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ABSTRACT
Following the invention of the laser in 1960 [1] was a great revo-
lution in the field of optics due to its ability to create intense and
coherent light beams. Two of the many phenomena discovered
using laser technology were second harmonic generation (SHG)
[2] and third harmonic generation (THG) [3]. The existence of
SHG and THG from metallic nanoparticles is a new area of re-
search; in fact, SHG and THG have not yet been explained in
nanohybrids of copper sulfide, gold, aluminum. These nanoma-
terials and their optical properties have a wide array of applica-
tions spanning several areas of science and technology, and have
the potential to enhance SHG and THG signals with their large
local electric fields. Therefore, we develop a semi-classical the-
ory to describe SHG and THG in these nanohybrids. We find
that our theory agrees well with experiments.

HARMONIC GENERATION

• Second harmonic genera-
tion: two incident photons
→ frequency-doubled pho-
ton [4]

Figure 1: SHG in terms of quan-
tum energy levels [4].

Figure 2: The SHG process [5].

• Third harmonic genera-
tion: three incident photons
→ frequency-tripled pho-
ton [4]

METALLIC NANOPARTICLES

• Metallic nanoparticle (MNP): metal particle with size on
nanoscale (10−9m)

• Large local electric fields and small size allow for powerful,
interdisciplinary applications:

– Nanomedicine

– Nanosensing

– Nanocomputing

– Enhanced SHG and THG

• Nanohybrid: layers of ensembles of different MNPs

Figure 3: Photothermal cancer therapy with MNPs [6].

Figure 4: The three-layer nanohybrid used in this project.

THE SEMI-CLASSICAL THEORY

Figure 5: Description of semiclassical theory for nonlinear optics [4].

Electromagnetic Fields
• Probe (laser)

• Surface plasmon polariton

• Dipole-dipole interaction

• SHG or THG

Figure 6: Surface plasmon polaritons are electromagnetic waves
that exist at the interface between a metal and dielectric material
[7].

Quantum Material
• The material response is described by its nonlinear sus-

ceptibility χ(n) which was determined quantum mechan-
ically

Figure 7: The MNP was treated as a 2-level quantum mechanical
system which allowed us to calculate its susceptibility.

Theoretical Findings

• The output SHG intensity is given by:

I2 = I2pα2Λ
8|F (2)|2|F (∆kL)|2

• The output THG intensity is given by:

I3 = I3pα3Λ
12|F (3)|2|F (∆kL)|2

NUMERICAL RESULTS

Figure 8: Plot of THG intensity vs probe intensity for full CuSAuAl
nanohybrid. χ2 ≈ 22.5 for fit to experimental data, meaning p ≈ 0.975.

Figure 9: Plot of THG intensity vs probe intensity for AlAu nanohybrid.
χ2 ≈ 30.7.

Figure 10: Plot of THG intensity vs probe intensity for Al nanolayer.
χ2 ≈ 94.9.

Findings
• Theory fits experiment best for full nanohybrid, worst for

Al alone

• Largest contribution comes from CuS nanolayer, smallest
from Al

• CuS offers the most enhancement effects for third har-
monic generation signals, followed by gold
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CONCLUSION AND FUTURE WORK
We have developed a semi-classical theory for second and third harmonic generation in metallic nanohybrids of copper sulfide, gold,
and aluminum. The model predicts intensities which agree with experimental data. Additional work not included in the poster
included studying the effects of including quantum dots. Future work may involve studying how the enhanced signals from metallic
nanoparticles may assist in applications such as photothermal cancer therapies.
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