Highly-Ordered Molecular Nanoarchitectures:
Concepts for Biosensors
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Many thanks to Andrei Ruckenstein
«Quantitative Biology: The New, Cross-disciplinary Paracisin
If you come to a fork in the road, take it [quoting YOSHSEREe)




Why 3D Sensing Platforms and Direct 3D Structuring?

[Yogi Berra]:
I wish I had an answer to that because
I'm tired of answering that question

» High surface-to-volume ratio for increased reactivity
» Functional platforms and membranes for 3D models
» Micro- and nanomachines for bottom-up fabrication

» Highly-ordered, periodic structures...for sensing




NANO Nanowire Arrays
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Vertical Nanowire Architectures: Statistical Processing of Porous Templates
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Electroless Polymerization of Aniline

Template Confined Growth of Polyaniline (PANI)

Direct Electron-Beam Writing of 3D Polymer Structures
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Why polyaniline?

- tunable opto-electronic properties
- electrical bistability

- actuation

Developed Approaches

- interfacial polymerization

- surfactant assisted polymerization

- seeding polymerization

- oligomer assisted polymerization

- template confined chemical and
electrochemical growth

- diluted polymerization

- electro spinning

Our approach

- higher resolution patterning
- precise positioning

- multi-directional alignment
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. " Om3+ + 30, Cat;:y L A+ $H,04
Ingredients:

+ CHeNH, and H,S0, in H,0 )OO~
» O, saturated solution

+ Pt as catalyst =0
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Mechanism:
* 0xygen reduction
* aniline oxidation
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Kinetics:
* linear time dependence
» exponential temperature dependence
« surface rather than bulk dependence
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Electrochemical process without any external charge supply




Substrate choice

I1
Catalyst coating

111
Nanostructuring

Thin-film metal Single-metal Dual-metal
catalysts nanocatalysts nanocatalysts

A. Vlad et al., Nano Letters 9, 2838 (2009); A. Vlad et al., Small 6, 627 (2010)




Template Confined Polymerization

Partially connected

Spin PMMA

Aspect ratio
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Substrate

EBL

Pattern design
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Electroless growth ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Template removal
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100 nm pitch  '#=7 _ 75 nm pitch
0.07 Tdotfinch? &/ A ' A% -~ 0.13 Tdot/inch?
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A. Vlad et al., Nano Letters 9, 2638 (2009)




PANI 2D Nanostructuring: High-Aspect Ratio

PANI Nanowwes
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A. Vlad et al., Nano Letters 9, 2838 (2009)




PANI 3D Nanostructuring: E-Beam Lithography (EBL)

Resist and Dose Modulated EBL Resist Modulated EBL

Spin multilayer: PMMA - PMMA/PAA

PMM
PMMA/ “
t

r Dose Modulated Exposure Substrate

D [central dose] l
d [side lines dose] PANI Growth

10
Dose (mC/cm?2)




Resist and Dose Modulated EBL: Operation Principle

D =500 C/cm2; d =0 pClecm?
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RDM-EBL: Operation Principle

D =500 uC/ch; d= 75 puCl/em?
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Signal A = InLens Date :14 Dec 2008
Mag = 154.95 KX Time :22:56:25




RDM-EBL: Operation Principle

D =500 pC/cmZ; d =150 pCl/cm?
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EHT = 15.00 kV Signal A = InLens
WD = 3.0mm Mag = 154.95 KX




RDM-EBL: Operation Principle

D =500 pCl/cm?; d = 225 uC/(;m2
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EHT = 15.00 kV Signal A = InLens Date :14 Dec 2008
WD = 3.1 mm Mag =161.53 KX Time :23:11:31




Direct Writing of 3D Photonic Lattices

6 X [100 nm PMMA + 100 nm PMMA/MAA]
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Nano pagodas




2D and 3D Macroassemblies

Isotropic Anisotropic
liquid front removal

Re-entrant features:

Key-locked type architectures
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[HAuCI,] Au nanoparticles Self-aligned shadow
in-situ reduction grafting metal deposition




Nanoscale Chemistry: Single Metal Catalysts

Electrochemical process without any external power supply

!

Sub-picogram synthesis

0.83 fg/min per catalyst unit
Difficult to realize otherwise

A.Vlad et al., Small 6, 627 (2010)




Nanoscale Chemistry: Dual Metal Catalysts

Electron beam lithography of single nanopores
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Pt- Au Pt- Au Pt- Au Pt- Au
In contact Pt(+) - Au(+) | Pt(-)-Au(-) | Pt(+)-Au(-) Pt(-) - Au(-)
Notin contact  Pt(+)- Au(-)  Pt(-)-Au(-)  Pt(+)-Au(-) Pt(-) - Au(-)

Configuration

Pt- Au

Work featured in Research Highlights by P.S. Dittrich - Lab CRip UGS,




(a)

tubular structuring

pH sensors: V.A. Antohe et al., APL 94, 073118 (2009)
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