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3a memoodom eanveaniuno2o 3amiwenns cunmesosano bimemanesi Hanocmpyxknmypu Ni(Pd).
Cmpyxkmypa i ¢pazosuii cxkrad ompumanux nanocucmem Ni(Pd) docnioowceni 3 suxopuc-
mannsam memodie SEM, EDX ma nopowxoeoi ougpaxyii X-npomenie (X-npomenesuil
ananiz). ITiomeepodiceno, wo ereMeHmHutl CKIa0 OMPUMAHUX OIHAPHUX HAHOCMPYKMYD
30ieaemuvca 31 CKIAOOM pearyitinoi cymiuti, a Oompumani HAaHOKOMNO3UMU NPAKIMUYHO He
Micmsams QOMIUOK OKCUisl2iopoxcudis Hikeo.

Hocniodcena xamanimuuna aKmusHiCMb CUHME30BAHUX OIMemanesux HAHOYACMUHOK
Ni(Pd) na npuxnadi peaxyii 6ionosnenns n-nimpogpenony posuurom NaBHa. Busieneno, ujo
¥ 6cix eunaokax npoyec eionosenenns n-wimpogenony NaBHa ¢ npucymnocmi nanowacmunox
Ni(Pd) sx xamanizamopa onucyemvcsi KinemuuHuMm PIGHAHHAM NEPUIO20 NOPAOKY 3d N-
nimpoghenonom. JJoseoeno, wo oexopysanns nanouacmunox ikeno (Ni) nanraoiem (Pd)
3HAYHO NIOBUWYE IXHIO KamanimuyHy akmusHicmy. Llleuoxicme ioHo61eHHA n-Himpoghe-
nony ¢ npucymuocmi Ni(Pd) matioce 60siui suwja nopisnano 3 eidomumu 3 aimepamypu
eeKmuGHUMU  KAMATIMUYHUMY — cUCmeMaMu, MOoOmo MAaki HAHOCUCHEMU MOMICHA
86adCamMul NEPCNEKMUSHUM MAMePIanom O pO3POONEHHS HOBUX MUNIE MASHIMocenapa-
OenbHUX Kamanizamopie npoyecié OmpumMants amiHOAPOMAMUYHUX CROYK.

Kniouosi cnosa:. 6imemanesi HanouacmuHnku, HiKeab, nalaoiil, Kamanis.
Beryn

IepcrieKTHBHUM HAMPsIMOM BHKOPHCTAHHS HAaHOCTPYKTYp Ha ocHoBi Hikemro (Ni) €
KaTali3, OJlHAK BUKOPUCTAHHSI MOHOMETAJICBUX HIKEIIEBUX KaTalli3aTOpiB JOCHTH 00OMe-
KeHe. 30KpeMa, HAHOYACTHHKH HIKEII0 BHSBIISAIOTH CBOIO KaTaJITHYHY AKTHBHICTH
31e0UTBIIOrO B peakmifx 3a y4acTi BOJAHIO, HaNpHKIAJ, TiIporeHizanii KapOOHITBHUX
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cmonyk [1], TepmiuHoro poskmamy amiaky [2], B mpolecax TeHepyBaHHS BOJHIO
(XiMiYHEX Ta eTEKTPOXIMIUHMX) IS BOJHEBOI eHEpreTHKH [3], B peakIfisx BiIHOBICHHS
OpraHiYHUX PEYOBHH [0 MPAKTUYHO BAXKIUBHX MPOAYKTIB (peakilisi BiTHOBICHHS 7-
mirpodenony [4]) Tomo. Ockigbku GiMeTaneBi HAHOCTPYKTYPH € TE€PCIEKTHBHUMH
MarepiaiamMH I BHUPIIICHHS HIMPOKOTO CHEKTpa MNPHKIaIHUX 33hady Yy XIMiYHIdA
MIPOMICIIOBOCTI, 30KpeMa B KaTalli3i, ChOTOJHI aKTHBHO BUBYAETHCS KaTaITHYHA aKTHB-
HICTh OIMETaJIeBUX CHCTEM CaMe Ha OCHOBI HIiKer0. 30KpeMa, /Ui MPOLECIB eICKTPOIIi-
THYHOTO T€HEPYBaHHS BOJIHIO IIPOIOHYIOTHCS ENEKTPOOM HA OCHOBI HAaHOCTPYKTYD
uikemo (Ni2P) [5-7], 6imeranesux wnanoctpykryp Ni(Co) [8], Ni(Pd) [9] Toruo.
bimeranesi Hanouacturku Ni(C0) € eeKTHBHUMH KaTarizaTopamMu CyXoro pudopMiary
merany [10-11], emextpoximiuHoro okucHeHHs KapOamimy [12], a wmacrepu Ni(Pt)
JOBOJSATH CBOIO ©(EKTUBHICT y mpoueci Boororo pudopminry CHs [13] i okucHeHHi
CO 10 CO; [14]. lyst mpotieciB BiIHOBJICHHS OPraHIYHUX PEUOBUH (30KpeMa, TiJpyBaHHs
HITPOAPOMATHYHHX PEYOBUH OOPOTIAPHAOM HATPi0) MIMPOKO BHKOPHCTOBYIOTHCS
KaTajizaropd Ha ocHoBi HaxouactuHOK Pt(Ni)[15], Pd(Cu) [16] Ta in. Boamouac,
3Ba)KAalOYM Ha BUCOKY BapTiCTh HAaHOKATali3aTOPiB HAa OCHOBI OJIATOPOJHMX METaiB,
CIIOCTEPIraeThCsl 3POCTAHHS KUIBKOCTI IMyOJIiKaIlii, sKi MPUCBSIYCHI BHBUCHHIO KaTai-
THYHOI aKTHBHOCTI OiMeTaeBHX HAaHOYACTHHOK, JEKOPOBAaBaHUX HAHOKIIACTEpaMu Oaro-
ponuux MmertaniB. Hampukian, B [17] ommcaHo BHCOKY aKTHBHICT HAaHOCTPYKTYp Ha
ocHoBi Fe;O3 nekopoBaHnx HaHOKJIacTepamu cpidna (~4 HM) sK KaTamizaTOpiB Celek-
THBHOTO TiJIpyBaHHs HIiTPOApPEHiB; HAHOBOJOKHA K0bambTy (CO), IeKopoBaHi HAaHOKIIAC-
Tepamu 30n0Ta (Au) abo manaxito (Pd), € ehpekTHBHUMHU KaTanmi3aTOpaMH OTPHUMAaHHS
BOJIHIO 3a peakIi€r riapomizy OGoporigpuay Hatpito [18] Tomo. Bukopucraxus
METaJIeBUX HAHOYACTUHOK HA OCHOBI (-€JIEMEHTIB SIK KaTaai3aTopiB XiMIiYHUX IPOIIECIB,
30KpeMa B PEaKLifiX BIJHOBIEHHS OpPraHIYHUX PEYOBHH IO IPAKTUYHO BAKIUBHX
NPOJYKTIB, Ma€ HU3KY Iepesar, 00 KaTaji3 TaKUMH HaHOYACTHHKAaMH € TeTepPOreHHUM,
IO JJa€ 3MOTY IOBTOPHO BHKOPHCTOBYBAaTH KaTasli3aToOp; BOJHOYAC BEJNHKA IUIOLIA
MOBEPXHI KaTaji3aTopa Ta BHCOKAa aKTHUBHICTh aTOMIB MeTaly Ha TOBEpXHIi
HaHOYACTHHOK JIOIIOMAara€ AOCATHYTH 3HaYHOT'O NPHIIBHUIILICHHS MPOLECY 32 HU3BKOTO
BMICTy MeTaJly B CUCTEMI. 3 OIIAy Ha BCE LIMPIIE 3aCTOCYBAaHHS HAHOKATAII3Y y XiMid-
HHX [EPETBOPEHHSAX OKPEMY yBary NOLIJIBHO 3BEPHYTH Ha HEPCHEKTHBHICTH BHKOPHC-
TaHHSA HAHOKATATI3aTOpiB ISl BaXJMBOI peakiii BigHOBieHHs (TiApyBaHHS) HITPO-
APOMATHYHUX PEYOBMH BOIHHM PO3YMHOM OOpOTIApWAY HATPIIO A OTPUMaHHS
MPOMUCIIOBO-BRKJIMBUX aMiHOAPOMAaTUYHUX PEYOBHUH, SKi ITUPOKO BUKOPHUCTOBYIOTH Y
BHPOOHHUIITBI TTOJIIMepiB 1 OapBHUKIB. 3 iHIIOTO OOKY, IPH BUKOPHUCTaHHI HaHOKATawi3a-
TOpIB 3aJIMIIAETHCS POOJIEMOIO BIIOCKOHAIEHHS METOJIB IXHHOTO PO3JIICHHS Ta pere-
Hepamii. 3acTOCyBaHHSI MAarHiTHUX HAHOYACTHHOK 3a0e3Medye MOXKIUBICTH ITOE€IHAHHS
BIJIOMHX MpOLEIYp TETEpPOTeHHOr0 Karailidy 3 MeTomaMd MarHitTHol cemaparii [19].
MarsiTHa cemapaiiisi KaTaiizaropa eKOHOMIYHO BUTi/THA, OCKLUTBKH JJa€ 3MOTY BUTpavaTH
MEHIIIe 3yCHIb, HEOOXITHUX ISl iIbTpalii Ta HeHTPpU(YTYBaHHS CyMIli MICJIs peaKiii.
OTxe, aKTYaIBHOO MPOOIIEMOIO € PO3pO0Ka METOIiB e()eKTUBHOI iIMMOO1ITI3aIIi MeTae-
BHX HaHOKATaIi3aTOPiB Ha MMOBEPXHI MarHITHUX HOCIIB.

Mera mpaui — cuHTe3yBatd OimeraneBi HaHocTpykTypd Ni(Pd) 3 marniTHEMHK
BJIACTUBOCTSIMU Ta JIOCIITUTH IXHIO KaTaJiTHYHY aKTHUBHICTh Yy IpoOLiecax BiJHOBJICHHS Ha
TIPUKJIAJI 7-HITpO(EHOITY.
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BuxinHi pe4oBMHN Ta MeTOAMKH MPOBeeHHS A0CTiIMKeHb

Jlnst  cHHTE3y MeTaleBUX HAHOYAaCTMHOK BHUKOPHCTOBYBAJM: aleTaT HIKelo
Ni(CH3;COO0),x4H,0 mapku «x.4.», 3amMoBieHHi 3a Kartamorom ¢ipmu «Chepa Cim»
(Ykpaina) 3 BmicToM ocHOBHOI peuoBuHM > 99,8 %; xnopun manazgiro PdCl, mapku
«X.4.», 3aMOBIICHHUI 3a Karamorom ¢ipmu «Cucrema Omrumym» (YkpaiHa) 3 BMicTOM
OCHOBHOI pedoBuHH > 99,9 %.

JIyis BiTHOBIICHHS HOHIB METaJIiB y MPOIECi CHHTE3y HAHOYACTHHOK BUKOPHCTOBYBAIIH
BiTHOBHUK, KM OyB rifpasuH rigpaT NoHoxH>O mMapku «X.4.», 3aMOBIICHHI 32 KaTao-
rom ¢ipmu «Cdepa Cim» (YKpalHa) MacOBOIO YacCTKOIO OCHOBHOI peUOBHHH 99 %.
Peryssropom pH cepenosuiia mi 9ac CHHTE3y HaHOYACTHHOK O-elIeMEHTIB CIyryBaB
HaTpiil rizpokcun (craHmapr-tuTp, «XapkiBpeaxim»). 3HaueHHs pH po34uHy KOHTpPOIIO-
BanM 3 BUKOpHcTaHHAM ioHomipa Adwa AD1000 (Yropuimza). Sk pO3UMHHHK ITijT Yac
CHHTE3y HAHOYACTHHOK MeTaliB BHKOpHCTOBYBaiM eTwieHrmikons («Chepa Cim»,
Vkpaina, 299 %), skuii neperansuii 3a aTMoc(epHOro TUCKy. [t IpOBEeHHS TOCIi-
JKeHb BUKOPHUCTOBYBAIH ()pakilifo 3 TeMreparypoto meperonku 197 °C, npypo = 1,431(1).

JIist mocTiKeHHs KaTaliTHYHOT aKTHBHOCTI CHHTE30BaHNX OIMETaJeBUX HAaHOYACTH-
HOK BHKOPHCTOBYBAIH K MOJENBHUI CyOCTpaT n-HITpO(hEHON, SKUH OYMINAIN Tepe-
KpHUCTaTi3alieo y BoAi. BiAHOBHHKOM n-HITPO(EHOIY CIyryBaB OOpOTIAPHI HATPIO
NaBH4, 3amoBnennii 3a katanorom ¢ipmu «Chepa Cim» (Ykpaina) 3 BMICTOM OCHOBHOT
peuoBuHH >99,9 % i sikKit BUKOPHCTOBYBaIM 0€3 10IaTKOBOI OYHCTKH.

MoHo- Ta Gimeraneri HaHouactuHkd Ni(Pd) Bimminmstmu Bin peakuiiHOi cymimm 3
BUKOPUCTaHHSIM HEOJMMOBOI'O MArHiTy i IPOMUBAIN HAJJIMIIKOM JUCTHILOBAHOI BOIH.
OTpumaHi ocamy BHCYNIYBAId B CKCHKATOPI 32 MOHM)KCHOTO THCKY 3a KIMHATHOI
TeMIIepPaTypH.

DopMy Ta po3Mip HAHOUYACTHHOK METANIB OLIHIOBAIN 3 BUKOPUCTAHHSAM CKaHIBHOTO
enektporHoro mikpockona (SEM) EVO-40XVP (Carl Zeiss) i3 cucremoro eHeprojauc-
nepciiinoro peHrtreHiBebkoro mikpoananizy INCA Energy 350 (3 ommiero KiTbKiCHOTO
aHaJIi3y eJIEMEHTIB y [iana3oHi BiJg 60py 10 IUIyTOHi0). Po3Mip HAHOYACTHHOK OL[iHIOBAJIH
3 BUKOpHCTaHHAM mporpamu AxioVision V 4.8.2.0.

CrpykTypy 1 (a30Buil ckiaj OTpUMaHMX HAHOYACTUHOK METAIIB JOCITIPKYBalIH 3
BUKOPUCTaHHIM METOJy HOpoIikoBoi mudpakuii X-npomenis (X-npomMeHeBuil aHami3) 3
BHKOPHCTaHHIM X-IIPOMEHEBOTO MOPOIIKOBOTO audpakromerpa Aeris-Malvern Panaly-
tical (Cu-Ko BunpomintoBanus, Hanpyra 40 kB, ctpym 15 MA, movarkoBuid kyT 25°
(260), xinmesnit kyt 100°, kpok 0,0217). OtpumMaHi qaHi aHaTi3yBaau MOBHOMPOQPITHHIM
YTOYHEHHSM 332 METOJ0M PiTBenba 3 BHKOPHCTaHHSM mporpamuoro makera WinCSD
[20].

JlocnmimKeHHsT KIHETHKH BiJJHOBIICHHSI M-HITPOQEHOTY OOpOTiIpHaOM HaTpito 3a
TIPUCYTHOCTI OiMeTaNeBUX HaHOKATai3aTopiB mpoBoamwd 3a 25 °C B TepMOCTAaTOBAaHOMY
peakTopi, o0aHAHOMY MarHiTHO Mimankor. KoHmenTpariii #-HiTpodeHomy i 6opo-
TiIpHTy HATPIFO CTAHOBHIM 5 MMOJIB/JI, KOHIICHTPAITis HAHOKATAII3aTOpa y BCIX BUIAIKAX
craHoBmwia 2 mr/mia. HIBuakicT mepebiry peakilii KOHTPOIIOBAIH 33 3MIiHOIO CIIEKTPIB
MOTJIMHAHHA POO0Y0T0 po3unHy. st mbOTo Yepe3 BU3HAUCHI MPOMIXKH Yacy BiIOupam
npobu 06’emom mo 0,1 My, gomaBanu iX A0 5 MJI JUCTHILOBAHOI BOAM 1 3alMCYBaJIH
CIIEKTp TOTJIMHAHHS PO3YMHY B Jiana3oHi goxuH XBuib 190-1100 HM 3 BUKOPUCTaHHIM
oJIHOTIpOMeHeBoro criekTpodoTomerpa Uv/mini-1240 (Shimadzu Corp., Kyoto, Japan).
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Pe3yabTaTi focaigxeHs Ta 00roBopeHHs

OHHUM 3 IIKaBHX i EPCICKTUBHUX CIOCOOIB OTPUMAaHHS OiMETaICBUX HAHOKOMIIO-
3WUTIB € TPOIEC TaJbBaHIYHOTO 3aMIIICHHS «ITACHBHOTO» METaly Ha IMMOBEPXHi OLIBII
AKTHBHOTO METaTy 3 BUKOPHCTAHHSM SIK <OKEPTOBHHX» MarepialliB HAHOYaCTHHOK MeTa-
niB. TakuM crocoOOM BIAETHCS OTPUMATH HAHOCTPYKTYPH, B SIKUX BIACTHUBOCTI <Kep-
TOBHOTO» METally JIOTIOBHIOIOTHCSI BIACTUBOCTSIMU OCAJDKEHOTro Matepiany. Tomy s
OTpHMaHHS OiHAPHUX HAHOCTPYKTYp HAa OCHOBI HAHOYACTHHOK HIKEIO, JEKOPOBAHHUX
OaropoJIHUIMU MeTanamu, anpoOoBaHMil MeTo/| eMeHTarliil HoHiB mananito (Pd) HaHo-
yactuHKkamu Hikemo (Ni).

HaHouacTHHKHM HIKEIO0 CHHTE3yBalk B PO3UMHAX BOJAA/CTHIICHIJIIKONb BiHOBICHHIM
TLAPOKCHY HIKEIO HATUIIKOM Tipa3uHy. 3arajioM BiTHOBJICHHS HOHIB METAIB Tiapa-
3WHOM Y JIy’)KHOMY CEpeIOBHIIi BinOyBaeThes 3a peakiieto (1) [21-22], sixka cympoBo-
KY€EThCS KATAIITUYHAM PO3KIaaoM rinpasuny (la, 16) [23]:

2M(OH)2 + NzHs = 2M° + 4H,0 + N, T @)
M
NoHy — NZT + 2H2T (1,a)
M
3NoH; — NoT + 4NH, T (1,0)

Ni(Pd) otpuMyBaIn METOI0M TajbBaHIYHOTO 3aMillIEHHS y BOAHHUX po3urHax 3a 20 °C
B TEPMOCTATOBAHOMY pPEaKTOpi, 00JaJHAHOMY MarHiTHOIO MIIIANKOIO 0e3 BUKOPHUCTAHHS
MOBEPXHEBO-aKTUBHUX pedoBuH mpu pH = 3. Maca HaHONOPOUIKY KEPTOBHOTO METaIy
(Ni) cranosuma 0,2 T, 06’em poszunry PdCl; — 100 M.

Otpumani Gimetanesi HanocTpyktypu Ni(Pd) nocmimkeni 3 BAKOPHCTAHHAM METO/IiB
SEM ta EDX (puc. 1).

[MigTBepmKeno, mo enemenTHuil ckiaan orpuManux Ni(Pd) 36iraethes 3i ckiamgoM
peakIiifHol CyMimm, a OTpUMaHWKA HAHOKOMIIO3WUT MPAKTUYHO HE MICTUTh JOMIIIOK
okcuaiB/rimpokcuaiB Hikemo (tabu. 1). IomaTkoBo BapTO 3a3HAYMTH, IO MANamiil KpHc-
TaMi3y€THCSA Y BUTIIAI OKPEMHX TUIACTHHYACTHX arioMeparis (puc.l,6).

Tabnuys 1

EnementHuii ckaan Hanouactunok Ni(Pd), siki oTpumaiin 3a pisHux Buxinuux konuenrpaniii PdClz

Table 1
Elemental composition of Ni(Pd) nanoparticles obtained at different initial concentrations of PdCl.

[PdCI2], Bwmict enemenris, % mac. Bwict enemenris, % ar.

MMOJIB/IT Ni Pd Ni Pd
1 96 4 97.8 2.2
5 78 22 86 14

3 BHUKOPHCTAaHHSIM METOJYy MOPOMIKOBOI au(pakmii X-TIpOMEHIB 3’SCOBAaHO, IO
nanaaiil KpUCTallizyeTbCs y BHIIIAAI KyOiuHOi ¢a3u, mpoctopoBa rpyma Fm3m. Ha
muppakrorpami Hanokommosuta Ni(Pd) (puc. 2) Hemae HeimeHTH]IKOBaHMX TIKiB, SIKi
MO O CBIOYUTH PO HASIBHICTH CTOPOHHIX JOMINIOK. BogHOYaC MOMIYEHO HASBHICTD
aHizorpormii mikiB st ¢asu Pd. Taka aHI30Tporis, a caMe aHOMAJIBHO HHU3bKi 3HAUCHHS
inrencuBHocTel mikiB peduekci (200) i (311) mopiusuo 3 (111) i (220) (BoHu mo3Ha-
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YeHi CTpimkaMu Ha pHUC. 2), MOXe OyTH HEMpsMUM MiATBEPKCHHSIM (HOpMyBaHHS
racTuHYacTux 2D-HAaHOCTPYKTYp Majaifo B OTPUMAHOMY HAHOKOMITO3HTI.

lonHaa Wrana 11072 wwn. Kypcop: 0.000 [cls]

Puc. 1. SEM—306paxenns ta ED-criektp nHanodacturok Ni(Pd) orpumanux 3a BuxigHoi
xoHueHtpauii PACl2 = 1 mmons/n (a) Ta HanouactiHOK Ni(Pd) oTpuMaHKX 3a BHXiZHOT KOHIIGHTpALiT
PdCl2 = 5 mmons/1 (6).

Fig. 1. SEM-image and ED-spectrum of Ni(Pd) nanoparticles obtained at the initial concentration of
PdCl2 = 1 mmol/l (a) and Ni(Pd) nanoparticles obtained at the initial concentration
of PdCl2 =5 mmol/l (b).

JocnikeHa KaTalliTHYHA aKTUBHICTh OTpUMaHuX OiMeraneBux HaHocTpykTyp Ni(Pd)
Ha TIPUKNaJi peakiii BiXHOBIEHHs n-HITpOQeHONIy OOpOTiIpUIOM HATPIO 10 H-aMiHO-
(heHOITY, SIKY MOYKHA 3aIIMCATH SIK TTOCIIOBHICTh MIEPETBOPEHB!
1) yTBOpEHHS n-HITPO(EHONAT-aHIOHA B IPUCYTHOCTI Y CHCTEMi OOpOTiapHIy HATpito,
SIKMH Ma€ JTy>KHY PEaKIIito
OH o

NaBH4

NO, NH, ?
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2) B3aeMOIist n-HITPO(EHOJSIT-aHIOHA 3 OOPOTIAPHUIOM HATPIIO 3 YTBOPEHHSIM /-aMiHO-
thenoITy

(0] O

Catalyst

4 + 3BH4 + 3802 + HZO

NO NH

2 ©)

+ - Ni

+111)

IHTEHCUBHICTB, B.O.

Puc. 2. Tudpakrorpamu nanodactunok Hikento (Ni) 6imeranesoi Hanocucremu Ni(Pd).

Fig. 2. Diffraction patterns of nickel (Ni) nanoparticles and of the Ni(Pd) bimetallic nanosystem.

Tpeba 3a3Ha4MTH, 1110 YTBOPEHHS N-HITPO(DEHONISAT-aHIOHA CYNPOBOIKYETHCS 3MIHOIO
3a0apBiIeHHS PO3YMHY — MAKCHMYyM IOTJIMHAHHS 3POCTAE 1 3MILTY€ETHCS B IOBTOXBHIBOBY
obmacts (Bix 300 uM 10 400 HM, quB. puc. 3). OcKinbkH n-aMiHOGEHOT HE Mae€ MaKCHU-
Mymy norauHaHHS npu 400 HM, TO A7 BHBUCHHS KIHETHUKH pEakIlii BiIHOBIICHHS 7-
HiTpo(eHOoITy OOPOTIAPUIOM HATPIO 10 1-aMiHO(EHOTY BUKOPUCTAHUI METOJ CIEKTPO-
ckorii B Y®-BUANMOMY Jiana3oHi.

JlocnmimpkeHO KIHETMKY BiJIHOBJICHHS #-HITpO(eHONy OOpOTigpuaIoM HaTpilo B
npucytHocti HanogactiHOK Ni Ta Ni(Pd) 3a 25 °C (puc. 4 i puc. 5, BimnosinHo). Buximmi
KOHIIeHTpallil n-Hitpodenoay i NaBH4 ctanoBimn 5 MMOIB/lT, KOHIIGHTpaLlisl KaTamia-
TOpa y BCiX BHMAIKax Oyia 2 Mr/mr.

3a anamop(o3aMy KIHETHYHUX KPUBUX IPOLIECY BiIHOBIEHHS n-HITpOpeHOoIy Oopo-
rimpumom Hatpito B mpucytHocTi HaHouactHOK Ni Ta Ni(Pd) po3paxoBano 3HaucHHs
KOHCTaHT IIBUJIKOCTEH peakuii, sSiki HaBezeHi y Tabi. 2. BussieHo, mo y BCiX BUMagkax
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TaKWi TPOIEC OIMHUCYETHCS KIHETMYHUM PIBHSHHSAM IEPLIOro MOPSIKY 3a n-HITpodeHOo-
JIOM.

2.0
1.8+

——4-NP (0.1 mM)
—— 4-NP*™ + NaBH,

0.2 mM)

1.6
14
12
1.0

O.D.

0.8-
0.6
0.4
02

0.0 T T T T T T T
200 300 400 500 600
A, NM

Puc. 3. Criextpu nornmuHaHHS #-HITPO(EHOIY 1 n-HITPO(YEHOIAT aHIOHA.

Fig. 3. Absorption spectra of p-nitrophenol and p-nitrophenolate anion.
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Puc. 4. 3miHa crieKTpa MOTIMHAHHS PO3YHHY A-HITpO(eHoIy 3 yacoM (a) Ta aHaMopdo3a KiHeTHIHOI
KPHBOI B KOOpAMHATAX peakilii mepiroro nopsaky (6). Karanizarop — nanouactinku Ni.

Fig. 4. The change in the absorption spectrum of the p-nitrophenol solution over time (a) and the
anamorphosis of the kinetic curve in the coordinates of the first-order reaction (b).
The catalyst is Ni nanoparticles.
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Puc. 5. 3MiHa crieKTpa MOTTHHAHHS PO34HHY n-HiTpodeHony 3 yacoM (a) Ta aHamop(ho3a KiHeTHIHOT
KPHBOI B KOOPAMHATAX PEAKIIii MepIIoro mopsiaky (6).
Karanizarop — nanogactunku Ni(Pd).

oA

Fig. 5. The change in the absorption spectrum of the p-nitrophenol solution over time (a) and the
anamorphosis of the kinetic curve in the coordinates of the first-order reaction (b).
The catalyst is Ni(Pd) nanoparticles.

Tabauys 2

KoHcTaHTH mIBUAKOCTEH KATAJTITHYHOTO Bi/IHOBJIEHHS n-HiTPOodeHo1y Goporiapuiom HaTpio B
npucytHocti HaHouacTunok Ni ta Ni(Pd)

Table 2

Rate constants of catalytic reduction of p-nitrophenol by sodium borohydride in the presence of
nanoparticles Ni Ni(Pd)

Karaunizarop Konnentpauist k,c?t [pumitka
Karajizaropa, Mr/mi

Hanouactunku Ni 2 0.007 + 0.001 —

Hanouactunku Ni(Pd) 2 0.012 +£0.002 —

Hanokommosut Ag/ZnO 2 0.006 [24]

(0ns nopisnsanms) )

Sk BUAHO 3 JaHWX, HABEACHUX B TaOJ. 2, KaTaJiTHYHA aKTUBHICTh JOCIIIKYBaHUX
Hanouactuaok Hikemio (Ni), nexopoBanoro nanamgiem (Pd), maiixe BaBiui Oinbiia, HiX
HanoyactuHoK Ni, e MIBUAKICTH BigHOBIEHHs n-HiTpodeHonay B mpucyTHocti Ni(Pd)
MaiiKe BBl BUIIA IOPIBHAHO 3 BiJOMUMH 3 JIiTepaTypH [23] eeKTUBHUMU KaTamiTHy-
HUMHU CHCTeMaMH, TOOTO Taki HAHOCHCTEMH MOXKHA BBa)KATH MEPCHEKTUBHUM Marepia-
JIOM JUIsl pO3poOJIeHHs HOBUX THUIIB MarHirocenapaOelbHHUX KaTali3aTopiB IpOLECiB
OTPHUMaHHS aMiHOAPOMATHYHHX CIIOIYK.

BucHoBKkH

BuKOpHCTaHHS METAIEBUX HAHOYACTHHOK HA OCHOBI O-€JIEMEHTIB SK KaTasi3aropis
XIMIYHUX TIPOIECIB, 30KpeMa B PEaKIlisiX BiJHOBJICHHS OPraHIYHUX PCUOBHH JO IMPaK-
THYHO BXKIMBUX MPOIYKTIB, A€ 3MOTY JOCSTHYTH 3HAYHOTO MPUIIBHILICHHS MPOLECY
3a HHM3BKOTO BMICTy MeETaly B CHCTeMi. | ajbBaHIYHUM 3aMIIICHHSIM <IIACHBHOTO»
METally Ha IOBEpXHi OINBII aKTUBHOTO METaly 3 BHUKOPHUCTAHHSAM SK «KEPTOBHUX»
MarepiaiiB HAHOYAaCTUHOK METaiB BAE€ThCS OTPUMATH HAHOCTPYKTYPH, B SKHX BJIACTH-
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BOCTI <OKEPTOBHOTO» METally JIOTIOBHIOIOTHCS BJIACTUBOCTSIMU OCa/PKEHOTO Marepiaiy.
PesympraTé gocmimpKeHHS KAaTaTiTHYHOI aKTUBHOCTI OTPUMAHHX MOJIMETAlIeBUX HaHO-
crpykryp Ni(Pd) Ha npukiazi peakiii BiTHOBICHHS n-HITpodeHOITY OOPOTiAPHAOM HATPIIO
0 n-aMiHO(EHONy BHSABWIIH, IO TaKi CHCTEMH € IEPCICKTUBHIM MaTepialioM st
PO3pOOJICHHS HOBUX THIIIB MarHirocenapadeabHuX KaTaai3aTopiB MPOIECiB OTPUMaHHS
aMiHOAapOMAaTHYHHUX CIOJYK.
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10.

JITEPATYPA

Alonso F. Nickel nanoparticles in hydrogen-transfer reductions: Characterisation and nature
of the catalyst. Appl. Catal., A. 2010. Vol. 378. P. 42-51. (https://doi.org/10.1016/j.apcata.
2010.01.044).

Inokawa H. Catalysis of nickel nanoparticles with high thermal stability for ammonia
decomposition. Appl. Catal., A. 2015. Vol. 491. P. 184-188. (https://doi.org/10.1016/
j.apcata.2014.12.004).

Kytsya A., Berezovets V., Verbovytskyy Y., Bazylyak L., Kordan V., Zavaliy I., Yartys V.
Bimetallic Ni—Co nanoparticles as an efficient catalyst of hydrogen generation via hydrolysis
of NaBHa. J. Alloys Compd. 2022. VVol. 908. Art. 164484 (9 p. p.). (https://doi.org/10.1016/
j.jallcom.2022.164484).

Jiang Z. Modifiers-assisted formation of nickel nanoparticles and their catalytic application
to p-nitrophenol reduction. CrystEngComm. 2013. Vol. 15. P. 560-569. (https://doi.org/
10.1039/C2CE26398J).

Tang C., Zhang R., Lu W., Wang Z., Liu D., Hao S., Du G, Asiri A.M., Sun X. Energy-saving
electrolytic hydrogen generation: Niz2P nanoarray as a high performance non-noble metal
electrocatalyst. Angew. Chem. Int. Ed. 2017. Vol. 56(3). P. 842-846. (https://doi.org/
10.1002/anie.201608899).

Marquez-Montes R.A., Kawashima K., Vo K.M., Chavez-Flores D., Collins-Martinez V.H.,
Mullins C.B. & Ramos-Sanchez V.H. Simultaneous sulfite electrolysis and hydrogen
production using Ni foam-based three-dimensional electrodes. Environ. Sci. Technol. 2020.
Vol. 54(19). P. 12511-12520. (https://doi.org/10.1021/acs.est.0c04190).

Liu D., Liu T., Zhang L., Qu F., Du G., Asiri A. M., Sun X. High-performance urea elec-
trolysis towards less energy-intensive electrochemical hydrogen production using a
bifunctional catalyst electrode. J. Mater. Chem. A. 2017. Vol. 5(7). P. 3208-3213.
(https://doi.org/10.1039/C6TA11127K).

Wang G., Wen Z. Self-supported bimetallic Ni-Co compound electrodes for urea- and
neu-tralization energy assisted electrolytic hydrogen production. Nanoscale. 2018. Vol.
10(45). P. 21087-21095. (https://doi.org/10.1039/C8NR06740F).

Muthuchamy N., Jang S., Park J.C., Park S., Park K.H. Bimetallic NiPd nanoparticle in-
corporated ordered mesoporous carbon as highly efficient electrocatalysts for hydrogen
production via overall urea electrolysis. ACS Sustainable Chem. Eng. 2019. Vol. 7(18).
P. 15526-15536. (https://doi.org/10.1021/acssuschemeng.9b03275).

Takanabe K. Titania-supported cobalt and nickel bimetallic catalysts for carbon dioxide
reforming of methane. J. Catal. 2005. Vol. 232. P. 268-275. (https://doi.org/10.1016/
j.jcat.2005.03.011).



CUHTE3 BIMETAJIEBUX HAHOCTPYKTVYP Ni(Pd) TA IXHS KATAJIITUYHA AKTUBHICTb... 77

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zhang J. Effects of metal content on activity and stability of Ni-Co bimetallic catalysts for
CO:2 reforming of CHa. Appl. Catal., A. 2008. Vol. 339. P. 121-129. (https://doi.org/
10.1016/j.apcata.2008.01.027).

Yan W. Nickel and cobalt bimetallic hydroxide catalysts for urea electro-oxidation.
Electrochim. Acta. 2012. Vol. 61. P. 25-30. (https://doi.org/10.1016/j.electacta.2011.11.044).
Li B. Temperature profile of catalyst bed during oxidative steam reforming of methane over
Pt—-Ni bimetallic catalysts. Appl. Catal., A. 2006. Vol. 304. P. 62-71. (https://doi.org/
10.1016/j.apcata.2006.02.025).

Mu R. Synergetic effect of surface and subsurface Ni species at Pt—-Ni bimetallic catalysts for
CO oxidation. J. Am. Chem. Soc.. 2011. Vol. 133. P. 1978-1986. (https://doi.org/10.1021/
ja109483a).

Ghosh S.K., Mandal M., Kundu S., Nath S., Pal T. Bimetallic Pt-Ni nanoparticles can
catalyze reduction of aromatic nitro compounds by sodium borohydride in aqueous solution.
Appl. Catal., A. 2004. Vol. 268(1-2). P. 61-66. (https://doi.org/10.1016/j.apcata.2004.03.
017).

Uozumi Y., Kobayashi N. Reduction of Nitroarenes with NaBHs Using Graphene-Supported
PdCu Nanoparticles. Synfacts. 2014. Vol. 10(12). P. 1335-1335. (https://doi.org/10.1055/s-
0034-1379576).

Patra A.K., Vo N.T., Kim D. Highly robust magnetically recoverable Ag/Fe203 nano-catalyst
for chemoselective hydrogenation of nitroarenes in water. Appl. Catal., A. 2017. Vol. 538.
P. 148-156. (https://doi.org/10.1016/j.apcata.2017.03.007).

Zabielaite A., Balcianaite A., Stalnioniené 1., Lichusina S., Simkanaite D., Vaiciiniene J.,
Norkus E. Fiber-shaped Co modified with Au and Pt crystallites for enhanced hydrogen
generation from sodium borohydride. Int. J. Hydrogen Energy. 2018. Vol. 43(52). P. 23310-
23318. (https://doi.org/10.1016/j.ijhydene.2018.10.179).

Shylesh S., Schunemann V., Thiel W. Magnetically separable nanocatalysts: bridges between
homogeneous and heterogeneous catalysis. Angew. Chem., Int. Ed. 2010. Vol. 49(20).
P. 3428-3459. (https://doi.org/10.1002/anie.200905684).

Akselrud L., Grin Y. WinCSD: software package for crystallographic calculations (Version
4).J. App. Crys. 2014. Vol. 47(2). P. 803-805. (https://doi.org/10.1107/S1600576714001058).
Hodges R.J., Pickering W.F. The oxidation of hydrazine by silver (I) oxide. Aust. J. Chem.
1966. Vol. 19(6). P. 981-991. (https://doi.org/10.1071/CH9660981).

Chen J.P., Lim L.L. Key factors in chemical reduction by hydrazine for recovery of pre-cious
metals. Chemosphere. 2002. Vol. 49(4). P. 363-370. (https://doi.org/10.1016/S0045-6535
(02)00305-3).

Li Z., Han C., Shen J. Reduction of Ni?* by hydrazine in solution for the preparation of
nickel nanoparticles. J. Mater. Sci. 2006. Vol. 41(11). P. 3473-3480. (https://doi.org/
10.1007/s10853-005-5874-z).

Hunge Y.M., Yadav A.A., Kang S.W., Kim H. Facile synthesis of multitasking com-posite of
Silver nanoparticle with Zinc oxide for 4-nitrophenol reduction, photocatalytic hydrogen
production, and 4-chlorophenol degradation. J. Alloys Compd. 2022. Vol. 928. P. 167133.
(https://doi.org/10.1016/j.jallcom.2022.167133).

SUMMARY

Liliya BAZYLYAK™, Pavlo LYUTYI?3, Yaroslav PILYUK?, Iryna BALASHOVA?, Maryana SHEPIDA?®,

Galyna ZOZULYA?3, Orest KUNTY I3, Andriy KYTSYA2

SYNTHESIS OF POLYMETAL NANOSTRUCTURES Ni(Pd) AND THEIR CATALYTIC ACTIVITY

IN THE REDUCTION PROCESSES OF p-NITROPHENOL



78 JIUTIS BABWJISIK, TIABJIO JIIOTUM, SIPOCJIAB TIIIOK, IPUHA BAJIAIIIOBA, MAP’STHA LIEITIJIA...

!Department of Physical Chemistry of Fossil Fuels of the
Institute of Physical Organic Chemistry and Coal Chemistry named after L. M. Lytvynenko
of the National academy of Ukraine,
Naukova Str. 3a, 79060, Lviv, Ukraine
e-mail: bazylyak.liliya@gmail.com

2Physico-Mechanical Institute named after G. V. Karpenko
National Academy of Sciences of Ukraine
5 Naukova Str., Lviv, 79060, Ukraine

3Lviv Polytechnic National University,
Bandery Str. 12, 79013, Lviv, Ukraine

The use of metal nanoparticles based on d-elements as catalysts of chemical processes, in particular in the
reactions of reduction of organic substances to practically important products, allows to achieve a significant
acceleration of the process with a low metal content in the system. By galvanic replacement of a "passive"
metal on the surface of a more active metal using metal nanoparticles as "sacrificial" materials, it is possible to
obtain the nano-structures in which the properties of the “sacrificial” metal are complemented by the properties
of the deposited material. Ni(Pd) nanosized polymetallic composite materials were synthesized by the method
of galvanic replacement. The structure and phase composition of the obtained Ni(Pd) nanostructures were
investigated using SEM, EDX, and X-ray powder diffraction (X-ray phase X-ray analysis). It was established
that the elemental composition of the obtained binary nanostructures coincides with the composition of the
reaction mixture, and the obtained nanocomposites practically do not contain impurities of nickel oxides /
hydroxides.

The catalytic activity of the synthesized bimetallic Ni(Pd) nanoparticles was studied using the example of
the reduction reaction of p-nitrophenol with NaBH, solution. It was found that in the all cases the process of
reduction of p-nitrophenol NaBH, in the presence of Ni(Pd) nanoparticles as a catalyst is described by the
first-order kinetic equation for p-nitrophenol. It was established that the catalytic activity of the investigated
nanoparticles based on nickel (Ni) decorated with palladium (Pd) is almost twice as high as that based on pure
Ni nanoparticles, and its decoration with palladium (Pd) nanoparticles significantly increases their catalytic
activity. It was shown that the decoration of nanoparticles based on nickel (Ni) with palladium (Pd)
significantly increases their catalytic activity. Moreover, the reduction rate of p-nitrophenol in the presence of
Ni(Pd) is almost two times higher, compared to effective catalytic systems known from the literature. The
results of the study of the catalytic activity of the obtained Ni(Pd) polymetallic nanostructures using the
example of the reduction reaction of p-nitrophenol with sodium borohydride to p-aminophenol showed that
such systems are a promising material for the development of new types of magnetically separable catalysts for
the production of aminoaromatic compounds.

Keywords: bimetallic nanoparticles, nickel, palladium, catalysis.
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