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Angle-resolved photoemission study of 2D metallic nanofilms
using combined system of MBE-photoelectron spectrometer
REVEND,

New target : Surface-passivated nanoparticle

Photoemission study of dodecanethiolate-passivated Ag
nanoparticles

Femtosecond time-resolved two-photon photoemission study of
dodecanethiolate-passivated Ag nanoparticles

Summary
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Synthesis of surface-passivated
nanoparticles (NPs)

Mnlé_ﬂ_-ﬂ_-ﬁr Epitaxy ’:-_l » \ Size-seleclive

precipitation

Selr -assembly of
NF‘ dispersions

Farmation of ordered
_ NP assemblies

w&&]ﬂ' (superlattices)

Molecular Epitaxy
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Self-assembled superlattice Full luminescence Coulomb blockade
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Ag Nanoparticle / HOPG

Bulk Ag

m=5.3 nm
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Ag nanoparticle

Distinct plasmon reson

dm=4.2 nm Collective motion of s-electron
typical for a metal
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Initial-state effect = X
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Positive charge (photohole) remaining in the nanoparticle during the
photoemission process — Reducing energy-shift of photoelectron

For a free nanoparticle (cluster) in vacuum,

Energy shift AE ~ Difference between the ionization potential
of the nanoparticle and work function of bulk materials

AE = ae” [ 4ne,R with &= 0.41 for Ag
For a nanoparticle on the substrate,
Elimination of photohole is described by
Probability that the charge eliminated during [r. 1 + dr]
P(r)dt=(1/T)exp(—1t/T)di
Potential acting the electron on its way from nanoparticle to ©°
311
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Charge in the nanoparticle is neutralized after time 1 —
Energy shift of the electron = W (R+vr)

Measured spectra average over a large number of photoelectrons
with different time «

—> Distribution of energy shifts

PIW) dW = P(riW)) (ditfdW) dW

with We [0, W land W. =AFE

JLH RS TTHLY

with
v : Photoelectron velocity
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Fermi-level onset in the photoemission spectrum at low-temperature
S(E,)= | P(WO(E, —W)dW (Thermal broadening = 0)
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Experimental photoemission spectrum
I(E,)e<|S(E,,R)Y@D(R)|®G(E,)+B(E,)
D(R) : Size distribution : Gaussian determined by TEM

observation
G(LE,) : Instrumental Gaussian function
B(L,) : Background
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Ag Nanoparticle / HOPG
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Experimental Data
Calculation
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Ti:sapphire laser -

Ar lon laser - g2 MHz, 60 s, 750 mW
Photoalectron spactrometer chambear ~750 nm

Hemispherical energy

Autocorralator = Al

Monochrometer = &

LY

RIEK#

TOHORKL UNIVERSITY




g
[
L
=
c
o
7
AL
=
@
S
o
c
o

hv=3.30 eV

Ag Nanoparticle /f HOPG
ij=5 3 nm
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Energy above Fermi-level (eV)
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Ag Nanoparticle / HOPG F"hmt_::emlssmﬂ Intensity as a
d=5.3 nm f_metlr:m of pump-probe delay
e.g | time (1) :

2. 68 aV
538 aV R(r) : Instrumental response
function (Gaussian function)
exp(- It I't) : Population decay
function of excited states

2.08 eV

1.78 aV

1.48 aV

1.18 eV

0.68 aV
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