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What’s the Solution? 
Part 2
· Standards: 
S11.A.2.1 Apply knowledge of scientific investigation or technological design to develop or critique aspects of the experimental or design process.

S11.A.2.2  Evaluate appropriate technologies for a specific purpose, or describe the information the instrument can provide.

S11.A.3.3  Compare and analyze repeated processes or recurring elements in patterns.

M11.A.2.1
Apply ratio and/or proportion in problem-solving situations.

M11.A.3.1
Apply the order of operations in computation and in problem-solving situations. 

M11.D.2.1
Write, solve and/or graph linear equations and inequalities using various methods. 

M11.D.3.2
Compute and/or use the slope of a line. 

M11.D.4.1 
Interpret and/or use linear, quadratic and/or exponential functions and their equations, graphs or tables. 

M11.E.1.1  Appropriately display and/or use data in problem-solving settings.

M11.E.4.1 
Make predictions using data displays and probability.

M11.E.4.2  Analyze and/or interpret data on a scatter plot and/or use a scatter plot to make predictions.

· Introduction and background: Now that you know how to calculate the exact ‘strength’ (molarity) of a solution, how would you go about diluting that solution? Can you dilute a solution and then predict the molarity of an unknown solution? If you have an unknown dilution of a solution, how can you measure the molarity of that solution?

We will be using a piece of equipment called a spectrophotometer. A spectrophotometer measures the amount of light that is absorbed by the solution at a given wavelength. We will use the same container and the same substance will be present in the solution; therefore the amount of light absorbed will be related to the concentration of the solute. This is called Beer’s Law.  
· Guiding questions: 
1. How is molarity related to light absorption in Cupric Sulfate CuSO4∙5H2O solution?
· Vocabulary: 
Blank or water blank: a cuvette filled with DI water. It is used to calibrate the spectrophotomer.
Cuvette: a special test tube used in a spectrophotometer
Molarity: Used to measure the ‘strength’ of a solution; i.e. how dilute the solution is. It is measured in mol/L.

· Vocabulary (con’t): 
Mole (abbreviated mol): A unit of measurement in Chemistry. It is used to measure the number of particles (atoms, molecules) in a particular substance. It is equal to the atomic weight of the substance multiplied by Avogadro’s Number (6.02214 x 1023)

Solute: what gets mixed into the solvent.
Solution: a homogeneous mixture composed of two or more substances. This means that the components and properties of the mixture are uniform throughout its entire volume. Usually, the substance present in the greatest amount is considered the solvent. 
Solvent: the liquid that does the dissolving.

Spectrophotometer: an instrument that measures how much light is absorbed at a certain wavelength in a solution.
· Materials (per group):  
Balance

DI water

Cupric Sulfate CuSO4∙5H2O 
Auto pipet
3 250 ml beakers OR plastic cups

Sharpie

Paper towels

Marking tape
Test tube rack

5 test tubes

5 empty cuvettes

1 ‘blank’ cuvette

Computer with MS Excel

1 cuvette of unknown molarity Cupric Sulfate solution 

· Safety: Cupric sulfate solution is mildly toxic by ingestion and is a skin and respiratory irritant. Safety goggles should be worn for all procedures.
· Procedure: 
1. Prepare 10 mL of a 1M solution of CuSO4∙H20 in a 10 mL volumetric flask.

2. Place 5 clean and dry test tubes in a labeled test tube rack.
3. Fill a 250 mL beaker about half-full with DI water. Label this beaker ‘Rinse Water’.

4. Fill another 250 mL beaker about half-full with DI water. Label this beaker ‘Dilution Water’.

5. Label the third beaker ‘Waste water’.

6. Pour the CuSO4∙H20 solution into the first test tube.

7. Set the auto pipet to 5.0 mL. Pipet 5 mL water from the dilution water beaker into each of the test tubes.

8. Pipet 5 mL of the solution from test tube 1 into the second test tube. Swirl to mix.
9. Rinse the auto pipet by pipetting water from the rinse beaker and dispensing into the waste beaker. Repeat 3 times to avoid contamination.

10. Pipet 5 mL of the solution from test tube 2 into the third test tube. Swirl to mix.
11. Rinse the auto pipet by pipetting water from the rinse beaker and dispensing into the waste beaker. Repeat 3 times to avoid contamination.

12. Pipet 5 mL of the solution from test tube 3 into the fourth test tube. Swirl to mix.
13. Rinse the auto pipet by pipetting water from the rinse beaker and dispensing into the waste beaker. Repeat 3 times to avoid contamination.
14. Pipet 5 mL of the solution from test tube 4 into the fifth test tube. Swirl to mix.
15. Pipet 5 mL of the solution from test tube 5 into the waste water beaker.
16. Discard pipet tip.

17. Make sure that the test tubes are in the test tube rack in numerical order from 1 to 5.

18. Complete data table 1.
Using the spectrophotometer

1. Use the top knob to set the spectrophotometer to 600nm.

2. Push the lever at the bottom left to the right for readings above 600nm.

3. Use the first white button labeled ‘Mode’ to change the mode to transmittance.

4. With the sample compartment empty, set to 0% transmittance using the front left knob.

5. Set the mode to absorbance. Wipe the water blank with a Kimwipe. Place the blank into the unit so that the mark on the cuvette matches the raised line on the front sample compartment. Set to zero absorbance (100% transmittance) using the front right knob.

6. Remove the blank. 
7. Use a transfer pipet to fill a cuvette about 2/3 full (exact amount is not critical – the sample size must be enough for the light to shine through it) from test tube 1. Discard any extra solution from test tube 1 down the drain. Place the cuvette in the test tube rack at spot 1.
8. Wipe the 1M solution cuvette and place into the spectrophotometer. Record the absorbance on the data sheet in data table 2.
9. Return the sample to the test tube rack. 

10. Rinse the transfer pipet using the same technique used previously with the autopipets.

11. Repeat steps 7 - 10 for the remaining samples.

Calculating an unknown dilution
1. Enter your values into an excel spreadsheet.

2. Click on ‘Insert’ tab. Click on ‘Charts. On type of graph, select ‘Scatter’ and enter.

3. Right click on any data point. Select ‘Add Trendline’. Make sure that ‘Trend/Regression type’ is set to linear. At the bottom of the dialog box, select the last two options; ‘Display equation on chart’ and ‘Display R-squared value on chart.’Obtain a 10 mL sample of an unknown dilution of Cupric Sulfate CuSO4∙5H2O. 

4. Use the color of the unknown dilution to try to place where it should be in the color order of the known dilutions.

5. Then, use the graph to predict between which two known data points the sample should lie.
6. Wipe the unknown dilution solution cuvette and place into the spectrophotometer. Record the absorbance on the data sheet.
Data table: 
Data Table 1 – Serial Dilution

	
	Test Tube 1
	Test Tube 2
	Test Tube 3
	Test Tube 4
	Test Tube 5

	Volume in mL of 1M solution added to this test tube
	
	
	
	
	

	Volume in mL of Dilute Solution prepared
	
	
	
	
	

	Concentration of Dilute Solution (in M)
	
	
	
	
	

	Observations – rank the color of the solutions from 1 – 5 (lightest blue = 1, darkest blue = 5)
	 t
	
	
	
	


Data Table 2 - Spectroscopy results
	Test Tube 1
	Test Tube 2
	Test Tube 3
	Test Tube 4
	Test Tube 5

	
	
	
	
	


According to the color of the unknown sample, between which two concentrations would you place it?

Therefore, you predict that spectroscopy results will be between which two values?

Actual spectroscopy value of unknown sample ____________________

· Calculations: 
Calculate percent error
· Questions: 
Why did we have to insert a ‘blank’ into the spectrophotometer?

Why is it important to know the molarity of a solution?

· References: 

Flinn Scientific. ChemFax. “Preparing and Diluting Solutions”. Publication No. 5602.
http://www.juniata.edu/services/ScienceInMotion/chem/labs/Visible/procedural%20labs/Determination%20of%20Wavelength%20of%20Maximum%20Absorbance.doc. Retreived 06/29/2011. 

http://www.juniata.edu/services/ScienceInMotion/chem/labs/Visible/procedural%20labs/Beer%27s%20Law.doc. Retrieved 07/05/2011.
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