SOLUTIONS & DILUTIONS C30S-4-15 & 4-16
Instructor’s Notes
Curriculum Connections:
C30S-4-15

Prepare a solution given the amount of solute (in grams) and the volume of solution (in mL) and determine the concentration in moles/litre

C30S-4-16

Solve problems involving the dilution of solutions 

Include: dilution of stock solutions, mixing common solutions with different volumes and concentrations.

Disposal:

Treat the KMnO4 solutions with a weak base (NH4OH) and 3% H2O2. Filter the brown solid MnO2 produced, and discard this with ordinary solid waste.
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PART A: Concentration & Dilution Introduction

When you buy a can of juice concentrate from the supermarket you are expected to dilute the juice concentrate. 
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What would a spoonful of concentrate taste like compared to a spoonful of the diluted juice?

The concentrate would taste much stronger.
Assuming the concentrate is made up of orange molecules, explain why the concentrate tastes different from the diluted juice. If you’d like, use a drawing to clarify your explanation. 

Diluting the concentrate spreads the orange molecules out in a larger volume of water so you taste less orange per spoonful.
 Concentrate


               Diluted Juice
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For this discussion let’s say that one can of orange juice is 1 mol and you want to make 1 L of orange juice solution. You need to add enough water (3 cans) to bring the total volume to 1 L. The concentration, or molarity, of the orange juice solution would be 1 mol/L. 

But what is the molarity of the orange juice solution when you only add the first can and bring the volume up to 0.5 L? Remember that molarity is expressed in mols per 1 liter of solution (mol/L). 

         mols of orange juice          = 1 mol orange juice = 2 mol/L

 total volume (L) of the solution                 0.5 L

Find the molarity after adding two cans of juice when the total volume is 0.75 L.
1 mol orange juice = 1.33 mol/L

          0.75 L
Compare the concentrations, or molarities, as you add one can, two cans and finally three cans of water to the juice. What happens to the molarity? What happens to the orange molecules?

As more cans of water are added the molarity goes down, the juice is less concentrated. The orange molecules are dispersed in the water, more diffuse.  

The final orange juice solution is similar to a stock solution found in chemical labs. Just as you know the jug of orange juice always has a molarity of 1 mol/L, in other words it contains 1 can of orange juice concentrate in every 1 L of orange juice solution, certain chemicals are packaged in solution at factory set molarities. 

Occasionally the experiments we perform require a lower concentration than the factory set molarity. 

How would you lower the concentration, or molarity, of the orange juice? What would it look and taste like? Why?
You could add more water to it. It would be lighter orange and would taste weaker because the orange molecules would be even more spread out.
Let’s say we take 100 mL of our orange juice solution and add enough water to bring the total volume up to 0.5 L. What is the molarity of our new, even more diluted, orange juice solution #2?
Step 1: First we need to determine how many mol of orange molecules we transferred over.

molarity of orange juice solution #1 = 1 mol/L

we transferred 100 mL = 0.1 L orange juice solution #1

1 mol  * 0.1 L = 0.1 mol of orange molecules in that 100 mL
  1 L
Step 2: Now we need to determine the molarity of the orange juice solution #2:

mol of orange molecules = 0.1 mol = 0.2 mol/L
total volume of solution        0.5 L
We can further dilute the orange juice solution #2 and find the new molarity of orange juice solution #3 by following the same steps.

What is the molarity of orange juice solution #3 if 50 mL of orange juice solution #2 was transferred and enough water was added to make 0.25 L?

0.2 mol * 0.05 L = 0.01 mol of orange molecules
   1 L
0.01 mol = 0.04 mol/L is the molarity of orange juice solution #3

 0.25 L

PART B: Lab Activity
Equipment Required:

· Electronic balance

· 0.8 g of potassium permanganate KMnO4 

· 4 150 mL beakers

· Water

· Stir Stick

· Conductivity Apparatus

· Graduated cylinder

Procedure: 
1. Label your beakers from 1 to 4.
2. Weigh out 0.8 g of potassium permanganate KMnO4 into beaker #1 and perform the mole 

calculation in the table.
3. Add enough water to make 100 mL of solution.
4. Stir well until all the KMnO4 is dissolved.
5. Find the molarity of KMnO4 solution #1 and record it in the table.
6. Record the colour intensity in the observation column of the table.
7. Test the solution in beaker #1 for conductivity and record your results.

8. Using the graduated cylinder transfer 50 mL of solution #1 into beaker #2.

9. Rinse out the graduated cylinder and measure 50 mL of water. Add this to beaker #2. 

10. Find the molarity of KMnO4 solution #2 and record it in the table. 

11. Repeat procedure for beakers #2, #3 and #4.

12. When you are finished, dispose of your solutions in the bucket at the front of the room and 


clean up your station.

Analysis:

1. When we put the solid KMnO4 into water what happens physically and chemically? 

It turns the water pink. KMnO4 dissociates into ions.
2. Write a chemical equation for this process:

              H2O
KMnO4    (    K+ + MnO4 ¯
3. What is happening at the molecular level as the molarity gets smaller? 
There are less K+ and MnO4 ¯ ions in the solution. The solution is more dilute. 
4. What accounts for the colour and conductivity of the solution? As the colour decreases, what happens to the conductivity? Why?
The K+ and MnO4 ¯ ions account for both the colour and conductivity, as the colour decreases the conductivity goes down because there are fewer ions in solution. 
5. If you could “pull out” the solid you dissolved would you have more or less in the dilute solution than you started with? Why?
You would have less in the dilute solution because some of the ions are still in beakers 1, 2, and 3.

6. There is a chemical equation that is used for diluting solutions of known concentrations: 
c1v1 = c2v2
c1 is the known concentration of solution #1

c2 is the concentration of solution #2
v1 is the volume of solution #1



v2 is the volume of solution #2

You used this formula stepwise in the table, it was rearranged to look like this:

c1v1 = c2





        v2
Once your teacher has walked you through the process, use this formula to double check your molarity calculations for beakers 2, 3, and 4. 
Beaker 2: 
c1 = 0.05 mol/L, v1 = 0.05 L, v2 = 0.1 L


0.05 mol/L * 0.05 L = 0.025 mol/L



0.1 L
Beaker 3: 
c1 = 0.025 mol/L, v1 = 0.05 L, v2 = 0.1 L



0.025 mol/L * 0.05 L = 0.0125 mol/L



0.1 L
Beaker 4: 
c1 = 0.0125 mol/L, v1 = 0.05 L, v2 = 0.1 L



0.0125 mol/L * 0.05 L = 0.00625 mol/L



0.1 L
	  
	CALCULATIONS
	OBSERVATIONS

	
	Mole calculation
(amount of mol in 50 mL transfer)
	Moles of KMnO4 (mol)
	Total Volume (L)
	Molarity  Calculation (mol/L)
	Colour
	Conductivity

	#1
	You must convert g to mol in beaker 1

K: 39.0983

Mn: 54.938

O: 15.9994 * 4 = 63.9976

KMnO4 ​= 158.0339 g/mol

0.8 g *     1 mol      = 0.005 mol

           158.0339 g
	0.005 mol
	0.1 L
	0.005 mol = 0.05 mol/L
        0.1 L
	Should Decrease
	Should Decrease

	#2
	Use the orange juice process for beakers 2, 3, 4 
0.05 mol * 0.05 L = 0.0025 mol

        1 L
	0.0025 mol
	0.1 L
	0.0025 mol = 0.025 mol/L

        0.1 L
	
	

	#3
	0.025 mol * 0.05 L = 0.00125 mol

        1 L
	0.00125 mol
	0.1 L
	0.00125 mol = 0.0125 mol/L

        0.1 L
	
	

	#4
	0.0125 mol * 0.05 L = 0.000625 mol

        1 L
	0.000625 mol
	0.1 L
	0.000625 mol = 0.00625 mol/L

       0.1 L
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