Building a Calibration Curve for an Fe2+-phenanthroline complex

Background


Many solutions that contain metal ions are colored. These solutions absorb visible light, and we see the light that is not absorbed by the solution. The color we see is the complement of the color that is absorbed by the solution. For example, a blue Cu2+ solution appears blue because it is absorbing orange light. 

 
A colorimeter is a device that can be used to measure how much light of a certain color a solution absorbs. Absorbance (A) is used to quantify how much light is absorbed by a solution at a given wavelength. A weakly colored solution has a low absorbance, with A nearly equal to 0, whereas an intensely colored solution has a much higher absorbance, with A equal to 1 or more. 
There is a linear relationship between the concentration of metal ions in a colored solution and the absorbance of the solution. A series of solutions of a sample may be prepared with different concentrations. If the absorbances of these solutions are measured and plotted versus solution concentration, the points should form a straight line. This line, called a calibration curve, shows how absorbance changes with the concentration of a solution. Each metal ion has its own unique calibration curve that must be determined experimentally. An example of a possible calibration curve is shown below. 
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A calibration curve is a valuable tool in finding the concentration of an unknown solution. Once you have a calibration curve, you can measure the absorbance of the unknown, compare it to the calibration curve, and find the corresponding concentration. 
Preparing Solutions for a Calibration Curve

You will receive a solution that contains a known amount of Fe2+ mixed with phenanthroline, an organic molecule that acts as an indicator for Fe2+. Together, Fe2+ and phenanthroline form a complex ion with an intense color. This complex strongly absorbs green light, and we see the complementary red color. We will measure the absorbance of this green light for solutions of several concentrations. 

The solution you will receive can also be called a “master standard”. It has an Fe2+ concentration of 7.6 x 10-5 M. You will need a total of four solutions of known concentration to produce a calibration curve for the absorbance of the Fe2+ phenanthroline complex. 

1. With a marker, label four test tubes 1-4.

2. The chart below shows the amounts of the master standard and water that are needed to make each solution. Using a graduated 10 mL pipette, transfer the required amount of deionized water to each test tube.

3. Rinse the pipette with some of the master standard and discard this rinse solution. 
4. Use the pipette to add the required amount of master standard to each tube. 

5.  Swirl the test tubes to mix the solutions.

6. Calculate the concentrations of the four solutions you have prepared using the known concentration of the master standard and the volume of this solution that you added to each test tube. Fill these concentrations in on the chart below. 

	Standard Number
	Master Standard (mL)
	Water (mL)
	Concentration (M)

	1
	2
	8
	

	2
	5
	5
	

	3
	7
	3
	

	4
	10
	0
	7.6 x 10-5 M


Using the Colorimeter

1. Attach the Vernier colorimeter and LabPro to your computer. Plug in the LabPro.

2. Open the LoggerPro software.

3. Go to the File menu and choose Open. Choose the “Chemistry with Computers” folder, then “Experiment 11 Beer’s Law”, and then “Exp 11 Colorimeter”.

4. Fill a cuvette with deionized water and place it in the colorimeter. It is important to use the same cuvette for this calibration and for all measurements. Make sure that the cuvette is facing the same way each time you put it into the colorimeter. The smooth surfaces should be facing left and right and the rough surfaces facing toward and away from you.

5. Go to the Experiment menu, and choose Calibrate. Click the Perform Now button. Turn the knob on the colorimeter to 0% T, and then click Keep. Next, turn the colorimeter knob to 470 nm, which is green light, and click the second Keep button. Click OK to exit the dialogue box.

6. After you have finished the calibration, you will not need to change the position of the colorimeter knob for the rest of the experiment.

7. Empty the cuvette, and rinse it with a bit of your first standard solution. Begin with the least concentrated solution. Pour out this rinse solution and fill the cuvette with the solution. Return the cuvette to the colorimeter.

8. Click the Collect button on the menu bar at the top of the screen. Click Keep to record the first data point. A box will appear to prompt you to enter the concentration for the first standard. You should enter the concentration that you calculated for this solution. Notice that you need to enter the number in decimal form since the software does not accept scientific notation.

9. Remove the cuvette from the colorimeter and rinse with deionized water and with your next solution. Fill the cuvette with the new solution, and return it to the colorimeter.

10. Repeat step 7 until you have collected data points for all four of your standards.

11. Click Stop to end the data collection.

12. You may notice that all of your data points are clustered along one axis of the graph. To adjust the scale so that you can see all of your data, click on the x-axis. In the box that appears, click “autoscale axis from 0”. Do the same for the y-axis.

13. On the menu bar at the top of the screen, click the button marked “R”. This will calculate the slope and intercept of the best-fit line through the data points you have just collected. This is your calibration curve. Notice that it can be represented by the equation y = mx + b. Values for m and b are given in the box attached to the best-fit line. 

14. Save your work, and print a copy of your data and calibration curve for your records. 
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 (DUE # 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.






PAGE  
1

_1144403840.unknown

