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PREFACE

T his manual provides detailed solutions to all problems
presented in the third edition of the textbook Molecular Thermodynamics of Fluid-Phase Equi-
libria (Prentice-Hall, 1999).

This manual was prepared according to the corrections presented on the third (and subse-
quent) printing of the textbook. For those who have copies of the first and second printings, an
errata is available for download at http://www.phptr.com/ptrbooks/ptr_0139777458.html or at
http://alfa.ist.utl.pt/~ejsga.

Although we have carefully checked all solutions presented here, we would appreciate be-
ing informed of any misprints or errors that the text may contain.

We gratefully acknowledge the contribution of Van Nguyen that checked all the solutions
presented here.

Berkeley, August 1999

J. M. Prausnitz
Berkeley, California

R. N. Lichtenthaler
Heidelberg, Germany
R.Lichtenthaler@urz.uni-heidelberg.de

E. Gomes de Azevedo
Lisbon, Portugal
egazevedo@jst.utl.pt
http://alfa.ist.utl.pt/~ejsga












SOLUTIONS TO PROBLEMS

CHAPTER2

1. From problem statement, we want to find (0P / aT)v .

(A7),

Using the product-rule,
By definition,
and

Then,

-5
(ap) =2 80 33.8 bar °C!
v

aT),  xr 532x10°

Integrating the above equation and assuming o,p and K constant over the temperature range,
we obtain

AP = op AT
Kr
For AT = 1°C, we get
AP =33.8 bar
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2. Given the equation of state,

we find:

For an isothermal change,

- [5G o

AH = J:z [—T(%)P " V] dP = nb{(Py — P,)

AG = AH - TAS = nb(P, —Pl)—nRTln(%)
2

AM=AU-TAS = —nRTln(ﬁ)
P,



w

Solutions Manual

3. This entropy calculation corresponds to a series of steps as follows:

T S3(vapor,
T=298.15 K
P=1 bar)
i
S4 (saturated liq. S, (saturated vapor,
T=298.15K T=298.15K
P=0.03168 bar) P=0.03168 bar)

53 =As1 55 +Asy_3+5

Avgph _ (2436)x(18.015) _ 147.19 TK-" mof~!
T 298.15 )

L

Because v= R—PT- (ideal gas),

Asjy3 = Aygps =

Aspys = —Rln(%]

1.0
=—(8.31451)xIn
B ) (0.03168)

=-2870 JK~! mol™!

53 = sO(HZO, vapor)

=147.19-28.70+ 69.96

=188.45 JK ! mol!
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4. Because 0. = %—v,

_RT _ RT
o0+vV 2-3/vZ4vy

or
2
p=_ RIV"
2vZ —3+v3
(§£J _ RTv (V3 +6)
ov)r (v -3+v3)
As v=23L mol"l, T=373.15K, R=0.0831451 bar L K-! mol, and molar mass is 100 g
mol-l,
oP -1 3 -3
v =-3.3245 bar L"* mol =-3.3245x10°Pa m™ mol
T

oP
w2 = —gckvz(sv—)T

2
3
=—( ki?—)x(m)x(——l—-—— m°’)x(23x10‘3-m—1] x(—33245x108 Nm°l)
mo

Ns? 100x10~3 kg m? m3

=24,621m? s~2

w=157ms™}

5. Assume a three-step process:
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(1) Isothermal expansion to v = oo vE®
(ideal gas state) v 2

(2) Isochoric (v is constant) cool-
@ M=

(Té ,Vz)
(3) Isothermal compression to v,
== (T3.v4)
T
For an isentropic process,
AS=ASI+A.S‘2+AS3 =0
Because s = s(v, 7),
ds= (-a—s) dv+(§s—) dar
ov)r aT J,
or
ds=[22) av+ear
aT ), T
by using the relations
as oP
— ] == (Maxwell relation
o) _1fou) ey
oT), T\oT), T
then,

=00 7, 0
As=£' (B—P) av + L’idr+ 2 (35) v
, \ar), T 3T ),

Using van der Waals’ equation of state,

p BT _a
v-b v2

Thus,



or

To simplify, assume

Then,
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ce =cg—R
RT:

Vo =—2
%)

i
N S e W
Vl—b R T2

“|

2
Because —<1,
v2

Thus,

(B20STOX(T3)=45 ] _ 3 o). 1 62315
60045 5
T, =203K
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Because

the second virial coefficient for van der Waals equation is given by

B=p-—-2L
RT
7. Starting with
du=Tds — Pdv

(2) -o{2) A2
op), \or); "\apP),

- 91) _ ﬂ)

As
v=_RZ+B=£ b_i
P 2
(2) 2.2
oTJp P T3
) _ _RT
oT Jr p2
Then,
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