Chapter 9

Atomic Absorption and Atomic Fluorescence Spectrometry

I.
Sample Atomization Techniques

•
Atomization is the most critical step in atomic absorption and fluorescence spectroscopy.

•
Two common methods of sample atomization:

A)
Flame atomization

B)
Electrothermal atomization

A.
Flame Atomization
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Nebulization -
Conversion of the liquid sample to a fine spray.

Desolvation -
Solid atoms are mixed with the gaseous fuel.

Volatilization -
Solid atoms are converted to a vapor in the flame.

•
There are three types of particles that exist in the flame:

1)
Molecules

2)
Atoms

3)
Ions 

1.
Types of Flames




Fuel / Oxidant
Temperature



HCCH
acetylene / air
2100° - 2400°C
(most common)




acetylene / N2O
2600° - 2800°C




acetylene / O2
3050° - 3150°C

•
Selection of flame type depends on the volatilization temperature of the atom of interest.
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2.
Flame Structure

•
Interzonal region is the hottest part of the flame and best for atomic absorption.

•
Fuel rich flames are best for atoms because the likelihood of oxidation of the atoms is reduced.

•
Oxidation of the atoms occurs in the secondary combustion zone where the atoms will form molecular oxides and are dispersed into the surroundings. 
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3.
Temperature Profiles

•
It is important to focus the entrance slit of the monochromator on the same part of the flame for all calibration and sample measurements.
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4.
Flame Absorption Profiles

•
Mg -
atomized by longer exposure to flame, but is eventually oxidized.

•
Ag -
slow to oxidize, the number of atoms increases with flame height.

•
Cr -
oxidizes readily, highest concentration of atoms at the base of the flame.

5. 
Flame Atomizers

         Laminar Flow Burners
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•
Sample is “pulled” into the nebulization chamber by the flow of fuel and oxidant.

•
Contains spoilers (baffles) to allow only the finest droplets to reach the burner head.

•
Burner head has a long path length and is ideal for atomic absorption spectroscopy.

6.
Performance Characteristics

•
Flame atomizers have good precision (<1% relative precision).

•
Relatively low sensitivity compared to electrothermal atomization. There are two reasons for the low sampling efficiency of flame atomizers:

A)
Most of the sample is wasted due to the nebulization process.

B)
Atoms have a short residence times in the flame (~ 10-4 s).    

B.
Electrothermal Atomization (ETA)   

1.
Graphite Furnace
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Platform



•
Liquid sample is introduced into a cylindrical graphite tube that is coated with a pyrolytic coating to prevent adsorption of the analyte onto the tube.

•
The liquid sample sits on the L’vov platform in the tube, which delays atomization of the sample until the gas and the tube reach thermal equilibrium.

•
Heating is accomplished by running an electrical current through the graphite tube via electrical contacts at the end of the tube.
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Figure 9-1 Processes occurring during atomization.




•
Internal flow of an inert gas (argon) keeps air out of the tube and reduces the chance of oxidation of the sample.

2.
Transversely Heated Graphite Atomizer (THGA) 
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Figure 9-2 Regions in a flame.



•
Electrical contacts are at the sides of the tube rather than the ends of the tube.
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Figure 9-3 Temperature profiles in °C for a natural
gas/air flame. (From B. Lewis and G. vanElbe, J. Chem. Phys.,
1943, 11, 94. With permission.)



•
Transverse heating results in even temperature distribution across the tube and, therefore, more efficient atomization of the sample.

3.
Instrument Procedures for ETA

a.
Sample size:   0.5 L – 20.0 L

•
Samples are most commonly delivered by an autosampler to increase precision.

b.
Temperature program:



Step
Temperature
Time



Drying
50° - 150°C
~ 60 s



Ashing
150° - 600°C
~ 60 s



Atomization
2000° - 3000°C
~ 5 s

c.
Matrix modifiers are compounds added to the sample solution to increase the residence time of the atomic vapor in the tube because some atoms are very volatile.

Example:  Pb in PbCl2 is volatile so you add (NH4)2CO3




Pb2+  +  NH4+  +  Cl-  +  CO32-  (  NH4Cl(s)  +  PbCO3(s)

5.
Analysis of Solids by ETA

•
Commonly a finely ground solid sample is weighed and placed in a graphite cup or boat and placed in the furnace.

6. Performance Characteristics

•
Advantages:

a.
Very small sample sizes (0.5 L to 20 L)

b.
Very good sensitivity (i.e. detection limit ~10-10 to 10-13 g of analyte) because:

i.
inert gas provides non-reducing atmosphere

ii.
longer residence times of atoms in the furnace

iii.
high temperature leads to higher atomization efficiency

•
Disadvantages

a.
Relative precision lower than flame methods (~ 5 – 10%)

b.
Slower than flame methods

II.
Instrumentation for Atomic Absorption Spectroscopy (AAS)

A.
Radiation Sources for AAS

•
Beer’s Law requires that the source bandwidth must be narrow relative to the absorption bandwidth to obtain a linear relationship between absorbance and analyte concentration.

•
This is a problem for AAS because absorption bandwidths are very narrow (0.002 - 0.005 nm) compared to monochromator slit widths (≥ 0.1 nm), which results in nonlinear calibration curves.

•
This problem is overcome by using line sources with narrow emission bands.

•
Line sources used in AAS: 

1)
Hollow cathode lamp (HCL)

2)
Electrodeless discharge lamp (EDL)

1.
Hollow Cathode Lamps (HCL)
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Figure 9-4 Flame absorbance profile for three elements.



•
A cylindrical glass lamp filled with Ar or Ne at a pressure of 1 – 5 torr containing a cup-shaped cathode coated with the metal of interest and a tungsten anode.

•
When potentials of  300 volts are applied to the lamp the Ne or Ar in the lamp will ionize.

•
The noble gas ions then accelerate towards the cathode with sufficient kinetic energy to dislodge excited metal atoms and produce an atomic cloud of metal atoms. This is known as sputtering.

•
If the current applied to the lamp is too high, unexcited metal atoms will be dislodged into the atomic cloud that can absorb the radiation from the excited atoms. This is known as self-absorption.
2.
Electrodeless Discharge Lamp (EDL)
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•
Constructed of a metal or salt of interest sealed in a quartz tube filled with a noble gas (Ne or Ar) at low pressure (1 – 5 torr).

•
The noble gas is ionized and accelerated by a strong radio-frequency (RF) or microwave field and in turn excite the metal or salt of interest.

•
Give off radiant energy one to two orders of magnitude greater that HCL’s.
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3.
Source Modulation

•
A chopper or a modulated power supply is used to modulate the source radiation that passes through the atomizer (flame).

•
The chopper rotates resulting in an alternating atomic absorption and atomic emission signal.
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Figure 9-11 Schematic cross section of a hollow cathode
lamp.



•
The signal from emission of radiation will be continuous and can be subtracted from the modulated AA signal.

B.
AA Spectrophotometer Design
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1.
Single Beam Instrument

•
The modulated power source can be replaced by a chopper
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2.
Double-Beam Instrument

•
The reference beam corrects for variations in source intensity.

•
The reference beam does not pass through the flame, so it does not correct for emission or scattering from the flame. Other methods are used in these instruments to correct for these interferences.

III.
Interferences in AAS

•
There are two types of interferences that occur in AAS:

A)
Spectral Interferences

B)
Chemical Interferences

A.
Spectral Interferences

•
An absorption or emission line that arises from an interfering species that overlaps the analyte absorption line or lies close enough to the analyte absorption line that resolution by the monochromator is impossible.

1.
Sources of Spectral Interference


a.
Overlapping AA or AE lines 

•
This type of interference is rare.

•
The separation between the lines must be < 0.01 nm for this to be a problem.

b.
Background interference

•
Due to scattering of the source beam or molecular (broad band) absorption.

•
Background interference results in reduction of the output signal.

•
Background correction is used to eliminate this type of interference.

B.
Background Correction

•
Background correction is most important with ETA-AAS.

•
All methods rely on the difference between the absorption due to background and absorption due to the analyte.



BA – (AA+BA) = AA
BA = background abs.




AA = analyte abs.

1.
Two-line correction method

•
An emission line from the source that is very close to the absorbance line for the analyte is used as a reference beam. There must not be any absorption by the analyte at the reference wavelength.

•
Any absorbance at the reference line is assumed due to background absorbance and/or scattering from the sample. The absorbance at the reference beam is then subtracted from the absorbance measured for the analyte.

•
Sources of the reference line:

a.
impurity in the lamp

b.
filler gas line

c. nonresonance line

•
This type of background correction is not commonly used since it is often difficult to find a useful reference line.

2.
Continuum-source correction

•
Utilizes a continuum source (e.g. deuterium lamp) and a chopper.
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•
The continuous source will give broadband absorption assumed to be due to scattering or absorption by the sample matrix. The signal from the continuum source is the subtracted from the analyte signal.

3.
Source self-reversal (Smith-Heiftje Correction)
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•
High current in a HCL induces self absorption by the lamp which results in a broadening of the emission line.

•
High current and low current on the lamp is alternated. Any absorbance observed during the high current period of the lamp is assumed due to background absorbance and subtracted from the analyte signal.
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4.
Zeeman correction
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Figure 9-16 Emission line profiles for a hollow-cathode
lamp operated at high and low currents.




•
Atoms in a strong magnetic field will experience splitting of the electronic energy levels. Plane polarized light will allow the observation of different bands of absorption.

C.
Chemical interferences -
result from various processes occurring during atomization that alter the absorption characteristics of the analyte.

1.
Formation of low volatility compounds

 •
Anions present in the flame or furnace can form compounds of low volatility with analyte cations.

•
A common method for overcoming this problem involves the addition of release agents or protective agents to the sample matrix.

Release Agent​ -
reacts preferentially with the chemical interferer in the sample matrix.

Protective Agent -
react preferentially with the analyte but forms a volatile compound. 

2.
Dissociation equilibria

•
A poorly understood process that involves the formation and dissociation of metal oxides of the analyte.

•
Example:
MO  
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M(OH)2  
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•
A shift in the equilibrium towards the metal oxide will result in a reduction in absorption of radiation by the metal analyte.

•
This process is highly dependent on flame conditions (i.e. fuel rich, fuel lean, or flame temperature).

3.
Ionization

•
The formation of metal ions (cations) in the flame.

•
Ionization of the metal will increase with increasing temperature.
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•
This problem can be minimized by the addition of an ionization suppressant to the sample matrix which will provide a high concentration of electrons in the flame that suppress the formation of metal cations.

IV.
Applications of AAS

•
Used for the determination of over sixty metals and metalloids

•
The most common method used today for the determination of metals is FAAS

•
Detection limits:

FAAS:   0.001 ( 0.020 ppm

ETA-AAS:   2 x 10-6 ( 1 x 10-5 ppm

•
Accuracy:

FAAS:   1 ( 2% relative error

ETA-AAS:   5 ( 10 times higher than FAAS

V.
Atomic Fluorescence Spectroscopy
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A.
Instrumentation

Source – Needs to be high intensity; usually EDL or laser

Chopper – modulation used the remove beam scatter

Atomizer – most commonly flame; also ETA, glow discharge, ICP

Wavelength Selector – grating monochromator (Dispersive) but not always necessary (Nondispersive)

Detector – Photomultiplier tube or a diode array

•
The fluorescence signal can be saturated so that it no longer depends upon the source intensity.

•
This is the desired situation because source fluctuations will not effect the fluorescence signal.

B.
Interferences – same as AAS

C.
Applications

•
Commonly used for metals in complex matrices such as oils, seawater, biological systems, etc.

•
Detection limit normally  1 ( 50 ppm.
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Figure 9-17 Effect of potassium concentration on the
calibration curve for strontium. (Reprinted with permission from
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