
Enhancement of Third Harmonic Generation via harmonic plasmon coupling in Au/CuS nanoparticle films

Introduction

• Second harmonic generation (SHG)

is the sum frequency generation

process by which two equivalent

photons parametrically combine to

form one photon. Third harmonic

generation (THG) is the three-photon

equivalent

• Multiple-photon photoluminescence

(MPPL) is a process in which multiple

photons excite a valance band

electron to the conduction band,

producing an exciton. When the

electron-hole recombination occurs,

one photon is emitted.
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Developing Directions

• Aluminum nanoparticles feature LSPR @ 3ω, could potentially

be used to stimulate enhancement of higher harmonic

generation.

• Tri-layer structures of CuS, Au, and Al nanoparticles with

multiply harmonic resonances
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• Au and CuS (covellite) nanoparticles

have plasmon resonances that are
harmonically resonant(2λAu,LSPR = λCuS,LSPR)

• Structuring these materials in close

proximity produces an enhancement in

SHG by the harmonic coupling of their

plasmon resonances.

• By creating heterostructures containing

both nanoparticles, generation of

second harmonic greater than either

nanoparticle alone was demonstrated.

• Films containing these nanoparticles, produced a facile bath method,

exhibited high up-conversion efficiency, by both the SHG and MPPL

mechanisms.
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TEM images of as-synthesized nanoparticles:

CuS hexagonal nanodisks - average width 19 ± 3 nm, average

thickness 4.9 ± 1.0 nm. 1

Au nanospheres - average diameter 14.2 ± 0.8 nm.2

Spin coated onto glass to form bilayer films

CuS Au

• Change in orientation of CuS nanoparticles caused shift in 

LSPR peak due to change in which mode was excited (in-

plane vs out-of-plane)

CuS Axial

• Examine dependence of THG enhancement on separation of Au & 

CuS nanoparticles

• Adding Al2O3 layers of controlled thicknesses to probe 10-100 nm 

range  

Glass

Au n.p.

Al2O3

CuS n.p.

10-50 nm

0.325

0.375

0.425

0.475

0.525

0.575

0.625

350 600 850 1100 1350 1600

A
b
s
 

Wavelength (nm)

Au&CuS Axial

Au&CuS Transverse

ω2ω

CuS Transverse

300 400 500 600

O
u
tp

u
t 
In

te
n
s
it
y
 (

a
.u

.)

Wavelength (nm)

Au&CuS Axial

Au&CuS Transverse

• Detuning of CuS LSPR from harmonic resonance condition 

causes shift in upconversion mechanism—from THG to MPPL.

• Separate resonances at ω & 2ω necessary for enhancement 

of THG
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• Large Au nanoparticles (d>50nm) produce modest 

THG increases (8x).

• Middle size Au nanoparticles—Whose LSPR 

satisfies the harmonic resonant condition—exhibit 

the most SHG & THG enhancement (20x)

• Small Au nanoparticles (<4nm) do not exhibit any 

THG increases (2x).

• The lack of THG enhancement with detuned or 

quenched Au nanoparticle plasmon resonances 

indicates that harmonic pairing of the CuS and Au 

LSPRs is the medium by which the enhancement 

of THG occurs between CuS and Au 

nanoparticles, independent of other material 

properties.
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