Chapter 10

Atomic Emission Spectrometry

I.
Introduction
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•
Basic Schematic

•
Scanning instruments can detect multiple elements.

•
Many lines detected so sometimes a quantitatively difficult method.

•
Source can be flame, but more commonly plasma, which is much hotter.

II.
Plasma Sources

Plasma -
Highly ionized, electrically neutral gaseous mixture of cations and electrons that approaches temperature  ~ 10,000 K.

•
There are three types of plasma sources:

A.
Inductively coupled plasma (ICP)

B.
Direct current plasma (DCP)

C.
Microwave induced plasma (MIP)

•
ICP and DCP are the most common plasma sources.

A.
Inductively coupled plasma (ICP)
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Figure 10-4 Temperatures in a typical inductively cou-
pled plasma source. (From V. A. Fassel, Science, 1978, 202, 186.
With permission. Copyright 1978 by the American Association for the
Advancement of Science.)




•
Constructed of three concentric quartz tubes.

•
RF current passes through the water-cooled Cu coil, which induces a magnetic field.

•
A spark generates argon ions which are held in the magnetic field and collide with other argon atoms to produce more ions.

•
Argon in outer tube swirls to keep plasma above the tube.

•
The heat is produced due to the formation of argon ions.

1.
Sample introduction
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Figure 10-5 A three-electrode dc plasma jet. (Courtesy of
Spectra Metrics, Inc. Haverhill, MA.)



a.
Liquid samples

•
Nebulizer similar to FAAS

•
Sample nebulized in a stream of argon with a flow rate of 0.3 – 1.5 L/min.

•
Sample aerosol enters the plasma at the base through the central tube.
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b.
Solid samples

•
Sample atomized by electrothermal atomization and carried into the plasma by a flow of argon gas.

2.
Plasma Appearance

•
Plasma consists of two regions

a.
Excitation region
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Figure 10-8 Schematic of an ICP polychromator. (Courtesy of Thermo Jarrell Ash Corp.)



•
The bright, white, donut shaped region at the top of the torch.

•
Radiation from this region is a continuum with the argon line spectrum superimposed.

•
Temperature:  8000-10000K

b.
Observation region

• 
The flame shaped region above the torch with temperatures ~1000-8000K.

•
The spectrum consists of emission lines from the analyte along with many lines from ions in the torch.

3.
Analyte atomization and ionization

•
By the time the analyte reaches the observation zone it has resided in the excitation zone for ~ 2 ms.

•
Advantages of ICP over flame:

a.
Temperature is two to three times higher than in a flame or furnace, which results in higher atomization and excitation efficiencies.

b.
There are few chemical interference.

c.
Atomization in the inert (argon) atmosphere minimizes oxidation of the analyte.

d.
Short optical path length minimizes the probability of self-absorption by argon atoms in the flame.

e.
Linear calibration curves that cover up to five orders of magnitude.

B.
Direct Current Plasma
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Figure 10-7 Schematic of an echelle polychromator system.



•
Constructed of two graphite anodes in a Y formation with a tungsten cathode.

•
The argon flows out around the anodes and the plasma forms at the split in the Y.

•
The plasma is ignited by bringing the cathode in contact with the anodes.

• 
Sample is introduced into the plasma in a stream of argon that flows from between the two anodes.

• 
The plasma (excitation) temperature is 10,000 K and the observation temperature is 5000 K.



Advantages vs. ICP
Disadvantages vs. ICP


Fewer emission lines due to lower temp.
Poorer sensitivity (order of mag.)



Less argon required
Higher maintenance



Less expensive and bulky
Few commercially available


III.
Plasma Source Instruments

•
Two basic instrument designs; sequential and multi-channel detection
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Figure 10-16 Some typical graphite electrode shapes.
Narrow necks are to reduce thermal conductivity.



A.
Sequential (scanning) Instruments

•
Contain a monochromator that scans the spectrum, pausing at each analytical wavelength long enough to achieve desired signal-to-noise ratio.

•
Theoretically, there is no limit to the number of analyses preformed on the same sample.

•
In reality, the number of analyses is limited by the amount of sample, rate of sample consumption, and time required for each analysis.

B.
Multi-channel Instruments

1.
Rowland Circle Instrument
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•
Up to 60 photomultiplier tubes (PMT) are placed directly in the curved focal plane of a concave diffraction grating.

•
Multichannel analyzer allows for the simultaneous acquisition from each PMT.

•
60 elements can be analyzed in the same amount of time that it takes to analyze one element on a scanning instrument.

•
Saves time, sample, and money.
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Figure 10-1 A typical inductively coupled plasma. (From
V. A. Fassel, Science, 1978, 202, 185. With permission. Copyright
1978 by the American Association for the Advancement of Science.)



2.
Echelle Polychromator Instrument

•
Low resolution grating disperses the radiation onto a prism.

•
The one-dimensional radiation that hits the prism is further dispersed into a two dimensional spectrum that is focused on an aperture (slit) plate that is fitted with either PMTs or diode arrays.

•
Provides much better resolution than a single dispersing monochromator and allows simultaneous detection of several elements.

IV.
Arc and Spark Sources

•
An electrical arc or spark between a pair of electrodes provides sufficient energy to atomize and excite analyte samples.

•
Used primarily for the analysis of solids such as metals, alloys, soil, minerals, and rocks.
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Figure 10-2 A typical nebulizer for sample injection into
a plasma source. (From V. A. Fassel, Science, 1978, 202, 186.
With permission. Copyright 1978 by the American Association for the

Advancement of Science.)



•
For conducting samples, the electrodes are constructed from the sample.

•
For nonconducting samples, the sample is powdered, mixed with a conducting powder (often graphite) and placed on/in a graphite electrode.

•
Performance Characteristics

-
Quantitative analysis is poor.

-
Qualitative analysis is good but tedious.

-
Advantages:  Easily handles solids (especially metals and alloys)

-
Disadvantages:  Only semiquantitative and working with solutions is difficult.

Summary of Atomic Spectroscopy Techniques




FAAS
ETA-AAS
ICP-AAS


Qualitative Abilities

Poor
Poor
Good

Quantitative Abilities

Very Good
Excellent
Excellent

Expense

$10,000+
$30,000+
$50 – 100 K+

Simultaneous 

Multielement Analysis

Difficult
Very Difficult
Easy

Detection Limits

ppm
< ppb
ppb - ppm
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Figure 10-3 Device for electrothermal vaporization.
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