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Nanophotonics: an emerging technology

Optics at the nanoscale!



design/simulation/

modeling

wet/dry/hybrid

nanofabrication

Nanoscale optics is design driven:

Finite-difference time domain,

Finite element methods

NEW: quantum effects (TDLDA)

Chemistry,

Clean room nanofab,

Hybrid methods
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Biomedical applications
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Nanoshell: 

plasmon hybridization results in “tunable nanoparticle”

Dark

“anti-

bonding”

Plasmon

Bright 

“bonding”

plasmon



Plasmonic nanoantennas for fluorescence 

enhancement

ICG

Weakly fluorescent

(Quantum yield < 2%)

Nanoparticle “antenna”

Enhances ICG fluorescence

45X

Indocyanine green (a.k.a. Cardio Green): 

only FDA approved contrast agent for Fluorescent imaging, used worldwide



Increase in Quantum Yield due to nanoparticles:

R. Bardhan et al., ACS Nano 3, 745-752 (2009).

nanoshells

nanorods



Targeted delivery to cells:

R. Bardhan et al., Advanced Functional Materials, 2009.



ICG

Fe3O4 NP

MRI contrast 

agent

TEOS, 

NH4OH

Fluorescence enhancement with MRI contrast agent:
combines the high sensitivity of photons with 

detailed anatomical information of MRI imaging
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T2 weighted

images of 

Nanocomplexes:
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Fluorescence imaging: high sensitivity

+MRI contrast: detailed, quantitative anatomical information

targeted

non-
targeted

targeted

non-
targeted

R. Bardhan et al., NL10, 4920-4928 (2010). 

Real-time tracking of nanoparticles in vivo



Quantum Dot-based Local Field Imaging in 

Silver Nanowire Networks

Hong Wei et al., NL 11, 471-5 (2011).

QDs

Nanowire

Al2O3

Spacer 

layer





Plasmonic logic on Ag nanowire networks:

Relative phase or

polarization at

two inputs controls

“on” or “off” at 

Output!

Hong Wei et al., NL 11, 471-5 (2011).





Boolean Logic in Ag Nanowire Networks:



Nanoshell-based photothermal cancer therapy

Day 0

Day 10
Healthy

tissue

Tumor

Excited

nanoshells

Gold

Silica

Currently in clinical trials: head & neck cancer, advanced prostate cancer

Prostate cancer

tumor





The challenges of gene delivery:

• DNA injected into bloodstream rapidly degraded by enzymes

• Isolated DNA not taken up by cells (endocytosis)

• Isolated DNA does not target specific cells of interest



Light-triggered plasmonic vectors for gene therapy

A. Barhoumi, et al., Chem. Phys. Lett. 482, 171-179 (2009)

• Inserting specific genes into cells controls the proteins expressed in cells,

a therapeutic strategy for virtually all diseases

• Remote-controlled release of DNA, siRNA using low intensity near-IR light



Thermal vs. light-assisted release

thermal

light-

assisted

Gene release occurs at low light

levels, minimal temperature rise and

cells stay viable



BEFORE AFTER



Nanoparticle clusters and arrays

Fano resonance,

Electromagnetically induced

Transparency (EIT)

Coherence provides a route to enhanced sensitivity in metamaterials! 



Most sensitive LSPR* sensor ever reported
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*Localized Surface Plasmon Resonance sensor

Compared to best
Previously reported

Active metamaterial! 

Coherence provides a route to enhanced sensitivity in metamaterials! 

Jonathan A. Fan, et al., Science 328, 1135 (2010); Lassiter et al., NL, 2010.
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