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Figure 4.23. Specific heat versus (em,

Perature for liguid heliym (s
Consisting of clusters of 64 helium-atoms (dark circles). The peak cor
10 the superfiuid state, [Adapted from p. Sindzingre, Phys. Rev. Let

Ine) and a fiquig

r 0 the transition
63. 1601 (1989))
When boson condensation oceurs in liquid Het
the lambda point (; point), the liquid heliur
drops (o zero. Normally when 4 Ji
slowly because of friction with e walls and increasing
increases the velocity. In the superfluid state the liquid moves g through (he
tube, and increasing the press 8 J e 1 velocity, The
transition to the superfluid state 2 2 ) 1
Bieat known as the lambda fransition. The specific heat |
fiecessary (o raise the temperature of one gram of (he mat
shiows a plot of the specific heat versys temperature for byl |
helivm cluster of 64 atoms, showing that clusters |
feiaperature than the bulk liquid o

at the 1
m becomes a suy

S VISCOsity
uid s forced though o

, it moves

at one end
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ecom [ 1 !
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4.4.3. Molecular Clusters

Individual molecules can form clustes
i€ Water molecule. It has been k
ion of the word nanoparticle
les. The broad Raman spect

15, One of the most common exa nples of this is

nown since the early 1970s. long fore the

» that water does not consist of 1solated H.0O

ra of the O—H stretch of the walter mol

phase ar 3200-3600cm™" has been shown to be duc 1

ing peaks arising from bot isolated water molecules and water molecules

-bonded into clusters. The H atom of one molecule forms a bond with the
of another. Figure 4,24 shows the structure of one such water cluster.

ons 80% of water molecules are bonded into clusters, and as the

ccule in
0 4 number of

/Figure 425 lustrates a method of nano
S/

Figure 4.24. A hydrogan.t

>onded cluster of five water molec
3 the small spheras

ules. The large Spheres are Oxyyen,
s are hydrogen atoms,

femperature is rigo the clusters du\f;;mlc 20 molecules, In the
2. 4.24 the ween the two oxygens,
been predicted th ; loading pressure a new
er might exist calle, rically hy ded water, where the H
roperties different from those of
cular clusters such as (NH;), +

c ¢ nto isolated H
mplex shown in Fi i

Interestingly, it has
form of wat
Hom 15 ¢ € Uil such water couid
hrve | normal water. There are other examples of
+ (€044 and (CyHyg)so.

fETHODS oF SYNTHESIS

Earlier in the chapter we described one method o!'n_mk.mg ranoparticly,g using laser.
€vaporation in which high Intensity laser beam is incident on a my,

! ~tal rod, causin,
ated from the surface of the metal. These m4 ;I :uom:‘are “":: 4
oparticles. There are, however, other ways to .

\ make nanopartic] and
1be several of them 2 =5

10 be evapor,
cooled into
we will des

¥
4.5.1. RF Plasma

"OParticle synthesis that utilizes o lasma
generated by RF heating coils, The st ned in o pesu:,i  an
¢vacuated chamber. The met 5 S evaporation point
voltage RF coils w rapped 2, © evacuated system in (le Vicinity o
Helium gas is then all

owed (o enter (he sSystem, forming a high temy

Scanned with CamScanner



gauge. In a few minutes the p
that all the N, las been
small colloidal metal particles.
Passivation can be achieved by
The presence of these nz cl
resonance (EPR) of the conduction
using an R paramagnetic resonance, which is
] i the energy absorbed wher g
transition between the spin states m,
. peri the derivative of 1l
on the He gas atoms and De ic field. N v b -
les are formed. The particles Waves into a metal, it is not possible |

FURNACE

\
v
\
v
\
A

Scanned with CamScanner



Figure 4.28. Apparalus lo make silver nz
spots on the surface of a rotating disk.

© MAGNETIC FIELD ()
®

ce spectra at 300K (a) and 77K (b) arising from
icles formed from the thermal decomposition of LiN.

energy of the laser and the rotation speed of the c
high rate of production of 2-3 g/min.

4.6. CONCLUSION

there is a large increase in surface area, and In this chaptera
hemical, and el ol
and kind of atoms that mlkre up the pas
xation effects make the lines very stability, and magnetic behavior all de
related to the small dimensions of entirely new behavior not seen i
dependent as indicated in Fig. 4.27, clusters that are constituted fror

at 300 and 77K that had been h challenges for scientist

le to estimate the size of the ' enormous potential for appli

¢ spectra. particle size. It is cl
\ atomically engineered

numberofexamplmhavle‘
: Rl
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5.1. INTRODUCTION

This chapter is concerned with various nanositug

is devoted to carbon because of the important rol
molecules of life (see Chapter 12), and the unique |
is the diverse nature of this bond that allos
interesting nanostructures, particularly carbon

the other nanostructures, these carbon
potential which we will discuss in this cha

5.2. CARBON MOLECULES

5.2.1. Nature of the Caj
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Intensity (arb. units)

s

1
35 40 45
Time of Flight /its
a f a
from soot produced by laser vaporizalion of
s mﬁ?ﬁm of the fullerene molecules Cgo, C7g. Crg. Crg.
correspond, successively, o (a) the initial crude soot exiract,
a chromatographic column, and (c) a second fraction after
another column to isolate and concentrate the endohedral
S. Suzuki, Y. Nakao, N. Yakahara, T. Wakabayashi, |.
Lett. 216, 67 (1993).]

mages of the surface, and they

ways 1o use electron:

Figure 3.10. Ray diagram of a ission electron s
a scanning electron pe (bottom path). The selected
diffraction (SAED) aperture (Ap) and the sample or specimen (Spec) are ind

the objective (Obj) and projector (Proj) or condenser (Com:l) lenses. (Adapted from
J. M. Cowley, and L. Eyring, High-R T 2 Microscopy, O
Press, New York, 1988, p. 6 ) .

an objective lens, are amplified by a magnifying ( projector) lens, and fi
the desired image. in the manner reading from left to right (CTEM

Fig. 3.10. The wavelength of the electrons in the incident beam
modified form of Eq. (3.6)

. 0.0388
=i 1T

N

where the energy acquired by the electrons is E=eV and ¥ is

voltage expressed in kilovol
dominate the scattering,

lts. If widely separated heavy atoms.
with average scattering angles 0
0~ 7/d, where d is the average atomic diameter. Fo
100KV and an average atomic diameter of 0.15 nm,
1.5%. Images are formed because different a
clectrons to a different extent. When individual a
apart than several fattice parameters, c
technique.

Elcctrons interact much mo
with conparable energies or w
clectrons the average distance
called the mean fi ih, v

tens or perhaps l;un {
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ne any scattering. The beam

h inelastic scattering with no

‘been reflected by various hkl

d a bright-field image, the aperturc
jated transmitted electron beam 10

d image is observed at the detector or
select only one of the beams refiected
generation of a dark-ficld image at the
image that is formed can depend on the
) that is selected for the imaging.
eld (BF) and dark-ficld (DF) aperture

we present in Fig. 3.12 images of an
structure containing 2-3-nm ;" preci-

Figure 3.12. Transmission electron

Niy(Ti, Al) in iron-base superalloy, she

large bright spots from the superalloy and weak
image showing 25-nm elastic strain fields arou
dark-field image obtained using an SAED aperture ¢
arrow in (a). Image (c) displays the ' precipitate
A. D. Romig, Jr., chapter in R. E. Whan (1986), p. ¢

pitates of Niy(Ti, Al) with a FCC structure. The dif!

obtained without the aid of the filter exhibits large,

and very small, dim spots from the 3 nanc

displayed in Fig. 3.12b the 3" particles are

elastic strain fields generated by them are cl

indicated by the arrow in Fig. 3.12a is sel

the resulting dark-field image presented in

itions of the 3’ precipi £
A technique called image proces

obtainable from a TEM image, an

level. If the image is Fourier-tran

5 A

Fourier transform,

Scanned with CamScanner



types of transitions are utilized in various by

can be surface-sensitive because of the short pe:
into the material.

3.3.2. Field lon Microscopy

Another instrumental technique in which the resolution approaches

dimensions is field ion microscopy. In a field ion microscope a wire with

located in a high-vacuum chamber is given a positive charge. The clectric

clectric field gradient in the neighborhood of the tip are both quite high, and n

gas molecules that come close to the tip become ionized by them, transfer
electrons to the tip, thereby acquiring a positive charge. These gaseous cations
repelled by the tip and move directly outward toward a photographic plate where, on
impact, they create spots. Each spot on the plate corresponds 1o an atom on the "'ErI
so the distribution of dots on the photographic plate represents a highly enlarged
image of the distribution of atoms on the tip. Figure 3.14 presents a field
micrograph from a tungsten tip, and Fig. 3.15 provides a slmsognphicm" .
a cubic crystal with the orientation corresponding to the micrograph of Fig. 3.14.

The Interfuiional Tables for Crystallography, edited by T. Hahn (Hahn 1996),

aphic projections for various point groups and crystal classes.

//

Lid ) i
\\;%%/ Scanning Microscopy
An e

ent way to obtain images of the surface of a specimen is 10 scan the s
with an electron beam in a raster pattern, similar to the way an clectron gun scz

microscope i SiO;,
image processing for a Ni pamcle‘on a 2
field image, (b) fast Fourier transform diffraction-pattern-
ture filter shown in inset, (d) image after further
processed image, (f) image of SiO, substrate
and (g) model of nanoparticle constructed from
by M. José-Yacaman and J. A. Ascencio, in

5

1

core atomic levels of atoms.
evel (n = 2) of the atom to
h a large ' quantum number
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[011] projection of a cubic crystal corresponding 1o the field ion
3.14. [From G. D. W. Smith, chapter in Whan (1986), p. 583,

. The scanni
that monitors electrons that tunnel between the
be that monitors the force exerted between the
in turn the instrumentation systems that carry
seanning transmission electron microscope
(STM), and the atomic force microscope

n optics sketched in Fig. 3.10 for a
is similar 1o that of o scanning
EM case the clectrons travel fron,

direction, from right to
workings of an electron
of a scanning electron
0 is done magnetically
& through coils, as

e

wn n
Sequence of poin
493]
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ight across the sample in a raster pattern that
area on the sample. Figure 3.17 shows 3-nm

lved by an SEM.
éltllm a wire with a very fine point. This fine
be when it is lowered to a distance of

wire and jump (tunnel) up to it, thereby
b scanned back and forth across
ht mode, or a constant-current

e constant current mode a

e sample surface profile,

‘mode of operation assumes a
nt-probe-height mode the

nentially with the probe-surface atom separation,
tip and the composition of the sample surface.
view, the current depends on the dangling bond
orbital states of the surface atoms.
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AFM, like the STM, has two m
contact mode in which the col r
or in a greater separation “nonc ntact”
= gradient of the van der Waals potential, As !
is used. The vertical motions of the tip during
Optical Fiber the interference pattern of a light beam from l
diagram of the figure, or by the reflection of a laser bea

view of the prabe tip in the lower diagram of the figure. The

f the surface forces.
versatile device called a friction force microscope, also somg
{ateral force microscope, simultaneously measures ‘both normal

t

ORVAEATAIGR

Cantilever ) U £
[ is sensitive to the vertical component O

2
=
the surface on the tip. .
All three of these scanning microscopes can provide
topography and defect structure of a surface over distances clo
scale. Figure 3.21 shows a three-dimensional rendering of an
chromium deposited on a surface of SiO,. The surface was prej
focused deposition of atomic chromium in the presence of a Gaussian
that reproduced the observed regular array of peaks and valleys on the
the laser-focused chromium deposition was carried out in the p: c
waves displaced by 90" relative to each other. the two-dimensi
AFM image shown in Fig. 3.22 was obtained. Note that the separal
peaks, 212.78 nm, is the same in both images. The peak heights
in the two-dimensional array (8 nm) than in ihe linear one.

Laser Beam

"{212.78 nm
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al synthetic lipid bilayer vesicle, created in the

n of a phospholipid in aqueous salt solutions.

ilar to a micelle with an internal aqueous

which are in nanoscale size range, as shown in

based on hydrophilic and hydrophobic propertics

te materials inside. Liposome vesicles can be used as

variety of particles, such as small drug molecules,

des and even plasmids to tissues and into cells. For Figure 10. An antibody is 2 protein (also called an immusoglobulin

Nt commercially available anticancer drug is a liposome, by lymphacytes (a type of white blood cell) 1o acutralize S8 Suiges
doxorublcm. and is approximately 100-nanometer in /

/Ongoing Research and Development Activities &

The atomic-scale and cutting-edge field of nanotechnology
considered to lead us to the next industrial mu“&

on the way things will be done, ¢
manufactured in the ‘uture
Nanotechnology is entering into all aspects of -h
including, but not limited (0, acrospace, u
bioengineering biology, energy, the environment
‘% manufacturing, medicine, military science and technology. Itis
atomic and molecular manufacturing aj for building ches
NON POLAR TAIL  POLAR HEAD | s spprene :
and physically stable structures onc atom oOr one
on of a liposome - a synthetic lipid bilayer vesicle that fuses with the time. Presently some of the “C'"vc M
e and is used (0 transport small molecules (o tissues and into cells. include nanolithography, nanodevices, nanorobotics.
nanopowders, nanostructured catalysts and

molecular manufacturing, diamondoids, carbon

revolutionary impact

i b/e)c/

technology

antibody protein molecule consists of four protein
IVyS two lights, which are folded to form a Y-shaped products, nanolayers, molecular nanotec
It is about ten nanometers in diameter. This nanobiology, organic nanostructures (o name a
for &xtmplc. o ensure Ihzn lnlmven()uslv We have known for many years that
depend crucially on processes that
Adsorption, lithography. io
and composites are some e
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due to the limited "—
tter on nanoscale.
hind as compared to micro and
enificant developments of the nanoscale
le only recently. X
echnologies, and more, stand to be improved important length scal
technology develop. Such methods include design. e L
1 the arrangement of atoms inside a particular (C) Biotechnology is expected to 2
a result, the ability to organize and control matter greatly in a couple of decades. Itis,
on several length scales. The developing concepts of
seem pervasive and broad. It is expected to influence

* science and technology, in ways that are clearly notify a physician of the type and

organs if there are problems.
logy will also help solve other technology and science

ample, we are just now starting to realize the benefits

expected to have entirely new properties th
ng can bring to,

identified in nature. As a result, by al
L tires made by combining nanoscale particles of structure of materials in ‘.he nmosea};es;
ays with polymers as well as other nanoparticle systematically and appreciably modify of
materials, ¢
ved printing brought about by nanoscale particles that
best properties of both dyes and pigments as well as
ed ink jet systems,
roved new generation of lasers, magnetic disk heads,
with selective optical barriers and systems on a chip
controlling layer thickness to better than a nanometer,
lvanced chemical and bio-detectors,
ticles to be used in medicine with vastly advanced drug
drug targeting capabilities,
anical polishing with nanoparticle slurries, hard
high hardness cutting tools.

Robotic spacecraft that weigh only a few |
explore the solar system, and perhaps e
Nanoscale traps will be constructed that
pollutants from the environment and dea

with the equivalent of a single wristwatch
(F) There are many more observation:

2 selected observations regarding the expected future
‘mentioning at this junciure [6]:
‘ ) fullerene products and ene
gements of matter known 10 us are those of usage which are also worth
. Functions of living organisms depend on :
on all varivus length scales. Methods of
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