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لكل من ساهم . أود أن اسجل شكري الجزيل للجهود الكبيرة للهندسة والعلوم

في إظهار هذا العدد. كما أتقدم بالشكر لجميع الباحثين الذين دعموا المجلة من 
في  DOI، خاصاً بعد حصول المجلة على الرقم المعّرف خلال نشر أبحاثهم فيها

  .2020عام 
الهندسة، هي:  ،ضم هذا العدد، بحوث في مختلف المجالات العلمية    

 .والرياضياتالتحليل الإحصائي  والاستشعار عن بعد،، فيزياءوال
نأمل أن تحقق مجلة الأكــاديمــية للهندسة والعلوم، من خلال هذه الطبعة،   

تطلعات الباحثين والمهتمين، وأن نسعى، بعون الله تعالى، إلى تطوير مجلتنا نحو 
متميزا إقليمياً وعالمياً، ونتطلع ان تكون الأفضل، وأن يكون لها حضورا علميا 

 .المجلة في التصنيفات العلمية الدولية

 مع خالص التقدير
 
 

 أحمد كمال أحمد أ. د.                                
 رئيس هيئة التحرير                                

 2022 - الأولكانون                                 
 
 
 
 



 

d 
 

  عن نبــــــذة 
 نقابة الاكاديميين العراقيين

 
(، بغية الاهتمام 2017( لسنة )61أسست نقابة الأكاديميين العراقيين بموجب القانون رقم )   

بالملاك التدريسي والأكاديمي )الأكاديمي: التدريسي الحاصل على شهادة الماجستير أو الدكتوراه 
 البحث العلمي في الجامعات(.ويمارس مهنة التدريس أو يعمل بمراكز 

والارتقاء بمستوى العاملين في هذا القطاع الحيوي وإعداد الخطط والسياسات التي ترتقي بالعملية 
فظ كرامتهم حشؤون الأكاديميين والدفاع عنهم و التدريسية ومن أجل إنشاء مجالس ونقابات تهتم ب

والمعاهد العراقية ومساواتها مع مثيلاتها  وضمان حرياتهم الأكاديمية، ومن أجل رفع سمعة الجامعات
 من البند الثاني من قانونها فأنها: -2-في الدول المتحضرة. ووفقاً للمادة 

: تتمتع نقابة الأكاديميين العراقيين بالشخصية المعنوية والاستقلال المالي والإداري يمثلها )نقيب أولاً
 الأكاديميين العراقيين( أو من يخوله.

يكون مركز النقابة في بغداد ولها فتح فروع في المحافظات وحيثما تقتضي مصلحة النقابة : ثانيااً
 إيجاد تمثيل.

: لأعضاء الهيئات التدريسية في الجامعات والمعاهد العراقية المعترف بها من وزارة التعليم ثالثااً
 النقابة.  إلىالعالي والبحث العلمي الانتماء 

 :فًتأسيسًالنقابةًهيفأنًأهداً-3-ووفقااًللمادةً
 : الارتقاء بمهنة التعليم العالي والبحث العلمي لتحقيق رسالتها في خدمة الوطن وأجيال الأمة.أولاً
: التنسيق والتعاون مع وزارة التعليم العالي والبحث العلمي والجهات ذات الصلة بما يحقق مهام ثانيااً

 النقابة.
 العالي والمحافظة على آداب وتقاليد وشرف المهنة.: تعزيز أخلاقيات مهنة التعليم ثالثااً
: تشجيع الدراسات والبحوث والنشاطات والمؤتمرات التعليمية وعقد الدورات والندوات لرفع رابعااً

 المستوى العلمي والمهني لتدريسي الجامعات والمعاهد العراقية.
 ومصالحهم وكرامتهم.: تعزيز مكانة الأكاديميين في المجتمع والدفاع عن حقوقهم خامسااً
 .: النهوض والارتقاء بالأعضاء مهنياً واقتصاديا وثقافياً واجتماعياً سادسااً
: تأسيس صندوق للتكافل الاجتماعي لمساعدة أعضاء النقابة، يؤمن لهم ولأسرهم العيش الكريم سابعااً

 في حالات العجز الكامل أو الوفاة وتوفير الرعاية الصحية للأعضاء وأسرهم.
 : التعاون وتوطيد العلاقات مع الاتحادات العربية والدولية المماثلة.ثامنااً

 

 لالـند الهـد. مه م. .أ
 نقيب الاكاديميين العراقيين
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Contra - (𝟏 𝟐)∗ - (𝛑𝐠𝗯, c) - Open Functions Kinds  
 

Dunya Mohamed Hameed  
Mustansiriyah University - College of Education - Department of Mathematics  

dunya_mahamed@uomustansiriyah.edu.iq  

 
Abstract:  

Labor purpose is to present new kinds of contra⎼(𝟣‚𝟤)*⎼open functions which is 
contra⎼(𝟣‚𝟤)*⎼(π𝗀𝖻,с)⎼open, and study some of it is characteristics. Other contra⎼(𝟣‚𝟤)*⎼ 
(π𝗀𝖻,𝖼)⎼open types are also introduce namely [contra⎼(𝟣‚𝟤)*⎼(π𝗀𝖻, 𝖻с)⎼open and contra 
⎼(𝟣‚𝟤)*⎼ (𝖻  π𝗀𝖻с)⎼open] functions ̞ As well ̧ will also debate the connection among these 
types of functions by presenting some propositions and examples that explain and 
investigate the connection between these kinds. In addition, we will present the necessary 
stipulations that make the reverse relation between those contra ­(1, 2)∗­(π𝗀𝖻, с)-open 
functions kinds come true.  
Keywordsː (𝟣 ̣𝟤) *⎼ π𝗀𝖻⎼open functions ̧ Μ⎼ (1¸2) * ⎼π𝗀𝖻⎼open function  ̡Contra ̶ (1  2) 
* ̶ open function and Contra ̶ (𝟣‚𝟤) * (π𝗀𝖻  с) ⎼open.  

 
 -أنواع الذوال الضذ ∗(𝟏 𝟐)-(𝛑𝐠𝗯,с) - الوفتوحة

 م. دنيا هحوذ حويذ
 سن الرياضياتق -كلية التربية  -الجاهعة الوستنصرية 

 الخلاصة:
ودساسة  ⎼(π𝗀𝖻,с)⎼*(1,2)فتىحة ين اننًػ انغشض ين هزا انبحث هى دساسة أنىاع أخشي ين انذوال انعذ انً 

أيعا سىف تقذو تذعً  ⎼(π𝗀𝖻,с)⎼*(1,2)بعط ين خصائصها. وأنىاع أخشي ين انذوال انعذ انًفتىحة ين اننًػ 
,π𝗀𝖻)⎼*(1,2))انذوال انعذ انًفتىحة ين اننًػ  bс)⎼ (1,2)انذوال انعذ انًفتىحة ين اننًػ و*⎼(b, π𝗀𝖻с)⎼.( 

أيعا انعلاقة بين هزه الأنىاع ين خلال تقذيى بعط انخصائص والايثهة انتي تششح وتحقق انعلاقة كزنك, سىف نناقش 
انذوال انعذ سنقذو انششوغ انعشوسية انتي تجعم انعلاقة انعكسية بين أنىاع فعلا عن رنك، بين تههك الأنىاع. 
 صحيحة.  ⎼(π𝗀𝖻,с)⎼*(1,2)انًفتىحة ين اننًػ 
، π𝗀𝖻 – M ⎼*(1,2)، انذوال انًفتىحة ين اننًػ π𝗀𝖻 ⎼*(1,2)ال انًفتىحة ين اننًػ : انذوالكلوات الوفتاحية

 ⎼(π𝗀𝖻,с)⎼*(1,2)وانذوال ظذ انًفتىحة  ⎼*(1,2)انذوال ظذ انًفتىحة 
 
Introduction:  
In 1963. Kelly J [3] was the first researcher who submit and studied the idea of the topic of 
bitopological spaces, defining them as a triple arrangement (Ҳ ҭ̧1  ҭ2) which contains Ҳ set 
is not empty and ҭ1  ҭ2 are two arbitrary topologies define on Ҳ. Ravi. O and Lellis 
Thivagar. M [5] they have proffered the conception of (𝟣‚𝟤) *⎼ (regular open (closed) sets. 
Sreeja. D and Janaki. C [6,7] They defined and proffered the notion of [(𝟣‚𝟤)*⎼𝖻⎼closed, 
(𝟣‚𝟤)*⎼𝖻⎼open (𝟣‚𝟤)*⎼π𝗀𝖻 ⎼closed ̧ (𝟣‚𝟤)*⎼ π𝗀𝖻 ⎼open ] sets and they also introduced the 
(𝟣‚𝟤)*⎼ π𝗀𝖻 ⎼closed (open) functions  ̧ while the notion of contra⎼ open(closed) functions 
in bitopological spaces ̧ presented and debated by (Noiri. T and Popa. V ̧ 2006 [4]) in 2021, 
Dunya. M. H. Sanna. H. J and Intidhar. Z. M [2] they submitted and debated a new several 
types of contras⎼ (𝟣‚𝟤) *⎼ (open functions).  The goal of this study is to submit a novel 
kind of contra⎼ open functions. As well  ̧ we will involve the presentation of different 
definitions and outcomes in order to treatise the connection between these sorts of 
functions.  
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2­preliminariesː  
This section proffers some definitions and outcomes that necessity in this research.  
Definition (2˖1), [3]ː Let 𝚀 ⊆ (ℳ  ℑ1   ℑ2) ¸ then  

 1- if 𝚀 = Ƥ ∪  Ⱪ   Where Ƥℑ1 and Ⱪ ℑ2 is said ℑ1¸ 2⎼open or [(𝟣  𝟤) *⎼open], and 

(ℑ1 ¸ 2⎼open) 
c
 namely ℑ1 ¸ 2⎼closed or [ (𝟣  𝟤) *⎼closed].  

 2- ⋃{Ⱬ: Ⱬ  𝚀 and Ƶ is ℑ1,2⎼open}is called ℑ1,2⎼Interior of 𝚀 and symbolized by 

ℑ1,2⎼Iո𝗍(𝚀).  

 3-  ⋂ {W: 𝚀 W: W is ℑ1,2  − closed } namely ℑ1,2⎼closure of 𝚀. and symbolized by 

ℑ1 ̦2⎼∁𝗅(𝚀).  

Definition (2˖2): If 𝚀 ⊆ (ℳ ¸ ℑ1   ̧ℑ2) ¸ then 𝚀 namely  
 1-  (1,2) *-regular open [5] ¸ if 𝚀 = ℑ1,2⎼ In𝗍 (ℑ1,2⎼∁𝗅(𝚀)).  

 2- (𝟣‚𝟤) * −𝖻 − open [6] if 𝚀  ℑ1,2⎼ ∁𝗅 ((ℑ1,2⎼ In𝗍 (𝚀))  ℑ1,2⎼ In𝗍 (ℑ1,2 − ∁(𝚀)).  

Remark (2˖3) ̦ [3] ̦ [6]:  
 1.  ℑ1  2⎼ open set of (ℳ  ℑ1   ℑ2) ¸ it is not indispensable to be topology.  

 2. If 𝚀 ⊆ (ℳ ℑ1  ℑ2) ̡ then ⋂{ W: 𝚀  W: ∀ W is (1,2)∗⎼𝖻⎼closed of ℳ} 
namely (1,2)∗ − 𝖻⎼closure of 𝚀. and symbolized by (1,2) * ⎼ 𝖻ᴄ𝖨(𝚀).  
Definition (2˖4) [6]ː If 𝚀 ⊆ (ℳ¸ ℑ1 ¸ℑ2)  ̧ hence a set 𝚀 namely (𝟣‚𝟤) *⎼ π𝗀𝖻⎼closed if 

ℑ1 ¸ 2 − 𝖻ᴄ𝗅(𝚀)  𝖤 such that 𝚀  𝖤 and 𝖤 is (1,2) *⎼π⎼open ̦ where ((𝟣‚𝟤)∗⎼π𝗀𝖻⎼closed) c 

is said (1, 2)∗­ π𝗀𝖻 ⎼ open.  
Remark (2˖5), [6]: In (ℳ¸ ℑ1 ¸ℑ2) ¸hence ∀ 

 (i) ℑ1 2⎼closed〈ℑ1,2      closed 〉set is ℑ1,2⎼ π𝗀𝖻 ⎼ closed in ℳ. 

 (ii)ℑ1 ̦2⎼open  ℑ1 ̦2 ⎼𝖻⎼ open  set in ℳ is ℑ1,2⎼ π𝗀𝖻 ⎼ open.  

Definition (2˖ 6): A function ᵮ: (ℳ¸ ℑ1 ¸ℑ2) → (Ƭ, Ԑ1 , Ԑ2) namely:  
1- Contra ⎼ (𝟣  𝟤)∗ ⎼ open (resp. contrạ ⎼ (𝟣  𝟤)∗⎼ closed), [4] 
if ∀ ∂1,2 − open 〈 resp, ℑ1,2 ⎼ closed 〉 set E in ℳ, ᵮ (E) is Ԑ1,2 ⎼closed 

 resp. Ԑ1,2 ⎼open   set in Ƭ.  

2- (𝟣  𝟤)∗⎼ π𝗀𝖻 ⎼ open 〈 (1, 𝟤)∗⎼π𝗀𝖻 ⎼closed〉͵ [7] if ∀ ℑ1,2– open 〈ℑ1 2 ⎼ closed〉 set E in 

ℳ  ᵮ (E) is Ԑ1,2 ⎼ π𝗀𝖻⎼open  Ԑ1,2  ⎼ π𝗀𝖻⎼closed   in Ƭ.  

3-Μ− (1,2)* ⎼π𝗀𝖻⎼closed 〈 resp ¸ Μ − (𝟣  𝟤)∗⎼π𝗀𝖻⎼open 〉, [7] if ∀ ℑ1 2 ⎼⎼π𝗀𝖻⎼closed  

〈∀ ℑ1 ̡2 ⎼⎼π𝗀𝖻⎼open〉 E in ℳ, ᵮ(E) is Ԑ1,2 ⎼π𝗀𝖻⎼closed   Ԑ1,2 ⎼π𝗀𝖻⎼open  in Ƭ.  

4- (1,2) * ⎼Μ∗⎼π𝗀𝖻⎼closed [1] if ∀ ℑ1 2 ⎼π𝗀𝖻⎼closed E in ℳ  ᵮ (E) is Ԑ1,2 ⎼closed in Ƭ.  

Definition (2˖7),[7]ː (ℳ¸ℑ1 ¸ℑ2) is known as (𝟣  𝟤)∗ ⎼ π𝗀𝖻⎼space if each ℑ1,2 ⎼ 

π𝗀𝖻 ⎼closed  ℑ1,2  π𝗀𝖻⎼open  set is ℑ1,2_closed  ℑ1,2⎼open in ℳ.  
 
Contra˗ (𝟣‚𝟤) *˗ (π𝗴𝗯  с) ˗ Open Functions Kind𝗌:  
 Following, we will begin define contra­(1, 2)∗­(π𝗀𝖻, 𝖼)­ open.  
Definition (3˖1): A function ᵮ: (Ҳ ͵ҭ1 ͵ ҭ2) → (ϒ, Ω1 , Ω2) namely contra 
­(1, 2)∗­(π𝗀𝖻, 𝖼)­  
open if ᵮ (Ǫ) is Ω1,2˗closed in (ϒ, Ω1 , Ω2), for ∀ (1,2) *˗ π𝗀𝖻 − open set Ǫ in Ҳ.  

Example (3˖2): Assume Ҳ=ϒ={𝒥  ℴ  ℓ}̦ with ҭ1 = {Ҳ,,{𝒥}}, ҭ2 ={Ҳ, ,{ℴ}}, Ω1 = 

{ϒ,{𝒥},{𝒥,ℓ}̦{𝒥, ℴ}, } and  Ω2={ϒ̦ {ℴ}̦ {ℓ}̦{ℴ ℓ}̦ }. π𝖦𝖡𝖮(Ҳ)={Ҳ,{𝒥},{ℓ},{ℴ},{𝒥, ℓ 

},{ℴ  ℓ},{𝒥  ℴ}, }. Suppose ᵮ: (Ҳ͵ҭ1͵ ҭ2)→(ϒ, Ω1 , Ω2) s.t ᵮ(𝒥)= 𝒥, ᵮ(ℴ)= ℓ and ᵮ(ℓ) = ℴ, 
it is elucidative that ᵮ is contra -(𝟣  𝟤)∗˗ (π𝗀𝖻, 𝖼)˗open.  
Proposition (3˖3): If ᵮ: (Ҳ ͵ҭ1 ͵ ҭ2) → (ϒ, Ω1 , Ω2) is contra ­(𝟣  𝟤)∗˗(π𝗀𝖻, 𝖼)­ function, 
then ᵮ is contra ˗(𝟣  𝟤)∗­open.  
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Proof: Postulate a set Ǫ is ҭ1,2 ­open in Ҳ. implies that Ǫ is (𝟣  𝟤)∗­π𝗀𝖻­open in Ҳ (by 

Remark (2.5)-point (i))  ̦ and hence ᵮ(Ǫ) is Ω1,2 ­closed set ϒ, so we conclude ᵮ is contra 

­(𝟣  𝟤)∗­open.  
 Below example explain it the opposite (3˖3) is incorrect in general:  

Example (3˖4): Let Ҳ=ϒ={𝒥, ℴ  ℓ,𝒷}, with ҭ1 = {Ҳ, ,{𝒥}̦ {𝒷}̦ {𝒥, 𝒷}}, ҭ2 ={Ҳ ¸ ¸{ℓ 

¸ 𝒷}̦{𝒥} ̦{𝒥, ℓ, 𝒷}}̦ Ω1 ={ϒ¸{𝒥}¸{ℴ}¸{𝒥¸ℴ} ̦}and  Ω2={ϒ,{ℴ},{𝒥, ℴ}̦{ℴ,ℓ},{𝒥, ℴ, ℓ}, 

{𝒥, ℴ, 𝒷}, }. Suppose ᵮ: (Ҳ ͵ҭ1 ͵ ҭ2)→(ϒ, Ω1 , Ω2) such that ᵮ(𝒥)=ℓ, ᵮ(ℴ)= ℴ  ᵮ(ℓ) = 𝒥 and 
ᵮ(𝒷) = 𝒷. Manifestly that ᵮ is contra ­(𝟣  𝟤)∗ ­open, but is not contra 
­(𝟣  𝟤)∗­(π𝗀𝖻, 𝖼)­open. Since ∂ (𝟣  𝟤)∗­π𝗀𝖻­open Ǫ ={ℴ}in Ҳ  ̦ such that ᵮ(Ǫ)= 
ᵮ({ℴ})={ℴ+ is not closed in (ϒ, Ω1 , Ω2).  
Next. the stipulation which make (3˖3) correct:  
Proposition (3˖5):If ᵮ: (Ҳ ͵ҭ1 ͵ ҭ2)⇢(ϒ, Ω1 , Ω2) is contra−(1 2)∗ − open  hence ᵮ is 
contra −(1 ̦2)∗ − (π𝗀𝖻, 𝖼) − open ̦ if Ҳ is (1 ̡2)∗­π𝗀𝖻­space.  
Proof:- If presume Ǫ is (1 ̡2)∗­π𝗀𝖻­ open in Ҳ ̦ from the postulate Ҳ is (1 ̡2)∗­π𝗀𝖻­ space  ̦
this implies Ǫ is ҭ1,2 ­open in Ҳ. Thus‚ ᵮ(Ǫ) is Ω1,2 ­ cl𝗈𝗌𝖾d in ϒ  and hence ᵮ is contra 

­(1 ̡2)∗­(π𝗀𝖻, 𝖼)­ open.  
Several outcomes concerning the composition of contra ­(1, 2)∗­(π𝗀𝖻, 𝖼)­ open will be 
given in the next propositions.  
Proposition (3˖6): If ᵮ: (Ҳ͵ҭ1͵ ҭ2) ⇢ (ϒ, Ω1 , Ω2) is contra­(π𝗀𝖻, 𝖼)­open and ℓː 
(ϒ, Ω1 , Ω2) ⇢ (Ӊ ℯ1  ℯ2) is any function. then ℓ∘ᵮː(Ҳ͵ҭ1͵ ҭ2) ⇢ (Ӊ ℯ̦1  ℯ2) is 
contra­(π𝗀𝖻, 𝖼)­open. If  
(𝖺) ℓ is (1, 2)∗­ closed 
(𝖻) ℓ is (1, 2)∗­𝖬∗­π𝗀𝖻­closed   
 
Proof(a)ː- Assume a set Ǫ be (1, 2)∗­π𝗀𝖻­open in Ҳ ̦ ᵮ is contra ­(1 ̦2)∗­ (π𝗀𝖻, 𝖼)­open, 
this lead ᵮ(Ǫ) is Ω1¸2   closed in ϒ. As well ℓ is (1, 2)∗­closed  ̦ this implies ℓ(ᵮ(Ǫ)) is 

ℯ1,2 ­closed in Ӊ  But ̦ ℓ(ᵮ(Ǫ)) = ℓ∘ᵮ(Ǫ). Therefore ̦ ℓ∘ᵮ:(Ҳ͵ҭ1͵ ҭ2) ⇢ (Ӊ ̦ ℯ1  ℯ2) is 

contra­(π𝗀𝖻, 𝖼)­open.  
Likewise, point (𝖻) proves.  
Proposition (3˖7): If ᵮ:(Ҳ͵ҭ1͵ ҭ2) ⇢(ϒ, Ω1 , Ω2) is contra­(1, 2)∗­open ℓː 
(ϒ, Ω1 , Ω2) ⇢(Ӊ ℯ̦1  ℯ2) be any function and Ӊ is (1,2) *­π𝗀𝖻­space. Hence ℓ∘ᵮ:(Ҳ͵ҭ1͵ ҭ2) 
⇢ (Ӊ ̦ℯ1  ℯ2) is contra ˗(1, 2)∗­ (π𝗀𝖻, 𝖼)­open  if ℓ is  
(𝖺) (1  2)∗­π𝗀𝖻­closed    
(𝖻) 𝙼   (1, 2)∗  π𝗀𝖻⎼closed  
 
Proof(𝖺)ː Suppose Ǫ be (1, 2)∗­π𝗀𝖻­open in Ҳ ̦ as per the assumption ᵮ is contra 
­(1, 2)∗­(π𝗀𝖻, 𝖼)­open  we conclude ᵮ(Ǫ) is Ω1,2­closed in ϒ̦ this implies ℓ(ᵮ(Ǫ)) = ℓ∘ᵮ(Ǫ) 

is (1, 2)∗­π𝗀𝖻 ­closed in Ӊ, but Ӊ is (1, 2)∗­π𝗀𝖻­space this lead ℓ(ᵮ(Ǫ))=ℓ∘ᵮ(Ǫ) is 
ℯ1,2­closed in Ӊ. Hence ̦ ℓ∘ᵮ is contra ­(1, 2)∗­ (π𝗀𝖻, 𝖼)­open. By the same ditto, point (𝖻) 

proves.  
Other forms of contra ­(1, 2)∗­( 𝜋𝗀𝖻, 𝖼)­ open functions ̦ we will give in the next 
definitions.  
Definition (3˖8): A function ᵮ:(Ҳ͵ҭ1͵ ҭ2)⇢(ϒ, Ω1 , Ω2) namely 
contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­open  if ᵮ(Ǫ) is Ω1,2 ­𝖻­closed in (ϒ,Ω1 , Ω2), ∀Ǫ is(1, 2)

∗­𝜋𝗀𝖻­ 
open set in Ҳ.  
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Example(3˖9)ː Let Ҳ ={𝒥  ℴ ̦ ℓ  𝒷}, with ҭ1 = {Ҳ ̦  {𝒥  ℴ}}, ҭ2 = {Ҳ,,{ℓ  𝒷}}, hence 

ҭ1,2 = {Ҳ ̦  {ℓ  𝒷},{𝒥  ℴ}}. Assume ᵮ: (Ҳ͵ҭ1͵ ҭ2)⇢(Ҳ ҭ̧1  ҭ2) s.t ᵮ(𝒥)= 𝒥, ᵮ(ℴ)= ℴ  ᵮ(ℓ ) 

= ℓ  and ᵮ(𝒷) = 𝒷. It is intelligibly that ᵮ is contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­open.  
Proposition (3˖10): Each contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖼)­ function is contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻𝖼) 
­open.  
Proof: If presume ᵮ: (Ҳ͵ҭ1͵ ҭ2)→(ϒ, Ω1 , Ω2) is contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖼)­function ̦ and Ǫ be 
(1, 2)∗ ­ 𝜋𝗀𝖻 ­ open in Ҳ. Thus ̦ ᵮ(Ǫ) is Ω1,2 ­closed in ϒ¸ since ∀ Ω1,2 ­closed is 

(1 ̦2)∗­𝖻­closed. This implicate ᵮ(Ǫ) is(1  2)∗­ 𝖻­closed in ϒ and hence ᵮ contra ­ 
(1, 2)∗­(𝜋𝗀𝖻, 𝖻𝖼) ­ open.  
In general, the opposite of the prior proposition is incorrect. Example (3˖11) elucidates it  

Example (3˖11)ː Let Ҳ ₌ {𝒥, ℴ, ℓ ̦ 𝒷}, with ҭ1 ₌ {Ҳ, ,{ ℴ},{ 𝒥},{𝒥, ℴ, 𝒷}̦{𝒥, ℴ}} ̦ ҭ2 = 

{Ҳ, {𝒥, ℴ, ℓ},{𝒥, ℴ}̦,{𝒥, ℴ, 𝒷}}̦ Ω1 ₌{ϒ,{𝒥, ℴ} ̦}and  Ω2₌{ϒ,{ ℴ,ℓ},} ̣Suppose 
𝔣ː (Ҳ ҭ̧1  ҭ2) →(ϒ, Ω1 , Ω2) s.t 𝔣(𝒥) = 𝒥, 𝔣(ℴ) = ℓ  𝔣(ℓ) = 𝒷 and 𝔣 (𝒷) = ℴ,it is conspicuous 
that 𝔣 is contra - (1, 2)∗­ (𝜋𝗀𝖻, 𝖻𝖼)­open ͵ but not contra­(1, 2)∗­ (𝜋𝗀𝖻, 𝖼)­open  because ∂ 
(1, 2)∗­ 𝜋𝗀𝖻 ­open Ǫ ={ℓ} in Ҳ,s.t 𝔣(Ǫ)= 𝔣({ℓ} ={𝒷} is 𝗇𝗈t Ω1,2 _ closed in ϒ.  

Proposition (3˖12) offered the stipulation that make (3˖11) correct  
Proposition (3˖12): ᵮ:(Ҳ,  ҭ1 ,  ҭ2) → (ϒ, Ω1 , Ω2) is contra­(1, 2)∗­ (𝜋𝗀𝖻, 𝖼)­ open ̦ if ᵮ is 
contra (1, 2)∗­ (𝜋𝗀𝖻, 𝖻𝖼)­open  and ϒ is (1, 2)∗­ 𝜋𝗀𝖻­space. 
Proof: - Assume Ǫ be (1, 2)∗­ 𝜋𝗀𝖻­open in Ҳ, 𝗍h𝗂s lead ᵮ(Ǫ) is (1, 2)∗­ 𝖻­closed in ϒ  by 
(2-5)-i- we conclude ᵮ(Ǫ) is (1  2)∗­ 𝜋𝗀𝖻   closed in ϒ. From the presumption ϒ is 
(1, 2)∗­ 𝜋𝗀𝖻­space. So, we conclude ᵮ(Ǫ) is Ω1,2­ closed in ϒ  subsequently ᵮ is contra 

­(1  2)∗­ (𝜋𝗀𝖻, 𝖼)­open.  
Remark (3˖13): ((Contra  (1 ¸ 2)∗  (𝜋𝗀𝖻, 𝖻c)­open and contra ̶ (1 ¸ 2)∗  open)) functions 
notions are independents. Next examples demonstrate this. 

Example (3 ˖14)ː Let Ҳ ={𝒥  ℴ  ℓ +  ҭ1 = {Ҳ  ̦ }, ҭ2 = {Ҳ  ̧ {𝒥  ℴ } ̦  }  ̧Ω1 ={ϒ¸{𝒥}, 

}and  Ω2={ϒ,{ℴ},}¸ Define 𝔣ː (Ҳ,  ҭ1 ,  ҭ2)→(ϒ, Ω1 , Ω2) s.t 𝔣(𝒥)= 𝒥 ̦ 𝔣(ℴ)= ℓ ̦ 𝔣(ℓ) = ℴ. it 
is conspicuous 𝔣 is contra (1  2)∗   open ˖ But 𝔣 𝗂𝗌 not contra −(1  2)∗  (𝜋𝗀𝖻, b𝖼)­open˖ 
because ∂ (1, 2)∗­ 𝜋𝗀𝖻 ­open Ǫ = {𝒥,ℓ} in Ҳ, 𝔣(Ǫ)= 𝔣 ({𝒥  ℓ}={𝒥  ℴ} in ϒ is not Ω1¸ 2  𝖻 − 

closed.  

Example(3˖15)ː Let Ҳ={𝒥 ¸ ℴ¸ ℓ ¸𝒷}with ҭ1 = {Ҳ ¸{𝒥 ¸ ℴ¸ ℓ}̦ } ҭ2 ={Ҳ ¸ *𝒥+ }, Ω1 = 

{ϒ,{𝒥 ¸ ℓ}̦} and  Ω2={ϒ,{ℓ¸𝒷}¸}̦ let 𝔣ː (Ҳ,  ҭ1 ,  ҭ2) →(ϒ, Ω1 , Ω2) s.t 𝔣(𝒥)= ℴ, 𝔣(ℴ)= ℓ  
𝔣(ℓ) = 𝒥 and 𝔣(𝒷) = 𝒷. it is intelligibly that 𝔣 is contra­(1, 2)∗­ 𝜋𝗀𝖻, 𝖻𝖼)­open., but not 
contra ­(1, 2)∗­ open, because ∂ ҭ1 ¸2⎼open Ǫ={𝒥} in Ҳ, 𝔣(Ǫ)= 𝔣({𝒥} ={ℴ} in ϒ is not 

Ω1,2-closed.  

Proposition(3˖16) submit the stipulation which makes the Remark(3˖13) correct:  
Proposition (3˖16): Assume ᵮ:(Ҳ,  ҭ1 ,  ҭ2) → (ϒ, Ω1 , Ω2) be any function ¸ hence ᵮ is 

(𝗂) contra ̵ (1  2)∗  (𝜋𝗀𝖻, 𝖻c)­open¸ if ᵮ is contra −(1 ̦2)∗  open and Ҳ is 
(1  2)∗  𝜋𝗀𝖻­space.  
(𝗂𝗂) contra   (1, 2)∗ open if is contra ̵ (1   2)∗(𝜋𝗀𝖻  𝖻c)­ open ¸and ϒ is (1, 2)∗­ 𝜋𝗀𝖻   space   ̣
Proofː-  
(𝗂)Postulate that Ǫ is (1 2)∗𝜋𝗀𝖻­open in Ҳ ̦ thus Ǫ is ҭ1,2 ­open in Ҳ 〈because Ҳ is 

 ҭ1 2 −  𝜋𝗀𝖻­space〉  this lead ᵮ(Ǫ) is Ω1,2 ­ closed in ϒ. Since (∀Ω1,2 
­closed set is 

(1, 2)∗­ 𝔟­closed) ̦ this implies ᵮ(Ǫ) is 𝔟 − closed in ϒ̦ hence ᵮ is contra ̶ (1  2)∗  −
 (𝜋𝗀𝖻, 𝖻c) − open. Likewise, we prove point -𝗂𝗂-.  
Proposition (3˖17): If ᵮ:(Ҳ,  ҭ1 ,  ҭ2)→(ϒ, Ω1 , Ω2) is contra­(1  2)∗­(𝜋𝗀𝖻, 𝖻c) ̶ open and 
ℓː(ϒ, Ω1 , Ω2)→(Ӊ  ℯ1  ℯ2) is (1, 2)∗­ 𝖬∗­ 𝜋𝗀𝖻­closed function ̦ hence 
ℓ∘ᵮː(Ҳ ҭ1  ҭ2)→(Ӊ ℯ1  ℯ2) is contra ­(𝜋𝗀𝖻, 𝖼)­open.  
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Proof: - Assume Ǫ 𝖻e  ҭ1,2 ­ 𝜋𝗀𝖻 ­ open in Ҳ  ᵮ is contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­ open  then 

ᵮ(Ǫ) is (1, 2)∗­ 𝖻­ closed in ϒ. By (2-5)-i- we deduced ᵮ(Ǫ) is (1  2)∗­ 𝜋𝗀𝖻­closed in ϒ  
from the postulate ℓ is (1 ̡2)∗­ 𝖬∗­ 𝜋𝗀𝖻­closed, so we conclude ℓ(ᵮ(Ǫ)) = ℓ∘ᵮ(Ǫ) is 
ℯ1,2 ­ closed in Ӊ. Hence. ℓ ∘ᵮ is contra ­(1, 2)∗­(𝜋𝗀𝖻, 𝖼)­open.  

Proposition (3˖18)ː If ᵮ: (Ҳ,  ҭ1 ,  ҭ2)→(ϒ, Ω1 , Ω2) is contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻𝖼)­open, 
ℓː(ϒ, Ω1 , Ω2) →(Ӊ  ℯ1  ℯ2) is any function and ϒ, Ӊ are (1, 2)∗­ 𝜋𝗀𝖻­ spaces ̦ hence ℓ ∘ᵮː 
(Ҳ, ҭ1 ,  ҭ2)→ (Ӊ ̦ ℯ1  ℯ2) is contra ­(1, 2)∗­ ( 𝜋𝗀𝖻, 𝖻𝖼)­open if ℓ is  
(𝖺) (1 ̡2)∗ −  𝜋𝗀𝖻 − closed   
(𝖻) 𝙼˗(1 2)∗ −  π𝗀𝖻⎼closed   
 
Proof (𝖺): Suppose Ǫ be (1, 2)∗­ 𝜋𝗀𝖻­ open in Ҳ  from the postulate ᵮ is 
contra­(1, 2)∗­ (𝜋𝗀𝖻, 𝖻c)­open  this lead ᵮ(Ǫ) is (1, 2)∗­ 𝖻­closed in ϒ. As well ̦ by(2˖5)-i- 
we conclude ᵮ(Ǫ) in ϒ is (1̦2)∗   𝜋𝗀𝖻   closed  ̧Since ϒ is (1, 2)∗­ 𝜋𝗀𝖻­space ̦ then ᵮ(Ǫ) is 
 Ω1,2 ­ closed from the supposition ℓ is (1, 2)∗­ 𝜋𝗀𝖻­closed  this obtain ℓ(ᵮ(Ǫ)) = ℓ∘ᵮ(Ǫ) is 

(1, 2)∗­ 𝜋𝗀𝖻­closed in Ӊ ͵ sinceӉ is (1, 2)∗­ 𝜋𝗀𝖻­space, 𝗍h𝗂s lead ℓ(ᵮ(Ǫ)) is ℯ1,2­ closed 

and By (2˖5)-𝗂- we conclude, ℓ(ᵮ(Ǫ)) is (1, 2)∗­ 𝖻­ closed in Ӊ. Hence, ℓ∘ᵮ is 
contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻𝖼)­open. 
Point (ii) will be prove in the like method  
Proposition(3˖19)ː If ᵮ: (Ҳ   ҭ1  ҭ2) ⇢ (ϒ, Ω1 , Ω2) is 𝖬   (1 2)∗ π𝗀𝖻­open and 
ℓː(ϒ, Ω1 , Ω2) ⇢ (Ӊ ̦ ℯ1 ̦ ℯ2) is contra (1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­open function ̦ hence ℓ∘ᵮː 

(Ҳ,  ҭ1 ,  ҭ2) (Ӊ  ̦ℯ1  ℯ2) is contra ­(𝜋𝗀𝖻, 𝖻c)­open.  
Proof: Assume a set Ǫ⊆Ҳ be(1, 2)∗­𝜋𝗀𝖻­ open ̦ then ᵮ(Ǫ) is (1 ̦2)∗ 𝜋𝗀𝖻­open in ϒ¸ ℓ is 
contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­open and hence ℓ(ᵮ(Ǫ)) = ℓ∘ᵮ(Ǫ) is (1, 2)∗­𝖻­closed in Ӊ. Hence  ̦
ℓ ∘ᵮ is contra ­(1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­open. 
Proposition(3˖20): If ᵮ: (Ҳ,  ҭ1 , ҭ2) ⇢(ϒ, Ω1 , Ω2) is  ҭ1,2 −open function, ℓː(ϒ, Ω1 , Ω2) ⇢ 

(Ӊ ̦ ℯ1  ℯ2) is contra ­(1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­open, and Ҳ is (1, 2)∗­𝜋𝗀𝖻­space ̦ hence 
ℓ∘ᵮ:(Ҳ,  ҭ1 , ҭ2) ⇢ (Ӊ ̦ ℯ1  ℯ2) is contra ­(1, 2)∗­ ( 𝜋𝗀𝖻, 𝖻𝖼)­open  ̣  
Proof: Presume a set Ǫ be (1, 2)∗­𝜋𝗀𝖻­open in Ҳ ̦ from the supposition Ҳ is 
(1 ̡2)∗  𝜋𝗀𝖻   space ̦ hence Ǫ is ҭ1,2­ open in Ҳ  ̦thus ᵮ(Ǫ) is  Ω1,2 ­ open in ϒ. By (2˖5)-ii- 

we obtain ᵮ(Ǫ) is(1, 2)∗­𝜋𝗀𝖻­ open in ϒ, By imposition ℓ contra ­(1, 2)∗­ (𝜋𝗀𝖻, 𝖻𝖼)­open 

So, ℓ(ᵮ(Ǫ)) ꞊ ℓ∘ᵮ(Ǫ) is (1, 2)*– 𝖻– closed in Ӊ ̦ therefore ℓ∘ᵮ is 

contra­(1, 2)∗­(𝜋𝗀𝖻, 𝖻c)­open˖  

Definition (3˖21): A function ᵮ:(Ҳ,  ҭ1 ,  ҭ2)(ϒ, Ω1 , Ω2) namely contra­(1, 2)∗­(𝖻, 𝜋𝗀𝖻c)­ 
open ̦ if ᵮ(Ǫ) is Ω1 ̡2  𝜋𝗀𝖻   closed in (ϒ,Ω1 , Ω2), ∀(1, 2)

∗­𝖻­ open set in Ҳ.  

Example(3˖22)ː Let Ҳ ={𝒥 ℴ¸ℓ¸𝒷},with ҭ1 ={Ҳ,, {𝒥 ℴ},{ℴ¸ℓ},{ 𝒥}¸ 

{ℴ}{𝒥 ℴ¸ℓ}}¸ҭ2 ={Ҳ,,{𝒥, ℴ,𝒷}{ 𝒥}}, Suppose ᵮ: (Ҳ, ҭ1 ,  ҭ2) →(Ҳ ҭ1  ҭ2) s.t ᵮ (𝒥) = ℓ, 
ᵮ(ℴ)  =  𝒷  ᵮ(ℓ) = 𝒥 and ᵮ(𝒷) = ℴ.It is intelligibly that ᵮ is contra   (1, 2)∗(𝖻, 𝜋𝗀𝖻c)­open ˖  
Proposition (3˖23): ᵮ: (Ҳ ҭ̧1  ҭ2)→(ϒ, Ω1 , Ω2) is contra ­(1, 2)∗­(𝖻, 𝜋𝗀𝖻𝖼) ­open if ᵮ is  
(𝖺)contra­(1 ̡2)∗­(𝜋𝗀𝖻, 𝖻𝖼)­ open ∙ 
(𝔟)contra−(1 ̦2)∗ − (𝜋𝗀𝖻, c)­open ∙  
Proof(𝖺): Postulate Ǫ⊆ Ҳ be (1, 2)∗­𝖻 ­open  by (2.5) ̵ 𝗂𝗂  this lead Ǫ⊆ Ҳ is (1, 2)∗­ 𝜋𝗀𝖻 
­open Thus ̦ ᵮ(Ǫ) in ϒ is (1  2)∗­𝖻 ­closed ¸ also by(2∙5)−(𝗂)  so we deduced ᵮ(Ǫ) 
is (1, 2)∗­𝜋𝗀𝖻­closed in ϒ and hence ᵮ contra−(1 ̦2)∗ − (𝖻, 𝜋𝗀𝖻𝖼) ­open.  
Proof(𝔟): Clearly from Pro (3∙10) and Pro (3∙23) −point(𝖺). 
Remark (3˖24): In general,  the opposite of the (3˖23) does not correct. Example (3-22) 
demonstrate this ̧ because ∂ (1, 2)∗­𝜋𝗀𝖻­open set Ǫ = {ℴ¸ℓ} in Ҳ, ᵮ(Ǫ)= ᵮ ({ℴ¸ℓ} = 
{ℴ¸ℓ}} is not Ω1,2- closed [𝗋𝖾𝗉s. (1, 2)∗­𝖻 ­closed] in Ҳ.  
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Remark (3˖25): Contra­(1 ̡2)∗­(𝖻, 𝜋𝗀𝖻𝖼)­open and contra (1 ̡2)∗ − open functions are 
independent concepts. Example (3˖15) and Example (3˖22) demonstrate this. 
The next proposition presents the stipulation that make the proposition (3˖23) and Remark 
(3˖25) correct  ̩
Proposition (3˖26): If ᵮ:(Ҳ  ̧ҭ1  ҭ2)→(ϒ, Ω1 , Ω2) is contra−(1̦2)∗(𝖻, 𝜋𝗀𝖻𝖼) −open ̦ and Ҳ  
ϒ are (1 ̦2)∗ − 𝜋𝗀𝖻 −spaces ̦ hence ᵮ is 
(𝖺) contra −(1, 2)∗ − (𝜋𝗀𝖻, c) − open.  
(𝖻) contra −(1  2)∗ − (𝜋𝗀𝖻, 𝖻𝖼) − open  
Proof(𝖺): Postulate a set Ǫ be (1, 2)∗­𝜋𝗀𝖻­open in Ҳ ͵ since Ҳ is (1, 2)∗­𝜋𝗀𝖻­space ̦ hence 
Ǫ is (1, 2)∗­open in Ҳ, by (2˖5)-ii-we conclude Ǫ is (1, 2)∗­𝖻­open in Ҳ ̧ ᵮ is 
contra­(1, 2)∗­(𝖻, 𝜋𝗀𝖻𝖼)­ open ̦ this lead ᵮ(Ǫ) is(1, 2)∗­ 𝜋𝗀𝖻­ closed in ϒ̦ From the 
presumption ϒ is (1, 2)∗­𝜋𝗀𝖻­space ̦ 𝗍h𝗂s implies ᵮ(Ǫ) is Ω1,2 ­ closed in ϒ  hence ᵮ is 

−(1, 2)∗ − (𝜋𝗀𝖻, c) − open  Points (𝖻) prove the same method.  
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Abstract: 
Cadmium telluride (CdTe) deposited on glass substrates is Using Nd-YAG laser 

wavelength (1064 nm) laser-induced plasma deposition technique (PLD). The structural, 
optical properties and morphology of these films have been described as a change the 
effect of laser pulse energy as in the range (E = 400, 500, 600 and 700 mJ). All samples 
showed polycrystalline hexagonal structure and with increasing laser energy, the 
transmittance of all deposited thin films decreases. As a result of the microscopic 
examination of the surface, it was found that the surface is uniform and the granular size 
increases with the increase of the laser power 
Keywords: Cadmium telluride, Pulsed Laser Deposition, XRD, Effect the laser pulse 
energy.  

  الخلاصة
البلازها الوخىلذة بخقنٍت اللٍسر وحرسبٍها على ركائس هن السجاج وحن دراست الخصائص الخركٍبت  حن اسخخذام ابخرة

اظهرث جوٍع  .هلً جىل700هلً جىل الى  400والوىرفىلىجٍا للهذه الاغشٍت بخغٍر طاقت نبضت الوصذر للٍسر هن 
وانخفضج نفارٌت جوٍع الاغشٍت الرقٍقت الوخرسبت ونخٍجت العٍناث بنٍت سذاسٍت هخعذدة الكرٌسخال هع زٌادة طاقت اللٍسر 

  الفحص الوجهري للسطح حبٍن انو هخجانس وٌسداد حجن الحبٍباث بسٌادة الطاقت
 

Introduction 
Cadmium telluride (CdTe) It is in the form of a black crystalline powder. Cadmium 

telluride is insoluble in water, but its crystals can undergo etching with various acids, 
such as hydrochloric acid or hydrobromic acid, which release toxic hydrogen telluride gas 
[1]. Cadmium telluride crystals have a cubic structure, with the space group F43m. 
Cadmium telluride is transparent in the infrared range, from a band gap energy of 1.44 
MeV at 300 K, which corresponds to a wavelength of 860 nm, to wavelengths greater 
than 20 µm, and has a characteristic fluorescence at 790 nm. When preparing cadmium 
telluride crystals within nanoscale dimensions, the compound becomes a quantum dot, 
and the fluorescence peak shifts through the visible to the ultraviolet range. It is of great 
importance in many applications, including detectors and solar cells. A doped cadmium 
telluride of the ductile type, which has a gap of (45.1) eV [2]. CdTe is also characterized 
by having the highest constant lattice (among other compounds). The same group is (48.6 
nm), and this compound also has a direct energy gap (Gap Band Direct). Its value is 
(56.1) eV, and the coefficient of absorption (Coefficient Absorption) is high in the 
spectrum range. α >10P) visible is 4 PcmP

-1
. [3, 4] (P) CdTe is the only compound of 

group VI-II that has two types 
Membranes can be obtained Electrical conductivity (the acceptor and the donor) Thinner 
of both types according to the type and concentration of the impurity added Therefore, 
CdTe thin films are used in the homojunction and heterogeneous industries [5,6]. 
 

2. Experimental Procedure 
Using pulsed laser ablation, high purity (99.99 per cent) cadmium oxide powder factory 
in FLUKA chemicals limited was used as a source for deposition of CdTe films on soda 
lime glass substrates (2.5x5) cm

2
. The glass substratum was first treated with detergent 

and washed respectively in running water and alcohol concentration (96 per cent). Then, 
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the substrates dried with a fine tissue paper and washed in an ultrasonic cleaner with 
isopropyl alcohol (IPA). The powder mixture was pressed cold at 10 

-6
Pa films using a 

hydraulic press, The CdTe thin film were prepared by sublimated plasma vapors by 
generating them with a Pld laser device pulsed, the 1064 nm Nd: YAG laser wavelength 
was used. The rate of repetition was 10 Hz and the target fluency was set at 60 J/cm

2
 for 

all samples. At 2.5 cm, the distance from the target to the quartz substratum was 
preserved. For all experiments the number of shoot 100 has been preserved. The films 
were deposited at same substrate room temperatures. X-ray diffraction (XRD) 
investigated the crystal structure of 40 kV and 250 mA films with a reference Cu and a 
mono-chronometer. Films thickness was change with laser energy at (400mj, t=173nm), 
(500mj, t=162nm). (600mj, t=185nm), (700mj, t=205nm) and (800mj, t=224nm) 
Weighing method was used to measure film thickness with the full 

m=2πρmr
2
 … (1) 

Where m is the mass of the substance that has been evaporated, r is the distance between 
the boat and the substratum, the density of the material being miss. The UV-VIS 
spectrophotometer was used to test optical properties of the optical transmission spectra 
of the deposited thin films were calculated as a function of the photon energy in the 300-
800 nm wavelength range. 
 

3. Results and Discussion 
A. Structural Properties and Morphological Properties. 
The (XRD) CdTe thin film X-ray diffraction patterns prepared with different laser 
energies show in Figure (1). All samples showed polycrystalline hexagonal structure 
matched with the standard card (No. 96-900-8863). Figure (4-15) shows the X-ray 
diffraction patterns for CdTe thin films prepared at different laser energies. All samples 
showed polycrystalline cubic structure corresponding to the standard card (No. 96-900-
8841). Three broad peaks appeared coordinated with the lattice planes (111), (220), and 
(311). This result agrees with Jimenez et al [7]. The crystallinity was enhanced by 
increasing the laser energy. Also, the width of the peaks decreased indicates increasing 
the crystalline size. Table (4-5) shows the diffractioameters for the CdTe thin films 
prepared at different laser energies. Increasing the crystalline size with laser energy due 
to more laser energy enables it to remove larger masses of the target material, as well as 
the higher energy leads to the merging of the small particles between them [8].  

 
Figure (1): XRD patterns for CdTe thin films prepared using different laser energies. 
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Table (1): The variation of XRD parameters for CdTe using different laser energies. 

E 
(mJ) 

2θ 
(Deg.) 

FWHM 
(Deg.) 

dhkl 
Exp.(Å) 

C.S 
(nm) 

dhkl 
Std.(Å) 

Phase hkl 

400 
23.8252 3.4960 3.7317 2.3 3.7412 Cub.CdTe (111) 

39.5573 1.9863 2.2764 4.3 2.2910 Cub.CdTe (220) 

500 
23.9047 3.4960 3.7195 2.3 3.7412 Cub.CdTe (111) 

39.3190 1.4302 2.2896 5.9 2.2910 Cub.CdTe (220) 

600 
23.7457 2.4631 3.7440 3.3 3.7412 Cub.CdTe (111) 

39.3984 1.4302 2.2852 5.9 2.2910 Cub.CdTe (220) 

 
700 

 

23.9047 2.3042 3.7195 3.5 3.7412 Cub.CdTe (111) 

39.4779 0.8741 2.2808 9.7 2.2910 Cub.CdTe (220) 

46.5494 1.3507 1.9494 6.4 1.9538 Cub.CdTe (311) 

 
Three dimensional surface morphology prepared at different laser energies AFM images 
and the cumulating distribution for particle diameters of CdTe thin films surface prepared 
at different laser energies illustrate in Figure (2). The sample prepared with the lowest 
energy has uniformly distributed as shown by the 3D image and the cumulating 
histogram. Increasing laser energy cause to increase in the average particle size and 
roughness, in addition, the particle distribution became irregular.  
 

 
Figure (2): AFM images for CdTe thin films surface prepared using different laser energy. 

 
The table (2) consist the parameters of AFM for CdTe thin film prepared at different laser 
energies Average Diameter, Average roughness and RMS roughness. 
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Table (2): AFM parameters; Average Diameter, Average roughness and RMS roughness for 

CdTe thin film prepared at different laser energies. 

 
Figure (3) shows the cross-section images of the field emission scanning electron 
microscope (FESEM) for the CdTe thin films prepared at different laser energies on glass 
substrates at two magnification powers (60 kx and 15 kx). The film prepared at low 
energy appeared with small particles. Increasing laser energy cause to increase in the 
sample density and the samples seem like a solid behavior. 
 

 
 

Figure (3): Cross-section view of SEM images for CdTe thin films on glass substrates at two 

magnifications using different laser energy. 

 

Laser energy 
(mJ) 

Average diameter 
(nm) 

Average roughness 
(nm) 

RMS roughness 
(nm) 

400 38.26 3.77 4.35 

500 60.95 7.27 8.4 

600 64.21 7.39 8.53 

700 86.85 10.1 11.6 
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B. Optical Properties 
1-transmission: Optical properties of CdTe thin films are deducing from transmission (𝑇) 
spectra of the thin films deposited on glass substrate using the UV-visible 
spectrophotometer. The optical characteristics involve; the coefficient of absorption (𝛼), 
the optical energy gap (𝐸𝑔), studied within the range (300-800) nm. 

The transmission spectra of CdTe thin film prepared at different laser energies (x= 0.2, 
0.4 and 0.6) shown in Figure (4). the transmittance increases with decreasing laser energy 
for CdTe thin film. As seen from figures the typical transmittance is found within the 
range (45%-85%) which is good for Opto-electronic applications, especially for 
photovoltaic cell window layers. The upper transmittance is often attributed to less 
scattering effects, structural homogeneity and better crystallinity [14]. Furthermore, sharp 
fall at band edge is a sign of excellent crystallinity of CdTe within the thin films. 
 

 
 

Figure (4). Transmittance spectra as a function of wavelength for CdTe films deposited at 

different laser energies 

 
2. The Optical Energy Gap 
As the energy divide has widened, a fundamental and very important role in determining 
the applications of the membrane used, for example in detectors and solar cells, must be 
greater than the energy gap of the base. 
The allowed direct energy gap is determined by plotting (𝛼ℎ𝜐)2 as a function of photon 

energy has been determined by using Tauc equation. The optical energy gap (𝐸𝑔
𝑜𝑝𝑡

) is 

then determined by the extrapolation of the portion at (𝛼ℎ𝜐)2 = 0 and selecting the 
optimum linear part. 
Figures (5) show the energy gap values of thin films (CdTe) at different energies of the 
laser device, which shows the decrease in the energy gap with the increase in the energy 
of the source for all samples and this occurs due to the increase in the crystal size or due 
to the change of the lattice constant, also is due to the grain growth and the decrease in 
defect states near the bands and in turn decreasing the value of 𝐸𝑔 [12], as there is an 

inverse relation between grain and 𝐸𝑔 in nano size.  
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Figure (5): Tauc relation for CdTe thin film prepared at different laser energies. 
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Conclusions  
CdTe films with a thickness of (200nm) were fabricated on glass substrates by laser 
induced plasma method. Films were prepared in vacuum at room temperature. Films were 
investigated by XRD, AFM, SEM optical transmittance spectra and energy gap. Based on 
the above results, the following conclusions can be drawn: 

 1- The CdTe films have a many peaks appeared to conform the lattice planes (100), 
(002), (101), (102), (110), (103). It is also evident that the peak's intensity increases while 
the peaks width is decreases with rising laser energy indicates on increasing the 
crystallinity and growing crystalline size. 

 2- Increasing the laser pulses energy cause to increase in the average size and the surface 
roughness as shown. 

 3- Generally, with increasing laser energy, the transmittance of all deposited thin films 
decreases and also the energy gap decrease for all samples and this occurs due to the 
increase in the crystal size or due to the change of the lattice constant. 
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Abstract: 

In this study, porous silicon layer were formed using photo electrochemical etching 

(PECE) with a red laser assist. The structural properties of porous silicon were one of the 

study's main topics as well. The triangular model pores are confirmed by SEM, elucidating 

the orientation dependence of the (111) n-Si wafer. This orientation dependence may be 

caused by anisotropy of Si disintegration, leading to porous silicon growth like a tree or an 

artichoke.Energy-dispersive X-ray spectroscopy (EDS) showing that the spectrum of the 

porous silicon layer, containing O (8.2%) and Si (91.8%) ratio. X-Ray diffraction (XRD) 

pattern showed the one peak was detected at of 2   28.4  . Fourier transform infrared 

(FTIR) spectrum showed the most of bands mode in the range of 400 to 4000 cm
-1

 were 

vibration stretching mode. Atomic force microscopy (AFM) characterization  showed that 

the value of Ten Point Height Sz., Root mean square Sq., and Roughness Average Sa. of 

the artichoke layer surface were 26.6, 6.26, and 5.28 nm respectively. 
Keyword: Porous silicon, Photoelectrochemical etching PECE, EDS, FTIR, XRD. 

 
  الخلاصة

انكٓشٔكًٛٛائٙ انضٕئٙ ٔباسخخذاو حى انحصٕل عهٗ طبقت انسٛهٛكٌٕ انًسايٙ بٕاسطت عًهٛت انخًُٛش  ،فٙ ْزِ انذساست

حى حاكٛذ ًَٕرج انًساو انًثهثٙ  را ْذف انذساست انشئٛسٙ حبٛاٌ خصائص انسٛهٛكٌٕ انًسايٙ انخشكٛبٛت. انهٛضس الاحًش.

(.اٌ حباٍٚ 111انًاسح الانكخشَٔٙ  ٔانز٘ ٕٚكذ اعخًادٚت شكم انًساو عهٗ الاحجاْٛت نقاعذة انسٛهٛكٌٕ ) بٕاسطت يجٓش

 َسبتادث انٗ ًَٕ سهٛٛكٌٕ يسايٙ ٚشبّ انشجشة أ انخششٕف. اظٓش انخحهٛم انطٛفٙ نهطاقت  اٌ  نهسٛهٛكٌٕ انخصائص

 دسجت. 22.82صأٚت   قًت ٔاحذة عُذ .ًَظ حٕٛد الاشعت انسُٛٛت اظٓش %81.2% ٔانسٛهٛكٌٕ 2.2 الأكسجٍٛ ْٙ

 844انحضو فٙ يذٖ الاعذاد انًٕجٛت  يٍ اًَاط الاْخضاص  طٛف ححٕٚلاث فٕسّٚٛ نلاشعت ححج انحًشاء بٍٛ اٌ اغهب

cm انٗ
-1

نطبقت انخششٕف ْٙ  Sz ,Sq ٔSaيجٓش انقٕة انزسٚت بٍٛ اٌ قٛى  ايخطاط( الاْخضاص.( ْٕ حًذد 8444 

 َى عهٗ انخٕانٙ 8.22ٔ  2.22, 22.2

 .PECE ،EDS ،FTIR ، XRDانضٕئٙ انكٓشٔكًٛٛائٙ انخًُٛش انًسايٙ، انسٛهٛكٌٕ: الرئيسية الكلمات 
 

Introduction:  
It is one of the more advanced stages of silicon, consisting of a collection of nanoscale 

gaps that can form when the crystal silicon is etched using a variety of electrical 
techniques, including electrochemical etching and photo-electrochemical etching, in an 
electrolyte solution with a base of hydrofluoric acid that has been diluted with (distilled 
water, ethanol, and methanol) for the anode [1, 2]. It caught the attention of experts when it 
was revealed that porous silicon has a high brightness at room temperature, and it is 
notably thought of as a basic material in the construction of electronic devices [3]. 
Following the discovery of the quantification mechanism and the impact of PSi surface on 
the properties of porous silicon, focus has shifted to the surface chemistry of porous silicon 
and applications of chemical sensors, where knowledge of the size, direction, and 
distribution of the pores as well as the conditions under which porous silicon was prepared 
is crucial [4]. In the nano scale, porous silicon is a semiconductor crystal that enhances 
various silicon characteristics. Porous silicon has a wide surface area, especially in earlier 
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years, which contributes to its high level of interest [5]. A top-down manufacturing 
procedure is used to produce porous silicon by etching pores into crystalline silicon. The 
structure of porous silicon can be modified to provide a wide variety of purposes due to the 
versatility of the preparation conditions. The current work aims to prepare porous silicon 
layers on n-type silicon wafers using electrochemical etching, formation layers with 
triangular pores like those of an artichoke tree under red laser illumination, and then 
characterize the structural and optical features. 
 
Experimental part:  
1. Photo Electrochemical Etching  
Photo-electrochemically etching (PECE) an n-Si wafer in an electrolyte of HF 48%:  99% 
ethanol, was used to create a PS layer. The electrical resistivity of the single-crystal Si was 
in the range of (1~10) Ω.cm and it was (111) oriented. Methanol and distilled water were 
utilized to clean the silicon wafer, followed by an ultrasonic bath and drying in a hot air 
stream. The wafer was anodized for 12 minutes at a constant etching current density while 
being illuminated by a laser diode with a 650 nm wavelength and 53 mW of power. As 
shown in figure 1 in this case by illuminating n-type substrates surface of the wafer. 
Illuminating n-type substrates surface by the diode laser (red-650nm) to etch an area 
          , using a concave lens to spread the light evenly on the sample, were the 
distance between the lens and the laser source was 2 cm and the distance between the lens 
and the sample was 55 cm. Diagram of the etch cell used to prepare Psi (PECE).  
 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Photograph of the porous silicon fabrication system(PECE). 

 
2. Result and dissection 
        The thickness and porosity of the PS layer, as determined by gravimetric 
measurements and the following equation:  
    t  = m1 – m2/ A × ρ                       … (1)  
Where A is the Sample effective area is etched and ρ is the density of Si [6]. 
The porosity is defined as the fraction of void within the PS layer and can be determined 
easily by weight measurements from following equation [7].  

         
       

       
                              … (2) 

The virgin wafer is first weighed before anodization (  ), then just after anodisation (  ) 
and finally after dissolution of the whole porous layer in a molar KOH aqueous solution 
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(  ). Uniform and rapid stripping in the KOH solution is obtained when the PS layer is 
covered with a small amount of ethanol which improves the infiltration of the aqueous 
KOH in the pores. The PS 1ayers' thickness and porosity were found to be (5.2 - 9.1)% m 
and (54 -77)% m, respectively. The XRD pattern of the substrate silicon wafer (n-Si) is 
shown in Figure2 and one peak is detected at 28.46° with full width at half maximum of 
0.19. Formation of nanostructure of porous silicon layers was confirmed by a decrease in 
the intensity peak values and widening in full width half maximum FWHM. As expected 
the structure of the porous silicon layer which most often behave like an almost single 
crystal. One XRD peak was detected at of 28.47 with full width at half maximum of 
0.2256 corresponded (111) for red laser and that agree with similar results were reported 
[8,9]. 
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Figure 2: X-ray diffraction of bulk silicon n-Si (black line) 
and porous silicon layer PSi (red line). 

 
Figure 3 show that FTIR transmission spectrum of the porous silicon layers prepared at red 
laser light in the range of 400 to 4000 cm

-1
 wavenumber. The band between 2140-2158  

cm-1for the Si-H Vibration Stretching in Si-O2- SiH molecule and the band at about 2240-
2262 cm

-1
 for Vibration Stretching of Si-H in the O3-SiH molecule. As for the band at 

around 2933-2923 cm
-1

 is caused by the Stretching Vibration of the CH in group CH2, 
while the band at about 3374-3419 cm

-1
 is attributable to the Stretching Vibration-H in the 

SiOH groups  and these results close to our results have been identified [10]. 
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Figure 3: Transmission Fourier transformation infrared spectra of porous silicon. 

 
Figure4 shows 2D and 3D atomic force microscope images of porous silicon layer sample 
was formed with red laser source illumination. Amplitude parameters from Figure(4.a) 
showed that the value of Ten Point Height Sz., Root mean square Sq., and Roughness 
Average Sa. of the porous silicon layer surface were 26.6, 6.26, and 5.28 nm respectively. 
From The histograms of Height and granularity distribution charts, the average height and 
diameter of porous silicon layers were 21.14 and 41.12 nm respectively as shown in Figure 
(4,b and c).  
In this section of structural and morphology study and shown in the figure 5, the scanning 
electron microscope (SEM) measurements have been used to describe the illumination 
condition effect on the morphology of porous silicon layers. Material synthesis and 
concentration ratio of the porous silicon layer sample were specified using Energy-
dispersive X-ray spectroscopy (EDS). It is well known that the Energy-dispersive X-ray 
spectroscopy (EDS) can be identified elemental composition by peak-height ratio and also 
suppose that the deepness of pores in the porous silicon layers according to the oxygen 
percentage in the crystal structure. 
          Figures 5-a and 5-b showed that SEM micrograph of the porous silicon layer is 
preparing by using a red laser with 353 mw/cm

2
 power density with 100×100 and 200×200 

nm magnification. Triangular model pores clarifying orientation reliance of the (111) n-Si 
wafer, perhaps consequent to the anisotropy of Si disintegration so porous silicon growth 
like a tree or artichoke. The grain size ranges from 39 to 400 nm with an average grain size 
of 220nm, EDS spectrum of the porous silicon layer, containing O (8.2%) and Si (91.8%) 
ratio. 
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Figure 4: Two and three-dimensional view of AFM of a fresh porous silicon sample (red laser 

illuminated) (a), the histogram of heights normal distribution (b), and the histogram of 
granularity normal distribution (c). 

           

 
Figure 5: (a), (b) shows  SEM micrograph of the  porous silicon layer  is preparing by using a 
red with 353 mw/cm

2
 power density with 100×100 and 200×200 nm magnification, while (c) 

EDS spectrum of the porous silicon layer, containing O (8.2%) and Si (91.8%) ratio. 
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From SEM, the varying shapes and sizes of the grains agglomerate from porous silicon 
formation showed the effect of the wavelength and illumination intensity of the light 
source was used during the electrochemical etching. 
The photoluminescence PL spectra were recorded to porous silicon layer, the peaks were 
observed at λ=580nm corresponded to energy of 2.34eV and the full width at half 
maximum FWHM 12.37nm when used a red laser in electrochemical etching process 
respectively as shown in Figure 6. Due to the nanostructure of porous silicon layers and 
according to the quantum confinement effect, we can interpret why photo luminance 
spectra PL peak shifted toward to blue shift in the visible region for samples prepared 
under illuminated at a red laser wavelength.  
It was found, in general, that it had a small thickness and a high porosity which led to a 
significant increase in the intensity of PL with blue shift. 
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Figure 6: PL spectra of nanostructures PSi on illuminations 353mw/cm

2
  

red laser power density. 

 
Conclusion: 

Porous silicon was created by photo electrochemical etching. Illumination 

conditions were employed to control the regrowth method PECE and decrease defect. The 

SEM examination revealed triangular pores with porous silicon PS growth like a tree or 

artichoke. The average grain size of the porous silicon layer’s was 220 nm and that the 

range of grain sizes from 39 to 400 nm. The wide PL spectrum of the PS makes them 

appropriate provenance for optoelectronic applications. 
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Abstract:  

Using Nd-YAG pulse ablation, copper oxide and nickel oxide nanoparticles were 
produced and subsequently examined as colloidal solutions. Transmission electron 
microscopy (TEM) and Fourier transform infrared spectroscopy (FTIR) were used to 
examine the nano-particles for UV-VIS absorption. The FTIR analysis demonstrates the 
formation of copper oxide and nickel oxide nanoparticles. The UV-VIS absorption tests 
are below. According to TEM, the sizes of the nano-particles ranged from (75) nm for a 
copper-nickel. According to FE-SEM analysis, copper-nickel nanoparticles with a size of 
(53.91) nm indicated antibacterial activity. In addition, the human breast cancer MCF-7 
cell line has significant anticancer activity. 
Keywords: pulsed laser ablation in liquid, metallic oxide nano-particles, SEM anticancer, 
antibacterial activity.  

 خلاصة:
، جى إَحبج جزٌئبت أكسٍذ انُحبس وأكسٍذ انٍُكم انُبَىٌة وفحصهب لاحقبً Nd-YAGببسحخذاو الاسحئصبل انُبضً 

( FTIR( وانححهٍم انطٍفً نلأشعة جحث انحًراء )TEMالإنكحروًَ نلإرسبل )كًحهىل غرواًَ. جى اسحخذاو انًجهر 
جكىٌٍ أكسٍذ انُحبس وجسًٍبت  FTIRنفحض انجسًٍبت انُبَىٌة لايحصبص الأشعة فىق انبُفسجٍة. ٌىضح جحهٍم 

بَى يٍ ، جراوحث أحجبو جزٌئبت انTEMُ. وفقبً نـ UV-VISأكسٍذ انٍُكم انُبَىٌة. فًٍب ٌهً اخحببرات ايحصبص 
( 53.91، أشبرت جزٌئبت انُحبس وانٍُكم انُبَىٌة بحجى )FE-SEM( َبَىيحر نهٍُكم وانُحبس. وفقبً نححهٍم 75)

نه َشبط كبٍر  MCF-7َبَىيحر إنى َشبط يضبد نهجراثٍى. فضلا عٍ رنك، فإٌ خظ خلاٌب سرطبٌ انثذي انبشري 
 يضبد نهسرطبٌ.

يضبد نهسرطبٌ،  SEM: الاجحثبخ ببنهٍزر انُبضً فً انسبئم، جزٌئبت أكسٍذ انًعبدٌ انُبَىٌة، الكلمات المفتاحية
 َشبط يضبد نهجراثٍى.

 
1. Introduction 

Copper oxide (CuO), a P-type semiconductor with a band gap of 1.21-1.51 eV is 
regarded as one of the preferable oxides. Metal oxides are the most versatile class of 
materials, having properties that cover every facet of chemistry and physics [1]. Copper 
oxide semiconductors exhibit great optical absorption, is non-toxic, and affordable to 
manufacture. Furthermore, breakthroughs in nanoscience and nanotechnology have 
created new opportunities to investigate the bactericidal effects of innovative 
nanomaterials containing metals known for their apparent bioactivities, such as Cu and Ni. 
[2-6]. The biological effectiveness of metal-based nano-antimicrobials has been 
demonstrated to be significantly longer or higher than the (standard) bio-activity of the 
actual bulk metal, which was thought to be the result of several factors, including non-
traditional properties related to the presence of surface stabilizers, size-dependent 
properties of nano-metals, and the high surface-to-volume ratio. Capping chemicals have 
consistently been found to modify nanoparticle ionic release and, as a result, anti-biofilm 
properties. The need for clean living conditions has created new obstacles in producing 
efficient and cost-effective antimicrobial materials that must be completely safe for people 
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and ecologically friendly. This presently boosts the influence of "smart" nano-
antimicrobial [7]. Nickel oxide has a semitransparent and stable structure, a high direct 
band gap, and p-type semiconducting activity with weak absorption bands [8-9]. NiO thin 
films are appealing materials that have the potential to be employed as functional sensor 
layers for chemical sensors, antiferromagnetic layers, and active electrodes in 
electrochromic devices, and electrochromic devices [10-12]. Sputtering, pulsed laser 
deposition, thermal evaporation, spray pyrolysis, electron beam evaporation, dip coating, 
spin coating, and electro-deposition are all physical and chemical deposition methods that 
may be utilized to make NiO thin films [12-15]. The project's purpose is to use laser 
ablation to create CuO and NiO nanoparticles for medical applications such as (cancer). 
 
2. Experimental Works 
Nickel oxide and copper oxide were generated by laser ablation of 99.99% pure nickel 
powder pellets in distilled water (provided by Poch Company) at room temperature. 
Grinding the target materials (Ni and Cu) and then crushing and pulverizing them in a 
piston to form a circular disk produces the target materials (Ni and Cu). The water used in 
the experiment is distilled water (DW), which has the chemical formula H2O and a density 
of 1 g/cm

3
, and it has the benefit of being a good solvent for most organic colors as well as 

a neutral solvent. Where were prepared glass bases with dimensions (2.5x2.5) cm and 
were cleaned with distilled water and then dried with a special blotting paper, and then 
cleaned with high purity ethyl alcohol (99,99) for (15) minutes, washed with a special 
blotting paper, and cleaned with distilled water after it cleans the floors to be ready, as 
shown in figure 1. The colloidal solution made by the (PLAL) technique is then deposited 
on the glass bases by distilling the colloidal solution over those glass bases using an 
electric heater set to (60)

o
C, so the liquid evaporates after NPS is coated on the glass 

bases, as illustrated in figure 2. Figure 1 depicts a schematic representation of laser 
ablation in a liquid environment. Fourier transformation infrared spectroscopy, JEOL 
(JSM-5600) scanning electron microscopy, Philips CM10 PW 6020 transmission electron 
microscopy, Angstrom AA 3000 atomic force microscopy, and Cary 100 Conc plus UV-
Vis's spectrophotometer were used to investigate the structural, morphological, and optical 
properties of NiO, CuO, and NPs. Colloidal NiO and CuO nanoparticles were deposited 
on a glass substrate by drop casting. Cu: Ni material was produced and dried for 30 
minutes at 400 degrees Celsius before being milled into a powder. 
 
3. Results and Discussion 
Figure 3 depicts an (FE-SEM) image of a Cu: Ni nanoparticle created by distillation and 
placed on a glass substrate, revealing a Cu: Ni particle morphology with a spherical form. 
It also boasts a large number of corporations. Indicates the size of the nano-particles is 
between (53.91) nm.  
FTIR spectroscopy is a particularly useful tool for investigating the vibrational properties 

of synthetic materials. Thin films' band positions and absorption peaks are influenced not 

only by their chemical composition and structure but also by their form. The FTIR 

spectrum of a Cu:Ni thin sheet is shown in Figure 4. The Cu:Ni stretching vibrations are 

responsible for the 578 (1/cm) absorption band. Weak peaks at 1631 cm
-1

 are attributed to 

 symmetric and asymmetric C=C bond beats, respectively, as well as O-H at 3317 (1/cm).
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 Figure 3: FE-SEM image of Cu: Ni nanostructure. 
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FTIR spectrum of nano-scale Cu:Ni particles: Figure4  

 
A transmission electron microscope (TEM) picture of a (Cu:Ni) nanoparticle solution 
generated by laser ablation is shown in Figure 5. The TEM picture shows that the 
development of NPs (Cu:Ni) with a diameter of 75 nm reveals the quantitative size of 
nano-particles, which portray the form of rod particles. The size of the nano-particles 
formed during the laser ablation process is determined by the solvent and the quantity of 
laser energy employed.  
  

   
Figure 5: TEM image of the Cu:Ni nanostructure. 

 
It is possible to study the absorption spectra of copper-nickel nano-particles (Cu:Ni) 
produced by laser ablation. It was discovered that at a wavelength of 200 nm, absorption 
reduces. Figure 6 shows how its absorption diminishes with increasing wavelengths in the 
visible and infrared regions, where it is around (3.5%). 
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Figure 6: shows the optical absorbance spectrum of (Cu:Ni) nanoparticles. 

 

Figure 7 displays the biological activity of four distinct types of positive and negative 
bacteria in distilled water when exposed to laser-produced copper nickel nano-particles. 
(Klebsiella spp., Staphylococcus aureus, Staphylococcus epidermidis, E. coli) Table 1 
contains information on the biological impact, also known as inhibition with strong 
effects. [17]. 
  

   
Figure 7: the adsorption of Cu:Ni nano-particles by bacteria 

 
According to Table 1, the amount of sorption was the same for these four species of 
bacteria. 

 
Particles penetrate the bacterial cell wall and occupy specific locations in the DNA helical 
structure, thereby stopping metabolic processes and scattering enzymes, or the attraction 
of nanomaterial ions at high concentrations to the bacterial cell wall, thereby limiting 
oxidation and reduction and stopping respiratory processes, may initiate the inhibition 
process. To assess the quantity of absorbance and its interaction with this specific type of 
fungus, a nano-nickel oxide substance created by laser ablation of liquid was introduced to 
the fungi. It can absorb up to 22 mm of water. 
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Figure 8: shows the amount of Cu:Ni nano-particles absorbed by fungi. 

  
The topography of the surface was examined using an atomic force microscope. In Figure 
10, a three-dimensional image of Cu:Ni nano-particles revealed a population of 
homogeneous particles with a stable surface. Cu:Ni nanoparticles with an average 
diameter of (426) nm are used in the liquid laser ablation procedure. The topography of 
the surface, such as the mean value of roughness and the root mean square. 
 

Table (2) The average roughness, average diameter, and root mean square of the Cu:Ni 
Nanoparticle films 

 
Anticancer Activity 
The antitumor activity of the manufactured nanoparticle is investigated using an MTT 
assay against breast cancer MCF7 cell lines throughout a dilation range of 0.5 to 2.5. 
Figure 11 demonstrates the relationship between the MTT assay and the relative cell 
viability of the cancer MCF-7 cell line. 
According to the results of the chart, the colloidal nanoparticle has better anticancer 
activity at bigger dilations, i.e., at 0.5 dosages, and the anticancer activity declines as the 
dilations fall from 0.5 to 2.5. The breast cancer (MCF 7) cell viability%, i.e., the number 
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of live cancer cells, increases from 20% to 50%, indicating an inverse association between 
nanoparticle dilations and the number of living breast cancer cells. Furthermore, earlier 
research has demonstrated the dose-dependent anticancer efficacy of many kinds of nano-
particles. 
  

 
Figure (10): MTT assay chart gives the relative cell viability of breast cancer vs log 

concentration. 

 
Conclusions  
In this study, copper oxide and nickel oxide nanoparticles were investigated using the laser 
ablation technique. NiO and CuO nanoparticles in water were created by laser ablation and 
then examined using SEM, TEM, UV-vis absorption, AFM, and FTIR. SEM, TEM, UV-
vis absorption, and AFM, FTIR was used to analyze NiO and CuO nanoparticles 
generated in water using the laser ablation approach. For most metal oxides, it is possible 
to create nano-particles in large quantities and of high economic quality. Furthermore, a 
new study indicates that laser ablation of nickel and copper metal in water can generate 
nickel oxide and copper oxide nano-particles extremely quickly. 
 The relationship between nickel and oxygen, copper and oxygen, is proven by FTIR 
spectra at (600-700) cm-1. may be observed in the UV-Vis absorption spectrum. The 
findings show that NiO and CuO nano-particles have a synergistic impact on bacteria's 
cell membranes and that Ni and Cu nano-particles may efficiently boost bacterial 
penetration and absorption, making them a good platform for biological applications. The 
findings revealed that copper-nickel nano-particles had a greater impact on (Bacterial and 
fungi). 
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Abstract 

Ear recognition is employed to protect the privacy and prevent unauthorized persons 
from entering the system. To distinguish people, many of the distinctive biometric features 
that characterize each person are relied on, so the biometric features are searched through 
which people can be distinguished with a high degree of accuracy. The aim of the study 
distinguishes people based on distinctive features in the ear using different computer 
algorithms. This paper presents a review of a number of the literature and a comparison of 
some different algorithms related to ear recognition. 
Keywords: Personal identification, Biometric, Pattern recognition, Ear recognition. 

 
 المستخلص:

يستخذو انتعشف عهى الأرٌ نحًايت انخظىطيت ويُع الأشخاص غيش انًظشح نهى يٍ دخىل انُظاو. ونتًييض 
عذيذ يٍ انظفاث انحيىيت انًًيضة انتي يًيض كم شخض، نزنك يتى انبحث عٍ انظفاث الأشخاص، يتى الاعتًاد عهى ان

انحيىيت انتي يًكٍ يٍ خلانها تًييض الأشخاص بذسجت عانيت يٍ انذقت. تهذف انذساست إنى تًييض الأشخاص بُاءً عهى 
ي يشاجعت نعذد يٍ الأدبياث انسًاث انًًيضة في الأرٌ باستخذاو خىاسصيياث انحاسىب انًختهفت. يقذو انبحث انحان

 ويقاسَت بعض انخىاسصيياث انًختهفت حىل تًييض الأشخاص اعتًادا شكم الأرٌ.
 يف انشخظي، انًقاييس انحيىيت، تًييض الأًَاط، تًييض الأرٌ.انتعشالكلمات المفتاحية: 

 
1. Introduction 
   Personal identification systems based on biometrics have witnessed a surge in popularity, 
owing to growing concerns about privacy and security in diverse applications. The human 
ear has been discovered to have enough discriminating qualities to allow it to be used as a 
robust biometric measure, even though the application of any biometric trait is problem 
dependent. Although locating an ear in a facial image is a difficult task, several existing 
techniques have shown promising results. The human ear has sparked a lot of attention in 
the biometric field in recent years because it has several advantages that are comparable to 
other biometrics like face, fingerprint, or gait. [1] 
 
1.1 Biometric 
   Biometrics is a method that deals with identifying and verifying people built on 
physiological and behavioral characteristics. These characteristics or identifiers are 
singular and can be used for distinguishing one person from another [2].  
As shown in Figure (2), biometric techniques can be categorized into two groups based on 
the attributes that are used: [3] Physiological Characteristics-Based Biometric Techniques: 
They cover all biometrics approaches that rely on simple computations on a specific 
portion of a person's body, such as the iris, face, or fingerprint. The most well-known and 
popular types are ear, hand, and DNA. These kinds are more trustworthy than those that 
are built on behavior. 
Biometric Techniques Based on Behavioral Characteristics includes the following: This 
sort of approach extracts attributes based on a person's behavior or action; the most popular 
and successful types are voice, keystroke, and signature. [3] 
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1.2 Pattern recognition 
Pattern recognition is the process of identifying patterns using machine learning 
techniques. It categorizes data using statistical data or knowledge derived from patterns 
and their representation. The computerized detection and analysis of patterns in signals are 
known as pattern recognition. It generally refers to the analysis, description, identification, 
and classification of objects or other relevant regularities in image processing [4, 5]. 
 

 
Figure 1: Biometric Technologies [3] 

 
1.3 Ear recognition 
Human ear identification is a relatively recent biometric technology that competes with 
other powerful biometric modalities such as fingerprint, face, and iris recognition. The ear 
is tiny, has uniform color dispersion, and does not require much user participation [6]. 
  The biometric community is particularly interested in automatic identification detection 
of ear pictures. Automated personal identification using ear shape is becoming more 
accepted, mainly due to the ear pattern's ability to provide rich and consistent information 
that able is employed to distinguish and identify people. Ear images can be taken from a 
distance and invisibly, so it is catchy for security and surveillance applications, also in 
other related application areas. The human ear is unaffected by facial expressions and does 
not require near touching like fingerprints, unlike other biometric modalities. However, at 
the illumination, position, and partial occlusion are changed, the recognition performance 
drops dramatically, see figure (2) [7, 8].   
Another prominent biometric is ear recognition, which is well alternative to other 
biometrics. Ear recognition algorithms use different sections of ear images to detect 
attributes and compare them to other ear images. Ear images able be caught passively, and 
the ear's stability allows for a more consistent biometric recognition method [9].  
In general, registration and recognition are two base components in the permission 
identification system for people, where each step of them passes through three stages: 
firstly, is a pre-processing stage to improve the characteristics of the image for each 
person, followed by the second stage, which is to extract the region of interest ROI from 
each image, and finally, extraction the features that will be stored in the database. [10] 
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  This paper reviews various methods to recognize the human ear with different algorithms. 
The remaining of the paper is set as follows section II provides a survey of literature on-ear 
recognition by using different algorithms. Section III compares different algorithms for ear 
recognition. Lastly, section IV gives the conclusion. 
 

 
Figure 2: Human Ear recognition approach 

 
2. Literatures Survey 
      Sinha et al. (2010), [1] the paper presented a system for person identification based on 
ear pictures. For ear image feature extraction, (PCA) was employed, and (MFFNN) for 
classification. The UND ear picture database, which has 85 images, was put to the test to 
see how reliable and accurate it was. When applied to the ear image field, which lacks 
many attributes that a facial image possesses, it obtained higher discrimination accuracy 
with the less computational effort (e.g. eyes, nose, mouth, etc.). However, he did not 
address the accuracy explicitly. 
       Wang et al. (2010), [2] employed the BP algorithm to classify identification. They 
chose three layers of the BP artificial neural network and 40 neurons in the middle. For 
ear, image distinguishes they utilized their own database 60, and they got a good trial result 
with a recognition rate of 91.8% when check six vectors were on a 4/5 scale. However, 
when seven vectors were input into the neural network, the results reached only a 66.7% 
recognition rate.  
        Tariq et al. (2011), [3] have proposed a new approach for an automated system for 
human ear identification. The method consists of three stages. In the first stage, 
preprocessing of the ear image is done for its contrast enhancement and size normalization. 
In the second stage, features are extracted through Haar wavelets followed by ear 
identification using fast normalized cross-correlation (Fast NCC) in the third stage. The 
proposed method is applied to the USTB ear image database and lIT Delhi ear image 
database. The proposed system achieves an average accuracy of 97.2% and 95.2% on these 
databases respectively. Results showed that the recognition rate on the USTB database is 
good. However, unrecognized one image from 60 images in USTB DB1, three Images 
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from 77 in USTB DB2, and not recognized six images from125 images in IIT Ear 
Database. 
      Asmaa et al. (2015), [4] developed a recognition technique based on the SIFT 
algorithm for identifying people until their ear images. The identification system is divided 
into 4 phases: pre-processing, detection of the ear image using edge detection, extraction of 
features from the ear picture, and classification using a minimum distance classifier. 
However, there are several obstacles to using the ear to identify persons, such as hair on 
the ear that obscures a great portion of them, Muslim women's headscarves that cover their 
hair and hence cover their ears, and the amount of illumination. They used three ear 
pictures for 125 persons from the IIT database. As a result, they achieved a rate of 
recognition is 95.2%. When they used the AMI database, which included Seven ear images 
for the 100 persons, they achieved an accuracy is 100%. 
       Khobragade et al. (2016), [5] the ear recognition system encountered problems due to 
improper image capture Blurred images do not give good results. Noise generated due to 
hair occlusion and improper lighting is also a problem. They proposed a simple and less 
time-consuming method for 20 ear feature extraction. As a result, they used MATLAB as a 
processing tool. They did image preprocessing to remove unwanted information of ear 
images, also performed steps like image segmentation and feature extraction to get the 
desired shape of the ear for ear recognition system purposes. They have applied the feature 
extraction process to 40 people. The method gives the best results for the ear images which 
are appropriate, properly captured, and has proper light. While The method gives poor 
results for the ear images which are not captured properly or have high light intensity. So, 
the method of feature extraction is failed to get output from pose variation, blurred and 
high light intensity images. 
     Rao et al. (2019), [6] proposed a methodology for ear localization and recognition 
which reduces the pipeline for a biometric recognition system. The proposed framework 
uses HOG with SVM for ear localization and CNN for ear recognition. HOG descriptors 
depend on image gradient orientations which describe the shape of an object. But it poses 
challenges such as illumination, contrast, rotation, scale, and pose variation. The problem 
of ear recognition is very similar to that of face recognition. It faces the problem of bad 
illumination, poses variation, and occlusion. Recognition models are generally unable to 
overcome problems such as local deformation, rotation, or translation. The (USTB) 
provides three databases for public use. The USTB III ear dataset contains side profile 
images of the face. The database contains images from 79 subjects, each image having a 
resolution of 768×576. Each subject has approximately 10 uncropped images (a total of 
785 images). The work demonstrates 97.9% average recognition accuracy using CNN 
without any image preprocessing. The proposed method achieves the highest recognition 
rate of 97.9% on the USTB III dataset.  
      Alemran and Rahmatullah, (2019), [7] the study aimed to construct a passive 
identification system for hybrid ear biometric from a digital image database. The database 
was gathered from two classes of identifiers (right-left ear of the same individual). The 
difficulty of occlusion, variations in illumination, and real-time application in getting 
information from an integrated database system with improved accuracy are all challenges 
and concerns faced in the domain of personal identification employing ear detection and 
recognition. They used the USTB and IIT Delhi databases because they contain suitable 
images for testing. However, they did not mention accuracy as a percentage.  
     Sarangi et al. (2019), [8] suggested integrating two of the most used local feature 
descriptors to represent ear images, such as Gradient Directed Hierarchical Graph (PHOG) 
and Local Orientation Patterns (LDP). LDP effectively encodes local tissue information, 
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while PHOG reflects spatial shape information. They employed principal component 
analysis (PCA) to minimize dimensionality before normalization and fusion because 
feature sets had a lot of them. So, to create a single feature vector, two sets of 
heterogeneous conventional features are amalgamated. Lastly, they extracted nonlinear 
discriminant features using the Kernel Discriminant Analysis (KDA) approach for efficient 
identification using the nearest classifier (NN). Experiments with three standard datasets 
from IIT Delhi (I and II) and UND-E have achieved remarkable discrimination 
performance comparison with other methods. However, there isn't evident accuracy.  
      Priyadharshini et al. (2020), [9] devised a straightforward deep CNN architecture for 
detecting persons from ear pictures. Traditional computer vision systems rely on hand-
crafted features, but CNNs immediately learn the features from the input image, resulting 
in improved performance. Hair, fabric, or jewelry can, nevertheless, obstruct vision. For 
ear recognition, they presented a six-layer deep CNN architecture. The simple DL 
architecture is built with the memory requirements of end applications in mind. They used 
a database IIT Delhi consisting of two groups, the first group IITD-I contain 125 different 
subjects, the second group IITD-II includes 100 various objects. All objects in the database 
are between 14 and 58 years old. They also used a database AMI that contains 700 images 
from 100 people between the ages of 19 and 65 years all images are 492×702 pixels in 
size. On the IITD-II ear dataset and the AMI ear dataset, the Deep CNN's potential 
performance is examined. They achieved a recognition rate of 97.36% for the IITD-II 
dataset under a controlled environment for the tanh activation function, but they observed 
that the sigmoid activation function suffers from overfitting, and 96.99% for the AMI 
dataset in uncontrolled environment. 
  Ganapathi et al. (2020), [10] proposed a new and effective system to describe and reveal 
the key points using geometric statistics to match and represent the same three-dimensional 
subjects. Identifying three-dimensional biometrics based on the ear can prove its 
effectiveness. However, the applications of biometrics, when they used to compare the 
same subjects such as the ear or face, fail. Experiments were carried out on the public 
database of the University of Notre Dame Collection-J2 (UND-J2). It contains 1,779 
samples from 404 people. Experiments using the University of Notre Dame public 
database Collection J2 (UND-J2) yielded rank-1 and rank-2 recognition rates of 98.60 
percent and 100 percent, respectively, with a 1.50 percent error rate. Because of the 
following factors, it is a reliable and general technique. 1) Conducted on a genuinely large 
model size from the UND-J2 database, which includes images of the ear with changes in 
position and scale, as well as images affected by occlusion. 2) They randomly selected the 
gallery image of the subject from the database, during the experiments, instead of selecting 
a good image of the subject. 
    Nikose et al. (2020), [11] applied a deep learning-based convolutional neural network 
(CNN) model to the USTB database. They used a Gaussian filter and Canny's edge 
detector to manipulate the image to increase the recognition rate. However, to obtain the 
information, they ran into hair, cloth, or earring clogged issues. USTB database is 
component of three groups: - USTB Database1 (60 subjects), USTB Database2 (77 
subjects), and USTB Database3 (79 subjects). The results showed that the USTB database 
I and database II achieved an accuracy of 93.345% and 91.281%, respectively, because the 
accuracy was low in the second database due to the loss of important information such as 
the scar in the ear, the use of a sharp-edged detector. One of the reasons is the depletion of 
memory due to reducing the size of the image. At the ear images are taken in different 
directions, the algorithm used is unable to map the pictures from USTB Database2 to 
training and test images, which results in low accuracy. However, there was no distortion 
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in the orientation of the different images in database1 and database3. Which led to a 
relationship between training and testing images and thus have better accuracy. 
    The researcher (Chowdhury) et al. (2020), [12] devised a method based on a tunable 
filter bank. To determine the camera source for ear biometric images. To verify, they used 
the devised method in two sets of ear databases. The initial experiment used three 
databases: the IITD-I, AMI, and WPUT ear databases, each of which contained a distinct 
camera type. To identify the image source, they used a random forest classifier with an 
accuracy of 99.25 percent in this scenario. The accuracy of camera source identification 
was significantly decreased in the second experiment using four datasets IITD-I, AMI, 
WPUT, and AWE ear. The addition of the AWE ear database was the main reason for the 
decreased inaccuracy in the second experiment. Each database, except for AWE, utilizes 
the same camera model to get ear photographs. However, images in the AWE database are 
get from the web. AWE, for instance, employs a different camera model to obtain images. 
As a result, it's feasible that some AWE camera types are comparable to those in three 
other databases. As a result, photos from a different database were utilizing incorrectly 
same camera source.  
  

3. Comparative Analysis of Algorithms 
Table (1) show comparison between ear algorithms. 

Table 1: Comparison between above algorithms 

Ref Year Algorithm Database Accuracy % 

1 2010 PCA and MFFNN UND - 
2 2010 BP algorithm their own database 91.8 

3 2011 Fast NCC USTB 97.2 
lIT Delhi 95.2 

4 2015 SIFT algorithm lIT Delhi 95.2 
AMI 100 

5 2016 MATLAB their own database - 

6 2019 CNN USTB III 97.9 

8 2020 deep CNN IITD-II 97.36 
AMI 96.99 

10 2020 geometric statistics UND-J2 Rank-1, 98.60 

Rank-2, 100 
11 2020 CNN USTB I 93.345 

USTB II 91.281 

12 2020 tunable filter bank IITD-I, AMI, and 
WPUT 

99.25 

 
4. Conclusion 
This document covers a variety of ear algorithm that use to recognize people within the 
period (2010-2020), this paper has presented different strategies in ear recognition some of 
them extracts features, and others focus on ear shapes and their own geometric by using 
different algorithms artificial intelligence. It has been demonstrated that ear biometrics can 
be used for identification and that they are a good biometric that is similar to face 
biometrics. 
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Abstract: 
The colloidal solutions of M1 and M2 nanoparticles were prepared through the 

biosynthesis method using a Hibiscus sabdariffa L plant extract. Through optical 
measurements in the range of UV and visible rays, we observe an increase in the energy 
gap of M1 (2.8 eV and 4 eV) and M2 (3 eV and 4 eV), which indicate the increase in the 
concentration of nanoparticles and the quantum size effect. X-ray diffraction (XRD) 
pattern presented that the structure of the Lithium oxide films is polycrystalline and 
formation with preferential orientation of M1 NPs in Li2O (100) direction, M2 NPs in Li2O 
(200) direction, with an average crystallite size of nanoparticles were 42.22 and 17.15, nm, 
respectively. Morphological properties were observed by Field Emission Scanning 
Electron Microscopy (FESEM) images for particle size and shape of Lithium oxide 
nanoparticles. These images obtained give us a piece of important information about the 
nanostructure for these thin films. The particle sizes of M1 NP are (39.27 nm) and M2 NPs 
is (262.28 nm with the shape of these nanoparticles had semispherical a cluster, and woven 
fibers and mud like particles, respectively shown by FESEM images. according to this 
study. As a result, biosynthesized LiO nanoparticles could be promising candidates for 
biomedical applications in the future. 

Keywords: lithium oxide, XRD, SEM, TEM, antifungi. 
 خلاصة:ال

يٍ خلال طزٌمت انخخهٍك انحٍٕي ببسخخذاو يسخخهص  M1 ٔM2حى ححضٍز انًحبنٍم انغزٌٔت نهجسًٍبث انُبٌَٕت 
. يٍ خلال انمٍبسبث انضٕئٍت فً َطبق الأشعت فٕق انبُفسجٍت ٔالأشعت انًزئٍت، Hibiscus sabdariffa Lَببث 

، يًب ٌشٍز إنى سٌبدة حزكٍش M1 (2.8 eV and 4 eV)  ٔM2 (3 eV and 4 eV)َلاحع سٌبدة فً فجٕة انطبلت يٍ
( أٌ بٍُت أغشٍت أكسٍذ انهٍثٍٕو يخعذدة XRDانجسًٍبث انُبٌَٕت ٔحأثٍز حجى انكى. أظٓز ًَظ حٍٕد الأشعت انسٍٍُت )

(، بًخٕسظ Li2O) 200فً احجبِ  Li2O (100)  ،M2 NPsفً احجبِ M1 NPsانبهٕراث ٔحخشكم بخٕجٍّ حفضٍهً نـ 
َبَٕيخز عهى انخٕانً. حًج يلاحظت انخصبئص انًٕرفٕنٕجٍت  17.15ٔ 42.22حجى بهٕري نهجسًٍبث انُبٌَٕت كبَج 

( نحجى ٔشكم انجسًٍبث انُبٌَٕت لأكسٍذ FESEMبٕاسطت صٕر انًجٓز الإنكخزًَٔ نًسح الاَبعبد انًٍذاًَ )
انهٍثٍٕو. حعطٍُب ْذِ انصٕر انخً حى انحصٕل عهٍٓب يعهٕيبث يًٓت حٕل انبٍُت انُبٌَٕت نٓذِ الأغشٍت انزلٍمت. أحجبو 

َبَٕيخز يع شكم ْذِ انجسًٍبث انُبٌَٕت ححخٕي عهى  M2 NPs (262.28)َبَٕيخزM1 NP ( ًْ39.27 ٔ )جشٌئبث 
. ٔفمبً نٓذِ FESEMكخهت َصف كزٌٔت، ٔالأنٍبف انًُسٕجت ٔجشٌئبث حشبّ انطٍٍ، عهى انخٕانً يٕضحت فً صٕر 

ًُصَُّعت حٌٍٕبً يزشحت ٔاعذة نهخطبٍمبث انطبٍت انحٌٍٕت فً  LiOانذراست. َخٍجت نذنك، ًٌكٍ أٌ حكٌٕ جسًٍبث  انُبٌَٕت ان
 انًسخمبم.

 ، يضبد نهفطزٌبث.XRD ،SEM  ،TEM: أكسٍذ انهٍثٍٕو،الكلمات المفتاحية
1. Introduction 

Nanotechnology field has become one of modern physics and chemistry. Depending on 
certain features including size, distribution, and shape, nanoparticles (NPs) exhibit new or 
improved properties. Nanotechnology has advanced significantly in recent years. 
Numerous methods have been established to synthesis nanoparticles with specific shape 
and size requirements. The number of new nanoparticle and nanomaterial applications is 
rapidly increasing [1]. Nanotechnology is the study of materials on the nanoscale (1-100 
nm) for various fields of study [2, 3]. Materials having nano-scale structures that display 
considerably innovative and enhanced physical, chemical, and biological properties, 
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phenomena, and usefulness are the focus of this field. Nanoparticles, on the other hand, are 
so much smaller that their surface areas far exceed those of their macro counterparts. The 
size, shape, composition, crystallinity, and surface morphology of metal nanoparticles are 
the primary factors that are responsible for determining their intrinsic qualities. 
Nanoparticles, because of their small size, have different properties than the bulk of a 
similar material [4, 5]. These differences have made it possible for countless new biosensor 
and bio nanotechnology advances. In the field of medical, nanotechnology is utilized for 
the diagnosis of diseases and disorders, the delivery of therapeutic medications, and the 
development of innovative remedies. This is a particularly powerful technology with 
incredible potential for designing and developing a wide range of novel products, which 
may have medical applications in detection of disease, treatment, and prevention [6]. 
 

 2. Materials and Instruments 
2.1 Instruments 
Several instruments have been used in this analysis, as shown in Table (1). 
 

 Table (1): The instrument used in the experiment. 

Instrument Manufacturer 

Beaker 250ml China 

Test tubes 5-10 ml China 

Petri dish China 

Four filter paper (grad 1:11 μm) China 

Glass Slides China 

Syringe 5ml or Microliter China 

Hot plate and Stirrer Gallen Kamp, England 
 

2. 2 Materials Chemicals  
 The materials which used to prepare lithium oxide nanoparticles are shown in Table (2). 
 

Table (2) The chemicals used in the experiment.  

Chemicals Origin 

Distilled water Iraq 

96 % Ethanol absolute Iraq 

Hibiscus sabdariffa L Africa 

Lithium  BDH Chemicals Ltd Pool England 

Lithium nitrate BDH Chemicals Ltd Pool England 

Lithium chloride  BDH Chemicals Ltd Pool England 
 

 2.3 Preparation of Plant Extract 
Hibiscus sabdariffa L plant was utilized in the synthesis; it was purchased in an Iraqi 
market and then identified at the Seed bank of the Iraqi Health Ministry. 2 grams of 
powder of the dried HS plant are put on (Hot Plate and Magnetic Stirrer) with 100ml of 
distilled water at 60°C for an hour and cooled at room temperature. Then, Filter paper was 
used to purify the solution by removing particles. 
 

 3.  Biosynthesis of Lithium Oxide nanoparticles by different methods  
 3.1 Method 1  (M1 NPs): LiCl NPs synthesized by Lithium chloride 

1M molar of Lithium chloride (LiCl with Molar mass= 84.78 g/mol) dissolved in 100 ml of 
distilled water and mixed in hot plate. The device (Hot Plate and Magnetic Stirrer) is set to 
60

o
C, and the mixture is left there for an hour. Then, heat the aqueous solution at 160°C 

for an hour while adding 100 ml of the plant extract solution. The solution becomes a 
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bright blood crimson after being left alone for a while. The steady shift in hue is evidence 
of the creation of M1 nanoparticles 

3.2 Method 2 (M2 NPs): Li NPs synthesized by Lithium  
1M molar of lithium (Li) with Molar mass= 6.941 g/ mol) dissolved in 100 ml of distilled 
water and mixed in hot plate. (Hot Plate and Magnetic Stirrer) is set to 60 

o
C and the 

mixture is left there for one hour. Then, heat the aqueous solution at 160°C for an hour 
while adding 100 ml of the plant extract solution. The solution gets red as time passes. The 
steady development of a new hue is indicative of the production of M2 nanoparticles. 
  

 4. Results and dissection  
4.1  X-ray Diffraction (XRD) Analysis 
 The structural features of thin films can be investigated by the use of x-ray diffraction. 
Drop-casting the nanoparticle solution applied on a glass substrate heated to 70°C yields a 
thin layer with uniformly dispersed nanoparticles, which is used to construct the Lithium 
oxide nanostructure. Crystalline phase and crystal structure of biosynthesized films using 
Hibiscus sabdariffa L plant extract were analyzed using X-ray diffraction. The XRD 
spectra in Figure (1) show the polycrystalline structure, Hexagonal, and Cubic phases 
formed after the synthesis of M1 and M2 NS with LiCl and Li, respectively, in a solution 
containing Hibiscus sabdariffa L plant extract. The Bragg peak observed at 2θ=22.45° 
associated with (002) of cubic phase Li2O2 (JCPDS card n0-05-0640), and other peak at 
2θ values of 30.85° associated with the (100) of cubic phase Li2O, and other sharp peaks 
such as 2θ=34.277° and 35.6° associated with the (100) the cubic phase planes for 
Li2O2(JCPDS card-39-1221), and the sharp peak at {2θ = 41.2° Li2O (101). peak at 2θ = 
48.194° Li2O2 (004), other peak located at 2θ = 49.3° of Li2O (110), and peak at 2θ = 
58.3° of Li2O2 (104), and peak at 2θ value of 60.65° of Li2O (021), and the last peak at 2θ 
value of 69.85° of Li2O2(200)}, of hexagonal phase plans (JCPDS-005-0674), In the 
present analysis as seen in figure (1:a). 
For M2, the Bragg peak at 2θ=22.2° is associated with the (001) plane of the cubic phase 
of the Li (JCPDS-05-0640), while another peaks at 2θ=32.55° are associated with the (220) 
the cubic phase plane of the Li (JCPDS-39-1221), and another peak at 2θ=40.6° is 
associated with the (200) plane of the cubic phase of the Li2O (JCPDS-05-0640) (JCPDS-
005-0674) as seen in figure (1:b). 

 
 Figure (1:a) :XRD pattern of M1 (LiCl) nanostructure, which deposited on a glass. 



 للهندسة والعلىم... يةــاديمــالأك المجلة
 2222لسنة  كانون الأول 4العدد  4المجمد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 4, 2022 
 

- 04 - 

 

 
Figure (1:b) XRD pattern of M1 (Li) nanostructure, which deposited on a glass. 

 

Miller indices (hkl) computed for each peak in LiCl and Li nanostructures using Bragg's 
equation (1.9) agree with the orientation of the JCPDS standard card of planes. Sharpening 
of XRD peaks in Table (4.2) demonstrates an increase in the crystalline quality of the 
particles in M1 and M2 NS. It demonstrates that experimental and reference data for inter-
planar distance are in accord with one another. According to the X-ray spectrum and 
international standards, pure lithium particles and mono and dioxides in one compound are 
produced using the green synthesis method and the drop-casting method at temperatures 
not exceeding 70 ° C; in addition, the plant extract serves as oxygen reduction from the 
salts of the substance, and the absence of any organic compounds refers to the plant. 
According to the Figure, lithium nitrate is a better candidate for producing lithium oxides 
than either pure lithium or lithium chlorides, but it still has to be calcined at high 
temperatures to stabilize the material. By using Debye-formula Scherrer's (7, 8), we were 
able to determine that the typical crystalline size is around 49.69 nm. Dislocation density 

(δ) and microstrain () were also determined using reference (9-10). 
 

Table (3) Structural parameters of M1 and M2 nanostructure. 

Sample 2 Theta 
(deg) 

FWHM 
(deg) 

D 
(nm) 

strain 
10

-4
 

δ 
line/m

2 
10

14
 

M1 
 
 
 
 
 
 
 
 
 
 
 
 

M2 

23.20 0.246 32.79 10.56 9.290 
28.52 0.295 27.62 12.54 13.10 
30.15 0.196 41.58 8.331 5.78 
31.73 0.393 20.87 16.59 22.94 
33.12 0.442 18.62 18.60 28.83 
35.24 0.147 56.18 6.1666 3.167 

40.69 0.344 24.48 14.15 16.68 
47.62 0.344 25.09 13.80 15.87 
50.40 0.393 22.20 15.60 20.27 
53.59 0.492 18.01 19.23 30.82 
58.98 0.196 46.18 7.501 4.687 
59.73 0.295 30.90 11.21 10.46 
62.69 0.196 47.08 7.358 4.510 
69.21 0.688 13.96 24.81 51.27 
21.51 0.196 40.86 8.478 5.987 
32.07 0.393 20.89 16.58 22.90 
43.81 0.590 14.43 24.00 47.99 
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 4.2 Field Emission-Scanning Electron Microscopy (FESEM) 
FESEM, utilized in order for investigate a morphological characteristics of nanoparticles 
(at 1.00kx and 60.00kx magnifications). Figure (2a and b) displays (FESEM) images of 
bio-synthesized M1 and M2 thin films that were formed on a glass substrate by the use of a 
drop-casting process. The 39.27 nm M1 nanostructure and the 262.28 nm M2 
nanostructure, Not only are M1 NPs semi-spherical, but M2 NPs are clustered, Because of 
the organic particles left behind from the plant extract, the size of the nanoparticles is 
significantly different from the particles generated with pure lithium. 

 
Figure (2): FESEM of (a) M1 and (b) M2 film deposited on a glass (scale bar = 10 µm, 200nm). 

 

4.3 Transmission electron microscope (TEM) 
The TEM images of lithium oxide nanocomposite caused by bio-synthesized techniques 
utilizing various salts of lithium solvents in distill water are exhibited in the figures (3). 
The micrographs demonstrate the development of well-defined spherical nanoparticles, 
and the TEM images demonstrate that the diameters of the nanoparticles vary depending 
on the preparation technique (M1 and M2), although all of them are less than 20 nm in 
size.  

 
Figure (3) TEM images of (a) M1 and (b) M2 

5. Antifungal activity of M1and M2 NPs 
Through the use of the agar well diffusion technique, the antifungal properties of the 
biosynthesized M1, M2, and M3 nanoparticles were investigated. This technique was used 
to combat a variety of pathogenic fungus, such as Candida albicans and Aspergillus 
species, among others. Antifungal activity was determined by testing various molar 
concentrations of produced M1, M2, and M3 NPs, including 0%, 25%, 50%, and 75% M. 
The findings demonstrated that the materials exhibited antifungal activity that was 
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proportional to the concentration of the nanoparticles used, At a 50% and 75% 
concentration of the nanoparticles, the greatest zone of inhibition (ZOI) plate images were 
found in the progression of the fungus. It's possible that this is because of the differences in 
the chemical structure and ingredients that make up the antifungal cell wall. Antifungal 
action of M1and M2 nanoparticles may be attributed to the inhibition of enzymes and 
toxins employed by fungal pathogens for pathogenesis, as has been shown (Figure 4) and 
Table (4). This provides further evidence that the biosynthesized M1and M2 nanoparticles 
are capable of functioning as antifungal agents. 
 

 

 
Figure (4) Antifungal activity of NPs synthesized from (a) M1 NPs and (b) M2 NPs NPs 

against C. Albicans and Aspergillus spp at (0%,25%, 50%, 75% M). 
 

Table (4) Zone of inhibitions (mm) of biosynthesized M1 and, M3 NPs against C. Albicans and 
Aspergillus spp at (0%, 25%, 50%, 75% M). 

 
 

 5. Conclusions  
  The results indicated that lithium oxide can be prepared by the method of plant synthesis 
using lithium salts represented by lithium chloride or pure lithium, but the properties of the 
prepared lithium oxides, whether they are mono, binary or triple, depend on the materials 
that enter the preparation, so the effect on the fungi used was different other than the 

preparation method and the concentration of those materials. 
 

(a) Aspergillus spp 
(a) C. albicans 

(b) Aspergillus spp 

 
(b) C. albicans 
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Abstract:  

This work describes the manufacture of nickel oxide nano-particles (NiO NPs) utilizing 
nickel nitrate and extract from pomegranate peels. In an (XRD) examination, a face-
centered cubic phase was observed. By using SEM, the surface morphology was verified. 
The existence of Ni-O bonds in NiO NPs was established by (FT-IR) spectra. A band gap 
of 3.8 eV was employed to analyze the optical characteristics using UV-Visb spectral data. 
The anti-bacterial efficacy of the produced NiO nanomaterial against several gram positive 
and gram negative bacterial pathogens and fungi was examined. The produced NiO nano-
particles performed better at inhibiting gram positive pathogens than gram negative 
pathogens and at inhibiting fungal growth. 
Keywords: NiO, Nano-particles, UV–Vis absorption. Pomegranate peels extract, 
Bioapplications. 

 خلاصة:ال
( ببسخخذام ًخزاث الٌيكل والوسخخلض هي لشور NiO NPsيظف هذا العول حظٌيع جزيئبث أكسيذ الٌيكل الٌبًويت )

، حن الخحمك هي هورفولوجيب SEM(، لوحظ وجود هزحلت هكعبت هحورهب الوجه. ببسخخذام XRDالزهبى. في فحض )
(. حن اسخخذام فجوة ًطبق همذارهب FT-IRبواسطت أطيبف ) NiO NPsفي  Ni-Oوجود روابظ السطح. حن حأسيس 

. حن فحض الفعبليت Visb -فولج لخحليل الخظبئض الضوئيت ببسخخذام البيبًبث الطيفيت للأشعت فوق البٌفسجيت  3.8
جزثوهيت والفطزيبث الووجبت والسبلبت الٌبًويت الوٌخجت ضذ العذيذ هي هسبببث الأهزاع ال NiOالوضبدة للبكخيزيب لوبدة 

الجزام. كبى أداء جزيئبث الٌبًو الٌبًويت الوٌخجت أفضل في حثبيظ هسبببث الأهزاع إيجببيت الجزام همبرًت بوسبببث 
 الأهزاع سبلبت الجزام وفي حثبيظ ًوو الفطزيبث.

 .خلاطت لشور الزهبى، الخطبيمبث الحيويت ،UV-Vis، جزيئبث الٌبًو، اهخظبص NiO: الكلمات المفتاحية
 

1-Introduction 
Researchers' interest in nano-materials sparked by their effect of quantum size, which 

display special magnetic, optical, electrical, and catalytic capabilities [1, 2]. Food, 
agriculture, cosmetics, medication transport, biomedicine, cancer theranostics, biological, 
and pharmaceutical applications have all profited from the usage of nano-particles (NPs) 
[3–8]. NPs have also played a significant role in the development of several economic 
sectors. A p-type semiconductor with a large band gap energy of between 3.6 and 4 eV is 
nickel oxide (NiO). The synthesis of NiO NPs has been carried out using a variety of 
techniques, including sol-gel chemistry, electro deposition, hydrothermal synthesis, 
solvothermal approach, and co-precipitation [9–13]. Physical synthesis demands a lot of 
energy, whereas chemical synthesis frequently results in toxic compounds that are bad for 
the environment and generate non-biodegradable goods [14, 15]. To address these issues, 
scientists have devised a more dependable strategy that is also greener and more 
environmentally friendly [16]. Green synthesis using plant extracts is becoming more 
popular because they have a high phytochemical profile (alkaloids, flavonoids, and 
phenolic) that are thought to be effective stabilizers [17-19]. Plant extract has the potential 
to affect the size and form of NPs as well as function as a potent capping and lowering 
agent [20, 21]. As a result, scientists have focused on the manufacture of metallic nano-
particles by the use of plants. NiO NPs have been successfully generated employing 
pomegranate peel extract as an efficient reducing and stabilizing agent, which is important 
given the significance of green nanochemistry. Numerous medical conditions can be 

mailto:sabajameel66@gmail.com
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treated with pomegranate peel, including leucorrhea, gonorrhea, rheumatism, arthritis, 
cardiovascular disease, and liver illness. Without the use of any surfactants or organic/ 
inorganic solvents, the present work is the first to describe biogenic NiO NPs from 
pomegranate peel. The XRD, SEM, UV, and FTIR were used to characterize the produced 
NiO NPs. Additionally, several biological functions including anti-bacterial and antifungal. 
 

2. Experimental part 
Pomegranate peels weighing around 25 g were carefully cleaned and cut into little pieces. 
The peels were then submerged in deionized water for a further 30 minutes while the 
solution was continuously stirred at 60

o
C. Whatmann No. 1 filter paper was then used to 

filter the extract as shown in Figure1. The resultant extract was utilized to make 
pomegranate peel extract, which serves as a reducing and capping agent in the production 
of nanomaterial. 

 
Figure1: pomegranate peel extract. 

 
3. Preparation of NiO Nps 
Nickel nitrate and the pomegranate peels extract of used as precursors to synthesize (NiO 
NPs) by green synthesis method. About 1.8g of Nickel nitrate in 100 ml under constant and 

continuous stirring for 1 h at 60 
o
C. 5 ml of the plant extract added to the  aqueous solution 

of Nickel nitrate under constant and continuous stirring for 1 h in order to attain 

homogenous solution of NiO with concentration 0.1 M as in Figure2. Where the beaker on 
the left a nickel nitrate solution and in middle is the beginning of reaction of (NO3)2 

solution with the extract of pomegranate peels, while the beaker on the right is the final 
homogenous solution of NiO nanoparticles.  

 
Figure 2: Ni (NO3)2 powder and NiO NPs colloidal 
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4. Application  
The anti-bacterial activity of NiO NPs was assessed using the agar well diffusion technique 
on Muller-Hinton agar against two pathogenic bacterial strains (gram positive and gram 

negative) in line with the Clinical and Laboratory Standards Institute's. recommendations 
[22]. The medium plates were streaked with bacteria 2-3 times, rotating the plate at an 
angle of 60° for each streak, to ensure that the inoculums were distributed evenly. Then, 
100 ml of each culture was swabbed onto the agar plates using a sterile L-shaped glass rod. 
Each petri plate has six millimeter (six mm) wells that were created with a sterile cork-
borer. NiO NPs (1 g/ml for both G+ and G microbes) were added to petri plates with the 
bacteria, and they were then incubated for 1 day at 37 °C as in Figure 3. 

 
Figure 3: The agar disk diffusion method. 

 
Figure 4 show XRD diffraction pattern of NiO that prepared by green synthises method 
and deposited on glass substrate by drop casting method (Three drops each equaling 100 
ml). XRD pattern used to analyze the structural information and crystallinity. The NiO 

nanostructure's X-ray diffraction pattern is seen in Figure 4, there are four distinct Bragg 

peaks with maxima at 2 = 37.14, 43.35, 62.89, and 75.49. According to card (JCP2 47-
1049), the detected diffraction peaks that correspond to the (1 1 1), (2 0 0), (2 2 0), and (3 
1 1) planes are well ascribed to the cubic structure of NiO. [23]. 
The morphology of NiO Nano-particles created using pomegranate peel extract and 

deposited on glass substrate using the drop casting process shown in Figure 5. SEM 
pictures show that the created nano-particles have various forms, aggregate as shells, and 
take on a relatively spherical appearance. Due to protein aggregation, NPs had average 
diameters between 50 and 150 nm, and some of the particles may be several micrometers 
in size. Phytochemicals that act as capping agents for the particles are responsible for the 
formation of the heterogeneous morphological characteristics [24]. 

The UV-Vis spectra of NiO-NPs shown in Figure 6. A good method for figuring out the 
energy structures and optical characteristics of nano-particles is absorption spectroscopy. It 
was believed that the creation of NiO-NPs was likely the source of the strong band at 380 
nm. The movement of absorption bands towards short wavelength may be caused by a 
decrease in particle size in the blue shift, or UV area, when absorption rates rise [25]. 
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Figure 4: XRD pattern of NiO nanostructure 

 
Figure 5: morphology of NiO nanostructure. 
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Tauc equation's results were used to calculate the Eg of the NiO NPs [26–28] 

Extrapolating the straight portion of the graph between (αhv)
2
 and hv yields (hv) = 0.  

 
The results of the Eg calculation indicate that the band gap energy of NiO NPs is between 

3.2 and 3.8 electron volts, as shown in Figure 6b. The spectra of nano-scale semi-
conductors exhibit a blue shift as a result of the quantum confinement effects [26]. An rise 
in the band gap value and the blue shift phenomena point to a quantum confinement effect. 
This suggests that the band gap value increased as particle size decreased [26–28]. 
 

 

 
The absorption peaks and their locations in FT-IR spectra are connected to a material's 
chemical composition, crystallinity, and morphology, and the absorption peaks below 1000 
cm1 are regarded to be essential for evaluating whether Ni-O bonds are present in NiO 

NPs [29]. According to Figure 7, where the broadness of the absorption band reveals the 
nanocrystalline structure of the NiO, the vibration range (600-700) cm

-1
 assigned to Ni-O. 

The band at 1639 cm
-1

 seen because of water bending due to OH. This picture 
demonstrates that the broad absorption band at 3340 cm

-1
 is caused by band O-H stretching 

vibrations [30, 31]. 

 
Figure 7: FTIR spectra of NiO NPs 
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Pomegranate peel extract was used to test the synthetic NiO NPs' anti-bacterial and 
antifungal efficacy against gram positive and gram negative bacterial pathogens as well as 

fungus growth. The several zones of inhibition are depicted in Figure 8.  
 

 

 
Figure 8: Size of the zone of inhibition  

 
The assessed bacterial strains were Staphylococcus aureus (19 mm), Escherichia coli (16 

mm), Klebsiella (16 mm), and candida (15 mm). It is clear from the Figure 9 that the NiO 
NPs generated by the green method had outstanding anti-bacterial activity against these 
bacterial strains. However, compared to gram negative bacterial strains, Staphylococcus 
aureus bacteria had more activity. Staphylococcus aureus has just one cytoplasmic 
membrane and a thick wall made of several layers of peptidoglycan, which renders it more 
susceptible to harm [32]. This difference may be explained by these factors. Particle size 
has a substantial impact on anti-bacterial activity, and most studies have indicated that 
anti-bacterial activity rises as particle size decreases [33]. Due to their tiny size, green 
produced NiO nano-particles have a tendency to electrostatically cling to cell membranes 
[34] and trigger an oxidative stress response that damages bacterial cell membranes by 
releasing free radicals (ROS).  
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Figure 9: inhibition zone values of green synthesized NiO NPs 

 
The amount of ROS produced is influenced by both the electrical makeup of metal - oxides 
and the redox potentials of the processes that produce it. The significant anti-bacterial 
activity of these nano-particles may be related to their unique chemical composition, 
particle size, tendency to release metal ions, and shape these elements result in the 
penetration and oxidation of cell components and the generation of secondary products 
(ROS), which harm cells. It is unclear exactly how metal oxide nano-particles are 
hazardous to bacteria. According to Basak et al., the anti-bacterial activity of the produced 
NiO nano-particle may be controlled by the electrostatic interaction between positively 
charged nickel ions and negatively charged bacterial cell membranes. NiO nano-particles 
that release nickel ions (Ni

2+
) through the cell wall damage DNA, proteins, and 

mitochondria in addition to interfering with electron transport, which leads to cell death. 
NiO NPs diffuse and accumulate inside cell membranes, changing membrane permeability 
and causing protein leakage [35, 36]. 

 

Conclusion 
Pomegranate peel extract has been produced as the fuel for a green-mediated synthesis of 
NiO NPs. The production of NiO NPs with a high purity phase and crystallinity was 
verified by XRD and FT IR. Our findings show that the green syntheses approach is 
effective for creating nano-particles and that it may be regarded as a safe, environmentally 
friendly method. Additionally, it offers a large quantity of nano-particles that may be 
applied in a variety of environmental and medicinal applications. 
 
References 
[1] J. Iqbal, B.A. Abbasi, R. Ahmad, T. Mahmood, B. Ali, A.T. Khalil, A. Munir, 
Nanomedicines for developing cancer nanotherapeutics: from benchtop to bedside and 
beyond, App. Microbiol. Biotechnol, Vol.102, pp. 9449-9470, 2018. 
[2] Iqbal J, Abbasi BA, Mahmood T, Kanwal S, Ali B, Khalil AT, Shah SA "Plant-derived 
anticancer agents: a green anticancer approach. Asian Pac J Trop Biomed Vol.7, pp. 1129–
1150, 2017. 
[3] Tung-Yuan Yung, Li-Ying Huang, Tzu-Yi Chan, Kuan-Syun Wang, Ting-Yu Liu, Po-
Tuan Chen, Chi-Yang Chao and Ling-Kang Liu."Synthesis and characterizations of Ni-
NiO nanoparticles on PDDA-modified graphene for oxygen reduction reaction", Nanoscale 
Research Letters, Vol.9, pp. 444, 2014. 



 والعلىمللهندسة ... يةــاديمــالأك المجلة
 2222لسنة  كانون الأول 4العدد  4المجمد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 4, 2022 
 

- 45 - 

 

[4] Nurul Nadia Mohd Zorkiplia, Noor Haida Mohd Kausb, Ahmad Azmin Mohamad, 
Vol.19"Synthesis of NiO Nanoparticles through Sol-gel Method", Procedia Chemistry, , 

pp.626-631, 2016. 
[5] Sone B T, Fuku X Gand Maaza M, "Physical&electrochemical properties of green 
synthesized bunsenite NiO nanoparticles viaCallistemon viminalis’ extracts", Int. J. 
Electrochem. Sci. Vol.11, pp. 8204-8220,2016. 
[6] Pandian CJ, Palanivel R. and Dhananasekaran S." Green synthesis of nickel 
nanoparticles using Ocimum sanctum and their application in dye and pollutant adsorption 
Chinese". J. Chem. Eng. Volume 23, pp. 1307-1315, 2015. 
[7] S. Sudhasreea, A. Shakila Banua, P. Brindhab and Gino A. Kurian "Synthesis of nickel 
nanoparticles by chemical and green route and their comparison in respect to biological 
effect and toxicity". Toxicological & Environmental Chemistry, Vol. 96, pp.743-754,2014.  
[8] B. Sasi, K. G. Gopchandran and P. K. Manoj, Studies on nanocrystalline nickel oxide 
thin films for potential applications, Mater. Today Proceedings, Vol. 4, pp.4123–4129, 
2017. 
[9] M. K. Lee and Y. T. Lai, “Characterization of transparent conducting p-type nickel 
oxide films grown by liquid phase deposition on glass”, J. Phys. D: Appl. Phys., vol. 46, 
no. 5, 2013. 
[10] D. Y. Jiang, J. M. Qin, X. Wang, S. Gao, Q. C. Liang, and J. X. Zhao, “Optical 
properties of NiO thin films fabricated by electron beam evaporation,” Vacuum, vol. 86, 
no. 8, 1083-1086,2012.  
[11] I. Fasaki, A. Koutoulaki, M. Kompitsas, and C. Charitidis, “Structural, electrical and 
mech-anical properties of NiO thin films grown by pulsed laser deposition,” Appl. Surf. 
Sci., 257, 2, (2010) 429-433, 2012.  
[10] KunduMand Liu L' Binder-free electrodes consisting of porous NiO nanofibers 

Vol. 144directly electrospun on nickel foam for high-rate supercapacitors Mater. Lett. , pp. 
114-118,2015. 
[11] Soomro R A, Ibupoto ZH, Abro MI and Willander M,"Electrochemical sensing of 

Vol. glucose based on novel hedgehog-like NiO nanostructures Sens. Actuators. B: Chem. 
209, pp. 966-974, 2015. 
[12] Tao K, Li P, Kang L, Li X, Zhou Q, Dong L and LiangW" Facile and lowcost 
combustion-synthesized amorphous mesoporous NiO/carbon as high mass-loading 

Vol. 293pseudocapacitor materials", J. Power Sources. , pp. 23-32 2015 
[13] Thema F T, Manikandan E, Gurib-Fakim Aand MaazaM, 'Single phase Bunsenite 
NiO nanoparticles green synthesis by Agathosma betulina natural extract" J. Alloys. 

vol. 657Comp. , pp. 655-661, 2016. 
[14] Gong N, Shao K, Feng W, Lin Z, LiangCand Sun Y 2011 "Biotoxicity of nickel oxide 
nanoparticles and bio-remediation by microalgae Chlorella vulgaris”. Chemosphere, Vol. 
83, pp. 510-516, 2011. 
[15] M. Hafeez, R. Shaheen, B. Akram, M. Naeem Ahmed, Zain-ul-Abdin, Sirajul Haq, S. 
Ud Din, M. Zeb, M. A. Khan." Green Synthesis of Nickel Oxide Nanoparticles using 
Populus ciliata Leaves Extract and their Potential Antibacterial Applications" J. Chem., 
Vol. 75, pp. 168–173, 2021. 
[16] O. V. Kharissova, H. V. R. Dias, B. I. Kharisov, B. O. Perez and V. M. J. Perez, The 
greener synthesis of nanoparticles, Trends Biotechnol., 2013, 31, 240–248. 16.  
[17] D. Nath and P. Banerjee, Green nanotechnology a new hope for medical biology, 
Environ. Toxicol. & Pharmacol., 2013, 36, 997–1014. 
[18] Iqbal J, Abbasi B A, Mahmood T, Kanwal S, Ali B, Shah S A and Khalil A T "Plant-
derived anticancer agents: a green anticancerapproach Asian. Pac. J. Trop. Biomed. Vol. 7, 
pp. 1129-1150, 2017. 
[19] H. Joy Prabu, I. Johnson, Plant-mediated biosynthesis and characterization of silver 
nanoparticles by leaf extracts of Tragia involucrata, Cymbopogon citronella, Solanum 
verbascifolium and Tylophora ovata, Karbala Int. J. Modern Sci. Vol.1, pp.237-246, 2015. 

https://www.sciencedirect.com/journal/procedia-chemistry/vol/19/suppl/C
https://www.sciencedirect.com/journal/materials-letters/vol/144/suppl/C
https://www.sciencedirect.com/journal/sensors-and-actuators-b-chemical/vol/209/suppl/C
https://www.sciencedirect.com/journal/sensors-and-actuators-b-chemical/vol/209/suppl/C
https://www.sciencedirect.com/journal/journal-of-power-sources/vol/293/suppl/C
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds/vol/657/suppl/C


 والعلىمللهندسة ... يةــاديمــالأك المجلة
 2222لسنة  كانون الأول 4العدد  4المجمد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 4, 2022 
 

- 45 - 

 

[20] Kar A and RayAK,"Synthesis of nano-spherical nickel by templating hibiscus flower 
petals J. Nanosci. Nanotechnol. Vol. 2, pp. 17-20, 2014 
[21] Ezhilarasi A A, Vijaya J J, Kaviyarasu K, Maaza M, Ayeshamariam A and Kennedy L 
J, "Cytotoxicity effect of nanoparticles against HT-29 cancer cells J. Photochem. 
Photobiol. B: Bio. Vol. 164, pp. 352-360, 2016. 
[22] Wright GD." Resisting resistance: new chemical strategies for battling superbugs. Cell 
Chem Biol.Vol. 7, pp.127–132, (2000) 
[23] H.G. Gebretinsae, M.G. Tsegay, Z.Y. Nuru,"Biosynthesis of nickel oxide (NiO) 
nanoparticles from cactus plant Extract" Materials Today: Proceedings, Vol.36, pp.566–
570, 2021 
[24] H.C. Ananda Murthy, Tegene Desalegn Zeleke a, K.B. Tan b, Suresh Ghotekar c, Mir 
Waqas Alam d, R. Balachandran e, Kah-Yoong Chan f, P.F. Sanaulla g, M.R. Anil Kumar 
h, C "Enhanced multifunctionality of CuO nanoparticles synthesized using aqueous leaf 
extract of Vernonia amygdalina plant", Results in Chemistry Vol. 3, pp. 100-141, 2021. 
[25] Saion, E.; Gharibshahi, E.; Naghavi, K. Size-controlled and optical properties of 
monodispersed silver nanoparticles synthesized by the radiolytic reduction method. Int. J. 
Mol. Sci. Vol.14,pp. 7880–7896. 2013. 
[26] Anandan, K.; Rajendran, V. Morphological and size effects of NiO nanoparticles via 
solvothermal process and their optical properties. Mater. Sci. Semicond. Process. Vo.14, 
pp.43-47,2011. 
[27] Suresh, S.; Podder, J. Investigations on structural, optical, morphological and 
electrical properties of nickel oxide nanoparticles. Int. J. Nanoparticles,Vol.8,pp289-
301,2015. 
[28] Hu, L.; Peng, J.; Wang, W.; Xia, Z.; Yuan, J.; Lu, J.; Huang, X.; Ma, W.; Song, H.; 
Chen, W.; et al. Sequential Deposition of CH3NH3PbI3 on Planar NiO Film for Efficient 
Planar Perovskite Solar Cells. ACS Photonics,Vol.1, pp.547-553, 2014. 
[29] Zhai, Z.; Huang, X.; Xu, M.; Yuan, J.; Peng, J.; Ma, W. Greatly Reduced Processing 
Temperature for a Solution-Processed NiO x Buffer Layer in Polymer Solar Cells. Adv. 
Energy Mater.Vol.3, pp. 1614-1622, 2013. 
[30] R. Guzatto, D. Defferrari, Q. B. Reiznautt, Í. Cadore, and D. Samios, “Transesteri 
ication double step process odi ication or ethyl ester biodiesel production from vegetable 
and waste oils,” Fuel, Elsevier, vol. 92, pp. 197–203, 2012 
[31] F. Tahira, S. T. Hussain, S. D. Ali, Z. Iqbal, and W. Ahmad,“Homogeneous catalysis 
of high free fatty acid waste cooking oil to fatty acid methyl esters (Biodiesel),” 
International Journal of Energy and Power, vol. 1,, pp. 31-36, 2012. 
[32] Sarwar A, Katas H, Samsudin SN, Zin NM. Regioselective sequential modification of 
chitosan via azide-alkyne click reaction: synthesis, characterization, and antimicrobial 
activity of ahitosan derivatives and nanoparticles. PLoS One., Vol. 10, pp. 123084. 2015. 
[33] Normani S, Dalla Vedova N, Lanzani G, Scotognella F, Paternò GM. Bringing the 
interaction of silver nanoparticles with bacteria to light. Biophys Rev. Vol. 2, pp. 021304, 
2021.  
[34] Ahmed N. Abd, Mohammed F. Al–Marjani, Zahraa A. Kadham "Antibacterial 
Activity Of Cadmium Oxide Nanoparticles Synthesized By Chemical Method", Journal of 
Multidisciplinary Engineering Science and Technology (JMEST), Vol. 3 pp. 2458-9403, 
2016. 
[35] Omar Fadhil Abdullah, Saadoo M. Abulkarem, Wedian K. Abad, "Selenium Dioxide 
Nanoparticles from Hibiscus Sabdariffa Flower Extract Induce Apoptosis in Bacterium 
(Gram-negative, Gram-positive) and Fungi", NeuroQuantology, Vol. 20: 198-203, 2022.  
[36] Duha M. A. Latif, Hind A. Mahdi, Firas Kadhim Nsaif, Ahmed Naj Abd, "Synthesis 
and Study NiO Charactrization of Extract from Green Tea Plant Prepared by Chemical 
Method" NeuroQuantology, Vol. 18, pp. 83-87, 2020. 



 للهندسة والعلىم... يةــاديمــالأك المجلة
 2222لسنة  كانون الأول 4العدد  4المجمد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 4, 2022 
 

- 35 - 

 

   

 

(UV) Radiation Dosimetry Sensor Based on Modified Optical Fiber  
 

Wasmaa Jabbar, Ismaeel Al-Baidhany, Hayim Ch. Magid 
Mustansiriyah University, College of Education, Department of Physics 

wasmaajabbar@uomustansiriyah.edu.iq, ismaeel_2000@uomustansiriyah.edu.iq 
 

Abstract  
Optical fibers radiation dosimetry system and due to a number of advantages are becoming 
more important and increasingly widely used industrial and clinical environments, when 
they possess over conventional sensors. To monitoring in the high-radiation environments.  
The irradiation effects on various optical fibers were determined under different irradiation 
conditions. The ratio of the power distribution between the core and clad of fiber selected 
to be a sensitive function of the index difference, which depends on the effect of 
temperature changes on the transmission of the fiber when cladding is made lossy. 
This study is useful for in designing optical fiber radiation Dosimeters to investigate the 
influence of doping effect on the fiber sensitivity under radiations source UV- radiation.  
Final conclusions Conclusion shows that there is potential for ultrasensitive temperature 
sensors using optical fiber technology to be applicable to the measurement of absorbed 
dose. The relative sensitivity according to wavelength transmitted light intensity and 
(phase\ wavelength) shift for such fiber dosimeter as a function to dose range and 
temperature variation. 

 :خلاصةال
ب ٌٍبيئبث اٌصٕبػيت  ًِ أصبح ٔظبَ ليبص اٌجزػبث الإشؼبػيت اٌضىئيت وبظبب ػذد ِٓ اٌّشايب أوثز أهّيت وأوثز اطخخذا

 .يت ػٍى ٔطبق واطغ، ػٕذِب حّخٍه أجهشة اطخشؼبر حمٍيذيت. ٌٍزصذ في اٌبيئبث ػبٌيت الإشؼبعواٌظزيز
اخخيبر ٔظبت حىسيغ اٌطبلت بيٓ  حُ ححذيذ حأثيزاث اٌخشؼيغ ػٍى الأٌيبف اٌضىئيت اٌّخخٍفت ححج ظزوف إشؼبع ِخخٍفت. حُ

اٌٍب والأٌيبف اٌّىظىة ٌخىىْ داٌت حظبطت ٌفزق اٌّؤشز، واٌخي حؼخّذ ػٍى حأثيز اٌخغيزاث في درجبث اٌحزارة ػٍى 
 .أخمبي الأٌيبف ػٕذ فمذاْ اٌىظىة

إٌّشطبث ػٍى حظبطيت هذٖ اٌذراطت ِفيذة في حصّيُ ِمبييض اٌجزػبث الإشؼبػيت ببلأٌيبف اٌضىئيت ٌٍخحمك ِٓ حأثيز 
 .الأٌيبف ححج ِصذر الأشؼت فىق اٌبٕفظجيت والأشؼت اٌظيٕيت

اٌخبحّت أْ هٕبن احخّبٌيت لأْ حىىْ حظبطبث درجت اٌحزارة فبئمت اٌحظبطيت حظخخذَ حمٕيت  الاطخٕخبجبث إٌهبئيت حبيٓ
الأٌيبف اٌضىئيت لببٍت ٌٍخطبيك ػٍى ليبص اٌجزػت اٌّّخصت. اٌحظبطيت إٌظبيت وفمبً ٌطىي اٌّىجت اٌّزطً شذة اٌضىء 

 .يز درجت اٌحزارةاٌطىي اٌّىجي( ٌّميبص جزػبث الأٌيبف وذاٌت ٌٕطبق اٌجزػت وحغ /و)اٌطىر
 

Introduction  
Radiation is the emission or transmission of energy in the form of waves or 

particles through space or through a material medium [1]. In fact, people are much more 
exposed daily to radiation from many other sources, including the atmosphere and the 
Earth as well as from applications used in medicine and industry. In 1955, nuclear weapon 
tests raised public concerns about the effects of atomic radiation on air, water and food. In 
response, the United Nations General Assembly established the United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR) to collect and evaluate 
information on the levels and effects of radiation exposure. There are two forms of 
radiation (ionizing and non-ionizing radiation), non-ionizing radiation, such as radio 
waves, visible light or ultra-violet radiation (Ultraviolet radiation except for the very 
shortest wavelengths), infrared, microwaves, and sunlight [2]. Ionizing radiation 
(Indirectly ionizing such as X-ray, γ- ray), directly ionizing and may be subdivided into 
two families based on their mass: heavy charged particles such as protons or α particles 
and light ones such as the β particles, neutrons [2], [3]. 
(UV) radiation dosimetry Experiment 
This experiment represents the second research stage in the field of the use of fiber optic 
sensors as (UV) radiation dosimetry. 
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Samples Preparation 
For the purpose of preparing samples for optical fiber sensors for use in experimental 
experiments and practical laboratory measurements, an MMF type optical fiber has been 
used commercially and with standard dimensions that represent the ratio between the basic 
diameter/ cladding dimensions being (50/125) microns [4]. The sensitization zone was 
determined to be within 4 cm in the center of the commercial fibers and after it was 
stripped from the plastic wrap using the chemical solutions of acetone, the sensitization 
area was then immersed with a dilute solution of HF acid for different periods of time and 
after that we wash it several times to ensure the removal of the acid residue as shown in 
Figure (1).  
 

 
Standard MMF 

 
Etched MMF sample 1 

 
Etched MMF sample 2 

Figure (1): MMF Samples preparation by etching 
 

The excavated area was immersed in a solution of Ge nanoparticles at a concentration of 
5% wt. which is a very important step to obtain a modified sensor and sensor area which 
will give it better properties as shown in Figure (2). 

  
Etched MMF sample 1 

  
Modified clade MMF sample 1 

Figure (2): MMF Samples preparation by etching and modified clade sample. 
 

The chemical etching process, which controls the required fiber diameters that are 
monitored and controlled by connecting the optical fiber input port to the laser source at 
the wavelength of 1550 nm and controlling the output of the blasting beam and its energy, 
which depends on the amount of losses caused by removing part of the cladding 
surrounding the core as shown in Figure (3) for MMF Samples preparation by etching [5]. 
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Figure (3): Real time monitoring technique for etching control. 

 
(UV) Radiation Dosimetry Experimental Setup 
Figure (4) illustrates the experimental set up (schematic diagram) and the measuring 
procedures of the radiation responses for the multi-mode optical fibers exposed to pulsed 
UV- radiation are explained [6]. 

 
Figure (4): Schematic diagram of optical fiber UV- radiation dosimeter. 

 
Figure 5 illustrates the laboratory practical aspect of testing and studying the 

properties of the optical fiber ray sensor in ultraviolet ranges, and for you by connecting 
one end of the fiber sensor to the Ocean Optics DH-2000 light source that emits light in the 
UV-VIS-NIR ranges Where the light is sent as a transmission signal through optical fibers 
while the other end of the optical fiber sensor has been interleaved to an Ocean Optics 
HR2000 optical spectrum analyzer that operates within the UV-VIS-NIR ranges and 
through which the window signal that reflects the sensor’s properties is analyzed. The 
recorded and achieved spectral measurements of different diameter fibers included two 
phases [7]. The first is to perform measurements of the resulting optical signal for standard 
and modified multimeter fibers and the sensors directly without exposing them to any 
irradiation, while the second stage is to perform measurements of the resulting optical 
signal for the standard and modified multimode fibers multimode to verify the losses 
caused by Absorption (RIA) by setting the sensitive portion of the optical fiber (sensor) on 
a glass slide [8], and then exposing it to a UV radiation source (1) cm between the sensor 
and the radiation source Ultraviolet radiation emitted from a pulsed nitrogen laser source 
model N2 (MNL-100) with a wavelength of (337.1) nm, and a factor with a repeat rate of 
(60) Hz, with a pulse duration of (2.5) ns, and with energy ranges (0 to 40) μj. 



 للهندسة والعلىم... يةــاديمــالأك المجلة
 2222لسنة  كانون الأول 4العدد  4المجمد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 4, 2022 
 

- 35 - 

 

 
Figure (5): Experimental set up photograph of optical fiber UV- radiation dosimeter. 1-

source, 2-UV-Probe, 3-N2 laser, 4-Sensor fiber, 5-OSA, 6- computer. 

 
Radiation Sensor  
A new and novel radiation sensors had been submitted in this work as far as authors know. 
This was achieved through using the commercially available single mode fibers (SMF) 
core /cladding diameter 8/125 µm and multimode fibers (MMF) core /cladding diameter 
62/125 µm were used in this experiment [8]. First, the middle region of fibers were 
stripped and cleaned very well by immersing them in acetone solution, after that they were 
etched in HF solution of 40% concentration in different times in order to get different 
fibers’ diameters (35 min of etching resulted in 60 µm diameter and 45 min. of etching 
resulted in 50 µm diameter).Then the etched fibers were cleaned well by dipping them 
several times in distilled water to remove all HF residues [9]. The etched region had been 
dipped in 5% wt. of Germanium solution to obtain germanium coated-cladding optical 
fiber. The purpose of the dipping process was to get a modified cladding of fiber which 
represents the sensing element of the submitted sensor. The optical fiber sensor samples 
are the same samples which prepared for both temperature and UV- radiation dosimeter 
samples.  
 
Light Measurement Instrument 
The Ocean Optics HR2000 spectrometer in the UV-VIS-NIR range used to detect the 
spectral resolving part of the output optical signal. This spectrometer was used in testing 
by both facilities. The spectrometer plugs into a laptop which runs the Ocean Optics 
Spectra Suite spectrometer software. This software enables the user to monitor and record 
resultant spectra measurements from the tested optical fiber sensors [10]. 
 
(UV) Radiation Dosimetry Experiment Results & Discussions 
The results of the measurements will be reviewed for laboratory experiments related to 
testing and evaluating the performance of fiber optic radiation sensors within the UV 
ranges, which are represented by (337.1 nm) wavelength N2- pulsed laser model (MNL-
100) with (60 Hz) repetition rate, (2.5 ns) pulse duration and from (0 to 40) µj varying 
pulse energy in order to investigate the RIA spectra resulted from this approach, as shown 
in Figure (5). The different responses of the both single mode and multimode fibre samples 
are illustrated in the previous Figures [11]. The absorption spectrum of fibre samples; 
sleeve bare, clad tapered, and finally Ge –dipped sensor fibres without irradiation exposure 
shown in Figure (6). 
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Figure (6): The Absorption spectrum of(left)SMF,(right) MMF fiber samples; sleeve bare, 

clad tapered, and Ge –dipped sensor fibers without irradiation exposure. 
 
First case: Figure (6) shows the SMF absorption spectra of a (65 µm) diameter of: sleeve 
bare, clad tapered, and Ge–dipped fiber sensors.  
Figure (6): SMF absorption spectra of a (65 µm) sleeve bare, clad tapered, and Ge –dipped 
fiber sensors. 

Table (1) shows a comparison between the SMF absorption spectra with different 
(65 and 60 µm) diameters of: sleeve bare, clad tapered, and Ge –dipped fiber sensors as a 
function of UV-irradiation energy. 
Table (1): A comparison between the SMF peaks absorption spectra with different (65 and 60 

µm) diameters of: sleeve bare, clad tapered, and Ge –dipped fiber sensors 
SMF diameter 

(µm) 
65 60 

Fiber type Sleeve 
bare 

Clad 
tapered 

Ge-dipped 
sensor 

Sleeve 
bare 

Clad 
tapered 

Ge-dipped 
sensor 

Absorption 
wavelengths (nm) 

655.82 
581.08 
485.52 

656.02 
581.28 
485.72 

656.09 
581.35 
485.83 

655.82 
581.08 
485.52 

656.07 
581.33 
485.77 

656.22 
581.48 
485.92 

 

Figure (7) shows the SMF peaks absorption intensities of (65 µm) diameter of: 
sleeve bare, clad tapered, and Ge –dipped fiber sensors as a function of UV-irradiation 
energy. 

 
Figure (7): The SMF peaks absorption intensities of (65 µm) diameter of: sleeve bare, clad 

tapered, and Ge –dipped fiber sensors as a function of UV-irradiation energy. 
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Figure (8) shows the SMF absorption spectra of a (60 µm) diameter of: sleeve 
bare, clad tapered, and Ge-dipped fiber sensors.  

  
Figure (8): The SMF peaks absorption intensities of (60 µm) diameter of  

different radiation energy. 
 
While Table (2) shows the SMF peak absorption wavelengths of a (60 µm) diameter of 
different radiation energy. 
 
Table (2): The SMF peak absorption wavelengths of a (60 µm) diameter of different radiation 

energy. 
Peak 
(nm) 

Reference Intensity 
(counts) 

10(µJ) Intensity 
(counts) 

20(µJ) Intensity 
(counts) 

30(µJ) Intensity 
(counts) 

40(µJ) Intensity 
(counts) 

656.2 3030 2995 2925 2845 2766 
580.17 678 643 532 372 292 
483.22 536 522 360 280 200 

 
Figure (9) shows the SMF peaks absorption intensities of (60 µm) diameter of of different 
radiation energy. 

 
Figure (9): The SMF peaks absorption intensities of (60 µm)  

diameter of different radiation energy. 
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Second case: The same above measurements sequence done but for MMF sensor with UV 
irradiation. Figure (10) shows the MMF absorption spectra of a (65 µm) diameter of: 
sleeve bare, clad tapered, and Ge –dipped fiber sensors.  

 
 

Figure (10): MMF absorption spectra of a (65 µm) of different radiation energy. 
 
While (Table 3) shows the MMF peak absorption wavelengths of a (65 µm) diameter of 
different radiation energy. 
 

Table (3): The MMF peak absorption wavelengths of a (65 µm)  
diameter of different radiation energy. 

Peak 
(nm) 

Reference Intensity 
(counts) 

10(µJ) Intensity 
(counts) 

20(µJ) Intensity 
(counts) 

30(µJ) Intensity 
(counts) 

40(µJ) Intensity 
(counts) 

655.82 4095 4035 3995 3885 3707 
579.73 1124 1064 1024 1014 861 
495.06 846 854 814 756 597 

 
Figure (11) shows the MMF peaks absorption intensities of (65 µm) diameter of: 

sleeve bare, clad tapered, and Ge–dipped fiber sensors as a function of UV-irradiation 
energy. 

 
Figure (11): The MMF peaks absorption intensities of (65 µm)  

diameter of different radiation energy. 
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Figure (12) shows the MMF absorption spectra of a (60 µm) diameter of: sleeve 
bare, clad tapered, and Ge –dipped fiber sensors. While (Table 4.4) shows the MMF peak 
absorption wavelengths of a (60 µm) diameter different radiation energy. 

 
 

Figure (12): The MMF peaks absorption intensities of (60 µm) diameter of different radiation 
energy 

 
Table (4): The MMF peak absorption wavelengths of a (60 µm) diameter of different radiation 

energy. 
Peak 
(nm) 

Reference 
Intensity 
(counts) 

10(µJ) 
Intensity 
(counts) 

20(µJ) 
Intensity 
(counts) 

30(µJ) 
Intensity 
(counts) 

40(µJ) 
Intensity 
(counts) 

653.22 4115 4025 3895 3835 3665 
577.03 1104 1045 1000 943 790 
499.36 875 776 714 586 515 

 
Figure (13) shows the MMF peaks absorption intensities of (60 µm) diameter of 

different radiation energy. 

 
Figure (13): The MMF peaks absorption intensities of (60 µm)  

diameter of different radiation energy 
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Table (5) shows a comparison between the MMF absorption spectra with different 
(65 and 60 µm) diameters of: sleeve bare, clad tapered, and Ge-dipped fiber sensors. 

 
Table (5): A comparison between the MMF peaks absorption spectra with different (65 and 60 

µm) diameters of: sleeve bare, clad tapered, and Ge –dipped fiber sensors. 
MMF diameter 

(µm) 
65 60 

Fiber type 
Sleeve 
bare 

Clad 
tapered 

Ge-dipped 
sensor 

Sleeve 
bare 

Clad 
tapered 

Ge-dipped 
sensor 

Absorption 
wavelengths (nm) 

655.82 579.73 495.06 653.22 577.03 499.36 

577.03 581.28 581.35 577.03 581.33 581.48 

499.36 485.72 485.83 485.52 485.77 485.92 

 
From the above results and as discussions its well noticed that decreasing of 

intensity values and shifting towards the long wavelengths recorded by the optical 
spectrum analyzer for tapered and Ge –dip fiber sensor as compared with sleeve bare ones, 
due to the fact the evanescent signal interaction with surrounding environment, while this 
evanescent wave is absorbed by the Ge- dipped on its modified cladding and the existed 
absorption defects. In other side, the decreasing and shifting of the peak intensity is more 
obvious for the 60 µm fiber than the 65 µm fiber, due to the less the diameter of the fiber 
cladding the more evanescent field escape outwards and finally the more decreasing of 
spectrum intensity. As the UV irradiation energy increases, the light intensity decreases 
due to larger attenuation growth in the irradiated Ge dipped fiber sensor at the highest 
exposed energy of UV source. The RIA decreases spatially due to the role of Ge dopant in 
governing the fiber response to radiation and the nature of defects involved in the 
absorptions process. 
 
Conclusions 
      According to the results obtained in the previous chapters, specifically with regard to 
the simulation aspect and laboratory practical results for the evaluation of performance of 
samples of radiation sensors based on optical fibers, we would like to confirm the 
following conclusions: 
In case of (UV) radiation dosimetry Laboratory Experiment, for germanium-coated 
cladding fiber at low irradiation energies, modified cladding fibers sensitivity to the 
radiation is strongly wavelength dependent. The dopant material (Ge) creating guiding 
modes for optical signal passed through the fibre and confining features by controlling 
refractive-index profile and enhancing sensing characteristics. Also, the glass provides 
very low attenuation, to reduce the levels of absorption and scattering to be close to their 
theoretical limits. Such results are very supportive to understand the better performance 
depending on the fibre structure, dopant material and irradiation properties. 
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Abstract 

In this work, the measurement of the bulge dynamical masses (Mdyn) for a sample of 40 
galaxies are studied by applying the relationships between (σ*) and (Re) are the host-galaxy 
bulge velocity dispersion and the bulge effective radius respectively.   
 The Mid-Infrared (MIR) views of (Mdyn) scaling relations are presented based on a two-
dimensional decomposition of Spitzer/IRAC 3.6 micron images.  From this, accurate bulge 
parameters for 40 spiral galaxies have been derived and presented.  Spitzer/IRAC provides 
high-quality imaging data for this sample, and the sensitivity of this instrumentation 
permits the clear identification of morphological features. 
These bulge structural parameters are used to determine several Mdyn and galaxy 
morphological scaling relations.  These include the bulge dynamical mass-spiral arm pitch 
angle (Mdyn- P) relationship.  In all three cases, strong correlations are found.   
Hence, spiral arm pitch angle is a parameter that can be used to determine indirect 
measurements of the bulge dynamical mass. 

 :لمستخلصا
 يجزة يٍ خلال حطبيك انعلالاث بيٍ 40نعيُت يٍ  (Mdyn) في هذا انعًم ، حًج دراست نمياص انكخم انذيُاييكيت انًُخفخت

(σ *) و (Re)وهي حشخج سزعت اَخفاخ انًجزة انًضيفت وَصف لطز الاَخفاخ انفعال عهى انخىاني. 
بُاءً عهى ححهيم ثُائي الأبعاد  (Mdyn) نعلالاث الارحباط (MIR) يخى حمذيى عزوض يُخصف الأشعت ححج انحًزاء

 Spitzer يجزة حهشوَيت. يىفز 40. حى اشخماق وحمذيى يعهًاث اَخفاخ دليمت نـ Spitzer/ IRAC 3.6µmنصىر 
IRAC  بياَاث حصىيز عانيت انجىدة نهذِ انعيُت، وحسًح حساسيت هذِ الأجهشة بخحذيذ واضح نهسًاث انًىرفىنىجيت. 

وحشًم هذِ انعلالت  Mdynحسُخخذو هذِ انًعهًاث انهيكهيت نلاَخفاخ نخحذيذ انعذيذ يٍ علالاث انخحجيى انًىرفىنىجيت في 
ويٍ ثى فإٌ ساويت  .في جًيع انحالاث انثلاد (Mdyn-P) بيٍ انكخهت انذيُاييكيت انًُخفخت وساويت ييم انذراع انحهشوَيت

 .ييم انذراع انحهشوَيت هي يعهًت يًكٍ اسخخذايها نخحذيذ انمياساث غيز انًباشزة نهكخهت انذيُاييكيت انًُخفخت
  
Introduction: 

In 1968, the American physicist John Archibald Wheeler used the term “black hole” 
(Hooft 2009). By the 1960s, the concept of black holes had generated great interest among 
physicists, astronomers, and the other people as well. 
Astronomers observed many types of black holes which can be classified into three groups: 
stellar mass black holes, intermediate mass black holes (IMBHs) and supermassive black 
holes (SMBHs) (Gebhardt & Rich 2005). The distinction between normal black holes and 
SMBHs is that normal black holes are believed to be the end point of stellar evolution for 
the most massive stars. The possible end products of stellar evolution are white dwarfs, 
neutron stars (usually observed as pulsars), and black holes. Stars that have masses greater 
than around 5 times the mass of the Sun may end up as a black hole (Valeri & Igor 1998). 
A SMBH is the largest type of black hole. They are typically found in the centers of 
galaxies, with masses in the range ≈10

5
 to 10

9
M⊙. 

Supermassive black holes (SMBHs) are common at the center of all or most of galaxies 
(Mogorrian et al., 1998; Ferrarese & Merritt, 2000) as observed at high sensitivities and 
resolution with the Hubble Space Telescope (HST). In addition, their masses are in the 
range of hundreds of thousands to billions of solar masses (Kormendy & Richstone 1995; 
Richstone et al. 1998; Kormendy & Gebhardt 2001).  
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Over the last decade, studies of galaxies have led to the discovery that there are many 
strong or tight correlations locally between the masses of the SMBHs and the global 
properties of the spheroid components of their hosts. This suggests an intriguing link 
between galaxy formation and SMBH growth (Yuexing 2007). As a result, astrophysicists 
believe that the energy released by growing SMBHs play important role in shaping the 
properties of the structure of their host galaxies (Benson 2010; Fabian 2012). 
 

Measuring the spiral arm pitch angle 
Previous studies described logarithmic spiral in polar coordinates (Lin & Shu 1964; 
Kennicutt 1981; Elmegreen & Elmegreen 2004; Seigar & James 1998a, b, 2002; Seigar et 
al. 2006; Vallée 2002). This is a special kind of spiral curve that describes the arm in disk 
galaxies: 

r = r0 e
θ tan(φ)

                      …(1) 
where r is radius, θ is central angle, r0 is initial radius when θ = 0, and pitch angle is -90 ≤ 
Φ ≤ 90.  
Because the spiral arm pitch angle has been shown to be independent of the wavelength at 
which it is measured, multi-band images were used to determine it for our sample of spiral 
galaxies (Seigar et al. 2006a). 
Spiral arm pitch angles were measured using a two-dimensional fast Fourier transform 
(2DFFT) decomposition with logarithmic spirals of Spitzer/ IRAC 3.6 μm images of 40 
galaxies (Table 2), with inclinations of 30

о 
≤ i ≤ 60

о
. The 2DFFT program analyzes images 

of spiral galaxies and categorizes their pitch angles and number of arms.  The two-
dimensional fast Fourier transform decomposition program is fully described by I. Puerari 
in Schröder et al. (1994). The amplitude of each Fourier component is given by: 

A m, p =
  Iij ln r, θ exp −i mθ + p ∗ lnr  

J
j

I
i=1

  Iij
J
j=

I
i=1  ln r, θ 

                             …  2             

where r and θ are polar coordinates, I(ln r, θ) is the intensity at position (ln r, θ), m 
represents the number of arms or modes, and p is the variable associated with the pitch 
angle P defined by P =−(m/pmax).  
 IRAF was used to determine the ellipticity values and major-axis position angle in order to 
deproject the 3.6 μm galaxy images to fully face-on by assuming circular outer isophotes. 
ELLIPSE in IRAF was used to derive inclination angle (α); (Hubble 1926; Jedrzejewski 
1987), which is defined by: 

α = cos
-1

(b/a)   … (3) 
Where (a) is the semi-major axis and (b) is the semi-minor axis, where the value 0

о
 

describes a face-on galaxy and 90
о
 describes an edge-on galaxy. 

 
Measurement of the dynamical bulge mass 
In this part the methods used to derive the dynamical bulge mass are described. The 
bulge’s dynamical mass (Mdyn) were estimated by using the virial theorem, i.e. the virial 
bulge mass given by:  

Mdyn = kReσ
2/G                                                   (4) 

where k is a model dependent dimensionless constant (Hu 2009) or is in general a function 
of the Sérsic index n. (Cappellari et al. 2006 & sani et al. 2011). K is a constant throughout 
the galaxy in the isothermal model, and its value is determined numerically, K=3 
(Gebhardt et al. 2003), 8/3 (MH03), 3 (Hu 2009) and 5 (Sani et al 2011), we follow Sani 
(2011) to use k = 5 instead of 8/3 or 3. 



 للهندسة والعلىم... يةــاديمــالأك المجلة
 2222لسنة كانون الأول  4العدد  4المجمد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 4, 2022 
 

- 36 - 

 

where k is in general a function of the Sérsic index n (as in Hu J. 2009, Marconi et al. 
2003, Sani et al. 2011), σ*and Re are the host-galaxy bulge velocity dispersion and the 
bulge effective radius respectively, and G is the gravitational constant.  
 

Result and Discussion: 
𝐌𝐝𝐲𝐧 − 𝐏 Correlation: 

 The Mdyn − P correlations are shown in Figures (1), (2), and (3). In Figure (1), we 

found that the Pearson's linear correlation coefficient for this correlation was 0.8. This 
figure shows that 10 out of 25 pseudobulges galaxies (NGC4594, NGC7727, IC2560, 
NGC4030, NGC4151, NGC5055, NGC6300, NGC1350, NGC1566, NGC3783) are 
outliers of the fitting line, or not consistent with the correlation for classical bulge galaxies. 
While the other 15 pseudobulges and 10 classical bulges galaxies are consistent with the 
correlation for bulges galaxies. From Pearson's linear correlation coefficient which is 0.82, 
it can be concluded that most spiral galaxies, which have pseudobulges and classical 
bulges, have a correlation between Mdyn and P (Table 1). The linear fit of the relation is: 

log10

Mdyn

M⊙
=  11.39 ± 0.3 −  0.062 ± 0.007 P 

 
Figure (1): Bulge dynamical mass (Mdyn) as a function of spiral arm pitch angle (P). The solid 

line is the fit to all spiral galaxies. 

 
Figure (2) shows the relations in Mdyn-P plots (we assigned markers to these galaxies 
according to bulges and pseudobulges). Pearson's linear correlation coefficients are found, 
which are 0.799 and 0.79 for the pseudobulges and classical bulges respectively. Most 
spiral galaxies are concluded, including pseudobulges or classical bulges have a good 
correlation between Mdyn and P (Table 1). The best-fitting lines are shown for this diagram: 

  log10
Mdyn

M⊙
=  11.58 ± 0.43 −  0.061 ± 0.016 P   (Classical bulges  

log10
Mdyn

M⊙
=  11.106 ± 0.31 −  0.055 ± 0.013 P    Pseudobulges  
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These results confirmed the observational and theoretical results that pointed out bulges in 
disc galaxies are divided into two kinds:  classical bulges and pseudobulges (Kormendy & 
Kennicutt 2004, Hu 2008, Hu 2009, and Sani 2011). These results are in agreement with 
Kauffmann et al. (2003), which pointed out that most of the low-mass AGNs are in spiral 
galaxies hosts. This implied that most of these low-mass SMBHs may live in the 
pseudobulges. 

 
Figure (2): Bulge dynamical mass (Mdyn) as a function of spiral arm pitch angle (P). The linear 
regressions are shown as long dash and dash dot dot, respectively, for pseudobulges, and 
classical bulges galaxies. 

 
Figure (3): Bulge dynamical mass (Mdyn) as a function of spiral arm pitch angle. The linear 
regression are shown as long dash, dash dot dot dot, dash dot and dashed, respectively, for 
non-barred, non-AGN, and AGN galaxies.  

 
Figure (3) shows the relations in Mdyn-P plots, for non-barred, non-AGN, and AGN 
galaxies respectively. Pearson's linear correlation coefficients for a correlation between 
SMBH and Mdyn were found to be 0.83, 0.88, and 0.81 respectively. Pearson's linear 
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correlation coefficient values are noted for all types of galaxies. The significance level at 
which the null hypothesis of zero correlation is disproved is 3σ (Table 1). 
The best-fitting lines are shown for this diagram: 

log10

Mdyn

M⊙
=  11.408 ± 0.4 −  0.049 ± 0.016 P     Non − Barred  

log10
Mdyn

M⊙
=  11.54 ± 0.35 −  0.063 ± 0.013 P   Non − AGN  

log10
Mdyn

M⊙
=  11.409 ± 0.5 −  0.063 ± 0.012 P      AGN  

 
Table (1): Linear correlation coefficient and linear regression coefficients of Bulge 
dynamical mass (Mdyn) as a function of spiral arm pitch angle (P) SMBHs as a function of 
the bulge luminosity [log(Mdyn)=α + β(P)]: 
 

Types of galaxies α β No. of 
galaxies 

correlation 
coefficient 

All galaxies 11.39 ± 0.3 0.062 ± 0.01 41 0.82 

Pseudobulges galaxies 11.1 ± 0.31 0.05 ± 0.01 25 0.79 

Bulges galaxies 11.58 ± 0.43 0.06 ± 0.02 16 0.799 

Non-Barred galaxies 11.4 ± 0.4 0.06 ± 0.02 14 0.838 

AGN galaxies 11.4 ± 0.5 0.06 ± 0.01 18 0.81 

Non-AGN galaxies 11.54 ± 0.35 0.06 ± 0.01 23 0.83 

 
Table (2): Estimated Galaxy Parameters. Columns: (1) galaxy name. (2) Hubble type 
taken from the Hyper-Leda catalogue. (3) Velocity dispersion in km/s, Velocity dispersion 
references: (1)Hu 2009 (2) Lucey et al. 1997 (3) Beifior 2009 (4) Garcia 2003 (5) Gült 
2009 (6) Davies 2009 (7) sani 2011 (8) Ferrarese 2002 (9) Deglus 1995 (10)  Lauea 2002 
(11) Oliva 1995 (12) Whitmore 1985 (13) Buta 2011(14) Nelson 1995(15) Ho et al. 
2009(16) Greene 2006 (17) Idiart 1996 (18) Bower 1993(19) Beifior 2009 (20) Benttoni 
1997(21) Plazzlla 2008(22) Laura 2008 (23) Lake 1986. (4) Spiral arm pitch angle (P). 
Most of (P) taken from Berrier et al. (2013), and Davis et al. (2012). The spiral arm pitch 
angle given for M31, MW, and NGC 4945 are taken from Braun (1991), Levine et al. 
(2006) and Burg et al. (1986) respectively. (5) Effective radius in (kpc). (6) Bulge 
dynamical mass.  

Name 
(1) 

Leda Type 
(2) 

σ (km/sec) 
(3) 

P (deg.) 
(4) 

Mdyn(MΘ) 
(6) 

Circinus Sb 75 26.7 9.67±0.19 

IC 2560 SBb 137 16.3 11±0.4 

NGC 224 Sb 160±8 8.5±1.3 10.6±0.5 

NGC 613 Sbc 125.3±18.9 23.68±1.77
(1)

 10.1±0.3 

NGC 1022 SBa 99 19.83±3.6
(1)

 10.1±0.17 

NGC 1068 Sb 151±7 17.3±2.2
(2)

 10.4±0.11 

NGC 1097 SBb 150 16.7±2.62
(3)

 10.6±0.13 

NGC 1300 Sbc 145±22 12.7±1.8 10.5±0.08 

NGC 1350 Sab 120.91±2.08* 20.57±5.38
(1)

 10.3±0.13 

NGC 1353 Sb 83 36.6±5.4
(1)

 9.11±0.73 

NGC 1357 Sab 121±14 16.16±3.48
(1)

 10.1±0.02 

NGC 1365 Sb 151±20 15.4±2.4
(3)

 10.3±0.25 

NGC 1398 SBab 216±20 6.2±2
(3)

 10.8±0.23 

NGC 1433 SBab 84±9 25.82±3.79
(1)

 9.5±0.034 

NGC 1566 SABb 100±10 21.31±4.78
(3)

 9.6±0.032 
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NGC 1672 Sb 130.8±2.09* 18.22±14.07
(3)

 10.1±0.57 

NGC 1808 Sa 148 23.65±7.77
(1)

 9.89±0.3 

NGC 2442 Sbc 140.74±2.18* 14.95±4.2
(1)

 10.5±0. 32 

NGC  3031 Sab 143±7 15.4±8.6 10.7±0.14 

NGC 3227 SABa 128±13 12.9±9 10.9±0.06 

NGC 3368 SABa 122±(28,24) 14±1.4 10.5±0.03 

NGC 3511 SABc 93.56±2.04* 28.21±2.27
(1)

 9.51±0.13 

NGC 3521 SABb 130.5±7.1 21.86±6.34
(3)

 10.3±0.07 

NGC 3673 Sb 117.45±2.07* 19.34±4.38
(1)

 10.3±0.08 

NGC 3783 SBab 95±10 22.73±2.58
(1)

 9.31±0.03 

NGC 3887 Sbc 102.01±2.05* 24.4±2.6
(2)

 9.75±0.08 

NGC 4030 Sbc 122.43±2.1* 19.8±3.2
(2)

 10.7±0.08 

NGC 4151 SABa 156±8 11.8±1.8 10.3±0.07 

NGC 4258 SABb 146±15 7.7±4.2 10.8±0.18 

NGC 4462 SBab 146±8 17.2±5.42
(1)

 10.6±0.07 

NGC 4594 Sa 240±12 6.1 11.4±0.09 

NGC 4699 SABb 215±10 6.2±2.2
(1)

 10.7±0.06 

NGC 5054 Sbc 104.48±2.05* 25.57±3.73
(1)

 9.9±0.13 

NGC 5055 Sbc 101±5 14.9±6.9 9.84±0.37 

NGC 6300 SBb 94±5 24.3±3.8
(1)

 9.82±0.04 

NGC 6902 SBab 145.86±2.1* 13.71±2.3
(3)

 10.3±0.19 

NGC 7213 Sa 185±20 7.05±0.28
(1)

 10.6±0.84 

NGC 7531 SABb 108.7±5.6 18.31±9.09
(1)

 11±0.048 

NGC 7582 SBab 137±20 14.7±7.44
(3)

 10.2±0.08 

NGC 7727 SABa 181±10 15.94±6.39
(1)

 10.7±0.08 

 
Conclusion 
In this work, the following conclusions are made:    
Scaling relations were studied between the bulge dynamical mass (Mdyn) in the center of 
galaxies, and spiral arm pitch angles. The bulge Sérsic index (n) and effective radius (Re) 
were determined based on a 2D decomposition of 3.6 μm Spitzer/IRAC images of 41 spiral 
galaxies. The dispersion velocity was obtained from Hyperleda, which was used to 
estimate the bulge dynamical mass (Mdyn).  
The relationships between the bulge dynamical mass (Mdyn) and spiral arm pitch angle (P) 
was found, and the best-fitting lines regressions were: 
As well, the relationships between a bulge dynamical mass (Mdyn) and spiral arm pitch 
angle (P) was investigated, and the best-fitting lines regressions were: 

log10

Mdyn

M⊙
=  11.39 ± 0.3 −  0.062 ± 0.007 P 

  log10
Mdyn

M⊙
=  11.58 ± 0.43 −  0.061 ± 0.016 P    Classical bulge  

log10
Mdyn

M⊙
=  11.106 ± 0.31 −  0.055 ± 0.013 P    Pseudobulges  

log10

Mdyn

M⊙
=  11.408 ± 0.4 −  0.063 ± 0.016 P     Non − Barred  

log10
Mdyn

M⊙
=  11.54 ± 0.35 −  0.063 ± 0.013 P   Non − AGN  

log10
Mdyn

M⊙
=  11.409 ± 0.5 −  0.063 ± 0.012 P      AGN  
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