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Introduction1

Course Introduction

Chem 475 is a survey course of research techniques used in modern chemistry, materials science, and nano
science. The topics are grouped, not be method per se, but with regard to the type of information that can
be obtained. Thus, the topics are ordered as follows:

• Elemental composition.
• Physical and thermal analysis.
• Chemical speciation.
• Dynamic processes.
• Reaction kinetics and pathways.
• Molecular structure.
• Structure at the nano scale.
• Surface morphology and structure.
• Optical properties.
• Device performance.

As a consequence of this organization methods can be found in di�erent chapters. For example, X-ray
photoelectron spectroscopy is included under elemental composition with regard to its use for determining
the chemical composition, while it is included under chemical speciation with regard to determining the
identity of component chemical moieties.

The modules in this course (to date) have been developed by the students in the class and the topics
are representative of their research interests. As the course develops, further modules will be added and
consequently some may overlap in subject matter.

1This content is available online at <http://cnx.org/content/m23040/1.9/>.
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Chapter 1

Elemental Analysis

1.1 Introduction to Atomic Absorption Spectroscopy1

1.1.1 Brief overview of atomic absorption spectroscopy

1.1.1.1 History of atomic absorption spectroscopy

The earliest spectroscopy was �rst described by Marcus Marci von Kronland in 1648 by analyzing sunlight
as is passed through water droplets and thus creating a rainbow. Further analysis of sunlight by William
Hyde Wollaston (Figure 1.1) led to the discovery of black lines in the spectrum, which in 1820 Sir David
Brewster (Figure 1.2) explained as absorption of light in the sun's atmosphere.

Figure 1.1: English chemist and physicist William Hyde Wollaston (1659 - 1724).

1This content is available online at <http://cnx.org/content/m38330/1.1/>.
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4 CHAPTER 1. ELEMENTAL ANALYSIS

Figure 1.2: Scottish physicist, mathematician, astronomer, inventor, writer and university principal Sir
David Brewster (1781 - 1868).

Robert Bunsen (Figure 1.3) and Gustav Kirchho� (Figure 1.4) studied the sodium spectrum and came to
the conclusion that every element has its own unique spectrum that can be used to identify elements in the
vapor phase. Kircho� further explained the phenomenon by stating that if a material can emit radiation of
a certain wavelength, that it may also absorb radiation of that wavelength. Although Bunsen and Kircho�
took a large step in de�ning the technique of atomic absorption spectroscopy (AAS), it was not widely
utilized as an analytical technique except in the �eld of astronomy due to many practical di�culties.
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Figure 1.3: German chemist Robert Bunsen (1811 - 1899).

Figure 1.4: German physicist Gustav Robert Kirchho� (1824 - 1887).

In 1953, Alan Walsh (Figure 1.5) drastically improved the AAS methods. He advocated AAS to many



6 CHAPTER 1. ELEMENTAL ANALYSIS

instrument manufacturers, but to no avail. Although he had improved the methods, he hadn't shown how
it could be useful in any applications. In 1957, he discovered uses for AAS that convinced manufactures
market the �rst commercial AAS spectrometers. Since that time, AAS's popularity has �uctuated as other
analytical techniques and improvements to the methods are made.

Figure 1.5: British physicist Sir Alan Walsh (1916 - 1988).

1.1.1.2 Theory of atomic absorption spectroscopy

In order to understand how atomic absorption spectroscopy works, some background information is necessary.
Atomic theory began with John Dalton (Figure 1.6) in the 18th century when he proposed the concept
of atoms, that all atoms of an element are identical, and that atoms of di�erent elements can combine
to form molecules. In 1913, Niels Bohr (Figure 1.7) revolutionized atomic theory by proposing quantum
numbers, a positively charged nucleus, and electrons orbiting around the nucleus in the what became known
as the Bohr model of the atom. Soon afterward, Louis deBroglie (Figure 1.8) proposed quantized energy
of electrons, which is an extremely important concept in AAS. Wolfgang Pauli (Figure 1.9) then elaborated
on deBroglie's theory by stating that no two electrons can share the same four quantum numbers. These
landmark discoveries in atomic theory are necessary in understanding the mechanism of AAS.
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Figure 1.6: English chemist, physicist, and meteorologist John Dalton FRS (1766 - 1844).

Figure 1.7: Danish physicist Niels Henrik David Bohr (1885 - 1962).
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Figure 1.8: French physicist and a Nobel laureate Louis de Broglie (1892 - 1987). Copyright: American
Institute of Physics.

Figure 1.9: Austrian physicist Wolfgang Pauli (1900 - 1958).

Atoms have valence electrons, which are the outermost electrons of the atom. Atoms can be excited when
irradiated, which creates an absorption spectrum. When an atom is excited, the valence electron moves up
an energy level. The energies of the various stationary states, or restricted orbits, can then be determined
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by these emission lines. The resonance line is then de�ned as the speci�c radiation absorbed to reach the
excited state.

The Maxwell-Boltzmann equation gives the number of electrons in any given orbital. It relates the dis-
tribution to the thermal temperature of the system (as opposed to electronic temperature, vibrational tem-
perature, or rotational temperature). Plank proposed radiation emitted energy in discrete packets (quanta)
(1.1), which can be related to Einstein's equation, (1.2).

(1.1)

(1.2)

Both atomic emission and atomic absorption spectroscopy can be used to analyze samples. Atomic emission
spectroscopy measures the intensity of light emitted by the excited atoms, while atomic absorption spec-
troscopy measures the light absorbed by atomic absorption. This light is typically in the visible or ultraviolet
region of the electromagnetic spectrum. The percentage is then compared to a calibration curve to determine
the amount of material in the sample. The energy of the system can be used to �nd the frequency of the
radiation, and thus the wavelength through the combination of equations (1.2) and (1.3).

(1.3)

Because the energy levels are quantized, only certain wavelengths are allowed and each atom has a unique
spectrum. There are many variables that can a�ect the system. For example, if the sample is changed in a
way that increases the population of atoms, there will be an increase in both emission and absorption and
vice versa. There are also variables that a�ect the ratio of excited to unexcited atoms such as an increase in
temperature of the vapor.

1.1.2 Applications of atomic absorption spectroscopy

There are many applications of atomic absorption spectroscopy (AAS) due to its speci�city. These can be
divided into the broad categories of biological analysis, environmental and marine analysis, and geological
analysis.

1.1.2.1 Biological analysis

Biological samples can include both human tissue samples and food samples. In human tissue samples, AAS
can be used to determine the amount of various levels of metals and other electrolytes, within tissue samples.
These tissue samples can be many things including but not limited to blood, bone marrow, urine, hair, and
nails. Sample preparation is dependent upon the sample. This is extremely important in that many elements
are toxic in certain concentrations in the body, and AAS can analyze what concentrations they are present
in. Some examples of trace elements that samples are analyzed for are arsenic, mercury, and lead.

An example of an application of AAS to human tissue is the measurement of the electrolytes sodium
and potassium in plasma. This measurement is important because the values can be indicative of various
diseases when outside of the normal range. The typical method used for this analysis is atomization of a 1:50
dilution in strontium chloride (SrCl2) using an air-hydrogen �ame. The sodium is detected at its secondary
line (330.2 nm) because detection at the �rst line would require further dilution of the sample due to signal
intensity. The reason that strontium chloride is used is because it reduces ionization of the potassium and
sodium ions, while eliminating phosphate's and calcium's interference.

In the food industry, AAS provides analysis of vegetables, animal products, and animal feeds. These
kinds of analyses are some of the oldest application of AAS. An important consideration that needs to be
taken into account in food analysis is sampling. The sample should be an accurate representation of what is
being analyzed. Because of this, it must be homogenous, and many it is often needed that several samples
are run. Food samples are most often run in order to determine mineral and trace element amounts so that
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