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Types of Spectrometry for  Identifying Elements

Optical Spectrometry –elements conver ted to gaseous atoms
or elementary ions (atomization).  UV/Vis absorption, emission,
or  fluorescence of atomic species in vapor  is measured.

Atomic Mass Spectrometry – sample atomized, gaseous
Atoms conver ted to positive ions (usually 1+) and separated
on basis of mass-to-charge ratio.

X-ray Spectrometry – Atomization not required, since X-ray
spectra of meost elements independent of how chemically
combined.

Source: R. Thomas, “Choosing the Right Trace Element Technique,” Today’s Chemist at Work, Oct. 1999, 42-48.
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Source: Rubinson and Rubinson, Contemporary Instrumental Analysis, Prentice Hall Publishing.

Note similar ity in patterns of lines, but not wavelengths, for  energy level
Diagrams for  (left) atomic sodium and (r ight) magnesium (I ) ion. The
Spectrum of an ion is significantly different from that of its parent atom.

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Line widths

Narrow line desirable for  absorption and emission work to
reduce possibility of inter ference due to over lapping spectra.

Line Broadening

1) Uncer tainty Effect – due to finite lifetime of transition states.

2) Doppler  Broadening – atoms moving toward radiation
absorb at higher  frequencies; atoms moving away from
radiation absorb at lower frequencies.

3) Pressure Effects – due to collisions between analyte atoms
with foreign atoms (like from fuel).

4)  Electr ic and Magnetic Field Effects.

Atomization Efficiency

Based on temperature – for  example, 10 K temperature
fluctuation leads to 4% increase in number of excited sodium atoms

Absorption based on larger  population than emission, but also
based on a difference between tow large numbers (A = log P0 –
log P).

As a consequence, emission and absorption procedures tend to be
complementary in sensitivity, one technique being advantageous
for  one group of elements and the other  for  a different group.
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Liquid samples introduced to atomizer
through a nebulizer .

Pneumatic nebulizer
Ultrsonic-Shear Nebulizer

Source: Rubinson and Rubinson, Contemporary Instrumental Analysis, Prentice Hall Publishing.

Types of Pneumatic Nebulizers

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Processes occurr ing dur ing atomization

Atomization is the most cr itical step in flame spectroscopy.
Often limits the precision of these methods.

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.

Types of Atomizers

Flame

Electrothermal

Special
Glow Discharge
Hydr ide Generation
Cold-Vapor
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Flame Atomizers

Super ior  method for  reproducible liquid sample
introduction for  atomic absorption and fluorescence
spectroscopy.

Other  methods better  in terms of sampling efficiency
and sensitivity.

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.

Lamimar-Flow Burner

Quiet flame, long path length

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Electrothermal Atomization

0.5-10 mmmmL of sample evaporated at low temperature, then
ashed at higher  temperature in electr ically heated graphite
furnace.  Finally, current rapidly increased causing temperature
increase (to 2000-3000 °C) and rapid atomization.

Usually used only when flame or  plasma atomization provides
inadequate detection limits.

Source: Rubinson and Rubinson, Contemporary Instrumental Analysis, Prentice Hall Publishing.

Radiation Sources

Bandwidth of source must be narrow relative to width of
Absorption peak.

Types
Vapor Lamps – needs new lamp for  each element

Hollow Cathode Lamps

Electrodeless Discharge Lamps
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Absorption of resonance line from vapor  lamp

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.

Hollow Cathode Lamp

Most common source for  AA.

Ionization of iner t gas at high potential.  Gaseous cations cause
metal atoms at cathode to sputter , emitting character istic
radiation.

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Single-Beam vs. Double Beam AA Spectrometers

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
Source: Rubinson and Rubinson, Contemporary Instrumental Analysis, Prentice Hall Publishing.
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