
A particular path for the convergence of the algo-
rithm may be shown in the following Figure 2 
[5]: 
 

            

            

            

            

            

            

            

            

            

            

            

            

 
 Points for first stage  Second stage points 

 Third stage points  Fourth stage points 

 Fifth stage points  Sixth stage points 

Figure 2: Example of Orthogonal Search Algorithm. 
 

Image Transform 
 Divide the source image into blocks and apply 
the transformations to the blocks [6].  
 
Parameter quantization 
Quantization is irreversible operation because of 
its lossy property. The data generated by the 
transformation are quantized to reduce the 
amount of information. This step represents the 
information within the new domain by reducing 
the amount of data [7] [8].  
 
Arithmetic Encoding 
Arithmetic encoding and its derivative technique, 
Q-coding, is used to overcome some of the limi-
tations of Huffman codes. It is a non-block code, 
in that a single code word is used to represent an 
entire sequence of input symbols, in contrast to 
Huffman coding where a source symbol block 
corresponds to a code word block. Instead, it us-
es the real numbers to represent a sequence of 
symbols by recursively subdividing the interval 
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between 0 and 1 to specify each successive sym-
bol. The limitation of this technique is the preci-
sion required in performing the calculations and 
arriving at the code word which will represent 
the entire sequence correctly [9].  
 
Partial Encryption 
Partial encryption (also called selective encryp-
tion or soft encryption) is a secure encryption 
algorithm which is used to encrypt only part of 
the data. It is used to reduce encryption and de-
cryption time. During our work, only part of the 
compressed data is encrypted. Some compression 
algorithms have important parts that provide a 
significant amount of information about the orig-
inal data, whereas the remaining parts 
may not provide much information without the 
important parts. For simplicity, we consider all 
the important parts as one unit, and the remain-
ing parts are grouped into one unimportant part. 
Since it is difficult to obtain information from the 
unimportant part alone, partial encryption ap-
proach encrypts only the important part. A sig-
nificant reduction in encryption and decryption 
time is achieved when the relative size of the im-
portant part is small.  
 In some cases, partial encryption allows the im-
portant part to be encrypted while the unim-
portant part is transmitted in parallel so that the 
encryption time becomes negligible [10]. A se-
cure encryption algorithm is used to encrypt the 
important part.  
 
Advanced Encryption Standard (AES) Cipher 
The AES cipher described by Rijndael (called 
also Rijndael encryption algorithm). It was cho-
sen in 1977 by the International Institute of 
Technological Standards As an international 
standard for encryption, And on the basis devel-
opment in the types of encryption that are of 
class as Symmetric Encryption.  
This algorithm is a widely accepted in the world; 
it is considered a safe method of encryption, and 
because of the length of the encryption key [10].  
Encryption algorithm blocks which supports 
keys lengths and lengths of multiple texts. En-
cryption k key is a matrix with dimensions Nk x 
4 (any key length is Nk x 4): 

 

 
 

Where each k i, j can be considered: 

 8-bit or 1 byte that any number in the 
group Z2,8 

 Integer in the group Z256 
the key length of the AES algorithm can 
be Nk = 4, 6, 8 (128, 192, 256) bytes.  
Read the encryption key from the matrix 
be according to each column from left to 
right any: 

 
Block or text that you want to encrypt_x is a ma-
trix with lengths of Nb x 4 (any key length is Nb 
x 4 bytes): 

 
Where each x i, j can be considered: 

  8-bit or 1 byte that any number in the 
group Z2,8 

 Integer in the group Z256 
Block in Raendaul algorithm can be N b = 
4, 6, 8 (128, 192, 256) bytes.  
Read the block of the matrix be according 
to each column from left to right any:

 
 

Status Raendall ω is the matrix: 

 
Where each ω i, j is an integer in the Z 256 
Raendaul is installing transfers (Transformation), 
The positions RaendaulThese transfers called 
cycles (iterations) ie:  

R I J (x) = y = (T N r∘ T N r - 1∘⋯∘ T N 1∘ T N 0) 
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Each T i: ω → ωie the field and is long positions 
Raendaul, the number of cycles (Nrrespect to the 
key length (Nk) and the length of the text (Nb): 
Raendaul number (Nr) courses 

First Session of T0 is XOR between the text 
(the first position) and any encryption key: 

 
Courses that come after this will mean trans-
forming the current situation, but this algorithm 
are doing this in stages: 

1. confused linear - Remittances are 

ShiftRowandMixColumn; 

2. non-linear - a crossover ByteSub; 

3. Add the key - Shunt AddRoundKey.  

So blinded show is enough to turn the 

transfers, namely: 

 
 

 
Figure 3: AES Encryption and Decryption Steps 

 
PSNR and CR 
Peak signal-to-noise ratio (PSNR) is the standard 
method for quantitatively comparing a com-
pressed image with the original. For an 8-bit 
grayscale image, the peak signal value is 255. 
Hence, the PSNR of an M×N 8-bit grayscale im-
age Cij and its reconstruction Rij is calculated as 
[11] [12]: 
 

MSE
PSNR

2

10

255
log10

 
(1) 

 
Where the Mean Square Error (MSE) is defined 
as [11]:  
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PSNR is measured in decibels (dB), M: height of 
the image, N: width of the image.  

Experimental Results 
This section explains the experiments which 
have been implemented on two stereo images, 
Aloe and child image from personal camera as 
test images, each one of them is in size of 
256*256 and of JPEG format. MATLAB version 
7.4.0.287 (R2012a) was used as a work environ-
ment to carry out these experiments. The decod-
ed left and right images were compared with the 
original left and right images. The Mean Square 
Error (MSE) between the original and decoded 
left and right images was referred in Equation 2. 
The MSE of the image is the average of the MSE 
of the left image and the MSE of the right image.  
 

MSE=(MSEL+MSER)/2 (3) 
 
The MSE was converted into Peak-Signal to 
Noise Ratio according in the Equation (1) 

 

Results for Aloe and Child Images  
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c1 

 
d1 

Figure 4: (a), (b), (c) and (d) Original Left and Right 
Images. (a1), (b1), (c1) and (d1) Reconstructed Left and 

Right Images.  

 
Table1: Results for Stereo Images.  

Images 
PSNR 
(db) 

CR Time (sec) 

Aloe 45.32 0.566 50.32 

Child 47.45 0.6.98 59.44 

 

 
Figure 5: PSNR vs Bitrate for Stereo Images. 

Conclusions 
Pair stereo images in this research through phas-
es are, DCT, quantization, arithmetic encoding 
and OSA was proposed in this paper with ad-
vanced encryption standard in the encryption 
step. The two images are very similar to each 
other; disparity vectors between the two images 
are estimated in OSA. The resulting disparity 
vector and image compressed are encryption 
byAdvanced Encryption Standard (AES). Two 
pairs of images were encrypted after being com-
pressed them and then reconstructed by reversing 
the steps followed to encrypt and compress the 
images.  
 The proposed partial encryption schemes are 
fast, secure and do not reduce the compression 
performance of the underlying compression se-
lected methods. The proposed algorithms contain 
high level of security due to the size of the 
keyspace. A good image encryption algorithm 

should be sensitive to the cipher key and PSNR 
which are good as shown in Table 1.  
 The reconstructed images were then compared 
with the original images.  
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In the current study, we have been derived some Basyian estimators for the parameter and relia-
bility function of the inverse Rayleigh distribution under Generalized squared error loss function. 
In order to get the best understanding of the behavior of Bayesian analysis, we consider non-
informative prior for the scale parameter using Jefferys prior Information as well as informative 
prior density represented by Gamma distribution. Monte-Carlo simulation have been employed to 
compare the behavior of different estimates for the scale parameter and reliability function of in-
verse Rayleigh distribution based on mean squared errors and Integrated mean squared errors, 
respectively. In the current study, we observed that more occurrence of Bayesian estimate using 
Generalized squared error loss function using Gamma prior is better than other estimates for all 
cases.  
 
Keywords: Inverse Rayleigh distribution, Bayesian estimator, Generalized Squared error loss 
Function, Jefferys prior and Gamma prior.  

 الخلاصـة
معكوس رايلي تحت تعميم دالة خساره الخطأ في الدراسة الحالية، تم اشتقاق على بعض المقدرات البيزية لدالة المعولية لتوزيع 

بغية الحصول على اكثر فهما للتحليل البيزي فقد افترضنا عدم وجود معلومات مسبقة عن معلمة الشكل باستخدام دالة  .التربيعية
كارلو للمحاكاة لمقارنة سلوك مختلف -تم توظيف مونت .جيفري للمعلومات كذلك وجود معلومات مسبقة متمثلة بتوزيع كاما

متوسط مربعات الخطا التكاملي وتقديرات معلمة القياس ودالة المعولية لتوزيع معكوس رايلي على اساس متوسط مربعات الخطا 
لتربيعية باستخدام توزيع في الدراسة الحالية، لاحظنا ان اداء التقدير البيزي باستخدام تعميم دالة خسارة الخطا ا .على التوالي

  .كاما اكثر دقة من التقديرات الاخرى في جميع الحالات

Introduction 
The inverse Rayleigh distribution is one of im-
portant distributions. The distribution originally 
derived by Voda since (1972). In (1993) Ghar-
raph derived five measures of location for the 
inverse Rayleigh distribution [1]. Soliman et al. 
(2010) studied the estimation and prediction 
from inverse Rayleigh distribution based on low-
er record values, Bayes estimator have been de-
veloped under squared error and zero one-loss 
functions [2]. In (2012) Dey discuss the Bayesian 
estimation of the Parameter and Reliability Func-
tion of an Inverse Rayleigh Distribution use dif-
ferent loss function which is Square error, 
LINEX loss function [3]. In (2013) Sindhu and 
other researchers studied the Bayes estimation of 
the parameters of the inverse Rayleigh distribu-
tion for left censored data under different loss 
functions (Symmetric and asymmetric) [4]. Also, 

In (2013) Prakash discuss the Bayes estimation 
in the inverse Rayleigh model under two differ-
ent loss functions (Square error, LINEX loss 
function) [5]. In (2014) Khan obtained, the Mod-
ified inverse Rayleigh distribution is special case 
of inverse Weibll, which is extension to it [6]. In 
(2015) the Fan discuss Bayes Estimation for In-
verse Rayleigh model under different loss func-
tions squared error loss, LINEX loss and entropy 
loss functions[7]. In (2015) Rasheed discussed 
the Comparison of the classical estimators with 
the Bayes estimators of one Parameter inverse 
Rayleigh distribution under generalized squared 
error loss function [8]. In (2016) Rasheed and 
Aref discussed the Bayesian approach for esti-
mating the scale parameter of Inverse Rayleigh 
distribution under different loss function [9]. Fi-
nally, in (2016) Rasheed and Aref obtained Reli-
ability estimation in inverse Rayleigh distribu-

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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tion using Precautionary loss function [10]. The 
current study will obtain some Base estimators 
for Reliability estimation of inverse Rayleigh 
distribution using generalized square error loss 
function.  

One Parameter Inverse Rayleigh Dis-
tribution  
The probability density function (pdf) of the in-
verse Rayleigh distribution with scale parameter 

𝜃 is defined as follows [11]: 
 

𝑓(𝑥; 𝜃) =
2𝜃

𝑥3
𝑒

−
𝜃

𝑥2x >  0, 𝜃 > 0 (1) 

  
The cumulative distribution function is: 
 

𝐹(𝑥; 𝜃) = 𝑒
−𝜃
𝑥2  ; 𝑥 > 0 , 𝜃 > 0 (2) 

 
The Reliability, failure rate and the Cumulative 
failure rate (Hazard Rate) functions of this distri-
bution are given, respectively, by: 

 

𝑅(𝑡; 𝜃) = 1 − 𝐹(𝑡; 𝜃) = 1 − 𝑒
−𝜃
𝑥2  (3) 

ℎ(𝑡; 𝜃) =
𝑓(𝑡; 𝜃)

𝑅(𝑡; 𝜃)
 (4) 

 
We can say, the function h(t) is a failure func-
tion if and only if [12] 

1. ℎ(𝑡) ≥ 0 2. ∫ ℎ(𝑡)𝑑𝑡 = ∞
∞

0
 

The relationship between R(t) and h(t) can be 

defined as 

ℎ(𝑡) =  
𝑓(𝑡)

𝑅(𝑡)
 = −

𝑑

𝑑𝑡
ln 𝑅(𝑡) 

By integrating and using lnR(0)=ln(1)=0, yields 

𝑙𝑛𝑅(𝑡) = − ∫ ℎ(𝑢)𝑑𝑢
𝑡

0

 

𝑅(𝑡) = 𝑒𝑥𝑝 [− ∫ ℎ(𝑢)𝑑𝑢
𝑡

0

] 

𝑅(𝑡) = 𝑒𝑥𝑝[−𝐻(𝑡)]  

 

𝐻(𝑡; 𝜃) = −𝐿𝑛 𝑅(𝑡) = −𝐿𝑛 (1 − 𝑒
−𝜃
𝑥2 ) (5) 

Where H(t) is cumulative hazard function.  

Bayesian estimators under generalized 
square error loss function 
Al-Nasser and Saleh (2006) introduced a new 
loss function in estimating the scale parameter 
and reliability function for Weibull distribu-
tion, which is called Generalized squared error 
loss function, that is defined as follows[13]: 

𝐿(θ̂, θ) = (∑ ajθ
j)(θ̂ − θ)2

k

j=0

,  

k = 0,1,2,3, ….  

𝐿(𝜃, 𝜃) = (𝑎0 + 𝑎1𝜃 + ⋯ + 𝑎𝑘𝜃𝑘)(𝜃 − 𝜃)
2
 

 
So, the risk function under Generalized squared 
error loss function which is denoted by 

),( 


GSR , will be: 

 𝑅(𝜃, 𝜃) = 𝐸[𝐿(𝜃 , 𝜃)] = ∫ 𝐿(𝜃 , 𝜃)ℎ(𝜃|𝑥)𝑑𝜃
∞

0
 

The risk can be minimized simply, by setting 
the first derivative to zero [8] 

Hence, 𝜃 based on generalized squared error 
loss function will be: 
𝜃̂

=
𝑎0𝐸(𝜃|𝑥) + 𝑎0𝐸(𝜃2|𝑥) + ⋯ + 𝑎𝑘𝐸(𝜃𝐾+1|𝑥) 

𝑎0 + 𝑎1𝐸(𝜃|𝑥) + ⋯ + 𝑎𝑘𝐸(𝜃𝐾|𝑥) 
 

(6) 

 

Prior and Posterior Distribution 
In the current study, we consider informative as 

well as non-informative prior density for 𝜃 as 
follows:  

 (i) Posterior Distribution Using Jeffreys Prior 
Information 

Assume that (𝜃) has non-informative prior den-
sity defined as using Jefferys prior information 

g (𝜃), which is given by[14]: 

𝑔1 ∝ √𝐼(𝜃) 

 

Where, 𝐼(𝜃) = −𝑛𝐸 [
𝜕2 ln 𝑓(𝑥;𝜃)

𝜕𝜃2 ] is the Fisher 

information.  
Hence,  

𝑔1(𝜃) = 𝑏√−𝑛𝐸 (
𝜕2 ln 𝑓(𝑥;𝜃)

𝜕𝜃2 ) ,b is constant 

By taking the second derivative of log 𝑓(𝑥; 𝜃) 

with respect to 𝜃 yields 
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𝜕2 ln 𝑓(𝑥𝑖 ; 𝜃)

𝜕 𝜃2
=  −

1

𝜃2
 

Therefore, 

𝐸 (
𝜕2 ln 𝑓 (𝑥𝑖  ;  𝜃)

𝜕 𝜃2
) =  −

1

𝜃2
 

𝑔1(𝜃) =  
𝑏

𝜃
 √𝑛, 𝜃 > 0 

Now, the posterior density function, is defined 

as: 

ℎ(𝜃|𝑥) =
𝑔(𝜃)𝐿(𝜃; 𝑥1𝑥2. . . 𝑥𝑛)

∫ 𝑔
∞

0
(𝜃)𝐿(𝜃; 𝑥1𝑥2. . . 𝑥𝑛)𝑑𝜃

 (7) 

 
After simplification, the posterior density func-

tions of (𝜃) based on Jefferys prior, will be: 
 

ℎ1(𝜃|𝑥) =  
𝑇𝑛 𝜃𝑛−1 𝑒−𝜃𝑇

𝛤𝑛
, T =  ∑

1

𝑥𝑖
2

𝑛

𝑖=1

 (8) 

It is clear that, 

θ|x~Gamma ( n, T ),

with E(𝜃) =  
𝑛

𝑇
, 𝑉𝑎𝑟 (𝜃) =  

𝑛

𝑇2  

Now, based on Jeffreys prior, the m
th

 moment 

for 𝜃 is: 

𝐸(𝜃𝑚|𝑥) = ∫ 𝜃𝑚

∞

0

h1(θ|x)dθ 

 = ∫ 𝜃𝑚∞

0

𝑇𝑛 𝜃𝑛−1 𝑒−𝜃𝑇

Γ𝑛
 𝑑𝜃  

 E(𝜃𝑚|𝑥)  =  
Γ𝑛 + 𝑚

Γ𝑛𝑇𝑚
  

 

𝜃𝐽1
 =  

  𝑎0  
𝑛
𝑇

+ 𝑎1
(𝑛 + 1)𝑛

𝑇2

𝑎0 + 𝑎1  
𝑛
𝑇

 (9) 

𝜃𝐽2
=  

𝑎0  
𝑛
𝑇 + 𝑎1

(𝑛 + 1)𝑛
𝑇2 + 𝑎2 (

(𝑛 + 2)(𝑛 + 1)𝑛
𝑇3 )

𝑎0 + 𝑎1  
𝑛
𝑇 + 𝑎2

(𝑛 + 1)𝑛
𝑇2

 (10) 

 

(ii) Posterior Distribution Using Gamma Pri-
or 
The prior predictive prior distribution using 

Gamma distribution prior is defined as follow: 

𝑔2(𝜃) =
𝛽𝛼 𝜃𝛼−1𝑒−𝜃𝛽 

Γ𝛼
; 𝜃 > 0 𝛼 > 0, 𝛽 > 0 

Where, 𝛽 and 𝛼 are the shape and the scale pa-
rameters respectively. Since, using Equation 

(9), the posterior distribution of (𝜃) will be as 
follows: 

ℎ2(𝜃|𝑥) =
𝑃𝛼+𝑛 𝑒−𝜃𝑃𝜃𝛼−1+𝑛

𝛤(𝛼 + 𝑛)
 (11) 

Where, 𝑃 = ∑
1

𝑥𝑖
2

𝑛
𝑖=1 +  𝛽 

Notice that: θ|x~Gamma(𝛼 + 𝑛, 𝑃), with:  

E(𝜃) =  
𝛼+𝑛

𝑃
, 𝑉𝑎𝑟 (𝜃) =  

𝛼+𝑛

𝑃2  

𝐸(𝜃𝑚|𝑥) = ∫ 𝜃𝑚

∞

0

h2(θ|x)dθ 

= ∫ 𝜃𝑚

∞

0

 
𝑃𝛼+𝑛

𝛤(𝛼 + 𝑛)
 𝜃𝛼−1+𝑛 𝑒−𝜃𝑃 𝑑𝜃  

 E(𝜃𝑚|𝑥) =
Γ𝛼+𝑛+𝑚

Γα+𝑛 𝑃𝑚  

𝜃𝐺1
=

𝑎0  
(𝛼 + 𝑛)

𝑃
+ 𝑎1

(𝛼 + 𝑛)(𝛼 + 𝑛 + 1)
𝑃2

𝑎0 + 𝑎1
𝛼 + 𝑛

𝑃

 (12) 

 

 

𝜃̂𝐺2
=  

𝑎0  
𝛼 + 𝑛

𝑃
+ 𝑎1

(𝛼 + 𝑛)(𝛼 + 𝑛 + 1)
𝑃2 + 𝑎2 (

(𝛼 + 𝑛)(𝛼 + 𝑛 + 1)(𝛼 + 𝑛 + 2)
𝑃3 )

𝑎0 + 𝑎1  
𝛼 + 𝑛

𝑃
+ 𝑎2

(𝛼 + 𝑛)(𝛼 + 𝑛 + 1)
𝑃2

 (13) 

Reliability Function 
In this subsection, we have derived the Bayesian 
estimates for reliability function of inverse Ray-

leigh distribution under Generalized squared er-
ror loss function, where 

http://www.itl.nist.gov/div898/handbook/eda/section3/eda363.htm
http://www.itl.nist.gov/div898/handbook/eda/section3/eda364.htm
http://www.itl.nist.gov/div898/handbook/eda/section3/eda364.htm
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𝑅̂(t) =
𝑎0𝐸(𝑅(𝑡)|𝑡) + 𝑎0𝐸(𝑅(𝑡)2|𝑡) + ⋯ + 𝑎𝑘𝐸(𝑅(𝑡)𝐾+1|𝑡) 

𝑎0 + 𝑎1𝐸(𝑅(𝑡)|𝑡) + ⋯ + 𝑎𝑘𝐸(𝑅(𝑡)𝐾|𝑡) 
(14)  

 (i) Bayesian Estimator for Reliability function 

under Jeffreys prior  

 𝑆𝑖𝑛𝑐𝑒 𝑅(𝑡) = 1 − 𝑒
−𝜃

𝑡2  (15)  

Now, according to Jeffreys prior,  

𝐸(𝑅(𝑡)|𝑡) = ∫ 𝑅(𝑡)
∞

0

 ℎ1(𝜃|𝑡)𝑑𝜃 

𝐸(𝑅(𝑡)|𝑡) = 1 − (
𝑇𝑡2

𝑡2𝑇 + 1
)

𝑛

 (16) 

𝐸((𝑅(𝑡))2|𝑡) = ∫ (𝑅(𝑡))2
∞

0

 ℎ1(𝜃|𝑡)𝑑𝜃 

𝐸((𝑅(𝑡))2|𝑡) = 1 − 2 (
𝑇𝑡2

𝑡2𝑇 + 1
)

𝑛

+ (
𝑇𝑡2

𝑡2𝑇 + 2
)

𝑛

 (17) 

And 𝐸((𝑅(𝑡))3|𝑡) = ∫ (𝑅(𝑡))3∞

0
 ℎ1(𝜃|𝑡)𝑑𝜃 

E ((R(t))
3

|t) = 2 − 3 (
Tt2

t2T + 1
)

n

+ (
Tt2

t2T + 2
)

n

 (18)  

Hence, the Bayesian estimators for the R(t) based 
on Generalized squared error loss function using 
Jeffreys prior with the first and second order pol-

ynomials, which are denoted by 𝑅̂(𝑡)𝐺𝑆𝐽1, 

𝑅̂(𝑡)𝐺𝑆𝐽2 respectively, are as follows 

 
R̂(t)GSJ1

=

a0 (1 − (
Tt2

t2T + 1
)

n

) + a1 (1 − 2 (
Tt2

t2T + 1
)

n

+ (
Tt2

t2T + 2
)

n

)

a0 + a1 (1 − (
Tt2

t2T + 1
)

n

)

 (19) 

 

𝑅̂(𝑡)𝐺𝑆𝐽2 =
𝑎0 (1 − (

𝑇𝑡2

𝑡2𝑇 + 1
)

𝑛

) + 𝑎1 (1 − 2 (
𝑇𝑡2

𝑡2𝑇 + 1
)

𝑛

+ (
𝑇𝑡2

𝑡2𝑇 + 2
)

𝑛

) + 𝑎2 (2 − 3 (
𝑇𝑡2

𝑡2𝑇 + 1
)

𝑛

+ (
𝑇𝑡2

𝑡2𝑇 + 2
)

𝑛

)

𝑎0 + 𝑎1 (1 − (
𝑇𝑡2

𝑡2𝑇 + 1
)

𝑛

) + 𝑎2 (1 − 2 (
𝑇𝑡2

𝑡2𝑇 + 1
)

𝑛

+ (
𝑇𝑡2

𝑡2𝑇 + 2
)

𝑛

)

 (20)

 

 (ii) Bayes Estimator for Reliability function 
under Gamma prior  

According to Gamma prior, 𝐸(𝑅(𝑡)|𝑡) will be 

𝐸(𝑅(𝑡)|𝑡) = ∫ 𝑅(𝑡)
∞

0

 ℎ2(𝜃|𝑡)𝑑𝜃 

𝐸(𝑅(𝑡)|𝑡) = 1 − (
𝑃𝑡2

𝑡2𝑃 + 1
)

𝛼+𝑛

 (21) 

𝐸((𝑅(𝑡))2|𝑡) = ∫ (𝑅(𝑡))2
∞

0

 ℎ2(𝜃|𝑡)𝑑𝜃 

𝐸 ((𝑅(𝑡))
2

|𝑡) = 1 − 2 (
𝑃𝑡2

𝑡2𝑃 + 1
)

𝛼+𝑛

+ (
𝑃𝑡2

𝑡2𝑝 + 2
)

𝛼+𝑛

(22) 

And 

 𝐸((𝑅(𝑡))3|𝑡) = 2 − 3 (
𝑃𝑡2

𝑡2𝑃 + 1
)

𝛼+𝑛

+ (
𝑃𝑡2

𝑡2𝑃 + 2
)

𝛼+𝑛

 (23) 

𝑅̂(𝑡)𝐺𝑆𝐺1

=

𝑎0 (1 − (
𝑃𝑡2

𝑃𝑡2 + 1
)

𝛼+𝑛

) + 𝑎1 (1 − 2 (
𝑃𝑡2

𝑃𝑡2 + 1
)

𝛼+𝑛

+ (
𝑃𝑡2

𝑃𝑡2 + 2
)

𝛼+𝑛

)

𝑎0 + 𝑎1 (1 − (
𝑃𝑡2

𝑃𝑡2 + 1
)

𝛼+𝑛

)

 (24) 

𝑅̂(𝑡)𝐺𝑆𝐺2 =
𝑎0(1−(

𝑃𝑡2

𝑃𝑡2+1
)

𝛼+𝑛

)+𝑎1(1−2(
𝑃𝑡2

𝑃𝑡2+1
)

𝛼+𝑛

+ (
𝑃𝑡2

𝑃𝑡2+2
)

𝛼+𝑛

)

𝑎0+𝑎1(1−(
𝑃𝑡2

𝑃𝑡2+1
)

𝛼+𝑛

)+𝑎2(1−2(
𝑃𝑡2

𝑃𝑡2+1
)

𝛼+𝑛

+ (
𝑃𝑡2

𝑃𝑡2+2
)

𝛼+𝑛

)

 +

 
𝑎2(2−3(

𝑃𝑡2

𝑡2𝑃+1
)

𝛼+𝑛

+(
𝑃𝑡2

𝑡2𝑃+2
)

𝛼+𝑛

)

𝑎0+𝑎1(1−(
𝑃𝑡2

𝑃𝑡2+1
)

𝛼+𝑛

)+𝑎2(1−2(
𝑃𝑡2

𝑃𝑡2+1
)

𝛼+𝑛

+ (
𝑃𝑡2

𝑃𝑡2+2
)

𝛼+𝑛

)

 (25)  

Simulation Results 
 In the current the simulation study, we generated 
samples of different sizes, n = 10, 25, 50, and 

100 from one parameter inverse Rayleigh distri-

bution with three different values of (𝜃 =
 0.5, 1.5 and 3). The constants of Generalized 
squared error loss function are choose as 

𝑎0 = 5000,  𝑎1 = 10 and𝑎2 = 0.5. The values of 

parameters of Gamma distribution prior are(𝛼 =
0.8, 𝛽 = 1.2, 3). The processes have been repeat-
ed 5000 times. The expected values and mean 
squared errors (MSE's) for the Bayes estimates 

of the parameter 𝜃 are obtained, where 

𝑀𝑆𝐸(𝜃) =  
∑ (𝜃𝑖 − 𝜃)

2𝑅
𝑖=0

𝑅
 ; 𝑖 = 1,2,3, … , 𝑅 

And integral mean squared error (IMSE) for all 
estimates of the reliability function of Inverse 
Rayleigh distribution are obtained which is de-
fined as follows: 

𝐼𝑀𝑆𝐸 (𝑅̂(𝑡)) =
∑ 𝑀𝑆𝐸(𝑅̂𝑖

𝑛𝑡
𝑗=0 (𝑡𝑗)

𝑛𝑡
 

Where, i = 1, 2, …, L ; nt is the random limits 

of ti  

In current paper, we use 

𝑡 = 1.5, 1.8 ,2.1, 2.4, 2.7, 3 

The results of the simulation study for estimating 
the scale parameter (θ) were summarized and 
tabulated in tables (1), (2) and (3) which are con-
tain the expected values and MSE's for different 
estimates of the scale parameter, while tables (4), 
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(5) and (6) are contain IMSE's for different esti-
mate of the Reliability function. We have ob-
served that: 
1. Table (1), shows that, the Bayesian estimation 

based on Gamma prior under Generalized 
Squared error loss function (GSELF) with 

(𝛽=3 and 𝛼=0.8) is the most occurrence in 
comparing to the others.  

2. Table (2), shows that, the Bayes estimator ac-

cording to Gamma prior under Generalized 

Squared error loss function (GSELF) with 

(β=3 and α=0.8) is the best estimator compar-

ing to the other estimator for all sample size 

expect the sample (10) the performance under 

Gamma prior with (β=1.2 and α=0.8) is the 

best estimator.  

3. Table (3), shows that, the performance of 

Bayes estimator with Gamma prior under 

Generalized Squared error loss function 

(GSELF) with (β=1.2 and α=0.8) is the best 

estimator comparing to the other estimator for 

all sample size.  

4. Table (4), shows that, the performance of 
Bayes estimator with Gamma prior under 
Generalized Squared error loss function 
(GSELF) with (β=1.2 and α=0.8) is the best 
estimator comparing to the other estimator for 
all sample size expect the sample (10) the per-
formance under Gamma prior with (β=3 and 
α=0.8) is the best estimator.  

5. Table (5) and (6), shows that, the performance 

of Bayes estimator with Gamma prior under 

Generalized Squared error loss function 

(GSELF) with (β=1.2 and α=0.8) is the best 

estimator comparing to the other estimator for 

all sample size.  

6. Provided that chosen the value of 𝛽 is in-

versely proportional to the value of 𝜃 in esti-

mation the scale parameters 

7. It is clear that, MSE's of all estimates of scale 
parameter is increasing with increase of the 
parameter value with all sample sizes.  

8. In general, we conclude that, in situation in-
volving estimation of parameter and Reliabil-
ity of inverse Rayleigh distribution using 
Generalized squared error loss function using 
Gamma prior is most occurrence in compar-
ing to the corresponding other estimates.  

Table 1: Expected values and MSE’s of the different esti-
mators for the Inverse Rayleigh distribution with θ=0.5, 
A0 = 5000, A1 = 10, A2 = 0.5, α=0.8 

 

Estimator 

 

n 

 

Crite-
ria 

 

10 

 

 

25 

 

50 

 

100 

𝜃𝐽1 EXP.  0.553371
4 

0.521807
5 

0.5102229 0.5053623 

MSE 0.042094
8 

0.012818
8 

0.0056789 0.0026506 

𝜃𝐽2 EXP.  0.553376
7 

0.521809
0 

0.5102234 0.5053626 

MSE 0.042098
5 

0.012819
0 

0.0056790 0.0026507 

 

𝜃𝐺1
 

 

β=1.
2 

EXP.  0.556374
4 

0.524782
2 

0.5119841 0.5063035 

MSE 0.036269
8 

0.012420
0 

0.0056124 0.0026389 

β=3 EXP.  0.505081
2 

0.505511
2 

0.5026784 0.5017222 

MSE 0.021696
6 

0.010139
7 

0.0050806
9 

0.0025085
5 

𝜃𝐺2
 β=1.

2 
EXP.  0.556378

8 
0.524783

4 
0.5119846 0.5063038 

MSE 0.036272
4 

0.012420
2 

0.0056124 0.0026389 

β=3 EXP.  0.505084
5 

0.505512
3 

0.5026789 0.5017225 

MSE 0.021697
6 

0.010139
9 

0.0050807
3 

0.0025085
7 

 
Table 2: Expected values and MSE’s of the different esti-
mators for the Inverse Rayleigh distribution with θ=1.5, 
A0 = 5000, A1 = 10, A2 = 0.5, α=0.8 

 

Estimator 

 

n 

 

Crite-
ria 

 

10 

 

 

25 

 

50 

 

100 

𝜃𝐽1 EXP.  1.660525
0 

1.565559
00 

1.5307320
0 

1.516117
00 

MSE 0.379388
6 

0.115427
30 

0.0511227
6 

0.023858
65 

𝜃𝐽2 EXP.  1.660670
0 

1.565596
00 

1.5307460
0 

1.516125
00 

MSE 0.379685
8 

0.115448
50 

0.0511268
3 

0.023859
61 

 

𝜃𝐺1
 

 

β=1.
2 

EXP.  1.470881
0 

1.498353
00 

1.4990200
0 

1.500668
00 

MSE 0.172541
6 

0.086561
78 

0.0445572
0 

0.022280
35 

β=3 EXP.  1.167163
00 

1.352119
0 

1.4220680
0 

1.461137
00 

MSE 0.176139
10 

0.078635
5 

0.0420131
2 

0.021517
09 

𝜃𝐺2
 β=1.

2 
EXP.  1.470958

0 
1.498383

00 
1.4990340 1.500675

00 

MSE 0.172601
3 

0.086572
83 

0.0445598
9 

0.022280
96 

β=3 EXP.  1.167200
0 

1.352141
0 

1.4220810
0 

1.461143
00 

MSE 0.176127
0 

0.078634
9 

0.0420131
40 

0.021517
14 

 
Table 3: Expected values and MSE’s of the different esti-
mators for the Inverse Rayleigh distribution with θ=3, A0 
= 5000, A1 = 10, A2 = 0.5, α=0.8 

 

Estimator 

 

n 

 

Crite-

 

10 

 

 

25 

 

50 

 

100 
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ria 

𝜃𝐽1 
EXP. 

3.322277
0 

3.131524
0 

3.061658
0 

3.032330
0 

MSE 
1.520739

0 
0.462053

5 
0.204564

6 
0.095452

1 

𝜃𝐽2 
EXP. 

3.323429
0 

3.131816
0 

3.061781
0 

3.032390
0 

MSE 
1.525432

0 
0.462396

8 
0.204631

0 
0.095466

7 

 

𝜃𝐺1
 

 

β=1.
2 

EXP. 
2.505774

0 
2.795267

0 
2.893783

0 
2.948242

0 

MSE 
0.594360

8 
0.301940

9 
0.165540

5 
0.085610

7 

β=3 
EXP. 

1.747872
0 

2.328637
0 

2.620616
0 

2.799525
0 

MSE 
1.648842

0 
0.574375

0 
0.247032

5 
0.107516

2 

𝜃𝐺2
 

β=1.
2 

EXP. 
2.506136

0 
2.795448

0 
2.893888

0 
2.948292

0 

MSE 
0.594324

6 
0.301975

0 
0.165552

7 
0.085614

1 

β=3 
EXP. 

1.747990
0 

2.328746
0 

2.620690
0 

2.799572
0 

MSE 
1.648581

0 
0.574265

2 
0.246993

7 
0.107504

7 

 
Table 4: IMSE's of the Different Estimators for the Inverse 
Rayleigh distribution θ=0.5, A0 = 5000, A1 = 10, A2 = 0.5 

and 𝑅(𝑡) =0.0540405, α=0.8 

n 

 

Estimator 

 

10 

 

 

25 

 

50 

 

100 

𝜃𝐽1 0.001679 0.000576 0.000265 0.0001266 

𝜃𝐽2 0.001692 0.000581 0.000266 0.0001264 

 

𝜃𝐺1
 

 

β=1.2 0.001472 0.000556 0.00026 0.0001254 

β=3 0.0009735 0.0004745 0.0002434 0.0001224 

𝜃𝐺2
 

β=1.2 0.001488 0.000562 0.000263 0.0001257 

β=3 0.0009653 0.0004712 0.0002407 0.0001202 

 
Table 5: IMSE's of the Different Estimators for the Inverse 
Rayleigh distribution θ=1.5, A0 = 5000, A1 = 10, A2 = 0.5 

and 𝑅(𝑡) =0.0540405, α=0.8 

n 

 

Estimator 

 

10 

 

 

25 

 

50 

 

100 

𝜃𝐽1 0.0064909 0.002557 0.0012243 0.0005951 

𝜃𝐽2 0.0064888 0.0025566 0.0012235 0.0005945 

 

𝜃𝐺1
 

 

β=1.2 0.0040743 0.0021145 0.0011193 0.0005704 

β=3 0.0057931 0.0023291 0.0011799 0.0005884 

𝜃𝐺2
 

β=1.2 0.0040354 0.0020983 0.0011103 0.0005657 

β=3 0.0056619 0.0022716 0.0011494 0.0005727 

 

Table 6: IMSE's of the Different Estimators for the In-
verse Rayleigh distribution θ=3, A0 = 5000, A1 = 10, A2 = 

0.5 and 𝑅(𝑡) =0.0540405, α=0.8 

n 

 

Estimator 

 

10 

 

 

25 

 

50 

 

100 

𝜃𝐽1 0.0097372 0.0041687 0.0020556 0.0010152 

𝜃𝐽2 0.0097182 0.0041611 0.0020514 0.0010131 

 

𝜃𝐺1
 

 

β=1.2 0.00948 0.0039513 0.0020082 0.0010035 

β=3 0.0292004 0.0089456 0.0035154 0.0014181 

𝜃𝐺2
 β=1.2 0.0093714 0.0039059 0.0019848 0.0009917 

β=3 0.0289152 0.0088241 0.0034536 0.0013872 
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The paper presents the production of porcelain for the ceramic by inexpensive natural raw materi-
als, the principal raw materials of porcelain composition was selected consisting of 50% kaolin, 
25% feldspar, 25% silica, the sample synthesized were characterize by X-ray diffraction (XRD) 

technique, than study the effect additives at different concentration form titanium oxide (𝑇𝑖𝑂2 )at 
(2, 5, 10, 15, 20) wt% on some physical and dielectric properties of porcelain.  
The samples are prepared by the conventional manufacturing method.  
The physical and dielectric properties of porcelain show that change considerably with the sub-

stituent sample. It was found that the increase of the titanium oxide (𝑇𝑖𝑂2 ) additives of all our 
sample produce increasing in dielectric constant and bulk density, while decreasing with open 
porosity and dielectric loss tangent.  
 

Keyword: porcelain, feldspar,𝑇𝑖𝑂2 , dielectric constant, dielectric loss tangent.  
 

خلاصـةال  
% 25 –كاوؤلين % 50) الدراسة تم تحضير البورسلين بأستخدام تركيبة مكونة من مواد اولية طبيعية وغير مكلفةفي هذه 
على wt% 20, 15, 10, 5, 2( )التيتانيا  دراسة تأثيرنسب مختلفة من اضافات اضافة الى ذلك تم .(سيليكا% 25 –فلسبار 
  .للبورسلين المحضر الخصائص الفيزيائية والعزلية بعض

بأنها تزداد مع  تغير ثابت العزل والكثافة مع تراكيز التيتانيا المضافة انلوحظ حيث , بطريقة التصنيع التقليدية حضرت النماذج
 . اما بالنسبة الى ظل زاوية الفقدان و المسامية حيث وجد بأنها تتناقص مع زيادة تراكيز التيتانيا المضافة, زيادة تراكيز التيتانيا

 

Introduction  
One of the product materials madding by heat 
treatment is the ceramic. It is treatment of sub-
stance or mixture of non-metallic substance and 
inorganic metal material [1]. The producer of 
ceramic hardness is the porcelain, the porcelain 
make the ceramic white, intensive impermeable, 
and semitransparent to liquid that means the 
porcelain is good mixture of composite materials 
composing mainly of feldspar, caoling and silica 
materials raw, porcelain have many good charac-
teristic features that means loads, chemical influ-
ence and resistance to mechanical stresses which 
exposing then beside satiable electric resistance 
[2].  
Oxide of metal titanium TiO2 is occurring natu-
rally in several types of many mineral sands and 
rocks The titanium was the ninth common ele-
ment in the crust earth [3] [4] [5] [6] [7] [8]. 

Masrtennikove G. M etal [4] had been studied 
the effect of addition of TiO2 on fired properties 
of porcelain material reparation, they founded 
that four classes of addition normally used for 
porcelain, however the first kinds is including 
,addition that controlling the coagulation thix-
otroics structure of porcelain suspension on the 
other hand it control of transition to condensation 
structure.  
The second kind refers that additives which en-
hancing the sintering process and helping the 
transformation condense structure to the crystal-
line structure and the crystalline pseudo coagula-
tion structure, the other kinds is including addi-
tive which enhancement the crystal structure of 
the new forms, the advantage and possibility of 
using the waste glass as fluxing in poscelaintiles 
without deterioration in mechanical properties 
had been investigation by Baker [5], Baker find 
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that the addition of waste glass enhance conse-
quently and vitirification some surface and me-
chanical properties.  

Materials and Methods 
In this paper, we can prepare the porcelain mate-
rial using elementary material, low cost and 
foundation of nature freely (50% kaolin, 25% 
feldspar, 25% silica). These materials are maxing 
by this ratio and mixture stay at 24 hours. After 
mixing the sample of this material are presuing 
(7 ton) to result a bulk of materials.  

 Since, that bulk of material input furnace 𝟓
℃

𝒎𝒊𝒏
 

(electric furnace) at 1300℃ for three hours and 

colling (𝟓
℃

𝒎𝒊𝒏
) this mixture to room temperature 

and made a powder to study the effect of X – 
Ray diffraction. The rangs of angle 2ϴ are (5 – 
80 degrees).  
In this papere, we study and evaluated the inters 
atomic spacing (d), Millar indices (hkl).  
However we added the Titiania (2, 5, 10, 15, 20 
wt%) to the porcelain and the material mixing 
with each other for 10 hours by circumference 
1.5 cm and width 0.7 and sintering this sample in 

oven with 1300℃ for 4 hours at air.  
The density and porosity of sample have been 
studied by using Archimedes with water as the 
immersion medium and we measurement the die-
lectric constant using LCR meter range (50 HZ 
to 1 MHz).  

Results and Discussion 
X – Ray diffraction analysis Figure (1) show that 
the pattern of X- ray diffraction for porcelain that 
producing by traditional method from traditional 
materials.  
Philips X-ray diffraction meter was using to tast-
ing this samples. All six samples was transtation 
at rang angle 2ϴ from (10-80) degrees with spec-
troscopic velocity (10 deg/min) estimation all 
modes that to fulfulment evaluation. the inter 
atomic spacing c and miller indices (hkl).  
Bulk density and open porosity: data in Figure 2 
and 3 show that, variation in open porosity and 
bulk density with amount of TiO2 addition that’s 

added at sintering (1300℃),  
We can show the property improvement due to 
additive incorporation that view in the curve 
Figures 5 to 6.  
 

 

Table 1: X-ray diffraction data of porcelain. 

𝟐𝜽(𝒅𝒈𝒓𝒆𝒆𝒔) d (𝑨°) hkl 

21.15 4.19 100 
26.58 3.34 101 
26.96 3.3 006 
33.45 2.6 116 
35.39 2.52 300 
39.71 2.26 161 
40.57 2.22 111 
41.07 2.19 200 
42.70 2.11 223 
50.36 1.81 003 
55.12 1.60 103 
60.14 1.53 211 
60.85 1.13 113 

 

 
Figure 1: X-ray diffraction of composition (kaolin, feld-
spar, silica).  

 
It was evident that high reduction in porosity 
founded when the porcelain sample which was 
due that the mass transport occurred as a results 
of glass phase formation.  
The phase of glass formed enters in the pores 
presented in the compact and fills, due to these 
spherical pores were forming and also the com-
pact gets dandified.  
The two Figures (4, 5) show that the variation of 
dielectric constant and dielectric loss tangent as a 
function of TiO2 that addition (Wt %) for porce-
lain.  
Figures (4, 5 show that the dielectric constant 
value was increased when compared dielectric 
loss tangent with increasing TiO2 additive (wt 
%). It may be due to the presence of some mi-
crograms in the ceramic insulators when these 
crakes wave observing mainly near the quartz 
particles and those regions of the cry stalling 
phase was absent [6].  
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Figure 2: Porosity of porcelain with 𝑻𝒊𝑶𝟐 additives.  

 

 
Figure 3: Density of porcelain with 𝑻𝒊𝑶𝟐 additives.  

 

 
Figure 4: Dielectric constant of porcelain with 𝑻𝒊𝑶𝟐 addi-
tives at (1MHz) and (100 KHz).  

 

 
Figure 5: Dielectric loss tanget of porcelain with 𝑻𝒊𝑶𝟐 
additives at (1MHz) and (100 KHz).  

 
Conclusions 
The experimental results obtained show that lo-
cal raw materials are quite suitable for porcelain 
can be produced.  The presence of TiO2 additives 
(Wt %) in porcelain increased the bulk density 
and dielectric constant, while the open porosity 
and dielectric loss tangent to decreasing value.  
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The aim of this research is to enhance the fundamental properties for asphalt binder as those spec-
ifications relate to performance of asphalt mixtures. In this paper studied the effect of add (2, 4 %) 
SD in different sizes and (3, 5 and 7%) Natural rubber latex to the straight asphalt 40/50 produced 

from Al-Dura refinery at 160C, it was added each additive separately and then added together to 
asphalt in same temperature, then tested physically and mechanically according to the American 
Society for Testing and Materials (ASTM), the result showed largely improvement.  
 
Keyword: Asphalt binder, asphalt mixture, physical and chemical properties, sawdust, Natural 
rubber latex 

خلاصـةال  
 2,4الهدف من هذا البحث هو تحسين خصائص الرابط الاسفلتي واداؤه خلال الخرسانة الاسفلتية, حيث تم دراسة تأثير اضافة )

المنتج من مصفى  40/50%( من المطاط الطبيعي اللاتكس الى الاسفلت نوع 7و 3,5%( من نشارة الخشب وبعدة احجام و)

ل مضاف الى الاسفلت على حدى ثم تم اضافة المضافين معا الى الاسفلت , وتم إضافة كC160الدورة عند درجة حرارة 
وبنفس الدرجة الحرارية, بعد ذلك تم اختبار النتائج فيزيائيا وميكانيكيا وفقا للمواصفات التابعة للجمعية الامريكية للاختبارات 

 . واظهرت النتائج تحسن كبيرا (ASTM)والمواد
 

 
Introduction  
Asphalt used in many applications especially in 
pavements [1] related to rheological properties 
where have a thermoplastic nature (making it sol-
id in low temperature and soft in high tempera-
ture), adhesion, cohesion and water proofing 
properties

 
[2].  

Asphalts black or dark brown in color, amor-
phous and composed principally of high molecu-
lar weight hydrocarbons, soluble in carbon disul-
fide and in trichloroethylene with density 1g/ 
cm3 and flows at high temperature.  
Paving asphalt subjected to repeated loads and 
thermal loading, which make it lose the ability to 
maintain optimal performance and this leads to 
appearance defects on the asphalt pavement and 
structural degradation, therefore improving the 
quality of asphalt by additives is the target for 
researchers and engineers. [3].  
In this research the additives was selected to en-
hance the quality of asphalt, blend and compati-
bility with it, to Produce a new better binder type 

by increase viscosity, elasticity, softening point, 
stability and the strength of mixtures and im-
prove the pavements, rutting resistance, thermal 
cracking, and fatigue resistance of blends after 
investigated by the physical and mechanical tests 
shown below.  

Materials and Methodologies 
Sawdust (SD) is a waste products obtained by 
cutting, grinding, drilling, sanding, or otherwise 
pulverizing wood with a saw or other tool. Wood 
consists of carbon about 50%, hydrogen, oxygen 
and ash. These elements share in to the formation 
cellulose which represents the chief constituent 
of plant cell wall and perhaps, characterized of 
fiber by durability and resistance to compression 
and hardness, which increases when the density 
is increase and increase the adhesion. In addition, 
it can reduce costs, and also environmental cost 
due to the recycling of waste sawdust

 
[4].  

The natural rubber latex(NRL) has a colloidal 
suspension collected from trees containing ~60% 
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rubber after stabilized with NH3with chemical 
formula (C5H8)n, it has advantages such as elas-
ticity, lower mixing temperature and faster mix-
ing and has some disadvantages such as foaming, 
ammonia vapor and heat loss [5].  
Penetration test: it is a measure of hardness of 
asphalt. Softening point is the temperature at 
which the asphalt becomes soft under the influ-
ence of steel ball and it is affects the asphalt sur-
face in bleeding. Ductility Test: It is the measure 
of cohesion strength and adhesion of bitumen. 
Viscosity Test: It is defined as the fluid charac-
teristic of bitumen material at application tem-
perature therefore it affects on the strength prop-
erties Toughness and Tenacity: Toughness is de-
fined as the work required separating the tension 

head from a sample of asphalt under a specified 
test conditions. Tenacity is defined as the work 
required stretching the material after the initial 
resistance is overcome. Penetration Index (PI): It 
is a consistency is an empirical measure of the 
resistance exhibited by a fluid to continuous de-
formation when it is subjected to shearing stress. 
PVN: is a function of Asphalt cement behavior at 
low temp performance.  
Mechanical Tests (Marshall Test): has been car-
ried out according to standard test method for 
resistance to plastic flow of bituminous paving 
mixture loaded on the lateral surface, it include 
tests (stability, flow, air voids%, bulk density and 
stiffness).  

 

 
Figure 1: Additives compatible with asphalt. 

 
 
 
 
 
 

 
Figure 2: Structure of NRL [5]. 
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The saw dusts with linear chain add to hot as-
phalt with homogeneous distribution of the com-
ponents. There will be bonding across the inter-
face and have inter-diffused into one another 
(Close in concept to the mechanical interlock 
theory). Consequently improvement of all as-
phalt properties except ductility test, there for 
natural rubber latex (NRL) was chosen for the 
purpose of increasing ductility value as elastomer 
polymer to enhance the elastic recovery of modi-
fied asphalt and reduces the thermal degradation 
problem. This is because the (NRL) polymer oc-
cupies a space of total mix and cause reduction in 
asphalt volume.  

Results and Discussion 
The addition of Sawdust (SD) and Natural rubber 
latex (NRL) to the asphalt with good mixing is 
the key to improving performance, all physical 
properties improved. The Figure (3) shows the 
penetration value generally will improve and de-
crease from 40 to 26 that is mean the additives 
improve the penetration value and makes the as-

phalt harder, softening point is increasing from 

48.8 to 62 C this indication to increase plasticity 
and decrease the temperature susceptibility, and 
for ductility values, it decrease from 100 to 31.5 
with (4% SD), but when add NRL to SD keep 
value 100cm or more than it. Improving in vis-
cosity values from 450 to with 1870 mean aggre-
gates could absorb less asphalt and was able to 
be coated with thick film, thereby increasing ad-
hesion among aggregates. Such results could be 
increasing the stability and reduce rate of strip-
ping as shown in Figure (5). Toughness will en-
hance from 0.9 to 8.5 and tenacity increase from 
0.3 to 6.7 with (2% SD + NRL5%), this enhance 
mean increase cohesive strength of asphalt and 
make it stiffen under loads as shown in Figure 
(6). Reducing the temperature susceptibility as 
shown in Figure(7), where have been improved 
the penetration index (PI) from -1.96 to -0.03 and 
the PVN from – 0.95 to 0.35, the mixture be-
comes more durable, all tests above shown men-
tioned with results in table (1).  

 
Table 1: Physical and mechanical results. 

Penetration 
viscosity 
number 

Penetration 
index 

tenacity toughness ductility viscosity 
Softening 

point 
penetration test 

Mo-
difier 

content 

- 0.95 -1.96 0.3 0.9 100 450 48.8 40 AS 

- 0.73 -1.56 0.3 1 100 558 51 37.4 
As+ SD 2% (2- 

1mm) 

- 1.02 -2.09 0.5 1.1 40 590 52 24.8 
AS + SD4% (2-

1mm) 

- 0.55 -1.59 0.4 1.4 90 900 54.8 23.5 
AS +SD4% (1-

0.6mm) 

- 0.84 -1.6 0.5 1.4 31.5 577 52.3 31.5 
AS + SD4% (0.6-

0.25mm) 

- 0.15 -1.06 2.4 3.8 100 876 53 38.5 AS+3% NRL 

0.1 -0.49 3.9 4.8 100 1100 55.8 37.5 AS+5% NRL 

0.15 0.49-  4.1 5 100 1200 56.9 37 AS+7% NRL 

0.18 -0.71 6.7 8.3 100 1370 56.5 31.4 
AS + NRL5% 

+SD 2% 

0.24 -0.11 5.4 8.4 100 1542 60.4 29 
AS + NRL5% 

+SD 4% 

0.31 -0.13 5.8 8.1 100 1680 62 28.3 
AS + NRL5% 

+SD 6% 

0.35 -0.03 5.6 8.5 68 1870 62 26 
AS + NRL5% 

+SD 8% 
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Figure 3: Influence of weight percentage and diameter of 
SD and NRL on Softening point, penetration and ductility 
tests.  

 
Figure 4: Influence of weight percentage and diameter of 
SD and NRL on Viscosity Test.  

 
Figure 5: Influence of weight percentage and diameter of 
SD and NRL on Toughness and Tenacity.  

 
Figure 6: Influence of weight percentage and diameter of 
SD and NRL on Penetration index and PVN.  

 

 
Figure 7: Influence of weight percentage and diameter of 
SD and NRL on stability, flow, stiffness and bulk density.  

 
After determining the optimum asphalt binder by 
Marshall method (4.9), asphalt concrete mixture 
was done for three samples mentioned in Table 2 
and investigated their properties.  
The Figure (8) shown the stability value increase 
from 13.6 to 15.724 with (4% SD+5%NRL) this 
will be benefiting for the flexible pavement and 
so more resistance to both reflective and fatigue 
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cracking.  
Further, the asphalt becomes more resistant to 
aging, the bulk density increase from 2.3181 to 
2.3379 with (5%NRL), Stiffness from 4.317 to 
5.886 this indicate to less strain through high 
stress and flow decrease from 3.15 to 2.4 mean 
no flow under load. The air voids content de-
crease from 4.2 to 3.533 with (5%NRL) (mixing 
with enough air voids improves stability and 
lessens bleeding when compacted), as shown in 
Figure (8), this improvement reflected in the per-
formance of asphalt concrete.  

 
Figure 8: Influence of weight percentage and diameter of 
SD and NRL on air voids, V. F. A%, V. M. A% content.  
 

Table 2: results of mechanical tests 

  AS 4.9% AS+5%NRL 
As 

4.9+NRL5%+SD2% 
As 

4.9+NRL5%+SD4% 

Stability 13.6 14.4215 14.774 15.724 

Flow 3.15 2.45 2.65 2.85 

stiffness 4.3174 5.886 5.5750 5.5175 

Bulk density 2.3181 2.3379 
2.3313 

 
2.3288 

Air voids 4.2 3.533 3.807 3.907 

V. F. A% 72.211 67.0849 74.3749 73.1950 

V. M. A% 15.311 14.613 14.855 14.944 

 

Conclusions 
The well distribution of SD and cross-linking 
reactions of unsaturated carbon- carbon bonds of 
NRL with the hot asphalt enhance all physical 
properties, such as the increasing of softening 
point is indicates that will not bleed in pavement 
at high temperature, the increasing in viscosity 
mean more resist to flow, in addition to enhance 
the cohesion and adhesion properties. that’s 
mean a greater force or tensile stress is required 
to break the molecular bonds of modified binders 
and cause failure and this reflected on the role of 
asphalt binder in asphalt concrete mixture and 
therefore improves the flexibility and the service 
life of the road and stability toward loads and 
environmental conditions and improvement the 
resistance to rutting at high temperatures and to 
cracking at low temperatures.  
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Cadmium oxide nanoparticles CdO NPS has been prepared by laser ablation in ethanol at 600 
pulses and 600 mJ as laser energy. The structural, optical, and morphological properties of the 
cadmium oxide CdO thin film deposited on a glass substrate have been studied. X-ray diffrac-
tometer (XRD 6000, Shimadzu, X-ray, diffractometer) with Cukα radiation at a wavelength of 

( = 0.154056 nm) was utilized to investigate the structural properties of CdO NPs. The optical 
absorption of colloidal CdO NPs was measured using a spectrophotometer (Cary, 100 cans plus, 
UV-Vis-NIR, Split Beam Optics, Dual detectors) in the range of (200–900) nm. The morpholo-
gy of the CdO NPs was investigated by using AFM (AA 3000 Scanning Probe Microscope). 
The thickness of the films was measured using ellipsometer (Angstrom sun Technologies Ins).  

  
Keywords: Nanoparticles, laser ablation, XRD, AFM, CdO.  

 الخلاصـة
 600Jنبضة و 600حضرت جسيمات أوكسيد الكادميوم النانوية بأستخدام تقنية الستقصاء الليزري في محلول الايثانول عند 

درست الخصائص التركيبية والبصرية والتضاريسية التشكيلية لغشاء رقيق من جسيمات أوكسيد الكادميوم  .كطاقة ليزرية
 ملائما λ = 0.1540 nmعند طول موجي  Cukαتداخل الأشعة السينية ذات  كانجهاز .النانوية المرسبة على قاعدة زجاجية

قيست الأطتصاصية البصرية للمحلول  .لتقصي الخصائص التركيبية للغشاء الرقيق لجسيمات أوكسيد الكادميوم النانوي
 Cary, 100 cans plus, UV-Vis-NIR, Split)الغروي لجسيمات أوكسيد الكادميوم النانوي بأستخدام مقياس الطيف 

Beam Optics, Dual detectors)  200 -900في المدى nm . أستقصى على تشكيل السطح للغشاء الرقيق لجسيمات
قيس سمك . .(AA 3000 Scanning Probe Microscope)أوكسيد الكلدميوم النانوية بأستخدام مطياف القوى الذرية 

 . (Angstrom sun Technologies Ins)الأغشية الرقيقة بأستخدام مقياس السمك 
 

Introduction 
In general metal oxides can be possessed a trans-
parent conducting property which is called trans-
parent conducting oxides (TCO’s). Andreas 
Stadler in his paper and Habubi with his cowork-
ers as well as Khudheir et al. in 2012 said that 
the most of the studies of transparent conducting 
metal oxides are anion deficient (Oxygen defi-
cient) and hence are always n-type conductors 
[1] [2] [3]. The transparent conducting metal ox-
ides are also considered as oxide semiconduc-
tors. Metal oxide thin films (MOTF) are very 
important in the field of science and technology, 
it can be shown different properties of metals, 
semiconductors and insulators with enhanced 
electrical and optical properties. Some of 
MOTFs applications are referred in papers of 
Radi, Yu Yang, and also Radi as electrodes in 
optoelectronic devices, display devices and pho-

tovoltaic cells respectively [4], [5] and [6]. The 
n-type cadmium oxide CdO thin films exhibit 
rock salt structure (FCC) with band gap of 
2.2eV. Ortega et al. in their paper emphasized 
that CdO thin film has a good optical conductivi-
ty and transmission in the visible region [7]. The 
main aim of this study is to create a simple, non-
vacuum and economic deposition technique for 
efficient transparent conducting CdO thin films 
where there are many techniques exist to prepare 
the thin films such as spray pyrolysis[8], sputter-
ing[9], sol-gel spin coating[10], activated reac-
tive evaporation[11], metal Organic Chemical 
Vapor deposition [12], pulsed laser deposi-
tion[13]. In this study CdO films were synthe-
sized using laser ablation in ethanol. Optical 
properties such as transmission, bandgap, refrac-
tive index, absorption coefficient, extinction co-
efficient, dielectric constant (imaginary and real) 
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and Urbach energy were studied for CdO NPs 
thin films deposited on FTO substrate.  
 

Materials and Methods 
The laser type Nd:YAG was selected for the ab-
lation operating at 10 Hz repetition rate, with 7 
ns pulse width and wavelength of 1064 nm. The 
laser pulses were focused by a 20 cm positive 
lens onto a cleaned 2 mm thick CdO bulk sample 
(99.99% purity provided by Porch Company) 
immersed in ethanol at laser energy (400 mJ) 
with an ablation time of 20 min. The energy of 
laser pulse was measured using calibrated Joule 
meter after taking into account the effect of etha-
nol transmittance. The CdO target was placed in 
the bottom of a quartz vessel filled with 10 ml of 
ethanol. Structural properties of CdO NPs depos-
ited on a glass substrate was investigated by X-
ray diffractometer (XRD 6000, Shimadzu, X-ray, 
diffractometer) with Cukα radiation at a wave-

length of ( = 0.154056 nm). Optical absorption 
of colloidal CdO, NPs was measured using a 
spectrophotometer (Cary, 100 cans plus, UV-
Vis-NIR, Split Beam Optics, Dual detectors) in 
the range of (200–900) nm. Morphological of the 
CdO NPs was emphasized by using AFM (AA 
3000 Scanning Probe Microscope). The thick-
ness of the films was determined using ellipsom-
eter (Angstrom sun Technologies Ins). Meas-
urements were carried out at room temperature at 
200 nm thickness.  
 

Results and Discussion  
Figure 1 show XRD patterns of CdO thin films 
deposited on FTO substrate. X-ray diffraction 
patterns of CdO thin films revealed polycrystal-
line nature with a cubic structure. The observed 
diffraction patterns were indexed with standard 
values (JCPDS card no.78-0653). X-ray diffrac-
tion patterns also show that various diffraction 
peaks at 2ɵ values 26.42˚,33.62˚, 37.67˚, 55.52˚ 
and 69.44˚, were identified to originate from 
(200) (110) (220) (222) and (111) planes, respec-
tively, which corresponds to CdO face centered 
cubic structure. The large peak at 37.67˚ indi-
cates that CdO thin film is preferentially oriented 
along the (200) crystallographic plane. The struc-
tural properties were calculated using expres-
sions given by Abd [14]. Crystallite size was in 
the order of 20 nm to 76 nm. The microstrain, 

number of crystallites and dislocation density of 
the CdO thin film is listed in Table 1.  

 

Figure 1: shows XRD patterns of the CdO thin films de-
posited on FTO substrate 

Figure 2 shows the 2D-3D AFM images of CdO 
NPs thin film deposited on an FTO substrate by 
drop casing method. The surface of the thin film 
has vertically closely packed ball shaped, within 
the scanning area (2x2)µm. Using special soft-
ware (4.62 imager), the estimated of the average 
grain was around 46 nm. Homogenous and a 
good roughness grain of CdO nanostructure were 
noticed. Figure 3 illustrates the UV-Vis spectra 
of ethanol solution containing CdO NPs prepared 
by laser ablation in liquid technique. The trans-
mittance curve was subdivided into two regions 
at the visible and near IR regions. The transmit-
tance curve decreases sharply from 400 nm up to 
1100nm, so the CdO NPS has an acceptable 
transmittance in the visible range, which can be 
used in solar cell and a smart window and that is 
a good agreement with Aldwayyan et al [15]. 
Figure 4 shows the variation of (αhυ)

2
 verses hυ 

for direct band gap which have been determined 
by the extrapolation of the linear portion versus 
the photon energy axis. It can be seen that the 
value of the energy gap was about 1.4 eV.  
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Table 1: Characterization of XRD patterns for CdO thin films deposited on FTO substrate. 

2 Theta 
(deg) 

FWHM 

(deg) 

hkl 

planes 

D (nm) σ x1014 

lines. m-2  

 x10-4 

Lines-2. m-4 

Nx 1018 

1/m2 

37.67 0.25 (200) 33.40818 8.95972 10.37171 80.9932 

26.42 0.246 (110) 32.99681 9.184514 10.50102 84.06036 

55.25 0.366 (220) 24.3946 16.8041 14.204 208.031 

69.44 0.126 (222) 76.44941 1.711007 4.532409 6.759032 

33.62 0.4 (111) 20.64165 23.4699 16.78645 343.3791 

 

 

Fig.2: 2D and 3D AFM images of synthesized CdO na-
noparticles.  

 
Figure 3: UV-Vis transmittance spectra of nanoparticles 
colloid fabricated at wavelength CdO ablated with 400 mg 
at 1064nm.  

 

Figure.4: (αhυ)2 versus photon energy plot for CdO NPS 

in ethanol.  
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Figure 5: FTIR for CdO Nanoparticles.  
 

Figure 6 shows the I-V dark characteristics in 
forward and reverse direction of Al/CdO/ p-
Si/Al. The forward current of photodetector was 
very small at voltages less than 1Volt. This cur-
rent is known as recombination current which 
occurs at low voltages only. It is generated when 
each electron excited form valence band to con-
ductive band. The second region at high voltage 
represented the diffusion or bending region, 
which depends on a serries resistance. In this re-
gion; the bias voltage can deliver electrons with 
enough energy to penetrate the barrier between 
the two sides of the junction.  
 

 
Figure 6 shows the I-V dark characteristics for CdO/Si 
heterojunction 

 
Figure 7 shows that a linear relationship between 
1/C

2
 and reverse bias voltage was obtained for 

the structure. This linear relationship represented 
the photodetector (CdO /Si) and (PSi/Si). The 
values of the built-in potential have been ob-
tained and it had been found equal to 0.2 Volt.  

 

 
Figure 7: 1/C2 versus reverse voltage of CdO/PSi Photode-
tectors.  

 
Figure 8 displays the responsivity as a function 
of wavelength for CdO/p-Si photodetector, the 
maximum responsivity is located in the visible 
region and the other at the NIR region, the spec-
tral responsivity curve of CdO/p-Si consists of 
one peak of response; the peak was located at 
575 to 850 nm due to the absorption edge of CdO 
NPS and Si nanoparticles.  
 

 
Figure 8: Spectral Responsivity plots for CdO/p-Si as a 
function of wavelength.  

Conclusions 
The synthesized CdO NPs were in nanosized of 
46 nm prepared in ethanol by laser ablation in 
liquid method and the optical properties revealed 
that the direct band gap of CdO NPs indicated to 
the effect of quantum size. X-ray diffraction 
(XRD) measurement disclosed that the CdO NPs 
are polycrystalline and have FCC crystal struc-
ture and no other phases were noticed. Deposi-
tion of CdO NPs on silicon (Si) gave suspensions 
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photodetector characteristics enhanced the prop-
erties porous photodetectors. The spectral re-
sponsivity of Al/CdO /Si/Al photodetector was 
around 0.7 A/W at 790 nm.  
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In the present work, the production of the cross sections of three Gallium isotopes: 35

66

31Ga

(t1
2⁄ = 9.4h, β+ = 4.2MeV), 36

67

31Ga
(t1

2⁄ =3.2617d, EC=100%) and 37

68

31Ga
(t1

2⁄ = 68min, 

Iβ+ = 89%) have been discussed. The Gallium isotopes have important applications in nuclear 
medicine, particularly in Positron Emission Tomography (PET), Single Photon Emission Tomog-
raphy (SPET) imaging technique and used in tumors diagnosing. The production of irradiant

Ga66

,
Ga67

and
Ga68

is made by irradiation of an enriched Zinc target using proton and deu-
teron charged particles. Utilizing high cyclotron yield and low radionuclide impurities, the opti-
mum cyclotron energy range has been chosen for the production of Gallium isotopes. The cross 
sections of (p,xn), (p,γ) and (d,xn) reactions for the production of Gallium isotopes have been 
evaluated depending upon the empirical data taken from EXFOR library, which is belonging to 
the International Atomic Energy Agency (IAEA). Also the yield for each reaction has been evalu-
ated.  
 
Keywords: cross sections, Gallium Isotopes, optimized energy range 

خلاصـةال  
 9.4h=(1⁄2)_〖t 〗)  :في العمل الحالي، تم مناقشة انتاج المقاطع العرضية لثلاث نظائر لعنصر الكاليوم

,β^+=4.2MeV), (〖 t〗_(1⁄2)=3.2617d, EC=100%)و (〖 t〗_(1⁄2)=68min, 〖Iβ〗^+=89%).  

نظائر الكاليوم لها تطبيقات مهمة في مجال الطب النووي وعلى وجه الخصوص استخدامها في تقنية التصوير المقطعي 
يتم انتاج  .واستخدامها في تشخيص الاورام (SPET), والتصوير المقطعي بأنبعاث فوتون منفرد (PET) بالانبعاث البوزتروني

المشعة بتشعيع هدف الزنك المخصب بأستخدام الجسيمات المشحونة من البروتونات والديتريونات باستخدام أعلى  نظائر الكاليوم
تم تقييم المقاطع  .انتاجية للمعجل واقل نسبة شوائب للنظائر المشعة، تم تحديد افضل مدى طاقة للمعجل لانتاج نظائر الكاليوم

 نتاج نظائر الكاليوم المشع أعتمادا على القيم العملية المتوفرة في مكتبةلأ (d,xn)و(p,xn)، (p,γ) العرضية لتفاعلات
(EXFOR) التابعة لوكالة الطاقة الذرية الدولية (IAEA). كذالك تم حساب الانتاجية لكل تفاعل . 

Introduction 
The radioisotopes have a significant importance 
in the field of nuclear medicine, specifically in 
diagnostic imaging including Single Photon 
Emission Computed Tomography (SPECT) and 
Positron Emission Tomography (PET), and in 
the field of nuclear medical therapy. These radio-
isotopes are produced using reactors through nu-
clear reactions or accelerators through bombard-
ment reactions using charged particle such as 
protons, deuterons and alpha particles [1]. The 

three radioisotopes of Gallium ( Ga66 , Ga67 and 

Ga68 ) have a great importance in nuclear medi-

cine, especially in PET scan and in radiotherapy 

by attaching them with monoclonal antibodies to 
detect tumors locations, and in investigation of 

different diseases [2]. Gallium-66 (t1
2⁄ =9.49h, 

Eγ= 833.5, 1039.3keV,  β+: 56.5%, Emaxβ+: 

4.153MeV; EC: 43.5%), has an intermediate 
half-life make it suitable for PET imaging of bi-
oprocesses with intermediate to slow target tissue 

uptake [3]. The Gallium-67 (t1
2⁄ =3.2617d; 

EC=100%), is widely used in medical applica-
tions due to its ability to emit several Auger elec-
trons with energies (7–8) keV. These electrons 
may reach the investigated cell nucleus from the 
cell surface or from cytoplasm; hence it is effec-
tive in single cell killing. Gallium-67 emits rays 

http://creativecommons.org/licenses/by-nc/4.0/
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with energies ranged from 91 to 394keV, which 
is suitable to be detected by gamma cameras [4]. 
for single photon imaging in PET scan [5]. Ga-

68 (t1
2⁄ = 68min,  β+: 89.1%; EC: 10.9%) has 

distinctive characteristics that made it used in 
PET scan imaging and in tumor diagnosing[6]. 
The aim of the present work is to evaluate the 
experimental data of nuclear reactions induced 
by proton and deuteron particles on enriched Zn 
target and selected optimization energy range for 

the production of Ga66 , Ga67 and Ga68 with 

small and/or medium-sized cyclotrons less than 
30MeV and improve efforts in this field of pro-
duction.  

Materials and Methods 
Cross Sections Calculations  
The experimental data play an important role in 
the evaluation of nuclear reaction cross sections. 
Table (1), shows the experimental data that have 
been published in (EXFOR) library, which be-
longs to the International Atomic Energy Agency 
(IAEA) for proton and deuteron induced reac-
tions specific for Zn target [7]. The empirical da-
ta that obtained by different authors listed in ta-
ble (1) are not identical. In the present work the 
evaluations was made by including a careful 
analysis for these data by recalculating the ener-
gy in steps of the interval (0.01MeV) and the 
calculated cross sections were plotted using 
Matlab-8 programming language as shown in 
Figures (1→5).  
 

Yield of Calculated Products 
The yield of a nuclear reaction can be defined as 
the ratio of the number of the nucleus formed in 
a nuclear reaction to the number of the bombard-
ing particles hitting the target. The yield produc-
tion of nuclei for any energy, E can be expressed 
as a function of the cross section as [8]:

 

     
1

1












  dx

dE
EeHnIYield

in

out

E

E

t  

Where: Y is the activity in (Bq) of the product 
nuclei. I: current of projectile in (µA). ϕ : the 

flux is ~
1210  to 

1410 scmn 2/ . n: umber of 
atoms per unit volume (N/A).N: Avogadro's 
number. A: the mass number of the target in 
(amu). H: isotopic abundance (or enrichment) of 

the target.  : The decay constant of the prod-

uct=

 
)

693.0
(

2/1t
in )( 1h . t: time of irradiation in 

(h). 
dx

dE
: the stopping power, 

)(E : Cross 

section at energy E in (mb). 

Results and Discussion 

Gallium radioisotopes 35

66

31Ga (t1
2⁄ = 9.4h),

 

36

67

31Ga (t1
2⁄ = 78h) and 37

68

31Ga (t1
2⁄ = 68min) 

are commonly used for diagnostic studies using 
(PET) and (SPET), it can be produced via vari-
ous reactions induced by charged particle as 
shown in Table 1.  
There are three routes for the accelerator produc-

tion of 35

66

31Ga
 by proton projectile via 

35

66

3136

66

30 ),( GanpZn
, and 35

66

3137

67

30 )2,( GanpZn
 re-

actions as shown in Figures (1-a), and (2-a) re-
spectively; also by deuteron bombardment via 

35

66

3136

66

30 )2,( GandZn
 reaction as shown in (4-

a).comparing the three reactions mentioned 

above, the optimum reaction to produce
Ga66

is 

35

66

3136

66

30 ),( GanpZn
reaction with a production 

yield equals to 7.4MBq (mCi)∕µAh (Figure 6), 
high cross section (700mb), at area of optimum 

energy range 
MeVEp )148( 

, and with no 
impurities. The obtained value is in a good 
agreement with the value obtained from ref. [2], 

with
MeVEp )156( 

 because of the highly 

isotopic abundance (27.9%) [9] of
Zn66

 in a natu-
ral Zinc matrix target. The yields of 

35

66

3137

67

30 )2,( GanpZn
 and 35

66

3136

66

30 )2,( GandZn
 re-

actions are 0.093MBq mCi)∕µAh and 
3.97MBq(mCi)∕µAh with optimum energy range

MeVEp )155( 
and 

)1510( pE
MeV 

respectively.  

The optimum production of 
Ga68

 is via 

37

68

3138

68

30 ),( GanpZn
 reaction with a yield of 

30.34MBq (mCi)⁄µAh (Figure 8), high cross sec-
tion (1060mb), optimum energy range

MeVEp )128( 
, and with a minimum impu-

rity 0.002% of 
Ga67

. This value is agree with 
value obtained from ref. [6] with 
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MeVE p )134( 
 because of the highly iso-

topic abundance of 
Zn68

 (27.9%) compared with 

Zn67

(4.1%) [9] in a natural Zinc matrix target.  
The results of the optimum energy range is less 
than 30MeV, hence the data obtained in the pre-
sent work has a good agreement with some cal-
culations made by researches. At which Gallium 
isotopes could conveniently yield at cyclotron 
energy for a medium via proton irradiation on 
natural Zinc target. However, calculations in the 
recent practical data of cross sections via deuter-
on irradiation on natural Zinc might be added a 
new production route for radio Gallium isotopes 
[4].  

Conclusions 
The accelerators production of Gallium radioiso-
topes has suitable physical properties, since it 
have intermediate or short half-life, so it is wide-
ly used in medical applications in imaging tech-
niques and radiotherapy. In the present work, the 
evaluation of cross sections for the reactions in-
duced by proton and deuteron particles give a 
good agreement with experimental calculations 
taken from IAEA which done by different au-
thors. The high enrichment target is used to re-
duce the radio impurities due to the activation of 
impurities, but this radio impurity does not dis-
appear. These impurities can be removed only by 
using enriched target and/or by a careful selec-
tion of the effectively charged particle energy 
range in the target. From the results, we conclud-

ed the optimum reactions to product Ga66 , Ga67  

and
 

Ga68  from 35

66

3136

66

30 ),( GanpZn ,
 

36

67

3138

68

30 )2,( GanpZn , 37

68

3138

68

30 ),( GanpZn  and 

37

68

3138

68

30 )2,( GandZn reactions respectively. An-

other reactions are not desirable to product Ga66 ,

Ga67  and Ga68 , because of minimum product 

yield and the production of isotopic impurities 
appear in reaction process. We found from the 
results that Gallium-68 is the best isotope to be 
used in medical application because it have a 
short half-life and high cross sections.  
Acknowledgment: We wish to express our deep 
thanks and gratitude to the International Atomic 
Energy Agency (IAEA) to allow access to the 
experimental nuclear data libraries and made 
available.  
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In this research, X-ray diffraction of the powder (PVA polymer, titanium dioxide with two parti-
cle sizes) and (TiO2 (15.7 nm)/PVA and TiO2 (45.7 nm)/PVA) films have been studied, the 
amount of polymer is (0.5) g and (0.01)g from each particle sizes of nanoparticles will be used. 
Casting method is used to prepare homogeneous films on glass petri dishes. All parameters ac-
counted for the X-ray diffraction; full width half maximum (FWHM), Miller indices (hkl), size of 
crystalline (D), Specific Surface Area (S) and Dislocation Density (δ). The nature of the structural 
of materials and films will be investigated. The XRD pattern of PVA polymer has semi-
crystalline nature and the titanium dioxide with two particle sizes have crystalline structure; ana-
tase type. While the mixture between these materials led to appearing some crystalline peaks into 
XRD pattern of PVA polymer.  

 
Keywords: Nanoparticle doped polymer, PolyVinyl Alcohol (PVA), Titanium dioxide (TiO2), 
Structure Properties, X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM).  
 

خلاصـةال  
 (، ثنائي أوكسيد التيتانيوم ذو الحجمين الحبيبين PVAبوليمر )حيود الاشعة السينية لمساحيق  في هذا البحث, تم دراسة

( 0.01( غم من البوليمر و )0.5نسبة ) (، وقد أستخدمTiO2 (15.7 nm)/PVA and TiO2 (45.7 nm)/PVAواغشية )
تم حساب . استخدمت طريقة الصب لتحضير اغشية متجانسة على أطباق زجاجية. غم من كلا الحجمين الحبيبين للمادة النانوية

كل معاملات حيود الاشعة السينية ، أقصى منتصف لعرض الحزمة ، معاملات ميلر، الحجم البلوري ، المساحة السطحية 
 PVAوبينت النتائج أن حيود الاشعة السينية لبوليمر . وتم بحث الطبيعة التركيبية للمواد والاغشية .الانخلاع المحددة وكثافة

بينما المزيج  .(anatase)نوع  ;هو ذو تركيب شبة بلوري وأن ثنائي أوكسيد التيتانيوم ذو الحجمين الحبيبين لها تراكيب بلورية
 . PVAم البلورية في نموذج حيود الاشعة السينية لبوليمر بين هذه المواد أدى الى ظهور بعض الحز

 
 

Introduction 
The general chemical structure of PolyVinyl Al-
cohol (PVA) is shown in Fig. (1)[1].  

 
 
 
 
 
PVA is a polymer of great interest be-

cause of its many desirable characteristics spe-
cifically for various pharmaceutical and  
 
Biomedical applications [2]. It has been ap-
plied in the industrial, commercial, medical, 

and food sectors and has been used to produce 
many end products, such as lacquers, resins, 
surgical threads, and food packaging materials 
that are often in contact with food [3]. PolyVi-
nyl alcohol for food use is an odorless and 
tasteless, translucent, white or cream colored 
granular powder. It is most important soluble in 
water, Dimethyl Sulfoxide (DMSO), Ethylene 
Glycol (EG), and N-Methyl Pyrrolidone 
(NMP) [4]. Titanium dioxide belongs to the 
family of transition metal oxides. There are 
four commonly known polymorphs of TiO2 
found in nature: anatase (tetragonal), brookite 
(orthorhombic), rutile (tetragonal), and TiO2 
(B) (monoclinic). Besides these polymorphs, 

Figure (1): Chemical structure of PVA polymer [1].  
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two additional high-pressure forms have been 
synthesized from the rutile phase. These are 
TiO2 (II) with the α-PbO2 structure, TiO2 (H) 
with hollandite, baddelleyite with ZrO2, Co-
tunnite with PdCl2 [5]. Among these unique 
properties, nanosized organic and inorganic 
particles are being producing for use in medical 
properties. Titanium dioxide (TiO2) also known 
as titanium oxide or titanium IV oxide or Tita-
nia, is the naturally occurring oxide of titani-
um. It is a versatile transition-metal oxide and a 
useful material in various present / future ap-
plications related to catalysis, electronics, pho-
tonics, sensing, medicine, and controlled drug 
release [6]. Used chemical spry pyrolysis tech-
nique to prepare thin films of titanium dioxide 
TiO2 pure and TiO2: PVA polymer on glass 
substrate preheated at (350 ˚C) for TiO2pure 
and at (160 ˚C) for TiO2: PVA. With spray rate 
3Sec. /1min, and thickness (250 nm). The in-
vestigation of (XRD) indicates that the struc-
ture of TiO2 pure and TiO2: PVA thin films are 
polycrystalline, and XRD investigation is ana-
tase titanium dioxide. Where intensity of (101) 
is more than the intensity of (000), (200) and 
(105) for TiO2 and TiO2: PVA thin films. The 
optical properties measurement explains the 
effect of adding PVA on transmittance, absorb-
ance, refractive index, absorption coefficient 
and electronic transitions of prepared thin 
films, their results observe that the filling of 
PVA generally increase optical properties [7]. 
Explained the effect of TiO2 (5, 10 and 15 mg) 
nano-particles on optical, electrical and me-
chanical properties of poly (vinyl alcohol) 
(PVA) films. The un-doped (PVA) films show 
high transmittance in the visible region, and 
decrease with the increasing of TiO2 [8]. Stud-
ied polyvinyl alcohol (PVA) doped with titani-
um dioxide nanoparticles at different weight 
percentage (1.25, 2.5, 5, 7.5, 10 TiO2/PVA) are 
prepared using the sonification and casting 
techniques. The structural properties of those 
samples are examined by XRD, FTIR, and UV-
Visible. The XRD pattern reveals that the 
amorphous domain in PVA polymer matrix 
increases with the raising of the TiO2 content. 
The complexation of the dopant with the poly-
mer is examined by FTIR studies. The absorp-
tion spectra of UV-Visible light shows irregu-
lar changes of the absorption for high doping 
samples in UV range (7.5, 10 TiO2 /PVA). Ab-

sorbance, transmittance and reflectance spectra 
are used for the determination of the optical 
constants. The results indicate that the optical 
band gap is decreased with the increase of TiO2 
content, while the refractive index increases to 
high value for the composites of high dopant 
[9].  
The aim of this work is to investigate the na-
ture of the structural characteristics of PVA 
polymer, TiO2 nanoparticles with two particle 
sizes (15.7 and 45.7) nm, TiO2 (15.7 nm)/PVA 
and TiO2 (45.7 nm)/PVA films that done by X-
ray diffraction (XRD) and Scanning Electron 
Microscopy (SEM) measurement.  

Materials and Methods 
Pure PVA and TiO2 nanoparticles doped PVA 
films have been prepared by employing solution 
casting method. Hot distilled water (~55°C) (10 
ml) was used to dissolve (0.5 g) from PVA is a 
granular powder with molecular weight 
(Mw=14000 g/mole) obtained from (BHD Chem-
icals Ltd). This solution was magnetically stirred 
continuously for (3 hrs.) until mixture became 
homogeneous viscous solution. Then it poured 
into glass petri dish with diameter (8 cm) and 
keeps under room temperature (~30°C) for (7 
days) to evaporate all solvent slowly. In order to 
prepare TiO2 nanoparticles/PVA composite films 
with two particle sizes for TiO2 nanoparticles; 
(15.7 and 45.7 nm) obtained from (Intelligent 
Materials Pvt. Ltd. United States) and (HIME-
DIA), respectively. The amount of powder for 
each particle size as used (0.01 g) with (10 ml) 
hot distilled water. (6 ml) of this TiO2 nanoparti-
cles solution was added to PVA solution to get 
15.7 nm TiO2/PVA an and 45.7 nm TiO2/PVA 
films. X-Ray Diffraction (XRD) instrument is 
from type (SHIMADZU XRD – 6000) made in 
Japan, with following specifications are Target is 
CuKα, wavelength is 1.5406 A, Current is 30 
(mA) and Voltage is (40 KV) and Scanning Elec-
tron Microscopy (SEM) type (INSPECTS50) 
made in Holland. Mathematical definitions 
The particle size is calculating by equation (1). 

The average grain size of all the samples was es-

timated from X-ray line broadening analysis by 

Scherer's formula [10]: 

𝑫 =
𝑲𝝀

𝜷𝑪𝒐𝒔𝜣
 (1) 
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Where (K) represents a Scherer's factor, normal-

ly taken as (0.94). λ is the X-ray wavelength, β is 

the value of the FWHM in degree unit and trans-

form to radian by multiplying (π/180), θ is the 

Bragg's angle. Specific Surface Area (S) or 

(SSA) is the Surface Area (SA) per mass. Math-

ematically, SSA can be calculated using formula 

(2) [11]: 

S=(6x10
3
)/(Dp. ρ) (2) 

Where SSA & S are the specific surface area, Dp 

is the size (spherical shaped), and ρ is the density 

of TiO2 (3.9 g/cm
3
) and (4.23 g/cm

3
) particle siz-

es (15.7 and 45.7) nm, respectively.  

The dislocation density is the length of disloca-

tion lines per unit volume of the crystal [12]. 

The dislocation density (δ) in the sample has 

been determined using equation (3) [13]: 

δ=1/D
2
 (3) 

Results and Discussion 
The X-ray diffraction of pure PVApowder is 

shown in Figure (2). The observation of the max-

imum intensity diffraction peak (331) at 2θ = 

19.7167º corresponding d-spacing 4.49908 A
ͦ
 to 

the (110) reflection a plane which contains the 

extended planar zig-zag chain direction of the 

crystallites. That is indicate PVA has semi-

crystalline nature [14]. Firstly; the peaks at 2θ 

less than (20º) are due to crystalline nature which 

may be attributed to intermolecular interaction of 

hydrogen bonding for PVA chains. Secondly; 

two small peaks at 2θ = 23.2148º, 17.3494º cor-

responding d-spacing 3.82848 A
ͦ
 5.10727 A

ͦ
, with 

intensities (73) and (54), respectively. These re-

sults are matching with results obtained from [7] 

and [9]. The value of particle size is calculated 

by equation (1) nearly (3.0543 nm). Table (1) 

illustrated some structural properties for pure 

PVA powder.  

 
Table 1: XRD Parameters for Pure PVA Powder. 

 

2θ(deg) 

 

FWHM 

(deg) 

 

Intensity 

(counts) 

 

d (A
ͦ
) 

11.5143 1.45000 19 7.67902 

14.5363 0.52000 11 6.08869 

15.8327 1.30660 28 5.59294 

16.4911 0.0000 41 5.37110 

17.3494 0.0000 54 5.10727 

19.7167 1.954 331 4.49908 

23.2146 1.4934 73 3.82848 

40.6984 1.9900 42 2.21516 

42.3323 1.1200 17 2.13336 

 

 
Figure (2): XRD pattern for pure PVA powder. 

 

 

 

Table (2a): XRD Parameters for Pure TiO2 (15.7 nm) Powder. 

2θ(deg) FWHM (deg) Intensity 

(counts) 

d (A
ͦ
) hkl D(nm) Sx10

6 

(m
2
. g

-1
) 

ẟx10
6 

(m
-2

) 

25.3424 0.54100 285 3.51165 011 15.1 0.1018 4.385 

36.9362 0.28000 16 2.43168 013 30.4 0.0505 1.082 

37.8804 0.67000 50 2.37321 004 12.6 0.1220 6.298 

38.7148 0.50000 12 2.32396 112 16.9 0.0910 3.501 

48.0716 0.59500 77 1.89120 020 14.7 0.1046 4.627 

53.9815 0.75000 39 1.69727 015 11.9 0.1292 7.061 

55.0311 0.73000 39 1.66735 121 12.2 0.1260 6.718 
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62.0836 0.40000 12 1.49380 123 23.4 0.0657 1.826 

62.7034 0.76000 28 1.48052 024 12.3 0.1250 6.609 

68.8616 0.76000 10 1.36237 116 12.7 0.1211 6.200 

70.3212 0.64000 12 1.33763 220 15.2 0.1011 4.328 

75.0799 0.84000 16 1.26421 125 11.9 0.1292 7.061 

 
Table (2b): XRD Parameters for Pure TiO2 (45.7 nm) Powder. 

2θ(deg) 
FWHM 

(deg) 

Intensity 

(counts) 
d (A

ͦ
) hkl D(nm) 

Sx10
6 

(m
2
. g

-1
) 

ẟx10
5 

(m
-2

) 

25.3712 0.21100 759 3.50773 011 39.5 0.0358 6.409 

37.0077 0.19670 46 2.42715 013 43.0 0.0329 5.408 

37.8515 0.2010ẟ0 172 2.37496 004 41.9 0.0338 5.696 

38.6286 0.18750 48 2.32895 112 45.9 0.0308 4.746 

48.0967 0.19930 253 1.89027 020 44.6 0.0317 5.0272 

53.9434 0.20180 159 1.69838 015 44.4 0.0319 5.0726 

55.1201 0.21570 147 1.66487 121 42.2 0.0336 5.6153 

62.1691 0.17900 25 1.49196 123 52.2 0.0271 3.6699 

62.7443 0.20810 119 1.47965 024 45.1 0.0314 4.9163 

68.8009 0.21860 45 1.36343 116 44.2 0.0320 5.1186 

70.3422 0.19800 55 1.33728 220 49.9 0.0284 4.0160 

75.0910 0.214200 85 1.26405 125 47.3 0.0299 4.4696 

76.0766 0.186000 25 1.25011 031 55.0 0.0257 3.3057 

 

 

(a) 

 
(b) 

Figure (3): XRD Pattern for Pure TiO2 nanoparticles 
powder with two particles sizes a-(15.7 nm) b-(45.7 nm). 

 

The X-ray diffraction pattern of pure TiO2 nano-

particles powder with two particles sizes are 

shown in Figure (3) (a) (b), respectively. Strong 

diffraction peaks at 25º, 48º and 37º indicating 

TiO2 in the anatase phase, the intensities of XRD 

peaks of the sample reflects that the formed na-

noparticles are crystalline [7,9]. The intensity is 

increased with decreasing the Particle size, the 

particle size is nearly (15.7 nm) for Figure 3a and 

(45.7 nm) for Figure 3-b. Table 2 (a) (b) illus-

trated some structural properties for pure TiO2 

nanoparticles with two particle sizes, respective-

ly.  

We conclude from table (2 A, B) the specific sur-

face area (S) and dislocation density (ẟ) are de-

creased with increasing the particle size of TiO2 

nanoparticles.  

The X-ray diffraction pattern for (6 ml) TiO2 (for 

two particles sizes (15.7 nm) and (45.7 

nm))/PVA films are shown in Figure (4) (a)(b), 

respectively. From these figs., the effect of TiO2 

nanoparticles with two particles sizes on PVA 

structure still amorphous behavior with appear-
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ing some crystalline peak with addition TiO2 na-

noparticles [7, 9]. The intensity is increase with 

increasing the particle size of TiO2 nanoparticles 

and the particle size found by eq. (1) are nearly 

(17.0261, 79.4998) nm for TiO2 (15.7, 45.7) 

nm/PVA, respectively. Table (4-5) (a) (b) which 

it emerged adding PVA polymer enhanced the 

structural properties of TiO2 thin film.  

 
Table (3a): XRD Parameters for TiO2 (15.7 nm)/PVA 

Film. 

2θ 

(deg) 

FWHM 

(deg) 

Intensi-

ty 

(counts

) 

d (A
ͦ
) 

D 

(nm) 

13.3140 0.62800 98 6.64479 12.838 

14.5000 1.00000 15 6.10385 8.0610 

16.1722 0.66200 396 5.47629 12.269 

19.1800 2.00000 143 4.62374 39.758 

24.8216 0.82330 48 3.58413 9.974 

43.7905 0.44760 81 2.06564 19.257 

 
Table (3b): XRD Parameters for TiO2 (45.7 nm)/PVA 

Film. 

2θ 

(deg) 

FWHM 

(deg) 

Intensi-

ty 

(counts) 

d (A
ͦ
) 

D 

(nm) 

13.2065 0.61890 172 6.69864 127.53 

16.0854 0.61950 595 5.50564 127.81 

19.7000 0.00000 53 4.50285 0.0000 

20.4000 1.30000 28 4.34989 6.2286 

24.8025 0.75500 71 3.58685 10.8405 

43.7164 0.41290 85 2.06897 204.59 

 

(a) 

 
(b) 

Figure (4): XRD Pattern for a- TiO2 (15.7 nm)/PVA and b- 
TiO2 (45.7 nm)/PVA Films.  

 
The SEM images of TiO2 at different magnifica-

tion are shown in Figure (5) for TiO2 (15.7 nm) 

and Figure (6) for TiO2 (45.7 nm) which con-

firms that the TiO2 nanoparticles are pseudo 

spherical in shape. It has been observed that TiO2 

nanoparticles are agglomerated to from clusters.  

The effect of increasing particle size of TiO2 

leads to form big agglomerated. This result is 

matching with [15].  

Figures (7, 8) show micrographs of (6ml) TiO2 

nanoparticles with two particles sizes (15.7, 

45.7) nm doped with PVA films, respectively. It 

can be seen that TiO2 nanoparticles cover the 

surface of PVA films and emerge PVA particles 

to form white granule scattered randomly. The 

SEM image of TiO2/PVA films shows the rough 

TiO

2 

 

TiO2 

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Madhloom et al. Structural Properties of Nanoparticles TiO2/PVA Polymeric Films 2017 

 

193 
 

surface with some gathering of TiO2 nanoparti-

cles in PVA, this result is matching with [8].  

 

 
 

 

 
Figure (5): SEM micrographs for TiO2 Powder with parti-
cle size (15.7 nm).  

 
Figure (6): SEM micrographs for TiO2 Powder with parti-
cle size (45.7 nm).  

 

 
Figure (7): SEM micrographs for TiO2 (15.7 nm)/PVA 
Films.  
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Figure (8): SEM micrographs for TiO2 (45.7 nm)/PVA Films. 

 
Conclusions 
XRD parameters of materials and films calcu-

lated and have known the nature of the struc-

tural of materials and films. In spite of crystal-

line materials TiO2 nanoparticles, the polymer 

still amorphous behavior with appearing some 

crystalline peak from these materials in it, the 

specific surface area (S) and dislocation density 

(ẟ) are decreased with increasing the particle 

size of TiO2 nanoparticles. The SEM showed 

crystalline structure of TiO2 nanoparticles and 

matching with XRD results, The SEM image 

of TiO2 /PVA films showed rough surface with 

some gathering of PVA polymer.  
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The nuclear structures of even-even isotopes Nd (A=148,150,152) are studied by using the first 
Interacting Boson Model (IBM-1). The energy levels of ground state, beta and gamma bands 
,energy ratios are calculated. The results showed dynamical symmetry of these isotopes SU(3)-
SU(6), SU(5)-SU(6).  

خلاصـةال  
ضمن الاعداد Nd لحساب مستويات الطاقة للنظير (IBM-1)في البحث الحالي استخدم نموذج البوزونات المتفاعله الاول 

وحزمة بيتا وكاما وكذلك تم (ground band)وتم حساب مستويات الطاقه للحاله الارضية (A= 148-150-154) الكتليه
  ,SU(3)-SU(6) SU(5)-SU(6)واظهرت النتائج التناظرات الديناميكيه للنظائرهي  .حساب نسب الطاقه

 

Introduction 
 The Interacting Boson Model version one (IBM-
1) describes the low-lying nuclear spectra by as-
suming that an even-even nucleus, consists of 
inert core plus some valence particle ci. e parti-
cles outside the major closed shells at 2, 8, 20, 
28, 50, 82, 126and 184. [1] 
 Many nuclei with N and Z values between mag-
ic numbers are constantly deformed in their 
shape, the deformation arises because of the way 
valence nucleons regulate themselves in an un-
filled shell, in other words the deformation hap-
pens only when both proton and neutron shells 
are partially filled[1]. 

 

Furthermore, the valance particles tend to pair 
together to form bosons one with angular mo-
mentum 0 and 2. [1] The pairs with angular mo-
mentum I=2 called d-bosons, while the pairs with 
angular momentum I=0 called S-bosons. 

 

[2]  
 
Theoretical Bases 
The Interacting Boson Model model (IBM) 
Hamiltonian operator function according to 
IBM-1 is written in terms of creation and annihi-
lation operators as follows. [ 3,4] 
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Where , a0, a1, a2, a3 and a4 are parameters used 
in IBM-1 to determine the Hamiltonian function, 
and: 

sd
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 = Boson’s energy.  
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Where the operators of creation 
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

 ^
~

^
~

d,S

 are used in ful-
filling the following commutatio relations. [5-7].  

Results and Discussion 
This is done to study the structure of deformed 
nuclei. These deformed nuclei are; Nd 148– 152, 
Nd – 148 lying in the limit SU (5) – O (6) while 
the Nd – 150,154 in the limit SU (3) – O (6) dy-
namical symmetry. The dynamical symmetry of 
each isotope was determined according to the 
following: 

1. Energy ratios shown in Table 3.  
2. The typical energy spectrum was used al-

so. [4] 
3. Energy bands (i. e g, β,γ–bands) 

Table 1 shows each isotope which have been 
studied in this work the best fitted interaction 
parameters values of equivalent Hamiltonian op-
erators function of equation (1) for the energies 
in(MeV)units and show dynamical symmetry for 
each isotope.  
Table 2 shows the values of parameters of the 
Hamiltonian operator functions, which are fitted 
to the data for special symmetries of these iso-
topes. Table 3 shows the relation between the 
experimental and calculated energy ratios as a 
function of neutron number for (Nd

148
 – Nd

152
) 

respectivley. The nuclear structures of even-even 
nuclei in this mass region A (=148, 150, 152). 
We have finding the dynamical symmetry of 
each isotope by comparing the energy ratios with 

their identical and experimental values as shown 
in Table 3.  
We used the (IBM-1)) Hamiltonian to determain 
theoretical energy levels compared with the ex-
perimental values of of the even – even isotopes 
148-150-152

 Nd.  
Table 3 clarify that the energy ratios 
E(41

+
)/E(21

+
),  E(61

+
)/E(21

+
) and E(81

+
)/E(21

+
) 

for the theoretical and experimental values for 
Nd(A =148–152) isotopes, there is a good 
agreement.  
Figures 1, 2, and 3 are display the comparisons 
between theoretical and experimental energy lev-
els for selected isotopes 

148-150-152 
Nd. [8] 

Figures 1, 2, and 3 indicate the valuses of bands 

energies (g, β, γ) for each isotope ( 88

148

60
Nd , 90

150

60
Nd ,

92

152

60
Nd ) rapprochement with the experimental.  

From the calculated energy rates E(4
+

1)/E(2
+

1), 
E(6

+
1)/E(2

+
1) and E(8

+
1)/E(2

+
1), it becomes clear 

that ( 88

148

60
Nd , 90

150

60
Nd ,) tend to symmetry O(6) and,

92

152

60
Nd tend to symmetry SU(3). [9] 

Figures A, B, and C show the relation between 
the energy ratios as a function of number of neu-
tron (N) for the even-even Nd (A=148-152) iso-
topes.  

Conclosions 
The Interacting Boson Model, version one (IBM-
1), gives a good values for the energy levels as 
compare with the experimental values. Since the 
energy levels depends on the overall bosons 
number so that only the ground state band will 
appear.  
From above it can be seen that when the number 
of bosons increase the symmetry is translate 
from O(6) to SU(3). The value of the energy lev-
els is increase when the number of bosons de-
creases.  

Energy levels of even-even isotopes ( 88

148

60
Nd ,

90

150

60
Nd , 92

152

60
Nd ) have been labeled according to the 

three bands (g, β, γ).  
The β band is wider than γ band for dunamical 
symmetry SU(3) but γ band for isotopes of dy-
namical symmetry O(6) appears increasind. [10]   
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Table 1: Theoretical energy levels and enrgy transitions compared with experimental data for chosen even- even isotopes. 
[11, 12].  

.   

 
 

Table 2: The parameters of Hamiltonian function operator for Nd (A = 148-152) isotopes. 
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Table 3 : show the relation between the experimental and calculated energy ratios as a function of neutron number for (Nd148 
– Nd152) respectivley. [13] 

 

 
Figure 1: Comparison between calculated IBM (pw) and experimental energy levels states g, β, γin isotope

88

148

60
Nd  of the 

dynamical symmetry su(5)-o(6).  

 

 
Figure 2: Comparison between calculated IBM (pw) and experimental energy levels states g, β, γin isotope

90

150

60
Nd  of the 

dynamical symmetry su(3)-o(6).  

Su(5)-o(6) 

150 
60Nd90 

Su(3)-o(6) 
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Figure 3: Comparison between calculated IBM (pw) and experimental energy levels states g, β, γin isotope            of the 
dynamical symmetry SU(3)-o(6) 

 
 

 

 
 

 
Figures A, B, C: The relation between the energy ratios as 
a function of number of neutron N for the even-even Nd 
(A=148-152) isotopes.  
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The retarding force of the charged particles when interacts with matter causing loss of particle 
energy, this physical phenomenon in nuclear physics called stopping power. it has a lot of im-
portant applications such as in nuclear medicine and privation effects of radiations. The charge 
particles are alpha and beta particles. in this paper we studies the stopping power, collision and 
the stopping power of radioactivity of nuclear elements and to find the relationship between stop-
ping power collision and stopping power of radioactivity, with arrange of CSDA range for the 
low energy electrons data of element F. the CSDA range he CSDA range it is an average distant 
length of the moving charge particles when it is path slows to stop. By using approximation of 
CSDA range we can calculate the rate of the loss in the energy at any point along the path of the 
travel by assuming these energies loss at points of the track are equal to whole stopping power 
loss. The CSDA range can be found by reciprocal integration of the total stopping power. from 
the Figures (3),(4),(5) and(6)we can get good results 

 

 خلاصة ال
طاقة الجسيمات، هذه الظاهرة الفيزيائية في الفيزياء رة في سبب خسايمع المادة  هاالجسيمات المشحونة عند تفاعل ان إعاقة

الطب في مجال التأثيرات الذرية,  الكثير من التطبيقات الهامة قدرة الايقاف لها ان .قدرة الايقافالنووية تسمى الذرية والفيزياء 
 . ابيتجسيمات جسيمات ألفا وب تتمثلالمسؤولة  سيماتالجان  .عيةالإشعامجال النووي و

العناصر النووية وإيجاد العلاقة بين  فيلنشاط الإشعاعي الايقاف لقدرة ، التصادم وقدرة الايقافبدراسة  قمنا، ذا البحثفي ه
 ()التباطا المستمر لتقريب المدى CSDA النشاط الإشعاعي، مع ترتيب لمجموعةقدرة الايقاف في و قدرة الايقاف التصادمية

ات المشحونة المتحركة يمثل متوسط طول الازاحة للجسيم CSDAأن نطاق .F عنصرلل الواطئة الإلكترونات طاقة لبيانات
يمكننا حساب معدل الخسارة في الطاقة في أي  CSDA مدىباستخدام تقريب و .ءبطاالإ حالة إلى اؤديممسار العندما يكون 

من التكامل  .يقافالا قدرةفي نقاط المسار تساوي كل فقدان  الطاقة خسارةان افتراض  لىع مسار الانتقال نقطة على طول
 CSDA. يمكن أيجاد مدى لقدرة الايقافجمالي الإالمتبادل 

 

Introduction 
Charged particles when passing through can ion-
ize the atom of the matter, the speed of the 
charge particles loss energy in many stopping 
point. The stopping power of the particles can be 
estimated for Avery unites of the track length by 

−𝑑𝐸/𝑑𝑥.  
The stopping power is determined by the nature 
of the matter and the particle energy.  
The ion pair needs an amount of energy and the 
amount of ionization along the tracts is related to 
stopping power of the matter. The property of the 
matter determent the stopping power, the loss of 
the energy for Avery points along the track de-
scribes the event of the particles during its travel. 
Both units and numerical values are identical.  
 
 

Collision Stopping Power 
The collision stopping power is resulted from 
energy of incident of electrons on the atoms of 
matter. The differential cross-section per atomic 

electron 𝑑𝜎/𝑑𝑊 for inelastic collisions leading 

to an energy transfer of𝑊, the stopping power of 
mass collision can be denoted as:  
 

1


Scoll 

NA

A
Z W

d

dW dW

 
(1) 

 

Where 𝑍 the atomic number of the medium,  𝜌 

its density 𝑁𝐴 𝑖s Avogadro’s number, 𝐴 the 
atomic weight of the medium. The ionised ener-
gy loss is estimated from Bethe-Bloch formula 
[2]: 
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Hassan S. Study Stopping Power Collision in one of Nuclear Element 2017 

 

203 

 

 

 

 
   

  



























 
 











2

2
2

2

2

2

2

0

2

1

2ln128
1

2

2
ln

2

e

e
coll

mIA

Zcmr
S  (2) 

 

Where 𝑟𝑒the radius of the electron, 𝑚𝑜𝑐2is rest 

energy of the electron, 𝛿is the density effect, 

𝛽the electron velocity, 𝐼 is the mean excitation 

energy and 𝜏 is the energy of the incident elec-
tron on its rest energy. The polarization of the 
atoms of the matter is result when an electron 
passing through it. This leads to decreases of 
electric field of the electron. The extent is in turn 
leading to decrease in the stopping power. For 
high energy value, the density can be approxi-
mated as [3]: 
 

  2 ln
28.816

I

Z

A








 2ln  1 1

 
 …(3) 
The mean excitation energy values can be seen in 
the following table 1for various matterles  
  

Element 
Atomic 
number 

Mean Excita-
tion Energy I 

[eV] 

Beryllium 4 63.7 

Carbon (graphite) 6 78 

Aluminum 13 166 

Iron 26 286 

Copper 29 322 

Germanium 32 350 

Tungsten 74 727 

Lead 82 823 

Uranium 92 890 

 
Stopping Power of Radiative  
The deflection of the electron path when passing 
electron through electric field 
Causing radiative energy loss, this phenomenon 
is called bremsstrahlung. The collision occurs in 
electron, emitted photon and the value of the 
scattering of nucleus can be neglected because of 
it high mass. The deflection of the electron path 
will be more when the nucleus charge is high; 
therefore the energy loss is significant especially 
when the atomic number of the matter is high. 
The deflection of an electron path can occur even 
at low energies. And this of the deflection is pro-
portionate with electron energy. So the collision 
losses decrees when energy electron increase. 

The energy loss becomes significant for contri-
bution of the Bremsstrahlung phenomenon espe-
cially above 10 MeV for high atomic number and 
about 100 MeV for low-atomic number of the 
matter. The radiation photons of the incident 
electrons have a wide spectrum starting from ze-
ro to kinetic energy and the photons number pro-
portionate inversely with there energy. The in-
crease in the electron energy causing increase in 
the forward peaked of the emitted photons. In the 
following Figure the bremsstrahlung cross-
sections differential is function of the photon en-
ergy for 4 values of electron energy for the lead 
and Copper [4].  

 
Figure (1. a) bremsstrahlung cross-sections for Lead (for 4 
different electron energies) [4].  

 
Figure (1. b): Bremsstrahlung cross-sections of Copper 
element (4 different electron energies) [4].  

  
Total Stopping Power 
Its total stopping power of electron and positron 
means the energy loss for every unit of the path 
length as a loss of ionization, excitation and the 
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radiations. And this is can be revealed by analyt-
ical expressions involving the use of these ener-
gy loss. a lot of works has been conducted now a 
days [5-8], the total stopping power in nuclear 
physics has a lot of application like in nuclear 
spectroscopy, surface layer analysis and semi-
conductor detectors[ 9,10]. The collision losses 
of electrons and positron are depends on the na-
tures and properties of the materials. By using 
spatial formula to evaluate this loss of the elec-
tron [11]. in the last few years there have been 
some important development in the techniques 
and theories that inside the physical properties in 
solid concept like ionic charge, atomic number 
[12-18], valence electrons and these inside has 
relation with property of the chemical bond that 
explain and to categorize a lot of essential prop-
erties of the solid. Although this relation does not 
give an accurate hints for every matter but we 
can get benefit to study the properties of the ma-
terials. Below the two Figures show the total 
stopping power of collision for Lead and Graph-
ite  

 
Figure (2a) stopping powers as an energy function (Graph-
ite element) [2].  

 
Figure (2b) stopping powers of Electron for lead as energy 
function [2].  

Results and Discussions 
From Theoretical point the results can be found 
by calculating stopping power collision and radi-
ative stopping power together with CSDA data 
for F element. In the Figures 3a and 3b, the cal-
culations represent a function of stopping powers 
to kinetic energy, for both sets Lin/Logelectron 
value after and before for F element.  

 
Figure (3a) shows total powers collision as a function to 
kinetic energy.  

 
Figure (3b) the function Sets Lin/Log electron data of F 
element 

 
Figures 4a and 4b denote to the stopping powers 
recitatives as a kinetic energy function after and 
before set Lin/Log electron data of F element.  
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Figure (4a) radiative Stopping power as a kinetic energy 
function.  

 
Figure (4b) Set Lin/Log data of radiative stopping power 
as a kinetic energy function.  
 

Figures 5a and 5b for the total stopping powers 
function of kinetic energy after and before 
Lin/Log electron data for F element.  

 
Figure (5a) the sum of stopping power as a kinetic energy 
function.  

 
Figure (5b) Lin/Log the sum of stopping power as kinetic 
energy function.  
 

The CSDA approximation for the range tracks 
the distance for charging all particles travelling 
when become to rest. The rate of lossing energy 
in CSDA approximation, in every point of its 
path, is assuming equal losses to total stopping 
power. We can obtain it from the integrating of 
total stopping power reciprocal to energy.  
Figures 6a and 6b show the CSDA range the re-
sult of calculations.  

 
Figure (6a) CSDA calculations as a function of kinetic 
energy.  

 
Figure (6b) Lin/Log CSDA range function to kinetic ener-
gy.  
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Conclusions 
From the study of the total power we conclude 
that the collision of stopping power of electrons 
proportionate inversely with energy, it means for 
lower energies of electrons we can obtain height 
result of collision of stopping power.  
The stopping power of radiative electrons in-
creases when the energy increases. While the 
loss of the energy at any point on the path of the 
charge particle equals to the sum of stopping 
power in CSDA approximation.  
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