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11.
a) SOx) + Oz 2 SO3(

Writing what we know plus data from Appendix C:

SOz Oz SOs A
Stoich. coef. v -1 -1 1
AHn05 (J/mol)| 296830 0 -395720 -o8gop|  Here AX =2vi X;
A 5.699 3.639 8.06 -1.278 i‘:f"zmple'A N
B 0.801E-03] 0.506E-03| 1.056E-03] -0.251E-03 = As03 — Asoz — Aoz
C 0 0 0 0
D -1.015E+05] -0.227E+05| -2.028E+05| -0.786E+05

where Cp/R=A +BT+CT°+DT* T inkelvin
Aern,298 = AH¢sos — [AHfsoz + AHfoz] = (-395720) — (-296830) = -98,890 J/mol (at 298K)

AHin 750 = AHrn20s + 2 [ vi Cp; dT
= AHnnoos + 2 vi| R(A; + BT + GT? + D{T?) dT
= AHpnoos + 2 Vi R[A; (To=T)) + 1/2 B; (T2*-T%) + 1/3 C; (To’-T,*) = D; (T,'-T, )]
= AHpnoos + R[AA (To-T)) + 1/2 AB (T2*~T\%) + 1/3 AC (T>-T,*) — AD (To'-T, )]

T,=750K T;=298K R=8.314J/mol K

AHpn7s0 = -98890 J/mol + 8.314 J/mol K [-1.278 (750-298) + 1/2 (-0.251 x 107) (750*-2987) +
1/3 (0) (750°-298%) — (-0.786 x 10%) (750298 K

AHixn750 = -105,508 J/mol (at 750 K)

b) CaO(s) + HQO(]) -> Ca(OH)z(S)

CaO(S) HzO(l) Ca(OH)z(s) A
Stoich. coef. v -1 -1 1
AH’ 05 (J/mol) -635090 -285830 -986090 -65170

AHxn 208 = AH¢ caony — [AHrcao + AHmogy] = -65,170 J/mol (at 298K)



Now looking at the reaction at 750 K (where the H,O is now gas instead of liquid):
CaO(S) + HzO(g) > Ca(OH)z(S)

CaO(s) HzO(g) Ca(OH)z(S) A
Stoich. coef. v -1 -1 1
AH’pos (J/mol)| 635090  -241818 -986090 109182
A 6.104 3.47 9.597 0.023
B 0.443E-03| 1.450E-03| 5.435E-03] 3.542E-03
C 0 0 0 0
D -1.047E+05| 0.121E+05| 0.000E+00| 0.926E+05

Aern,zgg = AH¢ Ca(OH)2 — [AHfCaO + AHfHZO(g)] = -109,182 J/mol (at 298K)

Following the same method of calculation as in part a) :

AHexn750 = AHpn2os + = [ vi Cp; dT
= AHpno0s + R[AA (To—T)) + 1/2 AB (T2*=T%) + 1/3 AC (T>-T,*) — AD (T,'-T, )]

AHpn7s0 =-109182 J/mol + 8.314 J/mol K [0.023 (750-298) + 1/2 (3.542 x 10 (750°-298%) +
1/3 (0) (750°-298%) — (0.926x 10°) (750298 ] K

AHun7s0 = =100,563 J/mol (at 750 K)

c¢) The % change going between 298 K and 750 K for the first reaction is
(-105,508 J/mol — 98,990 J/mol) / (98,990 J/mol) = 8.4%

The % change going between 298 K and 750 K for the second reaction is
(-100,563 J/mol — 65,170 J/mol) / (65,170 J/mol) = 54.3%

The change in the second reaction is larger than the first one because when we go to 750K (still
at 1 atm), the water is in the vapor phase. Much energy is required to vaporize the water.



tank

12.
V'=0.1m gas holder Vi=0.1m’ Py=115kPa
P, = 1500 kPa P, =750 kPa
P, =115 kPa
T, =298 K T,
n; ny
n3, Vi, T;

SN =N

General picture of the process: nymoles of methane inside a 0.1 m® tank is initially at 25°C and
1,500 kPa. Some gas (n3 moles) flows into a gas holder whose pressure is constant at 115 kPa.
The tank pressure now is 750 kPa. The volume has remained at 0.1 m3, the temperature is at T
and the number of moles left is n,. We are given: y = Cp/Cv = 1.31.

a) Temperature of tank remains constant = T, = T;.
From ideal gas we know that: P VY =nRT, and P,V = n,RT,

PV/ 1500x10°Pa-0.1m’

The initial number of moles =n; = = = 60.54 moles
RT, 8.314J/molK- 298K
Dividing the first equation by the second:
t
PIVIt _ anT1 — i;& = n, :&nl :m:30.27m01es
P,V, n,RT, P, n, P, 1500 kPa

b) There is no heat transfer between parts of the system, and between system and surrounding.
Let us look at the gas that remains in the tank (n, moles). We derived in class the expression
relating P and T for adiabatic process:

v-1
LBy
T, P,

1.31-1

Ve 1.31-1
T, =T1[P—2J LN :2981([17555)%} 131 22529K
a

P,V,  750x10°Pa-0.1m’
RT, 8.314J/molK-252.9K

Then from ideal gas we get n, = =35.67 moles

Initially, we have n; = 60.54 moles of gas in the tank (calculated in part a).

From mass balance, we can get the amount of gas in the holder, n; =n; —n, = 24.87 moles



To solve for T3 (temperature in the gas holder), let us choose as our system all the gas (n;).
Writing out the energy balance:

AU'=Q+W

1** term = AU' for gas remaining in the tank (T to T,)

t = — —
AU = n2CV(T2 T, )+ n3CV(T3 T, ) 2" term = AU' for gas transferred to holder (T, to Ts)

Q =0 (adiabatic)
v;
The work done by the system is in expanding the gas
W = - [PdV' = =P, (V; - V) =-P,V} = -n,RT, y the sy panding the g

holder, which is at constant pressure P;. Initially the

t .
Vo volume V' is 0.

n,Cv(T, - T, )+n,Cv(T, - T,) = —n,RT,

0,0V, -n,Cv(T, = T,)  n,CvT, -n,Cv(T, - T,) n,T,-n,(T, -T,)
- n,(Cv+R) - n,C, - n,y

_ (24.87 moles)(298K) - (35.67 moles)(252.9K — 298 K )
- (24.87 moles)(1.31)

T,

T, ~187.7K

c) If we look at the expression for Ts above, we see no dependence on P of the gas holder.
Therefore if the pressure in the gas holder is at 300 kPa instead, we will find the same
temperature 187.7 K.



