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Abstract : We present a method for spatially selective immobilization of functional materials,
such as proteins and nanoparticles, onto pre-activated silicon surfaces by electrochemical reac-
tion. Carboxymethylbenzendiazonium (CMBD) cations, being adsorbable on silicon surfaces
through electrochemically reductive deposition, is used as an anchor molecule to prepare the
pre-activated silicon surfaces. It is demonstrated that the use of BD reaction is very efficient
for the selective immobilization because the functional materials are immobilized exclusively
onto the pre-adsorbed CMBD region. The method is applied to immobilize gold nanoparticles
on the selected nanowire of the nanowire array.

Keywords : Electrochemistry, Benzenediazonium cation, Spatially selective immobilization, Silicon
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2.1. 48 M=

4-carboxymethylaniline (CMAn) bromobenzenedia-
zonium (BrBD) salt, ammonium fluoride, & “=#}
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Fig. 1. Structure of benzenediazonium cation (BD) and the electrochemical reaction of BD on silicon surfaces.
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Fig. 2. Structure of bromobenzenediazonium (BrBD) (a),
the preparation of 4-carboxymethylbenzenediazonium
(CMBD) from 4-carboxymethlaniline (b), the process for
etching of silicon oxide followed by electrodeposition of
BD.
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Fig. 3. Cyclic voltammetry for the electrodeposition reaction of BrBD (a), CMBD (b), and 4-carboxymethlaniline (c).
Solid line: first cycle, dashed line: second cycle. Scan rates are all 50 mV/sec.
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Fig. 4. Cyclic voltammograms of an aqueous solution with
1 mM Fe(CN)¢> and 0.1 M KCI on a H-Si surface (solid
line) and CMBD deposited Si surface (dashied line) as
working electrodes. Scan rates are all 50 mV/sec.
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Fig. 5. (a) Chemical reaction process for immobilizing HRP-conjugated streptavidin (HRP-SA) onto CMBD-deposited
silicon surfaces. (b) A pattern image obtained from HRP-catalyzed precipitation reaction following spatially selective

immobilization of HRP-SA. Scale bar = 500 nm.
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Fig. 6. (a) Electrodeposition scheme to immobilize CMBD on silicon nanowire surfaces. (b) Chemical reaction process to
immobilize gold nanoparticles (NP). (c) Electrochemical cell set up for silicon nano-device.
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Fig. 7. Electron micrographs revealing the spatially
selective immobilization of gold nanoparticles via CMBD
electrodepostion reaction. An SOI device with 150
nanometer wide wires. Bottom wire was subjected to the
electrodeposition. Top one was not subjected. Gold
nanoparticles are exclusively visible on the bottom wire.
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