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0. 51. JodpoBenbka
Hanionaneauii yHiBepcutet “JIbBiBChbKa mosiTexHika”,
kadenpa ximii i TeXHOOT1i HEOPraHiYHUX PEUOBHH

OCAJ’KEHHS BIMETAJIEBUX HAHOYACTUHOK Pd-Au
3A IMITYJIBCHOI'O PEXKUMY EJIEKTPOJII3Y ¥ DM SO PO3UNHAX
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HocainzkeHo eseKTpoxiMiyHe CHiBOCA/UKeHHSl MNaJaAil0 Ta 30/J0Ta HAa IOBEPXHi
ckiorpagiry 3 po3umniB ix coseid 'y aumermicyiabdokcuai (DMSO). Ilokazano, mo 3a
xonuenTpauiii 0.004M PdCI, + (0.002-0.004)M HAUCI,; + 0.05M BuyNCIQOy4, E =-0.3—1.5V, 3a
IMIIyJILCHOTO eJ1eKTPOJIi3y (POPMY€ETHCA 0cal Y BUIJISAI AUCKPETHUX c(PeponoidHUX YACTHHOK
po3mipom 30-140 nm, siki piBHomipHO po3noaiieni Ha minkaanmi. I3 36iabmennsaM Eqynoge
3pocTa€ TyCTHHA 3aMOBHEHHA YACTHHKAMHU TMOBepxHi ckiorpagiry. Bwmict meraniB y

Kirouosi ciioBa: Pd-AuU, HAaHOYACTHHKH, CiBOCATKEHHS, iMIyabcHmii peskam, DM SO.

The eectrochemical 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 PdCI, + (0.002...0.004)M
HAUuCI, + 0.05M BusNCIO,4 E = -0.3...-1.5V, at pulse éectrolysis. The density of filling the
glassy carbon surface by the particles is growing with the increase of Exnoge. The content of
metalsin bimetallic depositsiscorrelative 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 uepe3 yHiKabHi
ONTWYHI, ENIEKTPUYHI Ta XIMi4HI BJIACTUBOCTi, SKi € BHII BiJl BIIACTHBOCTEH MOHOMETAJIEBUX
HaHoyacTHHOK. Cepesl GiMeTaeBUX HAHOYACTHHOK, manaaii—30m0to (Pd-Au) € onHi€r0 3 HalHIepCIEKTHB-
HINTNX CHCTEM Yepe3 MOXKJIMBICTH iX e()eKTHBHOTO BUKOPHCTAHHS Y T€TEPOTEHHOMY KaTai3i, 30KpeMa siK
Kartanizatop 1 peakuiii okucHeHHs CO, ByTrJIeBOAHIB 1 6araTb0X 1HIIMX CIIOYK.

IMocTanoBka 3aga4i Ta orjasa Jxkeped Jgiteparypu. OTHUM i3 METOMIB OJIePKaHHS KaTaTiTHIHUX
HAHOCTPYKTYpHHX OiMETaJIiB € eIeKTPOXiMidHE CHIBOCAKEHHS IX Ha MiAKIaAKy. EnexTpoximMiuHuil MeTox
Ja€ MOJKJIMBICTH KOHTPOJIIOBATH PO3MIp YacCTHHOK EJIEKTPONITUYHOrO CIUIaBy, BMICT, PO3MOAUI IO
noBepxHi [1] Tomo. Bigomi mociiukeHHs criBoca/pKeHHs OiMeTaneBux HaHouactuHok Pd-Au [2]
MOKa3ajiy, IO iX CTPYKTypa, BIACTUBOCTI 3HAYHOIO MIpOIO 3aJIeXaTh BiJl BMICTY Ta CIIiBBiJZHOIICHHS,
MeTaniB y cmiasi. [lopsn 3 TuM, Ha XapaKTepHCTHKU TOKPUTTIB 3HAYHWI BIUIMB Ma€ aHIOHHUH CKIaj
PO34HHY, 13 IKOTO OJEPKYIOTh ocan [3].

EnexTpoxiMiune cmiBocajukeHHs OimertaneBux ocamiB Pd-AU € Haiibinbplie BHBYEHE y BOIHHUX
po3unHax [4—6], mpoTte B ocTaHHI POKH 30LIBIIYEThCS iHTEPEC 10 BUKOPUCTAHHS OPraHiYHUX anpoOTOHHHX
PO3YHMHHHMKIB, 110 CBOEIO YEPrOI0 3yMOBIICHO HU3KOIO TIepeBar HeBOAHOTO cepeopuina [7]. EnextpoxiMiku
kadeapu Ximii i TeXHONOriT HeopraHiYHUX PedoBUH JIBBIBCHKOI MONITEXHIKH JTOCTIIDKYIOTH OJICPXKAaHHS
HAHOPO3MIPHUX YaCTHHOK METANIB iMITyJbCHUM EIIEKTPOIIi30M Y CEpPEIOBHII allPOTOHHUX PO3UYWHHHKIB,
30KpeMa JTUMETHICYIb(POKCH I, quMeTrndopMamifi, aneronitpum ta inmmx [8—10]. Pobora € mpomos-
JKEHHAM CHCTEMHHX JOCHIDKEHB, 30KpeMa CITBOCa[DKEHHS OiMeTaneBuX HaHOYacTHHOK Pd-Au vy
JTUMETHIICYTb(QOKCHUIHUX PO3UNHAX.

71



Meta po6oTu. Metoto po6oTu Oyio ofepkatn HaHOYaCTHHKH Pd-AU CriBocapKeHHSIM Taiaio i
30JI0Ta Ha MOBEPXHi cKIorpadiTy iMIyIbCHUM €NEKTPOIIi30M 3 AUMETHIICYJIbCOKCUAHNX PO3YHHIB.

MeTonuka BHKOHAHHA MOCHiT:KeHb. CIIBOCAIDKEHHS 3IIHCHIOBATN 3 ITUMETHICYITh(OKCHIHUX
pozuunis 0.004M PdCl, + (0.002-0.004)M HAuCI, + 0.05M Bus;NCIO,. EnextpoximiuHi TOCITIiIKEHHS
IPOBOMMIN y CTAHAAPTHIH TEPMOCTATOBAHIM eMeKTpOXiMiumiii ckmamiii komipmi 06’emom 50 cm® 3a
nomomororo norentioctara IPC-Pro y miamasoni norenrgianis -0.3...-1.5V 3a temneparypu 35 °C. PoGo-
YUM €JIEKTPOJOM OyB CKIOrpadiToBHi CTpMXKEHBb AiaMETpOM SMM, GOKOBa MOBEPXHs SKOTO i30Jb0BaHa
Te(JIOHOBOIO CTpiukoi0. JlOMOMDKHHMI eNeKTpoA — IUIaTHHOBA IUIACTHHA, €JIEKTPOA IOPIBHAHHS —
HacHM4YeHUH xJopun-cpiOnuil. CxmorpaditoBi enexTponu HUTipyBand TOHKMM HaXKJAUYHUM IarlepoM i
MOJIIpyBaM MACTOI0 Ha OCHOBI JIIOMIHIIO0 OKCHAY, MICJI YOr0 MPOMMBAIM 130IPOIIAHOIOM Ta allETOHOM.
[Mepen MOYaTKOM €KCIEPUMEHTIB 3pa3Ki BUTPHMYBAIH y poOouoMy po3umHi mpotsrom 1min. Tpusanicts
€JIEKTPOJII3y BU3HAYAIM 3a KUIBKICTIO BUTPAYEHOI €JIEKTPHUKH, 32 SKOI TOBIIMHA YMOBHO KOMIIAKTHOTO
ocany craHoBuia 30nm.

IMporec BinOyBaBcs 3a iMITyJIbCHOTO PEXUMY €JICKTPOII3y 3a TPHBAIOCTI IMITYIbCY (Ton) 6MS, may3u
(tofr) — 300. ITicast 3aBepiICHHS MPOLIECY 3pasku 3 ocanoM npomusanu y DMSO, i3ompomnanodi ta Cymuiu
MOTOKOM TEIUIOro moBiTpst. Mopdouorito moBepxHi 3 OimMeraneBUMH HaHouacTHHKamu Pd-Au mocmia-
KYBaJIX 3a JOIOMOTOI0 CKaHyI4oro enektponHoro mikpockomna ZEISS EVO 40XVP, Bmict nanazito ta
30JI0Ta — 32 I0IIOMOT'0I0 €HEPrOJUCIIEPCIHHOTO METOY.

Pe3yabTaTH A0CiqKeHb Ta iX 00roBopeHHs. Y niana3oHi katofaHux noteHmianis -0.3...-1.5V 3a
IMIIYJIbCHOTO PEXHUMY €JIEKTPOJIi3y Malafiif Ta 30J0TO CIIBOCAKYIOTHCS 3 YTBOPEHHAM cructemu Pd-Au
(puc. 1, a). IIpu TOMY BMICT METAJIIB 3aJ€KUTh BiJl KOHIIEHTPAIIii 10HIB OCaUKYBAaHUX METANIB Y PO3UNHAX
Ta 3HAYCHHS KaTOJHOTO MOTEHIay.

EHT =15.00 kv Signal A = SE1 Date :26 Jun 2013
WD =11.5mm Photo No. = 5546 Time :15:40:59
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2 pm* EHT = 15.00 kv Signal A = SE1 Date :26 Jun 2013 2pm' EHT = 15.00 kv Signal A = SE1 Date :2 Jul 2013 W

F——— wo=11.0mm Photo No. = 5553 Time :15:49:59 F——— wo-=115mm Photo No. = 5650 Time :14:00:22

Puc. 1. EDAX nanouacmunok Pd-Au (a) ma SEM-306padsicenns nosepxui cknoepagimy 3 ocadom Pd-Au, odepacanum
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 CIPHYUHSE 301IbIICHHS HOro BMICTYy B ocali.
Hanpuknan, 3a koumentparii kommnonentis 0.004 M PdCl, + 0.002M HAuCI, - 61 ar.% Au, 3a 0.004M
PdCl, + 0.004M HAUCI, — 71 at.% (E = -0.75V). 3a 30iiblieHHs 3HAYEHHS KaTOMHOIO MOTEHI[aTy
TEHJCHIIIS IO 3pOCTaHHS BMICTYy Manailo B ocaai crocrepiraerscs B iHTepBami -0.3...-0.75V, toxi sx
3a E = -1.0...-1.5 V diTkoi 3aKOHOMIpHOCTI MOTEHIIiaT-BMICT METally B ocaai He momidaerbes. Lle,
OUYEBUHO, 3YMOBIEHO OCOOTMBOCTSMH 3MiHM 3HA4Y€HHS KATOJHOTO CTPYMY BiJl MOTeHmiany. Tak, B
nianasoni E = -0.3...-1.0V cmoctepiraetbcsi 3HAYHUI MPUPICT IYCTHHU KATOAHOTO CTPYMY (Alcathode), TOII
SK Y MOJanbIIOMY 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 MAN/Ii0, sIKi BiJOYBarOThCS
BIJITIOBITHO 32 PEaKI[isIMU:

[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. [lonapusayitina kpusa y po3uuni
0.004M PdCI, + 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 JOCHIIKYBaHMX MOTCHUIadiB 3a IMIIyJbCHOTO PEXHMY €JIEKTPONi3y (OpPMYIOThCS
HaHouacTuHKU Pd-Au cdeponoaiOHoi dopmu, siki MOPIBHSHO PIBHOMIPHO PO3MOiICHI MO MOBEPXHi
ckiorpadiry (306paxkennst b-d). 3a xonuentpauiit 0.004M PdCl, i (0.002-0.004)M HAUCI, ta 3a E =
=-0.3...-1.5V ¢opmyeTrbes ocan y BUMIAA JUCKPETHUX 4acTHHOK po3mipoM 30-140 nm. Buxopucranus
OpraHiuHOrO ampOTOHHOI'O PO3YMHHHUKA 3a0e3ledye YTBOPEHHS MOBEPXHEBMX KOMIUIEKCIB Ha 3apOJKax,
o 3anobirae armoMepanii yacTuHoK. OTXKe, 32 IMITyJIbCHOTO PEKUMY €JIEKTPOJIi3y 3HAYCHHSI KaTOAHOTO
MOTEHIay € e()eKTUBHUM (PAKTOPOM BIUIMBY Ha BMICT, (hopMy Ta po3Mip OiMeTaleBUX YACTHHOK.

I3 30inbIIEHHSIM MOTEHLIATYy MPOTATOM YCHOTO MEPIOAY €JIEKTPOJi3y T'yCTHHA KaTOJHOTO CTPYyMY
3pocrtae. Lle crpuse npouecy 3apoAKOyTBOPEHHS, TOOTO 301IBIIEHHIO TYCTHHU 3allOBHEHHS YaCTUHKAMHU
MOBEPXHI MiAKIaAKH. BogHovac 3pocTaHHA 3HAUYCHHS icathode CIPUUMHSE OU(Y31HHUUNA KOHTPOJIb MPOLIECY
BiTHOBJICHHSI METAJIB 1 BiIMOBIJHO 3POCTaHHS YTBOPEHUX 3apoKiB. IIpu ToMy 3HaUHUI BIUIUB KaTOAHOTO
noteHniany crocrepiraerees 3a E = -0.3...-1.0 V, ne Aicnode € HalOUmpmum. Tak, 32 E = -0.3 V
(i = 0.45A.dm™®) po3mip GiMeTaTeBUX YACTHHOK 3HAXOMUTHCS B Aiamasoni 50-370nm, toxi sik 3a E = -1V
= O.7A~dm'2) — 26-140 nm. ITomanbiine 3pOCTaHHS KAaTOMHOTO IMOTEHIANY, SIK BHUIHO 13 3aJIC)KHOCTI
E—icathoge, MAJIO BIUTMBA€ Ha 3HAYEHHS CTPYMIB, IO BiJOOpakaeThCs i Ha po3Mipax 4acTuHOK. Tak 3a E =
=-1.25V (i = 0.68 A-dm™) miamason posmipis gactirok 26-140 nm, E = -1.5 V (i = 0.76A-dm?) — 26-145.

[ligBuieHHs1 3HaYeHHS! KaTOJHOTO CTPYMY NPHU3BOIAUTH 10 OAHOYACHOTO 3MEHILICHHS PO3MIpiB Ta
301NBIIIEHHST TYCTHHH 3allOBHEHHS IMOBEpXHi. SIK HACTIZOK CIOCTEpiraeThCs TEHIEHINS J0 ariomepartii
JUCKPETHUX YacTUHOK Ta ()OpMYBaHHs IUIBKOMONIOHHMX OcaiiB. 3Bakaloud, L0 NEepeBaXKHA YacTUHA
CTPYKTYpHHX OJHMHHIL TaKOIO OCaay MAOPIBHIOIOTH 26—66 NM, yTBOpeHi 3 HHUX IUIBKH € (aKTHYHO
HAHOPO3ipHi, OCKIIBKKM 3a TOBLIMHOK OcTaHHi He mepeBumryrore 100 nm (puc. 1 ¢, d, puc. 3 a, b).
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3MeHIIIeHHST PO3MipiB OiMeTaleBHX HAaHOYACTUHOK Pd-AU BigOyBaeThcsi TakoX 3a 3MiHM KOHICHTpAII.
Tak, 3a 0.004M PdCl, + 0.002M HAuCI, + 0.05M BuyNCIO,, niopisusio i3 monepeanim (0.004M PdCI, +
+ 0.004M HAuCl, + 0.05M Bu4NCIO,) po3umHoM po3mip dvacTuHOk € MeHmuM. 3a E = -05 V
(i = 0.48A-dm™®) posmip GiMeTaneBMX UACTMHOK 3HAXOAMTHCS B Aiamasomi 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.

e

v ¥y " - a £ - p
EHT = 15.00 kV Signal A= SE1 Date :2 Jul 2013 " 00 kv Signal A = SE1 Date :2 Jul 2013
WD =10.5mm Photo No. = 5656 Time :14:08:10 | — Photo No. = 5662 Time :14:13:36

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

BucnoBku. 1. 3a immynscHoro pexumy, 3a mnoteHmiany -0.3...-1.5V, 3a Ton Ter = 6:300ms
dopmyerbes Pd-AuU ocan y BHMISAI JUCKPETHHUX CPEPOIOTiOHNX YACTHHOK, SIKi MOPIBHSAHO PiBHOMIPHO
PO3MOoAiIeHI 0 TOBEPXHI CKIOrpadiry.

2. Hanouactunku po3mipom 30-140nm cuctemu Pd-AuU ocakyroTh Ha HOBEpXHi ckiorpadity
3 posumnis 0.004M PdCl, + 0.004M HAuCIl, + 0.05M Bu4NCIO, 3a morenmiany -1...-1.5V, a i3
—0.004M PdCl, + 0.002M HAuCI, + 0.05M BuyNCIO,4 — 3a motenmiany -0.5V.

3. Bmict meTaniB y GiMeTaneBoMy ocalli CIiBB1THOCHHH 10 MIPONOPLIi X 10HIB y PO3UHHI.
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