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X~RAY ABSORPTION SPECTROSCOPY FOR THE CHEMICAL 
CHARACTERIZATION OF ATMOSPHERIC AEROSOLS 

J. M. Jaklevic and A. C. Thompson 

One of the primary goals of any air pollution research and monitoring 
program is the chemical characterization of particulates collected from 
the atmospheric aerosol. Modern air sampling technology requires that 
the analytical methods be sensitive to very low concentrations of the 
elements of interest. Furthermore, large-scale applications require that 
the measurements be free from artifacts arising from interferences 
between the many materials present in the sample, and, ideally, the 
method should be non-destructive such that multiple analyses of the same 
sample can be performed. The latter requirement is important since a 
sample acquired at a particular place and time ;s unique and impossible 
to duplicate. 

Several methods of elemental analysis such as x-ray fluorescence and 
neutron activation are capable of satisfying the above requirements. 
However, these methods do not give information regarding the chemical 
form of the element. Among the many physical methods of chemical analy
sis which might be applicable, those techniques based upon measurement of 
the ionization state of inner-shell electrons show great promise. These 
include x-ray photoelectron spectroscopy (XPS or ESCA), Auger spec
troscopy, and x-ray emission and absorption spectroscopy. 

The first two methods involve the detection and precise measurement 
of the energies and intensities of electrons emitted from the specimen. 
Because of the inherent scattering properties of electrons in matter, 
these measurements are always performed in a vacuum and are sensitive to 
only the surface properties of the material in question. 

On the other hand, x-ray emission and absorption techniques have the 
advantage that, for particle sizes of interest in air particulate 
studies, they are sensitive to the bulk properties of the material. 
Furthermore, the measurement can be performed in air or helium. To the 
extent that these methods yi d equivalent information to that obtained 
from electron spectroscopy, they are preferred for monitoring and analy
sis programs where surface characterization 1s not an important goal. 



The chemical information obtained from x-ray spectroscopy is pri
marily the result of the changes in binding energies of the inner shell 
electrons as the effective charge of the atom is changed with chemical 
binding. These shifts are on the order of 1 eV for each unit change in 
effective charge and are amenable to observation with precision spec
troscopy techniques. Unfortunately, for the case of x-ray emission 
spectroscopy, the inner-shell energy shifts are similar in magnitude and 
sign for each shell. Since the energy of the emitted x-ray is the 
difference between the energies of two inner shells, the shifts observed 
for x-ray emission lines are much smaller than the shifts associated with 
either term energy. Although such shifts can be measured, they are 
normally much less than the observed line-width. 

X-ray absorption spectroscopy has the advantage that very distinct 
effects are observed as a function of chemical binding. The experiments 
consist in the measurement of the inner shell ionization probability of a 
given element as a function of incident photon energy_ The binding 
energy of the given shell can then be measured directly by the abrupt 
change in cross section. Furthermore, additional chemical information is 
contained in the observed structure below the absorption edge which 
arises from transitions to bound but unoccupied levels. For incident 
photon energies above the absorption edge, there are variations in the 
cross section termed extended x-ray absorption fine structure (EXAFS), 
which have recently become the subject of intensive study. These arise 
from the interaction of the ejected photoelectron with the surrounding 
atoms in the solid crystalline structure. In principal, a detailed 
understanding of the complete absorption spectrum yields information 
regarding the degree of ionization of these atoms whose edge is measured 
and, in addition, some understanding of the associated atomic environment. 

The present study we performed at the Stanford Synchrotron Radiation 
Laboratory (SSRL) using a high-resolution monochromator x~ray beam 
designed for scanning x-ray absorption measurements. In view of the 
relatively low concentrations of the elements under study, a special 
fluorescence technique using semiconductor x-ray detectors was employed 
for the measurement of the x-ray crosS sections. Measurements were made 
on the elements V, Mn, Fe, Cu, Zn and Ph on both urban aerosol samples 
and on fly ash samples obtained from power plant stacks and plumes. 



Our approach to analysis of the x-ray absorption spectra made no 
attempt at interpreting the various components in detail. Since the 
compounds of interest in aerosol research comprise a relatively restric
ted set of possibilities, the spectra obtained from the samples were 
compared to spectra acquired with known standards. In most cases, unique 
identification of the compounds in the sample was possible. Since in 
general, an unknown specimen can consist of two or more components, a 
study was made using a linear combination of standard spectra to fit to 
unknown mixtures. 

Ambient air samples collected from urban St. Louis were analyzed for 
the chemical composition of Fe, Zn and Cu compounds. Data were obtained 
separately for the fine and coarse particle fractions collected by 
dichotomous samplers. In general, the fine particles (..::2.4.,Mm) were 
found to be in the sulfate form consistent with most results in areas 
where the particulate chemistry is dominated by the presence of 502 
from power plants. The coarse particles were either oxide, sulfates, or 
mixtures of the two. This is true even for samples obtained at the same 
site and sampling time but representing fine and coarse particle frac
tions. This difference in chemical composition reflects the assumed 
differences in origin of particles in the two size ranges. 

Major elements present in fly ash samples obtained both in-stack and 
from plume samples were analyzed. Attempts were made to discover any 
differences in chemical form for the elements as a function of particle 
size within the stack samples or as a function of residence time in the 
plume. At the present time, the data are inconclusive due to the poor 
statistics associated with individual measurments. As more data are 
acquired and more sophisticated analysis methods are employed, it is 
presumed that unique chemical assignments will be made. 

On the basis of the results available thus far, we have demonstrated 
the potential for employing x-ray absorption fine structure analyses to 
the problem of characterization of aerosol samples. The methods can be 
made to work on relatively dilute samples consisting of simple mixtures 
of compounds. More complicated systems will require more sophisticated 
data analysiS methods than employed thus One obvious disadvantage 
of this technique is the dependence on relatively scarce synchrotron 
radiation beam time. Careful measurements on dilute spectra requires a 
minimum of one hour data collection per analysis. With the present 



availability of synchrotron beam time, such measurements are prohibited 
for routine analysis purposes although the technique can be expl ted for 
scientific studies on limited numbers of samples. As the amount of 
available beam time increases with the completion of new synchrotron 
radiation facilities, more extensive studies will become possible. 
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