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1. Surface Plasmon
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1211 Schematic diagrams illustrating (a) a surface plasmon polariton (or
propagating plasmon) and (b) a localized surface plasmon. Annu. Rev. Phys. Chem. 58, 267-297 (2007)



2. E-field enhancement
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The calculated extinction spectra of a spheroid, a rod, E-field enhancement contours external to monomers with different

and a trian-gular prism (with the same effective radius shapes.(a) and (b) are the E-field enhancement contours external to a

(15 nm). The aspect ratios of spheroid and rod are 3.4:1 triangular prism polarized along the two different primary symmetry

and 2.8:1, respectively. The prism has a 60 nm edge axes, (c) and(d) are the E-fields enhancement contours for a rod and

dimension with thickness of 12 nm. spheroid polarized along their long axes. The arrows show where is

the maximum of E-filed.
J. Chem. Phys. 120(1) 357-366 (2004)



3. Fundamentals of LSPR

iz @infe] FOHH S0 Chet YRS I OHY Hretl O[H YIS I RUYSS e HA YA
S T Z0[C THYUXO) Choto] O YHAIS BB, SZAS EA )0 i3 Mie O|Z()22 HHEICS

247N sa’e,? N, : the areal density of the nano-particles,
a : the radius of the metallic nano-sphere,

An(10
A (10) €., : the dielectric constant of the medium surrounding the nanosphere
v & (1) (as-sumed to be a positive, real number),
(Er + 2¢,.)* + &° A: the wavelength,

g€, and g are the real and imaginary parts of the metal dielectric function.
H&2 Sd(extinction)dt ATz B ZFELC 82 R 7t

Lot Yxto| HEE o), &
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O - o
Al 2o AX=0| et AMZEnE 2 E Lt
12 . . . : . ,
o SRS 3}st= A (chemisorption) O] 2|8l S & =l LSPR shift= Of2l(2)Al ©
10~ " Prism - o7 =
2 #AED
> Cylinder
,%
AAmax = mAn[1 — exp(—=2d/l4)],  (2)
T
AAmax : the wavelength shift,
m : the refractive-index sensitivity,
An: the change in refractive index induced by an adsorbate,

s - wmff,’;’,,, (hm) iz = d: the effective adsorbate layer thickness,
|4 : the characteristic electromagnetic-field decay length.

'20.0EI '20,0 £ '20.0

( ) 10.0 E } 10.0 : : 10.0

I 0.0 l 0.0 ' 0.0
(a) Extinction efficiency (ratio of cross section to effective area) of silver nanoparticles in vacuum having the shapes indicated.
Each particle has the same volume, taken to be that of a sphere with a radius of 50 nm. |E|? contours (E is electric field) for a (b)

sphere,(c) cube, and (d) pyramid, plotted for wavelengths corresponding to the plasmon peak in (a), with peak |E|? values of 54,
745, and 9770, respectively. MRS BULLETIN 30, MAY 368-375, 2005




4. Size- and shape-tunable LSPR
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(@) Schematic representation of the nanosphere lithography (NSL) fabrication process. The AFM image in step 3 is 5 um x 5 um. (b) Size-
and shape-tunable localized surface plasmon resonance spectra of various Ag nanoparticles (labeled A—H) fabricated by NSL.
The wavelength of maximum extinction, Amax, is changed by varying the in-plane width a and out-of-plane height b of the nanoparticles.

MRS BULLETIN 30, MAY 368-375, 2005



5. LSPR and AFM of Ag nanoparticels
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Fig.1. A) Single-scan cyclic
voltammograms of Ag film/ITO
(dashed line, dm =50 £ 5 nm)
and Ag nanoparticle arrays on an
ITO electrode (solid line) in 0.1
M NaClO, aqueous solution.
Scan rate = 0.1 V/s. The arrow
shows the initial scan direction.

Fig.2. (A) SEM images of the nanoparticles
before any electrochemical measurements.
one chronocoulometry measurement. D =
390, dm =54 nm.

Fig. 3. LSPR spectra and AFM images of Ag
nanoparticles on ITO. D =390 nm, dm =54 nm. (A)
LSPR imax of the Ag nanoparticles shifts toward
shorter wavelengths after chronocou-lometry
measurements. (B) AFM image before any
electrochemical measurements. Ag nanoparticle
out-of-plane height=54 +2 nm, and in-plane width
=126+12 nm. (C) AFM image after one
chronocoulometry measurement. Ag nanoparticle
height =52 + 3 nm, and width =87 £ 18 nm. (D)
AFM image after two chronocoulometry
measurements. Average Ag nanoparticle height =
45 + 3 nm, and width =76 + 18 nm.

Nano Lett., 5(7)1503 2005
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