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Chapter 3

[3.1] Prove that PV is constant for an idecal gas. The process is adiabatic.
Lety=C/C,

Solution
dU = 6Q — 6W = —PdV
80 =0

oU olU
Le \4
t U= f( T)adU(aVJ dV+[aTJ dT

Since U =f(T) only for an ideal gas, [%) =0 hence
r

ou
du = ( JFJ dI’. Atconstant volume, dU = C 4T thus
1%

oU
dU=|Z=| dT = C,dT = -Pav.
(arl,d C,dT = —PdV

PV=RT = T= % and
1 1 :
dT = Eai(,m/) = E(Pdv+ VdP). Expanding,

cv[%(mw VdP)}=—PdV

CPdV+ CVdP =-RPdV
C,PdV+ RPdV =-C VdP
PaV(C,+ R)=-C VdP.
Since Cp -C,=R,
dav dP

C,PdV =—C,VdP = C —-—H—C,?.

C =—C —::»C In ﬁ =—C,In ﬁ
14 A
P u
Hence, In L =In & thus
4 A
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o o C, C C,
P, v vr P Vi.*
(2)—0, - 2(; = L= 2— hence
(PI) V; sz VIP

ROV =PFVy" or
(RCV ‘/1(:1- )1 /1C, - (chv Vch )!fcv X
Gl €. ;
PI(VI) 2 1G =P2(V2) 2 1G , Letting y= Cy/Cv,
BV = RV} hence
PV! =constant.
[3.2] Compute the standard entropy of formation for the reaction 2H,(g) +

S,(g) — 2H,S(g) from 300 to 800 K in 100 K increments. Plot the en-
tropy as a function of temperature. What is the significance of the plot?

Solution
Sy(8): 2.l Amol -K)] = S35 ) +(S25, - Sé’ea.s,(g))

4 Sz (3)
=228.17+ I 9—”—7—‘2
298

T
=228.17+ j(47.%9 —3.4459x1072T + 6.9404 x 1077 T?
208

23124x%10°T%° 22639 %10* T 541 /T

=228.17 + 47.069 ln(-i%] —8.4459x 10-3(T - 298)

+3.4702 x 10-7(T2 — 2982)

1 1 1 1
+4.6248 x10%| — — +1.1320 % 104(-~—).
[JT 4298) 7% 9982

Substituting for T in the above expression for Sp ¢ (&)"

For S,(g):

(1 moD)Sgoor s, (5) = 228:39 JIK (1 mol)Sgeo s, () = 252.16 JIK
(1 mol)Sgpo s, (5) = 237:98 (1 mol)Sook s,(5) = 25771

(1 mol)Sgox 5, () = 245.70 (1 mol)Sgoo s, () = 262:56
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H,(g): 82, [J mol - K)|= S (S

T, Hy () ‘1?',”: () SS”-”: (s) )

v Hz(&‘) ]
=130.68+j Gl

T
298"

T
=130.68+ J. (7.4424 +11.707 %1073 T - 13.899 x 10”7 72
298

+4.1017 % 102705 - 51.041x 104T-2)dT/ T

=130.68 +7.4424 1n(%§]+ 11.707 x 10-(T — 298) - 6.950 x 10-7 x

1 1 1 1
T2 -2982)-8.2034 x 102[-— - —-——) +25.521x 10*(— e
( ) VT 298 T 2982
;o 5 . 0
Substituting for T in the above expression for ST’ H,S(s)?
ForH,(g): .
(2 m‘)])Sgooch.(s) =261.74 J/K (2 moI)S;'m_,m’{s) =302.20 J/K
(2mol)Sg, .y () =278.48 (2mol)Sz,, . ) =311.26
(2mol)Sg, . () = 29152 (2mol)Sg, g = 39112

HyS(8) : ST /0l K| = S 5y +(S2) = S 500

T cptaste) T(29.37+15.40x107
=205_30+J CP_T_£:205_80+J' (29. .Tx 0T)dr
2

98 298
=205.80+29.37 ln(—z—;—sj +15.40x1073 (T —298).

Substituting for T in the above expression for S°

T,H,5(g)’
ForH,S(g):
(2mol) 88, 15 =412.06 J/K (2mol) Sgyo. H,s(g) = 462.00J/K
(2mol) S5, ., oy =432.04 (2mol) SF, ;) =474.14
(2mol) 8%, 1 o) =448.22 (2mol)Sg, ., ) =485.06
2H,(3)+5,(g) - 2H,S(g): AS® = 2550 ~ S8 ~ 2k
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T =300K :AS* =—-78.07J/K 600K :AS% =-92.36 J/K
400K : AS® =-84.42 700K : AS* =-94.83

500K :AS* =-89.00 800K :AS°f =-96.62

ASS sion VS T (K

P -t
¥
b L
q‘;(n =Sy —
4 i
B

TEMPERATURE ( K) —

The plot shows that AS*f(reaction) decreases as the temperature increases
(since V. < Vi) The volume effect on ASef becomes less dominant.

[3.3] Compute the standard molar volume change for the reaction in Exersise
Problem [3.2] from 300 K to 800 K in 100 degree increments. Plot the
entropy change of the reaction as a function of molar volume change.
What is the significance of the plot?

Solution
Assuming ideal gas,

PVe=RT Vo= E;— where V? is standard molar volume of an ideal gas.

_82.057cm?-atm( T
i mol-K 1 atm

_82.057cm3( )
" mol-K
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i3 3
T =300K : V0 = 32057 M (304 gy _ 24,617,157
mol - K mol
400K : V° = 82.057(400) = 32,823
500K : V° = 82.057(500) = 41,029

600K : V° = 82.057(600) = 49,234
700K : V° =82.057(700) = 57,440
800K : V° = 82.057(800) = 65,646

2H,(g)+5,(g) — 2H,5(g)

av? _ZVI? 25(g) ~ H:(s) -V, Sa(e)
300K :AV? =-24,617 cm?/mol
400K : AV = -32,823
500K :AV°® =—-41,029

AS‘;:acﬁbn NS AV

600K : AV =—49,234 cm?®/mol
700K : AV =-57,440
800K : AV© = _65,646

c.mc:hon
-Tor—
T
5\£ -gof—
P
-
[
< -oo—
_ I I | | I
106 —eO -50 -40 -30 -20

AY® (cmPmole)—>

The plot shows that ASe#(reaction) decreases as AV® (reaction) decreases.
This is consistent with the reduction in volume associated with the reaction as
it proceeds in the direction indicated.

[3.4] Use the entropy criteria to prove that liquid tantalum will solidify if the
surroundings are at 20°C. Assume that the melt does not supercool.
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Soluti

77 =2980°C

T e
afs) AHT = 24,588

— Ta(l)

For solidification, AH = —AH’ , hence
—24,588

oy = —————— =—7.56 J/mol
" 2080+ 273
24 588
===""" _-8392
S 90 + 273

ASy, =-7.56 +83.92="76.36 J Amol - K) >  hence, Ta will solidfy.

[3.5] One mole of low carbon steel at 900 K is quenched and held in contact

with a large reservoir of liquid lead at 700 K.

(a) Whatis AS for the steel, for the reservoir, and for the universe (AS )
Use Cﬁ‘(") and assume that the reservoir is sufficiently large to
maintain constant temperature.

(b) If the steel had been quenched to an intermediate temperature of
800 K, then subsequently quenched to 700 K, what would AS, be
for such a process? Note that during the quenching process the steel
is placed in contact with reservoirs at consecutively lower tempera-
tures.

(c) Explain how “equilibrium quenching” could be approached.

Solution
h(

(&) 855, = A8y = [ * 2t
1

_ ij(17.49+.0248T)dT
=]

=-4.395-4.96 =-9.36 J /(mol K)

700
al,, ~|(749+.00sT)aT
— 2800

Sys _
T T00
=4.997 +5.669=10.67 J /mol - K)

ASy, = AS,,., = AS,, +AS,, =-9.36+10.67=1.31J /(mol -K)

ASSur.v' = ASR:: iz

Sys Surr
800(17.49 + .0248T 700(17.49 + .0248T
I B M

=-2.06-2335-496~-9.35
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800 700
j(17.49 +.0248T)dT" J- (17.49 + .0248T)dT
ASg,,, — 2900 800
800 700
=2.186+2.635+2.499 +2.657 ~ 9.98

ASy, = AS,, +AS,,, =-9.35+9.98=0.63 J/(mol -K)

(c) From a) and b), it is noted that one intermediate quenching reduces AS
by more than 0.6 J/(mol - K). By quenching through an infinite number of
intermediate temperatures, equilibrium quenching (AS,, = 0) could be
achieved. In practice, this is an impossible process. Likewise, there is no
practical reason to achieve “equilibrium quenching” since the objective in
quenching is to obtain a non-equilibrium microstructure.

[3.6] Calculate ASg,, AS,, , and AS, for the isothermal solidification of
lithium at 453 K and 1 atm pressure. Assume T, = T

ur”

Solution
-AHf -2929
ASS” = ? = —4'5 =-6.47 J/(mﬂl i K)
_ —(-AH'1) 2029
ASSW = T = F = 6.47 J/(mol s K)
ASy, =—6.47+647=0.

[3.71 Calculate the entropy change of: (a) the system, (b) the surroundings,
and (c) the universe (AS,, ) for the isothermal solidification of 1 gram
atom of Al supercooled 130°C below its normal freezing point. Assume
AC, = 0 over the supercooled interval. Is the process spontaneous?
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Solution
(1) Set Up Applying one loop for AH and AS:

£
AQ(Q) LRam=-AH_ o 4o

Tf =933K
T ASgz3= ‘As; T
AH,=0 Al=0
AS=0 AS,70
l AHlgs = -aRF
AR Tf =803K ? Al(s)
A5803= —A‘S‘F

(2) Sum
S AHp =0= AHgy, + AH, — AHy,, — AH,

EASTL =0=AS;); + A8 — ASy,, —AS,
ASg3 = ASs;

(3) & (4) Substitute/Solve
(@)AS, =4S, -10,461
a Sys = 05 =

—(-10,461)
=1 =13.08 J/(mol-K
(b) ASs.,, 803 _m___(.;"!‘;?__)

=-11.21 J/(mol . K}

(c) ASy, = AS,, +AS,,, =—11.21+13.03

urr

= 1.82J/(mol-K) > 0 = spontaneous_

[3.8] Repeat Exercise Problem [3.7] using heat capacity data from Appendix
A, Table A.3A. What is the percent error in ASy,, assuming AC, =07

Solution

Referring to the loop in Exercise Problem [3.7],
ZAH; =0=AHg, + AH, — AH 35 — AH,.
AHsy_ =AH,, =AH, . —AH, + AH,

933

933
= —10,461 - J (20.67 +12.39x1073 T)dT # J29.29dT
803 803
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=-10,461- 5483 + 3808 = ~12, 136 J/mol
LAS, =0= ASgps + A§, - ASyy, — AS,
ASsO3 = ASQ33 —AS, + AS,

93 (20.67 +12.39x107°T) 933 dT

(2) ASs,, = ASyy =-11.21_J' dT+J' 39,395
803 T 803 T

=-11.21-4.71+4.39 = -11.53 J/(mol - K)
12,136
=== = 15.11J/mol -

(b) A8, ==z 11J/(mol -K)

(c) ASy, =-11.53+15.11=3.58 JAmol-K) > 0 = spontaneous

% Error = ié%x 100 ~ 100%.

[3.9] Calculate the entropy change for the vaporization of potassium at 950 K
and 0.447 bar. Illustrate calculations using two methods.

i

Method (1)
K()—K(v)
AS' =8, - 5, = 4.8129-2.7313
~2.08 kJ/(kg-K)

Method (2)
ASI%U — hu _hr_ == 2750.4—771_4
950 950

~2.08 kJ/(kg-K).

[3.10] Use the entropy criteria to confirm that liquid and potassium vapor are
in equilibrium at 950 K and 0.447 bar.

Solution

ASy, =ASg, +ASg,,

[-(2750.4 - 771.4)]
950

It

8129-2.7313+

4.
0.
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[3.11] A single crystal of the amphibole tremolite at 298 K undergoes a vol-
ume expansion of 105.5 x 10-* cm3mol during heating at P° = 1 atm.
(a) Calculate the temperature shift associated with the volume change.
Assume V... is constant over the temperature interval.
(b) Use the result from (a) to calculate the corresponding change in
entropy.

Solution
(a) P° = latm, T, = 298K.

oV,

latm, 268

v
= [ﬁjh‘m = D:V;.tm,madT =dV or

hLm,ﬂQ&(T T) AVﬂAT:i-— or

OLY 1atm 208

105.5 x 10-2cm?3/mol

T 8.45x 109cm®/(mol -K) i

TzC arT

=1, =298 K+12.49 K =31049 K

31049 b
AS = J (1.2144 +2.6528x1075T —12,362.0T% - 7_3885T—0.5) =
298

=2.73 x 10-2kdJ /(mol - K)

[3.12] A quartz sandstone with calcite cement is intruded by molten igncous
rock as shown below.

CONTACT
META MORPHOSED COUWNTRY RocK:
ZONE QUARTZ SANDSTONE
WITH CALCITE
CBMENT
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The country rock (sandstone) adjacent o the intrusion undergoes “con-
tact metamorphism™ as a consequence of heat transfer from the intru-
sion. The contact metamorphic reaction is:
Si0,(s) + CaCO,(s) — CaSiO,(s) + CO,(g)
o-Quartz Calcite  Wollastonite
Calculate AS° for this reaction at 565°C.

Solution

ASSy = Y. nS e (Products) — X S, (Reactants)
= 82.01 + 213.8 — 41.46 — 88.7 = 165.65 J/(mol K).

(1) Set Up
AS,
Si0,E) + CaC03() = o> CaSi0y6) ()

AS, AS, AS, AS,

510,(X) +CaC03() “ABqg 7 CasiOf=)+COM)

(2) Sum
T AS; =0=ASqs + AS, +AS, — AShye — AS, — AS, or

$8AC, dT _
m—?—— where AC, = T n; .Ch(Products) — ¥, n;C} (Reactants)

0 . A0

(3) Substitute

ACP - (l)CpCa.S'i03 (S) * (I)Cpcoz(g) ) (l)CpSiUJ_ (a) . (I)CPCGCO3 (s)
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The coefficients of CP are taken from Tables A.3A and A.3B in Appendix A
and arranged as follows:

a b c d €
c, ) 11125 | 14373x10° | — | 0.1694 x 107 | -277.79 x 10*
C,™®  87.820 |-26442x10° | — |-9.9886x 10> | 70.641 x 104
=5 Aol Z4460 | 37.754%10° | — £ 100.18 x 10
—C %) 99715 | -26.920x 10" | — — 215.76 < 10*
a=54.755 | b=-529452 | — | d=-9.8192 |e=108.791
x 102 x 107 x 10

Hence, AC, [J/(mol-K)] = 55.295 — 52.9452 x 10 T - 9.8192 x 10 T* +
108.791 x 10* T2

(4) Solve

838

ASZsc =165.65+ | (55.295-52.9452x107°T - 9.8192 x 10272
298

+108.791x104r“2)i‘%

= 165.65 — 11.99 = 154 J/(mol - K).

[3.13] Calculate the standard entropy of formation for the reaction in Exercise
Problem [2.13] at 1356 K.

Solution
(1) SetUp
245, as™f ;
' = & 3 £
A e 2w+ %rsz@ T > Cuy S sare 2
A'Ss-
C%S‘P);%—Sz-a Cu, ()
2As3  |faAsy s,
ASq
CUZSLB) 63—1-& C..I-I.Z_S("O
AS,
2Cu () + A5 () AS® yCu, S(=() STATEL
z 298k (sTD.)
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(2) Sum

1
ZAS,, =0=A8%, +AS, + AS, + AS, + AS, + AS, — AS{S —2AS, _EAST —2AS,
which upon rearranging gives

ASpL =Asggs+ASl+ASZ+AS3+AS4+ASS—2ASG—%AS7—2ASS.

(3) Substitute
The data from Appendix A, Tables A.1,A.2, A3A, and A.3B is
substituted into AS;;Z, above:
ASBI = {1mol[120.753/(mol - K)] - 0.5mol[228.17J/(mol - K)]
376 . dT
—2 mol[33.153/(mol - K)[} + J;g man)c, 50 2L

(1mol)(3849 I/mo)) = 52 u,8(B) arT (836.8 .T/mol]
s it Tl | 1 ptul il Lo
76K hemeNey Y T (tmol) — e

1356 dT 13.054 kJ/mol
1 mol)C CuaS(a) =2 _ 3ol
.L(n ol 7 2me )( 1356 K

1356 dT 1356 daT
—1(0.5 mol Sz{g)——‘[ 2 mol)C, () =—,
.I;gs el T 298( o) T
(4) Solve

Upon integrating and completing all calculations,
0if; 1 ;
ASSL o = 1222 J(mol -K)

[3.14] Calculate the standard entropy change for the reaction in Exercise Prob-
lem [2.10] at temperature T where 373 K < T < 800 K. No phase changes
oceur.

Solution
(1) SetUp
Si, O (oY, (W 25i0,() 25313y MoSi, O, (0K),(D+H,0()
PJB3 2 4 2z 4 X
A‘c“z

As"l"r-
Hp“.) _31_5.“‘..._) Hzo (3)
AS

Mg 51,0, (0Hy @)#25 10,2528y g <, (OH), (H+H,0(0)

A‘Ss 2A S4 LS,
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(2) Sum (1) SetUp
Y AS,, =0=ASY, +AS, + AST, + AS, +AS, — ASS,, — 2AS, — AS, . e .
MgaSt,Os (om4(.5)+25; 0;553—";—)"’\355‘ 40,0(0HL E)+H,0@)
(3) Substitute
A5‘4 ZAS3 AS, AR
ASDye = X nS g (Products) - 3. nSqye(Reactants)
=260.83 + 70.09 — 221.3 — 2(41.46) = 26.70 J/(mol - K)
AH™ 41,090 : _ o .
ASP, == ']?:W' =110.16 J/(mol-K) Mg 51,05 (0HY, (125 0y S5 313 Mg55140, o(OH), E)+H,0(g)
e WA)gr 37
AS, = I Cp* et j 75442L ~16.94
g et gl VR () Sum
3nC H0E)dT
z| SB——— =0
-[373 T EASTL =0=AS§73+ASI +AS2—AS79-2AS3—AS4
373 _Tale g 373
= el RS L i
AS, = _[m —=_ (3) Substitute

(5653.6 —5271.7x 10T +27.291x 10" T'? —769.26 x 102705
ASS =194.6J [(mol - K)

T
AS‘( J )= CH:O(x)d_;'.=

mol- K 373 ©

+ 4021.1><10"T‘2)‘—?- =948

373 . dT 373 3
288, = [ 26,900 5 = [ 244.60+37.754 10T .
e = (7.368 +27.468 x1073T — 48.117 x 107 T? +3.6174 x10*T 03

dT 73
-10.018 x 105 T-ﬂ)? =21.61 T
—22.316x10"T'2)? -

= | (899.60-144.76 x 10T —109.32 x 10> T3

3730ps°“’dT 373
i J w0 T 298

= 7.368 In(T) + 27.468 x 10-T — 24.059 x 10"1? - 7.2348 x 1(? T3

+449.99x 1047 1 =65.78 +1L158 X 10° T2~ 17.55
Substituting the above data into the expression for YAS; =0, N
0="70.09 + 16.94 + 110.16 + 9.48 — AS3, —21.61 — 65.78 | o PG
2 din. T
(4) Solve

T
. : o = | (5653.6 —5271.7x 1072 T + 27.291x107 T2 — 769.26 x 10> T3
Solving the last expression, AS;.,, =119.28 J{mol-K). 373

2, dT
_ o ok " +4021.1x10°T 2)-‘5-
Applying a second isobaric loop utilizing AS374x, T
= 5653.6In(T) — 5271.7x 10T +13.646 x 107 T'? +1538.52 x 10> T~05 — 7821.83

2,503
288=([1) =2
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"
= j 2(44.60+ 37.754 %1037 -10.018 x10° T2
373

e
T
=89.2In (T) + 75.508 x 10 T + 5.009 x 105 T — 559.97
T C,SdT
P

373 T

T
= J(899.60— 144.76 x107>T -109.32 %102 T~°5 + 449,99 x104T'2)%
373

=899.60 In (T) — 144.76 x 10T + 218.64 x 10> T*5 —6388.96

Substituting the above data into the expression for YAS, =0,
0=119.28 + 7.368 In (T) + 27.468 x 10-°T — 24.059 x 10-7 T2 — 7.2348 x
102 T35 + 11.158 x 10* T2 - 17.55 + 5653.6 In (T) — 5271.7 x 10T
+13.646 x 10" T2 + 1538.52 X 10°T-°5— 7821.83 — AS? —89.2 In (T)
—75.508 x 10 T -5.009 x 10° T-2 + 559.97 — 899.60 In (T) + 144.76 x
10-T - 218.64 x 10°T5 + 6388.96

(4) Solve

Solving the last expression for ASY,

ASg[J /(mol - K)|= _771.17 + 4672.2 In (T) - 5.17T — 10.41 x 10" T2 +
131.26 x 10° T-05 — 389.32 x 103 T-2. )

[3.15] Calculate the standard entropy change for the reaction in Exercise Prob-
lem [2.12] at temperature T where 298 K < T < 844 K.

Solution
(1) SetUp

Na AlSi,Oq (6§—Adr—'> NeAl 5,0, (=) + SitLls)

As, As, As

A, . _
NaAlgi;0(8) — > NaAlSi,0,( +5i0,(<)
Albite Jade te. Quartz

48

CHAPTER 3

(2) Sum

T ASy = 0= ASy, + AS, +AS, — AS] — AS or AS = ASSy, + AS, + AS, — AS,

Collecting like items and applying [3-16] and [2-17] :

(3) Substitute
AS? =—32.47 - 238.21In(T) + 238.211n(298) + 140.749 x 10T — 140.749 x

10-3(298) + 24.596 x 10572 — 24.596 x 105(2982) - 113.61x 10772 +
113.61x% 10*"’(298‘)— 87.384x10% x T"V2 4+ 87.384 x 102(298*” 2) JIK

(4) Solve
ASg[J /(mol - K)| = 1762.2 - 238.21In(T) + 140.75x 10T - 113.61x

10777% - 87.38 102772 4 24.60 x10° T2,

[3.16] Consider the hypothetical power cycle represented below.
(a) Calculate actual and Carnot efficiencies for the process if T, = 600 K
and T, = 300 K.
(b) If a new alloy permits raising the maximum operating temperature
to 750 K, calculate the resulting efficiencies.

™
T---%
T,P---—-I 3
F 1
} 1
o, bj =
S
s, S, 4
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Solution
areal23
@ n= areaal23b
__ U2(T-T)S -S)
1/2(T, - T,\(S, - 8,)+ I3(S, - 5))
= (Ta 'Tl)
(Tz *T1)+2T1
=(T,-THY(T,+T)
T, =600K 300
Tl 300k = 5og = 03307 33%
300
y 500 = 0:500r50%
T,=750k _ 450
(b) n'l‘j=3mx = 'fd"ga =. 0.430?‘%
450
Mo = =g = 0-600r60%.

[3.17] The Carnot cycle efficiency is often used as a basis for estimating the
effect of increasing operating input temperature and lowering rejection
temperature on the efficiency of a power generating process. Curzon
and Ahlborn (1975, p. 22-24) have shown that to achieve theoretical
Carnot efficiency, heat transfer must take place through an infinitely
small temperature differential, which in turn, requires infinite time. They
derived the following modification to Carnot efficiency, which takes
into account the necessary temperature differential that must exist across
the high and low temperature heat transfer boundaries if the cycle is
going to be completed in a reasonable time interval:

Nea = 1—,[TL [Ty
Using the data given in Exercise Problem [3.16], calculate TMca, and
compare with 1} and 1, obtained in the same problem.

Solution
300
) Mea =1- I% =0.293 or 29.3%

300
b) Mea =1- fﬁ =0.293 or 36.8%
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A comparison of Carnot efficiencies in Example Problem [3.16] indicates
that alloy modification increases predicted efficiency form 50 to 60% because
of the higher allowable T,. This is a 20% increase (10/50 x100% = 20%).
A comparison of Curzon-Ahlborn efficiencies indicates that alloy modifica-
tion increases predicted efficiency from 29.3 to 36.8% because of the higher
allowable T,. This is a 25.6% increase (7.5/29.3 x 100% = 25.6%). The C.A.

equation gives an efficiency which is much closer to the actual value in [3.16]
and provides a stronger case for alloy modification.

[3.18] A small amount of H,S(g) in volcanic gases promotes intense chemical
weathering of rock in the vicinity of a volcanic vent. Calculate the stan-
dard entropy of formation associated with the production of H,S(g) from
its elements at 600 K and 1 atm in kJ/(mol-K) and cal/(mol-K).

(a) 3H,(g) + SO,(g) — 2H,0(g) + H,S(g)
ASgy =—75.44 J/(mol K)

(b) SO,(g) — (1/2)S,(g) + O,(g)
ASSy, = 73.26 J/(mol-K)

(©) Hy(g) + (1/2)0,(g) = H,0(g)
ASg} = -51.30 J/(mol-K)

Solution

3H,(g) +50,(g) — 2H,0(g) + H,S(g) AS$ = -75.44.7 [ mol- K
1/28,(g)+0,(g) = 50,(g) ASSH =-73.26 7 /(mol - K)
2H,0(g) — 2H,(g) +0,(g) ASgo = (-2)[-51.30J /(mol - K)]

H,(8)+1/25,(g) - H,S(g) ASg =-46.10J (mol - K)

ASgif =~46.10J /(mol - K) x1KJ /10007 = ~46.10 x 107> KJ /(mol - K). Also,
ASgl =—-46.107 [(mol - K) x 1cal | 4.184] = —11.02 cal /(mol - K).
ASgsh =—46.1x107 i /(mol - K) = -11.02 cal [(mol - K).
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[3.19] Show that H,S(g) spontaneously forms at 600 K. Refer to Exercise Prob-
lem [3.18]. Assume the surroundings are at 600 K. Use the heat capac-
ity for S,(g) in Appendix A, Table A.3B.

Solution
(1) SetUp

of
H(pt 725,(q) ﬂtﬂo_) H, S(g) (State2:latm, T=6ook)

Ay |%an, AR,

Hyq) +72 5.9) "ATTag H2S @) (state|: | atm. T=298K)

(2) Sum

YT AHy =0=AH8§{+AH1—AH%-~;—AH2—AH3MAH% =AH§'§{+AH1—%AH2—AH3

(3) & (4) Substitute/Solve Collecting terms and applying [2-16] and [2-17] :

600
AHYL = -84 872+ | (~1.6069+5415.95x10™5T +1042.88x107° T2
600
298

—294.55T7%% +521,729.5T)dT
=-87,936J / mol.

-AH?
At 600K, ASY,, = ASS,, +ASS,, = ASQ, + = Sys

Surr

:—461+ﬂ'.93_6).

=100.5 J/(mol-K)> 0 = spontaneous
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