Y it i - ] S 3 gt

) gy gl g Gueiadl ki i ¥ il E ) 2]
Ol i okl el | Gl | el S (S i) Ju ) guid 1§

- e o 319 i €19 el 19 19 ey €19 ket sl | 5
o G 9o ] 59

s ol 9 e i i) 33 - )y J B3t (G G (ol il

oo gahall adii w al.ml ity ,.us.u ) M| a,.\.llg su.qg.ll a,.hgall
Ll R 1345 oiguid)) S il et i i ool il 5 sl
Pou@s (ua o § g.l.uu Jaks gyl Ll LRGES § LR @i LRuci

Jwoa (Syill duks oMl (§ ndbd] US| (ol bRl 1§ Ll guial|
(WRO38 ) (gulbandd] Gt

02023 miguS] yuis G| 322

>

>

>

>




2023 5u9381- 19 suad | (N K _ 2 .
Issue 19 — Oct 2023 %ﬁ i ‘f@
The Scientific Journal of the Faculty of Education
*»
2 12821
L - - - > " | -, l ’
5bed Amelas - e 1N AMS So yubuald - ALLit) Asalall g ALLud M & ol 5 Crluad sty okals
bl S A
JE-¥E S NPT T NV E T A

i

e Rl { 4:0‘..\,«: Ao

:/,,/J’/,,,u

YV ([QUN L PO IV A.?.?

oL I
ol e dasiddganld (i pal palu 2.
A3 dame le oAl dame Bl 5.
Jlea! ole (el .2 dexe dllf Laas le s
ARSI (e (5 i 3 JILad dema ) A

1 9alll Tt
(§ >=l2d) M1 @t (o3 a1 @uualt
Jlext! e (el deme Al Lad> Lo .5

‘ ISSN: 2617-4294 _jlna éienla éwyill éulsl éunlell Alanll




2023x}:si-19¢.\...r\'gﬁg%b A
’ Issue 19 — Oct 2023 | - ,/\-__’!H)

The Scientific Journal of the Faculty of Education

:““/L"'-‘*"’U';*’,,‘}'

A Juclew! @ ,SIde o | o)l dama juad a1
Il o i ases 2 ailal! @) 5l dexae A

S Guusma dga Al E 9o el 2l
Sl e a3l

PR EN PN | G el Sgoed) pa
AUt gly Go 39 palls ,ai Ny

ISSN: 2617-4294 )lna écnla éuyyill Sl éunlell Alanll ‘




2023,{3151-19;44_11'@:\\'&_-,4,\;-_]) 2
Issue 19 — Oct 2023 | "8t~ 2 ,c_,.L*-D

The Scientific Journal of the Faculty of Education

e 0 1

ALt docaladl o Adlad M & goedt 9 bl ylIly (i
A T A8 S pobua
sled Aaels

Aiadl A 980!

s awlid s aualt
2023 ygiSi

JEPRN Ve
(ISSN: 2617-4294)
(DOI: 10.60037)

ol s
2006/129

- A0 S AdS (o yual . Ay gl caad dele Axe
doLie Lgilbygime (Aciad! 4 96en)! -5led dacl>
a—rell Za—wiy 51 —aMg (piim L) J ST L Slome
Jlaell (ad) AS jLdia g g 5ol g Ju Micidl g Ao Ldatly
Acalall (WO, 2 M 2 Lgflaalul g ol jianl 593 MelS

Lt do (A1 3HLEN L Acimd g

ISSN: 2617-4294 .)lna éienla éuyill sl éynlell Alanl




zoz3ﬁ}:5i-19m_n'g:‘ﬁw A
’ Issue 19 — Oct 2023 | =% b~ \_/L_’!H)

The S(i'cr:r_i'ﬁi‘ _']ﬂ!:?‘!l:l[‘n‘f’. the 'Flh'll]i':u {‘I‘- Fducation
& °
| el

lad Aaale — Ao A4S (e junal gl ial el Alma A Al AT A calall ALl
2yl iy mally Slalyully asds (ISSN:  2617-4294) 551 Joudl | e sl Ayt
W JUAL RV PYA| LZ.éj Sigmd| fdd Judiy cdupmlziYly ca._;_.va.” SLalL cdalisel! dealadly

Ao dalall Az illy LAY Sl euds ol @

5 e Blas 18] S Ll audeg o651 &z ) 5adll dllay) ol 0,85 s 1B Cmdl 09Sa ¥ 1 @

Comdl 1S9 Word L 3 -Sdg o) JSC8Y 2859 lauall delgd dud (£lyg caglus 23k Sl S, @
Sakkal Majalla lasg 11 ooy Gislgag iyl 2314 Sl ) aeadlly 15 =x>9 Sakkal Majalla oz,
of Gle Mpzm> 9 Gale Tase 2uatyll cngliall 09859 120 (halgag (14 pam>y Laplmi¥l Gig ol
il JS oo 02,5 aladl Balung cpue 1 Jlawl o 8Lull 0S5

3>l Jolazlly JEaY Led Lay 2elS 6000 (e Jay ¥g (38 10000 el jolzz, Y@

ALY Layalias ) 5,La¥1 093 maslyly 00,53 @2, K61 Lulizdl of Jle¥) Em Ll Cizery @

: gl N.\.ﬁ.’i.” Q‘;b.?! Ll
AsY gl 399 e dl CasAy Ealdl a Ak

Ja.’b Lealall oM Mj daalxl! H?}A oo i «word a=l! C.bj.m ‘3 Aoy Cadynty E pody L4

journal_sei_edu2006@tu.edu.ye :al=ll Jeas) se 4l of /https://www.tu.edu.ye

(b gl diimgg Ll oy A pally o)l gadl Ld Sy Ll ol il e Jo¥) Amiiall goims @
:Jo¥l i cpagac S Eemdl pasle @ ¥l ) U3 S Az 39 ¢ Sig ASTY g L] oty A1 dusill
A lall oLy (Jo¥l sgaadl cbigizd Al Al ) dazys Ll sganlly c ye

JS ‘3.4“}_1'.‘4#:0/\3 3—&)—’—“& obazlll i o Ua\.:.)ua_'le‘ L.? A= Mb 43.5.'3.@&\3 e dl dua Es LI e L4
6 (e 3 ¥ Coemy A lide Qbﬁbﬁnéﬁ)ﬁj Buslgsyad b Al 120 e Jiy Yy A 170 ¢ Logie
AN Y

ISSN: 2617-4294 )lna écnla éuyyill Sl éunlell Alanll ‘



https://www.tu.edu.ye/
mailto:journal_sei_edu2006@tu.edu.ye

s ons 62 <R
’ The Scientific Journal of the -F.m..!'r_u of f;fiu-arm.a
Aol @ AdLadl alalyald) pga gkl e B s Ll Lpd (o patun Aadde Gl Sl ooy idanall @
Loyl ile S cdizy (3 oy Alasg cdimging cdiaal (ddlual (x40 dlrs 3 cxd) dagaw o))
Sl
L(B3eB39 sy o @l (o ye iy imludl @
Y e Sl Bl § halsl B3 ip bl halsl @
Daiien SUSI/ el lsie o cauball ple @ sedall 4ol @3 scadyll al LS, Ginlsl § m Ll Ty @
ikl Dlie Bydlin Amiall w8y iy s 52 w13 1319 ez 0] ¢ 3] o s cpball 000 ¢, 1
e cobie oS @le caladl 2l ode (20220 segns T 1o g staaladl CasIl s ccudall zas 2009
100
By (9 iy e selate s oy e galy Tl @ U ¥ o Gle (slall an Ly yobiall s o @
ol
Word 5 & PDF  almollsasll o ASIY all e ot iy ooanls Sl 5@
journal sei edu2006@tu.edu.ye
oSl a5l | S dule auatl) ol ¢ @uSomtld 55l g ciomy eMaly o L EOL) AUsmll 3y 2 g5 @
(A LIS § LaBusy Laslerel day Lawdig ao LAl &iagy Azl oo dign pgas @
Agalll Slaz Ll ae 38l5n Loy gl § as (gl Jaad Al yoyms Aty 9 @

il oSl il LIS

aSmitl] 4] 05yl oo o ¢ soymil) sty B (oo euSmil] imd) B3l my -
Osasaieio (naSxs B (o eoladl @uSmil) Apaladl Azl § ,ddl) Aoual) &l ¥ ayaases -

Sl (o Banall poylanll e el dace (o Al el Jged 51,8 sy -

huadll el ol cdade (o il dneodls Jo> caeSll Hlyas o Ll $) daell oyt Aaia Jos -
et

dl o8l (3 ) A L) @Sl 8y larasd Ladg el (9 9Sll Lie (qom9s (A1 cdlprasdly L1 052
o

A o Ll Al (e 28 pal c8y0 9 Lot 095 Ledie (aeSiell J] il slay-

4@)‘5‘9 4._.,5)_&4.3 d}.ﬁu L.S'JJ‘ .J..L’J‘ {mé) LMJA ‘).Zi..d\g J}.&g tTan_"" uioLJl &l.oéj cé‘.&ﬁ‘ ‘}:3_':-_'5.”

k ISSN: 2617-4294 _jlna éienla éwyill éulsl éunlell Alanll



mailto:journal_sei_edu2006@tu.edu.ye

) | [\ .
oo 2T
The Scientific Jowmal of the Faculty of '.E‘fih‘ﬂ!‘l':‘l'.l
1 s il A U iyl 5251 ) Ll s bl ppam gl Eosale oo SSL tas
otdl z Yl
233all 383 <im0 AL elonly Al Ba il 0 (15 L1 ) Bl] ysams sl sl
elli dall

o il ol Aol Alasedl 389 sue JS e 31T ok Lidyg Juwyig (el EIYSE g AST) ..S\J..L:ﬂ).ﬁdpb_-
https://www.tu.edu.ye/journals/index.php/edu: ¥ Loyl dl (e Llmo Lleoss 7Ly

s pdidd 91 clal
(I s 53al1 2 Gat L) by
@z Jby <l 20000 glis slad Arale § syl diga sliacel aduy -
Gz Jby 21130000 (yadl ds1s (0 Gguiasd) Gpt L) pdoyy -
Ldalay Lo of G5yl 593 100 pasll 25l oo gLl pdsy -
Adyg ead 3l o) aall (e Adysll addl Jliy] sg2T Lodde o Ll aboty-
onaSaell B (e el (a8 Al 3 ALl sy Y -
g0 e Aloell a8 ByLs5 (amy BaLaadl 5lue¥) e eI

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

journal sei_edu2006@tu.edu.ye : ¥ g ASIWy gandl Olgiall e oMl dl @
il ol gis

.(06509556) : «SLs (06509132 - 06509121) :5 (87246) s o — sLad Aasl — Al LS
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

ISSN: 2617-4294 )lna écnla éuyyill Sl éunlell Alanll ‘



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/

2023,{3151-19;44_11'@:\\'&_-,4,\;-_]) 2
Issue 19 — Oct 2023 | "8t~ 2 ,c_,.L*-D

The Scientific Journal of the Faculty of Education

4

op”t'

Gl e pulo o Labol | 9 | saddiy Adosadly soaadly 4uddey &g ATV lal¥l oy las)
Oz ey Lgalel) A L &l gd (55 Lol gl ol )

miu_'uﬁ_mb“u_nu\wj 52 "4_55349&543 A waillgdwlally 'Li_mib/\j gl LyL.E_N LW
L_.s)u\.i_&ﬁ‘ wl_..:.u_’p.gal)_,l 81 A g 90 Aypands Awlyd -0l pas J EJW‘BM‘LA:QLQJJ\
g Loas Jal c | 126 | sl z a5 @LSN L3 LA 8,015 358301 5,05 2
a5 o aiye $As gy o I Il AL i Ble (o pLaR)
(21345 :343ll)

i 9 42,»\.3“ Jale ;oL L(‘j.goj ‘L;‘j ‘3:\33 4\_?‘.:43 Lo

e

aaall o e plalw | 177 | bl ae sl aailad) cUasY e clpdidly baylg !
(2938) Siladl ol Jles

ol ag dllu e e | 230 | o o ruad] Al e Aaall Gyl play) clidag
=l Do ($ cigially 013¥1) LalSTg Dall il (8 L))

(L35

Ot Gy > i aanl | 275 | cataapll s b yeg Lals maling Ashall sl a1l ag e
s gy 2 Lo pally dunaddl s a0l
§95—s than —le ao>l | 309 Qe Lulys- @S olall ol s 3G ailse
Sl Jeele sl ag Jaid | 336 | L5atI 40,3 oo Sl LATY! (hods (o i (Sebumn g5 (S idsd
-3,Ld1) 3_3)3“0’\3 dilaally Agalll 4 s¥Ys 3 A wlys (e

(1 4kl

e 02 (—aall el | 382 | 0-AI203 Ferlud A5l Sy Auigally A Sl ols)
Gbgudl Jide coSi e Sagll J sl &asylay Cu20 5 V207 A8Ls) ae 2uad] Ligslidl
Olelw oy o> e | 400 Llllg aeizlly izl Gty 28I

7

ISSN: 2617-4294 .)lna éienla éuyill sl éynlell Alanl




2023 28119 st (N K= DA,
’ Issue 19 — Oct 2023 | > M@

The Scientific Journal of the Faculty of Education

ISSN: 2617-4294 .jlna érenla éwjill éuls) éunlell Alanll ‘




399 -382 :&ledinll

2023 u918T- 19 saall \\
Issue 19— Oct 2023

Tht \mnr_:f-n Jo wrnal \‘I’ the 'Fih'll!l':llf l‘f‘ Fducation

Structural, Optical, and Electrical Properties of Pure a-Al,0; Nanopowders
with Add V,0; and Cu,0 by Sol-Gel Method
Cu20 §V207 &8s pe 2eiill 2sgilil| 0-AI203 G bl 2l S1g Aigially 2SIl ol gel!

sl

S. Al-Ariki

CERN

Department of Physics, College of Education, Dhamar University — Yemen

el -5l Aaala 2o U IS (o Linall e

M. A. Ali. AL-Mushaki
Shakib Mogbel Alsowidy

Sgll e i
Glgadl Judo oS

Department of Physics, College of Science, Sana’a University — Yemen

sl -elaiio daals cpslall LS o lnall qud
samimukred@gmail.com

2023/10/30 : ;4401 fes)ls

2023/10/20 :Jguall o)ls

2023/10 /12 ;M) 2syls

ed! padle

3 oLl Camsilly cardstll ol ) Gl i e
auds(0-AI203)8-x(V207)20(Cu20)x 5 AI0-AI203
93l Gmaa JS& § (%39 2% « (x = 1%A5laze Aulsn
Slaall glas] sy da Jodl 2apky spaxi @
o (XRD) dand | Aa ¥ apgoes LS o)) Allaeld
plazialy gosldl pmmll Clus @3y Adlall Laygls d2)s
0-AI203 =3 Sligall o Ml ciydaly s s
S Baluns Slogili 4310 o> clliay ) Al
34.84 ) fasili 2054 Gl § a5 ) Alalisell Zgsiladl
51 Dol sleal patbas sloll sda ciylsly . logils
Bdle .mdpd 5.21 J) clsd 3.28 (e (Uil Byzmd wid zolis
Lliosll s il Jol) 58501 8005 pe clls e
G Aalas¥ @ Aerzll Slaghadll e Juy Les A0, S
@ Jten ol gl paly ilaie Gy Eplu llas
Dol Uoyd 580 Leo olsll oda g5 e sl Lalud
LWbySI polsxlly (Gladl B9md Lay Aiaimie
Lzl claplaill Lwlin Llazmd (@Saall 2aslsll
Acgull Aualally

Lpadly L pailas)l delall ol
5l el 10-AI203/VO/Cu 2L,

ISSN: 2617-4294 .)lna éienla éuyill éulsl éynlell Alanll

Abstract

This manuscript explored the synthesis
and comprehensive characterization of pure
G-A|203 and (G'A|203)8_X(V207)20(CU20)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 a-Al,O;
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; a-Al,03/VO/Cu0;
nanopowders
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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 (Al>O3)
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,
Al,O3 exists in multiple structural forms, denoted by symbols like a, k, e, v,
B, x, 6, and i [3]. Among these, a-alumina oxide (a-Al,O3 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].

a-Al,O3 forms when exposed to temperatures above 1100 °C,
adopting a hexagonal crystalline structure with lattice parameters a=4.758
and ¢=12.991 [1,7]. This phase exhibits a direct energy transition and
energy gap (Ey) ranging from 4.116 to 8.8 eV [4,8]. Despite its excellent
thermal properties, a-Al,Oj; is less favorable in terms of optical and electrical
characteristics. However, a previous study [1] has shown that blending a-
Al,O3 with V,05 and CuO can enhance its structural properties while
reducing the energy gap (Eg) and improving its electrical properties. Mixed
oxide nanopowders containing a-Al,O3, V205, and CuO have found
applications in diverse fields.

Among the vanadium oxide phases, V,0s5 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].
V205 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 ¢=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 a-Al,O3
and (a-Al203)sx(V207)2(Cu20)x with x values of 1%, 2%, and 3%. Our
investigation delves into the crystallinity size, optical properties, and
electrical characteristics of these a-aluminum oxide nanopowders with
different molar ratios. The aim is to harness the exceptional properties of
aluminum oxide while incorporating V.05 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)3-9H,0) (HIMEDIA, 95%), copper nitrate rehydrate (Cu
(NOs3)2:3H2,0) (HIMEDIA, 99%), ethanol (C,HsOH) (SEGMA, 96%), and
ammonium monodentate (NH4VO3) (HIMEDIA, 95%).

2.2. Synthesis method

The nanopowders of pure a-Al,O; and (a-Al203)gox(V207)20(Cu,0), with x
values of 1%, 2%, and 3% were synthesized using the sol-gel method, as outlined
below.

2.2.1. Synthesis pure a-Al,0;

To prepare pure a-Al,O3, 15g of Al (NO3)3-9H,0O 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 (G'A|203)30.X(V207)20(C u20)x

For the synthesis of (a-Al203)s0x(V207)20(Cu20)x, 10.50g of Al
(NO3)3-9H20 was dissolved in 40 ml of ethanol to create a 0.7M solution at
room temperature. Simultaneously, 935.8mg of ammonium monovanadate
(NH4sVO3) was dissolved in 40 ml of ethanol to produce a 0.2M solution,
and 966.4mg of Cu(NOs3)2-3H20 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 CuKa
radiation at 1.54065 A. 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 a-Al203, which exhibited characteristic X-ray
diffraction (XRD) patterns, as illustrated in Figure 1. A series of distinct
diffraction peaks of a-Al,O3 were identified at 26 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 a-

1203 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 a-Al,O3 diminished, as depicted in Figure 1. This decrease
in a-Al,O3 intensity can be attributed to the inclusion of impurity material
V,0s, potentially leading to crystal disorder and deformation within pure a-
Al,O3. Notably, new peaks emerged, indicating the presence of V;0s.
These new peaks corresponded to standard reflection patterns in JCPDS
card No. 00-45-1074 and PDF #41-1426, and they were observed at 26
angles of 12.10°, 26.20°, 27.80°, and 28.80°, aligning with the (200), (330),
(240), and (241) planes of V,0s, respectively.

25000 WMAMW

PDF#26-0569
20000

PDF#48-1548
15000 f

PDF#41-1426
10000 f

Intensity (a.u)

— Algg Vg9 Cugg O
— Also V20 CUZO 0] PDF#10-0173
5000 —A|70 V20 CU10 0]
— AI80 V20 CUO.°°
—pure a - Al,O, J \ J L J
0 L " " " " " " "
10 20 30 40 50 60 70 80

20 (dearee)
Fig 1. XRD pattern a high crystallization nanopowders of pure a-Al,O; and (a-
Al;03)s0x (V207)20(Cuz0) c 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 a-Al203 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 20 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 26 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 B-CuyV,07. 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 B-Cu,V,07 peaks, indicating
improved crystallinity. Additionally, a new peak of CuO was observed at 26
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 26 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 (Al203)s0-x(V207)20 (Cu20), at x = (1, 2, and 3%)
was calculated using the Scherrer equation from Full Width Half Maximum
(FWHM), as outlined in Equation.

0892
~ BCOS6

€y

Where A represents the wavelength of the X-ray, 6 indicates Bragg's angle,
and B 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 a-
Al203 to (29.54 nm) for (AI203)80-x (V207)20 (Cu20) x at x = (1, 2, and
3%) in mixed oxide nanopowders, as presented in Figure 2. This decrease

n be attributed to the fact that the ionic radius of aluminum oxide (0.54 A)
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is smaller than that of copper oxide (0.67 A) and vanadium oxide (0.78 A).
Interestingly, the crystallite size of a-Al203 also decreased as the molar
concentration of copper increased, indicating that the secondary phase's
evolution influenced the particle size of the parent phase (a-Al203) during
crystallization. These results align well with prior research [5].

0.29 44
0.28 42
0.27
40
0.26
°
g 025 38
= S
= 0.24 36 ©
I e
= (]
o 0.23 34
0.22
32
0.21
0.20 30
0.19 28

"7 Pure Al203 Cu0% Cu1% Cu2% Cu3%
Fig 2 Variation of full-width-at-half-maximum and crystallite sizes.

Table 1 pure a-Al,0; and (Al,03)s0. (V207)20(Cu,0), at x = (1, 2 and 3 %) Nanopowders
with were synthesized by sol-gel method.

FWH d(A)
Ph 20 £ g
Samples ox?cls: (deg) hkl M a(Ad) | c(A)
Expt Std
(deg) | P
Pure a- 12.99
0-A1203 43,30 | 113 0.198 | 2.085 | 2.085 | 4.756
Al,O; 3
Algo 13.02
0-Al,O; 57.00 | 116 0.260 | 1.601 | 1.601 | 4.117
VzoCU0.00 1
13.00
Al 0-Al,O; 35.00 | 104 0.262 | 2.561 | 2.550 | 4.115 5
V50Cu;00
B- 24.46 | 200 0.528 | 3.636 | 3.600 | 7.330 | 10.20
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Cu2V207 0
13.00
a-ALO; 35.08 | 104 0.270 | 2.556 | 2.550 | 4.111
Also 3
VzoCUzoo B_ 09.64
24.54 | 200 0.272 | 3.625 | 3.600 | 7.249
Cu2V207 0
13.03
a-AlLOs 35.04 | 104 0.282 | 2.558 | 2.552 | 4.110
Also 2
Va0 p- 43.20 | -133 | 0.321 | 2.092 | 2.088 220 09.70
. - . . . 7.
Cu2Vv207 0

Furthermore, the decrease in crystallite size led to an increase in the
dislocation density (8), calculated using Equation (2) [6].

1
=2 (2)

As summarized in Table 2, These results suggest that defects and vacancies
became more prominent with the increasing molar concentration of copper.

8

Additionally, we examined the lattice constants (a, b, and c) for the dominant
phases, a-Al,O; and B-Cu,V,0;, using equations (3) and (4) for hexagonal
structures. The unit cell volume (V) and strain (€) 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.
1 h? Kk* 12

EZ a2t

(3)

1 1 (h? Kk2sin?f 12 2hlcosP
2ozl T 2 2 4)
d?> sin?p\a b C ac
V = 0.866 ca? (5)
BcosO
= 6
£ = (©)
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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.
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Table 2 Structure properties of the a-Al,0; / V,05/CuO at different molar ratio of Al

and Cu*!
\% D 0*10715 Strai
Samples Phase oxide | c/a . ) rain
(A | (m) | (my @)
Pure a-Al,O3 a-Al,03 2.73 | 254,51 43.10 5.38 0.046
Algy V50Cug o0 a-Al, O3 3.16 | 191.13 34.84 8.24 0.057
o-Al, O3 3.16 | 190.66 31.79 0.99 0.063
Al7V50Cu100
B-Cu,V,0, | 1.39 | 474.60 29.23 1.17 0.129
o-Al,O3 3.16 | 190.31 30.90 1.05 0.064
Algo V50Cu,00
B-Cu,V,0, | 1.33 | 438.68 29.88 1.12 0.066
a-Al,O3 3.17 | 190.64 29.54 1.15 0.067
Alsg V50Cu300
B-Cu,V,0;, | 1.34 | 437.89 26.60 1.41 0.075

3.2. Optical properties

The optical properties of pure a-Al,O3; and (a-Al203)s0-x (V207)2(Cu20)y
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 (AlgV20Cu0.0) 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 (AlxoV2Cu40) 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
(AlgoV20Cuz0) and (AlspV20Cuso) samples resulted in transmittance levels of
around 60% and 45%, respectively. This suggests a clear correlation

A2
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between the presence of copper and the optical properties of the mixed

oxide nanopowders, with increased copper concentrations leading to

enhanced transmittance.

100

gob

;'
)

T%

~~Al50 Vg Cuzp O

-~ Algg Vg Cugg O
—=-Al7g Vg0 Cuqg O
-=-Algq Vg Cug O

= purea- AI203

gUO 300 400 500 600 700 800

A (nm)

Fig 3 UV spectra for transmittances with wavelengths (A 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 a-Al,O3;, where it becomes evident that
absorption intensifies with the increase in wavelength. Notably, the
absorption edge of pure a-Al;O3 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 AlggV20Cug00, Al7gV20Cu100,
AlsoV20Cu200, and AlsgV2oCus00, 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.

07

-=Al5g Vg Cugg O
06 —-— Aleo Vzo Cl.lzo (o]
7| -=Alzg V2o Cuqg O

- A|80 Vzo Cl.lo_oo

.......

-----
g atEn
o
o
----------
-------
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R L
" LT

04

0.3

A%
——
j
,

0.2

0.1

fﬂ"""“!—..__

00K

300 400 500 600 700 800

% (nm)
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

ahv = B(hv — Eg)% (8)

Equation 8, which relates the absorption coefficient (a) to various
parameters, such as Planck's constant (h), incident light frequency (v), 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 a-Al,O3 and (a-Al203)s0-x(V207)20(Cu20)x at x = (1%, 2%, and
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3%). The obtained band gap values were as follows: 5.21 eV for pure a-
Al,O3, 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 a-
Al,O3 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 AI203 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.

pure a - Al03 Algg Vg Cug g ©

(ahv)?
(a hv)2

/—"“'""'.. _z—_—-——"""—"-_._.-' :

n? (aim)?

(tw) ()

(a hv)2

(w)
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Fig 5 Plots of the (ahv)’ versus the photon energy (hv) 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 a-Al203, 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 (E;) and electrical conductivity(c)at a-Al,03; 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 a-Al,O3 and (a-Al,03)so-x(V207)20(Cuz)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 (o), a trend visually
presented in Figure 6. The o can be expressed as a function of the R,
based on the o = L/Ax(1/R), with units in (Q 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 o 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 a-Al,05; and mixed oxide.
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Samples E, (eV) R (kQ) 6 (Q.cm)”’
Pure 0-Al,O; >.21 28.6 E° 5.26 £
Algg VCug o0 3.62 769.3 1.87 EY
AlyoV50Cuq00 3.44 666.7 216 £
Algo VCuy0 3.38 579.8 2.49 Y
Alsg V50Cu300 3.28 479.2 3.00 Y

The obtained electrical conductivity (o) values in this study fall within
the conventional range typically associated with semiconductors, which
typically spans from 10* to 10° Q"'.cm™ [13]. Notably, these findings are
consistent with established values for a-Al,O3, which typically exhibits an
average electrical conductivity of (6.87x1072 + 1.22x10™ Q".cm™) [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 V,0s, also bear similarity to well-
documented values in the literature. For instance, CuO exhibits electrical
conductivity ranging between (1.1x10* and 2.77x10* Q".cm™) [15]. While
V,0s typically displays electrical conductivity in the range of (2.53x10* Q°
'.em™) [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 a-Al,O3; and (a-Al,O3)s.
«(V207)20(Cu,0), 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 a-Al,Os, the crystallite size was
determined to be 43.10 nm, consistent with its hexagonal structure. In contrast, for
(a-Al203)g0.4(V207)20(Cu20)y 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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