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6.2D: Inductively Coupled Plasma
A plasma is a gaseous mixture in which a significant proportion of the gas-phase species are ionized. An illustration of an
inductively coupled plasma (ICP) is shown in Figure . The device consists of a quartz tube (about ¾ inch in diameter), the
end of which is wrapped in a high power radiofrequency (RF) induction coil. Argon gas flows down the quartz tube at a high rate
(about 15 liters/minute). A current of electricity is run through the RF coil, which produces a magnetic field inside the end of the
quartz tube. Sparking the argon creates some Ar  ions, which are now paramagnetic and absorb energy from the magnetic field.
The argon ions absorb enough energy that a plasma is created in the area of the tube covered by the RF induction coil. The nature
of the magnetic field causes the plasma to flow in a closed annular path (basically a donut shape). What is especially impressive is
that enough energy is absorbed from the magnetic field to heat the plasma up to a temperature of about 6,000 K. As a comparison,
this temperature is about the same as the temperature of the surface of the sun. The hot temperature means that new argon flowing
into the plasma is ionized, which maintains the plasma. The plasma is kept from melting the walls of the quartz tube by an
additional tangential flow of argon along the walls of the tube. Finally, the sample is nebulized and sprayed as an aerosol mist into
the center of the plasma.

Figure . Illustration of an inductively coupled plasma. From:
http://www.asdlib.org/learningModules/AtomicEmission/index.html

An ICP offers several advantages over flame and furnace atomization sources. One is that it is so hot that it leads to a more
complete atomization and leads to the formation of many excited state atoms. Because sufficient numbers of atoms are excited,
they can be detected by emission instead of absorbance. The illustration in Figure  shows the plume that forms in an ICP
above the RF coil. Above the plasma is a zone in which argon regeneration occurs. A continuum background emission is given off
in this zone. Above this zone in the plume, there are excited atoms that emit the characteristic lines of each particular element in the
sample. In our discussion of fluorescence spectroscopy, we learned that emission methods have an inherent sensitivity advantage
over absorbance methods. This occurs because emission entails measuring a small signal over no background and absorbance
entails measuring a small difference between two large signals. This same sensitivity advantage exists for measurements of atomic
emission over atomic absorbance. Light emitted by atoms in the plume can be measured either radially (off to the side of the
plume) or axially (looking down into the plume. Axial measurements are often more sensitive because of the increase in path
length. However, in some cases, depending on the element profile in the plasma, radial measurements may be preferable.
Instruments today often allow for either axial or radial measurements.

A second advantage of an ICP is that all of the elements can be measured simultaneously. All metals in the sample will be atomized
at the same time and all are emitting light. Some instruments measure elements in a sequential arrangement. In this case, the
operator programs in the elements to be measured, and the monochromator moves one-by-one through the specific wavelengths
necessary for the measurement of each element. Other instruments use an array detector with photoactive pixels that can measure
all of the elements at once. Array instruments are preferable as the analysis will be faster and less sample is consumed. Figure 

 shows the printout of the pixels on a array detector that include and surround the lead emission that occurs at 220.353 nm.
The peak due to the lead emission from the four different samples is apparent. Also note that there is a background emission on the
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neighboring pixels and the intensity of this background emission must be subtracted from the overall emission occurring at the lead
wavelength.

Figure . Array elements showing the lead-220.353 nm emission line.

An observation with emission spectroscopy to be aware of is the possibility of self-absorption. We already discussed this in the unit
on fluorescence spectroscopy. Self-absorption refers to the situation in which an excited state atom emits a photon that is then
absorbed by another atom in the ground state. If the photon was headed toward the detector, then it will not be detected. Self-
absorption becomes more of a problem at higher concentrations as the emitted photons are more likely to encounter a ground state
atom. The presence of self-absorption can lead to a diminishment of the response in a calibration curve at high concentrations as
shown in Figure . Atomic emission transitions always correspond with absorption transitions for the element being
analyzed so the likelihood of observing self-absorption is higher in atomic emission spectroscopy than in fluorescence
spectroscopy. For a set of samples with unknown concentrations of analyte, it may be desirable to test one or two after dilution to
insure that the concentration decreases by a proportional factor and that the samples are not so high in concentration to be out in the
self-absorption portion of the standard curve.

Figure . Calibration curve for atomic emission showing self-absorption at higher concentration.

Another advantage is that the high number of Ar  ions and free electrons suppress the ionization of other elements being measure,
thereby increasing the number of neutral atoms whose emission is being measured. The argon used to generate the plasma is
chemically inert compared to the chemical species that make up a flame, which increases the atomization efficiency. The
inductively coupled plasma tends to be quite stable and reproducible. The combination of high temperature with chemically inert
environmental reduces matrix effects in the plasma relative to other atomization sources, but it does not eliminate them and matrix
effects must always be considered. Some elements (e.g., mercury, arsenic, phosphorus) that are impractical to analyze on a flame or
furnace instrument without specialized atomization techniques can often be measured on an ICP.

A final advantage of the plasma is that there are now methods to introduce the atoms into a mass spectrometer (MS). The use of the
mass spectrometer may further reduce certain matrix effects. Also, mass spectrometry usually provides more sensitive detection
than emission spectroscopy.

This page titled 6.2D: Inductively Coupled Plasma is shared under a CC BY-NC 4.0 license and was authored, remixed, and/or curated by
Thomas Wenzel via source content that was edited to the style and standards of the LibreTexts platform.

6.2D. 6

6.2D. 7

6.2D. 7

+

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://chem.libretexts.org/@go/page/111877?pdf
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Molecular_and_Atomic_Spectroscopy_(Wenzel)/6%3A_Atomic_Spectroscopy/6.2%3A_Atomization_Sources/6.2D%3A_Inductively_Coupled_Plasma
https://creativecommons.org/licenses/by-nc/4.0
http://www.bates.edu/chemistry/faculty/thomas-wenzel/
https://asdlib.org/activelearningmaterials/molecular-and-atomic-spectroscopy

