4.5.4 Pulsed Laser Method
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Figure 4.28. Apparalus 10 makea silvar nancparlicles uming a puised laser baam that creates hot
spats an the surfaca of & rolating dehk [Adapted from J. Singh, Mafer, Today 2, 10 (2001).]
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1. Quantum size effects on the competition between
Kondo interaction and magnetic order in 0-D.

80A & Bulk CeAl,
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In 80A -CeAl,, magnetic ordering completely disappears and the yreaches
9500 mJ/mol Ce K2,

Unsolved problems:
In nanoparticle, only 0.7 Mole Ce 3* left, Is the 0.3 mol non-magnetic Ce really
on the surface ? or it is just a coincidence.



4.6 Conclusion
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Chapter 6 Bulk Nanostructured
Materials

Bulk nanostructured materials are solid
having

1. a nanosized microstructure

2. the basic units are nanoparticles



Hypothetical 2-D
Oedered —Al_, particles
forming nanostructure

Disordered Al,, Particles

Flpuss B1 [y Srleginon 2 0 by e st b Qesaraiorl squne Bre of AL 5 [@ ke, 300
11 Fuviiesaon of 8 rad-eTuvseonal bl soid of &, whést e rgraoatoes beve 12 ardeeec
B =] mil reases W BN (el



6.1 Solid disordersed nanostructure

e Compaction and consolidation

e 1. 85%Cu and 15%Fe powder in atomic
weight

e 2. Ball milling to form Feg.Cu,. particles

e 3. Compacted using a tungsten-carbide at
1GPa

e 4. Hot compaction at ~ 400C with 870
MPa

e Density 99.2%



Distribution of size
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Flgure 6.2, Distrbution of siras of Fe—Cu nancparickes made by hot compaction mathods
descrived in $he texi, |Adapied from L. He and E. Ma, J Mader Res 18, S04 (20000,
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Fracture stress enhanced from 0.56 GPa (40 nm
grain) to 2.8 GPa ( 50-150 um grain Iron)

Ductile region
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ure 6.3. Stress—strain curve for bulk compacted nanostructured Fe—Cu material, showing
ture al a siress of 2.8 GPa. [Adapted from L. He and E. Ma, J. Mater. Res. 15, 904 (2000).]



Rapid solidfication-Chill block melt
spinning

Gas pressure

nozzle

RF

(]
Heating coils Q
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rotating wheel

Figure 6.4. llustration of the chill block melting apparatus for producing nanostructured
materials by rapid solidification on a rotating wheel. (With permission from |. Chang, in Handbook
of Nanostructured Materials and Nanotechnology, H. 5. Malwa, ed., Academic Press, San Diego,
2000, Val. 1, Chapter 11, p. 501.)



Light weight, high strength materials

1. A melt spun alloy Al(85-94%)-Y-Ni-Fe
e 2. Consisting of 10-30 nm Al particles
e 3. Tensile strength ~1.2 GPa



Gas atomization
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Figure 6.5. lllustration of apparatus for making droplets of metal nanoparticles by gas atomiza-
lion. (With permission from |. Chang, in Handbook of Nanostructured Materials and Nanotech-
nology, H. S. Nalwa, ed., Academic Press, San Diego, 2000, Vol. 1, Chapter 11, p. 501.)



Electrodeposition (P137)

Electrodes

Electrolyte ( )

Cu 2 mm film with grain size of 27 nm
Enhanced yield strength 119 MPa



6.1.2 Failure mechanisms of

conventional grain-sized materials
Crack!

An irreversible elongation after
breaking of the bond

S

Figure 6.6. A crack in a two-dimensional rectangular lattice.
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Brittle to ductile transition '

B to D region Lattice dislocation.
& 1. Lattice slide
, 2. Weaker bonds along the dislocation
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strain curve for bulk compacted nanostructured Fe-

i 2. 8GPa, [Adapied from L. He and E. Ma, J Mater. Hardening: to Impede the movement
of dislocation by introducing tiny
particles iron carbide



6.1.3 Mechanical Properties

1. Young’s modulus: stress-strain ratio

2. The yield strength s isdescribed by

Hall-Petch equation for a conventional grain-size materials
S=s,+ K /d%>

Materials having smaller grains have more grain boundaries,
blocking dislocation movement

3. Bulk nanostructured materials are quite brittle and
display reduced ductility (~ afew % elongations) for
grain size < 30 nm. Due to flaws and porosity




6.1.4 Nanostructured multilayers
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Figure 6.11. Piot of the hardness of TiN/NbN multilayer materials as a function of the thickness
of the layers. (Adapted from B. M. Clemens, MRS Bulletin, Feb. 1998, p. 20.)

Due to Increasing interfaces and structure mismatch



6.1.5 Electrical properties

Cluster arr
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Figure 6.12. Cross-sactional view of a [lithographically fabricated device to measure the
electrical conductivity in a two-dimensional array of gold nanoparticles linked by molecules.
(With permission from R. P Andres et al. in Handbook of Nanostrucfured Materials and
Nanotechnoiogy, H. 5. Nalwa, ed., Academic Press, San Diego, 2000, Vol. 3, Chapter 4, p. 217.
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Electron tunneling
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N\(E - eV)f(E - eV)INy(E)(1 = f(E))] (63) The no. of electrons that can move

I=K JNJ (E — eVINL(E) f(E — eV) — f(E)E (6.4) Net Current

G = KN(Ep)N;(E)e (6.7)



6.1.8 Porous Silicon made by
electrochemical etching in hydrogen fluoride

Pt Electrode
\ Etching Solution, HF

HF solution

Electrical
Connection

6.21. A cell for etching a silicon wafer in a hydrogen fluoride (HF) solution in order to
@ pores. (With permission from D, F. Thomas et al., in Handbook of Nanostruciursd
Iz and Nanotechnology, H. 5. Nalwa, ed., Academic Press, San Diego, 2000, Vol. 4,
rd. o 1730
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Explanations

p-type silicon is etched, a very fine network of pores having dimensions less than
10 nm is produced.

A number of explanations have been offered to explain the origin of the
fluorescence of porous silicon, such as the presence of oxides on the surface of
the pores that emit molecular fluorescence, surface defect states, quantum wires,

quanturn dots and the resulting quantum confinement, and surface states on quantum

dots. Porous silicon also dlﬁp|ﬂ}’5 electroluminscence, whereby the luminescence 13
induced by the application of a small voltage across electrodes mounted on the

silicon, and cathodoluminescence from bombarding electrons.




Quantum effects

Quantum size effect ‘ l

' Particles,et
Quantum confinement effect

m Mesoporous materials,etc




Nanowire Growth Mechanism

e Vapor-Liquid-Solid
e Melt Injection Into porous templates

v’ « Electrodeposition into porous templates



Fabrication of Porous Anodic Alumina Templates
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(Anodic Aluminum Oxide, AAO) :
(@) 60nm (b)60nm nanopore template . (¢)20nm (d) 10nm.



Electrodeposition of Bi2Te3 nanowire arrays
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Synthesis of Bi,Te,/alumina nanocomposites

UC, Berkigypty template - 75 nm pore diameter

Empty template - 25 nm pore diameter
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Filled template - 75 nm pore diameter

Filled template - 25 nm pore diameter

M.S. Sander, R. Gronsky, T. Sands, A.M. Stacy, "Structure of Bismuth Telluride Nanowire Arrays fabricated by
Electrodeposition into Porous Anodic Alumina Templates,” Chem. Mater. 15 (2003) pp. 335-39
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Bi2Te3 nanowire arrays (~45 nm)

( A. M. Stacy. Group, U. C. Berkeley. 2002 )Hexagonal Bi2Te3 single-crystal

Nanowires.

(Xiaoguang Li, Hefei, P. R. China)
J. Phys. Chem. B 2004, 108, 1844-1847



6.2 Nanostuctured Crystals
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Figure 5.6. Structure of the Cgg fullerane molecule. "!'rst,ai lattice unit cell of C‘EU molecules {|a|ge spheres) dﬂ'pﬂd with alkali atoms



