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Memanno-napocbrrt cunme3oJn (Mnq nonyqetft, KoMno3umu t|totto- u 6u,uemamuqe-
cKue lntnqacmuq 3oromd' HuKerfl u narnadun, utvltodunu3onartrtbx ttg lteopzgltuqecKux oK-
cudtttttx rtocumernx. Hcutedoeatra KamoJrumuqecKan aKmu6Incmb ltaHoKoJnno3umoe 6 peaK-
qunx zudpupoaauu.fl zexcena-7 u zudpodextopuponaHutt xtopfieutona. floxatauo, qmo aKmu6-
,tocmb s peaKquu zudpodextopuposaHutt xaopdewona KamaJrusamopor usweHnemcr o pndy
Pd> Ni - Au+Ni.

BBEAEHHE

Xuuuqecxoe cocrogHlle MeTaJIJIoB B HMMo-
6nrlrgosaHHbrx Ha [oBepxHocru oKcHAHr,rx HocHTe-
lei 6uueralJluqecKxx HaHoKoMllo3r.rrax npr,rBJleKaer
3HaqHTeJlbHOe BHUMaHT{e LICCJIeAOBateteit Bcne,rlcT-
BHe BblcoKoi axruauocrl4 u ceJIeKTHBHocrr4 3THX Ma-
TepHaJroB B pa3rHrrHbrx KaTa-rrr{T}rqecKHx npoqeccax

t1]. B [ocneAHee BpeMr sce 6omuee BHHMaHue
rrpnBneKaroT KaTaJrH3aTOpbr Ha ocHoBe HaHoqacTuu
Au [2]. HeAanno rroKa3aHo, .ro Hr\4rvro6uJrr,r3oBaHHbre
Ha oKcHAHbrX HOCHTeJTTX HaHOpa3MepHbIe rracTHrlbr

3OnOTOCOAepr(aUIlrx cLrcTeM npotBnrroT BbrcoKyto
aKTHBHOCTb B npHcoeAr.rHeHr4H qeTbrpexxlopHcToro

yfnepoAa rro KparHbrM cBr3rM H B a_rrJruJrbHofi hsorue-
pasa\hLr ole$uHon 13,41. flm 6snaeralruqecKr.rx Ka-
Tanlr3aropos Au-Ni, cuHTe3upoBaHHbrx B ycnoBHflx
MerilrrJlo-[apoBoro cHHTe3a rrpu nsarauogeficrauu
napoB Au u Ni c rpH3runaMHHoM, raSuxcuporaHsr
eS$errrr crrHeprr43Ma [3,4]. flpeacraBJrrer HHrepec
HccneAoBaHHe aKTuBHocrlt MoHo- u 6uuera.n.nuqe-
CKHX HaHOKOMrrO3lrToB cHHTe3r4pOBaHHbrX B ycJroBr.r-
gx MIIC B Apyfux KaraJrnTnr{ecKr.rx npoueccax.

B aansofi pa6ore HM[ynbcHbrM MHKpoKara-
JrHTHqecKuM MeroAoM [5] nsyveHa KarannTrrqecKat
aKTuBHocrb Pd-, Au- r-r Ni-cogepNarqux cncreM, rro-
JlyqeHHbrx uurr.ro6ulugaquefi MeraJrJra us cQopulzpo-
BaHHbrx MIIC rolnouAHbrx pacrBopoB B Tpr.r3Tr,rJra-
MHHe H TOJryOJre, B peaKUHflX rr4.qpHpoBaHng reKceHa-
I u rugpo4exJropHpoBaHur xlop6eHrola. Pa:pa6ora-
Ha MeroAHKa <6uuapuoro) clrHTe3a 6uueranluge-
cKHX HaHoKoMrro3HToB, rrpeAcraBJrf,roqar co6ofi sa-
pHaHT M[C, rrpu xoropoM rerepoMerilJrJruqecKr.re
HaHor{ acrurlbr nonyqturu rrpu B3a}rMo geitcrsuu lapoB
AByX pa3nHqHbrx MeTzurnoB c AByMr OpraHrrqecKuMlr
peafeHTaMlr pa:uofi npnpoAbr.

SKCTIEPHM EHTAJIbHA' t{ACTb

Mouo- lr 6uuerallnrlecKlle HaHoKoMno3I{TbI
noflyr{anil cosr\aecrHofi Hu3KoreMrreparypuofi xoH-
AeHcarluefi ueranna(on) c rpn3ruraMrlHoM nlunu
ToJryoJroM. llepea cHHTe3oM pacrBopuTenb rrepero-
HflrrH HaE Na u AeragHpoBirrrz nyreM qepeAoBaHut

IIuKnoB 3aMopDK?r BaHne-pa3Mop a)KvBaHr4e. Bce one-
parruu npoBoAr{nu e arrr.rocQepe oqfirqeHsoro Ar.
Ilapu o4uoro urrH AByx MeraJrnoB rrocJre.{oBareJrbHo
vcnaps;rr pe3HcrrzBHbrM MeroAoM B BaKyyMe 10-'lla
c aonrQpauoBoro lpyrKa. B runosoll onbrre rrapbr
MeTUL[na u pacTBopr{TeJrr KoHAeHCHpOBaJTH Ha OXJra-
xAaeMbrx r(lrAKlrM a3oToM creHKax pearropa o6re-
MoM 5 n Ir npu MoJIbHoM coorHorreHun Me-
rarr/pacraopurenb : 1/500-800 (o6pa:usr l-2, 4-6
ra6r. l). B ueroAure "6uHapHoro cHHTe3a" Als Au-
Ni cncreu ilcrroJrb3oBuurr4 ABa pacrBopuTeJrr, Koro-
pbre HcrraprJrlr [ocJrenoBareJrbHo, 4lr Au - TpLt3Tr{-
rraMHH , gna Ni - roJryon (o6pa:eq 3; ra6l. l). 3areu
coKoHAecaT pa3orpeBilJrH AO nJraBJreHHt, L nOJIylIeH-
HbrM opraHo3oireM MeraJrJra [ponnTbrBilJru SiO2 u
Al2O3, Koropbre HaxoAHJrHcb B BaKyyMHpoBaHHoM
cocyAe llllenxa. Hs6rrrox opfaHo3onr yllumnv, oc-
rastnuitcs, HocHTeJrb cytrrvilLr B Bar(yyMe l0-' Topp
npn 100 oC. Hcnolrgosaauuficq Anr rroJryqeHlrs o6-
pa3uoB cHJrHKareJrb c Sro=500 u'/r u y-oKcHA it"Jrro-
MHHH+, c Srr:138 u'/r axr:uaupoBaJru n naxyynae l0-2
Topp npu 300'C s re.reHue 6 q.

Co4epxaHlre 3oJrora u :nunerrfl n o6pasqax
onpeAenqru aroMHo-aAcop6quoHnrrM MeroAoM Ha
cneKrpoMerpe Hitachi 180-80. 9yncrnnrelbHocrb
MeroAa cocraBrrrJra 5. I 0-6 - 5. I 0 s r/n. (ra6l. I )

Karar lrru.rec Kr.Ie lrcllbr raHng, HaHoKoMno3Ir-
roB rrpoBo.q}lru B MOAeJrbHbrx peaKuHrx rr4Apr.rpoBa_
HHr feKceHa-l ra ru4pogexJropHpoBaHur xlop6euso-
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Jra lrMrryJtbcHbrM MLIKpOKaT1IIHTHT{eCKUM MeTOAOM

[5]. [pogyrrbr peaKqHH aHanu3npoBarr rrpvr rroMo-
rrIH ra3oBoro xpoMarorpaQa JIXM-8M[, c Ha6usHofi
xoroHrofi gnHHofi 3000 unr H Ar,raMerporvr 5rrarr.r (Qasa
llo.rrncop6- I, AereKrop no renJrorponoguoc.ru).

. AxrneHocrt r(araJru3aropa oIIeHHBzlJrH rlo
creneHH npeBparqeHr{r HcxoAHbrx pear-eHToB (rexce_
ua-l u xlop6eH:ona) n paccvurbrBiuru B MoJrrx Be-
IIICCTBA K MOJIIO METAJIIIA (CYUiUAPHOC KOIUqCCTBO

uoleft gnx 6uueralJrnqecKr,rx Karaflu3aropon) r uac.
Bapluponallr BpeMr KoHTaKTa peareHToB c Kar:uru-
3aropoM (3a c.rer H3MeHeHHs roKa ra3a-HocHTeJrr Lr
ToJrrrIHHbr cJror Karuuru:aropa) u reMneparypy peaK-
quu (a r{HrepBarre 120-350 "C).

MnrpoQororpaQrar.r oprauo:olefi Au-
roJryo:r, Au-Et3N, Au-Ni-EtlN, Ni-EtjN 6ulu nony-
qeHbr Ha 3JreKTpoHHoM Mr.tKpocKone JEM-100(JEOL)
c pa3peruarcrqefi cnoco6Hocrbro l-2 su npu 150000-
KpaTHOM yBeIHqeHHr-t.

PeHrreHoscrue QoroeleKTpoHHbre crreKTpbr
cHHMa-rrH Ha crreKrpoMerpe XSAM - 800 Suprrasr
Kratos (Bennxo6puraHur). B raqecrse HcrorrHr{Ka
no:6yxr4eHur [pr.rMeH{Jr}r MarHr,reBbrfi asoA c 3Hep-
ruefr xaparrepncrr.rqecroro H3ryqenus 1253.6 oB.
Mouluocrr, BbrAeJrreMar Ha aHoAe Bo BpeMq perucr-
pa\uu crreKrpoB, He npeBbrrxana 90 oB (15 rB,
6 yA), AaBneHHe n pa6ovefi KaMepe cneKrpoMerpa
l0-8 lla. Kor<gyro JrHHHro cneKTpa annpoKcuMnpoBa-
nlr rayccoBuu npoQuneu vrrru r.rx cyuvofi, a $ou
BTopuqHbrx oJreKrpoHoB n $oroenerrpoHoB, Hcnbr-
TaBrurlx norepn 3Heprun - upruoft luunefi.

Ta6nu4a I
Xaparrepucrlt Kil HaHoKoMnotxroe I -6
Table I. N ds l-6a n

O6pa:reqHocurelr
Me'raru %o,uaccoailil Pearenr e

Kpr{ocr,rHTe3eAu Ni Pd
I sio, 0,59 0.49 EtlN
2 Al 'O. 0.35 0,28 EtlN
3 * sio, 0,5 0,3 PhCHI + EtlN

1
+ sio" 0.5 PhCH.
5 sio" 0,4 PhCHr
6 sio, 0,3 Et.N

*O6pareu cHHre3HpoBaH ueroAtrofi "6ruapuoro" cHHre3a.

P E3yJrbTATbr 14 OECyXAEHI4E

Pasee [6,7] 6srno noKzBaHo, qro ssaurrroAefi-
crBlre aroMapHbrx nepexoAHbrx Mer:IJrJroB Fe, Co, Ni
c roJryoJroM rrpLrBoAHT K TepMr,rqecrr.r na6ulruuu
6uc-apeuoabrM KoMrrJreKcaM, rrpu pa3JroxeHr.Ilr Koro-
prrx o6pasyrorcr HaHoMer:uuruqecKne vacruqu. llpu
Hc noJr b3o B a Hr4Lr B MIIC rpu ar HraMHHa Qopulrpyror-
cr KoJIJIOHAHbTe pacTBopbl, coAepx(aruHe HaHor{acTr{_
ubr MeTuurJra, KoTopbre H ocaxAaroTcg Ha IIoBepX-
Hocrb oKcHAa [8]. tlprz eroM AaHHbre lI3M noKa3zuur
rrro, cpeAHHfi pa:ruep qacruu 3oJrora, noryqaeMr,rx Lr3

I
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pacrBopa B TpHgrnnaMHHe, cocraBlser 3-9 HM, a H3
pacrBopa B ToJryoJre - 20-40 Hu. Pasuep tracruq HH-
KeJIr, rloJryqaeMbrx H3 pacTBopa B TOJIyOJIe, COCTaB-
lser 5-10 HM, a u3 pacrBopa B Tprr3rnJraMuse-30-70
uu. flocxoltry 6rno ycraHoBneHo, qro Kariurr.rrHqe-
cKar aKTHBHOCTb 3oiroTocoAepiKarrlux HaHoKoMrro-
3HTHbIX CnCTeM yBenHquBaeTct c yMeHbrrreHr,IeM
pa3MepoB sacrurl MeriurJra [3], npu cHHTe3e 6uue-
TanJrHlIecKHX HaHoKoMno3HToB 6rtln ucuoJrb3oBaHbr
pacrBopr.rrelu, o6ecneur{Baroque Har,rMeHbrrrufi par-
Mep rracrr.tq. C arofi rleJrbrc u 6:';.na paspa6orana ue-
ToAI,IKa "6uHapuoro" cHHTe3a.

floxa:ano, irro Kar:LrrH3aropbr Ha ocnoae Ni,
Pd pr 6urr,reranJruqecKHe Karruru3aropbr Ha ocHoBe
AuAIi B rr{Apr.rpoBaHuu reKcesa-l AeuoHcrprrpyror
BbrcoKyro aKrr,rBHocrb B AHana3oHe reMreparyp 140-
320 oC. Bo sceM r.rHrepBiure yclonnfi pearquu (4an-
JreHHe Hz - 0,15-0,25 MfIa, BpeMr KoHraKra - 0.15-
0.55 c), KoHBepcHq rerceua-l B reKcaH cocraBJrrJra
100%. laHHsre tro rHApHpoBaHHrc npr.rBeAeHbr s ra6-
nv\e 2.

Ta6nu4a 2
ArrraHocrs HanoKouno3[ros I - 5 r nlrqpllpoBauflrl

rerceua-l
Table 2. Nanocompounds l-5 hexene-l hydration cata-

t ic activi

Karallr:arop
Ter'lneparypa,

OC KOHT.,
A . l0-J

MOlb' t lOIr ' '
- l

,r l

320
0.06 | ,65140

2

320
0 . 1  Ir 5 0

330
0.08

t 5 0

J
300 0.06 ) 1 5
t 5 0

4 270
0.06 2 , t ot45

5 t 5 0 0.06 3 3 , r 5

Axr[snocrr Ni-, Pd- u Au/Ni- Karuuru3aro-
poB B peaKrrutr ruApoAexJropupoBaHnr xrop6eHsora
cyuIecTBeHHo Hlrxe, qeM B rr,rApltpoBaHylvt, vr vt3Me-
Hrercfl B pflAy Pd > Ni - Au+Ni. VcraHosreHo, qro
noBbrrueHue TeMrrepaTypbr npoqecca, Bbr3hrBaeT yBe-
nl,rqeHlde aKTuBHocru. Pesylrrarbr gKc[epilMeHToB
no ruApoAexJropupoBaHurc xlop6eH3oJra rrpeAcraB-
JreHbr B ra6nuue 3.

Ha6nrogaercr r.rHTeHcr{BHoe KoKcoo6pasoaa-
HI,Ie Ha [IoBepxHocrr,r KaTurJrr.r3aropa (Ao 20Yo or o6-
ulefi rosnepcur,r C6H5CI). Oriraeuena Ae3aKrHBarIrt
KaTrlJII,I3aTOpa IIOCJIe HeCKOJIbKLIX KaTanHTHr{eCKI,IX
uHKnoB peareHTa. floxasano, lITo aKTItBHocrb nzurJra-
AHeBbrx KaraJru3aropoB pesKo ll ueo6paruMo yrt{eHb-
lraercr nocne fipoAoJrxr,rreJrbHoro (6onee 30 rrruH)
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efo npofpeBaHus. npu reMneparype >250-280 "C.

KparxonpelreHHoe (ao tO uuH) nonuureHr.re reMrre-
paTypbr He cKa3brBaeTcs Ha aKTuBHocTr4 Kar,IJrr{3aTo-
pa. flonyveHHbre AaHHbre cBHAereJrbcrByror o roM,
qro nplrpoAa HoclrreJrs He BHocI{T cyulecTBeHHofo
BKna.qa B aKTHBHOCTb nOlyr{eHHbIX HaHOKOMITO3HTOB
qro Mo)KHo o6rgcHurr cHJrbHbrM BJIHSHIIeM MerilI-
ruqecKofo ueHTpa.

Cocrag noJryqeHHbrx HaHoKoMnoguroa 6rtr
lrccireAoBaH MeroAoM peurreHoncxofi Qoro:rer-
rpouHofi cneKrpocxonuu. B ra6ruqe 4 npe4craue-
Hbr xapaKTepucrr.rKr.r QoroererrpoHHbrx crreKTpoB
MoHo- u 6uv'erlutuqecKux KarirJlll3aropoB, I{3 Koro-
prrx Ni/SiO2 rn Au/SiO2 6stnu nprjroroBJreHbr c Hc-
rroJrb3oBaHr.rev EtrN, a us 6nN{eraflruqecKux oAHH
6rrr npuroroBJreH c Hcnonb3oBaHneM Et3N, a apyrofi
c ucnoJrb3oBaHr{eM MeroA}rKu <6uHapuoro)) cHHTe3a.

Kax clegyer us r.adnuqsr 4 eHeprsrur{ecKoe
rroJroxeHHe lu4HLvr Au 4f72 cooTBeTcTByeT cocTocHHro

r{Hcroro Au, rorAa KaK noJroxenile rl'unuu Ni 2p312
3HATIHTEJIbHO NPCBbIIXA9T BCJIHqHHbI, H3MCPCHHbIC ANg

4 u 3 , Koropbre 6surz uHreplperr{poBaHbr KaK coor-
BercrByroqne NiO.C apyrofi cropoHbr, cpaBHurenb-
nsrfi anarns $oprrasr rrAHHvt Ni 2p312 o6pa:qon 3 u 4
(puc a) IIoKa3zuI, t{To 9HII npaKTHr{ecKI{ HA9HTI{r{H6I.

3ro yrasunaer Ha ro, qro H B AaHHoM crryqae Ni ua-
xoAr.rrcs B cocroflHuu NiO, u npuvHuofi 6o.uuuoro
yBenr.rqeHur 3HeprHH cBfl3r flBrs,ercr gHQQepeHrIH-
aJrbHar 3aprAKa, Koropat Moxer 6strr csqraua c Ha-
xoxAeHneM rracrurl NiO s yrJreBoAopogHofi o6olo.r-
Ke, npenrTcrnyroulefi KoHTaKTy c HocHTeJreM Lr qac-
rurraMrr Au. flocrorbKy rracrurlu NiO H yureBoAo-
poAHar o6oroqxa xaparoeplr3yrorcr pa3JrHlrHsrMH
xoe$ Su queHTaMlr aropuvuofi :,v.vtccr4tr 3n eKTpoHoB H
npoBoAruruNau csoficrsaMlr, rrro r{ [pr4BoAr4T K AuQ-
Qepeuur.ralrHofi :aprgre, To coorBercrByrotrlr4e r.r3-
MeHeHltr AoJrxHbr ua6mo4arrcfl H B cnexrpe C ls.
Heo6xogrzrrao orMeruTb, qro crteKTp C ls cocrour us

Ts6nuqa 3

,[aH u ue tro [l{ApoAexJlop[poBaHI{rro C6H5C|
Table 3. Data on lorination

Karalr:arop
Teruneparypa,

"C KOHT.,
A. t0-J

MoJlr.uoJts-'.q-'

5

325

0.07

0.33
285 0,27
245 0.20
210 0 . t 4
170 0,1

3

300

0.06

0.05
230 0,02
r80 0.02
r 3 0 -0

4
300 0.06

0,10-0,06
250 0.04

6

300

0.06

t . 2 9
230 0,86
r80 0.64
r30 0 , t  I

AByx xoporuo pa3pe[reHHrrx rrrKoB (puc. 6), oA]IH H3

Koropsrx xapaKrepr43yercr 3Hepruefi ororo 285 sB,

rpa.qnur{oHHo HcnoJrb3yeuofi 4lr flera 3apqAKI{,
rorAa xar 4pyrofi c eHepruefi oKoJIo 281 eB cBt3aH
ssardrvroAeficrBr{eM c Ni. EnHsocrb SHeprerHqecKllx
IrHrepBuuroB MexAy nr4KaMH C ls u TIHKaMI4 Ni 2p3l2

o6pa:qa 3 u 4 yxtzsrBaer Ha JIoKaJIL.I3aIII4rc 3aptAoB

nporuBononoxHoro 3HaKa Ha qacrl.Iqax Ni ra orpy-
xaroulefi HX yrJreBoAopo4Hofi o6oloqxe.

kIcxory H3 BHAa pa3no)KeHut QoroelerrpoH-
Hofi nHHuH O I s Ha KoMTIOHEHTbI U EE I{HTEHCI{BHO-

cru, orHocrrreJrbHo nrvrnvru Si 2p, MolKHo ilpeAnoJlo-

XIITb, TITO OTHOIIICHHE KOHIIEHTPAqHH KITCNOPOAA 14

KpeMHur B noBepxHocrnoM cnoe 6r[sxo r 0.5. 3ror
a$$exr MoxHo o6rscHutr 6onruruu ocJIa6JIeHLIeM
cr.rrHilra O ls no cpaBHeHlIrc c Si 2p (acle4c'rnue
pa3rwrua B AJrnHax cso6oAHoro npo6efa), qro no-
3BoJrser cAeJrarb BbrBoA o6 o6pasonaHvtr Ha noBepx-
HOCTTT Hocnrenr OAHOpOAHOTO CrrJrOrIrHOrO nOKpbITHt

Ta6nu4a 4
Be.ruvnuur :Heprnfi caa:u (3C), noJrHbrx lxrrplrH Ha tloJroBrdHe Bbrcorbr (II[ l IIIB) Qoroe.rerrpoHHblx c[eKTpoB

o6pa:qon 2-4 u 6 i l ornocuTeJrbHbrx aroMHbrx KoHueHTpaqnil.
Table 4. Bonding energies (3C), full widths at half-height (FWH H) of photoelectronic spectra of 2-4 and 6 samples,

relative concentrations.

Iluuus
flapauerp

O6pareu
J 4 6 a

z

Cocras SiOr rAun rNinrCr r SiO'  rNio rCr SiO'  oAu^n,Cn. SiOrAuo 11Ni6aO6sC2

Si2p 3C (6)*. aB r 03.e (2.3) 103.9 (2.7) r03.e (2.4) t03.9 (2.7\

Ni2prn 3C (6), sB 858.2 855.e (3.8) 855.9 (3.4)

Au4ftn 3C (6) . :B 84.0 (2.1 84.0 Q.2) 84.3 (2.0)
Ni2pu-
Au4f",. A** .  eB 774.2 7 7 1 . 9 771 .6

*6 - nlIInB, ** A - paluocrs oueprnft cBr3r.r coorBercrBylouI4x ypoauefi
*6 - FwHH, ** A - the difference between bonding energies of corresponding levels
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MeriurJrr,rqecKux KJracrepor. Ha oAHopoAHocrb no-
KpbrTLIq yKa3brBaeT r.r yMeHbrueHue IxLrpHHbI lr.tHuu Si
2p n cpanHeH*rv c urvrpvHofi Jrr{Hr,ru rlcxoAHoro HocH-
rerr..lloly.reHHble AaHHbIe yKa3brBarcT Ha ro, qro B
o6pasqe 3 esanr\4oAeftcreue Me)KAy Au rz Ni sau-
MeHburee r43 paccMaTpr4BaeMbrx KaTaJIr.r3aTopoB.

a 6
Puc. a. OorolreKTpoHHbre cneKrpbr Ni 2p1a xara,rn:aropoa 3 u 4.

Fig.a. Photoelectronic spectra of Ni 2p32 catalysts 3 and 4.
Puc. 6. @oroeneKTpoHHbre cnerrp C ls rararN:aropa 3.

Fig. 6. Photoelectronic spectrum ofC ls catalyst 3.

Ka(reapa xuunn ue(rru H opraHHqecKoro Kariurn3a

Pa6ota BbrrroJrHeHa upu Sunanconofi noA-
AepxKe PO@I4 (rpaur Ne 05-03-33065)
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