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1.2 Single Component Systems

Draw the plots of Cp vs. T,
Hvs. TandSvs. T. Ce
OO T{K)

How is Cp related with H and S? @

_ oH _ _ T Fnthnlpy? slope =(/
Cp = ( )P H=? H= IzgscpdT # > T (k)
298

oT
H =0 at 298K for a pure element E”/
in its most stable state.

S=7? S=j;CT—PdT

=T (K}

(c) 0
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1.2.1 Gibbs Free Energy as a Function of Temperature

Plot the curves of Gvs. T.

oG
What is the slope in the plot of G vs. T? (a_-l-j =-S5
P

G=H-TS H =EgscpdT S :j;(?r—PdT
T TC
G=[_ CedT-T| =T

At which temperature G is equal to H?
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1.2.1 Gibbs Free Energy as a Function of Temperature

Compare the plots of Hvs.Tand G vs. T. dG = ?

H

G=H-TS dG = -SdT +VdP

slope= Cp (@j =-S
T (K) aT P
s oG _V
oP J;
) ¥ Shaii G decreases
o with increasing T

with a slope of -S.
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1.2.1 Gibbs Free Energy as a Function of Temperature

Which is larger, H- or HS?
HL> Hs at all temp.

Which is larger, St or S8?

St> SS at all temp.

solid.
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Which is larger, Gt or GS at low T?
GL > GS (atlow Temp) and GS > GL (at high Temp)

— Gibbs free energy of the liquid decreases more
rapidly with increasing temperature than that of the

i
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At T_ both phases exist
in equilibrium. G- = G°

What is a relation
between H- and HSat T,?

L=H-—HS
L: Latent heat of melting at T,,

Fig. 1.4 Vanation of enthalpy (H) and free energy

equilibrivm melting temperature.

What is a relation between G- and GSat T,,,?

For temperature up to T, solid is
stable and above T,,, liquid is stable.

Draw Fig. 1.4.

#{liquid) ¢

/H[ solid )
P

(G) with temperature for the solid and liquid phases
of a pure metal. L 1s the latent heat of melting, T, the

TR

solid _,l_liquid
stable stable
|

G iLiguid]
1
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1.2.2 Pressure Effects

What is the thermodynamic meaning
20001 Liquid iron _ of phase boundaries?
1500_(/@5550 Derive the equation
o 5—iron describing the P-T diagram.
DLy , dG® = -S“dT +VdP
3 Y -iron
o 800+ dG’” =-S/dT +V/dP
@ -
o dT/dP< A a p
E 4004 . ' In equilibrium, G* =G
- a.-iron € -iron
— dG* =dG”
25 50 75 100125 150 175 [ dPJ AS AH
Pressure, kbar - = = =
dar), AV TAV
Fig. 1.5 Effect of pressure on the equilibrium .
phase diagram for pure iron. C|aUS|S'C|apevr0n Eq.
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1.2.3 The Driving Force for Solidification

Liquid was supercooled to T below T,,. What is a driving force for this
phase transformation (solidification)?

— Decrease in Gibbs Free Energy (AG-S)
between Initial and Final States

AGL™S = 2 (@j g
(1) AHL™S, ASL—S b .

(2) T, AT, L AG

How is the slope

determined in G-T diagram? 5 G*
Plot the dependence of AT Gt
Molar Gibbs free energy }

on T for Liquid and Solid. o Tm  Temperature
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1.2.3 The Driving Force for Solidification

At T, AG-S = AH"?S _TAS"S

m

G" = H--TS*
GS = HS —TSS We know T, AT and L
but do not know AH"7%, AS"7S,
- \ At T,, AG"”°=AH"°-TAS'"® =0
o
b AG
@ AH L .
c e AS = f = ﬁ : Entropy of Fusion
G
= : GS If AH and AS do not vary
Al | with temperature,
e i — if AT is small
I
i sLtl aga AT
T Tm  Temperature AG=L-T T Lo T

m
i
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1.3 Binary Solution: Gibbs free energy

Variables ?
— composition, temperature, and pressure
— composition and temperature at constant pressure

Itis assumed that A and B have the same crystal
structures in their pure states and can be mixed in any
proportion to make a solid solution with the same
crystal structure.

The molar Gibbs free energies for pure A and B are
given as G, and Gg, respectively.

How can you derive the expression of the molar Gibbs
free energy for binary solution?
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Problems that will be
asked in the next class

Sept. 9, 2008
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1.3 Binary Solution: Gibbs free energy

ﬂl(?mr'x — "j‘Hmix o ‘Tﬂ‘Smu

AH,,, : Heat of Solution i.e. heat absorbed or evolved during step 2
AS,,, : difference in entropy between the mixed and unmixed state

If the bond energy of A-A, B-B and A-B is the same,
what would be AH_. ?

mix *
Derive the expression of AS,;, for ideal mixing.
Compare AG,,, for ideal solution between high and low T.

What is the meaning and the usage of chemical
potential (1,)?
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Derive pu, and pgfor the ideal solution of a binary mixture.

Draw the graphical relationship between the molar
free energy curve and chemical potentials
for an ideal solution.

Bond energy Number of bond
A‘A EAA PAA
B'B EBB PBB
What is the Internal energy of the solution?

What is AH,,;, of the solution?

What would be AG,,;, of this solution if mixing is ideal?
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What is the meaning and the usage of activity (a)?

What are Henry’s law and Roult’s law
and their meaning?

Phase Transformations in Metals and Alloys NRL of Charged Nanoparticles ﬁ |




