Chapter 6 : 22, 30, 36, 42, 47, 52, 54, 59, 62, 64, 66, 68, 85, 90, 98

22. AE=q + w
heat work

Step 1: AE;= 72J+35)J=1071]
Step 2: AE,= 35)J—- 72 J=-371]

AEoveran = AE1+ AE, =107 J-371=70.J

30. w = —PAV
P = 1.00 atm
AV = Vi — Vi = Viaer vapor Vliquid water

V H,0(g) = 30.6 L
18.02¢ H,0 1 e’ H,0 1LH,0

X X = 0.0181L
1hole H,0 ~ 0.996 gH,0 1000 cm® H,0

V H,0(t) = 1mole H,0 x

AV = 0.0181L - 30.6 L = -30.6 L

w = —(1.00 atm)( -30.6 L) = 30.6 L-atm

30.6 L -atm xM =30979J = 3.10KkJ
1 L-atm

q = —40.66 kJ

w = +3.10kJ

AE = —40.66kJ + (+3.10kJ) = —37.56 kJ

36. a. 1.00 mole H,0 12K 286KkJ heat released

2 mole H,0

ImoleH, -572 kJ
2.016gH, 2 moleH,

= —-572kJ

b.  4.03gH, x

Imole O, X -572 Kl
32.00g0, 1 moleO,

c. 186g0, x = —-3320kJ




PV 1.0atm*2.0*%10° L

d. n, =——= =8.2%10°mol H,
RT ~ 008206 Latm, oo
mol K
8.2*10°mol H, « Z372K 5 3410°kJ heat released
2mol H,

42. a. AT = Ty — Ty = (298K - 273 K) = 25 K = a difference of 25 °C
(= 25°C - 0°C) = 25°0C)

0.24]
= m,,s,, AT = 150.0gAg x ————— x (25°C) = 9.0x10* J
q Ag© Ag gAg Oa—gAg ( )
b. Molar Heat Capacity = C = 024 X 1079 gAg _ 264
°C-gAg 1 moleAg °C—mole Ag
q 1.25kJ x 1000 J
C. q = m,S, AT; m, = =
AT 02915500120 °¢)

‘C-gAg
= 1627.6g = 1.6x10° g Ag

47.  Heat loss by Al + heat loss by Fe = heat gain by water

— 0'809 ] *5.00 g Al * (T, —IOOOC) + - 0'405 J *10 g Fe * (T, —IOOOC)
g C C
= 4'108 D973 g H,0 * (T, -22.0°C)
g C
4.5(100.0-T,) + 4.5(100.0-T,) =407 (T, —22.0) T, =23.7 °c

52.  qy, =AH
4.1841]
°C-gsol'n

= —CAT = —(m,, x s,)AT =—(75.0gH,0 + 1.60 g NH,NO,) x

sol'n

x (23.34 °€-25.00 °C) = 532.027

I mole NH,NO,
80.052 g NH,NO,
532.02J

AH_,, = = 26618.3 J/mole NH,NO, = 26.6 kJ/mole
0.0200 mole NH,NO,

1.60 g NH,NO; x = 0.0200 mole NH,NO,




0.500 mhole HCl -118kJ

54. x 0.1000L x ————— = —2.95kJ
L 2 mole HCl
0.100 mole Ba(OH), < 03000 L x -118 kJ _ 3541
L 1 mole Ba(OH),

sol'n X Sso]'n ) AT = - (msol'n X Sso]'n ) (Tf - Tl)

AH, =-CAT = —(m

~2.95kJ x % - —[400.0 g x 04'&](1 ~25.0°C)

C-gH,0
Tr = 26.8 °C
59. Target: 2Ny(g) + 6 H,O(g) —> 3 0Ox(g) +4 NHs(g)
4 2 Ny(g) + 6 Ha(g) —> 4 NH;(g) —4(46 kJ)
3 6 H,0(g) —> 6 Hy(g)+ 3 0x(g) —3 (484 kJ)
2Ny(g) + 6 H,0(g) —> 3 Oi(g) +4 NH;(g) 1268 kJ

No, since the reaction is very endothermic (requires a lot of heat) it would not be a practical way

of making ammonia due to the high energy costs required.

62. Target: CsH4sOH(aq) + HyOz(aq) —> C¢HsOz(aq) + 2 H,O(X)
1 C6H4OH(aq) E— C6H4Oz(aq) + Hz(g) +177.4kJ
2 H,0,(aq) —> Ha(g) + Ox(g) +191.2 kJ
3 2 Hy(g) + Ox(g) —> 2 H,0(g) 2(-241.8 kJ)
4 2H,O(g) —> 2 H,O(¥) 2(-43.8kJ)

CeH4OH(aq) + H,02(aq) —> CgHsOz(aq) + 2 H,O(f) —202.6 kJ



64.

66.

68.

Target:

—_ W AN

P4O10(s) + 6 PCls(g) —> 10 CI3PO(g)
P4010(S) —_—> P4(S) +5 Oz(g) +2967.3 kJ
10 PCli(g) + 50x(g) —— 10 ClsPO(g) 10(~285.7 kJ)
6 PCls(g) —— 6 PCly(g) + 6 Cl(g) 6(+84.2 kJ)
Pi(s) + 6 Cl(g) ——> 4 PCly(g) _1225.6 kJ
P,Ou(s) + 6 PCls(g) —— 10 CLPO(g) —610.1 kJ

2 Al(s) + 3/205(g) —> ALOs(s)

CHsOH(f) + 30x(g) —> 2 COx(g) + 3 H,OX)
NaOH(aq) + HCl(aq) —> NaCl(aq) + H,O(t)
2C(gr) + 3/2Hx(g) + 1/2Cl(g) —> C,HsCl(g)
CeHe(€) + 15/205(g) —> 6 COx(g) + 3 HO(L)

NH4Br(s)y —— NH,'(aq) + Br (aq)

CHsOH(0) + 3 0x(g) ——> 2COsx(g) + 3 H0(g)

AH; kJ/mole 278 0 ~393.5 242
AHO — 21'1‘1016)(ﬂ.5k‘1_|_3rltlolexL2kJ —
thole CO, mol¢ H,O0
1 mole x ~2781J + 3 mhole x O—kJ = —1235kJ
thole C,H,OH thole O,

SiCL(0) + 2 H,0(l) ——> SiOx(s) + 4 H'(aq) + 4 Cl(aq)

AH/ kJ/mole —687 —286 911 0 167
AH®° =|1 mole xﬂ+4mol¢x&+4molexﬂ -
mole SiO, mole H' mole Cl

—687 kI 286 kJ ] W

1 molex —————  + 2 molex
( mole SiCl, mole H,O



c. MgO(s) + H,O() —> Mg(OH),(s)

AH; kJ/mole —602 286 925
AH®° =|1 mole x 925 W -
thole Mg(OH),
lmolexszj+1molexM = —=37kJ
mole MgO thole H,0
gs, 0500 molie NaOH 01500 = 0.0750 mole NaOH Limiting
0.400 mﬂf’le Hel 020007 = 0.0800 mole HCI
0.0750 mole NaOH x 1 00le HaO0 o =56k 4oy
1 hole NaOH 1 mole H,O
90. Target: FeO(s) + CO(g) —> Fe(s) + COx(g)
1 1/2 Fe;05(s) + 3/2CO(g) ——> Fe(s) + 3/2 COx(g) (-23 kJ)/2
FeO(s) + 1/3COxg) ——> 1/3 Fes04(s) + 1/3 CO(g) (-18 kJ)/3

2 1/3 Fe04(s) + 1/6 COx(g) ——> 1/2 Fe,05(s) + 1/6 CO(g) (39 kI)/6

FeO(s) + CO(g) —> Fe(s) + COx(g) -11kJ



92. 2 HNOs(aq) + Na,COs(s) — 2 NaNOs(aq) + H,O(0) + COx(g)

AH; kJ/mole -207 -1131 -467 -286 -393.5
AHO — 2 molex ﬂ + 1 mole X ﬂ + 1 mole X M —
thole NaNO, thole H,0O thole CO,
2 molex —20 K1) pole x —— B3I K e sy
thole HNO, thole Na,CO,

3.7854 L N 1000 mL sol'n N 1.42 g sol'n N 0.700 g HNO, N
1 gal 1L sol'n I mL sol'n 1 g sol'n

X 1 thole HNO, X 1 mhole Na,CO, « 105.99 g Na,CO,
63.018 g HNO; 2 mole HNO, 1 mole Na,CO,

2.0x10* gal sol'n x

=6.3x10" g Na,CO,

This is ~70 tons!

I mole Na,CO, —68.5kJ

X = —4.1x107 kJ
105.99 ¢ Na,CO, ~ 1 moleNa,CO,

6.3x10” g Na,CO, x



