Determination of Lead and Zinc in Brass by

Atomic Absorption Spectroscopy

Introduction

Atomic absorption spectroscopy was developed in the 1950's and has since become an important technique for trace level determinations of metals.  The theory of atomic absorption spectroscopy was described in CHEM 2001 lecture and may be reviewed in several analytical chemistry textbooks including Exploring Chemical Analysis, Harris, Chapter 20 and Undergraduate Instrumental Analysis, Robinson 5th Ed., chapter 7.  We perform the analysis using a hollow cathode lamp constructed from the same element that we are trying to determine in a sample as the light source.  The sample cell is the burner path.  The amount of absorbance is proportional to the analyte's concentration.  

In lecture, we discussed the use of calibration curves in spectroscopic methods.

Typically, we are interested in Beer's Law plot relation for absorbance and concentration.  As was mentioned in class, the sample's matrix as well as instrumental parameters can affect our quantitative results.  If the calibration standards that are used to make the calibration curve are similar to the sample's matrix and the instrument is operating at optimum conditions then the results should be satisfactory.  However, if the standards cannot be prepared to resemble the sample's matrix the technique of standard additions is frequently more satisfactory.  In this experiment, we will use a typical calibration curve to determine the percent lead and method of standard additions to find percent zinc in a brass sample unknown.  

NOTE 1: Read appendices A, B and H (instrument operation instructions)

Experimental

Supplies

Concentrated HCl


Concentrated HNO3

Dry Lead nitrate (Pb(NO3)2

Zinc standard solutiuon


Three 250 mL volumetric flask


Three 150 mL beaker


1 L volumetric flask


25 mL buret


Six 100 mL volumetric flask


Serological pipette


two 50 mL volumetric flask


Equipment


Varian Atomic Absorption Spectrometer


Hot Plate


Analytical weighing balance

Experimental Procedure
Part A:  Preparation of the brass unknown

 NOTE 2: Concentrated HCl & HNO3 cause severe burns to skin and clothing.  Wear your Playtex gloves, goggles and apron when handling this acid.  If Acid contact occurs to skin or clothing, you must rinse off with copious amounts of water immediately.  Remove clothing and rinse exposed skin.  Notify TA if you need HELP!  If you spill acid solutions in the laboratory, neutralize them with sodium bicarbonate (NaHCO3) and clean up the resulting mess using water and a towel or sponge.  Because this concentration of this acid is relatively unimportant, use graduated cylinders when performing additions.  The acids are too viscous for pipettes.

NOTE 3: All solutions containing lead are toxic.  Dispose of them in the waste bottles provided.  Avoid contact of lead solutions with your skin.  Do not pipette lead solutions by mouth, and wash your hands thoroughly after handling.

1. Prepare three trials of your unknown sample.

a. Weigh ~ 200 mg of your brass sample quantitatively in a small (~150 mL) beaker.  These three solutions are used for both the Pb and Zn analysis.

b. Repeat this process for trial #2 and #3.  It is important to know the exact amount of each three samples.  Record in Lab notebook.

3. Place each sample under the hood

4. Slowly add 4 mL concentrated HCl and 4 mL concentrated HNO3.

5. You may gently heat the sample in order to dissolve it, and add HNO3 in 0.5 mL increments if necessary.

6. After the evolution of brown gas has ceased, and all of the metal sample has dissolved, let the solutions cool.

7. Quantitatively transfer each solution (which should be clear and may have a blue\green color) to 250 mL volumetric flasks and dilute each to the mark with distilled water.

8. Mix each one well by inverting several times.  If cloudy consult TA.

Part B: Preparation of lead stock solution
1. Dry ~ 1.0 g lead nitrate, Pb(NO3)2 solid for ~1 hr @ 120(C.  Let cool in a dessicator. This may have been done already.

2. Accurately weigh approximately 0.16 g lead nitrate, Pb(NO3)2 into a small beaker.

3. Dissolve this sample in 3 mL of nitric acid (HNO3) and 6 mL of water.

4. Quantitatively transfer to a 1.00 L volumetric flask, and dilute to the calibration mark with water.

5. Calculate the molarity of this stock solution and its concentration in mg Pb/L (ppm).  Check your calculation with your instructor.

Part C

Preparation of standard solutions for lead
1. Prepare dilutions of your lead stock solution to give you at least five different known concentrations as follows.

a. Using your buret, add 2 mL of the Pb stock solution to a 100 mL volumetric flask.

b. Next add ~1 mL of HCL and ~1 mL HNO3. 

c. Dilute to volume with water.

d. Mix well.

2. Prepare four additional solutions, in a similar manner, using 5, 10, 15 and 20 mL of Pb stock solution.

3. Calculate the molarity of each of your standard solutions.  Check your calculations with your instructor.

4. Finally, prepare a blank with ~1 mL of HCL and ~1 mL HNO3, dilute to100 mL final volume with water.  Mix well.

5. Calculate the correct concentration for each standard in ppm!  You will need to enter these into the computer in order to obtain the calibration function. (see appendix H) 

Part D

Analysis of lead standard solutions and unknowns

Do analysis of the standards and unknown samples on the same day!

1. Determine the absorbance of each of your standard solutions and your unknowns using the Varian atomic absorption spectrometer @ 217.0 nm.  
(See appendix H)

a. Obtain absorbance readings for each standard solution and the Varian AA software will determine the calibration function and display the calibration curve.

b. Obtain absorbance reading for each unknown solution, (you should have prepared three).  Each unknown absorbance must fall between the lowest and highest lead standard solution.  If any of the unknown absorbencies are outside the curve then further dilutions are required.

2. You will be prompted to read your blank by the instrument (part C, step 4).

3. Check when finished to see if you results are in the correct 

Chem 2002 section #_group # folder.

4. Consult TA about whether to turn off any equipment, before leaving the AA instrumentation.

5. Be sure to sign in the instrument log book!!!!!!!!!!!

Part E

Analysis of Zinc in your unknown solutions by standard addition

Do analysis of the standards and unknown sample the same day!
1. Check to see if either AA instrument has the zinc hollow cathode lamp installed; if not check with TA.

2. Use the operating instructions in appendix H, the wavelength for zinc is set to 214 nm.

3. Note: Use the blank prepared in part C, step 4 also for the zinc blank needed for this part.

4. Dilute one of your unknown brass solutions, e.g. trial 1, until an ABS reading in the ~ range: 0.10 ABS units is observed.  If OK, record this dilution factor, and proceed to next step.

HINT:  try 1 mL to 100 mL dilution; use volumetric glassware! 

The diluted unknown solution with a reading ~ 0.10 ABS units will serve as the unknown trial without the zinc spike.
5. After your trial 1 dilution is in the working range, use the zinc AA standard provided to dilute 1 mL of the 992 ppm standard to 250 mL using volumetric glassware.  This solution will be a 3.97 ppm standard and is used for the zinc spike (step 5).

6. Add 10 mL of zinc 3.97 ppm standard prepared in step 4 to a 100 mL volumetric flask.  Next dilute with the zinc unknown dilution from step 3.  This will be your zinc unknown with the zinc spike added.

7. Do unknown trials 2 & 3 in the same manner; record their readings for both unknown without the zinc spike and the unknown with the zinc spike.

8. Note: you will be prompted by AA software, to furnish zero (dI-water) and a background blank (aqueous HCL\HNO3 prepared in Part C, Step 4)

· It is a good idea to store ~ 50 mL of each original unknown solutions and your standards in labeled 100 mL brown bottles.  Once you are satisfied with your experimental results you can discard these later.  Do not store in volumetric flasks! 
Data Analysis

1. Print out a copy of your calibration curve obtained in Part D. 

2. Report slope, y-intercept, and correlation coefficient.

3. Use your calibration curve and unknown absorbance readings to determine the concentration of lead in your unknown solutions (See appendix A).  Don't forget any dilution factor needed in your calculation.

4. Calculate the concentration of lead in your original solutions, the mass of lead in your samples, and report the average percent lead in your unknown.

5. Based on the standard addition results find the average %Zn in you unknown brass sample (See appendix B).  Don't forget any dilution factor needed in your calculation.

