[bookmark: _lpo7v66hzyr2]Practice Calculating Kc Values and Predicting Reaction Direction 
1. (a) At 230 °C, the value of Kc for the dissociation of nitrosyl chloride is 4.5 x 10-3. Describe the significance of the value of Kc.
(b) At 465 °C, the value of Kc for the dissociation of nitrosyl chloride is 9.2 x 10-2. In terms of the equilibrium position, suggest how this Kc value supports the fact that the forward reaction is endothermic. 
2. (a) The following dynamic equilibrium was reached at temperature, T, in a closed container. 
                                           2X (g) + Y  ⇌ 2Z (g)                 ΔH = -65 kJ mol-1
(a) The value of Kc for the reaction was 75.0 when the equilibrium mixture contained 2.97 mol of Y and 5.38 mol of Z.
i) Define dynamic equilibrium.
ii) Write an expression for Kc for the reaction. 
(b) If the conditions for a closed container are changed, it can affect the concentrations of the reactants, products, and Kc. State the effect, if any, on the concentration of Y at equilibrium if temperature, T, is decreased and give a reason for your answer. 
(c) Calculate the equilibrium constant for the following reaction at temperature, T. 
					2Z (g) ⇌ 2X(g) + Y(g)
3. A 0.680 mol sample of SO3 is introduced into a reaction container and allowed to reach equilibrium at temperature T.
                                           2SO3 (g) ⇌ 2SO2(g) + O2(g)               ΔH = +196 kJ mol-1
(a) The value of Kc for the reaction was 7.9 x 10-3. The size of the container for the reaction is increased. State the effect, if any, on the equilibrium constant, Kc, and the position of equilibrium. Justify your answer. 
(b) The temperature of the reaction in part (a) is increased. State the effect, if any, on the equilibrium constant, Kc, and the position of equilibrium. Justify your answer. 
(c) If the value of the equilibrium constant, Kc, is 2.7 x 10-2 at temperature T1 for the reaction:
2SO3 (g) ⇌ 2SO2(g) + O2(g) 
Calculate the equilibrium constant, Kc, for the reaction:
4SO2(g) + 2O2(g) ⇌  4SO3(g)
Give your answer to 2 decimal places. 
4. (a) For the reaction: 2SO₂(g) + O₂(g) ⇌ 2SO₃(g)
At equilibrium at 727°C, the concentrations are:
· [SO₂] = 0.0160 M
· [O₂] = 0.0056 M
· [SO₃] = 0.0352 M
Calculate Kc for this reaction.
(b) The decomposition of hydrogen iodide: 2HI(g) ⇌ H₂(g) + I₂(g)
At 698 K, equilibrium concentrations are:
· [HI] = 0.0454 M
· [H₂] = 0.00623 M
· [I₂] = 0.00623 M
              Calculate Kc for this reaction.
(c) For the reaction: CO(g) + H₂O(g) ⇌ CO₂(g) + H₂(g)
At equilibrium at 700°C, the concentrations are:
· [CO] = 0.180 M
· [H₂O] = 0.180 M
· [CO₂] = 0.120 M
· [H₂] = 0.120 M
Calculate Kc for this reaction.
5. (a) For the reaction: 2NO₂(g) ⇌ N₂O₄(g)
At equilibrium at 55°C, the concentrations are:
· [NO₂] = 0.0172 M
· [N₂O₄] = 0.00962 M
Calculate Kc. What does the magnitude of this Kc value tell you about the position of equilibrium?
(b) For the reaction: H₂(g) + I₂(g) ⇌ 2HI(g)
At equilibrium at 731 K, the concentrations are:
· [H₂] = 0.0510 M
· [I₂] = 0.0510 M
· [HI] = 0.389 M
Calculate Kc. Compare this value to the previous problem - what does this suggest about the equilibrium position?
(c) For the equilibrium: 2NOCl(g) ⇌ 2NO(g) + Cl₂(g)
At equilibrium at 700 K, the concentrations are:
· [NOCl] = 0.187 M
· [NO] = 0.0268 M
· [Cl₂] = 0.0134 M
Calculate Kc. What does this Kc value indicate about the equilibrium mixture?
6. The reaction quotient (Q) has the same mathematical form as the equilibrium constant (Kc), but uses instantaneous concentrations rather than equilibrium concentrations.
Key Relationships:
Remember:
· Kc expressions use equilibrium concentrations
· Q expressions use instantaneous concentrations
· If Q < Kc: Reaction shifts right (toward products)
· If Q = Kc: Reaction is at equilibrium
· If Q > Kc: Reaction shifts left (toward reactants)
(a) For the reaction: 2SO₂(g) + O₂(g) ⇌ 2SO₃(g), Kc = 280 at 1000 K
At a given moment, the concentrations are:
· [SO₂] = 0.0500 M
· [O₂] = 0.0180 M
· [SO₃] = 0.0350 M
Calculate Q and predict the direction of the reaction.
(b) For the reaction: N₂(g) + 3H₂(g) ⇌ 2NH₃(g), Kc = 0.105 at 472°C
Current concentrations are:
· [N₂] = 0.200 M
· [H₂] = 0.300 M
· [NH₃] = 0.0500 M
Calculate Q and determine which way the reaction will proceed.
(c) For the reaction: CO(g) + H₂O(g) ⇌ CO₂(g) + H₂(g), Kc = 5.10 at 700°C
A reaction mixture contains:
· [CO] = 0.0150 M
· [H₂O] = 0.0150 M
· [CO₂] = 0.0350 M
· [H₂] = 0.0200 M
Is this mixture at equilibrium? If not, which direction will it proceed?
(d) The equilibrium constant for H₂(g) + I₂(g) ⇌ 2HI(g) is Kc = 49.0 at 731 K.
If a reaction vessel contains [H₂] = 0.100 M, [I₂] = 0.200 M, and [HI] = 0.500 M:
1. Calculate Q
2. Compare Q to Kc
3. Predict what will happen to each concentration as the system reaches equilibrium
[bookmark: _r9d4cf36v8gc]7. Interpreting Q and Kc Values
(a) For each scenario, predict the direction of reaction without calculating:
	Reaction
	Kc
	Q
	Direction

	A ⇌ B
	10
	2
	

	C ⇌ D
	0.5
	3
	

	E ⇌ F
	100
	100
	

	G ⇌ H
	0.001
	0.01
	


(b) A student calculated Q = 4.5 × 10³ for a reaction with Kc = 1.2 × 10⁻². Without doing calculations, predict:
1. The direction the reaction will proceed
2. Whether the concentration of products will increase or decrease
3. Whether the concentration of reactants will increase or decrease
(c) Explain why Q can have any value from 0 to infinity, but Kc has a fixed value at a given temperature.
(d) For a reaction with a very large Kc (like 10⁶), explain:
1. What this tells you about the equilibrium position
2. What would happen if Q < Kc for this reaction
3. Why it would be difficult to have Q > Kc for this reaction
(e) Consider adding more reactants to an equilibrium mixture. Use Q and Kc concepts to explain:
1. What happens to the value of Q immediately after addition
2. Why the reaction shifts toward products
3. What the final value of Q will be


