Chapter 6 Thermodynamic Properties of Fluids

86-1. Property relations for homogeneous phases
1. Thefirst law for a closed system of n molesis:
dU =dQ + dw
(1)For the specia case of areversible process,
dU = dQrey + dW/e,
dQ, =TdS  ----m---- 2nd law
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dU =TdS- PdV

O = (2 -y ds+(Z-) dP ; ;
0 0 } (5=)=Ti(S=)=V
dH = TdS+ VdP 0 0




Oda = (Q---) dT + (Q---) dv 3 5
0 ¢ } (5-)=-Si(5—)=-P
dA = -SdT - PV 0 0

04 = (2o dT +(Z oy dP - ;
o 0 } (5-)=-8;(5-) =V
dG = -SdT + VdP 0 0

\

duU =TdS- PdV isaexa_ct differential > (ﬂ)s=-(—)v
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&dA = -SdT - PdV isaexact differential & (%-—-) = (%--—)
€dG =-SdT + VdPis aexact differentia 2 (%-—-) = (g---)



3. Enthalpy and entropy as functions of T and P
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. dH=C,dT + {V—T(ﬂ)P}dP=Cp dT + (1-pT)VdP

ds= cpdTT ( )PdP cpd—T BV dP

as functions

(2)However,
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Example 6-1:
Show the Joule-Thomson coefficient (i = (Z;j H —i [T (av j -V]
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Example 6-3:

Show thermodynamically that Iy = ((2—3) = 0 for aperfect gas, and deriveits value
T

for avan der Waals gas.

where 5=The
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Prove that [Qj =Cp— P[&)
oT J)p aT Js
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Example 6-6:

Derive the Joule coefficient [2—\1;] for avan der Waals gas.

U

holtz and Gibbs fr
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&% T,P % 2@ > du+PdV—TdS<0 7 & =&
dU+ d(PV)—d(TS)<0 or d(U+PV)—d(TS)<0
% dH—TS<0 & G=H—-TS > (dG)1p<0
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d HeI mholtz free energy :

i < work
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@ i isothermal ™ » § BFE ¥4 g1 T fhcase:

dG =-SdT +VdP=VdP3> AG = § dG = jplvOlP

Ofor ideal gasess AG=§ dG = j( de —nRTln(I;J
1

@for liquid or solid : AG =V (P,— Py)
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Example 6-7:
Calculate g, W, AU, AH, AS, and AG for the conversion of 3 moles of H,O from liquid
water to water vapor at 1 atm, 100°C ?

Example 6-9:

4

SGLUREI Talvan. L niversity.

of formation, A{H°.
COANG fr AHC & 4 #f i engFd o
07 Ay G F AppH a3 B = s 4p ke o
AxnH® =X 7 jx AfH (products) — ¥ 7 i xAH (reactants)
AxnG° =3 7 jx AfG°(products) — ¥ 7 i xA¢G°(reactants)
®%’ chemical reaction {ﬁ;‘f;”.'}ﬁ—r BT %”? e B ﬁ%ﬁ”Aranolfi’
ArcnH® B ApnG® = ApnH® = T ApnS°
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Example 6-10:
Determine AxnG(298K) for the following chemical reaction:
2 Hg[g] + Og[g] 2>2 Hzo[g]

Hzg Oz H20r¢
AH®, kI/ml 0 0 -285.83
S, Jmol-K 130.68 205.14 69.91

AG° kI 0 0 -237.13

OFocus on AG -

is called the Gibbs-Helmholtz equation.

. 2,,AG,_ =, AH
A jld(?)_-Ll ()T
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Example 6-11:
Gl 4 A pd i AG®No(g=20.7 kca/mol 5 AG®Noz(g=12.4 cal/mol o & 1 # & %% >
AH\0(g=21.6 kcal/mol ; AH Nop=8.1 cal/mol - * O, 51 Cp=6.5; NO 1 C, =7.0 ;
NO, ¢ C, =9.0[ ¥ =¥ &_ (cal/mol-K)] » F 1 am, 100°C p* -

2 NO(g) + Oz(g) >2 NOz(g) 2. AG?
AL & d i R BB RGP S jed ¥ lam 25T -

\% RT?

74 =t
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86-2. Residual properties
1. Define:
(1the residual Gibbs energy GR=G—G'
G : actual gas IV Gibbs free energy - ® >t & 1mol *
G : ideal-gas [i Gibbs energy - B R DIEET .

(2)the residual volume VR=V —V'9 =V — (RT/P)

6-11



For real gas: Z =(PV/RT) = V = ZRT/P

SVR=V V9= —(RT/P) =% (Z—1)

(3)The definition for the generic residual property is:
MR=M—M

oM £ M'Y » w| % 1mol 1 actual gas 7 ideal-gas 1 extensive property 4
V U H-S#Geregikif kRT S -
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y 24
o AT IRIN'S

Sﬁ“ﬁ‘fﬁ@ﬁﬁ“‘["ﬁ%an ngefd

G=0=> G,=G; (®1mole % £ &) ;g; |
Of AR T+dT
o Ao S\ e
a phase i Gibbs energy = G, + dG. T \

B phase 7 Gibbs energy = éﬁ +déﬁ
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e & 3% a8 [phase che T

G .G, +dG, =Gy +dGy
* dG, =dGy

e dG=-SdT +VdP =& —-S.dT +V.dP =-S,dT +V sdP

sub

—Vs)

solid-vapor equilibrium
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2. g liquid-vapor equilibrium :

dP AHw
dT T(VAg —\7f)

(W), >V, > P _AHw

dar TV,

%)
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Example 6-13:
Find the boiling point of water at 750 mm-Hg if the heat of the vaporization of water
is539 cal/g at 100°C, 1atm.

Example 6-14:
The normal boiling point of tolueneis 110.6°C . Find the vapor pressure of toluene at
77°C if the ization is 33.69 kJmol.

4 243K % 273K ik Hy s ipag s &
(A fe# (B)ip

(B)39.6 mm-Hg; 2

F)YG A AT

TSR AT TR areTty

T(K) 36
P@m) 075 0411 0.132 0.04
sol @ #-F G ehTablese= UT & InP

Ut 2.74x10° 2.86x10° 3.08x10° 3.33x10°
InP -0.288 -0.889  -2.025 -3.219

6-15



£ 2 InP ¥ UT iv® » &2 dope
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Sl y=49827x 413355

4
2.50E-03 3.00E-03 3.50E-03

T

InP

K _Table® » g 353 &
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