1. leTeporeHHbIU KaTanus

Energy NcTopma BOSHUKHOBEHMA KaTa/M3a KaK NPUKAAAHOro
HanpaBAEHUA

without
catalyst

MexaHun3mbl: CabaTtbe.....JlTaHrmiop

i B3anmocssasb ¢ Surface Science n pmnsmnyeckom xmummemn

with catalyst
PeanbHble u MmogeJ/ibHble KaTa/1In3aTopPbl

NHCTpyMeHTaNilbHble MeToAbl UccnenoBaHuUA
NHTEpMeanaToB



«slow combustion of hydrogene and olefiant gas without flame»:

H, + CH,=CH,

«l have tried to produce these phenomena with various metals; but |
. have succeeded only with platinum and palladium; with copper,

silver, iron, gold, and zinc, the effect is not produced.

YCTPOKMCTBO HA OCHOBE FE€TEPOr€HHOr0 KaTajin3a: aHaJor anmnapara Kummna, BeIyCKaeT HapyxKy
BOZOPOJ YEPE3 NUCIIEPCHYIO ILUIATUHY.

) <: Dobereiner‘s lighter (oruuBo [I€6epeiinepa), 1823. IlepBoe cepuitHO MPOU3BOAUBIIICECS

Catalysis is “the property of exerting on other bodies an action which is very different from chemical affinity. By means of
this action, they produce decomposition in bodies, and form new compounds into the composition of which they do not
enter” (Berzelius, 1835; nepesox u3 Educ. quim., 21 (2010) 60-69).




Paul Sabatier (Ho6enesckaa npemusa 1912): «for his method of hydrogenating organic
compounds in the presence of finely disintegrated metals whereby the progress of organic
chemistry has been greatly advanced in recent years»

O6pa3oBaHME XMMNYECKOIrO COeANHEHUA-UHTEPMEAMNAT];
npuHumn Cabartbe: sHeprna cBA3M B UHTEpMeAMaTE HE CIULLKOM HU3KaA, HO U HE CINLLKOM
BbICOKas (3To NpuBeso K NoHATUIO volcano plot U MHOroYncieHHbIM Nepekocam B MOHUMAHUK

TaKUX Koppenauni)

Irving Langmuir (Ho6enesckasa npemusa 1932, «for his
discoveries and investigations in surface chemistry»)

Bo3moXKHOCTb 06pa3oBaHMA aacopOUPOBAHHbIX MHTEPMEANATOB,
n3otepmbl agcopbunn.

“Most finely divided catalysts must have structures of great complexity. In order to
simplify our theoretical consideration of reactions at surfaces, let us confine our
attention to reactions on plane surfaces. If the principles in this case are well
understood, it should then be possible to extend the theory to the case of porous
bodies. In general, we should look upon the surface as consisting of a checkerboard ...”

Gerhard Ertl (Ho6eneBckaa npemus 2007, «for his studies of
chemical processes on solid surfaces»)

ﬂpmv\aﬂ I/I,EI,EHTM(I)I/IKaLI,I/IFI a,CI,COp6I/IpOBaHHbIX nHTEepmegnaTtoB, C KOIMYECTBEHHbLIM
onpeaeneHnem 3aMno/IHEHUM MNOBEPXHOCTUN + ANHaMMUKa a,u,cop6aT0|3



[eTeporeHHbIU KaTanus Surface Science

?
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O61beKkTbI (KaTanmMsaTophbl)

Loading = «3arpy3ka» (Mac.% unu r/cmM2 reom.)

Catalyst /support Pt loading /%  Particle size nm
lon-exchanged /oxidized C 3.5 .20+ 0.4
Impregnated /C 4.4 1.70+10.5
Colloidal *Turkevich™ /C 5.5 250+0.9
Colloidal *Bonnemann™,/C 3.7 2.10+1
Sintered impregnated /C 4.0 780425
YoenbHasn (specific) akTMBHOCTb: l
CKOPOCTb Ha I UNIN HA CM?
UCTUHHOMN NMOBEpPXHOCTU KaTasindatopa Pa3|v|ep|-|b|e/«Cpr|<Typ|-|b|e»
adbeKThbI
cTMHHasa noBepXxHOCTbL He Bcerga «ONEKTPOHHbIE» 3G PeEKThI
paBHa CyMMe NoBEepPXHOCTEN

yacTuy, (bbiBatoT B610YHbIE KaTanmn3aTophbl)



«CTPYKTYpHbIE» UHEepnpeTauumn pasmepHbix acpcpekToB

[MonTtopak O.M., BopoHuH B.C.
MuTtoaapusa Kak HOBbIN METO N3Y4YEeHUNA aKTUBHbIX LLEHTPOB KPUCTaNU4ecKmnx
kaTanusaTtopoB.- XK. dns. Xum., 1966, 1. XL, Bbin. N, 2671-2687.

Kinetic analysis of cluster size dependent activity and selectivity

Dmitry Yu. Murzin™* Journal of Catalysis 276 (2010) 85-91
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TUnNnYHbIN 3KCNepuMeHT B surface science:

Preparation of the Ru(0001) sample was performed by
repeated cycles of Ar*™ ion sputtering (5 uA/2 kV/2 x 1073
mbar of Ar) and baking the sample at 1100 K in an oxygen
back-pressure of 10~/ mbar for 10 min. Final annealing of the
sample to 1600 K removes the residual oxygen on the surface.
With LEED the sample showed a bright (1 x 1) pattern with
low background intensity.

The (1 x 1)-O phases were prepared in a two-step procedure.
First. the sample was exposed to 30 langmuirs of O, (Messer
Griesheim. purity 99.998%). resulting in a (2 x 1)-O phase on
Ru(0001). Next. this overlaver was exposed to 15 langmuirs
of NO> (Messer Griesheim, purity 98%. main contaminants
HNO; with volume concentration = 1.5% and H->O with volume
concentration =0.5%) which transforms the (2 x 1)-O mto a
(2 x 2)-30' and eventually into a (1 x 1)-10 overlayer
structure. Even higher NO> doses lead to the formation of
subsurface oxygen, keeping the (1 x 1)-O overlayer on the
surface. The coverage was determined by the integral thermal
desorption O signal which 1s calibrated against the i1deal O
coverage of the (2 x 1)-O (assumed to be 0.5 ML). To
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TRANSMITTANCE

UK-cnekTpockonnyeckuu akcnepmumeHT B surface science (CO Ha Cu):
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Infrared bands of CO on copper with various pressures of CO. (A) 2.3 Torr,

(B) 0.20 Torr, (C) 0.02 Torr. PRESSURE , TORR

Surface Sci. 28 (1971) 194-208



TUNUYHbIN 3KCNEePUMEHT B reTeporeHHoM Katanuse: in situ UK-cnektpockonusa
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LleonunTsbl
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Surface Science:
¢doToaMuUccnoHHas anekTpoHHasa Mukpockonua (PEEM)

H.H. Rotermund, W. Engel., M. Kordesch, and G. Ertl,
Nature (London) 343, 355 (1990).

Rh Pt Okpacka = paboTta BbIXxo[4a 3NeKTpoHa
(noBblwaeTcs npu agcopbunn CO, ewe
cunbHee npu agcopoumn O)

I 10 MKM

[TpoCTpaHCTBEHHOE pa3peLleHUE:
~ 1 MKM

(b)

PaspeLwleHune no spemeHn: ~ 1 mc

PRL 86 (2001) 6038 - 6041



Butterfly ~ Free

\

Surface Science:
CTM Busyanusaumsa npespaLieHuUs
apacopounpoBaHHbIX MOMEKYI

Si(100), 5 K

F

J. Amer. Chem. Soc.
131 (2009) 7344



Surface science:
IETS, inelastic tunneling spectroscopy -
KonebaHua agcopoupoBaHHbIX MOMEKYI
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