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Fyzikalni vlastnosti materiall

1. Vazba v pevné latce, elastické a tepelné vlastnosti material(
a) Druhy vazeb, kohezni energie
b) Izotropni a neizotropni elasticke vlastnosti
c) Mérna tepla, teplotni roztaznost, tepelna vodivost
d) Fazové prechody

2. Elektrické vlastnosti materiall
a) Elektricka vodivost kovu, polovodicu a izolatorl
b) Polarizovatelnost, feroelektrika, piezoelektrika

3. Optické vlastnosti materialu
c) Opticka odezva materiall
d) Elektromagneticka vina v materialu a na rozhrani
e) Kramersovy-Kronigovy relace
f) Absorpce mrizky

g) Opticka odezva volnych a vazanych elektron(



Fyzikalni vlastnosti materiall

4. Magnetické vlastnosti material(

a) Diamagnetika

b) Paramagnetika

c) Interakce magnetickych momentu

d) Feromagnetika, antiferomagnetika, ferity
5. Supravodice a grafen

e) Supravodivost

f) Materialy s linearni disperzi — grafen
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Fyzikalni vlastnosti materiall

1) Vazba v pevné latce, elastické a tepelné viastnosti material(
a) Druhy vazeb, kohezni energie — klasifikace typu vazeb, periodicka soustava prvkd,
charakteristické vlastnosti a priklady
b) Izotropni a neizotropni elastické vlastnosti — stlaCitelnost, elastické konstanty a jejich
souvislosti, symetrie a anizotropie
c) Mérna tepla, teplotni roztaznost, tepelna vodivost
d) Fazové prechody — faze a skupenstvi, fazové diagramy a prechody, amorfni materialy,

kapalné krystaly



Periodicka tabulka prvk

Periodic Table of the Elements

@ www._elementsdatabase com
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Vazba — klasifikace

Druh priklad Vazebna Vazebna charakteristika
energie | energie
Kcal/mol | eV/molekula
lontova NaCl 180 7.8  Nesmeérova, velké koordinacni
LiF 240 10.4 Cislo
» Mala elektricka vodivost, velka za
vysokych teplot — iontova
 Velka IR absorpce
Kovalentni | C diamant 170 7.4 * Smeéerova, malé koordinacni Cislo
SiC 283 12.3 » Mala elektricka vodivost (Cisté
Si 107 4.6 krystaly)
* VVysoka tvrdost
Kovova Na 26 1.1 * Nesmeérova, velké koordinacni
Fe 94 4.1 Cislo
 Velka elektricka vodivost
* Taznost, kujnost
Molekularni | Ar 1.8 0.08 * Nizké body tani a varu
CH, 2.4 0.10 * Malo modifikovany vlastnosti
molekul
Vodikova H,O led 12 0.5 * Siln€jSi nez molekularni vazba
HF ! 0.3




Elektronova hustota v krystalech

'

Kovalentni vazba

experimentalni a
vypoctené rozlozeni
valencnich elektron(
v kiemiku

FIGURE2.1. Experimental and calculated valence charge density in the (110) plane of Si (in units of electrons per

cell) (Zunger, 1980).
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FIGURE 2.2. Comparison between the valence charge densities of diamond and zinc blende semiconductors in
the (110) plane calculated from the SCDFT (Wang and Klein, 1981).
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Podil iontové a kovalentni vazby

Soubusta: Fyzika pevnych latek
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Vazebna energie prvkl v fadcich periodické tabulky
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Vazba — vzacné plyny, Madelungova konstanta

Table 4 Properties of inert gas crystals

(Extrapolated to 0 K and zero pressure)

eI e ey T Nt I T EGTEE ne Eeafls s S 38 S
) Parameters in
ZI;:H(;I Lennard-Jones
Experimental e potential,
Ne_ai;eg;t- cohesive po;efnt;a] Eq. 10
neighbor eriErpy ] of free
distance, Melting atom, €, o,
in A kJ/mol eV/atom point, K eV in }0_ mierg in {K
He (liquid at zero pressure) 24.58 14 2.56
Ne 3.13 1.88 0.02 24 21.56 50 2.74
Ar 3.76 7.74 0.080 84 15.76 167 3.40
Kr 4.01 11.2 0.116 117 14.00 225 3.65
Xe 4.35 16.0 0.17 161 12.13 320 3.98
o ’ - ——— = gy et S - ]
Struktura Madelungova
konstanta
NaCl 1.747565
CsCl 1.762675
ZnS 1.6381

Kittel, Introduction to solid state physics, Wiley, 2005



Vazebna energie prechodovych kovu

3d kovy jsou magneticke -- magnetickeé usporadani ma vliv na vazebnou energii
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Ca Sc TI V Cr Mn Fe Co Ni Cu Zn -

St 'Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
Ba La Hf Ta W Re Os Ir Pt Au Hg

Gersten, Smith, The physics and chemistry of materials, Wiley
2001
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StlaCitelnost

Na Mg Al Si P S

16 2.9 1.4 1.01 3.3 0.0

K Ca Ga Ge As Se

31 6.6 1.8 1.3 2.5 11
Sc Ti Y Cr Mn Fe Co Ni Cu
23 095 0.62 0.53 1.7 0.59 0.52 054 073

Jednotky 10° bar




StlacCitelnost iontovych sloucenin

500 = 10°

Covalent
— bonding

(tetrahedral
coordination)

Bulk modulus, N/m? (log scale)

Slope=-4

MNiO
MgO
FeO
lonic bonding
Sive e (NaCl structure;
Ge charge, g =2)

InAs

Metallic bonding

(body-centered-cubic, Rb
non-transition metals)

2 3 4 5 6

Interatomic distance, A (log scale)

Gersten, Smith, Physics and chemistry of materials

elektrostaticke
odpuzovani naboju ve
vzdalenosti d
F=qg?/41ed?

Elasticke napeéti
E=F/d?

stlaCitelnost
B=qg4/41ted*



Mechanické vlastnosti
C,, C, C,, (C,,+2C,,)IC,.
Fe (BCC)  2.37 1.41 1.16 1.57
Al (FCC) 1.08 0.62 0.28 1.09
C (diamant) 10.764 1.252 5.774 1.19
Si (diamant) 1.6577 0.6393 0.7962 1.34
GaAs (ZnS) 1.19 0.538 0.595 1.08

Jednotky 102 dyn/cm?=10" ncm==10* Nm==10%GPa




Mechanicke vilastnosti kfemiku

Smerové zavislosti Youngova modulu a Poissonova pomeru .
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Wortman, J.J., R.A. Evans, J. Appl.
Phys. 36 , 1965, 153.

Deformace ve sméru [100] je mnohem snazsSi
nez [110].




Stress

Mechanické vlastnosti zelezo

Ductile

Strain

500 [~

Stress (MPa)

Tensile strength
450 MPa (65,000 psi)
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Example Problem 6.3.
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Table 6.2 Typical Mechanical Properties of Several Metals and
Alloys in an Annealed State

Vield Strength Tensile Strength

Metal Allay MPa (ksi) MPua (ksi)
Aluminum 35(5) 90 (13)
Copper 69 (10) 200 (29)
Brass (70Cu-30Zn) 75 (11) 300 (44)
Iron 130 (19) 262 (38)
Nickel 138 (20) 480 (70)
Steel (1020) 180 (26) 380 (55)
Titanium 450 (65) 520 (75)
Molybdenum 565 (82) 635 (95)

The stress—strain behavior for the brass specimen discussed in

Stress (107 psi)

40
45
68
45
)
25
25
35

Ductility, %EL

[in 50 mm (2 in.)]|




Tepelna kapacita GaAs a Grineisenova konstanta

- Blakemore, J. S.,
J. Appl. Phys. 53,
R123-R181 (1982).
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Fig. 14. GaAs. Griineisen constant vs. lemperature. Solid

curve theoretical. Points obtained from experimental lincar
expansion coefTicient and heat capacities [8251]. s

Landolt, Bornstein: Springer material database



Fononova disperzni relace GaAs, hustota stavu, Debyeova teplota
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Energie v zavislosti na objemu GaAs, teplotni roztaznost

mRy GaAs
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V/Vy ——
Fig. 9. GaAs. Calculated total energy per molecule vs. re-

duced volume (volume relative to experimental cquilibrium
volume) for live possible structures [83F].

Landolt, Bornstein:
Springer material
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Tepelna kapacita a teplotni roztaznost medi
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Merna tepelna kapacita

C,(J mol* K*) C,(Jg*K?)

Al 24.35 0.903

Fe 25.02 0.448

Pb 26.44 0.128

C (diamant) 6.12

Si 19.3

Ge 23.4

Sn (alfa) 25.77




Tepelna roztaznost

a (deg?) I
Al 25.5x10°
Fe 12.1 x 10°®

64%Fe + 36% Ni

(0.1 — 20) x 10

0-100°C

80% Pt + 20 % Ir 8 x 10° malo zavislé na teploté
80% Pt + 20 % Rh 9x10° malo zavislé na teploté
GaAs 5.5x10°

Si 2.33 x 10°

SiC 4 x10°

C (diamant) 1.2 x 10°




Tepelna roztaznost

a (deg?)
kauCuk 66 x 10°
polyetylen 230 x 10°
teflon (6 —220) x 10°
celuloid 130 x 10°
epoxy 115 x 10°
Sklo kfemenneé 0.42 x 10°
Corning 790 0.8 x 10°
Corning 774 3.2x10°
Corning 8800 6.1 x 10°




Tepelna vodivost, 0 °C, 1 bar

A (W mtdeg?)
He 0.143
Ne 0.0464
Ar 0.0162
Kr 0.00875
vzduch 0.0242
Freon 21 (ChCLF) 0.0090
Hg 8.4




Tepelna vodivost, 0 °C, 1 bar

A (W mtdeg?)

Al 210
Cu 285
Ag 423
Au 293
C 628
Si 167
Ge 60.3
A-SIO, (sklo) 1.34
c-SIO, 13




Tepelna vodivost medi — teplotni zavislost
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Periodicka tabulka prvku — teplota tani

L Be Table 2 Melting points, in K. B C N 0 ; Ne
453.7 | 1562 (After R. H. Lamoreaux, LBL Report 4995) 2365 63.15 | 54.36 153.48 | 24.56
Na Mg Al Si P S Cl Ar
371.0| 922 933.511687 |w 317|388.4 {172.2 | 83.81
r 863
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga |Ge |As Se Br Kr
336,31 111311814 | 1946 2202 2133 1520 |1811 §1770 [1728 }1358 1692.7 1 302.911211 {1089 1494 |265.9]|115.8
Rb Sr Y Zr Nb Mo |Te Ru Rh |Pd Ag Cd In Sn |Sb Te | Xe
3126 | 1042 | 1801 | 2128 |2750 |2895 [2477 |2527 |2236 |1827 {1235 ]594.3 | 429.8 | 505.1 {903.9 |722.7 1386.7 | 161.4
Cs Ba |{La Hf Ta w Re Os |Ir Bl Au Hg Tl Pb |Bi Po At Rn
301.6) 10021194 | 2504 13293 3695 |3459 | 3306 {2720 |2045 |1338 [234.3| 577 |600.7 |544.6 | 527
“UFr Ra Ac
973 11324 Ce Pr Nd {Pm |Sm |Eu |Gd |Tb Dy Ho |} Er Tm | Yb |Lu
1072 | 1205 | 1290 1346 | 1091 | 1587 | 1632 [1684 §1745 11797 | 1820 | 1098 |1938
Th JPa |U Np |Pu |[Am |Cm |Bk |Cf Es |Fm |[Md | No |Lw
2031 | 1848 | 1406 | 910 | 913 | 1449 } 1613 | 1562

Kittel, Introduction to solid state physics, Wiley, 2005
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Fazove prechody, 1 bar

tani (CC) var ("C)

Hg -38.86 356.73
Al 660 2447
Fe 1535 2800

Pt 1769 4310
W 3380 6000

Si 1423 2355
Ge 937 2830
SiO 1610
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Fazové prechody 1. a 2. druhu

Volume dependence of Gibbs free energy
at various temperatures

Minima of the Gibbs potential as a
function of temperature

F 3

G(T, p, N)
G(T, p, N)

Gas

-

Temperature T

() C. Rose-Patruck, Brown Universiy, 7-Jan-99, Chem 201 #1

Volume
() C. Roze-Patnuck, Brown Unfversiy, F-Jan-09, Chem 201 #1

Higher-order phase transitions

Second order phase transition

Discontinuity appears in:
Differential of G Corresponding experim. quantities

¥V S V

o), (o), & s

(o) (%),

azsj
r

First S
Second (

P
Ll

Pressure p

Third d
oT

Temperature T Volume V
( - ]
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() . Rose-Paruck, Brown Universty, 7-Jan-249, Chem 201 #1

() C. Rose-Patruck, Brown Universiy, 7-Jan-29, Chem 201 #1



Fazové prechody 1. a 2. druhu

Order parameter

Table 4-1. Order parameters for phase transitions in various systems.

System Transition Order parameter
Liquid—-gas Condensation/evaporation Density difference Ap=g,- g,
Binary liquid mixture Unmixing Composition difference Ac = ¢ 5ox — Conex
Nematic liquid Orientational ordering 13{3 (cos®@) 1)
Quantum liquid Normal fluid = suprafluid (4 (yr: wavefunction)
Liquid—solid Melting/crystallization 0 (G =reciprocal lattice vector)
Magnetic solid Ferromagnetic (T,) Spontaneous magnetization M
Antiferromagnetic (1) Sublattice magnetization M
Solid binary mixture Unmixing Ac=c@ M
AB Sublattice ordering P =(AcT— Ach)/2
Dielectric solid Ferroelectric (T,) Polarization P

Antiferroelectric (Tyy)
Molecular crystal Orientational ordering

Sublattice polarization P,
Fl'.l'ri fﬂ; {P}




Fazove prechody — Kritické exponenty

1= (T—- Tc)/Tc redukovana teplota

tepelna kapacita

order parameter

vnegjSi pole (tlak, magneticke pole, elektricke pole,...)

susceptibilita, stlaCitelnost — reakce usporadavaciho parametru na vnéjsi
pole

korelacni délka — velikost “usporadanych klastrd”

dimenze systéemu

Kritické exponenty pro 1 > 0 (neusporadana faze)
exponent relace

o Coxt® meérneé teplo
Y X < TV susceptibilita, kompresibilita, apod.
V & o TV korelacni délka

Kritické exponenty pro 1 < 0 (usporadana faze)

ar C - (_T)_u,
B W« (-1)®  order parameter
y X« (-1
\V2 &« (-1)

Kritické exponenty pro 1 = 0 (pfi teploté prechodu)
o J o Yo pole (tlak, magnetické pole, apod.)
n (W(O) P(r)) o rd*2-n korelacni funkce, d dimenze systému



Fazové prechody 1. a 2. druhu

Kritické exponenty

Kritické exponenty pro 1 > 0 (neusporadana faze)
exponent relace

o Coxrt® merné teplo

% X o T susceptibilita, kompresibilita, apod.

V & o TV korelacni délka

Kritické exponenty pro 1 < 0 (usporadana faze)

o' Cux(-0)¢

B W« (-7)P order parameter

' X« (9

% & (-

Kritické exponenty prot1 =0

o J o Yo pole (tlak, magnetické pole, apod.)
n (WO) W(r)) o< rd*+2-n korela€ni funkce, d dimenze systému

Skalovaci relace:

) | 4+1
vi=2-a=28+y=p0+1)=ry— dvé nezavislé veliciny
: d—1
2—np= il = d—
L4 d+ 1



Example: ferroelectric phase transition

Variables: P (polarization) — order parameter, T

- Phase transition of the 2" order
Phase transition of the 1 order

A

A

P P

v

. does not diverge at T,

1y —

v



Fazové diagramy uhliku
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Temperature (K)
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Fazovy diagram Fe

Slope
38.5/GPa
1990 K
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Temperature / °C

Fazovy diagram systemu Cu-Ni

(Cu) Composition / wt % Ni

100
(Ni



Fazovy diagram systemu Pb-Sn
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Fazovy diagram systemu Fe-C
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Kapalné krystaly
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Kapalné krystaly

Termotropicke Lyotropické
Fazovy prechod mezi usporadanou a Fazovy prechod je fizen nejan teplotou
neusporadanou fazi s teplotou ale i koncentraci molekul a rozpoustédla

Biologické membrany

Amphiphile concentration /wt%




Kapalné krystaly

MBBA
N-(4-Methoxybenzylidene)-4butylaniline
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Kapalné krystaly

No field Electric field

Necessary thickness approx. 100 — 500 nm
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