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Hanionanenuii yHiBepcutet “JIbBiBChKa mosiTexHiKa”,
kadenpa ximii i TEXHOJIOT1i HEOPraHiYHUX PEUOBHH

OCAJ’KEHHS BIMETAJIEBUX HAHOYACTUHOK Pd-Au
3A IMITYJIBCHOI'O PEXKUMY EJIEKTPOJII3Y ¥ DM SO PO3UNHAX
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HocainzkeHo esekTpoxiMiuyHe cHiBOCA/)KeHHS MNadadil0 Ta 30/J0Ta HAa TOBEpPXHi
ckiorpagiry 3 po3umniB ix coseid 'y aumermicyiabdokcuai (DMSO). Ilokazano, mo 3a
xouuenTpauiii 0.004M PdCI, + (0.002-0.004)M HAUCI,; + 0.05M BuyNCIQOy4, E =-0.3—1.5V, 3a
iIMIIyJILCHOTO eJ1eKTPOJIi3y (JOPMYETHCH 0ca Y BULJISAL TMCKPETHUX c(PeponoiOHUX YACTHHOK
po3mipom 30-140 nm, sixi piBHoMipHO po3moxmiieHi Ha migkaammi. I3 30lLIbmMeHHAM E anoge
3pocTa€ TyCTHHA 3aMOBHEHHA YACTHHKAMHU TOBepxHi ckuaorpagiry. Bwmict meraniB y
diMmeTasieBoMy ocajli ciiBBiTHOCHMI Nponopuii iX ioHIB y po34mHi.

Kirouosi ciioBa: Pd-AU, HAaHOYACTHHKH, CIIBOCAKEHHS, iMIyabcHuiA peskum, DM SO.

The electrochemical co-deposition of palladium and gold on the glassy carbon surface
from solutions of their salts in dimethylsulfoxide (DM SO) is studied. It is shown that the
precipitate in the form of discrete sphere-like particles of 30...140nm, which are uniformly
distributed on the substrate, is formed at concentrations of 0.004M PdClI, + (0.002...0.004)M
HAuCI, + 0.05M BusNCIO,4 E = -0.3...-1.5V, at pulse eectrolysis. The density of filling the
glassy carbon surface by the particles is growing with the increase of Exnoge. The content of
metalsin bimetallic depositsis correlative to the proportion of their ionsin the solution.

Key words: Pd-Au, nanoparticles, co-deposition, pulse mode, DM SO.

Beryn. bimeraneBi HaHOYaCTHMHKHM OCTaHHIM YacOM TPUBEPTAIOTHh 3HAYHY YBary 4epe3 yHiKaIbHi
ONTHYHI, ENIEKTPUYHI Ta XIMiYHI BJIACTUBOCTi, SIKi € BHWII BiJl BIIACTHBOCTEH MOHOMETAJIEBUX
HanoyacTHHOK. Cepesl GiMeTaneBUX HAHOYACTHHOK, manaaii—30m0to (Pd-Au) € oxHi€0 3 HaHIEPCIEKTHB-
HIITNX CHCTEM Yepe3 MOXKJIMBICTH iX e()eKTHBHOTO BUKOPHCTAHHS Y T€TEPOTEHHOMY KaTai3i, 30KpeMa siK
Kartanizatop i peakuiii okucHeHHs CO, ByTrJIeBOAHIB i 6araTb0X 1HIIMX CIIOYK.

IocTranoBka 3ana4i Ta oryisig Axkeped jgiTeparypu. OZHUM i3 METONIB OACP)KAaHHS KaTaTiTHYHUX
HAHOCTPYKTYpHHX OiMETaJIiB € eIeKTPOXiMidHE CHIBOCAIKECHHS IX Ha MiAKIaAKy. EnexTpoximMiuHui MeToxa
Ja€ MOJKJIMBICTH KOHTPOJIIOBATH PO3MIp YaCTHHOK EJIEKTPONITUYHOrO CIUIaBY, BMICT, PO3MOILI IO
noBepxHi [1] Tomo. Bigomi mociiukeHHs criBOca/pKeHHs OiMeTaneBux HaHouactuHOK Pd-Au [2]
MOKa3ajiy, 10 iX CTPYKTYypa, BIACTUBOCTI 3HAYHOIO MIpOIO 3aJIeXXaTh BiJ BMICTY Ta CIHiBBiIZHOIICHHS,
MeTaniB y cmiasi. [lopsn 3 TuM, Ha XapaKTepUCTHKM TOKPUTTIB 3HAYHWI BIUIMB Ma€ aHIOHHUI CKIaf
PO3UHHY, i3 SIKOT0 OJePXKYIOTh ocan [3].

Enexrpoximiune criBocaukeHHs OiMmeTtaneBux ocamiB Pd-AuU € Haiibinblie BHBYEHE y BOIHHUX
po3unnax [4—6], mpoTe B ocTaHHI POKH 30LIBIIYETHCS iHTEPEC 10 BUKOPUCTAHHS OPraHiYHUX arnpOTOHHHX
PO3YMHHHMKIB, 1[0 CBOEIO YEPrOI0 3yMOBIICHO HU3KOIO TIepeBar HeBOAHOTO cepeopuina [7]. EnexTpoxiMiku
kadeapu Ximii i TeXHONOriT HeopraHiYHUX PedoBUH JIBBIBCHKOI MONITEXHIKH JTOCTIIIKYIOTh OJICPXKAaHHS
HAHOPO3MIPHUX YaCTHHOK METANIB iIMITyJbCHAM EIIEKTPOJIi30M Y CEpEelIOBHII allpOTOHHHUX PO3YWHHHKIB,
30KpeMa TUMETHICYIb(POKCH I, quMeTHIdopMamini, aneronitpum ta inmmx [8—10]. Pobora € mpomos-
JKEHHAM CHCTEMHHX JOCHIKEHB, 30KpeMa CIiBOCaKEHHS OiMmeraneBux HaHO4YacTHHOK Pd-Au y
JUMETUIICYTb(QOKCHIHUX PO3UNHAX.
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Meta po6oTu. Metoto pobotu Oyiio ofepkatn HaHOYaCTHHKH Pd-AU CriBoCaKEHHSIM Taiaio i
30JI0Ta Ha MOBEPXHi cKIorpadiTy iMIyIbCHUM €NEKTPOIII30M 3 AUMETHIICYJIbCOKCUAHNX PO3YHHIB.

MeTtonuka BHKOHAHHSI AOcChHil:keHb. CHiBOCAIPKEHHSA 3IMCHIOBAIHM 3 AUMETWICYIb(OKCUIHUX
pozuunis 0.004M PdCl, + (0.002-0.004)M HAuCI, + 0.05M Bus;NCIO,. Enextpoximiuni TOCIIiIKEHHS
IPOBOMMIN y CTaHAAPTHIHl TEPMOCTATOBAHIM eMeKTpOXiMiumiii ckmamiii komipmi 06’emom 50 cm® 3a
nomomororo norentiocrara IPC-Pro y miamasoni notenrgianis -0.3...-1.5V 3a temneparypu 35 °C. PoGo-
YUM €JIEKTPOJOM OyB CKIOrpadiToBHH CTpMXKEHBb AiaMETPOM SMM, GOKOBa MOBEPXHs SKOTO i30Jb0BaHA
Te(IIOHOBOIO CTPiuKo10. J[OMOMDKHHUI eNeKTpox — IUIAaTHHOBA IUIACTHHA, €IEKTPOA MOPIBHAHHS —
HacH4YeHUH xnopun-cpiOnuil. CxmorpaditoBi enexTponu HuTiyBand TOHKMM HAXKJAYHUM IallepoM i
MOJIIPyBaJM [IACTOI0 Ha OCHOBI QJIIOMIHII0 OKCHAY, HICII YOr0 MPOMMBAIM 130MPOIAHOIOM Ta alleTOHOM.
[Tepea mMOYaTKOM €KCIEPUMEHTIB 3pa3Ki BUTPHUMYBAIH y poOouoMy po3urHi npotsroM 1min. Tpuanicts
€JICKTPOJII3Yy BU3HAYAIM 32 KUIBKICTIO BUTPAYCHOI €IEKTPHUKH, 32 SKOI TOBIIMHA YMOBHO KOMIIAKTHOT'O
ocafny craHoBuiza 30nm.

IMporec BinOyBaBcs 3a iMITYJIbCHOTO PEXUMY €JICKTPOII3y 3a TPHBAIOCTI IMITYIBCY (Ton) 6MS, may3n
(torr) — 300. ITicas 3aBepiIeHHs MPOLIECY 3pasku 3 ocanoM npomuBainu y DMSO, i3ompomnanodi ta Cymuiu
MOTOKOM TEIUIOro moBiTpst. Mopdouorito moBepxHi 3 OimMeranieBUMH HaHouacTHHKamu Pd-Au mocmia-
YBaJX 3a JOIOMOTOI0 CKaHyI4oro enektponHoro mikpockomna ZEISS EVO 40XVP, Bmict nanaaito ta
30JI0Ta — 33 JOTIOMOT'OI0 €HEPTOAUCIIEPCIHHOTO METOY.

Pe3yabTaTu aociaigkeHb Ta iX 00roBopeHHs. Y miana3oHi karoganux norenmiams -0.3...-1.5V 3a

IMITyJIbCHOTO PEXKUMY €JICKTPOJIi3y majaiiii Ta 30JI0TO CHiBOCADKYIOTHCS 3 YTBOPEHHsIM cucteMu Pd-Au
(puc. 1, a). Ilpx ToMy BMIiCT METaJliB 3aJIe)KUTh BiJl KOHIIEHTPAIIT I0HIB OCa/PKYBaHUX METAJIB Y PO3YHHAX

Ta 3HAYCHHS KaTOIHOTO MOTEHITiay.
276 nm @
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79 nm

i 2 3 4
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Puc. 1. EDAX nanouacmunox Pd-Au (a) ma SEM-306padicenns nosepxui cknoepagimy 3 ocadom Pd-Au, odeporcanum
y DMSO posuuni 0.004M PdCI, + 0.004M HAUCI, + 0.05M BuyNCIO, 3a nomenyianie (V): b) -0.3, ) -0.5, d) -1.5
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3pocTaHHA KOHLEHTpalii i0HIB METaly y PO34MHI CIPHUYUHSE 301IbIICHHS HOro BMICTY B Ocami.
Hamnpuknan, 3a kounentpaiii kommonentis 0.004 M PdCl, + 0.002M HAuCI, - 61 ar.% Au, 3a 0.004M
PdCl, + 0.004M HAUCIl, — 71 at.% (E = -0.75V). 3a 30iiblieHHs 3HAYEHHS KaTOIHOIO MOTEHI[aTy
TEHJCHIlIS IO 3pOCTaHHS BMICTYy Manalilo B ocaai crocrepiraerscs B iHTepBami -0.3...-0.75V, toxi sk
3a E = -1.0...-1.5 V diTkoi 3aKOHOMIPHOCTI MOTEHLIiaJ-BMICT MeTally B ocaai He momiudaerbcs. Lle,
OYEBHIIHO, 3YMOBJIEHO OCOOJIMBOCTSIMH 3MiHM 3HA4€HHS KaTOXHOIO CTPpyMy Bin mnoreHuiamy. Tak, B
mianaszoni E = -0.3...-1.0V cmoctepiraetbest 3HAYHUIT MPUPICT TYCTHHU KATOAHOTO CTPYMY (Alcathode), TOII
K Y MOJAIbIIOMY Aihode € He3HauHe (puc. 2). 3BaKaroyd Ha BiJMIHHICTh 3HAYCHb CTAHIAPTHHX
€JIEKTPOAHMX TOTeHIiamiB ocamkyBannx weraniB (E%y = 1.2 V, E°%a= 142 V) cuix ouikysaru
HEOJIHAKOBOT'O BIUIMBY 3HAYCHHS KaTOJHOTO CTPYMY Ha BiJIHOBJICHHS 30JI0Ta 1 MANIA/i0, sIKi BiJOYBAOThCS
BIJINIOBI/THO 32 PEaKIisIMU:

[AUCI,]™ + 2e — [AuCl,]” + 2CI- (1)
[AuCl,]™+ e — Au + 2CI7 (2
Pd* + 2e — Pd° (3)
W_g -0,8 1
<
g -0,7 1
8

Puc. 2. [lorapuzayitina Kpusa y po3uuni
0.004M PdClI, + 0.004M HAuCl, + 0.05M BuyNCIO, -0,6 1
y DMSO pozuuni 3a 35 °C 14, 7o = 6:300ms

-0,5 -1 -15
E, V

3a BCiX JAOCHIKYBaHMX MOTCHUIadiB 3a IMIIyJbCHOTO PEXHMY €JIEKTPOIi3y (OpPMYIOTHCS
HaHouacTuHku Pd-Au cdepononibHoi Gopmu, siKi MOPIBHSHO PIBHOMIPHO PO3MOIIICHI MO IOBEPXHi
ckiorpadiry (306paxkennst b-d). 3a kouuenrpamiit 0.004M PdCl, i (0.002-0.004)M HAuUClI, Ta 3a E =
= -0.3...-1.5V dopmyeTbes ocan y BUVIAAI JUCKPETHUX 4acTHHOK po3mipoM 30-140 nm. Buxopucranus
OpraHi4HOrO ampOTOHHOI'O PO3YMHHHUKA 3a0e3ledye YTBOPEHHS MMOBEPXHEBHX KOMIUIEKCIB Ha 3apOJKax,
o 3anobirae armomepanii yacTuHOK. OTXe, 32 IMIYJIBCHOTO PEXHUMY €JIEKTPOJIi3y 3HAUEHHS KaTOAHOTO
NOTEHLiaTy € epeKTUBHUM (HaKTOPOM BILUTUBY Ha BMICT, (opMy Ta po3Mmip OiMeTaleBUX YaCTHHOK.

I3 30inbIICHHAM MOTEHLANy HPOTATOM YCHOTO IEPIOAY E€NEKTPONi3y T'yCTHHA KaTOAHOTO CTPYMY
3pocrtae. Lle crpuse npouecy 3apoAKOyTBOPEHHS, TOOTO 301BIIEHHIO TYCTHHU 3allOBHEHHS YaCTUHKAMHU
NOBEpXHI MiAKIaaKku. BogHouac 3pocTaHHs 3HAYCHHS icathode COPUUMHSE AUDY31IHHUNI KOHTPOIb IPOLIECY
BiTHOBJICHHS] METAJIB 1 BIAMOBITHO 3POCTaHHS YTBOPEHUX 3apoKiB. IIpu ToMy 3HaYHHI BIUIMB KaTOAHOTO
noteHniany crnocrepiraerbes 3a E = -0.3...-1.0 V, ne Aigmoge € HalOlmpmmm. Tak, 3a E = -0.3 V
(i = 0.45A-dm™) posmip GiMeTaTeBHX YaCTHHOK 3HAXOAUTHCS B miamasoni 50-370nm, Toxi sik 3a E = -1V
= O.7A~dm'2) — 26-140 nm. IlomanbIiie 3pOCTaHHS KAaTOMHOTO IMOTCHIIANY, SIK BHUIHO 13 3aJIC)KHOCTI
E—icathoge, MAJIO BIUTMBA€E HA 3HAYEHHS CTPYMIB, IO BiJOOpakaeThCs i Ha po3Mipax 4acTUHOK. Tak 3a E =
=-1.25V (i = 0.68 A-dm™) miamason po3mipis gactirok 26-140 nm, E = -1.5 V (i = 0.76A-dm?) — 26-145.

[ligBuieHHs: 3Ha4eHHS! KaTOJHOTO CTPYMY NMPH3BOIAUTH 1O OAHOYACHOTO 3MEHILICHHS PO3MIpiB Ta
301TBIIEHHS] TYCTHHH 3allOBHEHHS IMOBEpPXHi. SIK HACTIOK cIOCTepiraeThCs TEHIEHINS 10 aryiiomMepartii
JUCKPETHUX YacTUHOK Ta ()OpMYBaHHs IUTIBKOMONIOHHMX OcafiB. 3Bajkaloud, L0 NEepeBakKHA YacTUHA
CTPYKTYPHHX OJHMHHIL TaKOrO OCaay MAOPIBHIOIOTH 26—66 NM, yTBOpeHi 3 HHUX IUIIBKH € (aKTHYHO
HAHOPO3ipHi, OCKIMBKK 3a TOBLIMHOK OcTaHHi He nepeBulyrote 100 nm (puc. 1 ¢, d, puc. 3 a, b).
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3MeHILeHHsT po3MipiB GiMeTaneBux HaHOYAaCTHHOK Pd-AU BigOyBaeThCsl TAKOXK 3a 3MiHH KOHIICHTpAIIIi.
Tak, 3a 0.004M PdCl, + 0.002M HAuCI, + 0.05M BuyNCIO,, niopisusio i3 monepeanim (0.004M PdCI, +
+ 0.004M HAuCl, + 0.05M Bu4NCIO,4) po3urHOM po3Mip yacTuHOK € MeHmum. 3a E = -05 V
= 0.48A~dm'2) po3mip OimMeTaleBUX YaCTHMHOK 3HAaXOIWThCA B miama3oni 26-96 nm, 3a E = -0.75 V
(i=0.68A-dm?) - 39-116 nm, 3a E = -1V (i = 0.49A.dm™®) — 26-118 nm.

() ()

Puc. 3. SEM-300pasicenns nosepxui ckroepagimy 3 ocadom Pd-Au, odeporcanum
y DMSO poszuuni 0.004M PdCI, + 0.002M HAUCI,; + 0.05M BusNCIOy 3a nomenyianie (V): a) -0.5, b) -0.75

BucnoBku. 1. 3a immynbcHoro pexumy, 3a mnoteHmiany -0.3...-1.5V, 3a Ton Ter = 6:300ms
dopmyetbest Pd-Au ocan y BUMIISIl AUCKpETHUX c(eporoJiOHUX YaCTHHOK, SIKi MOPIBHSHO PiBHOMIPHO
PO3MoAiIeHI 0 MOBEPXHI CKIOTrpadity.

2. Hanouactuaku po3mipom 30-140nm cuctemu Pd-AuU oca[KyroTh Ha MOBEpXHi ckiorpadity
3 posumniz 0.004M PdCl, + 0.004M HAuCIl, + 0.05M Bu4NCIO, 3a morenmiany -1...-1.5V, a i3
—0.004M PdCl, + 0.002M HAuCI, + 0.05M Bu4NCIO, - 3a motentiany -0.5V.

3. Bmict meTaniB y GimeTaneBoMy ocalli CIiBBITHOCHHH /10 MPONOPLIi X 10HIB y PO3UHHI.
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