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{Ru"-CO}
RuIIIRuIII

{Ru'""-CO}
RuMRy! Abs- ]

| IRRAS of the SAM

2200 2000 1800 1600 1400 1200 1000
Wavenumber /cm-1

Surface coverage
= 1.8 x 1010 mol/cm?
Densely-packed SAMs Ellipsometric thickness: 2.1(%+=0.2) nm
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Electrochemical Control of CO Binding
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CO is introduced only when Ru, takes (IL,111,111) oxidation state
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J. Am. Chem. Soc., 2004, 126, 279. >*0.2V No CO introduction

Chem. Eur. J., 2005, 11, 5040. (Probed by CV and IR) observed

Scheme for Electrochemical Control of
CO Binding Processes
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Electrochemical Monitoring of Layer-by-Layer Deposition Processes
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Intramolecular “cluster—cluster” interactions
through a diphosphine bridge
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Intramolecular “cluster—cluster” interactions
through a diphosphine bridge
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Surface-confined Rus-dimer in three different oxidation levels

E.p = -300 mV

E., = 100 mV E.,, = 400 mV

° =

0 100 nm O nm
In contact with 0.1 M H,SO,

Eyp = -540 mV

I, = 600 pA
Z contrast
4.0 nm

E / V vs. Ag/AgCI
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E(V) vs. Ag/AGCI

Supporting electrolyte:
0.1 M NaClo,
Britton-Robinson
buffer solution

70 59 47
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-0.2 0.0 0.2 0.4
E(V) vs. Ag/AgCI

On increasing pH ....

191 109 94 gp  TWo redox waves shift to the
' o negative direction and merge

06 04 02 00 0z 04 into a si ng le wave.
E(V) vs. Ag/AgCI




pH 4 0.4 Potential-pH diagram (Pourbaix diagram)

bH 6 5 Ru,(111,111)(O)
202}
< -
> 0 Da
>
~
pH 10 w
-0.2

pH 12 -0.4
2 4 6 8 10 12 PH

E/V

Observing a redox series of surface-confined Ru, complexes
by in-situ STM (0.1 M HCIO, aqg. at RT)
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Direct observation of three different oxidation states (2 x 2 nmZ2)

Ru,(11,11)(p-OH,) Ru,(11,111)(u-OH) Ru,(111,111)(p-0)

In 0.1 M HCIO, at RT

Viip (potentlal of the tip) = 0 076 V
« (tunneling current) = 0.3 nA

Substrate Molecules STM tip

Possible scheme for
electron tunneling

Qualitative MO
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Ellipsometric thickness: 3.2(*0.1) nm 4.4(*x0.1) nm




| N' IN . calcd thickness
Nx;lm/o\éu,N (maximum value):
1 Sodd L
X
L=
—N
7
(\NJ bpy
—N
N,/
i"l / bpe
Ellipsometric thickness (obsd):
4.4 £ 0.1 nm 53 £ 0.2nm
bpp
O A BEEFBBRIGICEDERE D FRT v )L AR
Potential-pH diagramg 4
pH 2 _04r -
= us—Ru, bilayer Ru, monolayer
o
g’o'zi Ru, (top) layer 0.2
4 <
6 Of 0
> ..‘.OQ. o oo © gp®
Z a4 [
~-0.2 -0.2
6 L
04— ———— 04—
2 4 6 8 10 12 2 4 6 8 10 12
pH pH
8 Schematic diagram of
frontier orbital energy
pH 2 pH 6 pH 12
10
12
nA/cm?
04 00 04 gty Ru,




@ Organic spacer effect
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