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Fyzikalne premeny Cistych latok

~ fazova rovnovaha
jednozlozkovych sustav.

~ najjednoduchsi priklad
aplikacie zaverov
Termodynamiky / Gibbsova
energia /

Pressure, p

~ 1 zlozka empirické
Vapour stanovené fazové diagramy,
- T ktoré predstavuju akusi
Temperature, T Mmapu teplf)t a tlakov.

~ zavedieme novu TD
veli¢inu
U= @ * Chemicky potencial.
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Chemicky potencial

Same
chemical
potential

=G,

Chemicky potencial.

Smer samovolného deja urCuje smer znizovania
chemického potencialu.

Cistd latka s vysokym chemickym potencidlom
ma tendenciu spontanne prechadzat do stravu s
nizSim potencialom.

Rovnovaha

V rovnovahe plati ze chemicky potencial latky je
rovnaky v celej vzorke, bez ohladu na pocet
pritomnych faz.
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Faza a fazova stabilta

Faza

je formou hmoty, ktora ma vo
vSetkych svojich castiach rovnaké
chemické zlozenie a rovnaky
fyzikalny stav.

Pressure, p

Fazova premena

Vapour je samovolna premena jednej fazy
na inu fazu, pri danom tlaku
prebieha pri urcitej charakteristickej
teplote.

Temperature, T

Figure 4A.4 The general regions of pressure and temperature
where solid, liquid, or gas is stable (that is, has minimum molar
Gibbs energy) are shown on this phase diagram. For example,

the solid phase is the most stable phase at low temperatures and TepIOta premeny ., L
high pressures. Je teplota pri ktorej su dva chemické

potencialy rovnaké, a dve faazy su
pri danom tlaku v rovnovahe.
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Faza a fazova stabilta
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Rychlost pri ktorej dej prebieha.

Napr.

Grafit — Diamant.

Diamant by sa mal za beznych
tlakov a teplot menit na grafit. Dej
je vSak nemeratelne pomaly.
Rychlost premeny je kineticky
problém, presahuje TD.
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Faza a fazova stabilta

Vplyvom kinetickych zabran je diamant
metastabilnou /zdanlivo staly/ fazou
grafitu.

Less Stable

Schéma metastability. Grafit aj diamant
su vyrobené z uhlika, ale atomy su
usporiadané odliSne. Dve polohy v
grafe energia vs. Struktura predstavuju
priaznivé struktury pre uhlik, ale grafit

> ma nizSiu celkovu energiu. Ak je k
dispozicii dostatok energie alebo Casu,
diamant nakoniec preskoci bariéru
medzi transformuje sa na grafit, ¢im sa
stane stabilnym.

Energy

More Stable

Structure
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Fazové rozhranie /koexistenéné krivky/

Aké je ekvivalentné slovenské
oznacenie ?

boiling temperature
normal boiling point,
standard boiling point

critical temperature,
critical pressure,

)

(b) (c) o, . .
| e supercritical fluid

Figure 4A.6 (a) A liquid in equilibrium with its vapour. (b) When
a liquid is heated in a sealed container, the density of the vapour melting temperature.
phase increases and the density of the liquid decreases slightly.
There comes a stage, (c), at which the two densities are equal and 1
the interface between the fluids disappears. This disappearance freeZIHg temperature '
occurs at the critical temperature. triple pOiIlt,
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Gibbsovo fazoveé pravidlo

Napr.

Pocet latok Pocet faz v rovnovahe 1 iha jedna latka C=1

/

N ¥
F=C-P+2

e

Pocet stupriov volnosti

Pressure, p

Critical

2, Trojny bod P=3
3, pocet stupnov volnosti F=0

1, iba jedna latka C=1
2, Koexistencna Ciara P=2
3, pocet stupnov volnosti F=1

1, iba jedna latka C=1
~— 2,ibajednafaza P=1
3, pocet stupnov volnosti F=2

Temperature, T
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Fazové diagramy
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Fazové diagramy
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TD aspekty fazovej premeny

Jednotlivé chemické potencialy pre
rozne fazy sa s teplotou menia
rozdielne.

Ak napr. chemicky potencial pary (g)

~
= Je vyssi ako kvapaliny (l) d6jde ako
= Liquid to dovoluje kinetika spontanne k
% fazovej premene.
o Vapour
© dG =-8dT at constant pressure;
= dG = Vdp at constant temperature
2
O
dG=Vdp—-8dT
Liquid Vapour \
stable stable / X
7:‘ Tb (a_u ] = Vm a_Ju _ —S
Temperature, T ap . 3T i m
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TD aspekty fazovej premeny

dG=vdp-SdT| |[5-| =Vm

High
=1 pressure
5| High ~Hauid "
E pressure / Tg Liquid
E :::I::r
Q 2
= : a
= | Low L
E €| Low
2 | pressure S | pressure
© Solid 3]
T, T,
(a) Temperature, T (b) Temperature, T



Poloha koexistencnych cCiar

dG=Vdp—-S8dT

du=-S dT+V dp

V_(o)dp =S, (0)dT =

_ V. (B)dp—S,.(B)dT

e (S (B)—S. (0)}dT=
e (V,(B) - V,,(c0)}dp

A, SdT= A, Vdp

Temperature, T dp B AHSS

Clapeyronova rovnica / dT N AtrSV

Phase o

Pressure, p




Poloha koexistencnych &iar (s)-(l) a (I)-(g)

d _ AH,SS - Clapeyronova rovnica
dT A,V )]
dp A H /
dT ~ TA V
(1)-(g)
dp _ AH
dT TAV&PV A/ = V() Clausius-

Vm(g) = RT/p. / Clapeyronova rovnica

dp _ AvapH _ p AVapI_I dlnp - AvapI_I
dT ~ T(RT/p)~ RT> dT  RT’ dx/x = dlnx,




