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1 AN OVERVIEW OF ELEMENTAL
ANALYSIS VIA ATOMIC

SPECTROSCOPY TECHNIQUES

O_rje of the simplest questions that an analyst can ask about the chemical compo-
sition ofa sample is "which elements are presentand at what concentrations?" Since
there are only 92 naturally occurring elements and millions of different molecules,
differentiating among the elements is a much easier task than differentiating among
'the molecules. Nonetheless, the elemental composition of a sample is often an
Important part of the information needed to assess its properties.

Forexample, consider a water sample which is determined to contain 88.2% oxygen

and 11.0% hydrogen by mass, meaning that only 99.2% of the sample could be

made up of water molecules. Whether the water from which this sample was taken

is useful for a particular purpose may well depend on the remaining 0.8%. If this
water sample contained as much as a microgram of boron per gram of sample
(0.0001% of the mass), the water would be perfectly useful for most purposes. If,
however, you wanted to use that water in the fabrication of ceramic turbine blades
for jet engines, purification would be required. When water containing as much as
one part per million boron is used in the manufacture of the ceramics for these turbine
blades, their failure rate rises dramatically. Research has shown that boron collects
on the grain boundaries of the ceramic turbine blades, causing fractures that have
been implicated in catastrophic failures of jet engines.

There are many other examples of the need for determining the trace level
concentrations of elements within samples. For example, the United States Envi-
ronmental Protection Agency has strict rules concerning trace levels of.d_angerous
metals allowed in wastewaters. Some of these limits are in the parts per billionrange.

‘mination of elemental concentrations at these trace levels requires the use of

Ci entation.
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"atomic spectrometry”, however, is that we generally include emission and absorp-
tion of electromagnetic radiation by charged atoms, or ions, also under the heading
of atomic spectrometry.) By using atomic spectrometry techniques, meaningful
quantitative and qualitative information about a sample can be obtained. In general,
quantitative information (concentration) is related to the amount of electromagnetic
radiation that is emitted or absorbed while qualitative information (what elements

are present) is related to the wavelengths at which the radiation is absorbed or
emitted.

An affiliated technique to atomic emission or absorption spectrometry is atomic mass
spectrometry. In mass spectrometry, instead of obtaining analytical information from
the radiation of atoms or ions, ions introduced into a mass spectrometer are

separated according to their mass to charge ratio and are either qualitatively or
quantitatively detected.

Nature of Atomic or lonic Spectra

more easily described once the nature of atomic and ionic spectra is understood.
Consider the Bohr model of an atom shown in Figure 1-1. The atom is depicted as
a nucleus surrounded by electrons which travel around the nucleus in discrete
orbitals. Every atom has a number of orbitals in which it is possible for electrons to
travel. Each of these electron orbitals has an energy level associated with it. In
general, the further away from the nucleus an orbital, the higher its energy level.

Decay

| Figure 1-1. Bohr model of an atom. As energy is absorbed by an atom, an elec-
tron jumps to an orbital with a higher energy level. The atom may decay to a
lower energy state by emitting a photon, hv.

When the electrons of an atom are in the orbitals closest to the nucleus and lowest

. gy, the atom is in its most preferred and stable state, known as its ground

y i he atom as the result of absorption of electromag-

1 another particle (electron, atom, ion, or molecule),

mena take place. The two most probable

crease the kinetic energy of the atom (ie.,
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The measurement of absorption and emission of electromagnetic radiation can be qi
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an orbital closer to the nucleus.

If the energy absorbed b a om is hi n n orT
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2 > m, leaving an ion with a net positive charge. The energy

req}llred for this process, known as ionization, is called the ionization potential and

is different for each elemgnt. lons also have ground and excited states through which

taf:]eytcan absorb and emit energy by the same excitation and decay processes as
atom.

Figure 1-2 shows the excitation, ionization and emission processes schematically.
The horizontal lines of this simplified diagram represent the energy levels of an atom.
The vertical arrows represent energy transitions, or changes in the amount of energy
of an electron. The energy transitions in an atom or ion can be either radiational
(involving absorption or emission of electromagnetic radiation) or thermal (involving
energy transfer through collisions with other particles).
The difference in energy between the upper and lower energy levels of a radiative
transition defines the wavelength of the radiation that is involved in that transition.
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The relationship between this energy difference and wavelength can be derived
through Planck’s equation

E=hy

where E is the energy difference between two levels, h is Planck’s constant, and v
is the frequency of the radiation. Substituting c/2 for n, where c is the speed of light
and A is wavelength, we get

E = he/x

This equation shows that energy and wavelength are inversely related, i.e., as the
energy increases, the wavelength decreases, and vice versa. Using Figure 1-2 as
an example, the wavelength for emission transmon f is longer than the wavelength
for emission transition g since the energy difference for f is less than for transition
g.

Every element has its own characteristic set of energy levels and thus its own unique
set of absorption and emission wavelengths. It is this property that makes atomic
spectrometry useful for element-specific analytical techniques.

The ultraviolet(UV)/visible region (160 - 800 nm) of the electromagnetic spectrum
is the region most commonly used for analytical atomic spectrometry. This is also
the region of the electromagnetic spectrum that we generally refer to as "light",
although technically, all electromagnetic radiation can be considered as light. For
further discussions in this book, the term "light" will often be used in place of
"UV/visible electromagnetic radiation".

The principal reasons for the popularity of analytical techniques that use the
UV/VlSlee region are that these techmques are accurate premse flexible, and

ma rays and X-rays, UV/visible radiation is not ionizing
associated with shielding and licensing of the
ized samples.

n‘éctrometry
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IQ optical emission spectrometry (OES), the sample is subjected to temperatures
high enough to cause not only dissociation into atoms but to cause significant
amounts of collisional excitation (and ionization) of the sample atoms to take place.
Once the atoms or ions are in their excited states, they can decay to lower states
through thermal or radiative (emission) energy transitions. In OES, the intensity of
the light emitted at specific wavelengths is measured and used to determine the
concentrations of the elements of interest.

One of the most important advantages of OES results from the excitation proper-
ties of the high temperature sources used in OES. These thermal excitation sources
can populate a large number of different energy levels for several different elements
at the same time. All of the excited atoms and ions can then emit their characteristic
radiation at nearly the same time. This results in the flexibility to choose from several
different emission wavelengths for an element and in the ability to measure emission
from several different elements concurrently. However, a disadvantage associated
with this feature is that as the number of emission wavelengths increases, the
probability also increases for interferences that may arise from emission lines that
are too close in wavelength to be measured separately.





