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B po6oTi aeraibHO mpoaHai3oBaHO MpolecH GopMyBaHHS HaHOKIacTepiB ZnO, a
TaKox ix opmy 1 po3Mipu 3a TOMOMOTOI0 METOAY MOJIEKYJISIPHOT IUHAMIKH. 3MiHY
OCHOBHHX ITapaMETPiB CHCTEMH BiJl TUHAMIKA KOHJCHCAIl MU CIIOCTEpIirai,
3alal0uM Pi3HI MOYATKOBI IIBUAKOCTI OXOJIOMKCHHS Ta MOYATKOBI KOHIICHTpAIIiT
aTOMIB B CHCTeMi. Byio BCTaHOBICHO, IO TPYMyBaHHS aTOMIB B HAHOKIIACTEPH
3MIACHIOBANIOCS JOCHTh aKTHBHO B MEPIIl MOMEHTH Yacy i CYIPOBOKYBaIOCs
YTBOPEHHSIM 3HA4HOi KUIBKOCTI HAHOYAaCTUHOK. Y HACTYNHI MOMEHTH 4acy
criocTepirajgach KOHICHcAIlish BXe C(HOpPMOBAHMX HAHOOO'€KTIB, IO CYMPOBOJ-
JKYBaJIOCh TIOCTYIIOBUM 3MEHIIECHHSM KITBKOCTI HAHOYACTHHOK Ta 30UIbIIEHHIM 1X
po3mipis. Ilix yac mepuroro eramy — Hykiealii, Big0yBagocs 00'€qHAHHS BUIBHIX
aTOMIB B HEBEJIMKI YAaCTUHKH, B TaK 3BaHHI JUMEPH 1 TPUMEPH, IO MPU3BOIUIIO 10
pi3koro 30UIbILIEHHS YaCTHHOK B cHcTeMi. [Ipy monambiioMy BiABOXI Teruia
HEBEJIMKI KJIaCTepHi ()parMeHTH MoYMHaAIM (GOpMyBaTH pijKi Kparuii 3 po3mipamu B
JIeKiIbka JIecATKIB aToMiB. B pe3ynbTaTi CHOHTAHHMX TPOLECIB 3iTKHEHb JaHUX
kparnenb Bxke a0 0,5 HC 3 IMOYaTKy MOJENIOBaHHS YTBOPIOBAJIKMCS MacCHBHI
amopdHonoaiOHI KiaacTepHi arperaifii. HacTymHuM eramoM TMiciisi BHCOKOTEM-
neparypHoi Hykuieaunii OyB mpoliec MOBEpPXHEBOro pocTy i koaryisuii. Ilpu
MOBEPXHEBOMY pOCTI OJMHMYHI aTOMH, JMMEpH YH TpUMepHu Tra3oBoi ¢asu
MPUETHYIOTHCS 10 TIOBEPXHI KJIacTepa, BUKJIMKAIOYH HOro mocTymoBuii pict. Ilpu
[bOMY TaK0» MOXJIMBHUIA 3BOPOTHIN MpOLIEC — BUMAPOBYBAHHS OJUHUYHHUX aTOMIB
3 TIOBEPXHI HAHOKJIACTEpa, ajié B OCHOBHOMY BiH CIIOCTEpiraBcsi B HE3HAUHii
KimbkocTi. lle cnpuuMHEHO IHTEHCHMBHMM BIiJJBOJIOM TEIUIa, a BOAHOYAC 3MEH-
IIEHHSAM €Heprii KO>KHOTO aToMa, sKa IOTpiOHa U TMOAONAHHS MOTEHILIAIBHOTO
Gap'epy, mo6 BUpBaTHCA 3 MOBEpXHi KiacTepa. OcTaHHIM eTanoM y (opMyBaHHI
KjactepiB OyB mpollec 3ITKHEHHS OKpEeMHX BXe C(OPMOBaHHX KIIACTEPIB MiX
co0oro0 3a crieHapieM aryomeparii abo koanecuenmii. [Ipu armomeparii kmactepu
00'eTHYIOTBCSI IPAaKTUYHO 0€3 3MiH CBO€i Mo4aTkoBOi Gpopmu. ToOTO pe3yapTaToM
arnomepatii OyayTs HaHOOO'eKTH Pi3HOI popmu, BinMmiHHOI Bin chepuunoi. [Ipu
KOAJIECICHII] HAHOYACTHHKHU CIUIABIISIFOTHCS OJWH 3 OJHUM, 1 yTBOPIOIOTH €JHUHY
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YaCTHHKY 3 ()OpMOIO BiZIMIHHOIO Bij Ti€l, sika Oysa B HAaHOKJIACTEPIiB A0 3ITKHEHHSI.
Takuii MexaHI3M MOXJIMBHA Ha He JIyXKe TIi3HIX CTajisX CHHTE3Yy, KOJIU
TeMIiepaTypa € Iie JOCTaTHhOIO Uil TOro, 100 HAHOKIJIACTEPH 3HAXOJUJIHCS B
piakoMy craHi. AJyie 4epe3 JOCHTh IIBHIKUIA BiIBiJ TeIUia, B Kamepi CHHTE3Y
BiZOyBasocsi IIBMJKE 3MEHIICHHS TEMIIEPAaTypH, HACIIJIKOM SIKOTO OCHOBHHUM
crieHapieM cTana aromepauis. To0To, IpH ManuX IIBUIKOCTSAX OXOJIOJPKEHHS
KiHIIeBi (hOpMH HAaHOYACTUHOK HaOYIHU pi3HOI GopmH, a IpH OUIBIINX — KIIaCTEpH
B OCHOBHOMY Maiu cdepuyny (opmy, IIO i CrIocTepiraiocs HaMH Ha EKCIepH-
MeHTi [1], B momanblioMy MOXIIMBAa He3HayHa 3MiHa (OPMH HAHOKJIACTEPIB B
pe3ysbTaTi 3MiHM IOJOXKEHHS OKpeMHux aroMiB. OTox, (opmMa HOBOYTBOpEHHX
00'eKTiB HampsMy 3aJIe)KUTh BiJ| MEXaHI3My KiHLEBOro eramy (opmyBaHHS, a,
OTKe€, 1 BiJl IIBUIKOCTI OXOJIOMKEHHS.
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MODELING OF THE FORMATION PROCESSES OF ZnO
NANOPARTICLES FROM THE GAS PHASE BY MOLECULAR
DYNAMICS METHOD

We carried out molecular dynamics simulations to investigate the process of formation of
Zn0 nanoclusters from the gas phase. We have been studied the influence of cooling rate
and concentration of atoms on the physical parameters of obtained nanoparticles. Six
computer experiments was conducted with different initial cooling rates and concentrations.
Depending on this it is possible different mechanisms of cluster growth. In the present work
it is shown that the processes of condensation of atoms from the high-temperature gas
environment are divided into several stages: nucleation, coalescence and agglomeration,
aggregation and coagulation. It is shown that the structure, shape and size of the obtained
particles directly depends on the cooling rate of the system. At reduction of cooling rate the
number of obtained nanoparticles decreases and their size increases. During the analysis it
was found, that created clusters mainly are formed in three structural phases - amorphous,
hexagonal wurtzite and cubic zincblende.
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