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Determining the Quantity
of Iron in a Vitamin Tablet

As biochemical research becomes more sophisticated, we are learning more about the role of metallic elements in the human body. For example, copper and zinc are present in enzymes, and trace amounts of molybdenum and selenium are vital in regulating internal oxidation-reduction reactions. Iron is necessary for oxygen transport in the bloodstream. Many people gain these essential elements through their diets, or by taking multivitamin tablets.
The iron that is present in these tablets is in the form of water-soluble Fe2+ ions. In this experiment, you will be using the Colorimeter to determine the quantity of iron in a vitamin tablet. You will prepare four solutions of known Fe2+ concentration. The Colorimeter will be used to determine the absorbance of each solution. When a graph of absorbance vs. concentration is plotted for these solutions, a direct relationship should result (Beer’s law).

The Colorimeter is also used to measure the absorbance of a solution prepared from a multivitamin tablet. This absorbance value is converted to concentration using the Beer’s law curve. From this concentration, the total mass of iron in the original tablet can be calculated.

The iron in each tablet tested will be reacted with 1,10 phenanthroline so that it develops a color that the Colorimeter can detect. Sodium acetate and hydroxylamine hydrochloride are added to control the pH of the mixtures and keep the iron in the +2 oxidation state.

OBJECTIVES

In this experiment, you will

· Prepare Fe2+ standard solutions.

· Use a Colorimeter to measure the absorbance of each standard solution.

· Plot a graph of absorbance of Fe2+ vs. concentration.

· Use a Colorimeter and your Beer’s law plot to determine the quantity of iron in a vitamin tablet.

MATERIALS

	LabQuest
	20 mg/L iron (II) solution

	LabQuest App
	1% hydroxylamine hydrochloride

	Vernier Colorimeter
	1 M sodium acetate

	one cuvette
	1% 1,10 phenanthroline

	four 20 X 150 mm test tubes
	0.010 M HCl

	test tube rack
	distilled water

	mortar and pestle
	50 mL graduated cylinder

	hot plate
	two 100 mL beakers

	filter funnel 
	two 10 mL graduated cylinders

	filter paper
	pipet pump or pipet bulb

	stirring rod
	two 10 mL pipets

	multivitamin tablet with iron
	


PROCEDURE

1.
Obtain and wear goggles.

2.
Weigh one multivitamin tablet and record its mass to the nearest 0.001 g. Use a mortar and pestle to grind the tablet to a fine powder. Also record the mass of iron, in mg, listed on the label of the vitamin container.

3.
Measure out 0.200 g of the powdered tablet and transfer it to a 100 mL beaker. Note: Try to avoid including bits of the tablet coating in your 0.200 g sample. Add 20 mL of 0.010 M HCl and 10 mL of distilled water. Mix thoroughly. CAUTION: Handle the hydrochloric acid with care. It can cause painful burns if it comes in contact with the skin.

4.
Use a hot plate to heat the mixture in the beaker to a gentle boil. Boil the mixture for 
5–7 minutes. Frequently stir the mixture with a stirring rod. After boiling, allow the mixture to cool to nearly room temperature. Some particles may remain undissolved, which is normal and will not affect your experiment.

5.
Set up a funnel and filter paper. Pour the mixture through the filter, collecting the liquid filtrate in a 50 mL graduated cylinder. Rinse the 100 mL beaker with 10 mL of distilled water and pour the water through the filter. When the filter has drained, fill the graduated cylinder to the 50 mL mark with distilled water. Transfer this solution to a clean, dry, 100 mL beaker.

6.
Label five clean, dry, test tubes 1–5. Prepare a set of four standards and one blank solution in the test tubes using the following solutions: CAUTION: Handle the solutions with care.
A. 20 mg/L iron (II) solution

B. 1% hydroxylamine hydrochloride

C. 1 M sodium acetate

D. 1% 1,10 phenanthroline


Note: Solutions B, C, D, and the distilled water may be measured successively into one 10 mL graduated cylinder. Then add solution A, using a pipet for greater precision. Transfer the solution into a test tube. Important: Mix each solution thoroughly with a stirring rod.

	Test Tube
number
	A
(mL)
	B
(mL)
	C
(mL)
	D
(mL)
	Distilled water
(mL)

	1
	1.00
	1.00
	1.00
	1.00
	6.00

	2
	2.00
	1.00
	1.00
	1.00
	5.00

	3
	3.00
	1.00
	1.00
	1.00
	4.00

	4
	4.00
	1.00
	1.00
	1.00
	3.00

	5 (blank)
	0.00
	1.00
	1.00
	1.00
	7.00


7.
Connect the Colorimeter to LabQuest and choose New from the File menu.
8.
Prepare a blank by filling an empty cuvette 3/4 full with distilled water. Seal the cuvette with a lid. To correctly use a Colorimeter cuvette, remember:

· All cuvettes should be wiped clean and dry on the outside with a tissue.

· Handle cuvettes only by the top edge of the ribbed sides.

· All solutions should be free of bubbles.

· Always position the cuvette with its reference mark facing toward the white reference mark at the top of the cuvette slot on the Colorimeter.


9.
Calibrate the Colorimeter.
a. Place the blank in the cuvette slot of the Colorimeter and close the lid.

b. Press the < or > button on the Colorimeter to set the wavelength to 565 nm (Green). Then calibrate by pressing the CAL button on the Colorimeter. When the LED stops flashing, the calibration is complete.


10.
Set up the data-collection mode.
a. On the Meter screen, tap Mode. Change the data-collection mode to Events with Entry.

b. Enter the Name (Concentration) and Units (mol/L). Select OK.

11.
You are now ready to collect absorbance-concentration data for the five standard solutions.
a. Start data collection.

b. Empty the water from the cuvette. Using the solution in Test Tube 1, rinse the cuvette twice with ~1 mL amounts and then fill it 3/4 full. Wipe the outside with a tissue, place it in the Colorimeter, and close the lid.

c. When the value displayed on the screen has stabilized, tap Keep and enter 2.00 as the iron concentration in mg/L. Select OK. The absorbance and concentration values have now been saved for the first solution.

d. Discard the cuvette contents as directed by your instructor. Using the solution in Test Tube 2, rinse the cuvette twice with ~1 mL amounts and then fill it 3/4 full. After closing the lid, wait for the value to stabilize and tap Keep. Enter 4.00 as the concentration in mg/L, and select OK.

e. Repeat the procedure for Test Tube 3 (6.00 mg/L) and Test Tube 4 (8.00 mg/L).

f. Stop data collection.

g. Examine the data pairs on the graph of absorbance vs. concentration. As you tap each data point, the absorbance and concentration values are displayed to the right of the graph. Record the absorbance values in your data table.


12.
Prepare the tablet solution in the 100 mL beaker for testing.

a. Measure out 5.00 mL of the tablet solution into a second clean, dry, 100 mL beaker. 

b. Add 5.00 mL each of solutions B, C, and D, plus 30.0 mL of distilled water. 

c. Mix the solution thoroughly.


13.
Find the absorbance of the tablet solution.

a. Rinse the cuvette twice with the tablet solution you prepared in Step 12, and fill it about 3/4 full.

b. Wipe the outside of the cuvette, place it into the Colorimeter, and close the lid. CAUTION: Handle the solutions with care. 
c. Tap the Meter tab and monitor the absorbance value. When this value has stabilized, record the absorbance value for the tablet solution in your data table.
d. Dispose of the remaining solution in the flask as directed by your instructor.


14.
Discard the solutions as directed by your instructor. Proceed directly to Steps 1–4 of Processing the Data.

Processing the data

1.
To determine the iron concentration in tablet solution, you can interpolate along the regression line on your Beer’s law curve. Use the following method to convert the absorbance value of the unknown to concentration, in mg/L.

a. Tap the Graph tab and choose Curve Fit from the Analyze menu.

b. Select Linear for the Fit Equation. The linear-regression statistics for these two data columns are displayed for the equation in the form

y = ax + b
where x is concentration, y is absorbance, a is the slope, and b is the y-intercept. Note: One indicator of the quality of your data is the size of b. It is a very small value if the regression line passes through or near the origin. The correlation coefficient, r, indicates how closely the data points match up with (or fit) the regression line. A value of 1.00 indicates a nearly perfect fit.

d. Select OK. The graph should indicate a direct relationship between absorbance and concentration, a relationship known as Beer’s law. The regression line should closely fit the five data points and pass through (or near) the origin of the graph.

e. Choose Interpolate from the Analyze menu. Interpolate along the regression curve to determine the concentration of the unknown solution. Tap any point on the regression curve (or use the ► or ◄ key of LabQuest) to advance to the absorbance value that is closest to the absorbance reading you obtained in Step 13. The corresponding iron concentration of your tablet solution, in mg/L, will be displayed to the right of the graph. Record this value in your data table.

2.
(optional) Print a graph of absorbance vs. concentration, with a regression line and interpolated unknown concentration displayed.

3.
Determine the mass of iron in your vitamin tablet.

a. Because the tablet solution in Step 12 was diluted by a factor of 1/10, multiply your final iron concentration (in mg/L) by 10 to find the pre-dilution iron concentration, in mg/L.

b. A portion of the tablet was dissolved in 50 mL of solution during the procedure. Use this volume and the answer in the previous step to calculate the mass of iron, in mg, in the tablet solution.

c. Since the analysis used only a fraction of the total mass of the tablet (see Step 3), multiply the mg of iron in the previous step by the ratio of the total tablet mass to the 0.200 g portion:

mg of iron X  EQ \F(total tablet mass,0.200 g)  = mg of iron in the vitamin tablet

4.
Compare your final answer in the previous step with the mg of iron shown on the label of vitamin tablets you tested. Use these values to calculate the percent error.

DATA and calculations

	
Mass of tablet
	

g

	
Mass of iron on label
	

mg


	Test Tube
Number
	 Concentration
(mg/L)
	Absorbance

	1
	2.00
	

	2
	4.00
	

	3
	6.00
	

	4
	8.00
	

	tablet solution
	
	


	Iron concentration in the pre-dilution tablet solution (use a factor of 10)


	

mg/L

	Mass of iron in the original tablet solution


	

mg

	Calculated mass of iron in vitamin tablet 


	

mg

	Percent error


	

%
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