= = 2.3
O X S

than the energy released when the product bonds are formed.

A % at 298 K | (7—0
be AL® = AF® - R Somi= o =esneckl 231 | Ll | L J]
gasenus gavmous mal meol-K [ 107 1|
Products  resetants

= 52,0 kI/mol

AU? is the change in internal energy when | g - mole of CaC;(s) and 5 g - moles of H2OX1) at 25°C and
1 atm react to form | g - mole of Cal(s). 2 g-moles of CO,(g) and 5 g- moles of Ha(g)at 25°C
and 1 agm.

nc.c,AUf-lSQgCaczf lmal | 52.0kJ - 151 T
| 8410 g | | mol CaC,; =————

Q=AU =
Youd,

Heat must be transferred to the reactor.

Hess's Law

) i . ~ o 2 %

" Given re. ()= (2] = AN =af] —-aAFSY =(1225—:s.935} Bru/lb - mole

=—=17.709 Bru/Ib - mole
—_— T

Hess's law

b. Gij i —(2) 7 7 =
iven r -]y —(2 = AA? = AR - AB? =(—121,740 + 104,040) Bru/Ib - mole
==17,700 Bru/lb - mole
—_— e

a. - - -~
AHE = {M?)cm,c‘_m —(M:)Cm - = (Aﬁ;’)c'ﬂ ciyy ™ 38576+ 5228 = —333.48 kJ/mol
i 1, e e AL
A = (AR7) oy ~(852) e, —(AA?) gy = 27629231 +333.48 = —35.03 ki/mol
5 " —_—

Given reaction = (1) +(2) = —385.76 — 35.03 = —420.79 kJ/mol
—————

300 mol C,HCI, [ —3420.79 kJ
h | mol

& Qemad= =—126=10° ki/h(==33 kW)
——n KT

Heat is evolved.

Endothermic. The reactor will have to be heated to keep the temperature constant. The temperature
would decrease under adiabatic conditions. The energy required to break the reactant bonds is more



914 a. C;H4(8) = C4H;CH,(g) + 4Ha (=)
Basis: 1| mol CiH e

1 mol C;H,s 1 mol C4H;CH;
400°C 4 mol H;
400° C
Q (kJ/mol)
b. References: C(s), H,(g) at 25°C
substance | Ay, 5 in aur Hour
(mol) (kJ/mol) | (mol) (ki/mel)
CrH ! Ay = =
C,H, - - 1 Ay
H. — = 4 Ey

= 5 I
CrH,4(2,400°C): A, =(Af ) c,up +| L. €, aT

=(—1878 +104.1) kJ / mol = =83.7 kJ / mol

- e, 400 LM
CoHCH;(8.400°C): & = (A cmenym +| [ €, dT

=(+50+60.2) kJ / mol = 110.2 kJ / mol
T na

H(g.400°C): A, = A, (400°C) = 1089 kJ/mol
3 |

I mol C;H 4 reacted = £ =1 mol
Q=AH = 2R + 3 A, - > n A,
e in
= {(1)(237.8) + [(1)(60.2) « (4)(10.86) — (1)(1 04.1)]bkI = 2373 kJ (transferred to reactor)

; 237.3 kJ
d. -1 o~ - = = kIS 1
A 0 Y = e G Fiyq remnr — 2273 kF £ mol



9.20

a. ANH,; +50; — 4NO + 6H,0,
2NH, +§o. — My +3H,0
Beferences: N;(g). Hi(g). Oa(g), at25°C

Substance Ay i e o
(mol/min)  (kJ/mol) (mal/min)  (kI/mol)
NH, 100 H, - =
Adr 200 oA = -
NO - - 90 Ay
H.O - - 150 Ay
N - - 716 Fy
= - - 59 H,
r
f;", = o - 35 C T
Taple 8.1
NH;(8. 25°C): A, = (AHF )un, Z _asie kI/mol

Tabie B 8
Air(g, 150°C): A = 3.67 kl/mal
—_—

Tabie @, rlrnbic B3

NO(g. 700°C): &, =50, 37+L:°?:',d7' = 111.97 klfmol
F:E:‘:Sj
H,O(g, 700°C): &, = —216.91 kI/mol
ez = e, =
Na(g, 700°C) A5 = 20,59 ki/mol
Table B8

Oi(g. 700°C): A, = 21.86 kl/mol
s i

O = Ak -zﬁ,h’, —Zn,ﬂ, =—4890 kJ/min = (1 min/60s) =—815 kW
{heat manst’erred from (he reactor)

If molecular species had been chosen as references for enthalpy caleulations, the extents of cach
reaction would have to be calculated and Equation 9.5-1b uscd to determine A% . The value of =)
would remain unchanged,



