Solution to Exam 4 CM 205, 5/11/2000

1. Heat of formation for nitrogen dioxide: AH ¢ = 33.8 kJ/mol
Heat capacities:
C pno2(T) - 0.03607 ~ 3.97-10 T - 28810 %1% 787 10*12 3

C pn2(T) = 0.029 + 0.2199-10 >.T + 0572310 812 287110 273

C pop(T) - 0.0291 - 1.158.10 *T - 0,6076:10 *T% - 1.311.10 2 T°
. 1
Reaction: <2N 2+ 02>=<NO 2>
25 1 100
AH - < 002(T) + = pNZ(T)> dT + AH ¢ + [ C pno2(T) dT
100 25
AH =33.354  kJ/mal
kJ
2 DH =DH( pgy g 2(BH( g ag)  BHi A ag= 1o
AH¢ ag2,aq= 120+ AHy B2 o
AHf,B,aq=750 - 35=-85
AHf’A’aq=—1OO - 20=-120
AH 110 - 2-85 - 120 + 120=-60 kJ
- — . — + - _ .
m. AB2, « mol-AB,
3. Mg+ O, +H, - Mg(OH),
4, C- HgO(l) + (17/2) O,(g) — 7CO4(g) + 4H,0(I)
5. Basis: 100 molsof ethylene oxide
9.2 9.2
N c2H400ut - 100 Ncozout = 4 100 NH200ut = 4 100
6.9 6.9
n
H20out
N yn1 = 100 Nyn2 = # N rxn2 = 66.667
NCc2H4in = Mrxn1 ™ Mrxn2
100 - (6.9 + 9.2+ 9.2)
N o2out * M N2out= -100

6.9



N N2in=" N2out
21 21 1

N Aoin=—"NpN2%p=—"N =—n + 3N +Nn
0O2in 79 N2in 79 NZ2out 2 rxnl rxn2 O2out
21 1
or 7—9-n N2out — N OZout=5'n rxnl t 3N pxn2=250

Solving the following simultaneoudly,
100 - (6.9 + 9.2 + 9.2)

N o20ut + " N2out = 6.9 -100
21 1
7—9-n N2out — N OZout=5'n rxnl t 3N pxn2=250
100 - (69+92+92) |
3 6.9
N N2out = 21
1+ —
79
N'N2in = "N N2out
n - r— é n -
O2in 79 N2in
N o2out = N O2in ~ 20
Insummary, n C2H40o0ut = 100 N C2H4in = 166.667
_ _ 3
n CO2out = 133.333 n N2in = 1.053-10
n H20out = 133.333 n 02in = 279.848

— 3
N N2out = 1.053-10
N o2out = 29.848

b) Heatsof reaction:
AH - (-51) - (52.28)
BH yp = (2:(-3935) + 2:(-241.83)) - (52.28)
Heat capacities:

rxnl

C pcoz(T) - 003611 + 423310 >T - 2.887-10 > T2 1 7.464-10 2.3

C pNZ(T) = 0.029 + 0.2199-10 ST + 0572310 812._ 2871-10° 12 +3

C pH20(T) - 003346 - 068810 *-T - 0.7604-10 *T* - 359310 "4 T°



C pop(T) - 0.0291 + 1.158:10 *T - 0,6076:10 *T% + 1.311.10 % T°

C pcoH40(T) - 044110 ° + 015110 °.T - 9.995.10 °T*

Cool feed down from 200 to 25:

"25
dh - N 02in'C poAT) dT dh ; = 1.485-10°
J200
"25
dh, - N N2in'C pN2(T) dT dh , = -5.403-10°
J200
"25
dh 5 - N coHain'C pc2Ha(T) dT  dh 3 =-1536-10°
/200
React:
dh 4 = N yn1-BH g dh 4 = -1.033-10"
dh g = Ny BH o dh g = -8.82- 10"
Heat productsto 600:
-600
dhg - n cozout C pcoa(T) dT dh g = 3538 10°
J25
-600
dh ;- N o2outC po2(T) dT dh ; = 549.747
J25
-600
dhg - " N2out © pn2(T) dT dh g = 1831-10*
J25
-600
dhg - N H200ut'C pH20(T) dT dh g = 2.788-10°
J25
600
dh 10 - J N c2H400ut © pc2H40(T) dTdh 1 = -667.098
25

Q=dhq+dhy+dhg+dh,+dhg+ dhg+dh,+dhg+ dhg+ dhqg

Q= 8243-10"  kJ/hr



C/Hig+ 15120, — 7CO(g) + 8H,0(g)
AH, = (7-(-110.52) + 8 (-24183)) - (- 224.4)
AH, =-2484-10°  kJ/mol

Alternatively, using combustion reaction of heptane and CO and water
evaporation,

AH , = (-48169) - 7-(-282.99) + 8 (-241.83 + 285.84)
AH , = -2.484 10°  kJ/mol



