[ Downloaded from jicers.ir on 2025-10-20]

R: 20.1001.1.17353351.1400.17.0.1.0]

dwnS| 01,0900 axfllao g (ygmdgolg S gy 4w
oS (m 3mi0 S8 3 w082 3 o YT 98 salo 59, el =Sl
<Jls g

s el s ¢ i paadl gl (oS el ouialad dans

ul)ﬁl cJ)sM c.))f).g‘a:: oKty ‘u‘*’“\"?f L;d ISLGA N c.)l?a st..\...e(o 09;

L ZnossCunnn0 Olajms iy VT gty s ~(5.90 eS| L3500 sl g3 o 20008
:_;L?&L.uu_/)ﬁvu_: .b.l.frj:..«: ‘J)_._..../JA(}/..C‘/ uﬁjjj/o.)léz.a/ /‘JCOZJr nger Ca’* ‘;Zﬁdjg
f i “ .7 . .- . . - Z
5 5 aslitl (XRD) oSO1 55 2l 3 IGT Y pumme (oo S5l (collil Gni 5 (N5
o3liu] (Far-FTIR) o093l ik imat oy 3,S d b Op0iT ol oy s g0 5 foSCi5
J;_....(/JL‘SL.V EPEryR K em? 5 FYe em! e 0330 > 3 a2 g0 ol Coedgo wam ol ol
VSM) sl “’f“’cwv‘:-bl-“ J}‘JTJ/M[:-‘Q‘ ol gl ey oS Ay b1 22y
Ly oA 5 sz 2 o) g 3 bliie Gl gy Kby 5 2 oolin
03 9d>a 43 59y M&}/&B@}J.MTW} @ (TEM)L;J}.._G ijg/%}}g}j& L«)f
=

st S oiliil 5 (G o5 oo (51 DRS el s joui' i35 VO K mim (g 20556
by a3l L2 YT U o350 s ST IV s =505 ST 3 (il O ot oslizad ity SIS
J/J.&dg//.z.-lr}u.u b oo a.{.‘:’yfd‘}) MJ’ .esl UML(L;J’}J/;}L(J/,L& il a.l..gy7
18 o e S (ool 4igai o (fcjj'/dfw oy S 9O ST WY i Sl s 208 4
Geigeed 5 (blitn ol 5 E o ez g Wl oo SIS (ol tisnd I by 305,28
Al dig i XRD o /ot Sy Daets (olstl Dol

e y/';u,”.df/},(a “sa M;wt}w Ul jaad «),3 40 :G-\.:l; oLl

DOR: 20.1001.1.17353351.1400.17.0.1.0

o

1J ghmns B35 95

s padl ol 55

IS peo a1
s e g3

FY b P :gladio
IVFO-FF) t gl Lls
PYAF-F QY 2 S 80l LLs
I s 0L

1 SUES Y3 3y e i
www.JICERS.ir
128l > )b
1€.-/0/\Y

iobndy @I

1. «/<V/PA

ibrahim.sharifi@outlook.com

donio —)

d el b Jisl s ol gy Lawgs 45 L Jsane (s3brdoy Slge Yoons (DMS) 005 355, _ssblite (slosolbdas
Sy A8 Sy sl e 5> VY] wilod oag VT 5 el F sla Ko (gl 48 S5 GlaS dlgo (sla s b g 5 MolS

Sy SV 5 S ySU clin Bl dusi s tlios o535 (Sla S s s oola (o) 23k Slgie e cslalnal )
2 (FemeV) gs8 gl g5yl g Hian slygle dndl & Soo5 cab ) (YYV eV) puiiue 1L SIS (5]l ZnO ol

P &35 5| (9= (5L pdes mjste b ond oan VT 59y bS] )3 oS sz yo [B | cwln g 5l (Sl colum g 5B (sl
V] sl o 35)99 59 ST S oyl 51 (o [Pl sl oad (i Gy ()95 )3 Sl 5

2 lodyind sladp) 5 gl SO xSl g5 9 (655 (e )8 & pastie Gluogad s 4 (g9 ST l)d U
S gL slrollws 5 (s tepl sloygian s (Gl Ll (Sloolliwd «(5)5 slojguior « S8l 58 Joas gaine)
sl 08 ()15 69y dnSTE Lo 9L s gl (alond s (glagybg) bl oo

23,9y [A] a3y g ot () gl ojluil (315 5 Iy ol S sl e sk by, ol s

0

Gael

€00 GG P o)laid 1V 2)9s oyl

gy cilJlia



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

B
1

1 Sasl

€00 BB P oylaid |V 2)9s o

satd Sl e Sy b Jide g galy Sin (SN (e Siguol gl (B (Lo gy (g dlex Il
8 Slsgerme (g galy o [A] ol 4515 oolisul )90 il (slasT5lody50 b g9y ST slacejouslS 5U
g bV ] Sgdie ll coliSynn (SaS oole g COlSE g g 4 & sl ST IV (ol Mo 51 ST L5
Se Olgis @ gdgels oo gy dasby) b d s Ggmdgely Sie 09y Sblse (58,5 55 13 b g 0 sl s
LS ¢ oo pmon DI I3 L 59y 2omSIOl 3l (0 00 W1 L85 )18 eolitl 3,90 Simgly el )3 Ll g,
od oYl aie flgie a4 o [VVOY] cunl g9y 1T )3 61U (60,Slee sla Shg oMol sl Fgo B9y K5 e g oy
3Ll L 1, Zn0 slgo s 655 5 (sSoyiSI] Lolgs g sy, Sl o oS sl Z0 | i oliands g oSuisb Loy (sl
doy sl pgmian olgie o3l e b 00 00 ¥T (59 28T lod )l 51 (S [IW] a2 s mdge (slopallS
D], oo o) oy S5 0,08 33l el 598 0101 (59 28T )3 o Y 51 Sl (slanyguain 53 Jlio o lgis
odltwl b Co?*g Mg?* (Ca?* (sla g b ZNnossCuo00 (oo Lia V] & jgo 4 o (s9, unST Sl)3 il ¢ jimgsy ol 5
653 BLS (555 yr oAV 156 (izmen 5 uurblite ()8 Lo gy 4y bl ) g o St pgradsely S 29, )

Do o ainly y

G (g 5 9 Sge ¥

o1t pLorl Ll g9y 2 6pgl G5 g Sitn " ygmolis E83h 4y bguyo (imgy (il 53 03litiuly)ge liasdh dlge 48
sl =l slaglome Ll e(5, 3uST (gladiged sand (sl b ool ek )1 93 O 1 ialejl Jolye (saen o
Py JOVY Jlade Jol Jsloro (sant jshaiods 095 oo dntd S 9)dem a9 59y i Sl adgl dlge Sl cuslio (slacins
6Ll oads olol (59) Syt Yo o Yo Jslono o 5 0 Jo TR (ol L Jsibl ol iz 13 A- (g i g
Y Gde s (aumbline yjen 1 odlatul b (s g A5 0313 51,8 Koguol ) plas 55 488D ¥ ke 4 sdalcuwday Joloe L1933
A5 03w Voo cob slod (D 816y Hob 4 sl

o 85 518 Soguwl il plas 13 4280 ¥ Gdo 4y 5 00 dubd oS gy0ud odaw jl ;Y50 Lio B+ Jolowe cdny (gl yo jo
L g o alsl g5y @l Jotore & bawgio Cospun b g slojhad ©jg0d 2S5 )0 mas Jolore el ) ploj (b
4 odolcuwddy Jolore .0 (@85t dunS g )l pyduo (pAbdBls] Ay Vo 4y lase pH &S Sloj ¢ Jalore pH (gldlasd ]S
93 DL (oo 503,91, 5 035" oy yilis 1) 0 ol (055l S b 035 o aboline (jeb (55, Gl ¥ oo
Vo'e slod o el ¥ e 4 1) osile Bb cbgay b 03l guitiands 45 po X ¢ paBl 565 pa ls (gly Joibl g yulais
el ¥ oe 4u Y0+ e clos p3 1y ond odlel y3gs il )39 b 0509057 I (605 gl jobateds dals] )3 g 03905 SuiS
w23 )1y8 068

sofatoasy a Lol Sld6L s gl al sVl e Y bl 1o )3 L CUZ* pate ¢ jhmghy | pod (sl po 52
281 ol it b alia inloj] Jnlyo coalS 5 00 46L5] g9y Sy Joloxe 4 (yes « ZN0ssCU0 020 ly3oils i
sokaiedns Y jlude b pgs oun ¥l olgieds Ca2 g Co?* (Ce?* M2 yolie | Soym 3] cals po )3 .l aabl L2l (g,
2SIl 3l U oUgn polie oy oaa¥T ale 0 48,5 L5 15 L5 ol 53 o dugg ly3gil b (55 oY
ol 04l Sy o )0 edlatuldyge polde V Jad 10 .00 )5 plodil oads (S5 gy b ailie (49,

I'Samchun
2 Tween-80



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

[ Downloaded from jicers.ir on 2025-10-20]

R: 20.1001.1.17353351.1400.17.0.1.0]

oAl o..\.gyj $9) eS| g_gl-m‘b.ﬁ*-.’ L;’l-*-‘*“’ "‘-‘5):' -) JS‘-‘?

Sl Sl Olis | ohis | o | seSaee | Ol ol e i
peedS | SIS e | e A o2 S9) o S oS
5 5 ¢ e | 5 ) 5
. B B B <IYA# \IY VIYAY ZnO Zn0O
B _ _ [-¥ < IYAS \IY V/VE] Zn0.93Cu0.020:2 ZnCuO
_ _ [-¥ [-Y | cIVAR \IY VIVAYY | Zno96Cuo.02Mgo.202 | ZnCuMgO
_ [Y _ [-Y | -IYAf \IY VIVAYY | Zno.96Cu0.02C000202. | ZnCuCoO
ey _ _ [Y ] -IYAf \IY VVAYY | Zno.96Cuo.02Ca0.0202 ZnCuCaO

b g —Y

o ouw¥T &l 43936 XRD jdGT—1—¥
Lol L odd o101 (g5) 28T 5 e b odd 0¥ g9y b sladiges (Sl anil (3l 5T ol V S5 0
2 0 et e Gl by i S conls zassds XRD (663l ilyy (cbaald Lo o oyl 1) odd 00 )8 &y (o518
OgdelySae B9y 4 0ad g Cldgl S5 9 ZnCu 39 9 (s Sl 3l (3l (slaald ans oo (L5 1900

5 Sy o3l (pizmen 5 K> (ALl Sy LS5 4y xie Ca 9 Co Mg (5316 (slagyssls 5 sl 4Bl (21 (5
V] 395 0315 s 3,5 )3 i po & ygeo 4 4SS5 yitin Zn 4

(011)

(002)

(010)

(012)
e

(31\0} (013)(112)

}L’J\‘\Zn(fu(?uo

Intensity (a. u.)

n \
— — Y,

20

30

40

50

60

20 (degree)

n A A InCuO
AN A MmO |

pscn

70 80

Gilises clrody¥T b (59, dpST S35l oSyl gandl il clasSI-) IS

cle ST aely 5o,b @S ol g coVlius S 05lus) camwlee XRD ;I odel Cuwd 4 (sladoess I oalil b

Y Jsn > 01 s slaaies (IS ol o3l 13,5 dpbro gy il o gy 5 “spasiel Slsie 555
@ ol 0 adlo (Co )99 (s (i) ZNO (gl 5B ST xS bl 4 as g b adgl (o)ld b Jas sl onds (5155

! Expert High Score
2 Materials studio

By
1

1K€o0 GG P o)laid 1V 2)9s oyl Sas



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

B
1

€00 BB P o)laid |V 2)9s olysl Sas

s55esl S 5S) 58 5 sy g0 o (CIF) (31,5 S MM ol 1t) L 3,90 syl 5] oy yshaio
o6 L ads il 6o S g oad (il andd 3lp (66 aadgiul JU e )l38le 5 5l eolaiwl b deldl j3 g o aidlu
sl 45 cculons ooy s LS g e (s9l> g 4 bgyyo Mgy 3JUT Y IS 15 diged lgie 4 505 Gubato
3550 g liail 3)50 )3 jlame plgie dny LT (il 53 35 0 ol 00 (3l dend 5 (3l gsS 90 o (glee

Wty b Jolod SaS a4 il 65Xl 5l oads 591 s Ll sla Shs ¥ Jgox

Intensity (a. u.)

2 (%R (%)Rup g;*')&b 4z S ok ol aSed by aSed by Wgos
) (nm) A)e A) a=b
V/FA ZIVY RIS INgIN RV OIY-¥ YIVEo ZnO
YIVO 4N AR Y YEVD INATAT YIYY) ZnCuO
AR A a/-A OVIYO VEVA INAREN YIYYY ZnCuCaO
VIYO N/ V< /AY fa/ay \EAVe INARK ARATAR ZnCuMgO
VIYA V-4 any O-/af VEYVY INARAY YIYYY ZnCuCoO
ZnCuCoO
—arJvr— W A it ~
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2- theta

ZNCUCO0 &35l oSl ansl 3l 55l sl Vo, sk ol 3, ¥ S5

(HR-TEM) YU 2999 b 595 59 5591 95wy sSu0 36T —Y—¥

s 45l sl 005 030l (HRTEM) YU prgig b (6505 (59, osSangpSinn 5 lydgil 3,5 5055 anllas el
s aiged 5l (SOl his GluS 5 0 a9l odle olwlid pae 9 LS 5 j3 0au YT Jole i laie g célo by, (092
A TEM pgloal (o) 53 3o QUi |y oS’ g (e (59> L9030 (95uwg ) Sim prgead T JS5 1 48357 (959 S
Blo gdaws (glyls g 03¢ IS5 (69,5 il )35l ST a5 39 o samliie il YO+ OC (glod ;5 odlo a3 )3 5| |8 4 bgyyo
Lo poglST aill ailaid 3 )1\8 jegili YooV dgus 3 (olnl b, SK050 HUS 50 0500051 jquody lyd e i
ol VO£Y 3ga s 10 diges Cpl 50 lyd o3l bl el gl 9,800 gy 10 COliSE quw 935 Cle & WilgS o 00 Sl
ol XRD S yols o3luiley S35 domis ol &8 il oo



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

[ Downloaded from jicers.ir on 2025-10-20]

R: 20.1001.1.17353351.1400.17.0.1.0]

[—

59y eS| olS g o (S5l Wigad (9959, prgeal Y S

DRS jJGT —¥—¥

S ygaody 03 03,1 LS d (o518 yolic pismed g e b ot odw VT ggy 1T cladiges 15k BILS (6150l cas
b b L oelwl ol osd odlatul (DRS) Lidiuld — Sy owlSnll oxiwcinb U1 51 colojan (Y]
ZnCuO slrdges RS- Fuy dl)_s L5)‘9—’ BLS polde g 0l pu) Lhwajbb o> 2 LS))"‘ iy u|)~.u u»L.ol »¥
0l duwlee g g Sl /Y sl b g g iU Y/Y o YO XI5 NIV 55 4 ZnCuCaO § ZnCuCoO ZnCuMgO

oielS Jds a4l aias o lis |y il K59, (el (ggy 1STL ol duslio ;5 45" 13,5 dnwloe YV 8V jlado )

= 5 =

(F(R)hu)*

= e b = ®

(F(R)hu)*

= ke & = e

ZnCu0O
/.3.? eV
1 2 3 4 s
Eg (eV)
ZnCuCoO
= / 25eV
0 1 2 3 4 5
E, (V)

(F(R)h)

= W e > W

(FR)h)?

= R e o o=

= B £

alizes glaoas¥T L Slh3el Wb B (65, .))ST).g ¥ s

ZnCuMgO /
0 1 4 5
ZnCuCaO
23eV
0 1 2 3 4 5
E, (eV)

0

Gael

€00 GG P o)laid 1V 2)9s oyl



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

B
1

1 Sasl

11€00 OB P oylaidd |V 2)9s o

clale Lilidl U g, ST b BISE (65,3 &l yeis 01 plogl Slalla ol s 59 it LAl g9y AuuST gt
L o ity g 4l ytoljdl (65,0 LS Il s (3l slaclale )3 Jlioglgisds i od oL |y (0B gy (020
oanlito V] o 5 ) Lausgs b G alito 0 Sl sl 03,8 agy tnlS g, o1 o oy VT cldale tyl38l
O CU (518 g 51 d (mdge sloyg Ul g il (sl s iUl (e P=d (sl S5 Jelss 31 L Ly ol lgion o 0
28l 5 .l Cu 9 O 5l p=d (g8 LIS 51 b 55 Lo g2 30,5 edw YT bawgs b GBS gals ol muses s
g b BIE ) 0,8 Jll ol cuwd O(2p) 9 Zn(3d) Cu(3d) diwgy (ye Jolsd 4y ylgi g0 1y 8L sling (6551 Lials
ol 03> s gl pod (g dpe IS gy s g p—d 5 5=d [yl SOl Jols jl oolatwl L [Ve ] o))\ Kon g bowusls (55955
oo sl ye (0,8 oun Yl WS 0 B ZN0 (oSl (490 1y (e sl e CA Sy g (il BISS 0,8 il .l
ol oM S e 3log) ZN0 45k GBS )3 1, oyienS] il 5 5] JB sl aiilo lbjali ZNO oS
548 1S S |, a5l B Wl oo 45 sl b s g gl 1l (55, » oyr gl s 4y il GBS 05 Kl
20l GBS o s g 0sb pled] Cglim b b Bl Sl gBly )3 3,5 o dain pos Bl STy 5 39yl ol
e jgan o ol lacdale gyl (glayiel )y dlon ) (it (slajielily b conl (S yis ol [VV] wlie 208

0355 3, 48 SEM/EDX g XRD Lausgs 45 03y Laiye il oS lous

FTIR 30 8599k (cuwuinh WJUT —F—¥

1z slagy g LagSlse (il socaz oy g G code bl 1 (FTIR) g )b )58 i (el 51
S oy gite ) B (A) ge Jsb (b b &S (A) il e jBgle il Jols Ml 35 o 90 ol
@l 6 glyn FTIR bwgy sads aislis (ol a4 (gdtus p sladld [YY] 29 0 atsliS Lokl & cads O & jqoay
el o 03l L5 0 S 55 T b eV polie 1503 g e b ot san YT (69, 4]

ZnCuMgO Cu-Zn-0

\/\:Z;O—\_/\'\J
ZnCuCoO «—_O-H

=
= C-H
g ZnCuCaO
g
&
- —M—J\—J
900 700 500 300 100

Wavenumber (cm™ )

0¥ ol pod 4 1,346 30,3 y90ke s O JSi

el gl e o i Zn—0 a4 4 1) Cu?t g (o350l doni )0 YU Cuows 4y (uilS 3 s IS (ol 4 a9,
03> s CU—ZN—0 (a8 P H20 51 O—H Jloy (gyeuly (S 550 4 YO+ cm™ B ¥Y+ cm™ s3gi5w ) 0 piud
ST sloyols 3 39250 (159000 (S ol 420335 bguye 92 9 Jolone 13 39290 Cuglo) I 4 Cnl (e &S 39 oo
b (oSone sy Ysese 059yt ZNO 55 03 JSUi5 (5enS] (548ud L (698 OH (slail avd oo g 5 (alionsd jlas
WA 0 0dn v 30,8 adle Ll (ladld jlhosgs OH (sladise aile)l jiuiS glacdls 5 A8 0 2wl O (oS
C—H 3 O—H S slacde 315 & Wiy o a5 0 odaline VY —FAcm gddlais )0 03 ,iuS LU S cadllas oplys
S oo 03 olaidl C—H ))liie s g (yyliie (ainiS ol 4 dge (il)] clacdls wlge pl) 0gd 0dld Cos



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

[ Downloaded from jicers.ir on 2025-10-20]

R: 20.1001.1.17353351.1400.17.0.1.0]

30 Zn0 &lydgls S olils)l 4 baywe lasl dgb w0 0000 Zn Jhaal s LSis 4 bgy e S AVD om? j5 )]
VY] Wb o 0030 £ om T L VY cmt odgu0ce 5o

(VSM) (wablian olgs 5 w50 sl —0—Y

o3l S lyd ojlasl 1 5145 g yebds b oS edle (udoline jLidy a8 39 o el I3 ol ialS wudblize dlge yd
Slool Jds o @l ojlas) yuiy Jials b g odid (auabline 0590 ST osle S 4y oo odle lanl Wb ialS ubolies 8
13 g o 030l yuudolizel )b y3 g Mol 45 XS oo I uaboliziol )by Slge b asliie (6,8 o3lo Lo panol B yg0] s
Slyd 9l gl (M—H) pudblize s j ot oo [YF VO] ail ol Slg5 oo 9,500 g 95U s )3 dlgo  pudolize )8,
P VSM 5l osliiwl Ly L1 (glod y3 oais oslal (clvasiges cmablize oled .ol ond o3l olis & IS5 )3 o oan Y]
AY memulg 398 (sdises glym sy 4 a5 00,8 astin (0e) Kiwygl +Yre e U =Yeer 5l Jloel flase (039450
lod 1) Lauablinegyd (ld) O o o IS @ dngi bbb 0 Y memu/g 4 V& memu/g Y memu/gAd memu/g
OiblS  abline Cuold pudS— o iged g o 000 YT ST (ggls cladiges )3 3,5 sanlie andiges den (sly 5U]
381 (sla ool das )> D98 0 Cugi (uublite Cools CILS= s 5 oo fuiom o 015 YI= S (gladiges )3 Lol Ll oo
$los 3L gy G byl 45 s 53 ol 005 paiie gunboliiog b ol o 5 (5585 Lo join 5
lacusbse o 1Y (oo @i 5 o1V p bin g5 «Salil (slod dogygy @ a1 gy cdale il o1l e
[YENV] sl S 506 Wl o 4 JlyaalisT o Jlyaal oo

M (memu/g)

+—e— ZnCuO
—a— 7ZnCuMgO |
—v— ZnCuCa0
4 ZnCuCoO |

H (Oe)

X% o..\.“,.lﬂsd:]l;s 9y ST 356 (6l (M—H) cwoblse )i Jove - F IS

Sl 0 ()1}S (ppiomen Kigd oo (X9 (cubline slaaladyd sl el Cge g )b (sl Jols ¢ ublise slagyssls
Lo )3 s Wl (3081 JB Slo gue I @ Mg (ubline cpols (ublinn 38, slagolades ;> &S
bz sl iy sl ubolineg 3 sbml & bl 5 (ST JB sl @igr e 4 59y 2eST) (ol 48T 0L
o byoyed sl L 1550 (g i8Il (glaln gl 0,5 o0 JSb (38T (JB sl b 12555 (lodg Sl by (i
48 Ao 3 8l ublize ol Jgtue Sy o 5 4Sd J31 53 LS Jio qublise olgs 028 sbo] (slaos Y]
o (el JUS )3 Cunl (See (prizmen 035 )5 (ulile b ald (m Dyge 4 BB e (59) 2 d98(e0 s )y SIS
Olos 3yt 4y oo O)lge (ol dan &S D pdy g 58 eS| S O 5 b ) Gl 4 OS] il g
Lo> 3l s Jbls ay e (9581 51 a8 0ol (Lt [VA] 3l e 9 Sbly (i [YA] 935 o it (sugboline
S5 51,5 osle ibliie LinlS olyiie 3 el 1> b o Lol wsblize ol o3le (isel i, g ol ublize
S 5 it slagis L odlo 53 0a0¥T 93 oo oslitil 5150 o dizjm 58 Lo ooy cpl 1y e 02 005

&1V

€00 GG P o)laid 1V 2)9s oyl



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

=)
N
=)
i
q
&
=
S
[
<
=
2
&
g
E
o

[ DOR: 20.1001.1.17353351.1400.17.0.1.0]

gy la |

€00 BB P o)laid |V 2)9s olysl Saslyw aslilns

b Gl g 0ud Gy (cublise (ol

S 5 4o — ¥

preelS LS polie 1S b YT izmet g o oy b YT g0ty 59y 1081 300 S gl ol
326 FTIR 5 XRD gobs g5l o359 j6 dbxl b plosl cubge b (ygmdgoly Sao (595 B3k 51 o 32 093 i 9
2 B oS g, Sue pglial j odalussdy I3 03lul adgdmte )3 93 o yd b S gl o3l 15,5 jasuie ¢ A
ox 5371 B alS &y a5y S| S 5 &0l sloigy (958 o S5 5 55 s5bi] (e s
bwl e plgie ) 990 ol > dyoo YT @V 3505 4y o g oS (g5l Wiged 53 (551 BB 5l a5 (g psbocy o
N blitoé 93 0 85 o (30 oy 4 sndS (35381 Lol 853 Ineai VT e > (] JIs sl 5 o
5 853 ] (gibliio o ols LS 4y yorio (i 9 35S 5 53, g uiblido Cols (g9, itz 15
ol doui 50 g Aib e LS e (9938) 5 (b j cmbline ol ),.,b Oy i 33,5 o YV memu/g 4 VY memu/g
Sol> dged aS) ada il oy oo YV memu/g 4 odle gludl jiblize g 39 oo odalive 301 (glod )0 cublizeg)d cunls
adl LS o 00 YT S5 (gols Bges 4 s (6550 B lade g conl YD eV (g5, BB Hlade (gl e g cILS
093 2Laap)lS 3 colie igal lsisas Wi hibge uablite (goladas Cigs T 1) gl Jlo 3 9

3,5 O] Sl 928 5 Sig pSUlgnl (S st

&l

[1] B. Parveen, Mahmood-ul-Hassan, Z. Khalid, S. Riaz, S. Naseem, Room-temperature ferromagnetism in
Ni-doped TiO2 diluted magnetic semiconductor thin films, J. Appl. Res. Technol. 15 (2017) 132—-139.

[2]1J. El Ghoul, F.F. Al-Harbi, Synthesis, structural, opticaland magnetic properties of Gd co-doped ZnO:V
nanoparticles, Solid State Commun. 314-315 (2020) 113916.

[3] K. Habanjar, M. Almoussawi, A.M. Abdallah, R. Awad, Magneto-optical effect of (Sm, Co) co-doping in ZnO
semiconductor, Phys. B Condens. Matter. 598 (2020) 412444.

[4] A. Chanda, S. Gupta, M. Vasundhara, S.R. Joshi, G.R. Mutta, J. Singh, Study of structural, optical and
magnetic properties of cobalt doped ZnO nanorods, RSC Adv. 7 (2017) 50527-50536.

[5] B. Yahmadi, O. Kamoun, B. Alhalaili, S. Alleg, R. Vidu, N.K. Turki, Physical investigations of (Co, Mn) Co-
doped ZnO nanocrystalline films, Nanomaterials. 10 (2020) 1-13.

[6] HW. Zhang, Z.R. Wei, Z.Q. Li, G.Y. Dong, Room-temperature ferromagnetism in Fe-doped, Fe- and Cu-
codoped ZnO diluted magnetic semiconductor, Mater. Lett. 61 (2007) 3605-3607.

[71 A. Krol, P. Pomastowski, K. Rafinska, V. Railean-Plugaru, B. Buszewski, Zinc oxide nanoparticles: Synthesis,
antiseptic activity and toxicity mechanism, Adv. Colloid Interface Sci. 249 (2017) 37-52.

[8] J.C. Fan, K.M. Sreekanth, Z. Xie, S.L. Chang, K. V. Rao, P-Type ZnO materials: Theory, growth, properties
and devices, Prog. Mater. Sci. 58 (2013) 874-985.

[9]1 R.Y. Hong, J.H. Li, L.L. Chen, D.Q. Liu, H.Z. Li, Y. Zheng, J. Ding, Synthesis, surface modification and
photocatalytic property of ZnO nanoparticles, Powder Technol. 189 (2009) 426—432.

[10] R. Saleh, N.F. Djaja,The correlation between magnetic and structural properties of nanocrystalline transition
metal-doped ZnO particles prepared by the coprecipitation method, J. Alloys Compd. 546 (2013) 48-56.

[11] S. Brahma, Y.-W. Yeh, J.-L. Huang, C.-P. Liu, Cu-doped p-type ZnO nanostructures as unique acetone
sensor at room temperature (~25 °C), Appl. Surf. Sci. 564 (2021) 150351.

[12] Y. Liu, Q. Hou, S. Sha, Z. Xu, Electronic structure, optical and ferromagnetic properties of ZnO co-doped
with Ag and Co according to first-principles calculations, Vacuum. 173 (2020) 109127.

[13] A. Rahman, A.L. Tan, M.H. Harunsani, N. Ahmad, M. Hojamberdiev, M.M. Khan, Visible light induced
antibacterial and antioxidant studies of ZnO and Cu-doped ZnO fabricated using aqueous leaf extract of
Ziziphus mauritiana Lam, J. Environ. Chem. Eng. 9 (2021) 105481.

[14] O. Alev, i. Ergiin, O. Ozdemir, L.C. Arslan, S. Biiyiikkése, Z.Z. Oztiirk, Enhanced ethanol sensing
performance of Cu-doped ZnO nanorods, Mater. Sci. Semicond. Process. 136 (2021) 106149.

[15] S. Xu, Z.L. Wang, One-dimensional ZnO nanostructures: Solution growth and functional properties, Nano
Res. 4 (2011) 1013-1098.

[16] M. Sajjad, I. Ullah, M.l. Khan, J. Khan, M.Y. Khan, M.T. Qureshi, Structural and optical properties of pure and
copper doped zinc oxide nanoparticles, Results Phys. 9 (2018) 1301-1309.

1


https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

[ Downloaded from jicers.ir on 2025-10-20]

R: 20.1001.1.17353351.1400.17.0.1.0]

[17] J.A. Mary, J.J. Vijaya, M. Bououdina, L.J. Kennedy, J.H. Dai, Y. Song, Effect of Ce and Cu co-doping on the
structural, morphological, and optical properties of ZnO nanocrystals and first principle investigation of
their stability and magnetic properties, Phys. E Low-Dimensional Syst. Nanostructures. 66 (2015) 209—
220.

[18] K. Davis, R. Yarbrough, M. Froeschle, J. White, Band gap engineered zinc oxide nanostructures via a sol—
gel synthesis of solvent driven shape-controlled crystal growth, RSC Adv. 9 (2019) 14638—14648.

[19] S. Lee, H.S. Lee, S.J. Hwang, Y. Shon, D.Y. Kim, E.K. Kim, Effects of oxygen partial pressure during
sputtering growth on physical properties of Zno.9sMno.o7O thin films, J. Cryst. Growth. 286 (2006) 223—
227.

[20] R.B. Bylsma, W.M. Becker, J. Kossut, U. Debska, D. Yoder-Short, Dependence of energy gap on x and T in
Zni- xMnxSe: The role of exchange interaction, Phys. Rev. B. 33 (1986) 8207—8215.

[21] S. Muthukumaran, R. Gopalakrishnan, Structural, FTIR and photoluminescence studies of Cu doped ZnO
nanopowders by co-precipitation method, Opt. Mater. (Amst). 34 (2012) 1946—1953.

[22] R. Kumari, A. Sahai, N. Goswami, Effect of nitrogen doping on structural and optical properties of ZnO
nanoparticles, Prog. Nat. Sci. Mater. Int. 25 (2015) 300-309.

[23] N. Jayarambabu, K. Venkateswara Rao, Y. Taraka Prabhu, beneficial role of zinc oxide nanoparticles on
green crop production, int. j. mlt. lin. adv. res. trends. (2015) 273-282.

[24] I. Sharifi, H. Shokrollahi, S. Amiri, Ferrite-based magnetic nanofluids used in hyperthermia applications, J.
Magn. Magn. Mater. 324 (2012) 903-915.

[25] I. Sharifi, A. Zamanian, A. Behnamghader, Synthesis and characterization of Feo.sZno.4Fe204 ferrite magnetic
nanoclusters using simple thermal decomposition method, J. Magn. Magn. Mater. 412 (2016) 107-113.

[26] R. Khan, Zulfigar, S. Fashu, Z.U. Rehman, A. Khan, Structure and magnetic properties of (Co, Mn) co-doped
ZnO diluted magnetic semiconductor nanoparticles, J. Mater. Sci. Mater. Electron. 29 (2018) 32-37.

[27] G.H. Mhlongo, K. Shingange, Z.P. Tshabalala, B.P. Dhonge, F.A. Mahmoud, B.W. Mwakikunga, D.E.
Motaung, Room temperature ferromagnetism and gas sensing in ZnO nanostructures: Influence of
intrinsic defects and Mn, Co, Cu doping, Appl. Surf. Sci. 390 (2016) 804-815.

[28] S. Fabbiyola, L.J. Kennedy, U. Aruldoss, M. Bououdina, A. Dakhel, Synthesis of Co-doped ZnO nano-
particles via co-precipitation: Structural, optical and magnetic properties, Powder Technol. 286 (2015)
757-765.

[29] S. Pattanaik, J. Mohapatra, D.K. Mishra, P. Kumar, D. Kanijilal, Low energy argon ion irradiation effect on
magnetic behavior of polycrystalline Cu substituted ZnO, Mater. Today Proc. 35 (2021) 79-81.

0

Gael

€00 GG P o)laid 1V 2)9s oyl



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.1.0
https://jicers.ir/article-1-324-en.html

1 Sasl

€00 BB P oylaid |V 2)9s o

Synthesis and Study of Co-Doped Zinc Oxide

Nanoparticles with Copper, Magnesium, Calcium and

Cobalt Ions by Microemulsion Method

N. khodabande shahraki, I. Sharifi*, H. Sharifi

Department of Materials Engineering, Faculty of Engineering, Shahrekord University,

Shahrekord, Iran
* ibrahim.sharifi@outlook.com

Abstract: In the present study, zinc oxide nanoparticles were synthesized by simultaneous
doping of Zno.ssCuo.020 with Ca**, Mg?", and Co?" ions using the microemulsion method.
The phase, crystallization, and particle size of samples were identified by X-ray diffraction
(XRD) analysis. The formation of the desired phase was confirmed by, X-ray diffraction.
Also, the infrared spectrum (Far-FTIR) was confirmed the existence of the wurtzite
structure, according to the position of the bands in the range between 420 cm™! to 250 cm™'.
The vibrating sample magnetometer (VSM) was used to investigate the magnetic
properties, which the presence of magnetic properties was indicated in the produced
samples. Morphological and particle size was obtained by Transmission -electron
microscopy (TEM). The particle size of spherical zinc oxide samples was found in the nano
range (15 £ 3 nm). Differential reflectance spectroscopy (DRS) analysis was used to
investigate the electrical properties and measure the bandgap energy. The bandgap of the
Cu-ZnO sample was 2.7 eV. The bandgap energy was reduced by the substitution of
dopants in zinc oxide samples. Co-doped Ca-Cu-ZnO has the lowest bandgap energy
among samples, and, the bandgap of the Co-Cu-ZnO sample was around 2.5 eV, so that,
this sample can be optimum concerning higher magnetic properties and haven’t any
impurity in the XRD pattern.

Keywords: Nanoparticles, Diluted magnetic semiconductor, Zinc oxide, Microemulsion,
dopant.
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