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Review of Previous
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Non-ideal Solution: FEFHAHE W

Activity coefficient: 7% /&% &%

Gibbs-Duhem Relation: Gibbs-Duhem>x &=
Dilute Solution: Ak

Colligative Properties: #k{k

Osmotic Pressure: 3i% )k

Regular Solution: I
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Raoult’s law and Henry’s law
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Dilute Solution and Colligative Properties (2)
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The vapor pressure of the solvent is reduced. Colligative

properties

KA. 7

The boiling point of the solvent is elevated.

The freezing point of the solvent is lowered.

The solvent will display an osmotic pressure.

SJTU Thermodynamics of Materials Spring 2007  © X. J. Jin Lecture 13 Phase Rule



S.JT.U
P

hase Tr

Q

ERIE P2

Pl

Dilute Solution and Colligative Properties (3)

ﬁsformation and Applications

D
I
I
I
|
|
L l
| |
I 1
-n -
g ' Ty

B 5-6 MERPEBREHESTE

SJTU Thermodynamics of Materials

Page 6/44

Spring 2007

=) F#
I S

B 5-7 WIEWAEESTE

Lecture 13 Phase Rule



Osmotic Pressure (1)
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Figure 7.14 Osmotic pressure.
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Regular Solution Atomistic Interpretation (3)
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For the regular solution:

G oH \, O(aX , X
OX g OXg )
He =X, Xg + X,0(X, - Xq
H B — a)XA G B — RT ln 7/8 HIS T Y
ny, = —x2 Justify the algebraic form c i
RT in a regular solution. [ A — |

Figure 7.13 Plot of excess enthalpy of mixing versus com-
position for a nonideal solution.
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Regular Solution: Atomistic Interpretation (1)
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AB ISR TR M i Random distribution
W2 e i A8 s 1 (8] AR BAE H Z.: coordination number

A AR TN ANBIE TR T B I v E, »: bonding energy

Table 7.1 Bond Energies After Mixing Atoms A and B in a Solid Solution

Number of Bonds Energy per Bond Energy
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Nomenclature
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Phase: #H
Component: 247t

e

Degrees of freedom: H
Phase rule: fH13
Phase diagram: #H &

One-component system: .70 5K
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Phase
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Phase: a homogeneous, physically distinct, and mechanically
separable portion of matter present in a nonhomogeneous
physical chemical system.

<Webster’s Dictionary>
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Phase (Britannica) 1
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in thermodynamics, chemically and physically uniform
or homogeneous quantity of matter that can be separated
mechanically from a nonhomogeneous mixture and that
may consist of a single substance or of a mixture of
substances. The three fundamental phases of matter are
solid, liquid, and gas (vapour), but others are considered
to exist, including crystalline, glassy, amorphous, and
plasma phases.
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Phase (Britannica) 2

S.J.T.U
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Matter 1s considered to form one homogeneous phase 1f its atomic
or molecular dispersion 1s uniform; e.g., a glass of water
containing dissolved salt, sugar, and a dye constitutes only a
single liquid phase. If hundreds of grains of sand were added, all
the grains together would constitute only a single additional
(solid) phase.

The different phases of a pure substance bear a fixed relationship
to one another in terms of temperature and pressure. Thus, 1f the
pressure on some liquids 1s raised, they will freeze at a higher
temperature. This relationship is extremely important in industrial
as well as scientific work.
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Phase diagram (Britannica) 1
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graph showing the limiting conditions for solid,
liquid, and gaseous phases of a single substance or
of a mixture of substances while undergoing
changes in pressure and temperature or in some
other combination of variables, such as solubility

and temperature.
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Phase diagram (Britannica) 2
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PrESSUrE —=

temperaturg —-

The Figure shows a typical phase diagram for a one-component
system (i.e., one consisting of a single pure substance), the
curves havmg been obtained from measurements made at various

pressures and tem peratures.
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Thermodynamic stability of coexisting elements, compounds, and solution

oq o . v
Equilibrium structure

How many phases
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8.1 Phase 1
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8.1 Phase 2
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« WPt chemical species N
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C=N-R
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Degrees of Freedom
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8.3 Specifying a System
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Intensive properties
VAR: total number of variables to be specified

VAR =P(C —1)+2

Not take account of following situations:
* Amount of each phase
*Surfaces or surface energy
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8.4 Equilibrium Conditions
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Equilibrium conditions:

The chemical potential (partial molar Gibbs free energy) of a component must be the
same throughout the system.

Intensive properties

2 3 4 I
Hi =H =l =H =...= K
No significant potential and kinetic energy differences in the system

,Llip the chemical potential of component i in phase P

The total number of relationship

REL = C(P 1)
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8.5 Gibbs Phase Rule
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Degrees of freedom available in the system (F):
VAR: the number of variables required to specify the system
REL: the number of relationships required by the equilibrium condition

F =VAR - REL
F=P(C-1)+2-C(P-1)

F=C-P+2

F: the number of system variahles that we may freely vary, or arbitrarily fix

C: components
P: phase n
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8.7 Example 1

S.J.T.U.
Page 25/44

Phase Transformation and Applications

Decomposition of calcium carbonate into calcium oxide and carbon dioxide:

CaCO,(s) > CaO(s)+CO,(9)

Three chemical species and one relationship among them
Components: 2=3-1
Three phases, P=3

F=C-P+2=2-3+2=1

Temperature is fixed, then pressure is fixed.

| R il 2% 1AM PR 3 [A) — A A 4 o
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8.7 Example 2

S.J.T.U.
Phase Transformation and Applications Page 26/44

Decomposition of calcium carbonate into calcium oxide and carbon dioxide
Nitrogen is added to the system:

CaCO,(s) > CaO(s)+C0O,(g)

Four chemical species and one relationship among them

Components: 3
Three phases, P=3

F=C-P+2=3-3+2=2

The temperature and the total pressure can each be varied independently.
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8.7 Example 3
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CO,(g)+C(s) > 2C0O(9)

Three chemical species and one relationship among them
Components: 2
Two phases, P=2

F=C-P+2=2-2+2=2

The temperature and the total pressure can each be varied independently.

SJTU Thermodynamics of Materials Spring 2007  © X. J. Jin Lecture 13 Phase Rule

Page 27/44



{7y

S.J.T.U.
Phase Transformation and Applications Page 28/44

7 OR NI R G RIANEL 0 EOR B AL

o BT ENASO,MAIR (A 7o) Abird
= KINa,SO,, i 14

o R ARG Na,SO AR I
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ZnS(s)+ 302(g) =Zn0O(s)+S0O,(9)

|«

ZnS(s)+20,(g) =2ZnSO,(S)

S0,(9)+-0(9)=S0,(0)
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8.6 One-component System
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Degrees of freedom available in the system (F):

F=C-P+2

F: the number of system variables that we may freely vary, or arbitrarily fix
C: components
P: phase

C=1][P=1,F=2
P=2F=1
P=3,F=0

Phase diagram

pressurg —=

Minimum of P and F: 1,0

temperaturg —=

Maximum of F: 2
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Clausius-Clapeyron /7 1%
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S.J.T.U.
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8.6 One-component System /
H,O
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%
5

Solid IV

A
Gas

Triple point (F=2)
o PR LA S

Pressure —=

Temperature —>

Figure 8.1 Phase diagram for water (one component). In the
phase diagram for water, the solid-liquid equilibrium line
slopes up and to the left from the triple point because the
volume change upon solidification is positive. In most mate-
rials, the volume change upon solidification is negative, and
the solid-liquid equilibrium line slopes up and to the right.

SJTU Thermodynamics of Materials Spring 2007  © X. J. Jin Lecture 13 Phase Rule



8.6 One-component System / S

S.J.T.U.
Phase Transformation and Applications Page 37 /44

57
X Jk

AR}

=R
PAHIEAF R Rb

p/Pa

3.33

1.33-p

10 L ]
368.6 386 392
T/K

Kl6-4 WMAEME

SJTU Thermodynamics of Materials Spring 2007  © X. J. Jin Lecture 13 Phase Rule



—
=
=%
==

B 8.6 One-component System / SIO,

S.J.T.U.
Page 38/44

Phase Transformation and Applications
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8.6 One-component System / SiO,
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* Phase rule
e One-component systems
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: 75@1631‘)?

=C-P+2 C=1 P=LF=2
P>1:F >0 P=2,F=1
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dT  TAV IR 4 ==
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Homework
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*Exercises in Chap 6
P 205, 8.1
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