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 -تصدر عن كلية التربية  - نصف سنويةمجلة علمية 
الجماورية اليمنية  محتوياتااا متاحاة    -جامعة ذمار

مجانااا لكاال الباااحقين والقاارما   وتساامح للجميااع      
بالطباعة والتنزيل والتوزيع ومشاركة النص للمقال 
كاملا دون اجتزا   واساتعمالها   اغراراا العلمياة    

 .والبحقية بالإشارة إلى مؤلفياا
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ر ش  واع د ال ي   ق 
جامةةةةةةعل مةةةةةا ،لل– ةةةةةةلالكةةةةةعلايتربكةةةةعل،لتصةةةة  لنصةةةةةيل ةةةةة   عمجلةةةةةعل للكةةةةعلهةةةةة للايتربكةةةةعالمجلةةةةعلايةللكةةةةةعلي لكةةةةةعل 

لالإنسةةةةانكعلاي  ا ةةةةالل اي قةةة  بلةنةةة  .ل ل(ISSN: 2617-4294)الجله   ةةةعلايكل كةةةةع،لتقلةةةدلايةةةة:  لايةةة    ل  ةةةة  ل

اليق ا  ،لليزيعج الإنل،بايلغاللاية:بكعل، ايةللكعلالمختلفع
ً
ل تكع لاينش:لل تق دلنش:لاي ق  ل فق

 

   .أن تتسم الأبحاث بالأصالة والمنهجية العلمية السليمة 

 .ا عن ذلك  أن لا يكون البحث قد سبق نشره، أو إرساله للنشر إلى جهة أخرى، ويقدم الباحث إقرارا خطيًّ

    فببص صببيلة  -إن وجببد -يكتببا البحببث بللببة سببليمة، ويراوببى ايببه قواعببد ال ببب  ودقببة الأ ببكاWord   ويكتببا البحببث

 Sakkal Majalla  ، وخب 11بالنسببة إلبى الأبحباث بالللبة العربيبة، و بوام  ب جبم 11وحجبم  Sakkal Majalla خب  ب

، علببببى أن 11، وتكببببون العنبببباوين الر غسببببة بخبببب   ببببامق، و حجببببم10، و ببببوام  ب جببببم11للبحببببوث بايزيل  يببببة  وحجببببم  

 .سم من كل جازا0,1سم، ومسااة الهوام     1تكون المسااة ب ن الأسطر  

   كلمة، بما ايها الأ كا  والجداو  والملاحق.  0222كلمة، ولا يقل عن   12222لا يتياوز البحث 

 .يتينا الباحث الازتحا  أو اقتباس أاكار م الآخرين وآراء م دون الإ ارة إلى مصادر ا الأصلية 

 

 ثانكا لإج:اءاللايتق ي ليلنش: 

 يلت م الباحث بترتغا البحث واق الخطوا  الآتية:

  يقوم الباحث بتصفيف بحثه فص زموذج المجلةword: بتن يله من موقع الجامعة قسم المجلا  العلمية راب ، 

https://www.tu.edu.ye/   :أو طلبه عبر إيميل المجلةjournal_sei_edu2006@tu.edu.ye 

 العنبببوان بالعربيبببة واسبببم الباحبببث ووصبببفه البببو يف ،  اتحتببوا الصبببفحة الأولبببى علبببى بيازبببا  البحبببث والباحبببث يكتبببا ايهببب

والمؤسسبة اليببن ينتإببن إليهببا، وبريببده الإلكترونب ، وترجمببة كببل ذلببك إلببى الإزيل  يبة، وببم مالأخبب  البحببث فببص عمببودين: الأو : 

 والكلما  المفتاحية.  ن  ترجمة إلى الللة الإزيل  ية لمحتويا  العمود الأو ،عرب  ، والعمود الثا

  يوضببا الباحببث  ببدث البحببث، والمنهجيببة، وأ ببم زتييببة فببص المالأخبب  ص علببى ألا ي يببد المالأخصببان بالعربيببة والإزيل  يببة، كببل

 0مفتاحيبببة بحيبببث لا ت يبببد عبببن كلمبببة، فبببص اقبببرة واحبببدة، ويرابببق معهمبببا كلمبببا   102كلمبببة، ولا يقبببل عبببن  172منهمبببا عبببن

 كلما .

https://www.tu.edu.ye/
mailto:journal_sei_edu2006@tu.edu.ye
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 يحتبببوا البحبببث علبببى مقدمبببة اسبببتعرن ايهبببا الباحبببث: زببببلة عبببن المولبببو ، الدراسبببا  السبببابقة، وبببم الجديبببد المق مةةةع :

اللا سي بيفه البحبث فبص ميالبه، إ بكالية البحبث، أ داابه، أ ميتبه، ومنهجبه، وخطبة سب ره فبص بحثبه،  شبكل متبراب  

 .ومتسلسل

 تا ج  شكل واضا ودقيق.النتا ج: يتم عرن الن 

  الآت : حساالهوام  والمراجع: تووق الهوام  فص نهاية الأبحاث 

  ،يبببدأ الباحببث فببص الهببوام  بكتابببة لقببا المؤلببف، وببم اسببمه العلببم، وببم عببام الطبببع، وببم عنببوان البحث/الكتببا  مختصببرا

حة مبا بببرة، مبببثلا:  المقبببرا، دار النشبببر، مكبببان الطببببع، ومبببن وبببم الجببب ء إن وجبببد، ورذا لبببم ييبببد جببب ءا يكتبببا رقبببم الصبببف

عمّبان، ص:  -، علبم الللبة العبام، عبالم الكتبا0200. وسوسب ر،1ب رو ، ص: -، زفح الطيا، دار الكتا العلمية0229

122. 

   ببا، علببى أن لا يببدخل فببص الترتغببا أ ، وأبببو، وابببن، اببابن من ببور مببثلا يرتببا فببص حببرث يببتم ترتغببا المصببادر والمراجببع ألفبا يًّ

 .الميم

  الأبحببببببباث باسبببببببم ر بببببببغالإ التحريبببببببر علبببببببى البريبببببببد الإلكترونببببببب  المحبببببببدد للميلبببببببةترسبببببببل & PDF و Word 

journal_sei_edu2006@tu.edu.ye 

 حكيمتتولى  يئة تحرير المجلة إبلاغ الباحث باستلام بحثه، ورجازته للتحكيم، أو التعديل عليه قبل إجازته للت. 

 . تقوم  يئة تحرير المجلة برومنة المراجع وتنسيقها  عد اعتماد ا وتدقيقها فص  كلها النهائ 

 .ييوز لهيئة تحرير المجلة تعديل أا ز  فص البحوث بما يتوااق مع المراجعا  الللوية 

 

 ثايثا لإج:اءاللايتقكك ل اينش: ل

 .للتحكيمأو مدير التحرير تتم إحالته  للتحكيم من قبل ر غالإ التحرير،  عد إجازة البحث   -

 لتحكيم العلإن من قبل محكم ن متخصص ن.لمية للعاتخ ع الأبحاث المقدمة للنشر فص المجلة   -

 لنشر من عدمه بناء على التقارير المقدمة من المحكم ن.بايصدر قرار قبو  البحث   -

 حو  صلاحيته للنشر من عدمه، أو إجراء التعديلا تتولى  يئة تحرير المجلة إبلاغ الباحث بقرار المحكم ن   -

 .الموص ى بها

ببا لاسببتمارة التحكببيم المرسببلة إليببه، فببص أقببر  أجببل  -
يلتبب م الباحببث بالتعببديلا  اليببن يوصبب ن بهببا المحكمببون فببص البحببث واق 

 ممكن.

 اعاد البحث إلى المحكم ن عندما تكون التوصيا  جو رية؛ لمعراة مدى الت ام الباحث بللك. -

 تتولى  يئة تحرير المجلة متا عة التقييم عندما تكون التوصية بإجراء تعديلا  طفيفة، ومن وم يتم-

 .التحقّق النهائّ ، ويُمنح الباحث خطا  قبو  بالنشر، مت منا رقم العدد اللا سوث ينشر ايه وتاريخه

mailto:journal_sei_edu2006@tu.edu.ye
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تحا  إلى  التدقيق الللوا والمراجعة الفنية، وم عد التأكد من جا  ية المخطوطة بصورتها النها ية، يتم إرسالها إلى  -

 .الإزتاج النهائ 

النموذج  اعاد البحث بصورته النها ية إلى الباحث قبل النشر للمراجعة النها ية وربداء الملاح ا  إن وجد ، واق  -

 .المعدّ لللك

با فبص موقبع المجلبة، وترسبل ورقيبا لمبن أراد مبن كبل عبدد وابق الخطبة ال منيبة المحبددة للنشبر،   - يتم نشر الأعداد إلكتروزيًّ

  https://www.tu.edu.ye/journals/index.php/eduويتاح تحميلها ميازا على الراب  الآت :

 

 بةا لأج  لاينش:  ا

 يداع الباحثون الأجر المقرر حسا الآت :  

 .ألف ريا  يمنن 02222يداع أع اء  يئة التدريالإ فص جامعة ذمار مبلغ  - 

 .ألف ريا  يمنن22222يداع الباحثون اليمنيون من داخل اليمن   -

ا أو ما اعادلها100 يداع الباحثون من خارج اليمن -  ا أمريكيًّ  .دولار 

 يداع الباحث مقدما أجور إرسا  النسخ الورقية من العدد إن أراد نسخة ورقية.  -

 .لا اعاد المبلغ فص حالة رُاض البحث من قبل المحكم ن  -

 :للاطلا  على الأعداد السابقة يرجى زيارة موقع المجلة عبر الراب     

www.tu.edu.ye/journals/index.php/eduhttps:// 

ل

 الم:ا لالل لىلاية  انلايبري يل الإيكتر ن ل    للjournal_sei_edu2006@tu.edu.ye  

ل   انلالمجلع 

ل.(98190118(لفاكس ل)98190062ل-ل98190020(لل ل)64278صلب ل)ل–لجامةعل ما ل–الكعلايتربكعل

Faculty of Education, Thamar University - P.O.Box: (06509121 - 06509132) Fax: (06509556). 

http://tu.edu.ye/faculty/education/     -    E-mail: journal_sei_edu2006@tu.edu.ye 

 

https://www.tu.edu.ye/journals/index.php/edu
https://www.tu.edu.ye/journals/index.php/edu
https://www.tu.edu.ye/journals/index.php/edu
mailto:journal_sei_edu2006@tu.edu.ye
http://tu.edu.ye/faculty/education/
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وي  ات    محت 
 ال

إدمبببببان الألعبببببا  الإلكتروزيبببببة وعلاقتبببببه بالشبببببعور بالمسبببببؤولية  وتقبببببدير 

   اللا  والتواصل الأسرا لدى طلبة المرحلة الثازوية بمدينة زيران
 أسببامة محسببن جببابر عبببد الببراز  ل0

     

 والأخلاقيبببببببة والنفسبببببببيةة والطبيبببببببوالأمنيبببببببة  الإيمازيبببببببةالقرآزيبببببببة  الآوبببببببار

 دراسة مولوعية - والاجتماعية

رلبببببببببوان بببببببببببن ياسببببببببب ن بببببببببببن أحمببببببببببد ل12

 الشها 

 إبببببببببببرا يم بببببببببببن عببببببببببباس الشببببببببببلدرا ل60 دراسة تفس رية مولوعية -الثبا  على الحق فص سورة آ  عمران
 

بببببببهُ 
َ
قل
َ
، فبببببببص إيَ ببببببباح  مَبببببببا ز بببببببلام 

َ
ية  فبببببببص الك  

ّ
بببببببن رة السل بببببببة، والبببببببدك الجَببببببوَ رة الوَايل

ص فبببببببباج 
َ
ا  الخ ، تببببببببأليف:   بببببببببن يوسببببببببف جَببببببببدل بببببببببارَة  ابببببببببن  الهُمَببببببببام  مببببببببن ع 

  ب( 1345صالمتوفى:

قهببا الباحثببان: عبباد  معيلببص، و مرت بب ى  هَببا، وحقل
َ
مَ ل ببهَا، وقببدل صل

َ
لببب  ز

 مصنوم

  عبببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببباد  معيلببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببصل028

 مرت ببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببب ى مصبببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببنوم

 

ال ببببواب  والتنبيهببببا  علببببى الأخطبببباء الشببببائعة فببببص الببببتلاوة عنببببد المقببببر  

حَان   ص جما  الدين 
ْ
الأ   ب(929الم 

 سببببببببببببببلطان علببببببببببببببص صببببببببببببببالا الفقيببببببببببببببهل044
 

تعقببببببا  الإمبببببام الشبببببوكان  الفقهيبببببة علبببببى العلامبببببة الحسبببببن ببببببن أحمبببببد 

الجببببلا  فببببص بببببا  الصببببلاة وأحكامهببببا صالأذان والقنببببو  فببببص صببببلاة الفيببببر 

)
 
 أزموذجا

 علببببببببببببببببببببببص عببببببببببببببببببببببببد     العبببببببببببببببببببببببروال269

 

المدرسبببببببت ن علبببببببوم القبببببببراءا  القرآزيبببببببة ومنبببببببا   تلقيهبببببببا وعرلبببببببها بببببببب ن 

 القرا غت ن: اليمنية والملربية

 أحمبببببببببببببببببببببببببد   جببببببببببببببببببببببببببرب ن ح ببببببببببببببببببببببببببرانل275

   بوطرببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببببو 
 ج

 أحمببببببببببببببببببد علببببببببببببببببببص مصببببببببببببببببببالأا مبببببببببببببببببب رو ل690 دراسة عقدية-موانع تأور الكفار بآيا  القرآن الكريم 
 

ببة  زقبب  سببب ن
َ
رَاا توحيببدا جديببد مببن زقببو  الإنشبباءا  مببن قريببة الع 
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Abstract 

This manuscript explored the synthesis 
and comprehensive characterization of pure 
α-Al2O3 and (α-Al2O3)8-x(V2O7)20(Cu2O)x at 
varying molar ratios (x = 1%, 2%, and 3%) 
in nanopowder form, prepared using the sol-
gel method. After subjecting the samples to 
heat treatment, X-ray diffraction (XRD) 
revealed their high crystallinity. The 
crystallite size was calculated using the 
Scherrer formula, exhibited variations 
among the samples with pure α-Al2O3 
possessing a size of 43.10 nm and the 
mixed oxide nanopowders falling within the 
range of 29.54 nm to 34.84 nm. These 
materials displayed semiconductor 
characteristics, with band gap values 
ranging from 3.28 eV to 5.21 eV. Moreover, 
as the molar concentration of copper 
increased, electrical conductivity improved, 
signifying potential applications in systems 
requiring regulated electrical behavior. 
These findings highlight the versatility of 
these materials, offering opportunities for 
tailored crystallinity, band gap tuning, and 
controlled electrical properties, making them 
suitable for diverse technological and 
scientific applications. 

Keywords: Structural, Optical, and 
Electrical Properties; α-Al2O3/VO/CuO; 
nanopowders 

 :ملخص البحث

 التوليف والتوصيف الشامل لـيهدف هذا البحث إلى بيان 

α-Al2O3 النقي و(α-Al2O3)8-x(V2O7)20(Cu2O)x  بنسب

%( في شكل مسحوق نانوي  2، وx = 1% ،2%) مولية متفاوتة

تم تحضيره بطريقة السول جل.  وبعد إخضاع العينات 

عن  (XRD) للمعالجة الحرارية، اكتشفنا تحييد الأشعة السينية

حساب الحجم البلوري باستخدام  درجة تبلورها العالية. وتم

 α-Al2O3 صيغة شيرل، وأظهرت اختلافات بين العينات ذات

نانومتر ومساحيق الأكسيد  02.12النقي الذي يمتلك حجم 

 20.40نانومتر إلى  09.90النانوية المختلطة التي تقع في نطاق 

نانومتر. وأظهرت هذه المواد خصائص أشباه الموصلات، إذ 

فولت. علاوة  9.01فولت إلى  2.04ة النطاق من تتراوح قيم فجو 

على ذلك، مع زيادة التركيز المولي للنحاس، تحسنت الموصلية 

الكهربائية، مما يدل على التطبيقات المحتملة في الأنظمة التي 

ا كهربائيًا منظمًا. وأهم نتائج البحث تتمثل في 
ً
تتطلب سلوك

فرصًا لبلورة تسلط الضوء على تنوع هذه المواد، مما يوفر 

مخصصة، وضبط فجوة النطاق، والخواص الكهربائية 

الخاضعة للتحكم، ليجعلها مناسبة للتطبيقات التكنولوجية 

 .والعلمية المتنوعة

الخصائص الهيكلية والبصرية  الكلمات المفتاحية: 

 .النانو مساحيق  ؛ α-Al2O3/VO/Cuوالكهربائية

 22/12/0202تاريخ النشر:  12/0202 /02  :تاريخ القبول  12/0202 /10 :تاريخ الاستلام

mailto:samimukred@gmail.com
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1. Introduction 

Metal oxide nanoparticles have gained widespread prominence due to 

their remarkable properties and their myriad applications in both optical and 

electrical fields [1]. Among these metal oxides, aluminum oxide (Al2O3) 

stands out as a versatile ceramic material extensively employed in various 

applications, including catalysts, transparent armor for ballistic instruments, 

lasers, discharge lamps, and infrared (IR) airborne sensors [2]. Notably, 

Al2O3 exists in multiple structural forms, denoted by symbols like α, κ, ɵ, γ, 

β, χ, δ, and ή [3]. Among these, α-alumina oxide (α-Al2O3 or corundum) 

holds a distinguished place due to its thermodynamic stability and finds 

applications in transparent armor for ballistic protection, ceramics, high-

strength materials, adsorbents, catalysts, catalyst supports, high-

performance field-effect transistors (FETs), electrical insulators, 

optoelectronics, thermoluminescent dosimeters, lasers, light-emitting 

displays, cutting tools, spark plugs, and gas sensing  [2,4-6].  

α-Al2O3 forms when exposed to temperatures above 1100 °C, 

adopting a hexagonal crystalline structure with lattice parameters a=4.758 

and c=12.991 [1,7]. This phase exhibits a direct energy transition and 

energy gap (Eg) ranging from 4.116 to 8.8 eV [4,8]. Despite its excellent 

thermal properties, α-Al2O3 is less favorable in terms of optical and electrical 

characteristics. However, a previous study [1] has shown that blending α-

Al2O3 with V2O5 and CuO can enhance its structural properties while 

reducing the energy gap (Eg) and improving its electrical properties. Mixed 

oxide nanopowders containing α-Al2O3, V2O5, and CuO have found 

applications in diverse fields.  

Among the vanadium oxide phases, V2O5 is the most stable and 

possesses a high oxidation state. Its distinctive structural properties make it 

valuable for applications such as solar cells, gas sensors, optical-electrical 

switches, chemical sensing, and electrochromic optoelectronic devices [9]. 

V2O5 has a direct energy gap (Eg) ranging from 2.2 to 2.8 eV, and it 

crystallizes in orthorhombic and tetragonal structures with lattice parameters 

a=3.561, b=11.501, and c=4.378 [4,10].  

Copper oxide (CuO) is a p-type semiconductor with a relatively small 

energy gap (Eg) ranging from 1.2 to 1.9 eV. It adopts a monoclinic 
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crystalline structure with lattice parameters a=4.69, b=3.42, and c=5.13 [11]. 

Research in this area has predominantly focused on nanomaterials with 

enhanced structural, optical, and electrical properties, synthesized through 

various methods such as sol-gel [4,1], hydrothermal [12], co-laser 

vaporization [3], and physical vapor deposition (PVD) [13].  

In this study, we employ the sol-gel method to synthesize pure α-Al2O3 

and (α-Al2O3)8-x(V2O7)2(Cu2O)x with x values of 1%, 2%, and 3%. Our 

investigation delves into the crystallinity size, optical properties, and 

electrical characteristics of these α-aluminum oxide nanopowders with 

different molar ratios. The aim is to harness the exceptional properties of 

aluminum oxide while incorporating V2O5 and CuO to enhance its optical 

and electrical attributes. Ultimately, this research explores the potential for 

tailored aluminum oxide materials that can find applications in various fields. 

2. Experimental details 

2.1. Materials 

In this study, various materials were employed, including aluminum 

nitrate (Al (NO3)3·9H2O) (HIMEDIA, 95%), copper nitrate rehydrate (Cu 

(NO3)2·3H2O) (HIMEDIA, 99%), ethanol (C2H5OH) (SEGMA, 96%), and 

ammonium monodentate (NH4VO3) (HIMEDIA, 95%). 

2.2. Synthesis method 

The nanopowders of pure α-Al2O3 and (α-Al2O3)80-x(V2O7)20(Cu2O)x with x 

values of 1%, 2%, and 3% were synthesized using the sol-gel method, as outlined 

below. 

2.2.1. Synthesis pure α-Al2O3 

To prepare pure α-Al2O3, 15g of Al (NO3)3·9H2O was dissolved in 40 

ml of ethanol to achieve a 1M solution at room temperature. The solution 

was stirred using a magnetic stirrer for 20 minutes until it became 

homogeneous. The temperature was then increased to 80 °C while 

maintaining continuous stirring, resulting in the formation of a gel solution. 

This solution was left in the beaker for 24 hours and subsequently dried in 

an oven at 180 °C for 2 hours. The resulting material was ground until it 

reached a soft powder consistency. 
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2.2.2. Synthesis (α-Al2O3)80-x(V2O7)20(Cu2O)x 

For the synthesis of (α-Al2O3)80-x(V2O7)20(Cu2O)x, 10.50g of Al 

(NO3)3·9H2O was dissolved in 40 ml of ethanol to create a 0.7M solution at 

room temperature. Simultaneously, 935.8mg of ammonium monovanadate 

(NH4VO3) was dissolved in 40 ml of ethanol to produce a 0.2M solution, 

and 966.4mg of Cu(NO3)2·3H2O was dissolved in 40 ml of ethanol to 

achieve a 0.1M solution. All these solutions were stirred with a magnetic 

stirrer for 20 minutes until they reached homogeneity. The homogeneous 

solutions were mixed together while stirring for 20 minutes at room 

temperature until a uniform solution formed. This mixture was then stirred 

for an additional 20 minutes at 80 °C to produce a gel, which was left in a 

beaker for 24 hours. Afterward, the gel was dried in an oven at 180 °C for 2 

hours. 

All samples underwent calcination at 1200 °C for 5 hours, and pellets 

for electrical measurements were prepared. The pellets were made using a 

pressing machine (Carver) under a pressure of 6000 kg, resulting in pellets 

with a diameter (d) of 13 mm and a thickness (L) of 2 mm. 

2.3. Characterizations 

The structural properties of the samples were assessed through X-ray 

diffraction (XRD) using a Shimadzu model 6100-EDX-720 with CuKα 

radiation at 1.54065 Å. XRD patterns were obtained in the angular range of 

0–80°. The optical properties of the samples were examined using a UV-Vis 

spectrophotometer, specifically the Hitachi U3900 model. 

3. Results and discussion 

3.1. Structure Properties 

In the analysis of the structural properties, we began with the 

examination of pure α-Al2O3, which exhibited characteristic X-ray 

diffraction (XRD) patterns, as illustrated in Figure 1. A series of distinct 

diffraction peaks of α-Al2O3 were identified at 2θ angles of 25.50°, 35.20°, 

37.70°, 43.30°, 52.60°, 57.46°, 61.30°, 66.50°, and 68.20°. These peaks 

corresponded to the atomic planes of (012), (104), (110), (113), (024), 

(116), (018), (214), and (300), respectively. The XRD pattern for pure α-

Al2O3 closely matched the hexagonal crystal structure with space group R-
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3c, consistent with standard JCPDS cards, No. 00-46-1212 and PDF #10-

0173.  

In the second sample, where the molar concentration of aluminum 

was reduced to 80% by the introduction of 20% vanadium, the intensity of 

XRD peaks for α-Al2O3 diminished, as depicted in Figure 1. This decrease 

in α-Al2O3 intensity can be attributed to the inclusion of impurity material 

V2O5, potentially leading to crystal disorder and deformation within pure α-

Al2O3. Notably, new peaks emerged, indicating the presence of V2O5. 

These new peaks corresponded to standard reflection patterns in JCPDS 

card No. 00-45-1074 and PDF #41-1426, and they were observed at 2θ 

angles of 12.10°, 26.20°, 27.80°, and 28.80°, aligning with the (200), (330), 

(240), and (241) planes of V2O5, respectively. 

 

Fig 1. XRD pattern a high crystallization nanopowders of pure α-Al2O3 and (α-

Al2O3)80-x (V2O7)20(Cu2O) x at x = (1,2 and 3 %). 

In the third sample, the molar concentration of aluminum was further 

reduced to 70%, while introducing a 10% molar concentration of copper 
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while keeping the vanadium concentration consistent. The XRD patterns 

displayed a similar trend, with diminished α-Al2O3 intensity attributed to the 

introduction of CuO as an impurity, resulting in weak crystallinity. The CuO 

peaks were not distinct due to their weak crystalline nature. The 2θ values 

of 12.1°, 20.3°, 26.2°, and 39.9° aligned with (001), (110), (111), and (311) 

planes, respectively, and corresponded to JCPDS card No. 00-41-1426 and 

JCPDS card No. 00-26-0569. Furthermore, at 2θ values of 16.30°, 20.70°, 

21.50°, 24.45°, 27.30°, 32.0°, 35.70°, 43.26°, and 49.30°, new peaks were 

observed, corresponding to (110), (111), (-112), (200), (112), (-133), (-221), 

(-131), and (133) crystalline planes of β-Cu2V2O7. This formation was a 

result of thermal solid–solid interactions between copper and vanadium 

oxide phases in the mixed oxide nanopowders [2].  

In the fourth sample, the molar concentration of copper was increased 

while decreasing the molar concentration of aluminum to 60%. This 

alteration led to an increase in the intensity of β-Cu2V2O7 peaks, indicating 

improved crystallinity. Additionally, a new peak of CuO was observed at 2θ 

values of 38.90°, corresponding to (200) planes. This finding was consistent 

with the standard JCPDS card No. 00-48-1548. Furthermore, the CuO peak 

appeared at 2θ values of 61.30°, corresponding to the (-113) plane, and 

aligned with JCPDS card No. 00-045-0937 and PDF#26-0569, confirming 

its presence as per prior research [3,4]. In the fifth sample, with an 

increased molar concentration of copper up to 30%, new peaks were 

observed, indicating a further change in the crystalline structure. 

The crystallite size of (Al2O3)80-x(V2O7)20 (Cu2O)x at x = (1, 2, and 3%) 

was calculated using the Scherrer equation from Full Width Half Maximum 

(FWHM), as outlined in Equation. 

  
      

      
                                                   

Where λ represents the wavelength of the X-ray, θ indicates Bragg's angle, 

and β shows the FWHM. The results are summarized in Table 1. It was 

observed that the crystallite size gradually decreased as the molar 

concentration of copper increased, transitioning from (43.10 nm) for pure α-

Al2O3 to (29.54 nm) for (Al2O3)80-x (V2O7)20 (Cu2O) x at x = (1, 2, and 

3%) in mixed oxide nanopowders, as presented in Figure 2. This decrease 

can be attributed to the fact that the ionic radius of aluminum oxide (0.54 Å) 
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is smaller than that of copper oxide (0.67 Å) and vanadium oxide (0.78 Å). 

Interestingly, the crystallite size of α-Al2O3 also decreased as the molar 

concentration of copper increased, indicating that the secondary phase's 

evolution influenced the particle size of the parent phase (α-Al2O3) during 

crystallization. These results align well with prior research [5].  

Pure Al2O3 Cu0% Cu1% Cu2% Cu3%
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Fig 2 Variation of full-width-at-half-maximum and crystallite sizes. 

Table 1 pure α-Al2O3 and (Al2O3)80-x (V2O7)20(Cu2O) x at x = (1, 2 and 3 %) Nanopowders 

with were synthesized by sol-gel method. 

Samples 
Phase 

oxide 

2θ 

(deg) 
hkl 

FWH

M 

(deg) 

d (Ǻ) 

a(Ǻ) c(Ǻ) 
Expt Std 

Pure  α-

Al2O3 
α-Al2O3 43.30 113 0.198 2.085 2.085 4.756 

12.99

3 

Al80 

V20Cu0.0O 
α-Al2O3 57.00 116 0.260 1.601 1.601 4.117 

13.02

1 

Al70 

V20Cu10O 

α-Al2O3 35.00 104 0.262 2.561 2.550 4.115 
13.00

2 

β- 24.46 200 0.528 3.636 3.600 7.330 10.20
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Cu2V2O7 0 

Al60 

V20Cu20O 

α-Al2O3 35.08 104 0.270 2.556 2.550 4.111 
13.00

3 

β-

Cu2V2O7 
24.54 200 0.272 3.625 3.600 7.249 

09.64

0 

Al50 

V20Cu30O 

α-Al2O3 35.04 104 0.282 2.558 2.552 4.110 
13.03

2 

β-

Cu2V2O7 
43.20 -133 0.321 2.092 2.088 7.220 

09.70

0 

 

Furthermore, the decrease in crystallite size led to an increase in the 

dislocation density (δ), calculated using Equation (2) [6]. 

  
 

  
                                                

As summarized in Table 2, These results suggest that defects and vacancies 

became more prominent with the increasing molar concentration of copper. 

Additionally, we examined the lattice constants (a, b, and c) for the dominant 

phases, α-Al2O3 and β-Cu2V2O7, using equations (3) and (4) for hexagonal 

structures. The unit cell volume (V) and strain (ε) were calculated using equations 

(5) and (6), with the calculated values provided in Table 2. The unit cell volume 

and strain for all samples and the lattice constants were in good agreement with 

others [7]. Notably, the lattice constant (a) decreased as the molar concentration 

of copper increased, a trend that can be attributed to the diminishing values of 

ionic radius and the consequent decrease in crystallite size. 
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This comprehensive analysis of structural properties sheds light on the 

intricate interplay of materials in these mixed oxide nanopowders and their impact 

on crystallinity and lattice characteristics. 

Table 2 Structure properties of the α-Al2O3 / V2O5/CuO at different molar ratio of Al+3 

and Cu+1 

Samples Phase oxide c/a 
V 

(Ǻ
3
) 

D 

(nm ) 

δ*10^15 

(m )
-2

 

Strain 

(ɛ) 

Pure  α-Al2O3 α-Al2O3 2.73 254.51 43.10 5.38 0.046 

Al80 V20Cu0.0O α-Al2O3 3.16 191.13 34.84 8.24 0.057 

Al70 V20Cu10O 
α-Al2O3 3.16 190.66 31.79 0.99 0.063 

β-Cu2V2O7 1.39 474.60 29.23 1.17 0.129 

Al60 V20Cu20O 
α-Al2O3 3.16 190.31 30.90 1.05 0.064 

β-Cu2V2O7 1.33 438.68 29.88 1.12 0.066 

Al50 V20Cu30O 
α-Al2O3 3.17 190.64 29.54 1.15 0.067 

β-Cu2V2O7 1.34 437.89 26.60 1.41 0.075 

3.2. Optical properties 

 The optical properties of pure α-Al2O3 and (α-Al2O3)80-x (V2O7)2(Cu2O)x 

at x = (1%, 2%, and 3%) nanopowders, each with varying molar ratios, 

were meticulously examined. The transmittance spectra of these samples 

were measured across a wavelength range spanning from 200 nm to 800 

nm. Notably, the transmittance levels were particularly high in the vicinity of 

300 nm. However, beyond this wavelength, the transmittance values began 

to decline, as depicted in Figure 3. For instance, the (Al80V20Cu0.0) sample 

displayed a transmittance of approximately 90%. This relatively high 

transmittance could be attributed to the specific coloration characteristics of 

this particular sample. In contrast, as the molar concentration of copper 

increased in the (Al70V20Cu10) sample, the transmittance soared to 

approximately 95%, indicating improved light transmission. Continuing this 

trend, further increases in the molar concentration of copper in both the 

(Al60V20Cu20) and (Al50V20Cu30) samples resulted in transmittance levels of 

around 60% and 45%, respectively. This suggests a clear correlation 



 
 

 

391   
 
 

النانوية  α-Al2O3 الخواص التركيبية والضوئية والكهربائية لمساحيق

 السوجل بطريقة  Cu2Oو V2O7 النقية مع إضافة
 

 0202 كتوبرأ - 19العدد 
Issue 19 – Oct 2023 

 ISSN: 2617-4294  -المجلة العلمية لكلية التربية جامعة ذمار

between the presence of copper and the optical properties of the mixed 

oxide nanopowders, with increased copper concentrations leading to 

enhanced transmittance. 

 

 

 Fig 3 UV spectra for transmittances with wavelengths (λ nm) for all samples. 

The determination of band energy in semiconductor materials is 

often facilitated through optical absorption studies. Figure 4 showcases the 

absorption characteristics of pure α-Al2O3, where it becomes evident that 

absorption intensifies with the increase in wavelength. Notably, the 

absorption edge of pure α-Al2O3 is pinpointed at approximately 280 nm, a 

finding that aligns with prior research  [8]. Extending the investigation to the 

mixed oxide nanopowders, we observe the absorption spectra shown in 

Figure 4. In these spectra, distinct absorption edges become apparent for 

each sample, specifically at 331 nm, 344 nm, 364 nm, and 387.5 nm. 

These values correspond to the samples Al80V20Cu0.0O, Al70V20Cu10O, 

Al60V20Cu20O, and Al50V20Cu30O, respectively. These absorption edges are 

significant as they signify the photoexcitation of electrons from the valence 

band to the conduction band within the samples. Furthermore, the 

absorption bands are attributed to electronic transitions occurring from the 
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occupied 2p bands of oxygen to the unoccupied 3d bands of vanadium  [9]. 

This optical absorption study offers valuable insights into the band energy 

characteristics of the mixed oxide nanopowders, shedding light on their 

semiconductor properties and potential applications. 
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Fig 4 The absorption of pure and with different concentrations. 

To provide deeper insights into the experimental data, we employed 

theoretical Equation (8) [16], to fit the observed results 

            
 
                        

Equation 8, which relates the absorption coefficient (α) to various 

parameters, such as Planck's constant (h), incident light frequency (ν), a 

characteristic parameter (B), and the band gap energy (Eg), also 

incorporates the variable exponent (n). The quality of the fit was found to be 

optimal when n was set to 2, suggesting that the transitions observed are 

directly allowed.  

The band gap energy (Eg) was determined for all the samples, 

including pure α-Al2O3 and (α-Al2O3)80-x(V2O7)20(Cu2O)x at x = (1%, 2%, and 
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3%). The obtained band gap values were as follows: 5.21 eV for pure α-

Al2O3, and 3.62 eV, 3.44 eV, 3.38 eV, and 3.28 eV for the respective mixed 

oxide nanopowders. Notably, the band gap value of 5.21 eV for pure α-

Al2O3 closely aligns with prior research, confirming the reliability of the 

measurement, as shown in Figure 5. 

Furthermore, an interesting trend emerged when examining the 

impact of varying the concentration of aluminum oxide and copper within 

the nanopowders. With a reduction in the concentration of Al2O3 and a 

simultaneous increase in the molar concentration of copper, the band gap 

of the nanopowders decreased. This trend is visually depicted in Figure 6 

and quantitatively summarized in Table 3. The decrease in the band gap 

energy holds significance for potential applications, as it implies changes in 

the electronic properties of these materials, further expanding their utility in 

various technological and scientific domains. 
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Fig 5 Plots of the (αhν)2 versus the photon energy (hν) of the pure and with Cu % 

nanopowders for all samples. 

The reduction in the band gap value observed can be attributed to the 

emergence of empty levels induced by defects situated within the band 

gap. This phenomenon is well-documented, where the band gap of any 

material is intricately controlled by the concentration of defects it harbors. In 

the case of α-Al2O3, two types of defects play pivotal roles: donor defects, 

represented by oxygen vacancies, and acceptor defects, which are denoted 

as Al interstitials. These defects introduce energy levels situated below the 

conduction band and above the valence band, respectively.  The genesis of 

these energy levels can be traced back to two fundamental reactions. 

Firstly, the Al interstitial defects are the result of the Frenkel reaction, a 

process where an atom is displaced from its original lattice site and 

occupies an interstitial position within the crystal structure. On the other 

hand, oxygen vacancy defects emerge from the Schottky reaction, which 

involves the simultaneous creation of vacancies for both cations and anions 

within the crystal lattice [10]. 
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Fig 6 Variation of both the energy gap (Eg) and electrical conductivity(σ)at α-Al2O3 and Cu 

(1,2, and 3 %). 

The presence and concentration of these defects and their intricate 

interplay fundamentally influence the band gap of the material. This 

understanding of defect-induced alterations in the band gap offers valuable 

insights into the electronic properties of the mixed oxide nanopowders, 

providing a foundation for the exploration of their potential applications in 

various scientific and technological contexts. 

3.3. Electrical properties 

The electrical properties of the materials were further assessed by 

measuring the current-voltage (I-V) characteristics and determining the 

ohmic resistance (R) for both pure α-Al2O3 and (α-Al2O3)80-x(V2O7)20(Cu2)x 

at x=(1%, 2%, and 3%) nanopowders, each with distinct molar ratios. The 

results unveiled a clear trend in the ohmic resistance, where it consistently 

decreased with the progressive increase in the molar concentration of 

copper, as detailed in Table 3. This decrease in ohmic resistance signifies a 

corresponding increase in electrical conductivity (σ), a trend visually 

presented in Figure 6. The σ can be expressed as a function of the R, 

based on the σ = L/A×(1/R), with units in (Ω cm)^-1. The variation in 

electrical conductivity is governed by the changing ohmic resistance, where 

a decrease in resistance leads to enhanced conductivity. A pivotal aspect to 

consider is that the σ within the sample is influenced by multiple factors. 

One of these factors is the movement of free electrons, a phenomenon 

closely associated with the presence of copper within the material [11]. The 

introduction of copper facilitates and eases the movement of free electrons, 

consequently resulting in higher electrical conductivity [12].  

This observation highlights the profound influence of the molar 

concentration of copper on the electrical properties of the mixed oxide 

nanopowders. It signifies the potential for tailored electrical characteristics 

in these materials, which can be harnessed for specific applications 

requiring controlled conductivity and electrical behavior. 

Table 3 Optical energy gap and electrical conductivity of pure α-Al2O3 and mixed oxide. 
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Samples Eg (eV) R (kΩ) σ (Ω.cm)
-1 

Pure  α-Al2O3 
5.21 28.6 E9 5.26 E-12 

Al80 V20Cu0.0O 3.62 769.3 1.87 E-07 

Al70 V20Cu10O 3.44 666.7 2.16 E-07 

Al60 V20Cu20O 3.38 579.8 2.49 E-07 

Al50 V20Cu30O 3.28 479.2 3.00 E-07 

 

The obtained electrical conductivity (σ) values in this study fall within 

the conventional range typically associated with semiconductors, which 

typically spans from 104 to 109 Ω-1.cm-1 [13]. Notably, these findings are 

consistent with established values for α-Al2O3, which typically exhibits an 

average electrical conductivity of (6.87×10-12 ± 1.22×10-14 Ω-1.cm-1) [14]. 

This alignment underscores the reliability and validity of the measurements. 

Furthermore, the electrical conductivity values obtained for the mixed oxide 

nanopowders, particularly for CuO and V2O5, also bear similarity to well-

documented values in the literature. For instance, CuO exhibits electrical 

conductivity ranging between (1.1×10-4 and 2.77×10-4 Ω-1.cm-1) [15]. While 

V2O5 typically displays electrical conductivity in the range of (2.53×10-4 Ω-

1.cm-1) [16]. This consistency in the electrical conductivity values between 

the experimental findings and established values can be attributed, in part, 

to the ionic radii of aluminum (Al) and copper (Cu) present within the 

structural properties of the materials. The interaction and distribution of 

these elements within the material play a pivotal role in enhancing electrical 

conductivity [17]. These results provide valuable insights into the underlying 

mechanisms governing the electrical properties of the mixed oxide 

nanopowders, offering opportunities for applications that require controlled 

and predictable electrical behavior. 
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4. Conclusions 

In this study, we successfully synthesized both pure α-Al2O3 and (α-Al2O3)8-

x(V2O7)20(Cu2O)x at x=(1%, 2%, and 3%) nanopowders, employing the sol-gel 

method, followed by heat treatment at 200 °C for 5 hours. The comprehensive 

examination of these materials yielded several noteworthy findings. XRD analyses 

demonstrated the high crystallinity of all samples, providing evidence of their well-

defined structural characteristics. Notably, the crystallite size was accurately 

calculated using the Scherrer formula. For pure α-Al2O3, the crystallite size was 

determined to be 43.10 nm, consistent with its hexagonal structure. In contrast, for 

(α-Al2O3)80-x(V2O7)20(Cu2O)x in the mixed oxide nanopowders, the crystallite size 

exhibited variation, falling within the range of 34.84 nm to 29.54 nm. The band gap 

values for these materials also showed variation, ranging from 5.21 eV to 3.28 eV, 

indicative of the materials' semiconductor properties. Furthermore, the electrical 

conductivity exhibited a notable trend, with the resistance progressively 

decreasing as the molar concentration of copper increased. These findings 

collectively underline the potential and versatility of these mixed oxide 

nanopowders, particularly in applications that benefit from controlled crystallinity, 

tunable band gap characteristics, and regulated electrical conductivity. 
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