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Metal Nanocrystals

» Optical properties — surface plasmon waveguide, sensors
surface enhanced Raman spectroscopy (SERS)
(Ag, Au, Cu)

* Catalytic properties — fuel cell, deNO,, high performance catalysts,
(Au, Pt, Pd, Rh)
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Schultz, S. et al. J. Chem. Phys. 2002, 116, 6755  Goodman, D. W. et al. Science 1998, 281, 1647
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Vision for Sensing Applications

e cloud

!!!! ! E * Localized surface plasmons (LSPs):

charge density oscillations confined to

m ' . metallic nanostructures
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Application: Localized SPR Biosensor
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» Ag nanostructures can be used as a biosensing platform.
« simple, small, light, robust, low cost instrumentation

Van Duyne, R. P. et al. J. Am. Chem. Soc. 2002, 124, 10596.
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Size and Shape Control
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Modified Polyol Process with PVP
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polymer Seo, D. etal. J. Phys. Chem. C 2008, 112, 2469
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Synthesis of Decahedrons
« in DEG with high PVP concentration (360 ~ 1200 equiv)
« average edge length: 88+9, 67+8, and 38+7 nm
Decahedron
PVP/Au = 360
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Modified Polyol Process with AgNO,
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polymer « good reproducibility, high purity, and large scale synthesis

Seo, D. et al. J. Am. Chem. Soc. 2006, 128, 14863
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Gold Polyhedral Structures

—(CH,CHY
HAuCl, + (oI e ———
; / pentanediol reflux

AgNO, K
addition 1500 1/500 1/400 1/200 1/60
surface  exclusively  dominantly {100} + exclusively mixture
structure {111} {111} {111} {100}

Ag ions enhance isotropic growth along <111> direction and/or suppress
along <100> —> Preferential Ag underpotential deposition on {100}
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PVP Coordination on Gold Surface
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The peak of O shifts to higher binding energy (0.9 eV) meaning lower electron
density around O atoms due to the coordination of PVP to gold surface.
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Hydroxyl-Functionalized Gold
Nanocrystals by Copolymers
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Yoo, C. I. et al. Chem. Mater. 2009, ASAP
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Conversion of PVP-PVAc-Coated Gold NCs
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Hydroxyl-Functionalized Gold NCs
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Esterification of Gold NCs
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Unsuccessful Shape Control Using PAA

HAuCI, + /\[/

COOH

poly(acrylic acid)

- PAA can stabilize the particles to
form irregular shapes with > 300 nm
diameters.
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Shape Auxiliary Approach

Chiral auxiliary: a chemical compound or unit that is temporarily
incorporated into an organic synthesis so that it can be carried out
asymmetrically with the selective formation of one of two enantiomers
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Jones, S. J. Chem. Soc., Perkin Trans. 1 2002, 1
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Introduction of Shape Auxiliary

carbonyl tert-amine

« 2-(Dimethylamino)ethanol can dangle on the side chain of PAA
through esterification.
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PDMAEMA as a Surface Regulating
Polymer

poly(dimethylaminomethyl methacrylate)
n 'L (PDMAEMA) : structurally similar to the
0NN

0 combination of PAA and DMAE

gold octahedrons cuboctahedrons cubes
. — " J R = o y:
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Carboxylate-Functionalized Gold Nanocrystals
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pH-Dependent Assembly / Disassembly
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- A pH-induced assembly/disassembly
process occurs in the carboxylate-
functionalized gold nanocrystals.

- Alinear relation between pH and

the extinction peak maximum is
observed.
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Shape Auxiliary Approach for Carboxylate-
Functionalized Gold Polyhedrons

:> further functionalization with chemical and biomolecules
through ester and amide formation

Seo, D. et al. Chem. Commun. 2009, Advanced Article
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Topics for Surface Plasmon Sensors
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Application for SPR Sensors

* LSPR sensor employing nanocrystal arrays

Flow channel

Sensor surface
with gold film
and
surface coating

Polarized
light

nanocrystal monolayer array

- gold nanocrystal monolayer array as a sensing scaffold

- high sensitivity and fast response will be desired.
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Comparison with Other Biosensors

‘Conventional Bio-

s low very high low very high
Sensitivit
Y (M) (-am) (-nM) (< aM)
Labels required required free free
Speed very slow slow real time real time
ificati no no Raman SERS
Identification X-ray, IR
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