Chapter 13 Focus Questions

Section 1
1. What is chemical equilibrium?

2. What does it mean for a reaction to lie “far to the right”?

3. What kind of a slope does a horizontal straight line have?

4. Look a Fig. 13.2. What are the slopes of each graph when equilibrium is reached? What does this mean?

5. If more H20 is added, do you think the new equilibrium position will have more or fewer product molecules?

6. Why do reaction rates depend on concentration?

7. What is the equilibrium position determined by?

8. Nature tries to achieve (minimum, maximum) energy and (minimum, maximum) disorder.

9. Why is ammonia so valuable?

10. Why must a catalyst be used in the production of ammonia?

11. Why is H2 consumed three times faster than N2? Why is ammonia produced twice as fast as N2 is consumed?

12. Why does it make sense that the graphs for H2 and N2 in Fig. 13.5 have negative slopes and for NH3 it is positive?

Section 2
1. What is the law of mass action based on?

2. Write the general equilibrium expression. What is K?

3. Write the equilibrium expression for the Haber process (production of ammonia).

4. Since the concentrations of the components in a reaction change, what value of concentration should you use in the equilibrium expression?

5. What are the units for K?

6. Look over Sample Exercise 13.2. Why does it make sense that K¹ is much less than K? Halving the coefficients does what to the rate constant? If the coefficients were multiplied by three, what would that do to the rate constant?

7. When is K constant?

8. At a given temperature, since the equilibrium constant is the same, will the concentrations at equilibrium always be the same no matter what initial concentrations were used?

9. What is the difference between the equilibrium position and equilibrium constant?

10. Look at Table 13.1. For experiment I, the equilibrium position is primarily to the (right, left, in between).

11. For experiment II, the equilibrium position is primarily to the (left, right, in    between).

12. For experiment III, the equilibrium position is primarily to the (left, right, in between).

13. Write the balanced equation for production of ammonia and observe Table 13.1. H2 is consumed (slower, faster) than N2. Explain why it makes sense that [H2] < [N2] at equilibrium in experiment I when the forward reaction is favored? According to the reverse reaction, H2 is produced (slower, faster) than N2. Explain why it makes sense that [H2] > [N2] at equilibrium in experiment II when the reverse reaction is favored? In experiment III, is N2 or H2 the limiting reactant? The concentration of [NH3]0 is (less than, more than) stoichiometry requires based on the limiting reactant. This indicates that the (reverse, forward) reaction is favored. We should expect [N2] and [H2] to (increase, decrease) as a result. Look at Table 13.1. Does it agree with what you expected?

Section 3
1. How are pressure and concentration of gas related to each other?

2. How is the ideal gas equation also used to show the relationship between pressure and concentration?

3. Write the ideal gas equation using concentration. What does C represent?

4. What is the relationship between K and Kc?

5. What is the formula for Kc?

6. What is the formula for the equilibrium expression in terms of Kp?

7. Read through examples 13.4 and 13.5. Do problems #27 and 29.

Section 4
1. What is the difference between homogeneous equilibria and heterogeneous equilibria?

2. Why does the position of heterogeneous equilibria not depend on the amounts of pure solids or liquids?

3. Why does the position of heterogeneous equilibria depend on gases and solutions?

4. Read sample exercise 13.6. Do problems #31 and 33.

Section 5
1. What three things can be predicted when the equilibrium constant is known?

2. How did that author know that the system was not at equilibrium when the equilibrium equaled 0.9?

3. Consider an equilibrium expression. Are products in the numerator or the denominator of the quotient? A fraction is a small number if the bigger number is the (numerator, denominator). Applying this idea to the equilibrium expression, if your value for K is smaller than it should be when you plug your concentrations in, there must be more (products, reactants) produced to achieve equilibrium. This would indicate that the system must move to the (right, left) to achieve equilibrium.

4. Be sure to look over the initial conditions and equilibrium conditions on page 622-624 for that particular example. Be sure you understand why the equations make sense for the equilibrium conditions. Also be sure you understand how your author found that x must equal 8 at equilibrium.

5. In order for a fraction to be less than one, the (numerator, denominator) must be larger than the (numerator, denominator). So to summarize: if the equilibrium constant has a value less than one, there are more (products, reactants) at equilibrium and the reaction lies to the (right, left).

6. In order for a fraction to be greater than one, the (numerator, denominator) must be larger than the (numerator, denominator). So to summarize: if the equilibrium constant has a value greater than one, there are more (products, reactants) at equilibrium and the reaction lies to the (right, left).

7. In order for a fraction to be equal to one, the numerator must be equal to the denominator. So to summarize: if the equilibrium constant is equal to one, there are equal concentrations of products and reactants, and the reactions lies in between.

8. How are reaction rate and the size of K related? Does it make sense to say that since K is large, the reaction happens fast?

9. If the activation energy is small, the reaction rate will be (large, small). The reaction rate will then reach equilibrium (quickly, slowly).

10. What does the size of K depend on?

11. What is the reaction quotient and how is it different from the equilibrium expression?

12. What happens if Q is greater than K?

13. What happens if Q is less than K?

14. What happens if Q is equal to K?

15. Read over Sample Exercises 13.7 through 13.11 and do # 37, 41, 43, 47, and 48.

Section 6
1. Observe that in Sample Exercise 10 and 11, we were able to take the square root of both sides because the right side of the equation was a perfect square. Will it always be this way?

2. List the seven steps involved in solving an equilibrium problem.

3. In step 4, we would usually calculate Q but in this sample problem on page 635 we can’t. Why not?

4. What is the mole ratio between H2 and F2? Does it make sense, then, that if H2 is decreased by x, F2 is also decreased by x?

5. What is the mole ratio between H2 and HF? Does it make sense, then, that if H2 is decreased by x, HF must increase by 2x?

6. The quadratic formula always gives two answers; how so you know which one is accurate?

7. Read over Sample Exercise 13.12. If HI is a product, why is it decreasing in concentration? Why is it decreasing by 2x and not just x? Why are H2 and I2 increasing by x and not 2x?

8. Do # 49.

9. In problems with very small equilibrium constants, why is it that x represents a small number?

10. If you have an equilibrium concentration in the form A – dx and x is small, what is this concentration approximated as?

Section 7
1. Look at Table 13.2. At any given temperature, as pressure of the system is increased, what happened to the percent of product? As the temperature was increased, what happened to the percent of product? So as P is increased, the system shifts to the (right, left). As T is increased, the system shifts to the (right, left). What is LeChatlier’s Principle?

2. Why aren’t reactions at low temperatures feasible?

3. If, when a system is at equilibrium, and more reactant is added, Q will be (less than, more than, equal to) K. This means that the reaction will shift to the (left, right) to return back to equilibrium.

4. If, when a system is at equilibrium, and more product is added, Q will be (less than, more than, equal to) K. This means that the reaction will shift to the (left, right) to return back to equilibrium.

5. If more reactant is added, what will happen to the reaction rate of the forward reaction? Explain.

6. Read over Sample Exercise 13.13 and do # 59.

7. List three ways you can change pressure of a system at equilibrium.

8. How do inert gases effect the pressure of the system and how inert gases effect the pressure of the concentrations of the reactants and products? So how will the reaction shift?

9. If volume is decreased, pressure is (increased, decreased). In effect to return to equilibrium, the system will then (increase, decrease) the pressure by (increasing, decreasing) the amount of gas in the system.

10. Read over Sample Exercise 13.14 and do # 60.

11. When disturbances are made, the system will shift to return to its equilibrium position. Once returned, how will this K compare to K before the disturbance was made?

12. When is K not constant?

13. In an exothermic reaction, energy is a product. So if T is increased, (more, less) product will form. This will cause a shift to the (left, right) to return to equilibrium. So if T is increased, K will (increase, decrease) because products are in the numerator of the equilibrium expression. This is a (inverse, direct) relationship.

14. If T is lowered for an exothermic reaction, (more, less) product will form. This will cause a shift to the (left, right) to return to equilibrium. So if T is increased, K will (increase, decrease).

15. For an endothermic reaction, energy is a reactant. So if T is increased (more, less) product will form. This will cause a shift to the (left, right) to return to equilibrium.

16. For an endothermic if T is lowered (more, less) product will form. This will cause a shift to the (left, right) to return to equilibrium.

17. Read over Sample Exercise 13.15 and do # 61 and # 66.

