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For a mean velocity v4~ 10%m s,
Da=(10°s1)(10°* m)/(10*m s1) ~10
conversion efficiency is nearly perfect

provided L > 1 um along the longitudinal
direction.
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For a mean velocity v4~ 10%m s,
Da=(10°s1)(10°* m)/(10*m s1) ~10
conversion efficiency is nearly perfect

provided L > 1 um along the longitudinal
direction.

Aspect ratios are L/R ~ 100, so
Pe <43 produces >99% conversion.

For a small volume reactor with R < 1 um,
conversion efficiency 1s nearly perfect, even
with fast advective flow v,~ 102 ms.




1-D Metal-Dielectric
Nanostructures




d/um

110

50

-250

Electrokinetic transport

N

1125 1 250

-125 0

1-D Metal-Dielectric
Nanostructures




d/um

110

50

-250

Electrokinetic transport

N

1125 1 250

-125 0

1-D Metal-Dielectric
Nanostructures

Optical properties




110

3 60

Electrokinetic transport

-250 -125 0 1125

10

Electrochemistry

-10!10" B R Lt i R S L Wi L U L U L L L L

00 02 04 06 08 10 12 14 16
potential vs. Ag/AgCI (V)

250

1-D Metal-Dielectric

Nanostructures
.

Optical properties




1-D Metal-Dielectric
Electrokinetic transport NanOStrU CtU res

Optical properties

110

£ 60
= 0
0
-250 125 0 1125 " 250
> e T : e : tecraserg 6,4 2 cmang 0.4,
> = = . S e | S
. s~ 4[
o Electrochemistry
Enzyme-catalytic support
2 '-a— Substrate
£ ‘e 1)
3 £ i |- Enzyme
= —CD /
= ko >Nanopore
@ ]
© >
; o O~
-10;(104‘ B RAAALAAL) i Rl ot Rl WAL R WAL AL WAL LA LU LAt L L . o -
00 02 04 06 0B 10 12 14 186 IAmDIeX Redl/l.lM \Product

potential vs. Ag/AgCI (V)




. 1-Dimensional Nanostructures

Embedded Annular Nanoband Electrode Arrays
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Fe(CN)s3/4- EANE
Simulations
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Il. A Closer Look at the Coupling of Transport and
Electron Transfer
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General Behavior in the
Weak Coupling Limit
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Strong Coupling at the Nanoscale
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Strong Coupling at the Nanoscale
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lll. In Situ Reagent Generation
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Reagent Generation in Nanochannels
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Conclusions

 NCAMSs with metallic elements integrate electrokinetic transport,
electrochemistry and plasmonic sensing.

* Due to their low Peclet number nanoreactors are inherently more efficient

than microreactors.

 EANESs use the same potential to achieve convective delivery and to drive

electrochemistry.

» Embedded nano electrodes are ideal for in situ reagent generation for high
efficiency nanoreactors.

Challenges

» Attoliter-volume nanopores contain a very small number of molecules
(think massively parallel arrays).

* Coupling electron transfer to spectroscopic detection (see single electron
transfer events - a topic for another day!).
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Recessed Ring-Disk Arrays
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Generator-Collector Operating Characteristics
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Electrochemistry without Supporting Electrolyte
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Fundamental Problems using Metals with
Electrokinetic Flow
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Fundamental Problems using Metals with
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Fundamental Problems using Metals with
Electrokinetic Flow
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Simulation
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Simulation
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