TEACHER NOTES

SPECTROPHOTOMETRIC ANALYSIS OF A PENNY
(Revised June 2006) 
Notes about this revision that make it significantly different than the original.
P. von Werder – June 2006

· Written with a digital spectrophotometer (digital Spec 20, Genesys 20, Vernier colorimeter) in mind, where absorbance can be measured directly rather than having to convert transmittance to absorbance.

· The stock solution of copper (II) nitrate is prepared in advance by the teacher to save time.  A calculation may be included in the lab report related to this process.

· The calculations were streamlined with the assumption that all of the copper was contained in the shell of the penny and not the 0.8% copper contained in the core that was given in the original write-up.
· This document is designed so that it can be printed and then photocopied to one sheet of paper (both sides).

CLASSROOM USAGE
Chemistry I, Chemistry II, AP Chemistry

CURRICULUM INTEGRATION 
Complex ions 

Formation constants 

Solubility products 
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PREPARATION 
The original directions describe the preparation of the standard Cu2+ stock solution as follows. On an analytical balance, mass between 0.89-0.93 g of Cu(NO3)2•2.5 H2O into a weighing cup and record the mass.  Transfer the Cu(NO3)2•2.5 H2O to a clean, dry 25 mL volumetric flask. Add distilled water up to the mark on the neck of the flask. Cover with Parafilm® and invert multiple times to mix.

With the revisions, each group needs a minimum of 30 mL of the stock solution.  So, 50 mL preparation should work well.  Scaling up for the numbers of student groups:

	     1 group   of students
	~1.80 g Cu(NO3)2•2.5 H2O
	50 mL volumetric flask

	≤ 10 groups of students
	~18.0 g Cu(NO3)2•2.5 H2O
	500 mL volumetric flask

	≤ 20 groups of students
	~36.0 g Cu(NO3)2•2.5 H2O
	1000 mL volumetric flask

	≤ 40 groups of students
	~72.0 g Cu(NO3)2•2.5 H2O
	2000 mL volumetric flask


TIME  2 class periods.

SAFETY AND DISPOSAL 
Copper and Zinc compounds should be disposed of according to Flinn disposal 26a 

LAB WRITTEN BY: Dr. John Nash, Purdue University, Department of Chemistry 

ADAPTED BY: Chris Fields 
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SPECTROPHOTOMETRIC ANALYSIS OF A PENNY
PURPOSE 
The purpose of this experiment is use spectrophotometry to determine: (1) the percentage of copper in a copper-clad penny and (2) the thickness of the copper layer on the copper-clad penny.
BACKGROUND 
Pennies minted in the United States since 1982 no longer contain pure copper metal. This change was due to the fact that the cost of the copper metal required to produce a penny was higher than the face value of the penny. In fact, pennies minted after 1982 consist of a copper “coating” on a core that is comprised of an alloy containing both zinc and copper (the core is mostly zinc, however). This is not the first time that zinc has been used in pennies. Perhaps you have seen the “steel-gray” pennies minted in 1943 which were a result of World War II. Copper at that time was being conserved for the war effort and the pennies minted in that year consisted of a zinc “coating” on a steel core. Moreover, due to the high cost of silver, all other coins minted in the United States no longer contain this precious metal. The silver appearance of nickels, dimes, and quarters is due to nickel metal which is used along with copper in theses coins. For example, if you look at the edge of a dime or a quarter, you will clearly see a layer of copper.

INTRODUCTION 
Complex ions are ions formed by the bonding of a metal atom or ion to two or more ligands by coordinate covalent bonds. A ligand is a negative ion or neutral molecule attached to the central metal ion in a complex ion.  Many of these species are highly colored due to their ability to absorb light in the visible region of the electromagnetic spectrum. In this experiment, you will first dissolve a penny in a concentrated solution of nitric acid, HNO3. In aqueous solution, most of the first-row transition metals form octahedral complex ions with water as their ligands as shown for copper: 
Cu(s) + 4 HNO3(aq) + 4 H2O(l) → Cu(H2O)62+(aq) + 2 NO2(g) + 2 NO3-(aq)

Once the penny has been dissolved, you will then convert the aquated copper complex ions to their tetraamine complex ions (ie., by replacing the H2O ligands with ammonia, NH3, ligands) as shown below:
     Cu(H2O)62+(aq) + 4 NH3(aq) → Cu(NH3)42+(aq) + 6 H2O(l) 
You can detect the presence of the Cu(NH3)42+ ion by its characteristic deep-blue color, and you can measure its intensity with a spectrophotometer as a way to determine the percentage of copper in a penny.  (Zinc has similar reactions to those of copper above, but does not form a colored complex ion solution and is not able to be analyzed with a visible spectrophotometer.)
To do this you will first need to construct a calibration curve that relates the measured absorbance, A, to known concentrations of the Cu(NH3)42+ ion using the Beer-Lambert Law. Concentration and absorbance are related according to the Beer-Lambert Law

A = a(b(c

where ‘A’ is the absorbance of the species, ‘a’ is the molar absorptivity (a constant that indicates how well the species absorbs light of a particular wavelength, in units of M-1 cm-1), ‘b is the path length that the light must travel through the solution (1.00 cm for the cuvet), and c is the concentration (in mol/L).

Then, you can use the calibration curve to determine the concentration of Cu(NH3)42+ in the solution prepared from your penny, and from that concentration determine the percent copper in the penny through a series of calculations.

PROCEDURE 

PART I
CONSTRUCTION OF A CALIBRATION CURVE FOR Cu(NH3)42+ 
	25 mL volumetric flask #
	mL stock Cu2+ solution
	mL conc. NH3
	mL d. H2O

	1
	2.0
	2.0
	Fill to mark

	2
	4.0
	2.0
	Fill to mark

	3
	6.0
	2.0
	Fill to mark

	4
	8.0
	2.0
	Fill to mark

	5
	10.0
	2.0
	Fill to mark


1. Record the concentration of the already prepared stock solution in your data table.

2. Obtain five clean 25 mL volumetric flasks and number them 1-5.  Using a clean graduated pipet add the amount of stock solution as indicated in the table to the right.
3. In the fume hood note the reactions that take place as your teacher will add 2.0 mL of 15 M NH3 to each volumetric flask – a light-blue precipitate that initially forms should dissolve resulting in a deep-blue solution.
4. Add distilled water to the mark, using a dropper as you reach the neck of the flask to hit the mark, in each volumetric flask.  Cover each flask with a small square of Parafilm and invert multiple times to mix. These solutions are your standard solutions for the calibration curve. 

5. Obtain two cuvets. One will be used to calibrate the spectrophotometer the other for the standard solutions. 

6. Set the wavelength on the spectrophotometer to 580 nm (565 nm if using the colorimeter). Prepare a blank by adding distilled water to one of the cuvets, and wiping the transparent edges with lens tissue (Kimwipes).  Insert the blank (distilled water in one of the cuvets), and zero the instrument.
7. Add the solution from volumetric flask 1 to the second cuvet until it is about 3/4 full, wipe the transparent sides with lens tissue, and insert it into the spectrophotometer. Record the absorbance in your data table. Repeat this step for the remaining solutions (volumetric flasks 2, 3, 4, and 5) using the same cuvet and always rinsing the cuvet carefully with the next solution before measuring the absorbance. 
8. Before discarding your solutions, you may want to make a quick plot of absorbance versus concentration (or volume stock solution used) on a graphing calculator or computer to check the quality of your data.  If necessary repeat a measurement on the spectrophotometer or remake a standard solution.

9. Discard your remaining standard solutions in the fume hood in the labeled waste container. Rinse the flasks with small portions of distilled water and discard the rinses. 

PART II
DETERMINATION OF THE COPPER CONTENT IN A PENNY
10. Obtain a penny minted after 1982, and RECORD the physical properties - mass, thickness, diameter, year minted, city minted (D or P), appearance of penny) - in your data table. Place your penny in a 150 mL beaker and label the beaker, and obtain a watch glass to rest on top of the beaker.

11. In the fume hood your teacher will add 20 mL of 8 M HNO3 in a graduated cylinder to the beaker containing the penny.  The reaction of the copper and zinc metals in the penny with HNO3 is quite vigorous so you will not need to stir the reaction. RECORD your observations of the reaction, cover the beaker with a watch glass, and allow the reaction to go to completion in the fume hood.
12. In the fume hood, carefully transfer this solution to a 100 mL volumetric flask. Use small portions of distilled water to rinse down the watch glass and the sides of the beaker and transfer the washes to the same 100 mL volumetric flask. Add distilled water to the mark, cover the flask with a small square of Parafilm and invert several times to mix. 

13. Obtain three clean 25 mL volumetric flasks and label them 6, 7, and 8.  Using a 10 mL volumetric pipet, transfer 10.00 mL of the penny solution to each of the three volumetric flasks. 

14. In the fume hood, your teacher will add 2.0 mL of 15 M NH3 carefully from the buret to each volumetric flask until the light-blue precipitate that initially forms dissolves and a deep-blue solution results. Then, fill each flask to the mark with distilled water, cover with a small square of Parafilm and invert several times to mix.

15. Using the same procedure you did for the standard solutions, measure the absorbance of the solutions in flasks 6, 7, and 8.  These results should be very close to each other.  Record these values in your data table.

16. Discard the remaining solutions in the labeled waste container in the fume hood. Rinse the flasks with small portions of distilled water and discard the rinses.

	TITLE
	Spectrophotometric Analysis of a Penny
	Name 
________________________________________

Date
________________________
Period  _____

	PURPOSE
	The purpose of this experiment is to determine the percent copper and the thickness of the copper shell in a post-1982 penny by using spectrophotometry.
	
  SCORING

	PROCEDURE
	

	DATA    
	Quantitative 





  Qualitative

Part I

Concentration of copper (II) nitrate solution (M)
Copper (II) nitrate solution

Wavelength setting on the spectrophotometer (nm)
Flask

mL Cu2+  
Distilled H2O (mL)

Concentration

Absorbance of Cu(NH3)42+  
Copper (II) nitrate solution and concentrated ammonia

1

2

3

4

5

Part II

Properties of the penny

Mass 

(g)
Thickness 

(cm)
Diameter (cm)
Year

City
Flask

Absorbance
Average

Absorbance
Appearance of reacted penny /ammonia solution

6

-  -  -  -  -  -  

7

-  -  -  -  -  -  

-  -  -  -  -  -  
8

-  -  -  -  -  -  



	ANALYSIS
	(Do quality work.  Neatly show your work in an organized fashion. Write out appropriate equations, include units, and mind your sig figs.)

1. Calculate the concentration of the Cu(NH3)42+ ion in flask 1 – showing the work here.  Calculate the other concentrations in a similar fashion (you need not show the work) and enter the results in your data table.


	ANALYSIS
	2. Plot absorbance (y-axis) versus the concentration of the Cu(NH3)42+ ion. Add a best fit line (trend line) and determine the slope of the line.  Print the graph in “portrait” orientation and attach as page 2.  Show here that the slope of the line is equal to the molar absorptivity, a, of the Cu(NH3)42+  ion at this wavelength (580 nm).  Include proper units.

3. From the average absorbance of your penny samples, and the line equation from your standard curve, calculate the concentration of the Cu(NH3)42+  ion in your sample from the penny.  Show your work here.  If this absorbance is within the parameters of your graph draw a line to indicate the absorbance and concentration of the penny sample.

4. Using the concentration you have calculated and taking into account the various steps performed, calculate the mass in grams of copper initially present in your penny.

5. Calculate the percentage of copper in your penny.
6. Determine the volume of copper and the thickness (in cm) of the copper layer.



	ERROR ANALYSIS
	7. What assumptions were made in the experiment and in the calculations?

8. Research the actual percent copper in a penny.  Calculate your percent error for the percent of copper in the penny.  Comment on any significant sources of error.



	QUESTIONS
	9. When you carefully added ammonia to your solutions containing copper, a light-blue precipitate formed initially that eventually disappeared as more ammonia was added. What do you think this precipitate was? Write an equation

10. If the atomic radius of a copper atom is 1.28 x 10-8 cm, how many atoms thick is the copper coating on your penny?


Post-lab discussion questions.  

It is not necessary to write out responses to the following questions, but you should think 





about the following questions so that you can contribute to the post-lab in-class discussion.
Collect the following data from the other groups
1. Average percentage of copper in penny
2. Thickness of copper coating in penny
Describe any similarities and/or differences in the total percentage of copper and in the thickness of the copper layer for pennies
1. Minted in different years,
2. Minted in different cities,
3. With different initial appearances
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