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Carbon Nanostructures

 C60, buckminsterfullerene, buckyball
 (1985) Kroto, Heath, O’Brien, Curl, Smalley, Nature 318, 162-163.

 Carbon nanotubes
 (1991) Sumio Iijima, Nature 354, 56-58.
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C60
(1985) Kroto, Heath, O’Brien, Curl, Smalley, Nature 318, 162-163.

10 torr He

760 torr He
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CNT, Iijima, 1991

(1991) Sumio Iijima, Nature 354, 56-58.
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CNT smallest tubes

C20 tubes, 4Å wide, always armchair, always metallic
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CNT Synthesis

 Laser
 Electric arc
 Solar
 CVD
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CNT synthesis mechanism

 Large catalyst particles
 Surface bound NP catalyst

 (from ferritin)

 “Kiting” NP catalyst
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Protein based catalyst - Ferritin



2/28/06 LaBean  COMPSCI 296.5

CNT, etc.
 Filling
 Organization
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Doped CNT
 N doped
 B doped



2/28/06 LaBean  COMPSCI 296.5

Single-Wall Carbon Nanotubes
for Nanoelectronics & Biosensors
 SWNT devices
 SWNT circuits
 Interactions with proteins and DNA
 Self-assembly using DNA
 Biosensors from protein/CNT

(10,10) SWNT
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SWNT, some properties

 n,m vector
 n,0 zigzag
 n,n armchair
 Other = chiral
 n-m is divisible by 3

tube is metallic

http://www.pa.msu.edu/cmp/csc/nanotube.html
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AFM manipulation
of CNT
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Targeted deposition of CNT
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Targ Dep 2
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CNT transistor 1

49-52
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CNT transistor 2

49-52



2/28/06 LaBean  COMPSCI 296.5

CNT transistor 3

49-52
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CNT logic circuits

1317-1320
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CNT logic circuits 2

1317-1320
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Crossed CNT junct

494-497
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Crossed CNT junctions  
2

494-497
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DNA on CNT (covalent)
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DNA on CNT (adsorb)

1545-1548
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DNA-CNT
2

1545-1548
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DNA-CNT 3
338-342

 NA: poly-T, in vitro evolved ssDNA,
dsDNA or RNA from bacteria or
yeast.

 NA+surfactant+sonication.
 Near-IR fluorescence indicates well

dispersed SWNT.
 Anion-exchange chromatography

separates DNA-CNT by size and
electronic tube-type.

M

S
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Protein-CNT 1
 Non-specific binding of protein to CNT.
 Inhibition by PEG coating.
 Specific protein binding enabled.

Avidin on bare CNT

No avidin on PEG/Triton CNT
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Protein-CNT 2

 Anything curious about this data?

Avidin on biotin/ CNT

Blocked avidin with biotin/CNT
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Protein CNT
biosensor 1

 Non-specific binding of proteins to CNT.
 Inhibition by PEO coating.
 Construction of specific biosensors by coating with PEO-

conjugates.
 Quartz crystal microbalance (QCM) and direct electrical

measurements.

(Non-ionic surfactants)
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QCM

AT-cut piezoelectric quartz microbalance: A quartz
disk ~1 cm in diameter and ~.1 mm thick with circular gold
electrodes in the center of each face. When an A.C. voltage is
applied across the electrodes the crystal oscillates in a
thickness shear mode in which the two faces move parallel to
each other and in opposite directions.

Used in this way the quartz becomes a mechanical
resonator. Any adsorbed film on the electrodes will make the
resonator heavier and so lower it’s resonant frequency. A film
thickness measurement is made by monitoring this frequency
shift. The crystals used for these experiments were usually
driven at their third harmonic (fo,3 ~ 5.5 MHz).

Quartz crystal microbalance.
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Protein CNT biosensor 2
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Protein CNT biosensor 3



2/28/06 LaBean  COMPSCI 296.5

Protein CNT biosensor 4
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Protein CNT biosensor 5
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Other CNT biosensor results:
 Vertically alligned CNT arrays.
 Antibodies raised against CNT and C60.
 Electropolymerization of conducting

polymers.
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Single-Wall Carbon Nanotubes
for Nanoelectronics & Biosensors
 SWNT devices
 SWNT circuits
 Interactions with proteins and DNA
 Self-assembly using DNA
 Biosensors from protein/CNT

(10,10) SWNT
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Metallic nanowires templated on DNA

775-778
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Metal nanowire 2

775-778
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Molecular lithography 1

72-75
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Molecular lithography 2

72-75
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Molecular lithography 3

72-75
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DNA CNT FET 1

1380-1382
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DNA CNT FET 2

1380-1382
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DNA CNT FET 3

1380-1382

 Self-assembled FET.
 Assembly errors...
 Contact resistance...
 Hysteresis...
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Bacteriophage-λ DNA has been used as a template
for the deposition of various metals including:

 Silver: E. Braun, Y. Eichen, U. Sivan, G. Ben-Yoseph,
Nature 391, 775 (1998).

 Gold: K. Keren, et al., Science, 297, 72 (2002).
 Gold: F. Patolsky, Y. Weizmann, O. Lioubashevski, I.

Willner, Angew. Chem.-Int. Edit. 41, 2323 (2002).
 Copper: C.F. Monson, A.T. Woolley, Nano Lett. 3, 359

(2003).
 Platinum: W.E. Ford, O. Harnack, A. Yasuda, J.M.

Wessels, Adv. Mater. 13, 1793 (2001).
 Palladium: J. Richter, et al., Adv. Mater. 12, 507 (2000).
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Grainy wires

Pd

Cu

APL, 78, 536-538 (2001)

Pd
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SA 4x4 DNA templates
1882-1885
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SA TAO DNA templates
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Crossed wire arrays 1
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Crossed wire arrays 2


