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 Determination of Calcium Using Atomic Absorption Spectrophotometry 

Introduction
Atomic Absorption Spectrophotometry (AA) is a powerful analytical tool that allows one to make a precise determination of the concentration of an element in a sample. It makes use of the fact that atoms absorb energy when an electron is excited.  When an electron moves from a lower energy orbital to a higher energy orbital, the wavelength of light that is absorbed corresponds to the difference in energy of the two orbitals.  In atomic absorption spectrophotometry, light of the appropriate wavelength is supplied by a lamp and the amount of light absorbed by the sample is measured. The ratio of the light absorbed to the light available is directly related to the concentration of the atom in the sample being analyzed.

For example, let's assume that one wants to measure the concentration of mercury in a water sample.  A hollow cathode tube specific for mercury is used to provide light of the appropriate wavelength. This light is focused on a phototube and its intensity is measured.  When a sample containing mercury is introduced into the path of the light, some of the light is absorbed. The greater the concentration of mercury in the sample, the more light is absorbed. Thus, the difference between the amount of light reaching the phototube when no mercury is present and the amount reaching it when mercury is present is a measure of the amount of mercury in the sample.  
Description of the Instrument
A block diagram of an atomic absorption spectrophotometer is shown below. This diagram shows the path of the light as well as where the sample is inserted into the path of the light.   
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A lamp that produces a certain wavelength of light is used as a source of light in an AA. One of the knobs on the front of the instrument allows the user to select the exact wavelength desired. A typical lamp for use with an AA provides only a small range of wavelengths. As a result, one light source will usually allow the user to analyze only one element.  A few lamps are available that will allow the measurement of more than one element.   

Prior to elements being introduced into the path of the light, they must be converted to free atoms. This is done using a flame.  Usually a mixture of acetylene and air, the flame is hot enough to make free atoms but does not provide enough energy to excite the electrons in the atom.  The excitation of the electrons is caused by the light emitted by the lamp.  

In most cases, elements to be analyzed are in aqueous solution.  The solutions are drawn up from a beaker and made into an aerosol.  The fine droplets of the aerosol are then drawn up into the flame.  It is possible to test solid samples as well, but they are typically dissolved in water before being introduced into the AA. For example, if one wishes to analyze the amount of mercury in a sample of fish, the organic matter is burned off and then the remaining metals are dissolved in water.  (Acidic solutions are commonly used to increase the solubility of the metals.)  

As the sample is introduced into the flame, a change in the color of the flame is sometimes visible. At higher concentrations, these color changes become more and more noticeable. The instrument, however, can measure changes in the color of the flame that are not visible to the unaided eye. The photocell in the detector is capable of measuring extremely small changes in concentration. For example, the AA that you will be using can easily measure the difference between 10 and 20 micrograms of calcium per ml of solution.  (10 to 20 ppm). Other, more sophisticated instruments are capable of measuring differences on the order of parts per billion.  

PROCEDURE
Samples To Be Analyzed

In this lab you will record the absorbance of a number of different solutions that have known concentrations of calcium ions.  These solutions will be made by carefully diluting a “stock solution” that has a calcium concentration of 500. micrograms of Ca2+/mL of solution.   This concentration and absorbance data will be used to construct a calibration curve.  

You will also measure the absorbance of a number of different “unknowns”.  These absorbance values, in combination with the calibration curve allow you to determine the calcium concentration in an unknown.   Some of the unknowns are ones that you collect (see #1 below) and others will be provided by the chemistry department.
Collection and Preparation of Unknown Samples

1.  Prior to lab, obtain two sample bottles from the lab instructor. (Since this method allows for the analysis of very small quantities of Ca, these sample bottles have been scrupulously cleaned and acid-rinsed.)

2.  It is your responsibility to bring two water samples to lab.  One of these should be a tap water sample from your home. The other should be a "natural water" sample. Suggestions for a source for the latter sample include:  Lake Waughop, Lake Louise, Lake Steilacoom, Puget Sound, or Chambers Creek.  

3.  Prior to the analysis of your unknown samples, any sediment that might be present must be removed. This is accomplished by filtering the unknown samples using a Buchner funnel. (It is important that the funnel and the side-arm flask also be acid rinsed prior to each use. See #1 below.)

4.  You will also be provided with a number of other water samples to analyze.  Once you have completed the calibration curve, that information allows you to quickly analyze a large number of unknowns. 

1) Procedure for Preparation of Standard Solutions

1.  All glassware must be very clean for this lab exercise. It should be washed, rinsed with tap water, rinsed twice with 0.1 M HCl, and then rinsed with distilled water. 

2.  Obtain a small amount of the calcium stock solution from the lab instructor. The concentration of this solution is 500 g/mL. 

3.  Using distilled water and volumetric flasks, make standard solutions with these concentrations:

a)  100   g Ca/ mL

b)   50    g Ca/ mL

c)   30    g Ca/ mL

d)   20    g Ca/ mL

e)   10    g Ca/ mL

f)    5     g Ca/ mL

Since these solutions will form the basis for your calibration curve, it is important that they be made as accurately as possible.  

3.  Take all of your knowns and unknowns to the Prep Room at the rear of Room 206 for analysis. 

2) Use of the Atomic Absorption Spectrophotometer

1.  Turn on the Fan for the Fume Hood.  (The switch is just inside the door.)

2.  Turn the power switch on at least 15 minutes before you want to "run" your first sample so that the lamp has sufficient time to warm up.  (A diagram of the front panel of the AA is provided on the next page.)

3.  Be sure that the end of the tiny piece of tubing near the burner is immersed in a small beaker of water at all times when you are not actually running a sample through the AA.
4.  When you are running calcium samples, the wavelength used is about 422.7 nm.  Set the "Function Selector" button to L-1 and adjust the wavelength to get a maximum reading on the "Energy Level" meter.  Record this wavelength and use it for all of your samples.  Once this has been accomplished, set the "Function Selector" back to Absorbance/zero.  

3)  Ignition Procedure

a.  Turn on compressed air at the tank. The pressure reading on the gauge of the tank should read between 23 psi and 45 psi.  

b.  Turn "air - off - N2O" switch to air. The little bubble in the flow meter should rise. Adjust the air flow using the knob labeled "aux air" so that the flow is between 4 and 6 on the meter.  

c.  Turn on the acetylene at the tank. The pressure reading on the gauge of the tank should read between 5 and 14 psi.  

d.  Flip the switch labeled "fuel on/off" up. Adjust the flow using the knob labeled "fuel" so that the bubble is above the 5 on the fuel flow meter.  

e.  Ignite flame using the lighter provided.

f.  Using "aux-air" and "fuel" knobs, adjust the fuel/air ration to obtain a blue flame with low luminosity.  

g.  Always aspirate distilled water when not aspirating a sample.  (Both the samples and the distilled water are drawn up into the flame through the tiny plastic tubing.)

4)  Aspirate distilled water and set the absorbance to Zero.

5)  Aspirate each known sample into the flame by inserting the small piece of tubing into your sample. Record the absorbance off the digital display and the concentration for each sample. (Be sure that the dial on the right hand side of the flame is pointing toward "Absorbance Zero")

6)  Aspirate the unknowns provided by the lab instructor the unknowns that you brought to lab.  If the absorbance of any of the samples in 5 or 6 are above about 1.2, dilute the sample until it is below an absorbance of 1.2.  Record any dilutions you have made so that you can calculate back to the original concentration.

7) Shut off Procedure


a.  Flip toggle switch (fuel off-on) down to close fuel valve.


b.  Wait 5 seconds.


c.  Turn "air off N2O"  switch to off.


d.  Close main valves on acetylene and compressed air tanks.  


e.  Empty the acetylene lines by flipping the "fuel on off" switch up and allowing the bubble in the flow meter to fall to zero.


f.  Empty the air line by switching the "air off fuel" switch to air and allowing the bubble to fall to zero.


g.  Turn off Power switch if no one else is waiting to use the instrument.  

Data Analysis and Calculations
1.  Show your calculations for making the standard solutions

2.  Make a graph of concentration versus absorbance using "Cricket Graph" or another computerized graphing program.  

3.  Determine the concentrations of each of the unknowns in micrograms per ml.  Show your calculations if you diluted your samples.

ATOMIC ABSORPTION SPECTROPHOTOMETRY

Pre-Lab Questions 
1.  If a sample of water is found to contain 3.5 micrograms of Ca per L of water, 

a) what is the concentration of calcium in ppm? 

b) in ppb?

c)  How many liters of solution would you need to have 1.0 mole of Calcium ions?

2.  

a)  If you are given a solution that is 350 ppm Zn, how would you make 250 mL of a solutions that is 120 ppm Zn? 

b)  What is the concentration of the original solution of Zinc ions (350  ppm) in micrograms per mL of solution?

3.  The solubility of calcium carbonate in cold water (25oC) is 0.0014 g/ 100mL.  

a) Using the CRC, find the solubility of calcium carbonate in hot water.  

b)  Calculate the concentration in Molarity of a saturated solution of calcium carbonate.  

