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HaHO‘laCTI/IIII)I N HAHOMATCPHAJBbI

NuTerpanbHbie CrtpoeHue u CBOMCTBA
CBOMCTBA aHcaMOJiel UHAUBUIYAJTbHOU
HAHOYACTHIL HAHOYACTHIIbI
Penmeenoesckas
ougparyus
Cnexmpockonusi
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«YBUIETH» «ITomynare»
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Dnexmponnas (n «yeudems»)

MUKPOCKONUs 3oHn008b1e MemOObI



3oHp0BBIE METOABI — NPOdHIOMETPUSA

CkaHupywuas TyHHeJIbHAas

MHUKPOCKONMS

30H/J METAJUIMYECKAs 3a0CTPEHHAs UIJla
B3aumopernicTBre: TyHHEIBHBIN TOK

XapakTepHbI€ 3HAUEHUs . ITUKO-, HAHOAMIIEPhI
XapaKkTepHbIE pACCTOSIHUSA: €IUHUIBI, IECITKA aHTCTPEM
Cpena: BakyyM, )KHUJKOCTb, BO3IyX

/ ATOMHO-CHJIOBAasi MUKPOCKOIIUSA
30H/: TMOKUI KaHTUIIUBEP

B3aumopeiicTBre: BaH-AEP-BalbCOBBI CUJIbI TPUTSKECHUSA U OTTATKUBAHUS
XapakTepHbIE 3HAYCHUA. OT aTTO- 10 HAHOHBIOTOHOB

XapaKTepHbIE PACCTOSHUSA . €IUHULIBI, IECATKH HAHOMETPOB

Cpena: BakyyM, )KHJKOCTb, BO3IyX

Iy
(maTunK)

CraHupyoas 3JIeKTPOXUMUYECKAs

npupoaa MHUKPOCKOIHS
B3aUMOJAeHCTBUA 30HI: MHKPOATIEKTPOS

(OﬁpaTHaﬂ CBH3]>) / ‘ \ B3aumonericTBue: anekrpoxumudeckuit (GapageeBckuii) Tok

XapakTepHble 3HaYEHUSI: HAHO-, MUKPOAMITIEPhI
XapaKkTepHbIE PACCTOSHUSA: MUKPOMETPHI
Cpena: KUJIKOCTb

MOBEPXHOCTh



CraHupyroIuasi TYHHEJIbHAasi MUKPOCKOIM S

F T Ty

rerepocTpykrypa Meraui/uzonsarop (okcua)/meramn (MIM)

I'epa I'enpux

J.G.Simmons, Generalized Formula for the Electric Tunnel Effect between Similar
BuHHUT Popep Electrodes Separated by a Thin Insulating Film, J.Appl.Phys. 34(1963) 1793-1803
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R. Youna. J. Ward, and F. Scire, Rev. Sci. Instrum. 43, 999 (1972). YMEHbLICHHE TOKA B € pa3



CkaHupywimas TYHHeJIbHAsA MUKPOCKONUSA

KaprupoBanue J10KaJIbHOU
MJIOTHOCTH 3JIEKTPOHHBIX Si(111)-(7x7)
cocrostamii (LDOS) _
Si(001)-(2x1)
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CkaHupywimas TYHHeJIbHAsA MUKPOCKONUSA
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ATOMHO-CHJIOBAasI MUKPOCKOIIUS

CTM — doTogmon
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G.Binnig, C.F.Quate, Ch.Gerber, Atomic Force Microscope, Phys.Rev.Lett. 56 (1986) 930-933
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ATOMHO-CHJIOBAasI MUKPOCKOIIUS
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ATOMHO-CHJIOBAas MHUKPOCKOIINS

biiok-cononumMep: KpucTaiIndeckue u aMopHbIC YIaCTKU
Tornorpadus casur a3

Si(111)-(7x7)

"y

o B N N

- + 'Y

TOHOFpa(bI/IH HacToTa pacCcesaHunc R.Garcia, R.Perez, Dynamishe atomic

DHEpPruu force m.icroscopy methods,
Surf.Sci.Rep. 47(2002)197-301



IIpupona kourpacro: HOPG

CTM

DJIeKTPOHHAS TIJIOTHOCTh
BOIM3U ypoBHs Depmu

CymmapHasi 371€KTpOHHas
MJIOTHOCTh

S.Hembacher, F.J.Giessibl, J.Mannhart, C.F.Quate, Revealing the hidden atom in graphite by low-temperature atomic force microscopy,
PNAS 100(2003)12539-12542



Cyb0aTromapHoe pa3penieHue

Si(111)-(7x7), tip: CogFe,Sm Bn s o111y
| Sm 4f ,

?’v!"?"ﬁ

“l’"“‘

o ) ) J.H.A Hagelaar, C F J.Flipse, J.1.Cerda, Modelling
M.Herz, F.J.Giessibl, J.Mannhart, Probing the shape of atoms in realistic tip structure: Scanning tunneling microscopy of

real space, Phys.Rev.B 68(2003)045301-1-045301-7 NO adsorbtion on Rh(111), Phys.Rev.B 78(2008)161405



MoJiexkyJia B 3a3ope

Fe-mporonopdupun

et

N.J.Tao, Probing Potential-Tuned Resonant Tunneling through
Redox Molecules with Scanning Tunneling Microscopy,
Phys.Rev.Lett. 76(1996)4066-4069
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D.E.Barlow, K.W.Hipps, A Scanning Tunneling Microscopy and
Spectroscopy Study of Vanadil Phthalocyanine on Au(111): the
effect of Oxygen Binding and Orbital Mediated Tunneling on the
Apparent Corrugation, J.Phys.Chem.B, 104(2000)5993-6000



Crosiune 3JIEeKTPOHHBbIE BOJIHBI B MeTAaJlJIe

Crosune 3JIEKTPOHHBIC BOJIHBI BOJIHM3U
MOHOATOMHBIX cTyneHeii Cu(111)

b)) )

110008

KBanToBsriit kopair: 48 atromos Fe na Cu(111)

M.F.Crommie, Observing electronic scattering in atomic-scale
structures on metals, J.Electron.Spectr. 109(2000)1-17



Peabed He Bce, UYTO KaXKeTCH
PbSe, oxucienue HOPG, myap
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Z-range: 1.586 nm
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I'eoMeTpHYecKHEe HCKAKEHUS TONMOTrPapUIECKUX U300paKeHUn
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I'eoMeTpHUYecKUe HCKAXKEHUSA TONOTrPapUUeCKNX U300paKeHn




I'eoMeTpHYeCKHe UCKAXKEHUS TONOTrPapuUeCKuX U300paKeHn il

Cnenuaju3supoBaHHbIe 00pa3ubl 1JIs1 K3MEPEHU s
(popMbI 30H12

«Cyenasi» peKOHCTPYKIUS GOpMBbI 30H/1a 1 OLEHKH UCKAKEHUH

J.S.Villarrubia, Algoritms for Scanned Probe Microscope Image
Simulation, Surface Reconstruction, and Tip Estimation,
J.Res.Natl. Stand. Technol. 102(1997)425-454
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B3aumMoaencTBue ¢ HOBEPXHOCTHIO

ACM: a"THTENO CTM: knactepsl Ag

R.Garcia, R.Perez, Dynamishe atomic
force microscopy methods,
Surf.Sci.Rep. 47(2002)197-301




N3mepenns ex Situ (Ha Bo3ayxe)
HOPG, ocTpoBku BOJIbI

CTM, obpa3zoBaHr€ MEHUCKA

1
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A d.Z,F %w- B *I JLH
I 10—?—-" .-_-_-‘%H-‘ | i ‘
T T
relathve humicity (%)

J.Freund, J.Halbritter, J.K.H.Horber, How Dry Are Dried
Samples? Water Adsorbtion Measured by STM, Microscopy
Research and Technique 44(1999)327-338 ==
A.Gil, J.Colchero, M.Luna, J.Gomez-Herrero, A.M.Baro, TEE
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Adsorbtion of Water on Solid Surfaces Studied by Scanning Force m % 0w o w ow -
Microscopy, Langmuir 16(2000)5086-5092



N3mepenns ex Situ (Ha Bo3ayxe)

Karanaza

N3menenue
OTHOCUTENBHOMI
BJIAJKHOCTH

Tip
- \vater film

—— T monolayar
AT it it s
N.Patel, M.C.Davies, M.Lomas, C.J.Roberts, S.J.B.Tendler,

P.M.Williams, STM of Insulators with the Probe in Contact with an
Aqgueous Layer, J.Phys.Chem.B 101(1997)5138-5142



N3mepenns ex Situ (Ha Bo3ayxe)

CTM-Bu3yanuzanus MOJICKYJI
JIHK Ha HenpoBoasien
OoIOXKKE (Ciro/1a)

100 nm 19_n_m

Inumaid air

DIEeKTPOOCAKICHHUE KIACTEPOB
cepebpa Ha CIIIoIy

R.Guckenberger, M.Heim, G.Cevc, H.F.Knapp, W.Wiegrabe, A.Hillebrand, Scanning Tunneling Microscopy of Insulators and
Biological Specimens Based on Lateral Conductivity of Ultrathin Water Films, Science 266(1994)1538-1540

F.Forouzan, A.J.Bard, Evidence for Faradeic Processes in Scanning Probe Microscopy on Mica in Humid Air, J.Phys.Chem.B
101(1997)10876-10879



CkaHupyomas 3jeKkTpoxuMudeckast Mukpockonusi (SECM)

Muxkposnexrpon pamuyca I | = 4nFDcr
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N3yyeHne KHHETUKH JJICKTPOXUMHUYECKUX PeaKuui

JIokaJIu30BaHHbIE IICKTPOXUMHNYECCKUE ITPOLECCHI

B.HCKTPOXI/IMI/IH eI[I/IHPI‘IHOﬁ MOJICEKYJIbI

A.J.Bard, F.R.F.Fan, J.Kwak, O.Lev, Scanning Electrochemical Microscopy.
Introduction and Principles, Anal.Chem. 61(1989)132-138
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CkaHupyomas 3jeKkTpoxuMudeckast Mukpockonusi (SECM)
Fe (3%SI) koppo3us B

Pd-Co-Au MuTtoxoHapus
0.01M HCI AP
KaTaJIUTHYECKAs
( a@pearcum{ BbLACIEHUS H,)
AKTUBHOCTD ) 40 a0 o
(peaxius E

BoccTaHOBJIeHUs O,) :

¥ pm

=)

(b) =

- g e =T ™
T E [— [T AE U =

1/ nA

(a) W,

(T e e F i FR T A FR T T T 18 1 1 ]

el

/'--“\-H'*
TMPD TMPED*
i
? ]
§ MA ¥
TMPD =— ADH TMPD
- e EnFy i

Mafd

“ila i

o Mitechondrion ™,

M.V.Mirkin, B.R.Horrocks, Electroanalytical
S.E.Pust, W.Maier, G.Wittstock, Investigation of Localized Catalytic and measurements using the scanning electrochemical
Electrocatalytic processes and Corrosion Reactions with Scanning Electrochemical microscope, Analytica Chimica Acta
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«KapTupoBanue» nuddy3nonnoro cjosi (SECM)

i i B . b ToNO-
o e [FeCN)E V .
> TONQ™ g

E.E e = -.f ———————— [j-—-—l"_i—-—-_:

/c®
'DC' (]
l..

o

—

. %
Ur I':l e 4 =
(=]
O P00 . © i
2 09 [oR N . $
0 200 400 500 400 500

.
0.75
0.75
©
~ 05
(%] 0.5
0.25 0.25
0 ° .U!IS 0.5 0;5 1
0 25 50 75 100 0 '2”2 ' o
2 Jum (D,1D,)" erfc(z 1 (4D,1)"?)

C. Amatore et al. / Electrochemistry Communications 2 (2000) 353-358



I'uOpuaHbIEe MOAX0AbI

| Environmental chamber
Pt coated probe A
] Cathode: O, + 4H* + 4e-— 2H,0

Pt-AFM tip CE 7
membrane / C'-D ?
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AgQRE | i ok
Electrode
Anode: 2H,0 — O, + 4H+ + de-
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C.E.Jones, J.V.Macpherson, Z.H.Barber, R.E.Somekh,
P.R.Unwin, Simultaneous topographical and amperometric

imaging of surfaces in air: towards a combined scanning force- E.Aleksandrova, R.Hiesgen, K.A.Friedrich, E.Roduner, Electrochemical
scanning electrochemical microscope (SF-SECM), atomic force microscopy study of proton conductivity in a Nafion
Electrochemistry Communications 1(1999)55-60 membrane, Phys.Chem.Chem.Phys. 9(2007)2735-2743



JIOKaJIbHBbIE 3JIEKTPOXUMHUYECKHE BO31CUCTBUS

SECM: Ag/Cu ocaxxnennsrii Ha Nafion ACM: nokainpHOEe oxkucienue 11, Si

L} L|:'I|Ill 4547

14

s mle

) Wl i
GL— desagn
25KV k2788 sl 18.8U UTMSE

O.E.Husser, D.H.Craston, A.J.Bard, Scanning Electrochemical
Microscopy. High-Resolution Deposition and Etching of Metals, J.Loos, The Art of SPM: Scanning Probe Microscopy in Material
J.Electrochem.Soc. 136(1989)3222-3229 Science, Adv.Mater. 17(2005)1821-1833
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D.M.Kolb, F.C.Simeone, Electrochemical nanostructuring with an STM: A status report, Electrochim.Acta 50(2005)2989-2996
P.Samori, Scanning probe microscopies beyond imaging, J.Mater.Chem.14(2004)1353-1366
R.M.Nyffenegger, R.M.Penner, Nanometer-Scale Surface Modification Using the Scanning Probe Microscope: Progress since 1991,
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