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Outline

1. Surface plasmon resoanance

2. Fabrication and functionalization of plasmonic and plasmonic-
based hybrid nanostructures using inexpensive, flexible and 
massively parallel methods.

4. Applications in sensingApplications in sensing via plasmon-enhanced spectroscopies: 
SERS & MEF, SERS & LSPR; SERS & SEIRA

3.Proof of concept for performing cell imaging / targeting / cancer 
therapy by combined photo-thermal / photo-dynamic effects 

4. Conclusions



Enhanced Optical Field
~103-5 times

Resoanant Light Absorption
extinction coefficient of  ~ 1011 M-1 cm-1

Resonant Light Scattering
~ 106 dye fluorophores
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Plasmonic nanostructures fabricated  in our laboratory

by Nanosphere Lithography & Templated-Assisted Self-Assembling 

by Chemical Routesby Chemical Routes



Selected applications



SERS ImageAFM Image

Mapping  the “electromagnetic enhancement” of SERS 
signal on metal-coated colloidal crystal 

C Farcau and S Astilean, J. Phys. Chem. C, 114, 11717–11722 (2010) 

C. Farcau,  M. Giloan, E. Vinteler, and  S. Astilean,  Appl. Phys. B 106:849–856  (2012) 

p-aminothiophenol

Computed E  
field



7

10

6 1

234
5

8
9

Chitosan-entraped plasmonic nanoparticles
SERS spectrum of analyte

molecule

Potara Monica, Baia Monica, Farcau Cosmin, Simion Astilean, Nanotechnology, Vol: 23 (5) Paper no 055501 (2012)
( highlighted at http://iopscience.iop.org/0957-4484/labtalk-article/48366)

Single-molecule detection via SERS 



SERS signal over the whole film surface The SERS signal is highly localized
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Single-molecule (adenine) SERS Imaging



9
A. M. Gabudean, M. Focsan and S. Astilean, J. Phys. Chem. C. 2012, 116, 12240−12249.

Gold Nanorods Performing as Multi-Modal  Enhancers
via MEF, SERS / SERRS

+

Rose Bengal 
(Photosensitizer

with low fluorescence
quatum yield of 0.02)

Gold nanorod
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Metal‐Enhanced Fluorescence

10
A. M. Gabudean, M. Focsan and S. Astilean, J. Phys. Chem. C. 2012, 116, 12240−12249.
A.-M. Gabudean et al. / Journal of Molecular Structure 1073 (2014) 97–101

Steady-state fluorescence Photobleaching

FDTD simulation
Fluorescence lifetime



Detoxification of gold nanorods and SERS tagging 

1. S. C. Boca,   S. Astilean,  Nanotechnology 21,  235601 (2010)
2. A. Gabudean, S. Astilean, Nanotechnology 23 (2012) 485706

Nile Blue (NB)

Silica 
coating

NB‐AuNRsCTAB ‐ coated AuNRs SiO2 ‐ coated  
NB‐AuNRs

10±2nm

NB

silica 
shell

3 nm 
PEGLayer

PEG 
shell

5 nm PEG 
layer

40 nm



Raman and SERS imaging of human lung carcinoma cell A549

M. Potara, S. Boca, E. Licarete, A. Damert, M. C. Alupei, M. T. Chiriac, O. Popescu, U. Schmidt, S. Astilean,
Nanoscale 5, 6013–6022, 2013

chitosan

p-ATP

p-ATP labeled chitosan-coated 
triangular silver nanoparticles

Cell body –dark yellow

Nucleoli –yellow

Mitochondria –blue

SERS nanotagsŞ red and 
pink



M. Potara, A. M. Gabudean, S. Astilean, J. Mater. Chem. 2011, 21, 3625.

Plasmon mediated Plasmon mediated photothermalphotothermal therapytherapy

Biomedical spectral window

NanoparticlesNanoparticles used in our experimentsused in our experiments

• Human Embryonic Kidney (healthy)

• Human Lung Cancer Cells (tumoral)            

Cell types used in our experiments:

edge length: 120 nm 
height: 11 nm

S. C. Boca, S. Astilean Nanotechnology 2010, 21, 235601. 

length: 50 nm
diameter:14 nm



AssesmentAssesment of of nanoparticlesnanoparticles uptake by cells uptake by cells 
(dark field microscopy imaging) (dark field microscopy imaging) 

Rod shaped gold nanoparticles
inside cells scatter red light

A

Cells without nanoparticles
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⇒ Cell mortality dependence on laser intensity
⇒ higher efficiency of Chit-AgNTs than PEG-AuNRs:

Plasmon mediated photothermal therapy of 
cancer cells

S. C. Boca, M. Potara, A.-M. Gabudean, A. Juhem, P. L. Baldeck, S. Astilean, 
Cancer Letters . Vol. 311(2):131-40,  (2011 Dec. 8).
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Perspective



=> folic acid-pATP-Chit-AgNTs nanoparticles
are better internalized and specifically 
localized inside cells than non-conjugated 
nanoparticles. 

Nanopaticles can be detected inside cells by 
Dark field microscopy imaging

NON-CONJUGATED

FA-CONJUGATED

Nanopaticles can be detected inside cells by 
SERS spectroscopy

=> SERS spectrum of Raman-labeled, folic 
acid-conjugated chit-AgNTs inside living cells 
(red) presents the characteristic peaks of pATP
reporter molecule

S. Boca-Farcau, M. Potara, T. Simon, A. Juhem, P. Baldeck, S. Astilean, Molecular Pharmaceutics 2013, 11 (2), 391-399



Photosensitezer

(methylene blue)

Polymer shell 

(amphiphilic block co-
polymer Pluronic)

Plasmon-assisted photodynamic therapy (PDT)

- synergistic treatment by combination plasmonic hyperthermia with PDT
- plasmonic nanoparticles reduce the photobleaching rate of photosensitizer
- increase the triplet yield of photosensitizer, enhancing singlet oxygen generation
- polymer shell protects the photosensitizer from enzymatic reduction

T. Simon, S. Boca-Farcau, A-M Gabudean, P. Baldeck, and S. Astilean,  J. Biophotonics 1–10 (2013) 6 (11-12), 950-959 



LED-activated methylene blue-loaded Pluronic-nanogold hybrids
(Au-PF127-MB)

T. Simon, S. Boca-Farcau, A-M Gabudean, P. Baldeck, and S. Astilean,  J. Biophotonics 1–10 (2013) 6 (11-12), 950-959



Fluorescence microscopy illustrating the destruction of human lung 
carcinoma cells (HTB 177) loaded with Au-PF127-MB upon irradiation 

with LED.

780 mW/cm2  

640 mW/cm2

520 mW/cm2

425 mW/cm2

780 mW/cm2 
(control sample)
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