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

BarkHa pa3pellatolas cnocobHocTb
MeToAa BU3yanm3saumu




30HA0BasA MMKPOCKONUA — MHCTPYMEHT Hepa3pyLuaroLlero usyyeHus
NOBEpPXHOCTU, BO3MOXXHO aTOMapHoe U Aaxe cybaToMapHoe pa3pelueHue
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http://ipmras.ru/UserFiles/publications/mironov/RUS_Fundamentals_SPM.pdf



MonepeyHble (BA0Nb HOPMaU K NOBEPXHOCTU) ceueHUn — cross-sections
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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 rpaHn MOHOKPUCTaNN0B NIETKO
PEKOHCTPYMPYIOTCS — HE TO/IbKO B
CMbIC/1€ MEXAaTOMHbIX PACCTOSIHUN,

HO U B CMbIC/1e YNOPsAA0YEeHUA aTOMOB
Ha MOBEPXHOCTW.



HecoBeplueHcTBa MOHOKpVICTaIU'IVI‘-IECKOﬁ

Monukpucrannnyeckme NnoBepXHOCTU —

- NJZ1I0XO0 OXapPaKTeEPU3OBAHHbIE 0b6beKTbI

noBepxXHOCTH
steps
5 vacancy
adatom P
1 <
4
_ . = island
m [ |
| L] -
terrace
hole
vacancy large-scale terrace

5x5nm’

400 x 400 nm’ 10 x 10 nm’

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

KOTOPbLIX CTPOro onpeaeneHo Ha atToMmapHOM YPOBHE.

MerK3epeHHble rpaHuLbl —
pa3ynopsagoyeHHble
obnactn, moryT 6bITb
oboralleHbl npumecamu



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 . ; " 3 HoBenesckon nekunm (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)




Mpumep aacopbuum Ha akTnBnpoBaHHOM yrne (~ 200 m2/r))

Materials 16 (2019) 882
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MaTtepuan c pasBuTou NOBEePXHOCTbLIO (yrnepoaHble HaHOTPYOKK, CNT)

.

Nnn HaHeceHne U3 CyCneH3nnm Co CBA3YyHLWUnm.
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[Mopbl aHICTPEMHbIX Pa3MepPOB,

baKTOpbI LLEPOXOBATOCTU — COTHU.




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 audpakumsa
- 3N1EeKTPOHHasa andpakumA

+ MeTo/bl aHan3a agcopbaToB
- pasHble BMUAbl PEHTIeHOBCKOro pacceaHusn

(cneukypc B IX cemecTpe)

MeToabl aHanu3a NnOoBEPXHOCTU.

- peHTreHoBcKas GOTO3/IEKTPOHHAA cnekTpockonua (XPS)

- OxKe-anekTpoHHas (Auger) cnekTpockonusa



MaTepunanbl Ha NOANOXKKaX

B KaTanunse —
ANA NCMONb30BaHUA MANbIX
KONMYeCTB KaTanmnsaTtopa

B aneKTpoxmmmyeckmx
YCTPOMUCTBAX -

ANA NOBbIWEHUA 3N1EKTPO-
NPOBOAHOCTU

MoryT 6bITb Well-defined —
eC/IM Ha raaKyto NoaNOXKKY
HaHOCAT MOHOKpPUCTaNAnyec-
KMe YyacTuubl




NMopolwKoBble KOMNO3ULUU
MaTepunanbl Ha NOANOXKKaX

MneHKn

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

NHCTPpYMEHTaMKM CTaHOBATCA SIOKaNbHble
aHa/IMTUYECKNE MeToAbl + CeNeKTUBHaNA
aacopbuums.




UOEANTbHO NONAPUIYEMbIU ANNIEKTPOA.:
aacopbunmoHHOe paBHOoBecHe

YpaBHeHue nbbca

dG =—-SdT +Vdp+ > udN, +> ods,
! N dGZ_Z(ridﬂi)

. =N (ads) /s Obpamumasi
i Y no8epxHOCMHasi [TorpaHN4YHOE HaTsXKEHUE!
I paboma d o
108epPXHOCMHbIU U36bIMOK 7/ -0+ —
(adcopbuyusi) d |n S

PacnpeneneHue agcopbara
B6NIM3M NOBEPXHOCTU 3aBUCUT
OT AanbHOOEWUCTBUS.

3arnosiHeHne NoBEPXHOCTU
3aBUCUT OT KOHUEHTpaUumn
(OaBneHus) n OT SHeprun
2 ompuyamelibHasa  gpncopbumn.

adcopbyus

x
Arnekmpocmamu4yecKkoe 83aumooelcmeaue Xemocopbuyus



CtpoeHue mexdasHou rpaHulbl (0OYeHb YCNOBHO!)

HE TAKOE (cpopmanbHO TyT HapucoBaH

L y o CKOPEE TAKOE:
«BOVHOW 3ITIEKTPUYECKUMN CIION»:

aneKkTpoA

PO oSO OO OPe
IR I+ I I+ I R+ I+

anekTpoa

Y T e W N N N N e N T

oSO OSSOSO OSOTS
ANIEKTPOA pacTBopuTens

Monekynbl pacTBopuTene

‘ (anddy3HbIN cnown)
Outer Helmholz Plane (OHP) —
BHELUHSAS NSIOCKOCTb ['enbMrosbua

(Ho 6bIBaeT u Kyaa bonee cnoxHoe)

21



KanunnapHoeie anektpomeTpbl JInnnmaHHa,
Ann. Chim. Phys. 5 (1875) 494

ﬁ:
A ’fﬂ

I

'!M’lﬂm“! g o !“T'

Cm. 06 ncropum |
http://acshist.scs.illinois.edu/bulletin_open_access/v29-1/v29-1%20p16-20.pdf




/.3-17.5

OnekTpoKanunnspHble ABNEeHNs

YpaBHeHue JlnnnmaHHa

do =-qdE - ) (I d ) (8_6) _q
OKCNEPUMEHT | ok &
KanunnspHbIn 3NeKTPOMETP
o,E; 0,8 - 0,E; g,8,
C1E1 C1ai Fi’E; Fi,ai
NmnepaHc
 _pd 1 |
dt dt C
Bonstamnepometpus
de du di
= — R— =v =const

dt dt dt T

Ckopocmb pa3zeepmku, B/c



ANeKTpoKanunnspHble KPpUBbIe
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KpuBble

CHwmxeHune C npu CHUXKEHUU

7.4
BE
=P
C, myd/cm?
20 I
15
10 |

KOHUEHTpaunm pacteopa
(Npn NocTosAHHOM E);
nosiBNeHne MMHUMyma

—1,0
E, B (H.B.3.)

andpdepeHUNanLHON eMKOCTHU

PocTt C npu cneuu-
domnyeckon agcopoumm

C, mxd/cm?
50 I /
KBr
40 Kl
0F KC
20 F
KE
| | | |
0 —0,4 -0,8 -1,2
E, B (H.B.3.)

25



30 +
(:J”%Hz
25 +
20
15 -
02 04 06 04 05 08 04 06 08 — L
035 055 07 095 -¥
Puc 2. Kpusble auddepenurabuoi emkoetn 1as pacteopos HCIO, (a),
KCIOy (6) w KOH (8) npu pasauunmx Kowuentpaunsix; 7 — 0,002 N: Puc 3. Kpusan nubepeHunanbHoit eMKOCTH
' 2001 N;3 -01N. B 001 N pactsope K,SO.
2
a0 LS/ e
32
°© 02 kHz
ol 35 - o 40 KHZ
e 30kHZ
NMpumep TBEPAOTO 30 L
e meTanna (Bi)
Q
5—104 25 L
-]
20 -
-204 75 L \ | | ! (
_ , . 095 055 075 095 o#5 115-b6

8 s KpuBbie audepeHunaLHOi  eMEKOCTH 1
0 N pac > KCl a 3
Fig. 4. o vs. E plots of Bi film in LiCl0, solutions of different concentrations: (1) 1075 Q1074 ) pacTEOpe (P pagHbix mactoTax

107! M. 26



MNpumep TBEPAOrO
meTanna (Cd)

35

5 i |
-1.8 -1.4 -1
E(vs.SCE/V

Fig. 4. C(E)-curves for Cd(1120) (v = 210 Hz) in an aqueous solution of
LiClO,: 1, 0.1; 2, 0.05; 3, 0.01; 4, 0.005; 5, 0.003 and 6, 0.001 M.

J. Electroanal. Chem. 413 (1996) 111

Pa3nnuma BeIM4MH eMKOCTU Y Pa3HbIX
MeTa/1JloB B OAHOM U TOM XKe pacTtBope

0COB6eHHO Be/IMKO B 06/1aCTU NO/TOXKUTENBbHbIX

3apAJ0B.

Mpumep TBEPAOTO
meTanna (Pb)
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/0

K. pus. xumunnm 22 (1948) 925
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MoTeHuManbl HyneBoro 3apAaa (H.B.3.) B BOAHbIX
NOBEPXHOCTHO-HEAKTUBHbIX 3NEKTPOUTAX
(J. Electroanal. Chem. 46 (1973) 161)

Metal Solution Pz.c/V
Bismuth . 0002 M KF —0.39+0.02
Lead 0.001 M NaF —0.5640.02
Cadmium 0.001 M NaF —0.75+0.02
Antimony 0.002 M KCIO, —0.15+0.02
Tin 0.002 M KCIO, —0.38 +0.02
Thallium 0.001 M NaF —0.71+0.04
Indium 0.003 M NaF —-0.65+0.02
Copper 0.001 M NaF 0.091+0.02
Gold (polycryst.) 0.002 M NaF 0.184+0.01
Gold (110) 0.005 M NaF 0.19+0.01
Silver {polycryst.} 0.001 N Na SO, —0.74+005
Stlver (single cryst.) 0.01 N Na,SO, —0.66+0.03°
Silver (111) 0.001 M KF —046+002
Silver (100) 0.005 M KF —0.61+0.02
Silver {110) 0.005 M NaF —0.774+0.01

SIDE VIEW

ROTAYIOp,
- %

FRONT VIEW

WORK FUNCTION. §/ev

Koppenauymu ¢ paboTtoi Bbixoaa
3/1EKTPOHA

(.

501

451

4.0

Electroanal. Chem. 33 (1971) 351)

.
|
|

_—

-10
POTENTIAL OF ZERO CHARGE. E,/Volt (NHE)

OTKNOHEHUA OT IMHENHOCTN 0OYCNOBEHDI
Pa3INYNAMM AUMNONBHOIO CKayKa B cioe
aacopbmpoBaHHOM BOAbI.



7.2, 7.3 MoBepXHOCTHbIE U3GbLITKU

FT;, mxKn/cm®

0 -,
1 [ToBEPXHOCTHO-aKTUBHbIN anekTponut (1°, 27)
i H ancopbumsa aHnoHa (kpusas 2')
¥

20 F N
"

10 F

£ NoBEPXHOCTHO-HEAKTUBHbIN 3NEKTPONUT
0 k- (1,2)
1 1 1 | ﬁ 1
—-0,6 -0,2 ; 0,2
E-E,B MomeHyuan omHocumesribHO
q<0 . L nomeHyuana Hyneeozo 3apsida

g>0 (npusedeHHas wkana) 29



pA-em® HentpanbHbI pacTeBop Ag - 30 '
Eb LE..- A,
{111} ! ] pa-am2 5 | LLenodHoit
—_— | 7 B [ pactBop
\ : kN Electrochim. Acta.
o o 33 (1988) 1431
e - I i 101 .
|
s ].LA-c.m""' : i
|
{110} ', J. Electroanal. Chem. LA A
A — I 45 (1973 0 N - = ]
"~ 45(1973) 301 .
I -E : :
N RS B B ST : c,
o - 05 -0 1.5 .
E/V (ECS) ol !
o
|
. ! :
: A 6uma !
dapageesc- | TO/IbKO 3nekTpoctatn- | Acopol 0]
KW npouecc 1 YecKan aacpbuna | Richopola
' MoHOB | C MepeHoCcom
| 1 3apAaaa Il
1 I -30 L
| |
| |
HENONAPU3Y- | | COBEpLIEHHO ¢
eMblii '+ MACANBHO | g O
| |

NONAPU3YyEMbIN

NONAPU3yEMbIN E/v 30



Ob6nacTtb naeanbHoOM

C/pF em
NONAPU3YEMOCTH
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Fig. 4. (100) face of gold in 1 Af HCIO: C{E) 10 mV s~", 20 Hz, up to —0.05 V (

(=== =035V (-----) i(E) 20 mV 57" [24].

J. Electroanal . Chem. 142 (1982) 299
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J. Electroanal . Chem. 106 (1980) 277 Pt

| CipgF em?
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Pure Appl. Chem. 63 (1991) 711 REAL SURFACE AREA MEASUREMENTS
J. Electroanal. Chem. 327 (1992) 353 IN ELECTROCHEMISTRY
AnekTpoxumma 29 (1993) 557

Prepared for publication by

. i S. TRASATTI' and O. A. PETRII®
2.2 Capacitance ratio

This method i=s normally used with solid electrodes, but it is also applicable
teo liquid metals and disperse systems. ]t ias widely adopted for the estimation
of the surface area ratio for different samples of the same electrode msterial
(eg ref. 21-24>,.

2.2.1 Principles. The experimental differential capacitance of the electrode

under investigation in agqueocus sclutions is divided by 15-17 upuF cm-2, the
empirically established range of capacitance per unit area measured with a Hg
electrode at moderately negative charges (around -12 puC cm-2} where ¢ goesn

through a =hallow minimum. Thias implies assuming that the structure of the
double layer I=s exactly the same for the investigated electrode as for Hg. The
potential of measurement should be the same on the rational acale, viz
referred to the potential of zero charge.

A variant of thi=s method consists in measuring the capacitance in very dilute
solutions (<10-3 mol dm-3) and in assuming that the minimum wvalue at the
potential of zerc charge is entirely governed by the diffuse layer capacitance
20 that the surface area can be obtained by dividing the experimental wvalue by
that calculated by means of the Gouy-Chepman theory. This modification implies
that the position of the potentisl of zero charge (the point of zero charge in
the case of ionic =solida) is experimentally identifisble.

2.2.2 Limitations. Although there is some evidence that the capacitance falls
in & narrow range of values at negative charges in the region -10 to =15 pC
cm-2, this value may span from !5 for Hg to 25 for the (111) face of Ag.
Morecver, the capacitance is potential dependent in a way which depends
dramatically on the nature of the metal. In many cases the position of the
potential of zero charge is not known, hence the observation of a plateau does
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Fig. 1. In situ STM image (a), selected surface profile (b) and histogram of the height distribution (c) for the cleaved at the temperature of liquid
nitrogen Bi(1 1 1)€ plane in 5 x 107> M Na,SO, + 5x 10~* M H,SO, aqueous electrolyte.
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