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ATomapHoO-rnagKaa NoBepxXHOCTb m

MeXaHn4YeCKan

MNAKOCTH, B TOM YUCNE XKUOKne meTansbl
HecTabnnbHOCTb

@

CTYNEeHW - HeCOBEPLUEHCTBA
CnoucTble coeanMHEHUA U MaTepuanbl

@

CKOJI0B
(Ha HUX MOXKHO HanbINATb ANUTAKCMA/IbHbIE
NAEHKKU paaa ApYyrnx maTepuanos)
<:| HecoBepLIeHCTBa OPUEHTa-

LlepoxoBaTtaa NOBepPXHOCTb

Roughness factor = S..//S,..

BarkHa pa3pellatoas cnocobHocTb
MeToAa BU3yanm3aLmnm




30HA0BasA MMKPOCKONUA — MHCTPYMEHT Hepa3pyLuaroLlero usyyeHus
NOBEpPXHOCTU, BO3MOXXHO aTOMapHoe U Aaxe cybaToMapHoe pa3pelueHue

COBEpPLUEHCTBO
¢dopmbI ocTpusA

OBWXEHUsA

"' cocTaB
3a3opa

paccTosiHue
30HA-NOANIOXKKA
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TOK (STM), mopdonorus
cuna (AFM) NOAIOXKKM

B.J1. MnpoHoB, « OCHOBbI CKAHUPYIOLLLEN 30HA0BON MUKPOCKOMUUNY:
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http://ipmras.ru/UserFiles/publications/mironov/RUS_Fundamentals_SPM.pdf



MonepeyHble (BA0Nb HOPMaU K NOBEPXHOCTU) ceueHUn — cross-sections

7 40 . . Yo . . 10 r v
E 5| 1 st 1 st ]
T O e e S e A ] uWﬂ O Nt g AP T sty STy T
& -5} 1 s} {1 s} ]
T 0 - : J .10l : - -10 : :

0 1 x@m 2 i 0 BT i 0 T 3

TecT-06BbEKT
(SEM)

-08 04 -0.2 00 02 04 0s
¥pen]

Meas. Sci. Technol. 31 (2020) 094005



Mepab Ha catoge

-
IIT | $
™ . . . » - E 12 -
& L L 3 L i : '
'ﬁr '-r‘til - T I‘ii il o ‘i‘l\ — 9 .
L . ® ° g = T
o g B P g By = 6
RN SO A0 S I A $
. ; * 0.3
15 S N
0.0
® 5i 2 As-deposited Annealed
oA Mica Cu(111) film
e OH CpeaHeKkBagpaTMyHan

"k lwepoxoBaTocTb: RMS



Height [nm]
S & o
w N .

0.4

00 05 10 15 20 25 30
Position [um]

BbICOKOOPUEHTUPOBAHHbIV NUporpapuT
(highly oriented pyrolytic graphite, HOPG)

0.90 nm
— T v 1 1 ' T °
04 e Experimental Profile -
A ‘-_ﬁ\. - Sig:oid Fit'a |
~ 03} 1 i
E 1
£ o2} t il
N - } A
0.1F 5 o
[ \-'ﬁn—s
00+ i -
" 1 M 1 M 1 M 1 M
0 50 100 150 200 250
X (nm)
0 nm




MoHoKkpucrannuyeckue

NOBEPXHOCTU
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I'pal-m OT/INYAIOTCA HEe TOJIbKO I'EOMETpVIEﬁ, HO N Z1EKTPOHHbIMMU CBOMCTBAMM. anMepr:

Cepebpo, HU3BKOUHAEKCHbIE

Ag(111) | Ag(100) | Ag(110)

work function / eV

4.74 4.64 4.52

Bonbdppam
(a) Variation with step density

Surface o*

(eV)
W(110) 5.75 + 0.02
W(S)-[20(110) X (110)] 5.56 + 0.02
W(S)-[12(110) X (110)] 5.30 + 0.02
W(S)- [7(110) X (110)] 5.13 £ 0.02

(b) Variation with step orientation

*

Surface ¢
(eV)
W(S)-[10(110) X (101)] 5.54 + 0.02

W(S)-[16(110) X (112)] 5.44 + 0.03
W(S)-[12(110) X (110)] 5.30 + 0.02

BbICOKOMHAEKCHbIE
rpaHu

Bce rpaHM MOHOKPUCTANN0B IETKO
PEKOHCTPYMPYIOTCA — HE TOJIbKO B
CMbIC/Ie MEeKAaTOMHbIX PAaCCTOSIHUN,

HO M B CMbIC/N1e YNOopAA0YeHUA aTOMOB
Ha NOBEPXHOCTW.



HecoBeplueHcTBa MOHOKpVICTaIU'IVI‘-IECKOﬁ

Monukpucrannnyeckme NnoBepXHOCTU —

- NJZ1I0XO0 OXapPaKTeEPU3OBAHHbIE 0b6beKTbI

noBepxHOCTH
steps
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XOpoLlo oxapaKTepmn3oBaHHbIE MOBEPXHOCTH
(well-defined, well-chracterized) — Te, ctpoeHune

KOTOPbLIX CTPOro onpeaeneHo Ha atToMapHOM YPOBHE.

MerK3epeHHble rpaHuLbl —
pa3ynopsagoyeHHble
obnactn, moryT 6bITb
oboralleHbl NpuMmecamu



Journal of Molecular Catalysis A: Chenucal 182-183 (2002) 5-16

Heterogeneous catalysis on atomic scale

Gerhard Ertl*

Fritz-Haber- Institut der Max-Flanck-Gesellschafi, Faradayweg 4-6, [)-14195 Berlin, Germany

“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 ...”

I Langmuir, Trans. Faraday Soc. 17 (1922), 607

. i . ; ; N3 HoBenesckown nekunmn (2007),
Ru(0001): Residence times at various distances d http:// nobelprize.ora/

to neighbouring adatom T [ms] at 300 K nobel_prizes/chemistry/laureates/

da, V3 2 V7 3 oo 2007 /ertl-lecture.html
T 14 220 66 43 60
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TepmuHunpoBaHue ABYX- U MHOFOKOMMNOHEHTHbIX MOHOKPUCTAN/I0B

Truncated bulk 0L-A|203

PEKOHCTPYKUMA MOBEPXHOCTU
3aTparMBaeT HECKO/IbKO C/N0eB

Relaxed msurface

d Slab |

WaCULIm

wacuum

Ti-O
Ba-O
Ti-O
Ea-O
Ti-O

Slab Il

wvazuum

Ba-0
Ti-O

Ba-0

Ti-O
Ba-0

WECLILMm

O
(010)

Equilibrium atomic displacements (relative to ideal positions) for the BaO-
and Ti0,-terminated surface, when no symmetry breaking distortions are
allowed, given as a fraction of the experimental cubic lattice constant a,

Layer Ba () surface iz Ti0; surface iz

1 Ba (1) 0.01035 Ti(l) 0.0264
0 (1) 0.00332 0O (1) 0.0025

2 Ti (2) 002216 Ba (2 0.0259
0 (2) 0.01704 0 (2) 0.00461

3 Ba (3) 0.00139 Ti(3) 0.0044
0 (3) 0.00401 O (3) 0.00015

4 Ti(4) 0.00411 Ba (4) 0.00423
0 (4 0.00029 0 (4] 0.0011




MaTtepuan ¢ pa3BuToM NOBEepPXHOCTbLIO (caxa, carbon black)




MaTtepuan c pasBuTou NOBEePXHOCTbLIO (yrnepoaHble HaHOTPYOKK, CNT)

.

Nnn HaHeceHne u3 CyCneH3nnm Co CBA3yrLwunm.
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[Mopbl aHICTPEMHbIX Pa3MepPOB,

baKTOpbI LLEPOXOBATOCTU — COTHW.




HaHonopucTtblie metannbl HaHonopucTblie okcuAabl




OnpeaeneHne NoBepxXHOCTU NO HU3KOTEMMEPATYPHOM aacopbumm NHepTHOrO rasa
— metog, bI3T (BET):

http://www.elch.chem.msu.ru/rus/lecturesGA/asnin.pdf

J. Landers et al, Density functional theory methods for characterization of porous
materials, Colloids and Surfaces A 37 (2013) 3-32

Kpuctannorpadpua noBepxHOCTU:
- MaNIoyrnoBsas peHTreHOBCKana gudpakumsa
- 3N1eKTPOHHasa andpakuma

+ MeTo/bl aHa/n3a agcopbaToB
- pasHble BMUAbl PEHTIeHOBCKOro pacceaHusn

(cneukypc B IX cemecTpe)

MeToabl aHann3a nose PXHOCTW:

- peHTreHoBcKas GOTO3/IEKTPOHHAA cnekTpockonua (XPS)

- OxKe-anekTpoHHas (Auger) cnekTpockonusa



MaTepunanbl Ha NOANOXKKaX

B KaTanunse —
ANA NCMONb30BaHUA MAbIX
KONMYeCTB KaTanmnsaTtopa

B aneKkTpoxmnmmyeckmnx
YCTPOMCTBAX -

ANA NOBbIWEHUA 3/1EKTPO-
NPOBOAHOCTU

MoryT 6bITb Well-defined —
eC/IM Ha rNaaKyo NoANOXKKY
HaHOCAT MOHOKpPUCTaNAMYec-
KMe YacTumubl




NMopolwKoBble KOMNO3ULUU
MaTepunanbl Ha NOANOXKKaX

MneHKn

Prussian Blue NiFe-PBA WD S====ITONN M temerts

NHCTPpYMEHTaMKM CTaHOBATCA SIOKaNbHble
aHa/IMTUYECKNE MeToAbl + CeNeKTUBHaNA
agcopbuums.
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Fig.1 The UHV apparatus “"THEO" at Karlsruhe Institute of Technolog
(KIT), Institute of Functional Interfaces (IFG), combining a state-of-the-art
FTIR spectrometer (Bruker Vertex 80v) with a multi-chamber UHV system T

(Prevac). (1) Vacuum FTIR spectrometer. (2) IR chamber. (3) Electron
analyzer (VG Scienta R4000). (4) Analysis chamber (XPS, UPS, and Auger). Katan N3aTop — y4aCTHUK peaKLnH,

(5) Preparation chamber equipped with LEED, AES, and TDS. (6) Distribu- Y _
tion chamber. (7) Load-lock. (8) Magazine. HE TOABEPralolLIMnCA Npespallie
HUAM.
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