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Colorimetric vs. Electrical sensing

Colorimetric detection

Fast
Easy detection (even with naked eyes)
Chemistry oriented (Equipment free~)

Color source required (fluorescent tagging molecule)
Tagging for millions of unknown or known target molecules
Works well for pairs with high binding constant

Electrical detection

Requires electrical equipments
Many assumptions and unresolved phenomena to rationalize the signals
Sensitive to environment (noise, electric shock, etc)

Tagging free system

May work well for the pairs with low binding constant
Fast

Applicable to “Ubiquitous” concept

Electrical sensing

Definition:

Detection chemical & biological
reactions via electrical signal readout

Electrochemical

Reference
Counter

O

CV (cyclic voltammetry) I-V (current-bias), I-t (current-time)
PV (pulse voltammetry)




Electrochemical sensing
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Signal transducer
(Active redox markers)
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Cyclic voltammogram and pulse voltammogram

CV: one of the most conventional Why pulse? — to discriminate charging current and
techniques to analyze redox faradic current (diffusion controlled) utilizing the
potentials of complexes difference in decaying time
tdecay of cc << tdecay of fc
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Differential pulse voltammogram (DPV)

DNA sensor using Au nanoparticles (case 1)

Au nanoparticle-based electrochemical detection of HCMV-amplified DNA
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DNA sensor using Au nanoparticles (case 2)

Detection of hybridization using Au nanoparticle Differential pulse voltammograms
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DNA sensor using Glassy carbon (GC) vs. GC/CNT
Cyclic voltammograms
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a: bare GC electrode . :
0.3 mg/mL natural DNA (denatured DNA) in 0.1 M PBS buffer A adem_ne
G : guanine

b : SWNT modified GC electrode
0.3 mg/mL natural DNA (denatured DNA) in 0.1 M PBS buffer
¢ : SWNT modified GC electrode

absence of natural DNA
Wang. J, et al. Electroanalysis 2004, 16, 140.
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DNA sensor using aligned CNTs (case 1)

Aligned nanotube-DNA electrochemical sensor Cyclic voltammograms
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DNA Sensor using aligned CNTs (case 2)

SEM images Cyclic voltammograms
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After hybridizing the 20 bp polyG targets

Cyclic Voltammograms high density low density MWNTSs
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Protein Sensor using aligned SWNTs (case 1)

Fabrication of aligned shortened SWNT arrays Cyclic voltammograms
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a : Au/cysteamine/MP-11 sol’'n

b : Au/cysteamine/SWNTs/MP-11 sol'n
In 0.05M phosphate buffer sol'n pH 7.0

w/ 0.05M KCI under Ar(g)

scan rate : 100 mV/s vs. Ag/AgCl

e = - Poor electron transfer across SWNT to MP-11

1y
a, b : SWNTs
c: shortened SWNT aligned to the electrode surface by SAM(cysteamine) on gold electrode
d: microperoxidase MP-11 (a small redox protein obtained

by proteolytic digestion of horse heart cytochrome c)
Gooding J.J, et al. J. Am. Chem. Soc. 2003, 125, 9006




Glucose Sensor using aligned SWNTs (case 2)

Fabrication | HRTEM image
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Glucose Sensor using Pt Nanoparticles and SWNTs (case 4)

AFM images Cyclic voltammograms
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Why transistor and Why nanotube or nanowire?

Transistor: provides direct electrical signals

Nanotube or nanowire:

Impressive not just by its size!!
But by its high performance (charge carrier mobility)

Electrical sensor with high sensitivity




