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Abstract

In recent years, green-synthesized hybrid nanocomposites have attracted the
attention of many researchers due to their desirable improved properties in many
fields. This study aims to biosynthesize nickel oxide nanoparticles as well as
nanocomposites decorated with iron, zinc, silver and copper and evaluate their
activities in removing methylene blue dye as well as antibacterial and anti-CoV-
19 virus activity. Purslane extract was used as a reducing and stabilizing agent for
the green synthesis process. This is in an attempt to improve the optical,
mechanical, photonic, thermal and electrical conductivity properties of nickel
oxide nanoparticles. Several characterization techniques such as UV/Vis, X-ray
diffraction, Fourier transform infrared, scanning electron microscopy, and EDX
were used to validate the formation of nanoparticle nickel particles and study their
structural and morphological properties. The results confirmed the successful
biosynthesis of nickel oxide nanocomposites Fe@NIO NC, Zn@NiO NC,
Cu@NiO NC, and Ag@NIO NC. Scanning electron microscope (SEM) image
showed surface changes of the hybrid nanocomposites compared to nickel oxide
nanoparticles. In addition, XRD patterns confirmed that all the nanocomposites
have high purity and crystallinity, with nanosize ranging from 7.49 to 14.51 nm.
In addition, the antibacterial activity was evaluated, where the result was negative
with all bacteria except the silver-decorated nickel oxide complex, which showed
antibacterial activity. All the composites showed a significant improvement in the
degradation of methylene blue dye, and the composites gave a positive result

against Covid virus.

Keywords : Portulaca oleracea L, hybrid nanocomposites, nickel oxide

nanoparticles, methylene dye removal, antibacterial and antiviral activity.
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(Fe@NiO Nc(f): driaal) 4y sl cS) yially L e s NiO NPS clasaad XRD daai o(1.111) JSi)
.CU@NIiO Ncs Zn@NiO Nc s Ag@NiO Nc (<)
Claga 5 JS 20 (e 2 556 Clagus o (XRD) i) 221 5 goa Jaai b 2(6.111) 52

RENJEPTIPEEN IS PR PP

Fe@NiO NC Fe304 NPs

No (hkl d[A] 2Theta[deg] I [%] d[A] 2Theta[deg] | 1 [%]
1 (111) | 4,903 19,356 7,86 | 4,81337 18,418 10,5
2 (220) | 2,9475 31,012 1,96 | 2,94757 30,298 29,6
3 (311) | 2,5213 36,001 1,05 | 2,51370 35,690 100,0
4 (222) | 2,4149 37,20 52,8 | 2,40668 37,334 7,2

5 (400) | 2,0903 43,25 100 | 2,08425 43,380 20,3
6 (422) | 1,4896 54,917 6,77 | 1,70178 53,827 8,0

7 (511) | 1,8531 57,384 13,56 | 1,60446 57,384 25,4
8 (440) | 1,4737 62,84 43,38 | 1,47379 63,023 33,1

eSS Lt agd (<1191 JSa3) Ag@NIO NC s 531 oS yiall dipnd) i) 3 gos Jaad aa (o b
e By 3 g G5 ) s Cua Al 48 )a Gall 5 A8 )a Jall e Sl Clapad 3 gall 55 )3 audal 5 (A
Sl gise e (311)5(220)5 (200)5 (111) Wil e i 6d 3 75.47 562.90 43.31537.26 2520
38555 a =b =¢ = 4.7306A : Jull il e culSAal cul i gl a8 (7,111 Js2adl) AgO NPs
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81

~3m



B T i S sy A gl ) el (add s pseal ) Joadl

Gazmilly oA jall JSl sl (e 5 556 Sy (e (XRD) dianadl 22891 3 gas Jaad iy (7.111) 5o
oSl ey Aadl) anuST ye 45 I Cilasaa g

Ag@NiO NC AgO NPsC
(hkl) | d[A] | 2Theta[deg] | I [%] d [A] 2Theta[deg] | I [%]
1 (111) | 24133 37.26 51.817 | 2.36180 38.1032 100
2 (200) | 2.0834 4331 100 | 2.04375 44.3229 20.00
3 (220) | 1.4775 62.90 39.161 | 1.44591 64.4418 22.07
4 (311) | 1.259% 75.47 10.599 | 1.23173 77.4198 18.04

& gl s spai Jas 8 Zn@NIO il il il Ay aal) a5V 2 ga Jaai (7,19, 1) S8 e gy

20 die 3y 3 Gl pd el ol 0 A8 )3 Gall 528 A Gl pe Ul Clarad 3 gl 550 wual e

Ll o L yed a.76.92572.50 567.86562.73 5656.4547.201536.13534.18531.65 25

ZnO NPs <l siws (e (202) 5 (004)s (112)5 (103)s (110)s (102)5 (101)5 (002) s (001)

Gl sty a= 3.2495 A ¢= 52069 A :Jull il o culS A 3 el ol aa g 8 (8111 saall)
P63 mc el de sann A («itiy [01-075-0449] i3 JCPDS g e 48lay an € J

Gl 3L Caa el JSall s (e 5 530 S i e (XRD) Al 4x5Y1 3 0a Jaws bl o(8.111) Jsas
RETIEPIREL R REWES V- TP E LI DNIVER)

Zn@NiO NC ZnO NPs

NO | (hkl) D[A’] | 2Theta[deg] | [%] D[A% | 2Theta[deg] | I[%]
1 (100) 2.8237 31.65 50.366 | 2.81467 31.766 56.5
2 (002) 2.6234 34.18 32.845 | 2.60355 34.419 41.5
3 (101) 2.4863 36.13 100 2.47608 36.251 100.0
4 (102) 1.9177 47.201 13,0 1.91127 47.536 21.1
5 (110) 1.6298 56.46 24.107 | 1.62505 56.591 30.5
6 (103) 1.4811 62.73 23.533 | 1.47738 62.852 26.8
7 (112) 2.4863 67.86 17.189 | 1.37856 67.942 21.7
8 (004) 1.3038 72.50 1.807 | 1.30177 72.560 1.7
9 (202) 1.2395 76.92 1.224 | 1.23804 76.953 2.8
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