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Nano

greek “nanos” or latin “nanus” : dwarf
factor 10°
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MEMS 100 mm

Human hair

~ 50 mm wide Blood cells ~ 7mn Copolymer ‘ 48 Fe atoms on Cu  DNA ~2nm
ball ~500 nm diameter 14 nm e e
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NIL:

*Hot Embossing Lithography
UV Imprint Lithography
*MicroContact Printing

NILCom technology platform:
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HEL: nano- & micro- at IMI
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VJ Integrating MEMS and

S — Particles

Cameron et al, CSC 2006 Halifax
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What is a Catalyst ?

Classical Definition:

A catalyst is a substance that changes the rate of a
chemical reaction without itself being consumed or
changed in the reaction

Functional purpose is to improve...

*Throughput
*Yield
«Selectivity
Stability =
«Cost o
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y A simplistic snapshot of the

carbon catalysis universe

Energy & emission control
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Catalyst Market Size
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Catalytic Market Share:

Smalltech

Catalysts 7

Homogeneous
Catalysts
(acid/base,
transition
metals)
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Efficient materials use:
a case for small-tech

Rhodium $800
Platinum $610
Gold $400

R S
Particle size: 1cm 5Smm 2.5mm 10 pm 10 nm
Total Volume: 1cm3 1cms3 1cm® O00® 1cmsd 1cms3
Total Surface Area: 6 cm? 12 cm? 24 cm? 6 000 cm? | |6 000 000 cm?
Rhodium cost 130 70 30 0.13 0.0001
per cm? ($ US): m
| G G/
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Multifunctional core-
shell nanoparticles

NATURAL COATING

— GORE-SHELL

CORE

SYNTHETIC COATING

K. Heyman, The Scientist 2005 (19:9), 35; & www.evidenttech.com

16
Cameron et al, CSC 2006, Halifax
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Organoferrite response
to an applied field
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Cameron et al, ACS 2005 Washington
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Efficient materials use: very
recent developments

Yi et al, Chem. Mater. 2006,
2459-2461.

*One of top three articles downloaded
from Chemistry of materials last
quarter

*Supported catalysis on nanostructured

o material
*Best of both worlds approach:
homogeneous catalyst integration with
magnetic separation and recovery.
3 *Moderate control over catalyst density
SiOo, M
RSH Flexibility in catalyst component | g g

RNH, .
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Survey of Cell Efficiency

ag:}nagl_ Best Research-Cell Efficiencies

wavw.nrel.govincpyithin_filmfdocsikaz_best_research_cells.ppt

ctrolsh &
61— Multijunction Concentrators Swdin %
W Three-unction {2-terminal, monobthic) Spectrolab @
Ti & Two-junction (2-ferminal, manolithic) Japan =
21— Crystalline Si Cells Energy NREU
L W Single crystal Specirolab
0O Mhficrystalline
281~ @ThnG
—  Thin Film Technologies sy UNSW
24 ® Cu(in,Ga)Se,
e 0 CdTe & {;‘%Elis
= Ml O Amorphous SiH (stabiized) 1.&[;“.",3 e:ﬂr;fun
& 201 Emerging PV — 4 Georpa Tech VMEW, o
; ; arp
3 @ Organic calls Wiesting- Georgia Tech MREL MREL
2 g NREL
- ‘__
W16 No. Caralina =0
15 State Llnive raity B AstroPower NREL
Salarex ARCO Eoeing
1'2 2 Bueing Wl ke \
; Golar
— llazus hita Muonozolar United Solar
8 i
Iininversity

Calfomia
Berkeley Piinceton
Lininversity

~]
[:l | ] 1 1 I | | | 1 | 1 | 1 | I | ] ] | 1 | ] 1 I | 1 i

|
1975 1980 1985 1380 1995 2000 | G G/




m
ir Waterial
i

@ Top-down fabricatior

\ Organogold pattern  Gold nanoparticles
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Au(l)-thiolate thin film e

Substrate

Pyrolysis

=—p E-Deam exposure == Development e

organo-gold

M. K. Corbierre, J.
Beerens, J. Beauvais,
and R. B. Lennox.
Chem. Mater. 2006,
18, 2628-31.
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3 7 Cute results but where’s the

— energy application?
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GaAs nanowires:
Corbierre & Lennox
(McGill), Beerens &
Beauvais (Sherbrooke)
with Plante & LaPierre
(MacMaster)

1 Metal-oxide nanotubes:
£ 2INikhil Koratkar et al.
| (Rensselaer)
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-/ So what does smalltech offer?

R E———

* Miniaturization of energy applications
e fuel cells or PV for portable energy

e Maximization of material use
e catalysis

Smalltech Energy Ventures?

By Robert Weisman, The Boston Globe, September 1, 2006

2005 (Q1-Q4) 2006 (Q1-Q2)
mio, USD Mio, USD
Clean Energytech (USA) 285 445
Clean Energytech (N. England) 14 88
MONEY FLOWING TO NEW IDEAS IN ENERGY Fﬂ'ﬂ
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