SPECTROPHOTOMETRIC DETERMINATION OF THE COPPER CONTENT OF BRASS

INTRODUCTION

Solutions containing copper(II) ions have a distinctive color.  As with most colored solutions, there is a relationship between the concentration of the solution and the amount of light that the solution absorbs.  You will make a standard solution containing the copper(II) ion.  Using that standard solution, you will make some other solutions containing the copper(II) ion that are less concentrated.  You will be able to calculate the concentrations of all these solutions.  You will measure the absorbance of each of these solutions.  A graph of absorbance versus concentration will then be constructed.  This is called a calibration graph.

After the calibration graph is complete, you will react a known mass of a sample of bronze with nitric acid.  Copper(II) ions will be produced in the resulting solution.  The solution’s absorbance will be measured, and its concentration will be read from the graph.  Finally you will be able to calculate the percent copper in the original brass sample. 

OBJECTIVES

1. Make a standard solution of copper(II) sulfate.

2. Make serial dilutions of the original copper(II) sulfate solution.

3. Set up and use the Genesys 20 Spectrophotometer.

4. Use the spectrophotometer to determine the absorbances of the solutions.

5. Make a calibration graph.

6. Use the measured absorbance of an unknown solution and the calibration graph to determine its concentration.

7. Calculate the percent copper in the brass sample.

SAFETY

1. Always wear your safety goggles and lab apron.

2. If any chemicals get on you or your clothing, rinse immediately with water and call the teacher.

3. Nitric acid (HNO3) is very caustic.  Handle it with extreme care and caution.

4. THE REACTION OF BRASS AND NITRIC ACID MUST BE PERFORMED IN THE FUME HOOD!!  DO NOT INHALE THE BROWN GAS THAT IS PRODUCED!!

5. Be sure to follow all safety precautions required by your teacher and your school district.

6. Wash hands thoroughly during clean-up.

PRELAB QUESTIONS

1. Calculate the mass of copper(II) sulfate pentahydrate needed to prepare 100.0 mL of a standard solution that contains 0.72 grams of copper/100 mL of solution.  Show complete setup.

2. Describe how you will use your standard solution to make these solutions:

a. 100 mL of a solution that is 0.36 grams of copper/100 mL of solution

b. 100 mL of a solution that is 0.18 grams of copper/100 mL of solution

c. 100 mL of a solution that is 0.09 grams of copper/100 mL of solution
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3.  Given the data below, construct a calibration graph of absorbance versus concentration:



Concentration








in g Cu/100 mL of solution

      Absorbance

1.  0.72



1.  0.165

2.  0.36



2.  0.086

3.  0.18



3.  0.042

4.  0.09



4.  0.028
4. An unknown brass sample was reacted as in the procedure to this experiment, and the absorbance of the resulting solution was 0.205.   Use the calibration graph you made in prelab question 3 to determine the concentration of the solution.

5. The total volume of the solution made in the brass reaction part of the experiment is 100.0 mL.  Using your answer from prelab question 4, calculate the number of grams of copper that were in the original brass sample.

6. The original brass sample in prelab question 5 had a mass of   0.96 g.  Calculate the percent copper in this brass sample. 

MATERIALS PER GROUP


Apparatus




Reagents and consumables

6  cuvets




copper(II) sulfate pentahydrate


2  100 mL volumetric flasks


deionized water


1  centigram balance



nitric acid (concentrated)


1  50 mL graduated cylinder


weighing paper or dish


1  25 mL graduated cylinder


Kimwipes


3  100 mL beakers



brass sample


1  250 mL beaker


wash bottle


stirring rod


PROCEDURE

  1.  Obtain the amount of the copper(II) sulfate pentahydrate the you calculated in the prelab, 

and use it to make 100.0 mL of solution.  You should use the lab technique that you learned 

previously.
  2.  Using the solution you just made, prepare the three other solutions using the descriptions you 


wrote in your prelab.
  3.  Obtain 0.9 - 1.0 grams of the brass sample.  Be sure to record your data with the correct 


precision.

  4.  Place the measured brass sample into a 250 mL beaker, and take to the fume hood.
  5.  IN THE FUME HOOD, measure 10 mL of nitric acid (CAUTION!!).  
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  6.  IN THE FUME HOOD, place your beaker on the bench IN THE FUME HOOD, and SLOWLY 

pour the nitric acid into the 250 mL beaker to react with the brass sample.  DO NOT SMELL, 

INHALE, OR BREATHE THE BROWN GAS THAT IS PRODUCED!!  LEAVE THE 


REACTION BEAKER IN THE FUME HOOD UNTIL THE REACTION IS COMPLETE!

  7.  Carefully carry the beaker containing the product to you lab bench, and add about 50 mL of 

deionized water.  Pour the resulting solution into a 100 mL volumetric flask.

  8.  Add a small amount of deionized water to the reaction beaker, swirl, and add this rinse water to 

the solution in the 100 mL volumetric flask.  Repeat with two more rinsings.

  9.  Finish making this 100.0 mL of solution.

10.  Plug in the Genesys 20 spectrophotometer and turn its power switch to the "on" position.  The 

instrument will perform its power-on and warmup procedures.  You will know that the 

instrument is ready when the display shows the wavelength in nm, and also an absorbance 


number.  SET THE WAVELENGTH TO 620nm.
11.  Using good cuvet handling technique, insert a blank containig deionized water, and set 


the absorbance to zero.
12.  Using good cuvet handling technique, measure the absorbances of all five of your solutions.

13.  Have your teacher check your data.
14.  Clean up.

ANALYSIS AND CONCLUSIONS

  1.  Construct the calibration graph.
  2.  Read the concentration of your brass sample solution from the graph.
  3.  Calculate the percentage of copper in the brass sample.  

Percent of copper in brass  page 4
TEACHER’S GUIDE
CLASS USAGE

This experiment would be appropriate for good first year chemistry tudents as well as second year or AP chemistry students.

PRELIMINARY PREPARATIONS

Materials list:


copper(II) sulfate pentahydrate,  about 3 grams per group

nitric acid (concentrated),  about 10 mL per group, locate in fume hood

powdered brass sample,  about 1 gram per group

You can make your own "brass sample" by mixing powdered or granulated copper with powdered or granulated zinc.  If you do this, you can measure each component so that you will know the percent copper.  For example, you could measure 89 grams of copper and add 11 grams of zinc to make 100 grams of sample.  This will give you enough sample for 100 students and you know it is 89 percent copper.


(See other materials listed in the lab handout above) 

TIME NEEDED FOR THIS EXPERIMENT
Depending on the length of your lab period, this might take more than one 50 minute period.  You could have students make their standard solution one day, then complete the remainder the next day.

This experiment can easily be done in a 90 minute lab period.
Two chemistry teachers did this experiment, including makeing the graph and doing the calculations in about 40 minutes.
ASSESSMENT

SAMPLE ANSWERS TO PRELAB QUESTIONS

SAMPLE DATA

SAMPLE ANSWERS TO ANALYSIS AND CONCLUSIONS QUESTIONS

RESOURCES

TEXT REFERENCES

Gregg Beck
Lisa Hardin

Science Express 2006
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Genesys 20 Spectrophotometer
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Controls
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      Power Cable    and   Power Switch

[image: image4.jpg]



Saple Compartment Door open, showing the sample compartment
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Close-up of the sample compartment
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Here a cuvet is being placed into the sample holder
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Here the cuvet is in the sample holder
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Here the sample's absorbance is being measured.
NOTICE THAT THE DOOR IS CLOSED!
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