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INTRODUCTION

Physical-chemistry of solid-state nanostructures is
a bridge between:

% Atomic Physics

% Physical chemistry of the concentrated state

HOHOCTPYKTYPA - O4Y€EHb MAAEHBKMKU COPATMEHT
TBEPAOIO TEAA. HYTO MpPU TAKMX MOABIX PA3MEPAX
CBOMCTBA HOHOCTPYKTYP CMAbHO OTAMYAKOTCH OT
CBOMCTB CbIMYy4YMX MATEPUAAOB.



INTRODUCTION

What is Nonotechnology<¢

What is Nonoscience®@¢

tabllity:
v Kineftic
v Thermodynamic factors




OBJECTIVES

d To analyse physico-chemical properties of
nanostructured materials.

To explain size effect of nanoparticles on the
chemical and thermodynamic properties.




OUTLINE

4 Physico-chemical properties of nanosfructured
mafterials.

4 Size effect of nanoparticles on the chemical and

ermodynamic properties.




Factors, influencing the properties of nanostructured
marterials (with decreasing of size of hanoparticles):

d A change in the thermodynamic state of
anosystems

1 The appearance of quantum-size effects

v/ excess energy and
v/ high physico-chemical activity




The formation of nanoparticles from atoms is
accompanied by two processes:

0 Formation of metallic nuclel of different sizes

0 /Anteraction between the parficles, which facilitates the
creation of ensembles representing nanosfructures
from them.



Physico-chemical properties

Change in the free Gibbs energy (G)
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Physico-chemical properties
Electrical resistivity
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here:

- o= is the electrical resistivity of a coarse grain
substance,

- [« Is the mean free path of electrons in a single crystal,
- g Is the coefficient of electron scattering during the
transition of grain boundaries (MeXX3epeHHbIX IPAHMLL)




Physico-chemical properties

Mechanical properties

Tensile strength and hardness:
1

O, = O'g + kd 2 (Hall-Petch equation)

Where:

- o, is strength of a single crystal,

- k Is a coefficient of strength (specific for each
material),

- d Is an average grain size.




Physico-chemical properties

Effect of grain size (d) on the micro hardness of metals

10 IQO 1§ § d,HM
o Fe
-] | 5
o
g |
g 6
© Pd
g4t
§ 5|a Cu
=
=




Physico-chemical properties

Effect of grain size (d) on the micro hardness of metals (a)
and ceramics (b)
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Physico-chemical properties

Internal stresses (grain boundaries as determining role)

Two-dimensional model of
nanocrystalline material.

o Nanocrystallites with different orientations
e Inferphase boundaries (MeXx3epeHHbIX TPAHMLL)




Physico-chemical properties

The study of experimental data and reactions of atomes,
clusters and nanoparticles of various elements of the
periodic system allows us to formulate the following
definition:
PazmepHble 3deKTbl B XMMMKM — 3TO  SIBAEHME,
BEipOKAOLLLEECH B KOYECTBEHHOM M3MEHEHMM COU3UNKO-
MMUYECKMX CBOMCTB M PEAKLIMOHHOM CMNOCOOHOCTM B
30BMCUMMOCTM OT KOAMYECTBA ATOMOB UMAM MOAEKYA B
YOCTMLLE BELLECTBA, MPOUCXOAILLLEE B MHTEPBAAE
meHee 100 aTOMHO-MOAEKYAIPHbBIX AMAMETPOB.




Types of size effects

4 Infernal: associated with specific changes In
the volume and surface properties of both
individual partficles and the ensembles
obtained because of their self-organization.

External: dimensionally dependent response to
an external field or the action of forces
Independent of the internal effect.



Types of size effects

The study of internal dimensional effects is aimed
on the studying of:

v The electronic and sfructural properties of
lusters,

The effect on chemical activity, the ionization
potential, the binding energy between atoms
IN a particle and between particles, and

v The crystallographic structure.



size and its geometry.

The melting point as a function of the particle

0 Thermodynamic representations

Where:

= System dimensions are

iNnfinite.

= Equilibrium and perfect

crystals.

- r_is the radius of the particle,

- Y Is the surface energy,
- p Is the density.

- AH Is the molar latent heat of fusion,




The melting point as a function of the particle
size and its geometry.

0 Vibrations of atoms: Lindemann criteriq.

Where:
d¢. are atoms on the surface,
v . atoms inside the nanoparticle.




The melting point as a function of the particle
size and its geometry.

0 Vibrations of atoms: Lindemann criteriq.
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Where:

-Tm (r) and Tm (=) are the melting points of a nanocrystal and @
compact metal,

- h the height of the monolayer of atoms in the crystal stfructure,
- ris the size of the nanoparticle.



The melting point as a function of the particle
size and its geometry.

0 Vibrations of atoms: Lindemann criteriq.
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Control questions

1. What are the main factors that influence in the
properties of nanomaterialse.

2. Mention the steps of nanostructures formation.

3. Why is important the particle size.

4. Explain the behavior of the mechanical properties
Ith decreasing of size iIn nanostructured materials.

5. Describe the size effect on the melting point of
nanostructured materials.

6. Analyze the models that explain the dependence
of melting point on the size of metallic nanoparticles.



THANK YOU FOR YOUR
ATTENTION!




