Chemical Systems and Equilibrium
True or False
· Reactions occur as written.

· Reactions go to completion.

· Reactions are irreversible.

All chemical reactions carried out in a closed system eventually reach a state of equilibrium in which the concentrations of all the reactants and products do not change with time. 

When a chemical reaction proceeds in a closed system, the two reactions reach a dynamic equilibrium state when the rate of the forward reaction is equal to the rate of the reverse reaction. We write the equation for such a reaction as follows:

H2(g) + I2(g)       2HI(g)
*** opposing rates must be equal ***

· Characteristics of a System in Equilibrium

· Observable (macroscopic) properties are constant.

· Equilibrium can only be reached in a closed system.

· A system in equilibrium will remain in equilibrium as long as the system remains closed.

· Equilibrium can be approached from either the forward or reverse direction.
Analogy

If a person is rowing a boat upstream at the same speed as the current is moving downstream, the boat will appear motionless to an observer on the bank of the stream, and yet both the rower and the water are doing work in opposite directions. Students could be challenged to come up with their own analogies—a useful way to check for comprehension and/or misconceptions.

Have students come up with their own analogy.

Students can easily confuse the terms (and concepts) “steady state” and “equilibrium.” Steady states refer to systems whose components are moved from one location to another in a single direction (e.g., water flowing downstream from a pond to a lake; the water level in the pond never decreases and that of the lake never increases, but the water is moving in only one direction). Equilibrium situations involve components moving in both directions (at the same rate) between two locations.
Read the 4 situations on page 323-324 and identify which are at equilibrium.

Figure 7.1: System B is in equilibrium because the system is closed; the water molecules that escape the liquid phase are trapped by the jar lid and eventually return to the liquid phase. Thus, the volume of water in the jar at equilibrium is constant. System A is open, so the water molecules in the gaseous state can escape, slowly reducing the volume of the puddle.

Figure 7.1

Figure 7.2: System B is in equilibrium, which can be changed by increasing the temperature of the solution, thereby allowing more copper(II) sulfate to dissolve, and increasing the concentration of CuSO 4 in the aqueous phase.

Figure 7.2

Figure 3: Neither system is in equilibrium; the second system will be in equilibrium once the crystal stops its growth and the solution goes from supersaturated to saturated.

Figure 7.3
Page 327 #2-5
1. Two physical processes that are examples of reversible changes not at equilibrium are a pot of boiling water with

the lid off and dissolving salt in water to make an unsaturated solution. Two chemical processes that are examples of reversible changes not at equilibrium are the dissociation of water using a Hoffman apparatus and the heating of cobalt chloride hexahydrate to decompose it into anhydrous cobalt chloride and water vapour; the addition of water to the anhydrous product causes the formation of the original cobalt chloride hexahydrate. 

2. When a reversible reaction approaches equilibrium, the concentrations of both the products and reactants will stabilize and the rate of the forward reaction will equal the rate of the reverse reaction.

3. (a) At the molecular level, there is a constant movement of CO 2(g) molecules from the space above the liquid dissolving into the liquid, and molecules leaving the liquid into the space above it.

(b) Pressure, temperature, composition, and amount of particles present will stay constant.

4. In a sealed jar, the numbers of molecules in the liquid and gaseous state are not equal. Only the rate of change of water molecules undergoing condensation and evaporation are equal.

5. Ice and slush will form an equilibrium mixture at 0°C. At temperatures above 0°C, both ice and slush will tend to melt, and at temperatures below 0°C, the slush will begin to freeze. At 0°C, the rate of the water molecules moving between a slush (liquid) state and the solid state will be equal.
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