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Colorimetric Analysis of Iron in Liquid Vitamin Supplements

Teacher’s Guide
by Catherine Oertel, CSIP Graduate Student Fellow, Cornell University
and Mary Kay Hickey, Science Teacher, Dryden High School
Objective 

To use colorimetry to determine the iron content in liquid vitamin supplements

Subject: Chemistry

Audience: High School

Time required: Three 40-minute class periods

Background 
This laboratory-based curriculum makes use of the Vernier LabPro hardware and accompanying LoggerPro software to involve students in colorimetric analysis of liquid vitamin supplements. Topics covered include calculation of solution concentrations, preparation of solutions through dilution, Beer’s Law, and use of a colorimetric calibration curve to find an unknown concentration. The lab is formatted so that students first become familiar with colorimetry and use of the Vernier equipment by collecting points for a calibration curve. Explicit instructions are given for preparation of the standard solutions and collection of the data points. In the second, more open-ended, part of the curriculum, students are given a letter telling them that they have been chosen by a consumer interest group to analyze the iron content in infant vitamin supplements. They are also given a solution of the vitamin preparation and must figure out how to find its concentration. This curriculum exposes students to analysis of “real-world” samples and gives them a role in design of experimental procedures. 
Learning and Behavioral Objectives

· Students will learn the basics of colorimetry and how to use the Vernier LabPro colorimeters
· Students will gain practice in preparing solutions through dilution and in calculating solution concentrations
· Students will use algebraic representations to describe data

· Students will learn how to use a calibration curve to determine the unknown concentration of a solution
· Students will develop an experimental strategy to determine the iron concentration in a vitamin supplement

National Science Education Standards 

This activity addresses several National Science Education Standards.
Physical Science

· Understanding of interactions of energy and matter

· Understanding of chemical reactions

Science as Inquiry

· Skills necessary to do scientific inquiry 

Assessment Strategy


In the pilot classes, assessment was done through written lab reports. Since the experimental task had been presented in the form of a business-style memo, these reports were made in the form of a letter responding to the memo. Students were asked to include their final result as well as a copy of their calibration curve, a description of how they made their measurements on the vitamin solution, a discussion of how they used the calibration curve to find their result, and sample calculations. Thus, evaluation could be made based on the procedure used and evidence of understanding of the method in addition to (or instead of) the accuracy of the final result. 
Teaching Tips and Additional Background Information
Motivation


We designed this lab in response to a desire to incorporate real-world research into honors chemistry at Dryden High School and to make use of the Vernier LabPro colorimeters owned by the school. This method could, in principle, be used to test for iron concentration in a range of samples, including water, enriched cereals, and other foods. A published article on colorimetric determination of iron in solid vitamin supplements (Robert C. Atkins, Journal of Chemical Education, 1975, volume 52, pg. 550) provided a valuable starting point for this activity, but changes were made to make the experiment safe and accessible for high school students and to increase the student role in developing the analysis strategy. Liquid vitamin supplements were chosen because of the ease of preparing samples for analysis. Unlike supplements in tablet form and iron-rich foods such as cereal and meat, the liquid vitamin requires no dangerous acid treatment step prior to analysis. 
Additional Information on Colorimetry 


In the pilot classes, a short presentation was given at the start of the unit to help introduce the idea of colorimetry and reiterate the information provided in the “background” section of the student handout. It is useful to review the concept of how visible light interacts with solutions – that is, the fact that we see the light that is not absorbed by the solution and that the solution’s apparent color is the complement of the color being absorbed. 
A colorimeter is an instrument that is capable of measuring how much light of a given wavelength is absorbed by a solution.




                    light source                 sample cuvette
              detector


As shown schematically above, a colorimeter contains a light source and detector. When a sample is placed in the colorimeter, light from the source enters the sample, and the light that is not absorbed is able to pass through the sample and reach the detector. 
Two terms, transmittance and absorbance, are useful in discussing colorimetry. The transmittance of a sample measures how much light is able to pass through it. A very intensely colored sample has a low transmittance, while plain water has high transmittance. Absorbance (A) is inversely proportional to transmittance and measures how much light is absorbed by a sample. An intensely colored solution has a high absorbance value, whereas a faintly colored solution has a low absorbance. By eye, we can sometimes distinguish between highly concentrated and unconcentrated solutions by the depth of their color. (Imagine making strong and weak Kool Aid solutions in the kitchen.) However, a colorimeter is able to attach numbers to these observations and allow us to quantitatively measure concentrations.
Beer’s Law tells us that there is a linear relationship between absorbance and concentration. That is, if the absorbances of a number of standards are measured and plotted against the solution concentrations, a straight line results. A possible calibration curve is shown below. Note that data points may not fall exactly on the line due to experimental errors.
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A calibration curve can be used to find the unknown concentration of a solution. The absorbance of the unknown can be measured and then compared with the calibration curve. This can be done either graphically or algebraically. Algebraically, one can use the equation of the calibration curve (in the form y = mx + b), substitute the measured absorbance for y, and solve for the concentration x. Following this method, it is possible to use colorimetry to find the concentration of a solution of unknown concentration.
An important point to note is that the linear behavior of the absorbance-concentration relationship may be relied on only for absorbance values of approximately 1 or below. Therefore, the absorbance of an unknown solution needs to be within this range in order for the method to be reliable. One of the challenges of analyzing “real-world” samples is to perform the appropriate dilutions so that absorbances fall in the 0-1 range. We found that the liquid vitamin supplements needed to be diluted by a factor of 1000 in order to have an absorbance in this range. In the second part of this experiment, students are given a solution of the supplement and first need to figure out what dilutions to make in order to obtain a sample with a useful absorbance. 
Demonstration of Formation of Fe2+-phenanthroline Complex


In order to emphasize the role of phenanthroline as an indicator, it is useful to demonstrate the formation of the iron-phenanthroline complex. In the pilot classes, this was done by showing students separate solutions of Fe2+ and phenanthroline, both of which are colorless, and then combining these solutions. The immediate formation of the vivid red complex was an effective way of illustrating the role of phenanthroline in this experiment. 
Supplies and Preparation of Solutions

Enfamil brand infant vitamin supplements were purchased at a local drug store. Phenanthroline was purchased from Aldrich (catalog number 13,137-7). A 2.5 g container costs approximately $15 and provides enough material for several years’ worth of students to do this experiment. Ferrous ammonium sulfate may also be purchased from Aldrich (catalog number 21,540-6) for approximately $15.

The master standard was prepared by first dissolving 0.03 g of Fe(NH4)2(SO4)2 in water in a 100 mL volumetric flask and filling the flask to the line with deionized water. In a 250-mL volumetric, phenanthroline (0.125 g) was dissolved in a minimum amount of ethanol. By pipette, 25 mL of the iron solution was added to the phenanthroline solution, and the solution was mixed well before filling to the line with deionized water. 30 mL of this master standard was dispensed at each lab station. 

One approach to the second part of the lab, in which students analyze the commercial vitamin sample, would be to have students take the supplement directly from the bottle and perform the necessary dilutions and addition of phenanthroline. In the pilot classes, we chose to give the students a vitamin solution that had already been combined with phenanthroline and diluted by a factor of 100. This was done in order to conserve phenanthroline and the vitamin supplement and to give the students a starting point that was closer to the concentration that they eventually needed to reach. The unknown solution that was distributed to the students was prepared by dissolving 0.25 g of phenanthroline in ethanol in a 250-mL volumetric and adding 2.5 mL of the liquid vitamin supplement. The solution was then mixed well, and the flask was filled to the line with deionized water. Students found by trial and error that they needed to dilute this solution approximately ten-fold in order to obtain an absorbance in the desirable range.

We found that solutions made at the beginning of the day could be used throughout the day without significant problems from decomposition. However, a solution kept overnight was found to have a decreased absorbance. For this reason, solutions should be made fresh at the beginning of each day.

Safety Considerations and Waste Disposal


This lab has been designed with safety of high school students in mind. The procedure does not require the use of concentrated acids that is found in many iron analysis experiments. As with many organic compounds, there are some hazards associated with working with phenanthroline, and it is harmful if ingested in a significant quantity. A material safety data sheet (MSDS) will accompany the reagent when it is delivered and will allow you to see what risks exist. Although the concentrations used in this experiment are quite low, use of gloves in addition to regular lab protection such as goggles will help to ensure safety.


Phenanthroline should not be disposed of directly down the drain. If a system is available for disposal of organic waste, this should be used. Otherwise, several steps may be followed to oxidize phenanthroline into nitro and nitroso compounds which can be safely discarded. This method is discussed in Prudent Practices in the Laboratory: Handling and Disposal of Chemicals, which is published by the National Academy of Sciences. 

A version of this method is provided below, and the protocol is also available online at: http://books.nap.edu/books/0309052297/html/R1.html 
1. Acidify the phenanthroline solution by mixing it with an equal volume of 1.5 M H2SO4.

2. Slowly add enough of a 0.2 M solution of potassium permanganate so that the mole ratio of permanganate to phenanthroline is 20:1. If iron is also present, additional permanganate will be needed since this oxidizer will also react with the Fe2+ ions. Stir this solution overnight. If no purple color remains, add additional permanganate solution to ensure that everything has been oxidized. 
3. Neutralize the solution with sodium bicarbonate.

4. Add sodium bisulfite or sodium sulfite until the purple color disappears.

5. Let the solution settle and decant the clear liquid into the sink with excess water. Discard the brown solid with regular trash. 
Possible Extention – Addition of Controls


If more time is available, or if this experiment is done with advanced students, controls may be added. In particular, it would be interesting to verify that other compounds present in the vitamin supplement do not significantly affect the absorbance values. In the pilot classes, one student group did an experiment to see if the food coloring in the vitamin supplement has an absorbance that significantly contributes to that measured. The group diluted a vitamin sample, in the absence of phenanthroline, by the same factor by which they had diluted their complex solution. The absorbance of this solution was found to be less than 0.05 and not a significant contributor to the absorbance measured for the iron-phenanthroline complex. 

This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
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