The microscopic world
Multi-atomic systems

Irén Bardos-Nagy

Electron clouds of the individual carbon atoms
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Interaction between the atoms —— chemical binding

Primer (strong) chemical bonds (binding energy 100 — 200 kJ/mol  few eV/bond)

a./ the covalent bond

\ Eb7"= binding energ)/

binding distance
attractmg force




sodium contributes
electron, leaving it
with a closed shell

b./ the ionic bond

lonization energy (I):
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one of the electronegativities is empirically fixed — relative scale

When a molecule is formed, the electrons flow towards the atoms of high electronegativity,

the electronegativities of the atoms tend to equalize and acquire the same, uniform value




Influence of the electronegativity on the type of the chemical bond

£ metallic ionic covalent
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© strong (primer)
chemical bonds

summ of the electronegativity

secondary (week) chemical bonds (binding energy less than 20 kJ/mol  few 0.2 eV/bond)

a./the H-bond (~20 kd/mol, 0.3 eV/bond) (water, HF) v

T Wydrogen

3 -
oy, |
b./ electrostatic interaction ¢ c)

ion —dipole (few kJ/mol, 0.05 eV/bond)
polar covalent bond

dipole — dipole (~ 2 kJ/mol, 0.01 eV/bond) . dipole - dipole interaction

polar covalent bond

dispersion (~ 0.1 kd/mol, 0. 001 eV/bond) (Noble gases, F,, H,, Cl, molecules)

The broad states of matter: gas
liquid
(liquid — crystal)
solid

General phase transitions

phase: physically and chemically homogeneuos part of the material
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Macroscopic properties of different phases:

gas: no definite volume and shape (there is no (or very week) interaction
between the particles

liquid: the volume is definite, the shape is changing, short range order
(secondary interactions between the molecules)

liquid — crystal: special shape of individual molecules, relatively long
range of order, anisotropy (intermediate phase between
liquids and crystals)

solid: definite shape and volume (strong (primer) bonds between the
particles)
macroscopic range order (crystals)
periodic crystal structure, symmetry, frequent anisotropy
low degree of translational motion




A typical phase diagram

phase diagram: graphical presentation of stable phases as a function of different

parameters
' (physical conditions when the
£ i ; phase boundary ceases to exist)
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Liquid crystals: a mesomorphous state of matter

Thermotropic - liotropic smectic

General properties
- elongated shape of molecules

- relativly long range order stabilized by
secondary bonds

- fluidity, deformability
- anisotropy in fluid state
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Use of thermotropic liquid crystals
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Classification of solid materials
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crystalline amorphous

monocrystal polycrystal

-

s moldavite
cuprite

sapphire calcite

The electron states of atoms structured in crystalline order

basic rules: energy minimum concept
number of electrons on a given orbital

Pauli principle

large number (N) of atoms in the crystal ===p splitting of the discrete
electronic energy levels

E into N levels close to each other
atomic
energy bands ener . .
i - ,eve?sy a continuous energy band is formed
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Classification of solid state materials based on their band structure

conduction
band —

gap —>{ Ae > 3eV {  e<iev

valence —*
band

filled
bands
insulator semiconductor conductor

Doped semiconductores:

semiconductores (Si, Ge) + electron acceptor (B, Al) p type conductance
+ electron donor (As, In) n type conductanc
(the concentration of doping material is very small)
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Chapters in the text book (Medical biophysics)
1/2. atomic interactions
1/3.2.1. gases
1/3.3. solid materials
1/3.4. liquids, liquid crystals

1/4.1.2. the H-bond




