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Abstract

Green synthesis of nanoparticles has recently attracted wide attention due to its environmentally
friendly nature and its ability to reduce the toxic effects caused by conventional chemical synthesis
methods. In addition, nanoparticles possess remarkable physical and chemical properties that make
them highly promising in several applications.

In this study, hybrid metal oxide nanoparticles including ZnO, NiO, and TiO, were synthesized using
a green synthesis approach based on the aqueous extract of Ziziphus spina—christi. The
synthesized nanoparticles were incorporated into eco-friendly construction bricks in order to
improve their properties and provide antibacterial and antifungal activity. The obtained nanoparticles
were characterized using several analytical techniques including UV-Visible spectroscopy, Fourier
Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD/DRX), and Scanning Electron
Microscopy (SEM/MEB). The results confirmed the successful synthesis of nanoparticles with good
crystalline structure and promising efficiency for environmental and sustainable building material
applications.

Keywords: Green synthesis, nanoparticles, ZnO, NiO, TiO,, Ziziphus spina—christi, eco—friendly

bricks, antibacterial, antifungal.
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Element |Atomic| Weight| Oxide| Stoich.
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xie Escherichia COli aa Unugio Uslis diall cujelal WS . duall LyaSill o3¢l ddle
@) dad ol (liall 8 dcainidl S0l vie yib gl eky o Lt chediyal) 3SI5)
slead) it ) ol oda )y Pseudomonas aeruginosa. acs s dilaic
Ayl WA s dale) 8 paled g ediliaal) dugilil) aaulSOU L yaCil

(A2 dial)

Microbial inhibition (mm) A2

mg/mL 40 20 10 5 Co-Neg

Escherichia coli ATCC 25922 25 16 13 7 NI
Pseudomonas aeruginosa ATCC 27853 NI NI NI NI NI
Staphylococcus aureus ATCC 25932 33 30 29 27 NI
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Antimicrobial activity

A2
Negative Gram stain Positive Gram stain

Staphylococcus aureus

Escherichia coli Pseudomonas aeruginosa

Staphylococcus aureus olas LSl alae Wlis A2 dusl Ml -+

339 e Ju e Sl 83k e el (3hlie cuslyyl dus (Escherichia coli

Staphylococcus aureus cuilS adg . LyaSll saliadl) dalladlly €500 g 5ydlu 4ADle

Ll .ibausie daslus Escherichia coli cighl goa 4 cdiell daales 5SY

8yidall Sl aaes die dall dolaial) (j ks ~i Pseudomonas aeruginosa
i o) giaglie (o Lae
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Wil walsY Ll Slaseall Had¥l il o) Joill oSa duball o3a Qa8
Sl paltiad) Jleials (TIOy) asslial) 2usl by (NIO) JSal) sy (ZnO)
Cuelal Cun cdpnlinl) Aibaesl) Gylally d3jlie Lll Apreay dllad Ayl 3 aull @il
oailadg saa Aoyl Aty b gl Glases o Jouaally @l dulee #las A3k
aans b Gilawal) oda o Aibad) Chragll il il LS L gacie LibaSy 48k
cafl Ay . adad lhla o sy (Sl Lea claipe donbas dalay (55
R ae clplailly Wil gl dasdn & 2alSY) 03] yfine ddlad dunslgall cLasY)
SV Ala) sacly dug S liliacS gy S5 Lo sag ol SN po caea Ll
donall aailad (puad 8 aale ) shll 8 Dl Glasal) s3a zla] gl celld
Aaltieag 2D eliy s skt alel Jlaall iy Lae cdadall K Talias laglls 4y
danlall Dlgal) Plasady ad¥) Galasl il slae) dueal 30 bl s3a Gl cades

e lally Zahally Al el L 5aaeie il 13 Augili lge 73] 8 Ldadl)

: Abiieed) il

LAadal) QKN salicas ailiad Gl 480 gl el dlga jglai.
Ngllad 0uadlTiO, NIO 5 ZN0 walST (5300 Lt 4
Llslall All3)g Al AgEl) 8 4 gual) Aspuaatl) Galladd) Pl

cashall (sadl e il slgall slaly Sl av
lally &) cV ) (8 Lgilndas mss
) Al 3 ddad) A5lall 3lsal pladial e

Al o) sl Sge 3 olpcatll LnglgiSigilill elical) ubill sai 4agil .
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