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Growth and Investigation of Optical and Photocatalytic Properties of
Pure Zinc and Nickel-Doped Zinc Nanoparticles by sol-gel method

Seyed Mehdi Siadati, “Seyedeh Soraya Mousavy, somaieh salmani, Mohammad Hossin Majles
Ara

salmani@ khu.ac.ir

Abstract- In this study, ZnO and nickel doped zinc oxide nanoparticles were prepared by sol-gel method. The
optical properties of these nanoparticles were studied by uv-visible spectroscopy. In this way, absorption and
transmission features of ZnO were studied as a function of increasing nickel amounts. According to the results,
doping zinc oxide with nickel decreases its band gap but by increasing the percentage of nickel enhances the band
gap drastically. The size and morphology of the synthesized nanoparticles was evaluated by scanning electron
microscopy. Photocatalytic activity of the samples was also investigated.

Keywords: Nickel doped ZnO; -sol-gel; UV-visible Spectroscopy; photocatalytic activity;

v£a
Qb o s B WWW.OPSTIT Colis jo a5 coul jlael l)ls 5ya0,0 alioe oyl


http://www.opsi.ir/article-1-2185-fa.html

[ Downloaded from www.opsi.ir on 2025-11-09 ]

Ol SEged 6)sld 5 (et (RS Gredjled 5 (] SEgis8 5 Syl ST (et 5 S

lal 5 o ooy & 855 ST Yoo ) cdale ags ol
S5 VD Jyo S b ]y (el Jsillis 5 S e Sl
s 192055 bglie o L 1y Sl S5 g el J5iU]
Sde 4 g 00,5 Alal a1yl id Sl S o
Jslows B oo (oo )18 (cunblinie (o (59, p 4l BT
doo b el s (sl 35 ol Sis 5 Sy
Ol JSKs 380 polie doyo Ve 5V o ol
Jslows o5 5laj b 5 S oo 8L Jolone 1, 41
Colo S Soe dy e 090 Jol (B9, S5 e
B pao o0 )18 01,8 ilo ax 0 VY glos o) Jolowe
Ao Gloo o el SO Gow 4 Colys )0 g 09 Sl
Dged Hloz wud F onl 4 eSSy 5L ol S il az o
g 00,0 ¥ L oadVT (59; apSTalls (g5, ST Jalis
S cpl 50 ages eolel 1) S5 duo 0 Ve g a0 ,0 0
3 Sl S, S5 el Sglise polie il
5 peins (6558 BID alaz 5l (595 w1 (S B 5558
Gt g ik oS S5 L1, ] 55
P9y See Lawsi |) Aiges S35098 )00 (rizren 5 (e

w20l 18 sy 8,900 CEM) pivg, (S9Nl

olas 1) el (g9; aunST joue g LA Hloges VIS
30 g il asl jo JJLS‘JS.«JUJ}MJQQGA

10 —I‘ 100
8 - - 80
= Absorbance =
@6 + Transmission| [ %2
g D4 2
© ® o £
'g 44| : a0 2
(%] Y ©
2 Jed ~

< 138
2] %e L 20
0 o
250 300 350 400 450 500

wavelenght. (nm)
159y SemS| g g i logai ) S

VWAA ot VE-10 ool eyl eiamlo> ol

FRRV-P)

Sheolawl of sleoas YT Co 55 sla bg, 5 (SO 059!
IR PCTIUN[L % PERUCT JEJRNCINA DO |1 L P IRCA B
ools a5 S 098 o oolainl joi 4y wle> cal JUIS
Losey el wpS 13 58 (b oy 5o CundllS
Colei ) 5995 o0 alerd Lo STy 4 it S e
ol Py bl V] wlo oo (BL yuss y9s 09>
9 9980 Mg 0yd - g SUl Cdz g oud S5 598
el b 0,5 o )18 0¥ S L bls )l 0 a5 oK
(ool 20U 5 GalaST bl ploeed slo STy
29k slael> silulaz cel g5l Kol (s Lo
oz 5l (595 9mST V] 09 g0 0o VT o 55 as
oo Sy50 L] (gla L 55 45 el oIS 58
el 1V glablas o 09,5 55 o0lo ) sl 423 513
rogys alex 5l el slaaise; jo Jlglyd sloo IS
shls g9y ST 0yl 0,8 5 SwdllS 9598 o jguci
Sipl g BUI led yo g e ST YIYY (6550 S
Oz el g 05,581 (oo £ SeiluST (g5l Jlad
was oo plas 295 Sl 6l o (S Sy (Sl el
1285l bl 555 ke 3l (g5, amST [V]
Sty el 485 5 pwyn 9y5e 13l sl e
45 3,15 9929 (59, ST (55 BB et sl o
4 5500 Ulojass S 09,5 iz 4 Bl g0 ez o ]
a0 polie b 59y dmT (VT (izea 5 (59, S
sl syg sleslatul b S € N asile Sl slayg ubas
3,5 o ,LslPd Ni.Co .Cd .Cu Ag Al Mn aile Sg5l8
3 it glaas,o b 1) (g9, annST iogh ol yo [F]
55y U5 VT cilises (glads o 3l b ayloasVT Ni

oS gy oan YT (o 55

Sy 009

Qb o s B WWW.OPSTIT Colis jo a5 coul jlael l)ls 5ya0,0 alioe oyl


http://www.opsi.ir/article-1-2185-fa.html

[ Downloaded from www.opsi.ir on 2025-11-09 ]

Ol SEged 6)sld 5 (et (RS Gredjled 5 (] SEgis8 5 Syl ST (et 5 S

20

e o ZnO:Ni3%
154 == ZnO:Ni5%
ZnO:Ni10%

2.60 2.65 2.70 275 2.80 2.85 2.90 2.95 3.00
hv (ev)
L 9y 25T 61 MV s (@DV)? Jloges ¥ gt

S dilie slaas
@ e PS8 deps Gl esd (65 B els
SIS (S 55 BB a5 39l oo wluST IS8 JeSeis
[F] 855 wises 5351 B Gialidl el calesys 5
Syge |y baiged Suadllgigd cudlad ol o uizmosn
opl ) (satuine cdale ! jelaie s ol I8 cwy
4 a5 (Methylene blue) sb yde 51 (YV ppm i
oS oo ! | sl ous axslis JT oanVT lgis
o 4 1 00 00lel GBS 5558 51 0,5 +/+ 0 Lyuopen
OFo® 83y 2 57 ee J 50 505,5 3LAIMB 5l b
Soyd b oe B (S s8 b oS arbline
s ¥ dlolas 5l bl 9599 Lawgs ooV o 5

¢ % 100 (v)

0

o ¥T clile C g T ouy¥T adgl cdale Co oY aloles o

. 0
S e yd =

slas,s ol s F ISS o el )9 g CanddBS o> o
VYo g fe e Lain Sboy sboosl jo 9 IS calize
S,90 wy w00 ML’?L@ Lbu—‘ w;?u o )0 ‘4-8-‘3‘5

3 Sad a6l Cadgisd aul s jo soliul

cib 4 Soop Al jo i a5 el YOA zg0 Job
aS ogb o cddline FSE 4 asgl .l mauls

w8)F Dygo 59, eS| bt a5 e VL

Absorbance (a.u)
© © © © o ©
©
1

o

0.

0.

YV

VWAA ot VE-10 ool eyl eiamlo> ol

ZnO:Ni3%
= =7n0:Ni5%
ZnO:Ni10%

%
1 "

)
il

@0
L

>
(T

N
| -

14

0 -

T T T X
350 400 450 500 550
wavelenght(nm)

JSs alizee 2oV Glasuo 1o b (g9, dumST Caz logei ¥ IS
@i b VO SS sl pegll YAY zee Jsb
ol 1) 9y ST 5o S VT dilisee slaas o
ool i b olKiws SeS 4 a5 wes e
as bs.u‘sn PRV-Y N ‘Ji...: d.:Ua.o el ods 6).:5‘..\.:‘
shlo uanld ad sodgase 1o ladigel (gden Ld>

RUSUHE| [P BV % Gaml )0 Cdx Jlade g ooy din
(59 demST Sl o IS VT Gl L oS T e
oo . All> (65, ST dy o Lrdiged i aiion
o ol o5 el al> 55,5 sbgsedsb
olo s Ni2* 0% 9 89y STy 95l Jols ay
Sy Lialidl b g5 BB Ol s 6 S oslasl sl [0]
SEoakal, 51 @5l S Gy S5 palBl

.0)5] Cewdo (Y aolas)
ahv = B(hv — Eg)n M)

SLiS Ty ST gl ags o dslns (55,51 G T S
alayl) oS @ a5 jallb (g5, anST (65, BB oo o
Sl albl flge & IS5 50938l b gy, S
S (SHp e £alBl gloas s Galdl b Ll b o
L ool as¥l sladiges o 1p; b il 55,5l
S0 dome yo LallBl 6550 515 IS b sleas yo

el wilgi o aS 0gd oo KT (59, ST Colaa 5l

Al o yiwd BB WWW.OPSLIE ol jo a5 sl jliel glyls 550, allie o


http://www.opsi.ir/article-1-2185-fa.html

[ Downloaded from www.opsi.ir on 2025-11-09 ]

Olpl SFgs )5l 5 (cwiie (S Grendiled 9 (lnl SEgis8 5 Syl Gl e (et 5 S
VWA Crags V910 el et «onsls olStils

5 PSS odls o..xﬂ_ly—‘ sladigas 65,51 S5 as ols olas

L oy a3 L Lol el (s (g5, 9peST igas

- ™

SEM HV: 10.00 kV WD: 3619 mm

500 nm

View field: 1.806 ym  Det: InBeam

SEM MAG AN NN L

S b oY 59y oS iy, 0SS

Natalfrmidia 1NMNGMA R

Oeizmed b GRlPl s 4 5l BB polis
dges 5l ool oapVl sladiges llSgsd colled
g BB s Sl & a5 ol S s
Eoedsb e iz Sl 5 63 S Gl T &8
DM 9 w28 Gk 1 allBl b diged (L0

a3 ge LaS 993 ) (B o558 L3,

e wo

[1] C.B.Ong, L. Y. Ng, and A. W. Mohammad, “A
review of ZnO nanoparticles as solar photocatalysts:
Synthesis, mechanisms and applications,” Renew.
Sustain. Energy Rev., vol. 81, pp. 536-551, Jan. 2018.
[2] M. A. Fox and M. T. Dulay, “Heterogeneous
photocatalysis Heterogeneous Photocatalysis,” vol. 93,
no. May, pp. 341-357, 2002.

[3] X. Cai, Y. Cai, Y. Liu, H. Li, F. Zhang, and Y.
Wang, “Structural and photocatalytic properties of
nickel-doped zinc oxide powders with variable dopant
contents,” J. Phys. Chem. Solids, vol. 74, no. 9, pp. 1196—
1203, Sep. 2013.

[4] K. M. Lee, C. W. Lai, K. S. Ngai, and J. C. Juan,
“Recent developments of zinc oxide based photocatalyst
in water treatment technology: A review,” Water Res.,
vol. 88, pp. 428-448, 2016.

[5] B. D. Viezbicke, S. Patel, B. E. Davis, and D. P.
B. Tii, “Evaluation of the Tauc method for optical
absorption edge determination: ZnO thin fi Ims as a
model system,” vol. 1710, no. 8, pp. 1700-1710, 2015.
[6] S. C. Das, R. J. Green, J. Podder, T. Z. Regier,
G. S. Chang, and A. Moewes, “Band Gap Tuning in ZnO
Through Ni Doping via Spray Pyrolysis.”

C AT A

iz glo calBl oo yo b (55, ST 2> 0 MB (g 55 as 0 oF S

\AAl

Glyp oad ailre oy woyd uioren Ll
Jdo el iy e g o AY L0 Y Gl sallsl
Lo igad (55 SBL (S5 4 plgise |y sl 0
Al 0 gy, w55l BB aS i pl azgr L ool
o35 oy oYl sl S ol pls cl il 8

B 4| o oran amo o lis e 51 6 YL

35
A0 Zn0O
e Z10:Ni3%
25+ (e ZO:Ni5%
e 70O Ni10%
20 -
15
10 -
5 .
20 4|0 GIO 810 1(|)0 150

T(min)

D digas g 10 sigas 5| 55 LN e diges sl (555l
GlRl e @ cu s nl el AT wiges ) 55
275 Ol cosliinl 8550 oY il (16 Qi c LB
odlS o 05 4y (65,51 B ojlail ralS' L ediged )0 MB
S5y ST Oh3gl pulibcsn, & S8 cal asly
35y Soe Lags 85 w0 i |y UK L saY]
ool 0dls 0ulS peal 4 (SEM)  iug, (Sl
Ry & azg b Cwl atie &SSO 1 a5 jebles
o oolel (sladiges yo I3 gl lawgie ojlasl SEM

el ogl Froogus>

=

Slaas,o b oo sasVT g Lalls &l 3556 imgh opl 4o
b s 8 oolel J5 oo B9y 40 (595 ST (IS cilisra
lsaigas (Sl 13, (Jpem il B (il 5l ool
SE loges 5l Jol> gl ()5 28,5 )18 addllan 350

Al o yiwd BB WWW.OPSLIE ol jo a5 sl jliel glyls 550, allie o


http://www.opsi.ir/article-1-2185-fa.html
http://www.tcpdf.org

