Chemistry Concept Knowledge Test 2

Thermochemistry of Bonding
Questions 1 and 2 relate to the reaction of hydrogen gas with chlorine gas to produce hydrogen chloride gas:

H2(g) + Cl2(g) → 2 HCl(g)
This reaction can also be represented with the following molecular diagram:
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The bond enthalpies of the different kinds of bonds involved are:

H–H
436 kJ/mol

Cl–Cl
243 kJ/mol

H–Cl 
432 kJ/mol

1. Based on this information, the reaction of hydrogen gas with chlorine gas must be:

a. exothermic – heat is given off to the atmosphere

b. endothermic – heat is absorbed from the atmosphere

c. no heat is either absorbed or given off

d. there is not enough information to tell

2. The reaction above is not easily reversible: it is hard to break down hydrogen chloride into hydrogen and chlorine again. If the reaction was reversible, the reverse reaction would be:

a. exothermic – heat is given off to the atmosphere

b. endothermic – heat is absorbed from the atmosphere

c. no heat is either absorbed or given off

d. there is not enough information to tell

3. Free oxygen atoms (O) are quite rare in the atmosphere but are sometimes created by lightning. Which of these statements best describes what happens to these atoms when they react with one another:

a. they combine to form O2, giving off energy when the O=O bond forms

b. they combine to form O2, taking in energy when the O=O bond forms

c. they remain in the atmosphere since it would take too much energy to bond

d. they remain in the atmosphere because that is their natural state

4. The reaction between carbon monoxide and oxygen is exothermic.

2 CO(g) + O2(g) → 2 CO2(g)
This is because:

a. the energy required to break the bonds in the CO and O2 molecules is much greater than the total energy released when the C=O bonds in the CO2 are formed

b. the energy released by breaking the bonds in the CO and O2 molecules is much greater than the total energy required to form the C=O bonds in the CO2
c. the energy required to break the bonds in the CO and O2 molecules is much less than the total energy released when the C=O bonds in the CO2 are formed

d. the energy released by breaking the bonds in the CO and O2 molecules is much less than the total energy required to form the C=O bonds in the CO2
Questions 5-7 relate to this well-known exothermic reaction:

2 H2(g) + O2(g) → 2 H2O(g)
5. The bond in the H2 molecule is a single (H–H) bond and its enthalpy of formation is 436 kJ/mol. This means:

a. 436 kJ is required to form the bonds in one mole of H2 molecules

b. 436 kJ is required to form the bond in one H2 molecule

c. 436 kJ is released when the bonds in one mole of H2 molecules are formed from atomic hydrogen.

d. 436 kJ is released when the bond in one H2 molecule is formed

6. The bond in the O2 molecule is a double (O=O) bond with an enthalpy of formation of 498 kJ/mol. In the left side of the reaction above the bonds in 2 mol of H2 are broken for a total energy use of 872 kJ. When the energy required to break the bonds in 1 mol of oxygen are added, the total energy required to break bonds on the left side of the reaction is:

a. 374 kJ

b. 498 kJ

c. 872 kJ

d. 1370 kJ

7. Two mol of H2O are produced on the right hand side of this reaction when the H–O bonds in the water molecules are formed. Since we know this reaction is exothermic, the total energy released must be:

a. less than the number in the correct answer to Question 6

b. greater than the number in the correct answer to Question 6

c. the same as the number in the correct answer to Question 6

d. there is not enough information to tell

8. The reaction between solutions of citric acid and sodium hydrogen carbonate (sometimes called ‘bicarbonate’) is endothermic. Without knowing the structures of the substances involved or the details of the reaction, we can still say:

a. the total energy released by breaking the bonds in the reactants is greater than the total energy taken to form the bonds in the products

b. the total energy released by breaking the bonds in the reactants is less than the total energy taken to form the bonds in the products

c. the total energy required to break the bonds in the reactants is greater than the total energy released when the bonds in the products are formed 

d. the total energy required to break the bonds in the reactants is less than the total energy released when the bonds in the products are formed

Questions 9-11 are related to the following information:

Petrol contains a variety of different molecules, but is given an ‘octane rating’ that compares it to iso-octane, one form of the octane molecule, C8H18.
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Octane reacts with oxygen from the air according to the equation:

2 C8H18(l) + 25 O2(g) → 16 CO2(g) + 18 H2O(g)
The reaction is very exothermic.

9. Each iso-octane molecule contains 7 C–C single bonds, each with a bond enthalpy of 348 kJ/mol. It also contains 18 C–H single bonds, each with a bond enthalpy of 413 kJ/mol. The total energy released when a mole of octane molecules is made from individual C and H atoms is:

a. 761 kJ

b. 2436 kJ

c. 7434 kJ

d. 9870 kJ

10. The reaction between octane and air is very exothermic, and yet an open container of octane can be left at room temperature for several days without catching fire (i.e. reacting) (although it will evaporate). This is because:

a. octane is naturally in a liquid state

b. energy must be supplied to start the reaction

c. there is not enough oxygen in the air to start the reaction

d. energy must be removed from the system to break the bonds in the octane before it can react

11. In this reaction CO2 gas is formed as one of the products. Each CO2 molecule contains two C=O double bonds, with a bond enthalpy of 799 kJ/mol per bond. 

The reaction also forms H2O (water) in gas form as a product. Each water molecule contains two O-H single bonds with a bond enthalpy of 463 kJ/mol. 

In comparing the energy released when forming CO2 and H2O molecules we can state:

a. the energy released in forming H2O is much greater than that released in forming CO2 

b. the energy released in forming H2O is much less than that released in forming CO2 

c. the energy absorbed in forming H2O is much greater than that absorbed in forming CO2
d. the energy absorbed in forming H2O is much less than that absorbed in forming CO2
12. What name is given to the quantity identified as ‘A’ in this reaction energy diagram?
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a. initiation energy

b. reaction enthalpy

c. activation energy

d. bond enthalpy
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