COPPER POLLUTION SOLUTIONS
Instruction and Pre-Lab

Curriculum Connections

C30S-4-13
Differentiate among, and give examples of the use of various representations of concentration.


Include: g/L, % W/W, % W/V, % V/V, ppm,  ppb, mol/L (molarity)

C30S-4-14
Solve problems involving calculation for concentration, moles, mass, and volume.

C30S-4-15
Prepare a solution given the amount of solute (in grams) and the volume of solution (in m/L) and determine the concentration in moles/liter.

C30S-4-16
Solve problems involving the dilution of solutions


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

C30S-4-17
Perform a dilution from a solution of known concentration.

C30S-4-19
Describe the process of treating a water supply, identifying the allowable concentrations of metallic and organic species in water suitable for consumption.
Instructional Sequence

Background Information

Though demonstrating serial dilutions of liquid solutions show changes in colour intensity, visualizing the division of a droplet can be tricky (1 droplet blue + 9 droplets clear = 1/10 of each droplet being blue??), so I suggest using coloured sand to demonstrate along with the teaspoon or “droplet” diagrams. Emphasize that in one teaspoon the particles of sand are similar to the mg of copper in the droplets. In one teaspoon there is 100,000 mg of sand and each particle of blue sand is equal to 1 mg of copper atoms (about 1 x 1025 Cu particles). So we have 100,000 “packages” of Cu atoms. 

Add 1 teaspoon of blue sand together with 9 teaspoons of white sand, mimicking H2O. In ten teaspoons there are 1,000,000 mg, or 1,000,000 “packages” of atoms. How many of these are mg of Cu? 100,000 mg Cu/1,000,000 mg total (reduces to 1/10 or 0.1), 100,000 out of 1,000,000, or the amount of copper in the solution is 100,000 ppm. ppm is another way to express concentration and is useful when we are discussing a very small amount of a substance present in solution.


 
Now, if every teaspoon has 100,000 mg and we know that 1/10 of the teaspoon is Cu, we have 100,000/10 = 10,000 mg of Cu in one teaspoon of this new solution. Add another 9 teaspoons of “H2O”. How much of the solution is Cu? 10,000 mg or 10,000/1,000,000 = 0.01 or 1/100, or the amount of copper in the solution is 10,000 ppm.


Keep transferring a teaspoon of sand in this way through the following sequence:

1/100 of 100,000 mg/teaspoon = 1,000 mg of Cu/teaspoon 

Add 9 teaspoons H2O for a total of 1,000,000 mg. The amount of Cu in the solution is 1,000 ppm.

1/1,000 of 100,000 mg/teaspoon = 100 mg of Cu/teaspoon

Add 9 teaspoons H2O for a total of 1,000,000 mg. The amount of Cu in the solution is 100 ppm.

1/10,000 of 100,000 mg/teaspoon = 10 mg of Cu/teaspoon

Add 9 teaspoons H2O for a total of 1,000,000 mg. The amount of Cu in the solution is 10 ppm.

1/100,000 of 100,000 mg/teaspoon = 1 mg of Cu/teaspoon

Add 9 teaspoons H2O for a total of 1,000,000 mg. The amount of Cu in the solution is 1 ppm.

Hold up the beaker and have the students comment on the visibility of the Cu in the solution. Even though they cannot see it, do they agree that it is really there? This amount, 1 ppm, is the maximum amount of copper that is safe for us to have in our drinking water.  Copper is a natural element and though some copper is necessary to the health of all living things excess amounts can be toxic to people and the environment. The following table shows the maximum allowable amounts of copper for different uses of water and the different ways we can express this.

	Water Use
	Maximum Copper Content ppm
	Maximum Copper Content mg/L
(1,000,000 mg = 1 L)
	Maximum Copper Content g/L
(1 mg = 1,000 g)
	Maximum Copper Concentration mol/L 
(convert g to mol using 
molar mass of Cu)

	Drinking Water
	1 ppm
	1 mg/L
	0.001 g/L
	1.6 x 10-5 mol/L

	Recreation & Aesthetics
	2 ppm
	2 mg/L
	0.002 g/L
	3.1 x 10-5 mol/L

	Irrigation Water Supply
	0.2 ppm
	0.2 mg/L
	0.0002 g/L
	3.1 x 10-6 mol/L

	Aquatic Life
	0.003 ppm
	0.003 mg/L
	0.000003 g/L
	4.7 x 10-8 mol/L

	Wildlife
	0.3 ppm
	0.3 mg/L
	0.0003 g/L
	4.7 x 10-6 mol/L


Have the students comment on which measurement system is easiest for them to visualize. Though ppm is useful for talking about extremely small amounts of solute (Cu) in solution (H2O) it is not especially useful to work with, instead we prefer measurements we can quantify visually – g, mol, and L. In the table I’ve done the mathematical conversions to illustrate the different ways of expressing the copper content in solution. 
Preparation for Activity

Knowing this information we could create a solution of recreation water containing the maximum allowable quantity of Cu by dissolving the ionic compound copper (II) chloride, CuCl2, in distilled water. Have the students look at the table and determine which system of measurement is most useful for this purpose. Since we need to weigh out the chemical and put it into a known quantity of solution, g/L works best for this purpose. Ask the students to suggest a mathematical method to determine the same ratio of chemicals if we only wanted to make .25 L of solution. 

 0.002 g   =   x  g                0.002 g * 0.25 L  = x g           0.0005 g = x g
    1 L
       0.25 L                         1 L
The students should be very familiar with this process from the Chemical Reactions Unit. Remind them that from this they should also be able to determine how many moles are going into solution. 

Now, what if we wanted to create drinking water from this recreational grade water? Take suggestions from the students as to how we could do this. Some students may suggest adding 750 mL of water and another 0.0005 g of Cu. Other students may suggest using a ratio similar to the one just performed:

0.0005 g   =   0.001  g                 x L        =     1 L               x L =  1 L * 0.0005 g            x L = 0.5 L 
    x L
            1 L                  0.0005 g       0.001 g                          0.001 g       

This is the            

unknown 
This is the known 

because we 
ratio we are

will increase
trying to mimic

the volume
Be careful – this 0.5 L is the total amount of solution: 0.0005 g / 0.5 L = 0.001 g/L. 

So how much water do we need to add? 
0.5 L (total required) – 0.25 L (amount originally in solution) = 0.25 L should be added.
The Activity

Hand out the article of the Britannia Creek Pollution for the students to read and have the materials for the lab activity ready. 
Wrap Up

The students may be interested to know that the following steps are being taken by the Britannia Water Treatment Plant to address the issue of pollution at Britannia Beach:

· Annually treat 4 billion litres of mine water 
· Annually remove approximately 600,000 kilograms of heavy metal contaminants – including enough copper to make 70 million pennies

· Neutralize the acidity of the water entering Howe Sound by raising the pH from 3-3.5 to between 6.5-9.5

· Generate its own power from a micro-turbine driven by the mine water outflow

Extensions

Ammonia solution can be added to enhance the blue colour of copper in solutions, though may only detect ions in concentrations higher than 100 ppm. This is an example of hydration and could be used to include the following outcome:

C30S-4-03
Explain the solution process of simple ionic and covalent compounds, using visual , particulate representations and chemical equations.

Include: crystal structure, hydration, dissociation
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After mixing the Cu will be evenly dispersed and each teaspoon will be 1/10 Cu (10,000 mg) and look like this:





After mixing the Cu will be evenly dispersed and each 100,000 mg teaspoon will be 1/100 Cu (1,000 mg):











