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Doebereiner: "... finely divided platinum powder causes hydrogen gas to

reaction with oxygen gas by mere contact to water whereby the platinum
itself is not altered«

bepuennyc Been tepmnH KATAJTA3

1900
OctBanba: “A catalyst is a substance which affects

the rate of a chemical reaction without being part of
its end products’

Hobenesckas npemus 1909 e.




AMMMAK

Cap Bunbsam Kpykc, npeamageHT bputaHckon accounaumm cogencTBma Hayke:

" ... all civilized nations stand in deadly peril of not having enough to eat. ... the
fixation of atmospheric nitrogen is one of the great discoveries awaiting the
ingenuity of chemists".

1909 ron
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Kapn bow
[IpOoMbILLINEHHOE BOMSOLWEHNE

[lepBoO€e npon3BoacTBO 3apaboTtano B 1913 r
Hobeneesckasi npemusi 1931 e.

Alwin Mittasch : YooBneTBopuTenbHo paboTtaeT
mMarepwuar, nonyyaembliii 13 LUBEACKOMW XenesHou pyabl.
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UpBuUHr JleHrmiop
Hobenesckas npemus 1932 a.

1922 ron: "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"

oOMMmeTT; 1974 .
"The experimental work of the past 50 years leads to the conclusion
that the rate-limiting step in ammonia synthesis over iron catalysts is

the chemisorption of nitrogen. The question as to whether
the nitrogen species involved is molecular or atomic
Is still not conclusively resolved".



Fepxapn dptn
Hobeneesckasi npemusi 2007 e.

"for his studies of chemical processes
on solid surfaces”

H,/Me - TONNuBHbIE ANEMEHTHI
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NMOBEPXHOCTb KAK OB BbEKT UCCJIEOOBAHUA

1960-e: ynbTpasbicokmi BakyyM (P < 10-7 MNackanb = 10-2 Topp)
NosBnsieTcA Takou 06 BHLEKT nccnenoBaHUs, Kak NOBEPXHOCTb

1970-e: nepecMOoTp TEOPUN pacCeAHNA INEKTPOHOB TBEPALIMU
NOBEPXHOCTAMMU (C YH4ETOM HEYMNPYIrnX CTOSIKHOBEHWUI)

1970-1980-e: 6ypHOe pa3BUTUE MUKPOINEKTPOHUKN.

U kak cneacTtBue — pe3koe yBerimdyeHne BblYUCTIUTENbHbIX PecypcoB,
YTO NMO3BOJINIIO TEOPETUYECKM U3yYaTb CTPYKTYPY U ANHAMUKY
NOBEepPXHOCTU N peakuun Ha noBepxHocTu (DFT, a cenyac n 6onee
BbICOKUWN YPOBEHDL)

1990-e: nosiBNeHne pasnnyHbiX CKAHUPYHOLWKUX MUKPOCKONOB, JatoLLmX
aTOMHOE pa3peLleHne 1 NOo3BOSIAIOLWNX CreanTb 3a NepeMELLEHNEM
aToOMOB MO NOBEPXHOCTW.
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AMMUAK

20m2/r

"In fact catalysis has been a nanotechnology
long before this term was introduced."

BASF S6-10 catalyst (at. %)

Fe K Al Ca O
Bulk composition 40.5 0.35 2.0 1.7 53.2

Surface -
unreduced 86 36.2 10.7 4.7 40.0
reduced 11.0 270 170 4.0 41.0

cat. active spot 30.1 290 6.7 1.0 33.2



CTM; O, / Pt(111), 165 K CTM; O,/ Ru(001), 300 K CTM; O, / Ru(001), 300 K

TA

Masio Kucrnoponaa MHOIo Kucrnopozaa

OuccoumaTtuBHasa xemocopbuuns + andpdysns agaTtomoB; cerperaums

[nccounaTtmBHasa xemocopouus; agaToMbl HEMOABWXHbI; HO HE
3aHMMAalOT cCoceHME MecTa Ha NOBEPXHOCTU

HepuccounaTtmBHasa xemocopouus



Fe (100), T=693K _

Fe (110)

Fe (100)

N, exposure



Energy

MEXAHU3M KATAITUTUYECKOIO
CUHTE3A AMMUAKA
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Rh(111)-(N3xvY3)R30°-CQ  Rh(111)-(2x2-0O Rh(111)-(2x2)-(0+1 CQ)
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CO / Pt(110)
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T=470K; pco =3x10°mbar; pg, =2.0»2.7x10“*mbar



CO/Pt(110)

0.2ML < 0o < 0.5ML

missing row

"The atoms in the
surface of a crystal
must tend to arrange
themselves so that
the total energy will
be a minimum. In
general, this will
involve a shifting of
the positions of the
atoms with respect
to each other".
Langmuir (1916 1)
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T = 540K; pg,=6.7x10"mbar; pco = 3x10°mbar



NMPOCTPAHCTBEHHO-BPEMEHHbIE CTPYKTYPbI

2C0O+0, = 2CO0,/PI(110)

Target patterns

Pos = 3.2x 164 mbar

Peo ® $x 107 mbar

T =427k

0 = YD g



KOMIMbIOTEPHOE MOAEJIMPOBAHUE

MogoenupoBaHue
TypOyneHTHOCTb

{ OKCMEPUMEHT



CUCTEMA C OBEPATHOW CBA3bI0. 9KCMEPUMEHT.

UHV
Chamber

(DOTOSJ'IGKTpOH Had 3MNCCNOHHAasA CMNEKTPOCKOMNNA



PacTtywinn kpan mopckoro yuwka (Haliotis rufescens); COM
CuvHMM nokasaHbl aparoHUToBble NIacTUHKA. OHU pasgeneHsbl
OpraHN4YeCcKMMU TOHKUMMU NIIeHKaMn (KEeNTble) U CO BPpEMEHEM
npespawiatoTcs B nepriamytp. CnoeHbin, ynpyrum n npodHbIn
BMOKOMMNO3NT.

HaHo4yacTuubl marHeTuTa, sBnsowmeca pesysribTatom
XusHegeatenoHocTn 6aktepun Aquaspirillum magnetotacticum.
COM; Ha BcTaBke — TOM. OaHOOOMEHHbBIE MOHOKPUCTaNbI,
OorpaHeHHble OgMHAKOBO.

3ybHas amanb; COM. NpoYHbIN N3HOCOYCTOMYMBBIN MaTepuan ¢
BbICOKOYMOPSAA0YEHHON MUKPO/HAHO apxuTektypon. ObpasosaH
Kpuctannutamm rugpokcunannatmuTa, Kotopble cobuparoTcs B
BOJIOKHUCTYIO NIIETEHYIO CTPYKTYPY.

Nrna mopckon rydbkmn Rosella; COM. CrioeHbIn KpeMHE3EM,
obnagarowmnm OTANYHLIMU ONTUYECKUMU N MEXAHNYECKUMMU
CBOWCTBaMM: MPUPOAHOE ONTOBOJSIOKHO.
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BEJTOK / HEOPI'AHUKA AHTUTEH / AHTUTENO

HEOPIrAHUYECKME MATEPWUAIIbI



Matarials

Pd

Si0,

Zeolites

Zn0

CaCl,

Cr;0;

Fe0:

ns

Saguences

MHGKTQATSGTIOS
=7sLGOSGASLOGSEKLTNG
arsEKLVRGMEGASLHP Akt

DRTSTWR
QSVTSTK
SESHLNK

SUTONKY
SPHPGPY
HAFTPML

AYSEGAPPMPPF*
NPSSLFRYLPSD®
SLATOPPRTPPV®

MSPHPHPRHHHT®
RGRRRALSCALL®
KPSHHHHHTGAN

VKTOQATSREEPPRLPSKHRPG
MOHGKYRUIKQATPG

NTRMTARQHz=ANHKSTOQRA
YOSRSMRPH

HTGNMRMYEPWF
DVFSSFNLKHMR

WRPKAATN
RIRHRLVGQ

RRTVKHHVN
AQNPSONNTHTH
RLELAIPLQGSG
TPPRPICYNHTS

NMPMHON

Size

CooTBeTcTBME Matepuala 1 aMWHOKUCNOTHOM

21 nocrnenoBaTtesibHOCTH
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12
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PacueT: npotenH GBP1 Ha noBepxHOCTU 30s510Ta B BOAHOW cpeae
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Au(111):

CUINbHasA CBA3b

Au(112):

CBA3b cnabee

. [MonapHbIK dparMeHT

. 3apsKeHHbIM doparMeHT

[(MapodoOHLIN bparMeHT
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