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Growth of Monodisperse Metal Colloids
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Nomalized extinction

Shape Dependence

120 150 150
2 70 62
o O O
426 446 497

W

f;’
‘/

a5 120 145 145 145  Width
48 46 59 55 50 Height
Shape

565 638 720 747 782 A
I

o 2001 MRS

Silver

600 700 800 900
Wavelength (nm)

Mater. Res. Soc. Symp. 636, D4.8 (2001).



Surrounding Medium Dependence
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Single nanoprism LSP (a), Resonant Rayleigh scattering spectrum from a
single silver nanoparticle in various solvent environments (left to right):
nitrogen, methanol, propan-1-ol, chloroform and benzene. (b), Plot depicting

the linear relationship between the solvent refractive index n and the LSPR
Anaxs the regression equation 1s A = 203.1n + 306.3.

Nano Lett. 3, 1057-1062 (2003)



Gold Nanoshells and Gold Colloids

BN
= | Absorbance spectra of

~ gold nanoshells:

e

Colloid Nanoshells

400 500 600 700 800 900 1000
Wavelength (nm)

Popular Science, October 2003.
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Probing Single Molecules and Single
Nanoparticles by Surface-Enhanced
Raman Scattering

Shuming Nie® and Steven R. Emory

Optical detection and spectroscopy of single molecules and single nanoparticles have
been achieved at room temperature with the use of surface-enhanced Raman scattering.
Individual silver colloidal nanoparticles were screened from a large heterogeneous pop-
ulation for special size-dependent properties and were then used to amplify the spec-
troscopic signatures of adsorbed molecules. For single rhodamine 6G molecules ad-
sorbed on the selected nanoparticles, the intrinsic Raman enhancement factors were on
the order of 10" to 10", much larger than the ensemble-averaged values derived from
conventional measurements. This enormous enhancement leads to vibrational Raman
signals that are more intense and more stable than single-molecule fluorescence.

S. Nie and S. R. Emory, Science 275 (1997) 11102.
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Phonon-enhanced light-matter interaction

Wavelength A (um) 4
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R. Hillenbrand et al., Nature, 418 (2002) 159. o



R. Hillenbrand et al., Nature, 418 (2002) 469.



Bowtie Au nanostructures for creating hotspots
(with enhanced electric field)
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S.C. Kim,et al., Nature, 435, 757 (2008).
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Self-Similar Gold-Nanoparticle Antennas
for a Cascaded Enhancement of Optical Field

B e ‘

21
o
R @

@

96



Self-Similar Gold-Nanoparticle Antennas
for a Cascaded Enhancement of Optical Field
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Theory: M. 1. Stockman, PRL 91, 227402 (2003).
First Expt.: V. G. Kravets et al., PRL 105, 246806 (2010).

Second Expt.: C. Hoppener et al., PRL 109, 017402 (2012)
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Synthesis of Gold Nanocubes

D (111) 100
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=
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20 (deg)

Y. Sun and Y. Xia, Science 298, 2176 (2002)
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Metallic Nanoparticles via Nanosphere lithography

Ag Nanopartlcles

— 5000 nm —>

C. L. Haynes and R . P. Van Duyne, J. Phys. Chem. B 2001, 105, 5599-5611
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Au triangles
(singleton, twins, triplets, quadruplets)
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Intensity
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TRk, MIBEFFHE, 29, 287-324 (2009)
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Enhanced optical transmittance
Controlling nanoparticle growth
Nonlinear optics
Subwavelength waveguide
Surface-enhanced Raman & PL spectroscopy
Biophysics

Metamaterials

Subwavelength imaging

Optical antenna

Cloaking

Single photon source

etc

REHERD ,
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