Colorimetric Determination of % Cu in Brass

The mass percentage of copper in brass can be determined by first reacting it with concentrated nitric acid, and then using a colorimeter to analyze the color intensity of the copper (II) nitrate solution that forms.  A higher concentration of the colored solution absorbs more light (and transmits less) than a solution of lower concentration. The Colorimeter monitors the light received by the photocell as either an absorbance or a percent transmittance value.
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You are to prepare five copper (II) nitrate solutions of known concentration (standard solutions).  Each is transferred to a small, rectangular cuvette that is placed into the Colorimeter.  The amount of light that penetrates the solution and strikes the photocell is used to compute the absorbance of each solution.  When a graph of absorbance vs. concentration is plotted for the standard solutions, a direct relationship should result, as shown in Figure 2.  The direct relationship between absorbance and concentration for a solution is known as Beer’s law.

The concentration of an unknown Cu(NO3)2 solution is then determined by measuring its absorbance with the Colorimeter.  By locating the absorbance of the unknown brass solution on the vertical axis of the graph, the corresponding concentration can be found on the horizontal axis (follow the arrows in Figure 2).  The concentration of the unknown can also be found using the slope of the Beer’s law curve. 

Problem:  Can you determine the molarity of copper (II) nitrate solution made from the brass with a colorimeter, and use this data to determine the % by mass of copper in brass? 

Procedure:

1.
Determine the mass of two brass .22 caliber rifle shells to + 0.001 g.  Place the shells in a small beaker.  Under the fume hood, add about 10 mL of 15.8 M HNO3(aq) and cover with a watch glass.  After the metal dissolves completely, add 50 mL of distilled water to the beaker.  Transfer the solution to a 100 mL volumetric flask.  Rinse the beaker 3-4 times with 5 mL of distilled water and add the washings to the flask.  Dilute to a final volume of 100.0 mL.  The excess amount of nitric acid will dissolve the zinc and copper metals in the brass.  Zinc nitrate solution is colorless, but the copper (II) nitrate has a deep blue color.  The unbalanced ionic equation for the copper reaction is:




Cu(s)  +  NO31-(aq)  (  Cu2+(aq)  +  NO(g)  in an acidic solution

2.
Obtain 10.0 mL of 0.400 M Cu(NO3)2(aq) stock solution in a 10 mL graduated cylinder.  Use a volumetric pipet to transfer 5.00 mL of this stock solution into a clean test tube and add 5.00 mL of distilled water.  Thoroughly mix the solution.  This makes 10.00 mL of 0.200 M Cu(NO3)2(aq).  Repeat the dilution process to make 10.0 mL each of three more dilute solutions that are 0.100 M, 0.0500 M, and 0.0250 M.
3. Set up the LabPro unit with Vernier's Colorimeter using the following steps:
A.
Plug the connector for the colorimeter into CH1(channel 1) of the LabPro unit. 

B.
Plug in the interfacing cable at the side of the LabPro and the USB port of the computer. Plug in the power cord for the LabPro.

C.
Launch the program called "LoggerPro" on the computer.  It should automatically recognize that the Colorimeter is connected to CH1.  Use the File pull-down menu to open “Experiment 11: Beer’s Law” from the Chemistry with Computers folder.  You should see a live Meter window to display absorbance, a Table window with columns for the concentration, transmittance and absorbance, and a graph of “Absorbance vs. Concentration”.

D.
Prepare a blank by filling a cuvette 3/4 full with distilled water and cover with a cap. To correctly use a Colorimeter cuvette, remember:

· All cuvettes should be wiped clean and dry on the outside with a tissue.

· Handle cuvettes only by the top edge of the ribbed sides.

· All solutions should be free of bubbles.

· Always position the cuvette with its reference mark facing toward the white reference mark at the right of the cuvette slot on the Colorimeter.

E.
Holding the cuvette by the upper edges, place it in the cuvette slot of the Colorimeter, then close the lid.  Set the wavelength on the Colorimeter to 635nm, red(since the blue colored Cu(NO3)2(aq) absorbs the most red colored light). Press and hold the CAL button until the red LED light begins to flash.  When it stops flashing, calibration is complete.

4. You are now ready to collect absorbance data for the five standard solutions.

a. Click COLLECT to begin data collection.

b. Empty the water from the cuvette.  Rinse it twice with ~1-mL portions of the most dilute 0.0250 M Cu(NO3)2(aq) solution.  Then fill the cuvette 3/4 full and replace the cap.

c. Wipe the outside of the cuvette with a tissue and then place the cuvette in the Colorimeter. After closing the lid, wait for the absorbance value displayed in the Meter window to stabilize. Then click KEEP, type “0.0250” (the concentration) in edit box, and press the ENTER key.

d. Discard the cuvette contents as directed by your teacher.  Rinse the cuvette twice with 0.0500 M Cu(NO3)2(aq) solution and fill the cuvette 3/4 full.  Follow the Step-c procedure to find the absorbance of this solution. Type “0.0500” for the molarity value in the edit box and press ENTER.

e. Repeat the Step-d procedure to find the absorbances of the 0.100 M, 0.200 M, and 0.400 M solutions.  Click on the STOP button to complete the standard Beer’s plot.   

5. Now rinse the cuvette with your brass solution, then fill the cuvette 3/4 full, and position it in the colorimeter.  The absorbance of the solution will be displayed on the computer.  Record this absorbance value.
6. Under the Analyze pull-down menu, select the Linear Fit option to draw the best-fit line for your standards and calculate the slope and y-intercept values for the line.  
7. Now select the Interpolate option and move the cursor to estimate what molarity produces an absorbance value equal to that of your brass solution.
8. Print out a copy of your graph with your name added to the label.
9. Quit the LoggerPro program and shut down the computer.  Rinse out the cuvette with distilled water.  Wrap up all of the wires and return all equipment to your teacher for final approval.

Calculations and Conclusions:

1.
Show the calculations used to prepare the Cu(NO3)2(aq) with known molarities.

2.
Label the data point for your unknown brass solution on the graph print out.

3.
Based on the statistical analysis(slope and y-intercept values) of the best fitting straight line, calculate the molarity of the Cu(NO3)2(aq) found in 100.0 mL of the brass solution.

4.
Determine the mass of Cu dissolved in the brass solution, and use this value to calculate the mass % of Cu in the brass sample.

5.
Enter your data into the class spreadsheet for group data analysis.

Explanations needed in the Theory section:
1) The reaction and what gives the color

2) Beer’s law 

3) Why you chose the wavelength you did

