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(a) Spherical carbon onion produced in a TEM at 700°C and (b) model pro-
posed by Terrones and Terrones for spherical carbon onions based on the introduction
of additional heptagonal and pentagonal carbon rings (Terrones and Terrones, 1996).

(a) Molybdenum sulphide zigzag-type nanotube. (b) Molybdenum sulphide octa-
hedral cage.



Images of (a) rattan wood and (b) rattan-derived Si-SiC zeolitic bioceramic.

A thin, clear blue film of chitosan/Y 124 superconductor precursor.

Schematic illustration of double- and single-stranded DNA. The backbone is
shown as a green ribbon to which the individual bases are attached. The four different
DNA bases are indicated by different colors.



(a) (b)

Nanoscale assembly exploiting the molecular self-organization properties of
DNA. The three electrodes are functionalized with different single-stranded DNA
molecules (b) and the three arms of the molecular complex with the three corresponding
complementary DNA oligonucleotides (¢). The molecular complex is then assembled onto
the device using the self-organizing properties of DNA (d).

(a) (b) (c) (d)

((a), (b)) Electrode arrays with nanoscale gaps separating opposing electrodes
(indicated by black arrows). Electrodes 1, 3, and 5 are coated with oligonucleotides X
and electrodes 2, 4, and 6 with oligonucleotides Y. The darker color of the electrodes
(a) 1, 3, and 5 indicates the presence of surface-bound oligonucleotides X, and (b) of the
electrodes 2, 4, and 6 the presence of oligonucleotides Y. (¢) Schematic of the electrode
array. (d) SEM image of the area between two opposing electrodes. The white arrow
indicates the gap which appears as a dark line. Reprinted with permission from Ref. 65.
Copyright (2003) American Chemical Society.



Tunneling image of an array of self-assembled blue copper proteins on an Au[IlI]
electrode surface. The image (approximately 140nm x 140nm) was acquired under a
water-glycerol mix at room temperature at a tunneling set point of 75 pA (200 mV).
These robust molecular layers are generated by using the strong thiol-gold-bonding
interactions attainable by adding, genetically, cysteine amino acids to the surface of
the metalloprotein. The surface density of these layers can be measured by voltammetric
methods to be 1-2 x 10'3 molecules/cm?.



In situ electrochemical STM (10-mM phosphate-buffered saline, pH 7.5; — 0.3V,
300 pA) of yeast iso-cytochrome ¢ molecules adsorbed onto a bare gold electrode surface.
Each molecule is approximately 3nm in diameter and contains one redox-addressable
heem group. The role played by the latter in mediating tunneling, under appropri-

ate experimental conditions, can be utilized in “gating” conductance electrochemically
(Fig. 3).



(a) Structure of yeast iso-cytochrome ¢ (pdb IC:1YCC, Ref. 32). The ~3.5-
nm diameter, 13-kDa, protein has a heem group which is electrochemically switchable.
This particular form of cytochrome ¢ has a solvent-exposed cysteine residue which may
usefully be utilized in anchoring the molecule to gold- or sulphur-presenting surfaces. The
distance between the thiol and the buried edge of the heem is approximately 1.6 nm.
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Two limits for modern electronic systems. (a) The size of the system which
contains electrons; from left to right in order of increasing size: simulation of electron
density around a single atom, carbon monoxide atoms arranged on a platinum sur-
face, a multiwalled carbon nanotube, a semiconductor structure fabricated using electron
beam lithography, and a conventional electronic circuit formed using optical lithography.
(b) The frequency of operation; the upper frequency range for electronic circuits lies in
the low terahertz range, where electronic concepts merge with photonics.
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(a) Photograph of a typical MBE machine, used to grow atomic layers of semi-
conductor material. (b) Schematic of MBE-grown GaAs/AlGaAs heterostructure wafer
structure, and its associated energy profile as a function of depth into the wafer. Elec-
trons from the n-type donar layer migrate to the interface between the undoped AlGaAs
and GaAs substrate interface, where confinement causes them to form a 2D electron
sheet.
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(a) Experimental setup for the study of a quantum wire fabricated by EEL.
Negative surface charge is shown in blue. The quantum wire is defined in the subsurface
2DEG, below the gap in the line of surface charge. (b) Plot of device conductance as a
function of tip bias and therefore wire width. Plateaus are observed at integer multiples of
2¢2/h. Upper inset: AFM image of surface electrodes superimposed with surface charge
and depletion outlined in yellow. Lower inset: SGM image of the quantum wire made
over the region indicated in the upper inset. Scale bar 1 pm. Parts of this figure were
originally published in Ref. 16.



SGM image made over a region to the left of a quantum wire. The arrow indi-
cates a cusp where electron interference is regenerated. Scale bar 1 um. Figure originally
published in Ref. 21.
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(a) AFM image of a quantum ring fabricated using LAO. The in-plane gates

defined by LAO (qpcla, gpclb, gpc2a, gpe2b, pgl, and pg2) are used to tune the size of

the quantum wires and the quantum ring. (b) Plot of device conductance as a function

of the size of the ring (voltage to pgl and pg2) and the magnetic field. Coulomb blockade

oscillations are seen along the z-axis, and AB-like oscillations along the y-axis. Figure
originally published in Ref. 29.



An image of the fluorescence emitted from a blend of two light-emitting poly-
mers, measured using aperture-SNOM. By exciting with carefully chosen wavelengths of
light, only one absorbs and then re-emits light.
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SNOM images of a conjugated polymer blend film containing 10% by weight
F8BT and 90% by weight PFB. Intensity ([) is in arbitrary units, and height (z) is
in nm. (a) Topographic image. (b) The corresponding fluorescence image for (a). The
topographic and fluorescence images were measured simultaneously. (¢) An enlarged
fluorescence image, taken from the white box shown in (b); the intensity scale is the
same as for (b).
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Calculated enhancement (logarithmic scale) in intensity of Raman scattering
in the vicinity of a 20-nm radius metal tip held 4 nm above a glass surface. (a) Cross-
section through the tip, along the tip axis. (b) Enhancement in the plane of the sample.
The wavelength of illumination is such that a localized mode, strongly confined at the
tip apex, is resonantly excited, leading to strong electric field enhancement and hence,
Raman scattering.

(a) (b)

1L pmx 1 pm (a) fluorescence confocal (no tip) image (the fluctuations result from
intermittent “blinking” of the quantum dot fluorescence), (b) fluorescence apertureless-
SNOM image, and (c) topographic image of a small quantum dot cluster. (b) and (c)
obtained simultaneously with a sharp gold tip close at the center of the laser focus.



Single molecule localization. T'wo-color excitation and detection of (a) TMR and
(b) Cy5 labeled complimentary 20 mers of DNA. Colocalized molecules are circled on the
TMR (green) and Cy5 (red) channels, respaatively. The position of each molecule high-
lighted in the region of interest was messired to an accuracy of (¢) opmyr = 25 nm and (d)
ocys = 30nm with a minimal detectable separation of d = (0rpy +00,52)"% =39 nm.
The measured peak-to-peak distamce of 1lnm, in-this case, represents a hybridiza-
tion event with a false positive of <1 in 2000 at the experimental coverage of ~0.1
molecules/pm?2.



