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[lukmndeckas BOIbTaMIepoOMETPHS
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Makpo- 1 MUKPOIJIEKTPO/L
oOparnMas 3/X peakuus

g=1.5mm

g=10

um

[5pA

5 0

—a

4 mM K,[Fe(CN),] in 0.1 M KCl

100 mV/s
I1nA

E ) .5

0

M.A.Dayton, J.C.Brown, K.J.Stutts, R.M.Wightman Anal. Chem. 52 (1980) 946-50
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[lnkmmyeckas BoJIbTaMIIEPOMETPHSA
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[lukmndeckas BOIbTaMIepoOMETPHS
HeoOpaTHMas d/X peakIus
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[lnkmmyeckas BoJIbTaMIIEPOMETPHSA
KBa3uOOpaTumasi 3/X peakius
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ConpsiKeHHaAs XUMUAYECKasl pEaKIys
KaTaJIUTUUYECKUU MEXaHU3M
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ConpsiKeHHaAs XUMUAYECKasl pEaKIys
KaTaJIUTUUYECKUU MEXaHU3M
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ConpsiKeHHaAs XUMUAYECKasl pEaKIys
KaTaJIUTUUYECKUU MEXaHU3M
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-------
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Fig. 2. Hydrogenase poly(CI) electrode (type II) in H, (1) and Ar (2). 14



[lnkmmyeckas BoJIbTaMIIEPOMETPHSA
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[lnkmmyeckas BoJIbTaMIIEPOMETPHSA
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[lnkmmyeckas BoJIbTaMIIEPOMETPHSA
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[lnkmmyeckas BoJIbTaMIIEPOMETPHSA
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OBPATUMBIU ITEPEHOC
HDAEKTPOHA C LIUTOXPOMA C HA T e
TTOBEPXHOCTDH DAEKTPOAA A . A

REVERSIBLE ELECTRODE REACTION OF CYTOCHROME C B

N

Peter YEH and Theodore KUWANA K ] S
Department of Chemistry
The Ohio State University i e ! ! i
Columbus, OHIO 43210 USA AL i B
L - Ip 4r- N
T (HA)
L .Mr - Sl .
CHEMISTRY L g 1 | , |
LETTERS o o0z o4 08 08 10
E 7 vl vy
| Fig. 2 A, Plot of cyclic peak currents
103 o -03 (at 50 mV/s) as a function of cyto ¢

Ag/AgCl
b concentration. B. Plot of cyclic peak
Fig. 1 A. Cyclic i-E curves of 52 uM

= currents as a function of scan rate
cyto ¢ at 10, 20, 50, 100, and 200 (52‘% eyto ¢).

(a to e) mV/s. B. Differential pulse

i-E curve of 204M cyto ¢ at 2 mV/s

scan rate, 50 mV pulse height, and

0.5 s pulse width.

The heme protein, cytochrome c, was found to exhibit reversible
electron transfer characteristics at an indium oxide electrode.
The electrode reaction at this electrode was evaluated using
cyclic voltammetry and differential pulse method.

22

CHEMISTRY LETTERS, pp. 1145-1148, 1977. Published by the Chemical Society of Japan



OBPATUMBIN ITEPEHOC
HDAEKTPOHA C LIUTOXPOMA C HA
TTOBEPXHOCTDBH DAEKTPOAA

Novel Method for the Investigation of the Electrochemistry of
Metalloproteins: Cytochrome ¢

By Marx J. Eppowes and H. AvLex O. HiLr®
(Imorgansc Chenmiistry Laboratory, South Parks Road, Oxford OX1 30R)

ChemComm

J. Chem. Soc. , Chem. Commun. (1977) 71

Summary The d.c. and a.c, cyclic voltammetries of horse
heart ferricytochrome ¢ have been investigated and it 1s
shown that, in the presence of 4,4-bipyridyl, the electro-
chemistry corresponds to a quasi-reversible one-electron
process, from which an E° value of 4025 V vs. normal
hydrogen electrode can be derived.

(a) (b)

(]

1 ]

1
-£/V —> .005 -025

-£/V —>» .005

(c) A (d) $

i i

-025 -£/V —» ,005 -025 -£/V —= <005

FIGUrRe. Cyclic voltammograms of an aqueous solution of
horse heart ferricytochrome c¢ (2 mm), containing NaClO,
(0-1 M), and Na,HPO, (0-02 M), pH 7, at a planar gold disc
electrode in the potential range + 0-05 to —0:256 V vs. 0-1 M
KCl-calomel (E° + 0-336 V vs. NHE). (a) A.c. cyclic voltam-
mogram at a scan rate of 10 mV s-! in the absence of 4,4’-
bipyridyl; (b) d.c. cyclic voltammogram at a scan rate of 10 mV
s~! in the presence of 4,4’-bipyridyl (6 mm); (c) a.c. cyclic
voltammogram at a scan rate of 10 mV s-! in the presence of
4,4’-bipyridyl (6 mm); (d) a.c. cyclic voltammogram at a scan
rate of 2-5 mV s—! in the presence of 4,4’-bipyridyl (5 mm).

NN
J.C.S. Cuem. Comu., 1977




HanouacTuiibl

Royce W. Murray Chem. Rev. 2008, 108, 2688-2720
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HanouacTuiibl
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Royce W. Murray Chem. Rev. 2008, 108, 2688-2720
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HanouacTuiibl

Au,, MPC
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Potential (V vs AgQRE)

Royce W. Murray Chem. Rev. 2008, 108, 2688-2720
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HanouacTuiibl
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MHaBEpCHOHHAA

BOJIbTAMIIEPOMETPUSL
(stripping voltammetry)



AHOJIHAs THBEPCUOHHAS
BOJIBTaMIIEPOMETPHUS

1. [peKkoHUeHTpMpoOBaHUE:

Me"™ +ne+ Hg —> Me(Hg)

ot 30 cek. ona 1077 M go 20 muH. ans 10779 M

2. OnpepgeneHue:

*JIMHEWHAS pa3BEPTKA MOTECHIMANA,
s mudepeHIanbHas UMIYJIbCHAS W1 KBaJAPaTHOBOJHOBAS

BOJILTAMIIEPOMETPHS
29



AHOJIHAs THBEPCUOHHAS
BOJIBTaMIIEPOMETPHUS
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AHOJIHAs THBEPCUOHHAS
BOJIBTaMIIEPOMETPHUS
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AHOJIHAs THBEPCUOHHAS

BOJIBTAMIIEPOMETPHUS
. nzeAlCHg 0
I = V
& 2 7RT
'p oc p'? oospIIvie Vv U /

oC Y MaJble v U [
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AHOJIHAs THBEPCUOHHAS
BOJIBTaMIIEPOMETPUS

; / ﬂ nneHka
I DEPOSITION
H Cd  pOTENTIAL
- “ In
& Pb
=
(@]
T
B 0.1 uA
1
cd
Cu Py In
| | | | | f | | 1]
0.2 0 -0.2 -0.4 -0.6 -08

Potential (V)

Kanns

33



A ncopOLMOHHAsI HHBEPCUOHHAS
BOJIETaMIICPOMETPHUSI

Accumulation Stripping
©
I
- | /
- l
..E’ M™ + nL — ML, : ML, ogs + NE™ —
0
- ML, — ML, ags M M™ 4 nL
ECICC -

t
=S Time
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A ncopOLMOHHAsI HHBEPCUOHHAS
BOJIETaMIICPOMETPHUSI

Supporting Detection
Metal Complexing Agent Electrolyte Limit, (M)
Al Dihydroxyanthraquinone- BES buffer | x 10~°
sulfonic acid
Be Thorin Ammonia buffer 3x 107
Co Nioxime Hepes buftfer 6 x 10712
(& Diethylenetriamine-Pentaacetic Acetate buffer 4 x 10710
acid
Fe Solochrome violet RS Acetate buffer 7 x 10~Y9
Mn Eriochrome Black T Pipes bufter 6 x 10710
Mo Oxine Hydrochloric acid | x 10710
Ni Dimethylglyoxime Ammonia buffer  x 10710
Pt Formazone Sulfuric acid 1 x 10712
Sn Tropolone Acetate buffer 2 x 10710
Ti Mandelic acid Potassium chlorate 7 % 10~
U Oxine Pipes buffer 2 x 10710
\% Catechol Pipes buffer 1 x 10~10
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KarogHasa HHBEpCHOHHASA
BOJIBTAMIICPOMETPHS

e
j| DNA 0.5 ppm

b 1+150 ¢ BpemeHa HakonneHuns

36
Potential (V)
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Scanning Probe Microscopy - History

1981:

1984:

1986:

1986:
1988:
1989:

scanning tunneling microscopy (STM)

(Binnig et al., Helv. Phys. Acta, 55 (1982) 726)
near-field scanning microscopy (SNOM, NSOM)
(Pohl et al., Appl. Phys. Lett., 44 (1984) 651)
atomic force microscopy (AFM)

(Binnig, G.; Quate, C. F.; Gerber, C., Phys. Rev. Lett.
56 (1986) 930)

nobel prize for G. Binnig, H. Rohrer, H. Ruska
first commercial AFM

scanning electrochemical microscopy (SECM)

(A. J. Bard, F. F. Fan, J. Kwak, O. Lev, Anal. Chem. 61
(1989) 132; R. C. Engstrom, C. M. Pharr, Anal. Chem.
61 (1989) A1099)



History - Probing diffusion layers

Spatiotemporal Description of the Diffusion Layer with a
Microelectrode Probe

Royce C. Engstrom,* Trevor Meaney, and Ray Tople

Department of Chemistry, University of South Dakota, Vermillion, South Dakota 57069
R. Mark Wightman

Department of Chemistry, Indiana University, Bloomington, Indiana 47405

Current, nA

Figure 2, Current-time response of microelectrode at varlous Inter-
electrode distances.

Royce C. Engstrom, Trevor Meaney, Ray Tople, R. Mark Wightman Anal. Chem. 59 (1987), 2005
39 Spatiotemporal Description of the Diffusion Layer with a Microelectrode Probe
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History - Introduction & principles of SECM - I

SCANNING TUNNELING SCANNING ELECTROCHEMICAL
MICROSCOPY MICROSCOPY
Tir INSULATED
TP
¢

1 d=10 A variable d R
SUBSTRATE SUBSTRATE
e

= |

A.J. Bard, F.R.F. Fan, J. Kwak, O. Lev Anal. Chem. 61 (1989), 132 Scanning Electrochemical
Microscopy. Introduction and Principles



Positive Feedback Mode (Redox Recycling)
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Negative Feedback Mode (Diffusion Blocking)

N
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SECM - Working Modes

bulk positive negative S T
solution feedback feedback -T S
collector collector

e i e mime

1>1.
lim I<|Iim



Metal Microelectrodes
— Disk-in-Glass Microelectrodes

— Submicrometer Glass-Encapsulated
Microelectrodes

— Electrochemical Etching of Metal
Wires

— Self-Assembled Spherical Gold
Microelectrodes

— Mercury Mircoelectrodes

Carbon Microelectrodes

— Carbon Fiber Microelectrodes

» Glass Encapsulation of Carbon Fiber
Microelectrodes
» Carbon Fiber Etching

— Pyrolytic Carbon Microelectrodes



Pt+-Nanoelectrodes

2 Date :1 Sep 2000
2 Time :14:38

Ruhr-Universitét-Bochum 200nm EHT = 20.00 kV Signal A=SE2  Date :4 Sep
Zentrales REM T - Photo No. = 1 Time :14:51

Ruhr-Universitat-Bochum 2um EHT = 20.00 kV Signal A=SE2  Date :4 Sep 2000
Zentrales REM bt WD= 7mm  PhotoNo.=3 Time :14:54
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Characterization of Nanoelectrodes by Means of CV

10 mM [Ru(NH,).]**; 100 mVs"*

'0-9 v v L ¥ v v v
-400 -350 -300 -250 -200 -150 -100 -50 0

E/mV

B. Ballesteros Katemann, W. Schuhmann, Electroanalysis 14 (2002) 22-28. Fabrication and
Characterization of Needle-Type Pt-Disk Nanoelectrodes
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SECM Approach Curves with Nanoelectrodes

0,8 1

0,6 1

It/ Ir=

3 -
A
2,5 1 .
negative feedback
2 -
5 6 8 10
51,5 A 2/ (dir)
1 -
05 1 o
positive feedback .
5 mM [Ru(NH,),] **;
0 ' ' ' ' ' 0.1 M KClI vs Ag/AgCl pseudo
0 0,5 1 1,5 2 2,5 3 3,56 4

z /1 ({d/r)

B. Ballesteros Katemann, W. Schuhmann, Electroanalysis 14 (2002) 22-28. Fabrication and
Characterization of Needle-Type Pt-Disk Nanoelectrodes



Scanning Electrochemical Microscopy - System Set-Up

potentio-s

X,¥,Z-positioning
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Scanning Electrochemical Microscopy - System Set-Up

Potentio-
stat

Wz

X,y,Zz-Positioning




Pt - band electrode. Constant Height Imaging

Q0
Q o0 2,00 &
AQ0 =

) % | v

50 Sample supplied by Milena Koudelka-Hep, Institute of Microtechnology, Neuchatel, CH



Etching of Semiconductors - GaAs

if !

o 100 200 400 400
sganning distancell m

25KV X430 8826 106U UTMSE |

Fig. 2 (fl; left] Scanning electron micrograph (SEM) of single crystal of Gads etched in three ploces for 5, & and 20 min in o 0,020 HERO. 1M HCI
solution with a 25 pm Pt UME. (b, right) Profile of the GoAs surface at the etching spats.

’ L]
SCE - C.E.
RE Br Br2

Etching t ‘
products g¢° 8'2 HBr solution

Semiconductor

D. Mandler, A. J. Bard J. Electrochem. Soc. 137 (1990), 2468 High Resolution Etching of

51 Semiconductors by the Feedback Mode of the Scanning Electrochemical Microscope



Deposition of Polypyrrol on Au

C. Kranz, M. Ludwig, H.E. Gaub, W. Schuhmann Adv. Mater. 7 (1995), 38 Lateral Deposition
of Polypyrrole Lines by Means of the Scanning Electrochemical Microscope



Tip crash and surface tilt
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Optical shearforce mode

microelectrode ~

= Current ][ °

modulation piezo N - y Ampiitude <
pany < 2.6 5
2-s8gment E g
photo dicde .§ 100~ 209

E
AL - - - ——J_,,é_
x + pesasessnmaspias s aineeesey) H é’
-§ LRy PR . 1.0 %
(1 4 =
o 083,

electrachamical cell adiustment u.ﬁ““

"Sample-‘p?robe seﬁ&ration ufr?n]

FIG. 5. Vibration amplitude and redox current as a function of the relative
distance between sample holder and tip holder. The sample was a gold film
on mica.

M. Ludwig, C. Kranz, W. Schuhmann, H. Gaub Rev. Sci. Instr. 66 (1995), 2857 Topography
feed-back mechanism for the scanning electrochemical microscope based on hydrodynamic forces
VWl between tip and sample



Scanning Electrochemical Microscopy -
High-Resolution Shearforce Positioning




Scanning Electrochemical Microscopy -

High-Resolution Shearforce Positioning

constant-height mode constant-distance mode

current current

—_12

A0

AQ0 200

5 mM [Ru(NH,) J**, 25 pm
Pt-electrode topography

200

96 o BRT

AQ0



Constant-Distance Mode SECM with sub-ym

Electrodes

2

AFM image

SECM image

-—M R —_—
W
=

M

shear-force image (topography) shear-force irriage

B. Ballesteros Katemann, A. Schulte, W. Schuhmann. Electroanalysis 16 (2004) 60-65.
Constant-Distance Mode Scanning Electrochemical Microscopy Part IT: High-resolution SECM
57 imaging employing Pt nanoelectrodes as miniaturised scanning probes.



Hyphenated Techniques: AFM - SECM

" View original AFM cantilever

—A
| A

Pi}nde layer
gold layer = 4

cutted segments

(b}

C. Kranz, G. Friedbacher, B. Mizaikoff, A. Lugstein, J. Smoliner und E. Bertagnolli, Anal. Chem. 73
(2001) 2491 integrating an ultramicroelectrode in an AFM cantilever: combined technology for
S enhanced information
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~ 1 pm frame electrode
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