Innovation In scientific research



Suggestions for discovery

* Problem choice: Think big

— Routine problems are often as hard as big
ones.
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Suggestions for discovery

Problem choice: Think big

— Routine problems are often as hard as big
ones.

Dare to explore uncharted areas
Keep pushing into new areas
Don’t ignore things that seem off-track

Crazy theories are either crazy or
hugely important

Work hard
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Rick Smalley in his lab at Rice circa 1978



Clusters

. A new approach to Surface Chemistry

- The development of bulk states

Molecules Clusters Bulk
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Cluster beam source
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AP2: Cluster beam TOF mass spectrometer
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Rick atop Ap2




GaAs Cluster lonization

Magic numbers In
GaAs cluster
lonization potentials

O'Brien, S. C.; Liu, Y.,
Zhang, Q.; Heath, J. R.;
Tittel, F. K.; Curl, R. F.;
Smalley, R. E. J. Chem.
Phys. 1986, 84, 4074.
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Carbon Chain Molecules Found
IN Interstellar Clouds

H-C=C-C=N
H-C=C-C=C-C=N
H-C=C-C=C-C=C-C=N



Emulating the Stars in the Lab
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Rohlfing, Cox, and Kaldor, Supersonic Carbon Cluster Beams

x10

lon Signal
|

1 l 1 l 1 l 1 I | I 1
0 20 40 60 80 100 120

Cluster Size (Atoms)




\
T S B s e S N
44 52 60 68 76 84

CARBON ATOMS PER CLUSTER




E . . 6 84

4 5 7
CARBON ATOMS PER CLUSTER




!

" 2

6O 68 76 84

52

aq
CARBON ATOMS PER CLUSTER




Smalley’s C,, Paper Model




Kroto's
Stardome

Map of the sky
on a truncated
Icosahedron
consisting of
pentagons as
well as
hexagons




Buckminsterfullerene
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Adjacent Pentagon Fullerenes

Both Cg, /ii

e

One of 1812 fullerene isomers Buckminsterfullerene
with 60 carbon atoms




After bucky C,,, this C,, structure Is
the first without adjacent pentagons




Long fullerene




Nanotubes (a) armchair (b) zig zag (c) chiral






Nanotubes found




Endohedral Structures




Peapod Structure: Bucky in SWNT

D. E. Luzzi, M. Monthioux, B. W. Smith



Peapods

L

Hirahara et al.



Commercial Applications of
Fullerenes and SWNTSs

Contains carbon nanotubes

Contains Cg,

Potentially Many



Potential Applications

» Nanotubes * Fullerenes
— Composites ) :
_ W, siorage — e"resists
— Batteries — Pharmaceuticals
— Fibers — Solar Cells

— Flat panel displays
— Vacuum electronics

— Light harvesting

— Pharmaceuticals — Composites
— Spacecraft CO, — Batteries
scrubbers

* Proton permeable

— Sensors
membranes

— Super capacitors
— Solar cells
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