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Research lines

Delivering of 
energy at 
Nanoscale

Single molecule 
study & detection

Novel methods & 
devices for 

optogenetics

Imaging, scaffolding, 
drug delivery

The essence of Nanostructure research 
:

design, fabricate, measure and apply nano inspired structures and devices for developing 
methods and techniques for interdisciplinary problems

Research lines      



SERS and nanoparticles

Local field depends mainly on:
1) The size and shape of metal 

nanoparticles  (about λ/10)
1) The distance between metal 

nanoparticles (about λ/100)
(Both difficult to control with colloidal
nanoparticle)



F. De Angelis et al., Nanoscale chemical mapping using three-dimensional adiabatic 
compression of surface plasmon polaritons, Nat. Nanotech, 5, 67-72 (2010) 

Phase velocity of SPP

Group velocity of SPP

Adiabatic parameter 
(scaled by 10)

Adiabatic Nanofocusing :  Tapered Nanoplasmonic Waveguides

L. Novotny et al., NearField Optical Microscopy and Spectroscopy with Pointed 
Probes, Annual Rev. Phys. Chem. 57, 303-331 (2006)

Notice also 
that k=nk0 01

0
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3

1) Conversion 
of propagating 
EM wave to 
local fields

2) Enhancement 
and control of local 
nanoscale fields

3) Enhanced 
nearfield 
responses

Ex = radial component of the SPP field
propagating along the tapered waveguide

Optic limit ∆x = 0.61λ/NA electromagnetic nature of the energy carrier medium, (photon). 
Plasmonic limit   SPPSkinDepth electromechanical nature of the energy carrier medium, (SPP).

Mark Stockman, Nanofocusing of Optical Energy in Tapered Plasmonic Waveguides 
PRL , Vol.93, 137404, (2004)



SPP adiabatic compression simulation of plasmon polariton 



SPP conversion to hot electrons



SuperHydrophobic Surfaces 
Biomedical Applications



1 fM analyte concentration

Diffusion limits 
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Natural systems

Artificial systems

The lotus effect



Evaporation concentration and localization

can we avoid the diffiusion limit? 
SuperHydrophobicity for analyte Concentration



• Full controllable size
• High aspect ratio (up to 20 or more)
• Both rigid and flexible substrates

Photolithography combined with Deep RIE

10 µm

Artificial lotus effect: 
micropatterned surface



Gradients of wettability 
can be artificially 
introduced in the pattern 
of pillars
This is practically done 
realizing a non-periodic 
array of micropillars, 
that is, a distribution 
where the pitch p 
between the pillars is not 
constant, and it would 
instead smoothly make a 
transition from an 
external region, where p 
is large, to an inner 
region, where p is small
A non uniform profile of 
pillars can be obtained 
using a mathematical 
operation called 
contraction

Non periodic patterning of SHSs



Different geometries of superhydrophobic substrates



Different geometries of superhydrophobic substrates
for TEM investigation



Evaporation of 10 µl of water in few minutes

Contact angle about 160°

Artificial lotus effect: micropatterned 
surface



Devices to overcame the diffusion limit: attomolar detection

o Single/few molecule detection 
from highly diluted solution

o Combination with enhanced 
spectroscopy

o Wide area and chip cost 
effective for mass production 
scalability 



Plasmonics and Raman 
measurements (10 AttoMol of lysozime)



Selected results #3



Superhydrophobic  Manipulation for imaging



Single λ DNA molecule 
Starting concentration: 10-17 M

Combination of Plasmonics and hydrophobic 
surfaces

Fluorescence of single λ DNA molecule



DNA Networking 
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Super-hydrophobic devices for 
direct imaging

100 µm50 µm

E-beam



TEM background free  suspended DNA
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6+1 geometry

Pitch: 2.7 nm
A-DNA 

JEOL JEM-1011 TEM

Acc. voltage: 100 keV
Dose: 500 e−/Å2s
Acquisition time: 2 s
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(Å)
Diameter (C) 21.2
Rise/BP along axis (D) 2.5 
Phosphate+Sugar (Backbone A1) 5.1
Purine Base (B1) 3.6
Pyrimidine Base (B2) 5.2
Phosphate+Sugar (Backbone A2) 5
Bases Length (B1+B2+bases 
interdistance) 11.3

A-DNA Metrology
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Single molecule dsDNA 
metrology

TEM Diffraction



Fig. 2. Base propeller twist. A representative image of simulating 
different

             

twist of the A-T couple of bases 



Selected results #5
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* *

DNA mechanical characterization:
Laser Doppler Vibrometer 1/2

dsDNA

Bis-intercalators

Chemotherapeutics

NON 
covalent 

interaction

Covalent 
interaction
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DNA nanomechanical resonator 2/2

CisPt titrationSaturation levels

• Optical system to study 
the Resonance freq./i.e. 
mechanical properties 
of  the bundles

• Measurements in air
• Young’s modulus



Molecular 
Dynamics



Heavy metals
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What’s next

Methylations

Study of the effects
on DNA of:
1) Epigenetic

alterations
2) Heavy metals

10 µm 10 µm 1 µm

Move to Genomic DNA

RH>75%

More 
hydrated 

conditions



Superhydrophobic  membrane Manipulation



Suspended Neural membrane



TEM imaging after 2% Glutaraldehyde fixation
TEM Jeol JSM 1011- 100 kV

proteins



Imaging of single ion channel



Multiple probe measurements (TEM+AFM+nanoRaman)



Overview of the experimental procedure protocol



Multiple probe measurements





TEM imaging

Scale bar 30 nm

Scale bar 20 
Angstrom

TEMSEM



AFM measurements



Raman spectroscopy of Na Channel
with antibody gold labeled 





Whole Process for protein fibril formation



Four convective lobes at 20 °C gradient temperature
(∆T=20 °C respect to the environment)



30,000 frame-per-second (fps) 

Light sheet imaging

Fast camera imaging



The molecule trajectories are 
not disturbed by the substrate, 
thus forming a persistent 
convection loop. In addition, 
by taking advantage of the 
real-time imaging system, two 
representative fibril 
aggregates (Fig. 2h–l, the 
green and magenta arrowed), 
were tracked in the convective 
flow. Initially, these two 
different sized fibrils migrate 
independently at large relative 
distance (Fig. 2h, 
Supplementary Note 5, 
Supplemen�tary Movie 3 and 
Supplementary Fig. 11). Due 
to the convective flow loops, 
these two fibrils are driven 
closer and closer (Fig. 2i, j) 
until they aggregate together 
and form one single larger 
assembly (Fig. 2k, l)

Fibril aggregation



Tau protein formation: wires and hairpins
(stationary and out of equilibrium formation)

stationary

Out of 
equilibrium



De-pinning imaging with fast camera



Tau441 full length fibrils on SHS characterized with XRD, WAXS, and polarized 
Raman

X-Ray

Polarized Raman

Fig. 5 Molecular structure characterizations of lysozyme amyloid 
fibrils. a XRD characterization of lysozyme amyloid fibrils 
suspended between two pillars. b XRD characterization of hair-
pin (HP) type lysozyme amyloid fibrils. c Polarized Raman 
spectroscopy of SF. Parallel and perpendicular indicate the fibril 
is parallel and perpendicular (right panel diagrams) to the 
incident laser’s polarization respectively. d Polarized Raman 
spectroscopy of SF and HP type lysozyme amyloid fibrils at 
different positions (tip position, HP-Tip; middle position, HP-Mid; 
root position, HP-Root)



Selected results #4





Effect of surface roughness

50 nm



Localized hot spot and detection volume

SERS sensitive volume
(outside of this volume, 
no Raman effect)

SERS sensitive volume
(outside of this volume, 
no Raman effect)



Fabrication process of the device



Our application: BRCA1 mutation with SERS in brest cancer

BRCT domain

Can highly localized hot spot be used for complex mixture analysis?



The matrix method



Single pixel- fitting procedure and sub mixuture determination



Chip architecture and readout

50 nm2 um



Detection of single amino acid mutation



Analytical results



Be open to science not only to single discipline

Thank you all!
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