 Determination of Starch Concentrations by Spectrophotometry 1

[image: image2.jpg]


Determination of Starch Concentration by Spectrophotometry 
Written by Harvey Schneider, Nick Hoffmann and Scott Perry, 2010 Workshop participants. 
Background Information: 

This lab is a modified version of a spectrophotometric determination of bovine albumin concentration using copper sulfate, and Folin-Phenol.  While considered mostly benign, copper sulfate is toxic at higher concentrations.  By using starch in place of bovine albumin, and iodine in place of copper sulfate and Folin-Phenol, we reduce the financial and environmental cost of lab reagents and products.

Safety information: 

Solid iodine is a skin irritant. Iodine solution is damaging to the eyes. In case of contact with the eyes was in the eyewash for 15 minutes and seek medical attention.
Educational Goals:  Students will understand…
· how to develop and analyze standard curves

· how to use a spectrophotometer

Student Objectives: Students will…

· Prepare five standard solutions with a known concentration of starch.

· Use iodine and a spectrophotometer to develop a standard concentration curve for starch.  

· Determine the starch concentration of unknown starch solutions using the standard curve.

· Practice lab safety

Materials: (per lab group ~3 students)

· 1% starch solution

· Iodine solution (0.018M potassium iodide and 0.0001 M iodine in water) 

· Distilled water

· 10-mL graduated cylinder

· 8 test tubes

· 8 cuvettes (or, 1 for each group, rinsing them between each sample)
· Spectrophotometer

· Data sheet

· Graph paper

Time required:  2 class periods (90 minutes)
National Standards Met:  S1, S2, S5, S6

Green Chemistry Principles Addressed: Atom Economy ¤ Less Hazardous Chemical Syntheses ¤ Designing Safer Chemicals ¤ Safer Solvents and Auxiliaries ¤ Design for Energy Efficiency ¤ Use of Renewable Feedstock ¤ Design for Degradation ¤ Real-time Analysis for Pollution Prevention ¤ Use of Renewable Feedstock Inherently Safer Chemistry for Accident Prevention
Prerequisites:  


Students should have studied mixing solutions, concentration, and molarity. They should have some knowledge of properties of light. 

Teacher Prep:  Teacher should prepare …
· Colorimeter – set to read 610 nm

· Starch solution – a 1% soluble starch in distilled water. This is done by mass, therefore 1g starch/ 100g water. Water has a density of 1g/mL, therefore 1g starch/100mL water.  (~27mL per group).   Measure 1.25 mL, 0.75 mL, and 1.75 mL into a series of test tubes labeled A, B, and C. Add water to all three test tubes (A, B and C) to bring the total volume to 10 mL. These will be the unknown solutions for the students. (You can also make stock solutions of different concentrations labeled A, B and C where the students can draw samples from)
·  Iodine solution – For 100 mL of 0.1 M solution, measure out 3.0 g of potassium iodide (KI) into an appropriate beaker. Moisten the potassium iodide with a few drops of water. Measure out 2.54 g of iodine and add to the moistened potassium iodide. Add a small volume of water and stir.  Pour the solution into a graduated cylinder and dilute with distilled water to the final volume of 100mL. If there are any bits of iodine remaining, return the solution to the beaker and leave it on a magnetic stirrer for several minutes. 

	Tube
	1
	2
	3
	4
	5
	A
	B
	C

	Starch Solution (mL)
	0
	2.5
	5
	7.5
	10
	1.25
	.75
	1.75

	Distilled water (mL)
	10
	7.5
	5
	2.5
	0
	8.75
	9.25
	8.25


Student Lab Procedure, Data Collections, and Questions

Procedure: 

1. Label 5 test tubes 1, 2, 3, 4, and 5.

2. Place 10mL of water in test tube 1.

3. Measure 2.5ml, 5.0mL, 7.5mL, and 10mL of the 1% starch solution into tubes 2 through 5.  Add distilled water to each tube to reach a final volume of 10mL.  

4. Add one drop of iodine solution to each tube (1, 2,3,4,5, and A, B, C) and mix thoroughly.  Vortex immediately, if possible.

5. Transfer each solution to a cuvette, filling the cuvette approximately 2/3 full.  If necessary, wipe each cuvette with a Kimwipe.

6. Use a spectrophotometer to record the absorbance of each solution at 610 nm.

7. Use the absorbance data from the tubes 1 through 5 to plot a standard curve (concentration vs. absorbance).

8. Use the plotted data to calculate concentration for tubes A, B, and C from their absorbance.

Data:
	Tube
	Volume of Starch Solution (mL)
	Volume of Water added (mL)
	Total Volume in test tube (mL)
	Concentration of Starch (g/mL)
	Absorbance

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	A
	
	
	
	
	

	B
	
	
	
	
	

	C
	
	
	
	
	


Analyze:

Use the graph paper to plot the standard curve and also A, B, and C. Put starch concentration (g/mL) on the x-axis and absorbance on the y-axis
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Questions for Thought:
1. What is the purpose of developing a standard curve? Give one real life example in which it could be helpful.

2. What is the relationship between starch concentration and absorbance (direct or indirect)?

3. What is the purpose of the iodine solution in this lab? If you changed the concentration of the iodine solution would it alter your results?

4. Calculate the slope of your standard curve, what does it tell you?

5. If you added 3.7mL of 1% starch to 7.3mL of water what would its absorbance be? How do you know?

6. This lab replaces another absorbance lab that uses copper sulfate, what makes this more green?


Teacher’s Guide to Questions
	Tube
	Volume of Starch Solution (mL)
	Volume of Water added (mL)
	Total Volume (mL)
	Concentration of Starch (g/mL)
	Absorbance

	1
	0
	10
	10
	0
	 

	2
	2.5
	7.5
	10
	0.25
	 

	3
	5
	5
	10
	0.50
	 

	4
	7.5
	2.5
	10
	0.75
	 

	5
	10
	0
	10
	1.0
	 

	A
	1.25
	8.75
	10
	0.125
	 

	B
	0.75
	9.25
	10
	0.075
	 

	C
	1.75
	8.25
	10
	0.175
	 


*Absorbencies will vary slightly depending on the machine’s calibration and the accuracy in how the samples were made

1. What is the purpose of developing a standard curve? Give one real life example in which it could be helpful.
The purpose of developing a standard curve is to use known volumes and concentrations to create a pattern so that absorbencies of substances with unknown volumes and concentrations can be fitted to that curve and their concentrations and volumes of solute extracted. Real life examples may vary. 
2. What is the relationship between starch concentration and absorbance (direct or indirect)?
The relationship between starch concentration and absorbance is direct. 
3. What is the purpose of the iodine solution in this lab? If you changed the concentration of the iodine solution would it alter your results?
The complex formed by iodine and starch is blue in color; it is this color that is detected by the spectrophotometer. In this case starch is the limiting reagent so increasing the concentration of iodine would have no effect, but decreasing it could.  

4. Calculate the slope of your standard curve, what does it tell you?

Slope= Absorbance         Slopes of the line may vary slightly. 


     Concentration

This line tells us how quickly absorbance is changing in response to concentration. 

5. If you added 3.7mL of 1% starch to 6.3mL of water what would its absorbance be? How do you know?
Concentration of the starch would be 0.37. That becomes the x value in the equation on the graph, and then y is calculated to get absorbance. This will vary depending on the exact line. 

6. This lab replaces another absorbance lab that uses copper sulfate, what makes this more green?
Starch is a renewable feedstock. It is biodegradable and can be washed down the sink at the end of the experiment, unlike copper, which is a heavy metal, toxic to living organisms, and has to be properly disposed of. 






