Hess’s Law
Heats of Summation

1. 
½ N2 (g) + O2 (g)  ( NO2 (g)      ΔH° = +33.8 kJ


½ N2 (g)  + ½ O2 (g)  ( NO (g)  ΔH° = + 90.37 kJ

How can these reactions be manipulated to yield the following reaction? What is the enthalpy change for this reaction?


NO (g)  + ½ O2 (g) ( NO2 (g)

2. Calculate the ΔH°rxn in kJ for the following reaction using information provided below.


2 KCl (s) + H2SO4 (l) ( 2HCl (g) + K2SO4(s)   ΔH°rxn = ?

HCl(g) + KOH (s) ( KCl (s) + H2O (l)                ΔH° = -203.6 kJ


H2SO4 (l) + 2 KOH (s) ( K2SO4 (s) + 2H2O (l)   ΔH°rxn = -342.4 kJ

3. Use the following thermochemical equations to calculate the enthalpy of reaction for the reaction below.


HCl(g) + NaNO2(s) ( HNO2 (l) + NaCl(s)   ΔH° =  ? 


2 NaCl (s) + H2O (l)  ( 2HCl (g) + Na2O (s)   ΔH° = +507.31 kJ


NO (g) + NO2(g)  + Na2O(s) ( 2NaNO2(s)     ΔH° = -427.14 kJ

NO (g) + NO2(g) ( N2O (g)  + O2 (g)             ΔH° = -42.68 kJ


2HNO2 (l) ( N2O (g)  + O2 (g) + H2O (l)        Δ H° = +34.35 kJ

4. Use the following thermochemical equations to calculate the ΔHrxn for the following reaction.

C2H2(g)  ( 2 C(s)  + H2 (g)

ΔH = ? 

                 C2H2 (g) + 5/2 O2 (g) ( 2 CO2(g) + H2O(l)   
 ΔH = -1299.5 kJ 

                               C(s) + O2(g) ( CO2(g)    

 ΔH = -393.5 kJ

                         H2(g) + ½ O2(g) ( H2O                                 ΔH = -285.8 kJ
5. Given the following thermochemical equations, determine the ΔHrxn for the following reaction. 

N2 (g)  + 5/2 O2 (g)  (  N2O5(g)               ΔH = ?
                                       2 H2(g) + O2(g)  ( 2 H2O (l)              ΔH = -571.6 kJ

                                  N2O5 (g) +  H2O(l)  (  2 HNO3 (l)          ΔH = -73.7 kJ

           ½ N2 (g)  + 3/2 O2 (g) + ½ H2 (g)  ( HNO3 (l)              ΔH = -174.1 kJ
6. To produce silicon, used in semiconductors, from sand, SiO2, a reaction is used which can be broken down into three steps:

SiO2(s) + 2C(s) ( Si(s) + 2CO(g) 
ΔH = 689.9kJ

Si(s) + 2Cl2(g) ( SiCl4(g) 

ΔH = -657.0kJ

SiCl4(g) + 2Mg(s) ( 2MgCl2(s) + Si(s)  ΔH = -625.6kJ

Write the thermochemical equation for the overall reaction for the formation of silicon from silicon dioxide; CO and MgCl2 are byproducts. What is ΔH for one mole of silicon? Is the reaction endothermic or exothermic?

7. Given the following thermo equations:

2H2(g) + O2(g) ( 2H2O(l)


ΔH = -571.6kJ

N2O5(g) + H2O(l) ( 2HNO3(l) 


ΔH = -73.7kJ

½ N2(g) + 3/2 O2(g) + ½ H2(g) ( HNO3(l)
ΔH = -174.1kJ

Calculate ΔΔΔ  H for the formation of one mole of dinitrogen pentoxide from its elements in their stable state at 25 (C and 1 atm.

8. Determine the ΔH° for the following reaction.
[image: image1.png]CuO(s) + CO(g — Cu(s) + COL(g
Calculate AH® in kilojoules, using the following thermo-
chemical equations.

92CO(g) + O,(g) — 2CO,(g) AH® = ~566.1 k]
2Cu(s) + Oy(g) — 2Cu0(s) AH® = —3105 K]




9. Determine ΔH° for the following reaction.

[image: image2.png]Ca(OH)s(ag) + 2HCI(agq) — CaCly(ag) + 2H,O(1)
Calculate A H* in kilojoules for this reaction, using the fol-
lowing equations as needed.

CaO(s) + 2HCl(aq) — CaCly(aq) + H,O(!)
AH® = —186 K]
CaO(s) + HyO(l) —— Ca(OH)(s) AH® = —62.3 K]
Ca(OH)(s) m Ca(OH)s(ag)
° AH®° = - 126K




10. Determine ΔH° for the following reaction. 

[image: image3.png]HCI(g) + NaNOy(s) — HNOy(!) + NaCl(s)
Use the following thermochemical equations.
2NaCl(s) + H,O(/) — 2HCl(g) + Na,O(s)
AH® = +507.31 k]
NO(g + NOy(g + Na,O(s) — 2NaNOy(s)
AH® = —427.14 K]
NO(g) + NOu(g) — N,O(g + Oy(g

AH® = —42.68 k]
2HNO(l) — N,O(g) + Oqo(g) + HyO()) -
AH® = + 3435 K




11. 

[image: image4.png]From the following enthalpies of reaction:

Ha(g) + Fa(g) — 2HF(g) AH = =537k

C(¢) + 2Fy(g) — CFy(g) AH = ~680 k]

2C(s) + 2Hy(g) — C;Hy(g)  AH = =523

calculate AH for the reaction of ethvlene with Fy:
C,Hy(g) ~ 6F:(g) — 2CF(g) — 4HF(g)




12. 

[image: image5.png]Given the following data:

N(g) + O,(g) — 2NO(g) AH = +180.7K

INO(g) + Os(g) — 2NOs(g)  AH = ~1131H

2N;0(g) — 2Ni(g) ~ Ox(8) AH = —1632K

use Hess's law to calculate AH for the reaction
N-O(g) ~ NO,(g) — 3NO(g)




