Flame Atomic Absorption Spectrophotometry Using the Method of Standard Additions

Atomic absorption spectroscopy and atomic emission spectroscopy techniques are often used to determine the concentration of metallic and semi-metallic analytes in a sample. The most common method of introducing samples is to prepare the sample in aqueous solution. The solution is then aspirated into an air-acetylene flame where the ability of the analyte in the flame to absorb or emit light is measured. 



Figure 1: Schematic of a Simple Flame Atomic Absorption Spectrophotometer

Light absorption or emission in atoms is a process that depends on the excitation of an atom from one state to another. Since the energy levels of different states  (ground and excited states) are fixed by the electronic configuration of the atom, the energy difference between them is discreet (qauntized). Atoms will absorb or emit light of discreet wavelengths, corresponding to the energy difference of these states. 
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Figure 2: Absorption and emission of energy

The wavelengths of light absorbed or emitted are known as characteristic wavelengths because they are representative of a specific atom absorbing or emitting the light. Since there are a limited number of states, there are a limited number (between 2-3 and up to several thousand) wavelengths of light any atom can absorb or emit. This makes atomic spectroscopy possible for qualitative and quantitative analysis of complex samples with many components. Instead of a spectrum with a broad continuum of absorbed or emitted wavelengths of light (like a molecular absorbance spectra), there are relatively few, narrow characteristic wavelengths of significance. Sometimes these are called lines because they are ordinarily less than 1-2 nm in width. 

In order to determine specific elements, the instrument has to first be calibrated. One usually prepares a calibration curve, which is made up of standards of known concentration. Alternatively, one can use the method of standard additions, especially if the sample matrix is not well known. 

In an Atomic Absorption Spectrophotometer, the solution of interest is injected as a fine spray into a flame.  Typically Acetylene - air (2,150ºC) and Acetylene - Nitrous oxide (2,955ºC) are used. Based on the Boltzmann equation the flame temperature is the major variable impacting the number of atoms in a given excited state. The fraction (not total amount) of atoms in an excited state (relative to the ground state) needs to be constant so that you can compare the signal from the standard to that of the sample. One also needs a consistent sample matrix so that matrix components don’t alter the flame temperature. There are several methods that can be used to match the matrix of the sample and to keep the flame temperature constant. First, the instrument needs to be warmed up for at least 10 minutes. Secondly, all dilutions should be prepared using distilled or 17.9 M( (deionized twice) water. Finally, all solutions that are diluted must contain the same amount and type of preservative. Although hydrochloric acid is often used in atomic absorption.
One of the disadvantages of using flame atomic absorption spectrophotometry is that it is not a true multi-element technique. Each element has to be analyzed separately, with a separate set of standards for each element. This is primarily because the spectrometer is not designed to scan from one wavelength to the next to look at characteristic light from each element.  In addition, there must be a source of the characteristic light that the atoms in the flame can absorb. This characteristic light comes from a lamp known as a hollow cathode lamp (HCL), in which one of the electrodes in the lamp is made from the element of interest. 




Figure 2: Diagram of a HCL

Today’s Experiment
Calcium is one of the most common elements determined by atomic absorption. It is also

one of the more interesting to study because it is subject to several types of interferences. The

objectives of this experiment are to:

(1) prepare a calibration curve and establish its range of linearity;

(2) study a classical chemical or solute vaporization interference - aluminum and phosphate on calcium;

(3) observe the effect of a releasing agent (lanthanum) on the above interference.
AA & AE can measure calcium and sodium in water and be used to determine both the

degree of hardness and softness of water, as well as the efficiency of a water softener system.

Calcium is an excellent analyte for AA, while sodium is a good analyte for AE. Hard untreated

water should be high in calcium and low in sodium. Water that has been through an ion

exchange resin should be low in calcium and higher in sodium by comparison. In this experiment you will test this hypothesis.
Instrument Familiarity and Calcium Study

Background

Calibration Plot Linearity

Linearity of the absorbance vs. concentration plot requires a homogeneous absorber through

which all of the light passes as a parallel beam. In atomic absorption, it is also required that the

hollow cathode lamp has no background radiation, that the lamp line width be much narrower

than the absorption line, and that the fraction of the analyte atomized be independent of

concentration. These conditions are only approximately met and deviations from linearity are to

be expected at high absorbances.

Presence of Interferents

Calcium forms a refractory compound Ca-Al-O (note the absence of subscripts; they are

unknown) that does not completely decomposed in the normal observation region of an

air–acetylene flame in the presence of aluminum. A similar, less severe effect is seen for

calcium in the presence of phosphorus. A number of methods are available for overcoming these

interferences. The most popular method is the addition of excess lanthanum, which preferentially

forms a La-Al-O compound, thereby “releasing” the calcium. A second method is to use a

higher temperature flame, i.e. nitrous oxide–acetylene, to decompose the refractory compound.

A disadvantage of higher temperatures is ionization, which depletes the atomic population by the

following reaction:

Ca Ca2+ + 2e– 
(1)

If an excess of an easily ionized element such as potassium is added, it reacts similarly:

K K+ + e–

 (2)

supplying electrons to force the equilibrium of reaction (1) to the left. The calcium ion has its

own absorption spectrum that could be used for analysis, but easily ionized elements in the

sample matrix would cause errors using either atoms or ions. In practice, it is easy to assure the

presence of an excess of ionization suppressant in all samples and standards, so small variations
due to sample matrix are not problematic. Elements with ionization potentials ~ 7.5 eV are

appreciably ionized in this flame.

Procedure

Answer all boldfaced questions in your lab book as you are performing the experiment.

Calibration data can be entered on the computer and plotted immediately after making

the measurements. Attach the plots to pages in your lab book with tape.

I. Instrument Start-Up

A. Read the operations manual for the instrument and become familiar with the software.

B.  Check to see if the Ca hollow cathode (HC) lamp is installed and in place for the experiment. 

C. Turn on the power to the instrument and allow it to warm up.  Be sure the capillary is in the bottle containing e-pure water. 
II. Solution Preparation

After turning on the instrument (as described above), use an eppendorf pipette (0.02 to 0.2

ml range) to prepare 25 ml of each of the following standard solutions from the calcium 2500

ppm stock solution in 1% HNO3 : 0, 2, 3, 5, 7, 9, 11, 13, and 15 ppm.

Solutions 1-5 will be prepared for you. All concentrations will be in mg/L or ppm and all

solutions are prepared in either 1 or 2% nitric acid.

1. Calcium stock solution, 2500 ppm.
2. Aluminum containing solutions

10 ppm Ca + 0 ppm Al

10 ppm Ca + 10 ppm Al

10 ppm Ca + 50 ppm Al

10 ppm Ca + 0 ppm PO43-
10 ppm Ca + 10 ppm PO43-
10 ppm Ca + 50 ppm PO43-
3. Lanthanum containing solutions
0 ppm Ca + 1000 ppm La

10 ppm Ca + 100 ppm La + 50 ppm Al

10 ppm Ca + 1000 ppm La + 50 ppm Al

10 ppm Ca + 2000 ppm La + 50 ppm Al

10 ppm Ca + 100 ppm La + 50 ppm PO43-
10 ppm Ca + 1000 ppm La + 50 ppm PO43-
10 ppm Ca + 2000 ppm La + 50 ppm PO43-
4. Potassium containing solutions

5 ppm Ca + 0 ppm K

5 ppm Ca + 50 ppm K

5 ppm Ca + 500 ppm K

0 ppm Ca + 500 ppm K

5. A calcium unknown prepared from the stock solution. Each student will have

his or her own unknown, not just one for the group.

Instrument Tune-up

Start the software

Select New – name the method anything you wish
Under the Develop tab


Add Method
Select Ca and Flame
Select Edit Method

Under Type/Mode tab

Sampling Mode
Manual
Instrument Mode

Absorbance
Flame Type
Air/Acetylene

Measurement tab

Scale Expansion
Integration

Optical tab

Select lamp number for lamp you are using
Standards tab

Should be grayed out
Select Instrument Tab


Select Optimize button


Optimize Lamp – without the flame on, adjust the lamp position by adjusting screws at base of lamp – get maximum signal
Optimize Signal – with flame on, aspirating solution of highest concentration, adjust burner position to get maximum signal
Instrument Zero – while aspirating E-pure water

III. Analysis

A. Preliminary

1. Aspirate ultra pure water to establish zero absorbance.

2. Press the auto zero button. After a few seconds, the digital readout should zero itself.

B. Working Curve

1. Measure the absorbances of each Ca standards you prepared by repeating the following

procedure:

a. Recheck the zero while aspirating water. Depress Auto-Zero as necessary.

b. Aspirate the lowest concentration Ca standard until the absorbance reading becomes

stable. Record the reading from the display panel or the chart recorder.  Record in your notebook.
c. Aspirate water to assure that the absorbance reading returns to zero. Always wipe off

the capillary with a Kimwipe after each sample measurement.
2. Plot#1: Plot a working curve of absorbance vs. Ca concentration and determine the

region of linearity.
C. Concentration Measurements of Various Ca Samples
1. Measure the absorbance of Ca in the unknown sample prepared for you in triplicate.
2. You will use your working curve to determine the concentration of Ca in your unknown.

3. Record the absorbance value in your lab notebook for your unknown and determine its concentration.

D. Removal of Interferences

1. Take absorbance readings on the Al containing solutions. Plot Ca absorbance vs. Al

concentration.

Question#1: What effect does the presence of Al have on the Ca absorption?

2. Take absorbance readings on the phosphate containing solutions. Plot Ca absorbance vs. PO43-
concentration.

Question#2: What effect does the presence of PO43- have on the Ca absorption?

3. Take absorbance readings on the La containing solutions.

Question#3: Contrast the effect of Al and phosphate on Ca absorbances in the presence and

absence of La. Comment on the effect of La on the Ca absorbance.
Analysis of Calcium and Sodium in Well Water

You will be measuring Ca and Na in home well water before and after the water has passed through a water softener. You can reduce the number of solutions by combining the two analytes in the same stock solution.
1. Prepare dilution solutions from the stock 1000 ppm Ca/Na solution in logarithmic intervals downward: 
 500,100, 50, 10, 5, & 1 ppm.

a. Use volumetric flasks and pipettes.
b. Use the 1% La(NO3)3 • 6H2O and 1% HNO3 as the solvent for making these solutions.

2. Make up a blank solution, which contains everything from your calibration solutions except for the analyte. Be sure to use only deionized water for all solution preparation.

Realize that your sample either (i) may be above the linear dynamic range of the detector andrequire dilution, or (ii) may be below the detection limit and be undeterminable. If it is the former you will need to prepare a dilution of your sample by pipetting the sample into a volumetric flask and adding deionized water.

3. Measure your samples & blank (diluting and remeasuring your samples if required).

4. Do these measurements in triplicate.

Once you have made these measurements you will define whether the sample matrix is producing any interferences using the method of standard addition. 
What you will do is pipette a new set of samples containing the original (or diluted if required from your initial

measurements) and standard added in addition to the sample:

1. Pipette an amount of sample into four volumetric flasks. 

a. One aliquot of sample receives no added standard (called the +0 sample).

b. Pipette an amount equal amount of the standard solution that is in a concentration one step greater than your sample’s analyte concentration (called the +1 sample).

c. Pipette an equal amount of the standard solution that is the next concentration one step greater than the previous standard (called the +2).

d. Pipette an equal amount of the standard solution that is the next concentration one step greater than the previous standard (called the +3).

e. These samples should be prepared in duplicate.

f. Add La(NO3)3 + HNO3 solution to each volumetric flask to bring each sample up to volume.

2. Measure these samples in triplicate
Atomic Emission Spectrometry
Reset the instrument for Emission Spectroscopy by

Re-run the above samples in the emission mode in triplicate
Lab Report Guidelines

Introduction:

• Explain the purpose of the experiments and the hypothesis you wish to test.

• Discuss the Beer-Lambert Law and how it applies to this experiment.

• How does the instrument work and why are you using it in this experiment?

Results:

• Include calibration curves and instrument spectra

• Report the actual concentrations of the analytes in your real samples

• Report the detection limits for the analytes as well as the linear dynamic range

• Be sure to do appropriate statistical analyses

• Discuss the information collected in section 2 - particularly how you selected your

emission line

Discussion:

• Make some conclusions about the hypothesis you set out to test.

• Explain how the detection limit was computed.

• Discuss the method of standard addition and determine whether your results differ

using the standard addition method. If so, what can you say about matrix effects for

your samples.

• How good is this instrument at AA? AE?

• What would be a better instrument for either technique?
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