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CHUHTE3 HAHOCTPYKTYP METAJIVIOB
B JIABEPHO-OMUCCHUOHHOM IVIAZME
B JTUCTUJIJIUPOBAHHOM BOJIE
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IIpencraBneHsl pe3yibTaThl SKCHEPUMEHTANBHOTO uccienoBaHus MerogamMu ACM-MHKPOCKONUU COCTaBa,
CTPYKTYPBI U MOP(OJIOTHH CHHTE3UPOBAaHHBIX HAHOCTPYKTYP B JIa3€PHO-OMHUCCHOHHOH IJIa3Me B TUCTHUIUIMPOBAH-
HOM Boze. Mopgomormueckoe pazHooOpa3me HaHOYACTHI] pa3MepHOCTRIO 10 100 HM He BeIcokoe. Habmromatrorcs
YaCTHIBI IPaBUIBHONW (OPMBI: MHpaMHUIAIBHBIE M KOHYCOOOpa3Hble, a TaKkKe HelpaBWIbHON (opmbl. Bombime mo-
JIOBUHBI CHHTE3MPOBAHHBIX HAHOYACTHUI] HUKEISI UMEIOT pa3Mep MeHbie 60 HM. [ITOTHOCTh MOIITHOCTH J1a3epHOTO
HMITYJIbCa, UCIIOIb3YEMOTO ISl TTOYHIEHUsS JTa3epHO-IMUCCHOHHON TIa3Mbl M CHHTE3a HAHOCTPYKTYP B HEll, CHIIbHO
BIMACT Ha UX pa3MepHbIe pacnpenenceHus. [Ipogunm pasMepHBIX paclpeaeiIeH!i CHHTE3NPOBAHHBIX HAHOCTPYKTYP
CMEIIAIOTCS B CTOPOHY HAHOYACTHUI] OOJIBIINX Pa3MEPOB C POCTOM BEJIMYMHBI SHEPTUH Ja3epHOTO UMITyIbca. JnnHa
BOJIHBI JIa3€PHOTO M3JIyYeHHs CYLIECTBEHHOI'O BIMSHUS HAa Pa3MEpHOE paclipe/ieieHHe CHHTE3UPOBAHHBIX HaHOYA-
CTHIl He oka3biBaeT. [loka3zaHa BO3MOKHOCTb YIIPABICHUS pa3MepaMU CHUHTE3UPYEMbIX HAHOYACTUI[ HUKETS IyTeM
U3MEHEHHUS BEJIMYMHBI SHEPTUH JIa3epHOr0 UMITYJIbCa U ITyTeM M3MEHEHHs IUIOTHOCTU MOIIHOCTH JIa3epHOTO H3ITy-
YEHHS Ha MUIIIECHHU.

Knrwowuesvle cnosa: HaHOUACTWIA; HAHOCTPYKTYpa; JiasepHas aOisLusi; SPO3HOHHBIA KpaTep; Jia3epHO-
SMHCCHOHHAS IIJ1a3Ma; IJTa3MEHHBIN (aKed.

SYNTHESIS OF METAL NANOSTRUCTURES
IN LASER-EMISSION PLASMA IN DISTILLED WATER
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The article presents the results of an experimental study of the composition, structure, and morphology of
synthesized nanostructures in laser-emission plasma in distilled water using AFM microscopy. The morphological
diversity of nanoparticles up to 100 nm in size is not high. Regularly shaped particles are observed: pyramidal and
cone-shaped, as well as irregularly shaped. More than half of the synthesized nickel nanoparticles are smaller than
60 nm. The power density of the laser pulse used to obtain laser-emission plasma and synthesize nanostructures in it
greatly affects their size distributions. The profiles of the size distributions of the synthesized nanostructures shift
toward larger nanoparticles with increasing laser pulse energy. The wavelength of laser radiation does not
significantly affect the size distribution of the synthesized nanoparticles. The possibility of controlling the size of the
synthesized nickel nanoparticles by changing the laser pulse energy and by changing the power density of laser
radiation on the target is shown.

Keywords: laser ablation; erosion crater; laser-emission plasma; plasma torch; material removal; spectral line
intensity.

BBenenne BELIECTB, HAXOIALINXCA B Makpo(da3HOM Co-

B HacTofmee BpeMs NONY4YEHHIO HAHO- CTOSIHUU. Y MEHBILIEHUE Pa3MepOB YacTHIL J0
CTPYKTYPHUPOBAHHBIX MaTEPHUAIOB U MX TpPH- HAaHOMETPOB TPUBOJUT K TIOSBJICHUIO Y HUX
MEHEHHUIO 151 MOJU(UKAIIMM U3BECTHBIX Ma- KBaHTOBO-pa3MepHbIX cBOMCTB. [lo aToli
TEPUAJIOB U CO3JJaHUIO HOBBIX METaMmarepHa- NpPUYMHE OHM IIMPOKO MPHUMEHSIOTCS TPH
0B yniensercs Oonplioe BHUMaHue. HTepec IPOM3BOJICTBE AKKYMYJIATOPHBIX U COJIHEY-
K HaHOCTPYKTypaMm OOYyCIIOBJIEH MX (PU3UKO- HBIX OaTapei, CBEpXMPOBOJHUKOB M KOMIIO-
XMMHUYECKHMMHU CBOMCTBAMH, KOTOPBIE 3HAYHU- 3UIUOHHBIX MAaTepHalioB, ONTHYECKUX CEH-
TEIbHO OTJIUYAIOTCSI OT CBOMCTB 3THUX XK€ COpOB, KaTaJIM3aTOPOB, JIEKAPCTB U T.1. [1-2].
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CuHTE3 HAHOCTPYKTYp OCYIIECTBIISIETCS
pa3auuHbIMH  MeTogamMu. s moxydeHus
HAHOCTPYKTYp MeTaioB 3()PeKTUBHBIMH
SIBJISIFOTCSI METOJIbI, OCHOBAHHBIX Ha HCIOJb-
30BaHUM TUIA3MEHHOTO COCTOSHUS BEIIECTBA.
HaubGonee M3BECTHBIMU SBISAIOTCS UMITYIIBC-
Has JjaszepHas aOmsmus [3-4] U snexTpude-
CKHUU B3pBIB MaTEpUAJIOB B KUIKOCTIX [5].
[Tox Bo3neiicTBHEM c(OKYCHPOBAHHOTO Jia-
3epHOro M3Iy4YeHHUsl Ha MaTepuaiie oopasyer-
csl TUIa3MeHHBIN (pakeln [6] u3iydeHue KoTo-
pOT0 UCHOJIB3YETCs AJISl AJIEMEHTHOTO aHAJIU-
3a B J1a3€pHO-3MHCCHUOHHON CIEKTPOCKOIUU
[7, 8], a BEIHECEHHOE BemiecTBO (akesra KOH-
JNEHCUPYETCS B HAHOCTPYKTYpHI [1-4, 9].

JKCcnepUMeHTAIbHAasl YCTAHOBKA

YcTaHoBKa COCTOsUIa U3  HMMITYJIBCHOTO
HaHOCeKyHIHoro jaszepa LS-2147, onrtuye-
CKOH (hOKyCHpYIOIIEH CHUCTEMbI M KIOBETHI C
JUCTUJUIMPOBAHHON BOJOW, B KOTOPOM HAXO-
IWiICS abnupyemblii  mMaTepuas. AOnsaius
MPOBOJIUIIACH U3ITYYEHHEM C JUIMHOW BOJIHBI
1064 um, 532 uM u 355 HM. DHeprus nasep-
HOTO UMITyJIbca perynupoBaiack ot 10 mJx
o 120 m/Ix. Jlazep moxer paboTtaTh Ha 4a-
crote 1o 10 ', JInamerp msitHa HOKyCHpPOB-
KM JIa3€pHOTO MU3Iy4YeHHs Ha oOpasle co-
craBisin 0.5-1 mMm. HMccnemoBanusa cocrasa,
CTPYKTYpbl ¥ MOP(OJOTUU TOJYYEHHBIX
HAaHOCTPYKTYp TMPOBOJUJIOCH Ha aTOMHO-
custoBoM MuKpockore NT-206.

Pe3yabTaTsl U MX 00CyKICHUE

B pesynbraTe BO3meWCTBHS Ha oOpaser|
HUKEJIS, HaXOSAIIUNCA B TUCTHUITUPOBAHHOM
Boge B TeueHue 30 MUHYT, TMOJTy4YeHa
HAHOCYCIIEH3USI YEPHO-TPaUTOBOTO IIBETA
CO 3HAUUTEJIbHO CHWKEHHBIM CBETOIPO-
MyCKaHUEM I10 CPaBHEHHUIO C YHCTOM BOJIOM.

Ha puc. 1 mnpusenner 3D  ACM-
n300pakeHusl HaHO4YacTUl] Hukens. Mx aHa-
JIN3 TOKa3bIBAET, YTO OCHOBHOE YUCIIO HAHO-
CTPYKTYp cHUHTe3upyerca pasmepom jao 100
HM. HabmomaroTcss HaHOYACTHIIBI Kak TIpa-
BUJILHOW, Tak M HempaBuwibHOW (opmbl. B
nose ckanupoBanuss ACM  Mukpockomna
HAHOCTPYKTYPBl PACHOJIOKEHBl XaOTHYHO.
OHu UMEIOT YETKUI KOHTYp TpaHMIl U 10CTa-

TOYHO OOJBIIYI0 BBICOTY mpodmrt. Kpome
chepuuecKux HaHOCTPYKTYpP MPUCYTCTBYIOT
YaCTUIBl HAIIOMHHAIONINE MUPAMUIBI U
KoHychl. Cpeaiu pacCessHHBIX YacTHI] HaOIo-
JlaeTcsl mpucyTcTBUE B moje 3peHus ACM
MUKPOCKOIIa KPYMHBIX OJAMHOYHBIX YaCTHII
cyOMHKpOHHOTO ypoBHs. Taxke HaOmoma-
JUCh CKOIUICHUS HAHOYACTHI[ U UX KOHIJIO-
MepaThl, 00pa30BaHHBIE W3 CHHTE3MPOBAH-
HBIX HAHOCTPYKTYP, PACIIOJIIOKECHHBIE B 1OJIE
CKaHHPOBAHUS OE3CUCTEMHO.

> [3s &

2x10% Br/cm?

1x10° Br/em?

2x10° Br/cm?

Puc. 1. 3D ACM-u3o00paxenus HanouacTuil Ni

OcCOo0eHHOCTBI0O MOP(OJIOTHU MOTyYEH-
HBIX HAHOCTPYKTYp SIBJSIETCS TO, YTO C PO-
CTOM TUIOTHOCTH MOITHOCTH JIa3€pHOTO W3-
JIy4eHUs Ha JUIMHE BOJIHBI 532 HM B Juamna-
some or 2x10° mo 2x10° Br/cm?, cpennmii
pasMep o0pa3yronuXxcsl 4acTHI] U WX KOJIH-
4eCTBO BO3pacTaeT. 3HAYMMBIX H3MEHEHHA
MOP(OJIOTHH HAHOCTPYKTYP C POCTOM DHEp-
THH JIa3€PHOT0 UMITYJIbCa He HaOII01aTI0Ch.

Ha puc. 2 mnpencraBieHbl THCTOTPAMMBI
pa3MepHBIX pachpe/eeHuid HaHOYACTHII,
MOJTYYCHHBIX a0JSIIIMed HHUKENIS B BOJAC Ha
JUTMHE BOJHBI 532 HM MpPH IUIOTHOCTH MOIII-
HOCTH J1a3epHOro mamyudenus 2x10% Br/cm?
(1), 1x10° Br/em? (2) u 2x10° Br/em® (3).
[Ipy MIOTHOCTU MOIIHOCTH JIA3€pHOTO U3ITY-
yenust 2x10% Br/cm? Gonee 70% HaHOYACTHIL
uMeroT pasmep 1o 60 HM. MakcumyMm pas-
MEPHOT'0 pachpee’eHus TPUXOIUTCS Ha Ha-
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HouacTulpl pazmepoM 10 20 HM. [lons ya-
ctull pazmepom 10 20 um cocraisiet 20%. C
POCTOM TUIOTHOCTH MOIIHOCTH W3Ty4YECHUS
MaKCHUMyM THUCTOTPaMMbl Pa3MEpHOTO pac-
MpEeACIICHUs] HAaHOYACTUIl CMEIIAeTcsi B 00-
JacTh OOJBIINX Pa3MEPOB.
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Puc. 2. PazmepHslie pacripenenenust HaHoyacTur Ni

[Tonobnas curyanus Habmonaizach Hpu
Ja3epHON alJIAMU HHUKENss OCHOBHOW rap-
MoOHUKOU ja3epa (1064 HM) u TpeTbel rap-
MOHUKOH (335 HM). XOTsI TUCTOTpAaMMBI pa3-
MEpHBIX paclpeieeHuil CUHTE3UPOBAHHBIX
HAHOYACTHUI] HECKOJBKO OTIMYAIUCH, OJHa-
KO, TeHJICHIUS K YBEJIMYEHUIO UX Pa3MEpOB C
pPOCTOM IIJIOTHOCTH MOIIHOCTH JIa3€pHOTO
W3ITyYEHUs IPOCIICKUBATNCH OJHO3HAYHO.

MonenupoBaHue J1a3epHO-IMUCCHOHHON
IJ1a3Mbl C MCIIOJNB30BAaHUEM MOIXOJ0B Hapa-
OOTaHHBIX TIPU MOJCITHPOBAHUM Pa3PSTHON
mia3mbl [10-12], moka3pIBalOT €€ CHIIBHYIO
HEJTMHEWHOCTh. DTO MPUBOIUT K CIOXKHO-
CTSIM B MHTEPIPETALMU TMOJYYSHHBIX JKCIIe-
PUMEHTANIbHBIX PE3YJIbTaTOB.

3akjoueHue

Takum o00pa3oMm, peaqu3oBaH CHHTE3
HaHOCTPYKTYp HHUKEJsI B Ja3epHOM Tu1a3Me B
JUCTUIIMPOBaHHOW Boje Metoaamu ACM-
MUKPOCKOIIMHM UCCJEI0BAH COCTaB, CTPYKTY-
pa 1 MOpGOIOTUSI CUHTE3UPOBAHHBIX HAHO-
yactull. Ha mpumepe HuKens mokazaHa BO3-
MOXHOCTh YIIPaBJIEHHUS pa3MepaMu CHHTE3H-
PYEMBIX HaHOYACTHI] METAUIOB U3MEHEHUEM
BEJIMUMHBI SHEPTUH JIA3ePHOTO UMITYJIbCA.
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