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MOP®OJIOI'TYHI TA CTPYKTYPHI BJIACTUBOCTI
HAHOITOPOHIKOBUX METAJTOOKCHUAIB: METO/{
MOJIEKYJIAPHOI JMHAMIKHA

Crenan CaBka

Incmumym npuknaonux npoonem mexanixu i mamemamuru im. A.C.Iliocmpueawa HAH
Yxpainu

Ile nmocmipkeHHS NpeAcTaBlisie KOMIUIEKCHHH MOJICKYJISPHO-AMHAMIYHUNA aHai3
YTBOPEHHSI HAHOYACTMHOK OKCHIY IMHKY (ZnO) Ta iX mopansioi aacopOuiiHOi
HOBE/IHKM B cepenoBuii rasy kucHio (O2) [1]. BukopucroByroun naker nporpam
LAMMPS y noemHanHi 3 MDKATOMHHM TOTCHIIATIOM IOJII PEAKTHBHOI CHIIA
(ReaxFF), Oynu npoBelicHI MOJICTIOBAHHS JUHAMIYHHX IPOLCCIB 3a PI3SHOMAHITHHX
MOYAaTKOBUX YMOB, BKJIIOYAIOYM pi3HI KOHHEHTpauii Ta Ttemmeparypu. Mera
JOCIIJDKCHHSI TIOJIsirajia B TOMY, 1100 3'ICyBaTH BIUIMB LMX MOYAaTKOBUX YMOB Ha
YTBOPEHHS HAHOYACTHHOK Ta Ha sIBUILA afcopOwuii razy.

3aBISIKM JICTAILHOMY MOJICIIOBAHHIO METOIOM MOJICKYJISIPHOI JAWHAMIKU
OyJI0 BiJICTEXKEHO TPAEKTOPil OKPEMHUX aTOMIB, JIO3BOJIIIOUN IJIMOOKO 3pO3yMITH
arperamilo YaCTMHOK 1 KIHETHUKY ajcopOuii. Mopdonoriuni Ta CTpyKTypHI
BJIAaCTUBOCTI HaHOYacTMHOK ZnO OynM KUIBKICHO BHM3HAuY€HI 3a JIONOMOIOIO
¢ynkuid pamgiansHoro posnoniry (RDF) 1 meHTpanpHOro mnapamerpa CHUMETpil
(CSP). Ili meroau no3BOIWIM 3pO3YMITH aToMHI KoH(irypamii, BHSBUBILH, 5K
JIOKJIBHI CTPYKTYPHI 3MiHM BIUIMBAIOTh Ha 3arajibHy CTaOUIbHICTH Ta BIACTHBOCTI
HaHOYaCTHHOK.

Hamii pe3ynbraté JEeMOHCTPYIOTH KPUTHYHY 3aJISKHICTh XapaKTEPUCTHK
HAHOYACTHHOK Bijl 3MOJIENIbOBAaHNX YMOB CEpelOBHINA. MU criocTepiraiyn 3Ha4Hi
Bapiauii po3mipy, GOpMH Ta CTPYKTYPHOI IIUTICHOCTI HAaHOYACTUHOK IPH PI3HUX
MOYaTKOBUX YMOBax TeMIlepaTypH Ta KoHueHTpauii. L{i BUCHOBKHM MiIKpECIIOIThH
HIOAHCH B3a€MOJIi MDK TEpPMOJIMHAMIYHMMH IapaMeTpaMH Ta BIACTHBOCTSIMHU
HAHOYACTHHOK, IIPOIOHYIOYM TMOTEHLINHI HUIIXM Uil ONTHMi3auii CUHTE3y
HaHOYacTHHOK ZnO 1151 KOHKPETHHUX 3aCTOCYBaHb.

Kpim Toro, mocmimpkeHHs aacopoiii 3’SCOBye MEXaHi3MH, 33 JOIIOMOT'OI0 SKUX
HaHo4yacTHHKK ZnO B3aeMoOJIiioTh 3 MojekyiaamMu O, JEeMOHCTPYIOUHM IOTEHLial
IMX HAHOYACTHMHOK Yy Kartamizi Ta ra3oBux ceHcopax. Llg pobora crpuse
TEOPETHYHOMY PO3YMIHHIO MTOBEAIHKM HAHOYACTHHOK Y PEaKTHBHUX CEpPeIOBUINAX
i 3a0e3neyuye HaJiifHy OCHOBY Ul MalOYTHIX €KCIIEPUMEHTAIBHUX 1 IPOMHUCIOBUX
3aCTOCYBaHb METAJIOOKCU/IHMX HAaHOYACTHHOK.
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MORPHOLOGICAL AND STRUCTURAL PROPERTIES OF
NANOPOWDER METAL OXIDES: THE METHOD OF MOLECULAR
DYNAMICS

This research presents a comprehensive molecular dynamics analysis of zinc oxide (ZnO)
nanoparticle formation and their adsorption behavior in an oxygen (Oz) gas environment.
Using the LAMMPS software and the ReaxFF interatomic potential, we simulated dynamic
processes under various initial conditions, including different concentrations and
temperatures, aiming to understand the effects of these conditions on nanoparticle
formation and gas adsorption phenomena. Detailed molecular dynamics simulations
tracked individual atom trajectories, deepening our understanding of particle aggregation
and adsorption kinetics. The morphological and structural properties of ZnO nanoparticles
were quantitatively analyzed using Radial Distribution Functions (RDF) and the Central
Symmetry Parameter (CSP), revealing how local structural changes affect overall stability
and properties. Our findings demonstrate that nanoparticle characteristics critically
depend on the simulated environmental conditions, showing significant variations in size,
shape, and structure under different conditions. This highlights the nuanced interplay
between thermodynamic parameters and nanoparticle properties, suggesting pathways to
optimize ZnO nanoparticle synthesis for specific applications. Additionally, the adsorption
study clarifies the mechanisms through which ZnO nanoparticles interact with O:
molecules, underscoring their potential in catalysis and gas sensing applications. This work
enhances our theoretical understanding of nanoparticle behavior in reactive environments
and lays a solid foundation for future experimental and industrial applications of metal
oxide nanoparticles.
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