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ki 5 ¢©68.05 <©62.8 ¢©56.6 °47.5 ©36.2 <°34.4 °31.8 N e (02) 25 W)

il 2l 8 5 gale JSG e acill oda 52k (5588 ol 31 0y dnuland) 55555 Ay e e
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Jelall 48 ol 4l 4Ll

L sl sl ldladll (g pidial) anilll) 21V
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Concentration 700 NPs
(ng/mL)
100 62.99
50 53.53
25 45.60
12.5 34.26
6.25 26.43
3.125 23.70
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1.56 21.17
Claaliiual 45 93 &3l 2] Claswad (%) DPPH i 4 3) kL& :(2. 1V ) Jgaadl
(3 = O s mall Gl + o giall) (Ja/pl £ 5 S0 Adlida 580 S G g8 yal)
Concentration

(ug/mb) ZnO NPs
100 57.81
50 46.98
25 37.88
12.5 24.84
6.25 15.83

3.125 12.69
1.56 9.77
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) ) Claaat! Aadl) Lwaigh JILEY o(4, 1V ) Je&d
skt Ly oy glase 4 Ails 4y (ZNO)s Ao sene sl 2355 4 JSEN 3 i ge 4 LS
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Ggand L i (psS5 il Zn-0 Jal il e s JYA e )] 5 53 Guliill 8 53l ) s saial
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Al clalaal) Julad 32,1V
3 Jsaadl A Al ¢l 3l 0l Sleaai] 1S Claleall il o

5N apas] Claanil gl claleal) 3(3, V) Jgaad)

Cluster | zn-O Bond Length (&) | Total Energy (Hartree) | Dipole Moment (Debye)
(Zn0)6 1.83 - 1.87 ~1367.52 2.14
(Zn0)9 1.81-1.86 —2051.37 2.86
(Zn0)12 1.79-1.85 —2735.21 3.42

D Lee cilaanill ana 3535l ae LB 70 Al ) Jsha Jiy 63 Jsaall b mase s LS
Y B85 i Y S5 e B B (ALSYI 13 ey ol Ll 5 Dol
& sl
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A g SN Gaibadl) 42,1V
4 Jsall 8 4l 4y 5all ol jladl clila e

A3 LS Claanll 4355 SN Gailadd) o(4, 1V ) Jgaad

Cluster | EHOMO (eV) | ELUMO (eV)| Eg (eV)

(ZnO)6 —6.42 —2.15 4.27

(ZnO)9 —6.18 —2.36 3.82

(Zn0O)12 —5.95 —2.58 3.37
(=)




2026/2025 ALY g ilill) saal 1) Jacadl

(HOMO) Jsria s (s sime el o A8l 5 b (ailiis of Jpaal) 8 mnge 58 LS
83 ol 138 (aSay s ilaaadll aaa 32 )) ae (LUMO) Jsidia e s (5 5iue Sl
Ui gall 4 Agadal) Gans 35S0 48U 5 g8 2S5 Alasll Jeliill b 30y 5y culi g yiSIY) S e axe
5oad (aliail judny ol Sy o aill Ll e 3815 L s 5 ey i) ol B sl by al
sl (g piall Llisll L) b el 58 5 ol g SV AS a8 Guend ) el a3l e AL
REES PO

HOMO-LUMO il 558 52..1V
.LUMO s HOMO <l_ladll SlSall oy 5531l 5 JSEN e

.ZnO cilaaail L UMO HOMO @ilay s 3( 5. V) Jsid)
ey Lea (a3 e ould (S8 HOMO (s sie JS b ¢5 JSEN (8 a9 g LS
8 a8l sa N yady Lea cli 3l il )3 e LUMO s S 5 Laiy cculi g iSIYL 4 (3halia )
Ll g Y Ja e Ay gLl el 1) anasl Cilasaa 358 Caliauill Joadl) 138 pudy il g 5KV

(MEP) (il Sl g g Sl agal) 62,1V
6 JSEl b el (Silin g Sl gal) il A (el

50

—
| —



2026/2025 AR g i) 1) ) Sl

s S N D ™

L ) caaadl ) (Sl g gl gl kil A (6. V) JSid)
Laiy dlle 4y 5 i) A8US ol (3lalie ae aanSY) Q) )3 (381 535 6 S b nge 2 LS
GV e il 1) day) g 1 Apudadl) Aagadal) 38 Sy g SN i il Blalia ol 3 <l 3 Jias
lding Jolis ol 5
Jeldll) ol ydisa 72..1V

L3l dpaas] Claand Jo Ui @ 4l 2(5. 1V ) Jsaad
Cluster| x (eV)| n(eV)| S(eV™ Y| o (eV)
(ZznO)6| 4.29| 2.13 023| 4.32
(ZnOYo| 4.27| 191 0.26] 4.77
(ZnO)12| 4.26| 1.68 0.30] 5.39
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Abstract :

This study explores the green synthesis and characterization of zinc oxide nanoparticles
(ZnO-NPs) using aqueous extracts from two medicinal plants, oregano (Origanum majorana) and
cotula cinerea. All prepared nanoparticles were characterized using spectroscopic techniques:
UV-Vis spectroscopy, FTIR spectroscopy, and X-ray diffraction (XRD). The multifunctional
biological activities of these nanoparticles were evaluated through both in vitro experiments and
computer simulations. In vitro tests demonstrated high antioxidant capacity, particularly for the
cotula cinerea-derived zinc oxide nanoparticles, which achieved the highest DPPH free radical
inhibition rate of 62.99%. Confirming these findings, computational evaluation using density
functional theory (DFT) on zinc oxide (ZnO¢, ZnOo, and ZnO;,) aggregate models revealed that
increasing  aggregate size  enhances thermodynamic  stability and chemical reactivity.
Furthermore, analysis of the electronic properties showed that the HOMO-LUMO gap decreases
with increasing aggregate size, explaining the efficient electron transport in the nanoparticles.
These results underscore the potential of these biosynthesized particles in advanced chemical
engineering applications, such as catalysis, water treatment, and the development of advanced
sustainable materials.

Keywords :Zinc oxide nanoparticles, Particle synthesis, Computational simulation, Green
synthesis, Marjoram.
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