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B nanHOii paboTe MeTO10M HAHOCEKYHAHOM JIa3epHO# abJIsALUN METAIIIMYECKOW MEHOW MHIIIEHH U CIIPECCOBAH-
HOM KepaMH‘ICCKOﬁ MUIIOCHU OKCHUAa MEU MOJTYUYCHBI KOJUIOMIHBIC paCTBOPEI HAHOYACTUIL B pa3IMYHbIX )KI/IJIKO(ba?:-
HBIX cpenax. @opmupoBanue Hanodactun (HY) npoBonuiock npy Bo3AeHCTBUN M3Iy4eHHsS OCHOBHOM IapMOHUKH
Nd**:YAG nasepa (LOTIS TII, LS 2134D, wactora 10 ', sneprus 80 m/JI»/MMITyIbC, JIMTETLHOCTE UMITYJIbca 10
HC) Ha MUIIeHH. VIccIe0BaHbl CTPYKTYpHbIE, MOPHOJIOTHYESCKUE 1 ONTUYCCKUE XaPAKTEPUCTHKH CHOPMUPOBAHHBIX
HY. IToka3zano, 4T0 cocTaBOM 1 MOP(OIIOTHENH HAHOYACTHUII MOKHO YIIPABJIATh, BAPHUPYS COCTAB U CBOWCTBA MUILICHN
1 JKUJIKOH CpeJibl, B KOTOPOH OCYIIECTBISIETCSI CHHTE3. Y CTAHOBIICHO, UTO JIa3epHast aOJIsIIus B alleTOHE MIPUBOJNT K
¢opmupoBannio HY Metammmueckoil Menu, M3MEHEHHE JKE PACTBOPUTENS HA AUCTWIIMPOBAHHYIO BOAY ITO3BOJISIET
(hopmupoBats npeumymiecTBeHHo okcuansie HY. Onnrako npu abmsmmu mumesn CuO B Boge Habmogaercs cinadas
MIMPOKas IIa3MOHHAs ToJ0ca ¢ MakCUMyMoM okoJio 633 uwm (1.96 3B), koTopast TO3BOJIIET CAENAaTh BEIBOI O (op-
mupoBannyn HY merannndeckoi Menu Hapsily ¢ OKCHIHBIMU HaHOCTpyKTypamu. Kpome Toro, nonosHUTenbHAS JTa-
3epHast 00paboTka nonydeHHbIXx HU MOXeT ciy>KUTh HHCTPYMEHTOM JUIsl YIpaBJIeHHs] HEe TONbKO Mopdonoruerd HY,
HO Tak)K€ COCTaBOM U BHYTPEHHEH CTPYKTYpOil.

Knrouesvie cnoga: nazepHas aGisinus; HAHOYACTHIBL, HAHOCTPYKTYPBI, OKCHUJ MEIH; KOJUIOUIHEIC PACTBOPBI;
CIIEKTp MOTJIONIEHHS; IJIA3MOHHasI MOJIOCa.
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In this work, colloidal solutions in various liquid-phase media are produced by nanosecond laser ablation of a
metal copper target and a compressed ceramic copper oxide target. Nanoparticles (NPs) of copper oxides are consid-
ered as objects of study. Laser ablation experiments were carried out by focusing the radiation of the Nd**: YAG laser
(LOTIS TII, LS2134D), operating in a double-pulse mode at 1064 nm (energy 80 mJ/pulse, repetition rate 10 Hz,
pulse duration 8 ns), on a surface of Cu or CuO target placed in the cell filled with a liquid (the distilled water, acetone
or isopropyl alcohol). Quasi spherical nanoparticles (NPs) with similar morphology were obtained by laser ablation
(LA) process. Structural, morphological and optical properties of the formed NPs have been investigated by SEM,
EDX, TEM, UV-Vis and Raman spectroscopy. It is shown that the composition and morphology of nanoparticles can
be controlled by varying the composition and properties of the target and the liquid medium in which synthesis process
takes place. As can be seen from the absorption spectra, the presence of copper plasmon resonance peak at 600 nm
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indicates that after laser ablation of CuO target in isopropyl alcohol metallic copper NPs are formed opposite to the
LA in water, where the particles composition most probably corresponds to the CuO target composition. This result
was also confirmed by X-ray microanalysis. It has been established that laser ablation in acetone also leads to the
formation of the NPs of metallic copper, but the change of the solvent to distilled water allows forming mainly oxide
NPs. However, when the CuO target is ablated, a weak broad plasmon band with a peak of about 633 nm (1.96 eV) is
observed in water, which leads to the conclusion that copper metal NPs are formed alongside oxide nanostructures.
Besides, additional laser processing can serve as a tool for controlling not only the morphology of NPs, but also the

composition and internal structure.

Keywords: laser ablation; nanoparticles; nanostructures; copper oxide; colloids; absorption spectra; plasmon band.

Beenenue

B nocneanue roapl 601b1I0ONH HAyYHBIH U
IIPaKTUYECKUIM MHTEPEC MPEACTABISAIOT HAHO-
CTPYKTYpHbIE U HAaHOKOMIIO3UTHBIE MaTEpH-
aJIbl, HAHOYACTHUILIBI OKCHJIOB IIEPEXOAHBIX ME-
TaJJIOB U NOJIyIIPOBOJHUKOBBIE METAJII — OK-
CUIHBIE HAHOCTPYKTYPBI, KOTOpPBIE HMEIOT
LIIUPOKUM CIEKTP NPUMEHEHUS B HOBEWILIEH
ONTORJIEKTPOHHOW M JIA36pHOM TEXHHKE, B
YCTPOWCTBE COJIHEYHBIX DJJIEMEHTOB, CEHCO-
POB U JETEKTOPOB, B OMOMEIUILIMHE U KaTa-
muze u T.1. [1-3]. Cpean HOBBIX TEXHOJIOTHIA
nosyuenus: HaHouacTtul (HY) BaxubiMu mipe-
UMYIIeCTBaMH 00J1a/1aeT METO/1 JIa3epHOH a0-
asiumu B xuakocta (JIAX) [1, 2]. DT1o yHE-
BEPCAJIbHBIN METOJ, KOTOPBIM MOXKET IIpUMeE-
HATBCS KaK B CIydae METaJUIOB, TaK M IOJYy-
IIPOBOJHUKOB, U AMAJIEKTPUKOB Pa3INYHOIO
coctaBa. [Ipu stom meton JIAXK mo3Bonsier
noiy4yats HY MeTasioB 1 ux OKCUI0B B 00Jb-
IIMHCTBE cay4vaes [2, 3].

B Hacrosmeil paboTe METOAOM ABYXHM-
nysnbcHOU JIAJK TBepIOTENBHBIX MUILIEHEN B
pasNMYHbIX JKUAKO(DA3HBIX cpernax Oe3 Hc-
MOJIb30BaHUsl KaKUX-JINOO MOBEPXHOCTHO-aK-
TUBHBIX BEIIECTB WJIM CTAOMIN3aTOPOB OBLIH
noaydensl HU meau (Cu) u ee oxcuma (CuO)
IIPY BapHallM [apamMeTpOB JIA3€PHOrO U3ITY-
YEHUS] U CBOMCTB JKUJIKOCTH.

MeToanka 3KcrnepuMeHTa

Jns mpoBeAeHUsT SKCHEPUMEHTa UCIOJIb-
30BaJICS WMITYJIbCHBIN HaHOCEKYHIHBIN
Nd*:YAG nazep (LOTIS TII, LS 2134D, Be-
Japych), pabOTaMUi B IBYXHUMITYJIECHOM
pexume. OCHOBHBIE Jla3epHBIE IMapaMeTpPhl
OBLTM OJMHAKOBBI JIJIs BCEX CEpPHUM dKCIEepH-
MEHTOB: JyinHa BoyiHbI 1064 HM, sHeprus 80
MJ>K/UMITYJIbC, JUTHTEIHHOCTh UMITyNIbca 10
HC, 4acTOTa MOBTOpeHUs: ummyiabcoB 10 I'n

[2]. Bagepixky Mexay CABOCHHBIMH HMITYJIb-
caMHM ycTaHaBIuBasu paBHoO# 10 MKc, pu Ko-
TOPOM, KaK MOKa3aJIu MPEIbIIYIIHE HCCIEI0-
BaHUs, MPOUCXOAUT Hambonee 3¢ (eKTuBHAs
abusus 1 GOPMHUPOBAHKE KOJUIOUTHOTO pac-
TBOpA C MAaKCUMaJbHOW KOHUeHTpauuret HY.

B xauecTBe MUIIEHEN NCIIOJIB30BAIUCH ME-
TaJJIMYecKasi MeJlHasl IJIaCTHHA U [IPECCOBAH-
Has KepaMH4ecKasi MUIIeHb u3 nopormka CuO
(99.9%). AOnsumio MHIICHEH MPOBOIWINA B
TeyeHue 15 MHMHYT B JAMCTWIIIMPOBAHHOU
BOJIC, allETOHE M H30MNPOMUIOBOM CIIHUpTE.
[TTOTHOCTh MOIITHOCTH JIA3€PHOTO M3ITy9ICHUS
Ha OBEPXHOCTH MUIIIeHH cocTassna 108-10°
Br/cm?. Mopdoiorus, pasmep U CTpyKTypa
noiay4yeHHbIX HY M OCaXIeHHBIX IUIEHOK
OBLTH MPOAHATN3UPOBAHBI C UCTIONB30BaHUEM
PEHTIE€HOCTPYKTYPHOT'O aHAJIN3a, CKAaHUPYIO-
tieit anexTponnoi (COM), mpocBeurBaroei
aJIeKTpoHHON MuKpockonuu ([IOM), Takke
abcopoOronnoit (UV-ViS) U pamaHOBCKO#M
cnektpockonuu (KPC).

Pe3yabTaThl M MX 00Cy:KIeHUE

Ha pucynkax 1 u 2 npeacrasinenst COM-
u [IDM-u3obpaxenus noxydennsix HY mo-
cie JIA B M30npOnnIoBOM CIIMPTE U ALIETOHE.
AHanu3 M300pakeHUH TOKa3bIBAeT, 4YTO
nosydyeHbl kBasucgepuueckue HY menu u
OKCHJa MM CO CXOXeil Mopgosorueit Bo
BCEX pacTBOpax. Pazmepsl UX nexaT B UHTEP-
BaJie oT 5 10 50 HM, XOTs HaOJII0IAI0TCS U He-
OoJbIlIKE arJIoMepaluy ¢ pa3Mepamu B Ipe-
nenax ot 50 go 100 M.

Kak BHIHO W3 TpPUBEACHHBIX Ha pUC. 3
CIIEKTPOB IOTJIOIECHUS, JJa3epHas abisAus B
arieToHe MpuBoIUT K popmuposanuio HY Cu,
IIPUYEM BHJI CIIEKTpA MPAKTUYECKU HE 3aBU-
CUT OT THUNA HCIIOJIb3YEMON HMCXOAHOW MHU-
menu (KpuBsie 1 u 2).
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Puc. 1. TI3M (cnea) u COM (crmpaBa) n3obpaxeHus
HY oxcuna meau (JIA B H30MIPONUIIOBOM CITHPTE)

Puc. 2. TI9M- uzo6paxenns HU Cu (cmesa) m CuO
(cmipaBa), morydeHHBIX JIA MUIIEHEH B arjeToHe

——1-Cuin acetone
——2-CuOin acetone
—3-Cuin water
——4-CuOinwater
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Puc. 3. Cnexrpsl nornoutenust HY, nonyuennsix JIA B
TUCTHUTUPOBAHHOM BOJIE M alleTOHE (CJIeBa) U B U30-
MPOMUIIOBOM crupTe (crpasa)

Tak, B o0oux ciydasx HaOJIIOMaeTCs TO-
Joca C MaKCUMyMOM OKo0J10 581 HM, 4TO MO-
’KeT OBITh OTHECEHO K IT0JIOCE IIa3MOHHOIO
noraomiennss HY Cu, cBI3aHHOrO ¢ KOJUIEK-
TUBHBIM BO30YKJEHHUEM JJIEKTPOHOB MPOBO-
JTUMOCTH MeTaiia. MI3aMeHeHrne pacTBOPUTEIIS
Ha TUCTWLIUPOBAHHYIO BOAY MO3BOJISIET hop-
MHUPOBATh MPEUMYIIECTBEHHO OKcuaHble HY
(xpussble 3 u 4). B 3aBucumocTu ot abnupye-
MO MHWIIICHH B CHEKTpax KOJUIOWIHBIX pac-
TBOPOB, TMOJYYEHHBIX MPHU HCIOIH30BAHUU
MEIHOW MUIIEHH, OTCYTCTBYET ILJIa3MOHHOE
MOTJIONIEHHUE YAaCTHI] METAIUIMYSCKON MEJIH,
YTO MO3BOJIAET cAeNaTh BEIBOI, uTo HY Menn
B PAacTBOPAX MMOCJIE Ja3€PHOTO OOITYICHHS OT-
cyTcTBYIOT. OHAaKO Tpu aOISAIMM MUIICHU

CuO B Boae HaOmomaeTcst cimadasi MHPOKast
nosioca ¢ MakcuMymoM okosio 633 um (1.96
5B), KoTOpasi MO3BOJSET cHelaTh BBIBOJ O
dopmupoBanun HY wmetamnuueckoit menu
HapsITy ¢ OKCUIHBIMUA HAaHOCTPYKTYPAMH.

OTMmeTHM, 4YTO TMOCJE AOMOJHUTEIBHOTO
Ja3epHOro o0JIy4YeHHUs MOIYYEHHBIX KOJUIOU-
JIOB HEC(OKYCHPOBAHHBIM IYYKOM BTOPOit
rapMoHuKH (uinHa BoHbI 532 HM) Nd: YAG-
Jazepa BO BCEX KOJUIOMAAX HaOII0AaNoCh
II0JIHOE MCUE3HOBEHHUE I10JIOCHI TOBEPXHOCT-
HOTO IIJJa3MOHA, CBUJETENbCTBYIOIIEE 00
OKHCJICHUU METAJJIMYECKUX YacTULl HE3aBU-
cuMo OT ucmnosibdyemoir mumieHn (Cu wam
CuO) u cocTaBa >XKHJIKOCTH.

Hanuuue nuka MeIHOTO MIa3MOHHOTO pe-
3oHaHca npu 600 uM (puc. 3) yka3bIBaeT Ha
TO, YTO IOCJIE JIa3epHOU abNsAUu MUIIECHU
CuO B i-PrOH o6pazyrorcs HU meramnnde-
CKoi Meau B oTiimuue ot JIA B Boje, rie co-
CTaB YacTHI], CKOPEE BCEro, COOTBETCTBYET
CuO. DToT pe3ynabTar OBLI TaK)Ke MOATBEP-
JKICH JAaHHBIMH PEHTTCHOBCKOTO MHKpPOAHa-
nu3za EDX-ananuza u paMaHOBCKOM CIIEKTPO-
CKOTIUH.

3akaoueHne

Taxkum ob6pazom, JIA B )KHUAKOCTH MOXKET
CIIY)KUTh MHCTPYMEHTOM i nosrydeHust HY
yIpaBisieMoil MOp(oI0rum, cocTaBa U BHYT-
pPEHHEN CTPYKTYpHI.

ABTOpPBI  BBIp@OKAOT  0JIArOAAPHOCTH
I'.P. Bagansn, O.B. Koponuk 3a momoib B
MIPOBEACHUH DKCIIEPUMEHTA.
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