
Homework 5 – Chemistry 2001 Summer 2009
AAS
1. Discuss one type of an interference commonly encountered in flame AAS and how one goes about dealing with the interference.
There are three different types of interferences that may lead to difficulties in FAAS. Spectral interferences arise due to the formation of refractory materials (metal oxides) in the flame which are molecular in nature and thus absorb light over a broad range for a given electronic transition (due to the rotational and vibrational bands present); if one is trying to examine the absorption of say Fe(0) and CaO forms, then the broad absorption by the CaO  may obscure or add to the absorbance of the Fe(0). Often times (but not always) one can move to another wavelength where the analyte absorbs (Fe(0) in our hypothetical case), but the molecular compound (CaO in our case) does not. 
Ionization interference is quite common and occurs when one is trying to measure the absorbance of an atomic species that becomes easily ionized at increasingly high temperatures, but these temperatures are not high enough to affect other zero-valent elements in the flame (they are not ionized at this temperature). As a result, the absorbance signal for the easily ionized analyte will be lower than expected, and its apparent concentration will be lower than it should be (this is because the ion form of the analyte does not absorb light at the same wavelength as the zero-valent analyte, e.g. Na(0) vs Na(I)). In order to deal with ionization interference, the operator usually optimizes the flame temperature for all other analytes besides the easily ionized species, makes the absorbance measurements for the other analytes, then re-optimizes the flame temperature (lowers the flame temperature) for maximum responsivity of the easily ionized analyte and obtains its absorbance values. 
Chemical or Matrix interferences arise due to chemical reactions of ionic analytes in the aqueous sample with other ligating type species, the products of which are often times not volatile or only somewhat volatile. In the latter case of limited volatility, the analyte response (absorbance) is suppressed, that is, the sensitivity of the response is much less than theoretically predicted when using pure analyte in pure solvent. Thus, if a calibration curve is constructed using pure analyte and pure water, say, then the environment of the standard concentration analytes will not be at all like that of the sample, and large deviations in the true concentration of the sample analyte will occur. The best approach is to use the method of standard addition wherein analyte aliquots (very small volumes so as to prevent large impact on the matrix environment) of known concentration are added to the sample analyte in sequential fashion after which the absorbance of the analyte in the matrix is obtained.  The obtained values are plotted versus amount of standard analyte added, the least squares best line obtained, and the x-coordinate intercept is found; this intercept (absolute value of) is the amount of analyte originally present in the sample.
2. Draw a picture of a hollow-cathode lamp and discuss how it functions. Make sure that you make it clear what happens during the entire process.
In general, a hollow cathode lamp (HCL) functions by formation of fluorescent light as the result of a sputtering excitation of atomic species. Specifically, upon application of a high voltage between the anode and the cathode, the latter which is made of the analyte of interest for the AAS experiment, ionization of the filler gas (Ar) occurs to yield Ar(I). The Ar cations are accelerated to the highly negatively charged cathode (due to the high voltage) and they impact the surface of the cathode at such an energy that they cause removal of the cathode material into the gas phase (sputtering). The sputtered material is in an atomic vapor form and is in an excited electronic energy state; loss of energy by the atomic vapor results in emission of fluorescent light from the excited atoms in the vapor at characteristic wavelengths that are <<<0.1 nm in width. This light can be used to excited ONLY the analyte of interesting in either a GFAAS of FAAS experiment; that is, the cathode of the lamp MUST be made of the SAME material as the analyte of interest (sodium in analyte, sodium in lamp).
[image: image1.wmf]
3. As a laboratory technician, you are presented with an aqueous sample that was collected from highway runoff during a rain storm. You are to quantitatively analyze for Pb, Zn and Cu in the aqueous sample using flame AAS. As you can imagine, there will be many other elements and compounds present in the solution. How would you best determine the concentration of the analytes in the presence of the other elements and compounds?
See part three of question 1 above for the proper way to address this issue.
4. Discuss the advantages and disadvantages of using FAAS and GFAAS.
GFAAS is much more sensitive and has a lower LOD due to the fact that the efficiency of the sample atomization process is so much greater than with FAAS. That is, in GFAAS, less sample is lost on its way from the point of origin to the area where it is examined by the probing  light. However, a graphite furnace is a very expensive piece of equipment, is hard to maintain, and requires careful training of the user for proper delivery of small (<30 microliters) analyte volumes or use f expensive robotics for analyte delivery. Thus, FAAS instruments are more rugged and less expensive and they do not require as much training of the end user. 
