Lesson Plans for Soluble Salts 3: Solution Equilibrium and Ksp
http://phet.colorado.edu


Learning Goals:  Students will be able to:

· Describe the equilibrium of a saturated solution macroscopically and microscopically with supporting illustrations.

· Write equilibrium expressions for salts dissolving 

· Calculate K sp from molecular modeling

Background: I teach a dual credit chemistry course using Chemistry 6th Edition Zumdahl Houghton Mifflin, NY, 2003. The students in my class are taking their first high school chemistry course and receive credit for the first semester of college chemistry and credit for the corresponding lab. I have written a series of five activities using the Soluble Salts simulation to be used throughout the year. This is the third in the series. I plan to use this during second semester as part of Equilibrium (section13.1-2). Reversible Reactions is used as part of the pre-activity lesson. (06-07, I didn’t use Reversible reactions)

Soluble Salts Introduction: This is the third time we will have used it, so I’ll just mention that an abundance of salt may freeze the program.

Helpful simulation notes: 

· Tl2S has such a small solubility (8/4) that the number of dissolved particles varies significantly so it would not be a good one to use for calculating Ksp.

· Notice that the volume is much smaller for NaCl.

Pre-Activity: 

1. Draw a beaker of water with a lid on it and discuss the liquid/vapor equilibrium. Give the definition of chemical equilibrium; the state where the concentrations of all reactants and products remain constant. Relate that to the liquid/gas equilibrium. (My students were introduced to equilibrium in physics and we often referred to a closed container of water.) Review microscopic vs macroscopic. Have the students draw the beaker of water and then add a magnifying lens to show the water molecules

2. Project Reversible Reactions, talk about how this could be the reaction and how the rate of the forward reaction was calculated in the prior unit. Then discuss the reversibility of reactions and what the reverse reaction rate would mean. Then explain that at equilibrium the rates are the same, but the amounts of reactants and products are not necessarily the same.

3. Introduce the equilibrium expression (p613) 

aA + bB ( cC + dD   K=(A(a(B(b/(C(c(D(d

Explain that solids and pure liquids are not included in equilibrium expressions. Give a few examples of reactions with a variety of coefficients and number of products or reactants. Have the students practice as the reactions are presented. 

4. Show a test tube of water and add some salt. Continue to add salt until there is some solid on the bottom. Shake to demonstrate that the solution is saturated. Review what saturated means and how to write the dissolving reactions for salts. Have the students practice with some salts that are not in the sim. (The compounds are: NaCl, AgBr, Tl2S, Ag3AsO4, CuI, HgBr2, Sr3(PO4)2  )

5. Review changing molecules/liter to moles/liter and practice a few. 

Post Activity: There are some clicker questions.

05-06 We did a Ksp lab with Ca(OH)2 using a serial dilution of Ca+2  and OH- ions on our 90 minute block the same week. (Flinn AP Chem lab book, #13, p81). Then, we did activity 4.

Teaching note 06-07: We had done the sim activities 1 &2 very early in the year. When we got to activity 3, I did not have the students try to find their old data. The activity took 2 50 minute periods. We did a Ka lab in Flinn 14 instead of the Ksp one to try to help the students move from solubility to reaction equilibrium. I felt like we had Ksp ideas well developed. 

Useful information:

	Compound
	Ksp expression
(x is moles/l dissociated)
	Molar mass
	Common information 
	From sim

	
	
	
	Solubility in moles/L
	Ksp
	Solubility in g/100ml
	# Cations at saturation
	# Anions 

at saturation

	NaCl
	x2
	58.5
	6.0
	36
	35
	180
	180

	AgBr
	x2
	188
	7.3E-7   
	5.3 E-13
	1.4E-5
	45
	45

	Tl2S  
	(2x)2x
	441
	5.3E-8 
	6 E-22
	2.3E-6
	8
	4

	Ag3AsO4  
	(3x)3x
	463
	1.4E-6 
	1.0 E-22
	6.4E-5
	255
	80

	CuI 
	x2
	190
	1.0E-6 
	1.1E-12
	1.9E-5
	135
	135

	HgBr2 
	x(2x)2
	361
	2.5E-7
	6.2E-20
	9E-6
	16
	32

	Sr3(PO4)2  
	(3x)3(2x)2
	452.8
	2.5E-7
	1E-31
	1.1E-5
	45
	30
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