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Entropy as a State Function(3)

S.J.T.U
Phase Transformation and Applications
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For a close system the reversible heat flow divided by the absolute
temperature of the system is a state or point function.
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S.J.T.U
Phase Transformation and Applications
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S.J.T.U.
Phase Transformation and Applications

Entropy falls

Heat withdrawn

Work

Heat dumped

Entropy
increases

SJTU Physical Chemistry of Materials

= Summary

Some heat must be discarded
Into a cold sink In order for
us to generate enough
entropy to overcome the
decline taking place in the
hot reservoir

Energy stored at a high
temperature has a better
“quality”: high-quality energy
Is available for doing work;
low-quality energy, corrupted
energy, Is less available for
doing work4-Z=Hy g /i34,
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Diescyle

Fuel
injector Fuel injection
¥ A and combustion

Prassure, P

C
g Carnot efficiency After Devins Vo \}3 ';"1
& Volume, V

COMpression
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Refrigerator

Expansion
, valve
Expansion -
lowers pressure Low
forcing vaporization pressure All real
Hol = i refrigerators
aroa =G Codling require
Q - work to
H < get heat to
- . flow from
Refrigerator|  acodarea
Compressor to a warmer
area.
Compression
g e
pressure liquification
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Heat Pumps

Q
All real Coefficient of Performance = —
refrigerators w
and heat Limit for ideal
pumps require General definition Carnot case
work to get
heat to "0'# CP = OH = __&1___ . T H i
from a cold W Qy-Q¢ Ty -Te
areatoa Ideal coefficient
warmer area. of performance

SJTU Physical Chemistry of Materials Spring 2007  © X. J. Jin Lecture 5 property relation |



2.9 Entropy Changes (2)

S.J.T.U
Phase Transformation and Applications
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2.10 Entropy change in chemical reactions and the third law (1)

S.J.T.U
Phase Transformation and Applications

The calculation of entropy changes for a chemical reaction is similar to the calculation
in the case of enthalpy changes.

One very important difference: Nernst 1906
The entropy change in any chemical reaction involving only pure, crystalline
substances: ZERO at the ABSOLUTE Zero of temperature.

Pure: pure elements and stoichiometrically balanced compounds that are perfectly
crystalline.

Planck
The entropy of a pure, perfectly crystalline substances: ZERO at the
ABSOLUTE Zero of temperature.

0 Superscript zero: standard state, 1 atm
ASO — O Subscript zero: temperature ZERO
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S.J.T.U
Phase Transformation and Applications

2.10 Entropy change in chemical reactions and the third law (2)

The third law provides a great simplification in the calculation of entropies of reaction.

T T
As$=A33+j&dT=j&dT
0 T 0 T

The entropy changes near room temperature are often needed in thermodynamic calculations,
the integral in above equation has been evaluated for many substance at 298 K.

AH

ZQS—I —dT + +j —dT +

AH,
_|_
Tb

298

j =P dT
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Index of nomenclature

S.J.T.U
Phase Transformation and Applications

Helmholtz free energy (F): Zi#k7% B4 fie
Gibbs free energy (G): 5 i il 4 4 fE

Chemical potential: {244
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S.J.T.U
Phase Transformation and Applications

The First Objective: to explore the variation of the energy functions (U and H)

with temperature and pressure.

The heat capacities (Cp and Cv) give the change of U and H with temperature,

Chap 3 Property Relations

at constant volume and constant pressure, respectively.

The Second Objective: to examine the dependence of properties, such as the
Internal energy, enthalpy, entropy, and other thermodynamic functions, on
temperature, pressure, specific volume, and other intensive variables.
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3.1 The property relation

S.J.T.U
Phase Transformation and Applications

A closed system consisting of a homogeneous material with uniform
properties throughout.

First law: dU =Q + oW

Second law: (S = X _ ow
T T

TdS = —dw

dU =TdS + W +dlw =TdS + oW,

All the work terms:

dU — TdS P dV Surface, electrical, stress effects, etc
dH =TdS +VdP
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3.2 The Functions F and G (1)

S.J.T.U
Phase Transformation and Applications

F: the Helmholtz free energy
G: the Gibbs free energy

Measures of the work required to change a system from one state to another.

dU =TdS + oW,

Integrating at constant temperature

W,,, = AU —TAS = AU — A(TS) = A(U - TS)
U-TS is defined as the Helmholtz free energy F

WI’EV — A F
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3.2 The Functions F and G (2)

S.J.T.U
Phase Transformation and Applications

G: the Gibbs free energy

The useful work that can be done by the system must be calculated
exclusive of the P-V term.

W =W  —PdV =dU -TdS
Integrating at constant temperature and pressure
W =AU +PAV —TAS =A(U + PV -TS)
=A(H-TS) =AG

G=H-TS dF = -SdT — PdV
dG = -SdT +VdP

SJTU Physical Chemistry of Materials Spring 2007  © X. J. Jin Lecture 5 property relation |



3.2 The Functions F and G (3)

S.J.T.U
Phase Transformation and Applications

TS :
l H=U+PV

G=H-TS
F=U-TS
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3.2 The Functions F and G (4)

S.J.T.U
Phase Transformation and Applications

dU =TdS - PdV

dF = _SdT — PV P

dG = —SdT +VdP i S,

dH =TdS +VdP

\
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S.J.T.U
Phase Transformation and Applications

Closed systems consisting of a homogeneous material with uniform properties throughout.

U =U(S,V)
s ), Lav
dU =TdS — PdV

jdv
s

EE
oS ),

Qj __p
oV ).
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3.3 Chemical Potentials (2)

S.J.T.U
Phase Transformation and Applications

The thermodynamic equations will be extended to deal with changes in composition
through additions of mass.

The equations are used especially for the treatment of solutions and chemical equilibria,
where molar compositions are important. We will denote mass by the letter, n, number
of moles.

U=U(S,V,n)
U (auj . (auj dV+Z(8Uj dn,
0S V.n; oV s.n, i ani SV.n;#n, PA
dU =TdS — PdV +Z£ ] dn, ! —
6” S.\V,nj#n |
V
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3.3 Chemical Potentials (3)

S.J.T.U
Phase Transformation and Applications

H=H(S,P,n)

dH:(a—Hj dS+(a—Hj R gl (AL B
0S P.n, oP S.n; i ani S,P,n;#n;

dH =TdS +VdP+Z(aHj dn,
i S,P,n;=n;

on.
F=F(T,V,n)
dF :(a—Fj dT +(8—Fj dv +Z o dn. Pt
oT V0, oV T,n; i 6ni TV.,n: #n
V.nj=n, . g
dF =-SdT —PdV +)_ il dn,
i 6ni TV .nj=n ¥
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3.3 Chemical Potentials (4)

S.J.T.U
Phase Transformation and Applications

G=G(T,P,n)

o) a{2) wux(S] w
oT P,n; oP T.n; i on, T,P.n, #n,

dG = -SdT +VdP + Z[ZGJ dn,
. n.
' T,P,n;=n,

G=F+PV Z(g_fj id”i :Z[%j

dG =dF + PdV +VdP

dG 5/-SdT +VdP + E KgF ] dn, Py
i n
' T.V,n;=n;

dF =-SdT — PdV +Z(2—Fj dn,
i n;

1TV njn;

V
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3.3 Chemical Potentials (5)

S.J.T.U
Phase Transformation and Applications

ani T,P,nj=n; ani T.V.,nj=n;

(@j [ﬁj (ﬁj [Qj .
ani T,P,nj=n, 8ni TV.nj=n; 8ni P,S,nj=n; ani V.,S.nj#n; |

/Ji The chemical potential of the component i. Py

Used extensively in the treatment of the thermodynamics L
of solutions and of chemical reactions.

i
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Review

S.J.T.U
Phase Transformation and Applications
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H=U+PV dU =TdS — PdV
—— PV [IG=H-TS dF =-SdT — PdV
! | Pk
5 F=U-TS dG = —SdT +VdP
- L 5 [dH =TdS +VdP
i

/,li The chemical potential of the component i.

(ae] (GF] [8H] (au) _
6”' T,P.nj=n; an' TV, nj=n Gn' P,S,n;=n; an' V,S,nj=n; |
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Homework

S.J.T.U
Phase Transformation and Applications

Exercises in Chap 3
P94, 3.2
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