1. Explain what is meant by chemical energy. What determines how much chemical energy is in a substance?
Chemical energy is the total energy stored in a substance due to the number and types of chemical bonds present.

2. Define exothermic and endothermic chemical reactions.
Exothermic reactions undergo a decrease in potential energy (enthalpy), therefore lose energy to the surroundings (causing a temperature increase to the surroundings).

Endothermic reactions increase in potential energy (enthalpy). The reaction absorbs energy from the surroundings causing a temperature drop in the surroundings.

3. Define enthalpy.
Enthalpy is a measure of the heat content (total internal energy that can be converted to heat energy) of a system.

4. What type of energy contributes the most to the energy change during chemical reactions?
5. Changes in Potential energy due to the changes in the number and types of bonds during the chemical reaction.
6. Explain heat of reaction for a chemical reaction and standard change in enthalpy (ΔH°).
Heat of reaction is the change in enthalpy that occurs during a chemical reaction at the existing conditions (temperature and pressure).
ΔH° is the change in enthalpy that occurs during a chemical reaction corrected to standard ambient conditions (SATP).

7. Define: molar heat of combustion (ΔHc) and molar heat of formation (ΔHf).
ΔHc is the change in enthalpy when one mole of the substance is burned. ΔH°c is used for SATP.

ΔHf  is the change in enthalpy when one mole of the substance is formed from its elements. ΔH°f for SATP.
8. Explain how the heat of formation is related to the stability of a substance. 
The larger the (-) ΔH°f the more stable the substance (more resistant to thermal decomposition). This is known as thermal stability. (+ means less stable)
9. Sketch a profile to show the change in enthalpy for an exothermic and an endothermic chemical reaction.
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10. Calculate the number of joules required to heat each of the following from 15°C to 65°C: a) a 5.0g Pyrex test tube(c=0.84J/gC°); b) 25g of platinum (c = 0.13J/gC°).
a) Q = mcΔt
b) Q = mcΔt
= 5.0g x 0.84 J x 50.C°
= 25g x 0.13 J x 50.C°
 
gC°
gC°
=210J
= 160J
11. 3.00g of carbon are burned to form CO2 in a copper calorimeter. The mass of the calorimeter is 1500.g and the mass of the water in the calorimeter is 2000.g. The initial temperature of the water was 20.0°C and the final temperature was 31.3°C. Calculate the heat of the reaction for carbon in joule/gram. The heat capacity for copper is 0.387J/gC° and the heat capacity for the water is 4.19J/gC°.
Qtotal = QCu + Q H2O 

mcΔt + mcΔt

= 1500.g x 0.387 J x 11.3C°  +  2000.g x 4.19 J x 11.3C° 


gC°
gC°


= 6559.65J
+ 94694J


= 101253.65J
Qlost = Qqain
ΔH = -101253.65J = -33800 J

3.00g
  g

12. A 0.5269g sample of octane, C8H18, was placed into a bomb calorimeter with a heat capacity of 11.3kJ/C°. The sample was ignited in the presence of an excess of oxygen, the temperature increase of the calorimeter was 2.25C°. Calculate the molar heat of combustion for octane.
Q = CΔt


= 11.3kJ 2.25C°

C°


= 25.425 kJ

ΔH°c = -25.425 kJ
0.5269g x 1 mol

114.2g


= -5513kJ/mol
13. Given the following values for water:
cice= 2.1 J/gC°
ΔHfus = 335J/g
cH2O = 4.19 J/gC°
ΔHvap = 2260 J/g
cvapor = 1.4 J/gC°
Calculate the energy released when 75.0g of water at 125.0°C is cooled to ice at -5.0°C.
Qtotal = Qvapour + Qconden + Qwater + Qsolid + Qice
75.0 g x 1.4 J x -25C° + 75.0g x -2260 J  + 75.0g x 4.19 J x -100C° +75.0g x – 335 J + 75.0g x 2.1 J x -5C°


gC°
g
gC°
g
gC°
- 229462.5J
-229kJ

14. A chemical reaction was carried out in a calorimeter. The initial temperature of the 475.0g of water in the calorimeter was 18.0°C. The highest temperature the water reached was 42.0°C. Calculate the energy change of the reaction.
Q = mcΔt

475.0g x 4.19 J x 24.0C°


gC°


4776.6 J

Qsys = - Qsurr 

Qsys = - 4776.6 J


=  - 4.78kJ

15. A chemical reaction released 25.0kJ of energy. Assume the energy lost was gained by a sample of water as the temperature changed from 19.0°C to 50.0°C. What mass of water was heated?
Q = mcΔt
m =   Q 

cΔt
 =     25000  J 
     4.19 J  x 31C°

gC°
= 192 g
16. The following reaction was carried out in a calorimeter:
C(s) + O2(g) → CO2(g)  ΔH° = - 393.5 kJ
Calculate the energy released when 10.0g of C(s) undergoes complete combustion.
ΔH° = n ΔH°c 

10.0g   1 mol  x  - 393.5 kJ  = - 328kJ


12.01g
mol

17. Use the Standard Molar Enthalpies of Formation Table to rank the following in order of relative stability from the most stable to the least stable compound:
hydrogen iodide HI(g) ; hydrogen fluoride HF(g); water vapour H2O(g); propane C3H8(g);
nitrogen monoxide NO(g); sulphur dioxide SO2(g).
SO2 
- 296.8
HF
- 271.1
H2O
- 241.8
C3H8 
- 103.8
HI
+  26.5
NO
+  90.2
18. Use Hess’ Law to calculate ΔH for:
H2O(g) +C(s) → CO(g) + H2(g) 
Given:
H2(g) + ½O2(g) → H2O(g) + 242kJ
C(s) + ½O2(g) → CO(g) + 111kJ
C(s) + ½O2(g) → CO(g) + 111kJ

H2O(g) + 242kJ → H2(g) + ½O2(g)

C(s) + ½O2(g) → CO(g)    
ΔH = - 111kJ  

H2O(g) → H2(g) + ½O2(g) 
ΔH = + 242kJ

H2O(g) +C(s) → CO(g) + H2(g) 
ΔH = + 131kJ

19. Use Hess’ Law to calculate ΔH for:
3C(s) + 2Fe2O3(s) → 4Fe(s) + 3CO2(g)
Given:
2Fe(s) + 3/2O2(g) → Fe2O3(s) + 840kJ
C(s) + O2(g) → CO2(g) + 395 kJ
Fe2O3(s) → 2Fe(s) + 3/2O2(g) ΔH = + 840kJ

C(s) + O2(g) → CO2(g)  ΔH = - 395 kJ

2Fe2O3(s) → 4Fe(s) + 3O2(g) 
ΔH = + 1680 kJ

3C(s) + 3O2(g) → 3CO2(g)  
ΔH = -  1185 kJ
3C(s) + 2Fe2O3(s) → 4Fe(s) + 3CO2(g)
ΔH =  +  495 kJ
20. Use Hess’ Law to calculate ΔH for:
4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)
Given:
½N2(g) + 3/2H2(g) → NH3(g)  ΔH = -46.2kJ
½N2(g) + ½O2(g) → NO(g)  ΔH = 90.7kJ
H2(g) + ½O2(g) →  H2O(g)  ΔH = -243kJ
4NH3(g)              → 2N2(g) + 6H2(g) 
ΔH = + 184.8 kJ

2N2(g) + 2O2(g) → 4NO(g)  
ΔH =  + 362.8kJ

6H2(g) + 3O2(g) →  6H2O(g)
ΔH =  - 1458 kJ

4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)
ΔH =  -  910.4kJ
21. Use Hess’ Law to calculate ΔH for:
C6H6(l) + 15/2 O2(g) → 6CO2(g) + 3H2O(l)
Given:
6C(graphite) + 3H2(g) → C6H6(l)  ΔH = -49.0kJ
C(graphite) + O2(g) → CO2(g)  ΔH = -393.5 kJ
H2(g) + ½O2(g) → H2O(l)  ΔH = -285.8kJ
C6H6(l)                  → 6C(graphite) + 3H2(g) 
ΔH = +   49.0kJ
6C(graphite) + 6O2(g) → 6CO2(g)  
ΔH = - 2361 kJ
3H2(g) + 3/2O2(g)      → 3H2O(l)  
ΔH = -  857.4kJ
C6H6(l) + 15/2 O2(g) → 6CO2(g) + 3H2O(l)
ΔH = -3169.4kJ
22. Calculate the heat of reaction for the following reactions from their heats of formation:
a)
CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)
ΔHºr = ΣnΔHºf products –  ΣnΔHºf reactants
ΔHºr = (1mol x -393.5kJ + 2mol x -241.8kJ) - (1mol x -74.8 kJ + 2 mol x 0kJ)

mol
mol
mol
mol
ΔHºr = - 877.1 kJ - -74.8kJ
ΔHºr = - 802.3kJ

b) CaCO3(s)  → CaO(s) + CO2(g)
ΔHºr = ΣnΔHºf products –  ΣnΔHºf reactants
ΔHºr = (1mol x - 635.1kJ + 1mol x – 393.5kJ) - (1mol x – 1206.9kJ)


mol
mol
mol
ΔHºr = - 1028.6 - - 1206.9kJ
ΔHºr = + 178.3kJ

c)
Ca(OH)2(s) → H2O(l) + CaO(s)

ΔHºr = ΣnΔHºf products –  ΣnΔHºf reactants
ΔHºr = (1mol x - 285.8kJ + 1 mol x – 635.1kJ) - (1mol x – 986.1kJ)

mol
mol
mol
ΔHºr = - 920.9kJ - - 986.1kJ
ΔHºr = + 65.2kJ
23. Calculate the heat of combustion for 1 mole of propane, C3H8?
C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(g)
ΔHºr = ΣnΔHºf products –  ΣnΔHºf reactants

ΔHºr = (3mol x -393.5kJ + 4mol x -241.8kJ) - (1mol x -103.8 kJ + 5mol x 0kJ)


mol
mol
mol
mol
ΔHºr = - 1180.5kJ + -967.2kJ - -103.8kJ
ΔHºr = - 2147.7kJ + 103.8kJ
ΔHºr = - 2043.9kJ
24. The heat of reaction for the following reaction is –197.8kJ
Ca(OH)2(s) + 2HCl(g) → CaCl2(s) + 2H2O(l) 
Given:
ΔHf for Ca(OH)2(s) = -985.6 kJ
ΔHf for CaCl2(s) = -794.2 kJ
ΔHf for H2O(l) = -285.6 kJ
Calculate the ΔHf for one mole of HCl(g) 
CaCl2(s) + 2H2O(l) → Ca(OH)2(s) + 2HCl(g)
ΔH = + 197.8kJ
ΔHr = ΣnΔHºf products –  ΣnΔHºf reactants
197.8kJ = -985.6kJ +2x – (-794.2kJ + -571.2kJ)
1183.4kJ = 2x + 1365.4kJ

2x = -182.0kJ

x = -91.0kJ

or

CaCl2(s) + 2H2O(l) → Ca(OH)2(s) + 2HCl(g) 
ΔH = + 197.8kJ
Ca(OH)2(s) → Ca(s) + H2(g) +O2(g) 
ΔH = + 985.6kJ
Ca(s) + Cl2(g) → CaCl2(s) 
ΔH = - 794.2kJ
2H2(g) + O2(g) →  2H2O(l) 
ΔH = - 571.2kJ
H2(g) + Cl2(g) → 2HCl(g) 
ΔH = - 182.0kJ
½H2(g) + ½Cl2(g) → HCl(g) 
ΔH =   - 91.0kJ
25. Given:
ΔHf for SO3(g) = -396 kJ
ΔHf for H2O(l) = -286 kJ
H2O(l) + SO3(g) → H2SO4(l)  ΔH = -130 kJ
Calculate the heat of formation for H2SO4(l).
H2O(l) + SO3(g) → H2SO4(l)  
ΔH = -130 kJ
S(s) + 3/2O2(g) → SO3(g) 
ΔH = -396 kJ

H2(g) + ½O2(g) →  H2O(l) 
ΔH = - 286kJ
H2(g) + 2O2(g) + S(s) → H2SO4(l)
ΔH = - 812kJ
or
H2O(l) + SO3(g) → H2SO4(l)  ΔH = -130 kJ
ΔHºr = ΣnΔHºf products –  ΣnΔHºf reactants
-130kJ = x – (-286kJ + -396kJ)

-130kJ = x + 682kJ
x = -812kJ

26. In a typical household, about one-quarter of the energy consumed is used to heat water. What mass of methane, the main component of natural gas, must undergo complete combustion to heat 100.0L of water from 5.0°C to 70.0°C?
CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)
ΔHºc = ΣnΔHºf products –  ΣnΔHºf reactants
ΔHc°= [1mol(-393.5kJ)+2mol(-241.8kJ)]-[1mol(-74.8kJ)+2mol(0kJ)]



mol
mol
mol
mol

ΔHc°= - 802.3 kJ

mol

1L = 1 kg so 100.0L = 100.0 kg = 100 000g
Q = mcΔt

Q = 100 000g x 4.184J x (70.0 – 5.0) C°

gC°

Q = 27196000J = 27196kJ

Qsys = - Q surr
- 27196kJ x 1 mol      x     16.05g  = 544g CH4 

- 802.3kJ
mol


(33.8975 mol)





































