Experiment 5

DETERMINATION OF COPPER IN AN ALLOY

2 lab periods

The method described here has only moderate sensitivity, but it is relatively free from interferences. It is based on absorption of light at 800 - 900 nm by copper in strongly acidic solution. The absorption is strongest at 800 nm, but in the presence of nickel, the 870 nm wavelength is preferable. Nickel, chromium, iron, and cobalt in amounts up to 4% each, do not appreciably interfere. These percentages are above those normally contained in copper-based alloys. Tin will be largely precipitated as metastannic acid during the dissolution process. If this is removed by filtration, loss of copper with the precipitate must be guarded against when large amounts of tin are present.

The standard addition method is used for the analysis of the unknown. This increases the accuracy of the determination by minimizing matrix effects - it provides a means to avoid errors resulting from the presence of a substance that alters the response of the analyte. The principle is illustrated in the figure below. Ao corresponds to the absorbance of the unknown, while A1…An correspond to absorbances of the same unknown with progressively larger amounts of added copper standard. Extrapolation of the line to zero absorbance gives the quantity of copper in the original sample. Note that the quantity, or concentration, of copper added is plotted on the x-axis. 


Further Readings

1. D. C. Harris, Quantitative Chemical Analysis, 5th ed., Freeman and Sons, San Francisco, 1995, Chapters 6 and 19. 

2. G. D. Christian, Analytical Chemistry, 5th Edition, John Wiley & Sons, New York, Chapter 14.

Prelaboratory Assignment

Calcium is determined by atomic emission spectrometry, using the standard addition method. The following results are obtained:

	Emission Intensity

(Arbitrary units)
	Added Standard ((g/mL)

	         30
	         0

	         40
	         2

	         50
	         4

	         60
	         6

	         70
	         8


Calculate the concentration of calcium in the unknown ( ppm ) assuming that adding the standard does not change the volume of the solution.

Apparatus

· 250-mL beaker

· buret

· 50-mL volumetric flask

· volumetric flask, 10 mL or larger

· spectrometer with cell

Chemicals

· copper

· nitric acid

Procedure

· Preparation of standard solution. Cut an approximately 15-in. piece of primary standard copper wire. Wash it in dilute nitric acid (~ 0.5 M) for 1-2 min. Rinse with deionized water, dry, and weigh to 0.1 mg. It should weigh 0.6 - 0.8 g. Place the wire in a 25-mL Erlenmeyer flask and dissolve it in 10 mL 1:1 nitric acid (in hood). Boil the solution until it turns blue; cool, transfer quantitatively to a 10-mL volumetric flask, and dilute to the mark.

· Sample treatment. Accurately weigh (to 0.1 mg) 0.3 - 0.5 g of unknown into a 250‑mL beaker or Erlenmeyer flask and add 20 mL of 1:1 HNO3. Boil the solution until it turns blue, cool, transfer quantitatively to a 500-mL volumetric flask and dilute to the mark.  Carry out the determination in duplicate. Prepare a blank solution by following the same procedure, but omitting the brass sample.

· Measurements. Set the spectrometer to zero at 870 nm with the blank solution. Measure exactly 3.0 mL of the unknown solution into the cuvette and measure its absorbance. Add 10 µL of the standard solution to the cuvette, stir, and read the absorbance. Repeat the operation with additional 20, 30, 50, and 50 µL volumes of standard.

Prepare a plot as shown in the figure above. Determine the concentration of copper in the unknown and hence the percent copper in the alloy.

Questions

1. Why can copper be lost when metastannic acid is removed by filtration?

2. How can this loss of copper be minimized?

3. Could you determine copper spectrophotometrically in an alkaline solution? Why (not)?
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