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Figure 3.13 Temperature after coagulation of two aluminum
particles of equal size. The melting temperature of aluminum
nanoparticles is plotted as a function of particle size. Temperature

) o ) ‘,( ﬂashing during coagulation may cause melting of the coagulated
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. 7 Figure 3.14 Normalized unit cell volume for diﬁerentlf\lz(.)g and
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volume is increased as the particle size decreases. A preferenczio

- ONE R m Ob ’ Y /PT high-temperature structures as the particle size decreases is
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Figure 3.15 Lattice parameter of nanoparticulate BaTiO,, a
ferroelectric material with perovskite structure, as a function of the
annealing temperature. During annealing, grain growth
t. occurred [16]; hence, an increasing annealing temperature was
equivalent to an increasing grain size. All lattice parameters were
measured at room temperature, and particle sizes determined by

0 l M—ﬂ.('t‘ electron microscopy. For detzils, see the text.
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— Figure 3.17 Pseudotetragonal distortion and the transition
. - a P.3f39|ECtriC—antiferroelectric of PbZrO, as a function of grain
A) P - D "g Dt p t :E'b size |]5].'A reduction in grain size had a 5|m1|§r effect as an
increase in temperature. The paraelectric, cubic phase was the
high-temperature phase; the antiferroelectric, tetragonal distorted

Vl-\ A’g t phase was the low-temperature phase.
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Figure 3.18 Dielectric constant and Curie particle sizes (< 5.6 lattice constants;
temperature of PbZre 5Tig ;O [17]. For small the material was in the paraelectric,
. N particle sizes transition occurs to the temperature phase, whereas at large
cl - parael?ctr{c, high-temperature phase. A sizes the material was ferroelectric. (
” t 9 A ' reduction in particle size and high temperature temperature of PbZrg 3Tig ;O;. Belov
has similar effects on particle structure and size of eight lattice constants, the Cu
properties. The lattice constant (a = 0.8 nm) was temperature was no longer defined. Tl
selected as the dimension for the ordinate. was paraelectric, independent of the

(a) Dielectric constant of PbZr, 3Tip ;0. At small temperature.
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Figure 3.19 Landau's orde’ parameter M for nanoparticles of tin
as a function of radius and particle size [18]. The degree of order

0' Iw E-Ea pfm decreased with decrea sing particle radius, and also from the
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Figure 3.20 Landau’s order parameter M in the center and at the

surface of nanoparticles [18]. Small nanoparticles with radii
<5 nm never show perfect crystallization.
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&“?M Figure 3.21 A series of electron micrographs of 2-nm gold
particles [19], taken at intervals of 1/60s. The images show
) C \my Spontaneous changes in particle habitus at a temperature of
. approximately 370K, from single twins (a, d, and i) to multiple
twinned icosahedral particles (b and h) and further to cuboctahedral

-Dy N 3 L shapes (e, f, and i). Copyright: American Physical Society 1986.
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Figure 3.22 Phase diagram of gold nanoparticles, showing
regions of different well-defined habitus. A region termed
quasimelt is also indicated where the particles change their

habitus spontaneously [20).
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Figure 3.23 A series of electron micrographs of
tin particles, taken at intervals of 1/60s [21]. In
these images the appearance and disappearance
of small crystallized regions, called embryos, can
be seen within the particles (frames ¢ and m).
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The phenomenon of “pseudocrystallin
particles” can be attributed to a well-d
particle size-temperature range in a pl
diagram (Reprinted with permission fr
Copyright: Springer 1993.)
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Figure 3.24 Temperature—particle size phase diagram for tin
nanoparticles according to Oshima and Takayanagi [21];
conditions as noted for pseudocrystalline particle formation in
Figure 3.23 were observed. A schematic drawing of the

pseudocrystalline particles is also shown. In the region
denominated as crystalline quasimelt, the particles fluctuate

between the different possibilities of their habitus.
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Figure3.28 Number fractions of gold particles with a diameter of

1.4 nm. Both phases are stable over a broad temperature
range [22].
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https://www.youtube.com/watch?v=M]i5XWQHUFE

https://www.youtube.com/watch?v=NWGoE9hwuoo

https://www.youtube.com/watch?v=AQc_mGijjErAl
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