Hess's Law Worksheet - answers

1. Calculate AH for the reaction: CoHy () + Hy (g) — CaHe (), from the following data.

CoHa 9 +3 0z (9 > 2 CO; () + 2 H,0 ) AH =-1411. kJ
CoHg (g) + 3% O, () — 2 CO, (8) + 3 H0 ) AH = -1560. kJ
Hy g+ 7% 03 g — H0 AH =-285.8 kJ

GoHa e +3 05 - 2CO; (g) +2 H,0 AH, X1

CHen+3% 0, —  2C0,(g)+3H,0 AH, X-1

Hyg+% 0, - H,0 AH; X1

CoHy (g + 3-Opg —  2€0x{g) + 2H,0 AH,

-2—@9;—(-g-) + g—Hgg-“_) e glﬂﬁ—igl + 3%—92-(%) 'AHZ

ﬂg_m + ;é-g;-(_g_) - H,0 ) AH3

CoHa (g) + Ha (g = CoHg g)

AH = AH; - AH, + AH3 =-1411 + 1560 — 285.8 = - 126.8 kJ

2. Calculate AH for the reaction 4 NH3 (g + 5 O, (q) — 4 NO () + 6 H,0 (g, from the following data.

N2 g+ Oz gy — 2 NO g AH =-180.5 kJ
N2 g + 3 Ha (g9 = 2 NH3 ) AH =-91.8 kJ
2 H; g+ Oy (g) = 2 Hy0 (g AH =-483.6 kJ
Nz g + Oz (g > 2NO AH, X2
N2 g+ 3 Ha g - 2 NH3 () AH, X-2
2 HZ @t 02 (8) - 2 Hzo (8) AH3 X3
2-Nogy + 205 - 4 NO 2 AH,
4 NH; ) > 2Ny + 6-Hyg -2 AH,
6—H-;-(_g_) + 3—9;-(%) - 6 H,0 () 3 AH;

4 NH; () + 503 (g = 4 NO g + 6 H 0 (g

AH = 2AH, -2AH, + 3AH; = 2(-180.5) -2(-91.8) + 3(-483.6) = - 1628.2 kJ




Find AH for the reaction 3H, () + 2C () + %2 O; (g — C;HsOH ), using the following thermochemical data.

C,HsOH m+ 30, © — 2 CO, @t 3 H,0 0 AH =-875. kJ
C5)+ Oy (g — COy ) AH =-394.51 kJ
Hy )+ 72 Oy (g — H,0 AH =-285.8 kJ
C,HsOH nt 30, (8) - 2 CO, @t 3 H,0 ) AH, x-1
Co+ 0z =4 CO; g AH, x2
Hy g +7% 0, g - H,0 AH3 X3
2€0,- + 3-H,0y > CyHsOH () + 3O - AH,
2C ) +2Ory > 2C05 2 AH,
3Hy (9 +3% 0z - 3-H.0y 3 AH;

SHZ(E) +2C (s) + % 0, (8) — C,HsOH o

AH =- AH; + 2AH; + 3AH; = 875 +2(-394.51) + 3(-285.8) =-771.4 k)

4. Calculate AH for the reaction CHy (g) + NH3 (g — HCN (g + 3 H; (), given:

N (g + 3 Hy g — 2 NH; (g) AH =-91.8 ki

C*+2H;y g — CHag AH =-74.9 kJ

Hy g +2C+Nyg— 2HCN g AH = +270.3 k!
N2 g +3Hy g > 2 NH; (g AH, x-1/2
Ci+2Hz > CHy () AH, x -1
Hy+2C+ Ny d 2 HCN ) AH3 x %
NH; () - %—N-;-(,g,)'i' 1%H2(g) -% AH,
CHy (8) > @(_5) + -Z—Hg—(_g_) -1 AHZ
Ybrg + G+ B Nrg > 2HCN % AHs

CHa (g) + NH3 () = HCN () + 3 H; (g), given:

AH =-% AH; + - AH, + % AH3 = - % (-91.8) — (- 74.9) + % (270.3) = 256 kJ




5. Calculate AH for the reaction 2 Al (5 + 3 Cl, (¢ — 2 AICl; () from the data.

2 Al Ok 6 HCl (ag) — 2 A|C|3 (aq) T 3 H, (8) AH =-1049. kJ
HCl (g — HCl (ag) AH =-74.8 k)
H, @t C|2 g — 2 HCI (8) AH =-1845. kJ
A|C|3 (s) ™ A|C|3 (aq) AH =-323
2 Al () + 6 HCl (5 - 2 AlCl3 (3q) + 3 H; () AH, x1
HCl (2) - HCl (aq) AH, X6
Ha (g + Cla g) i 2 HCl (g AH; x3
A|C|3 (s) - A|C|3 (aq) AH, X -2
2 Al ) + 6-HEHq - Ay o) + 3Hag AH,
6-HCH - 6HEk g 6 AH,
3Hy + 3 Cly ) - 6-HCky 3 AH3
2-AlCs-q - 2 AlCl5 () -2 AH,
2 Al Ok 3 C|2 & — 2 A|C|3 (s)
AH =AH; +6 AH, + 3 AH; -2 AH, =-6386.8 kJ
9. AH=%AH; +2 AH,- AH;=-813 kJ 12. AH=1/3 AH; —1/3 AH, =-520kJ
10. AH = - AH, - AH, - AHs = -96.6 kJ 13. AH = AH, + AH, - AH; = -288.6 kI

11. AH =AH; - AH, =+98.8 k

14. Determine the heat of formation of liquid hydrogen peroxide at 25°C from the following thermochemical

equations.

Hz (g + % Oy (g9 — H20 (g) AH =-241.82 kJ
2H(g)+0(g) = H0 AH =-926.92 kJ
2H (g) + 20 () — H,0, (g) AH =-1070.60 kI
20— Oz AH = - 498.34 kJ
H0; (I) — H,0; ) AH = 51.46 kI

Target: H, g + O3 (5 — H,0;
Hy (g +7% 0, g - H,0 (g AH, x 1
2H(g)+0(g) — H,0 AH, x-1
2H (g) + 20 ) - H,0, (g) AH3 x1
20 (g) - 0, (g) AH4 X—"Y%
H,0, (1) — H,0; (g AHs x-1
Hy g +7 0, g - HaO-q AH,
Ho0p( H,0, (1) - AHs
-2-H—(—g-)+-2—9—(_g1\ H.ggg-('g') AH3
H,0- — 2-H-{g} + O-{g} - AH,
7.0, ) - O -% AH,

Hz (g + Oz g9 — H20, )

AH = AH; - AH, + AH; =% AH, - AHs = -686.13 kJ




