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ATOMIC EMISSION
• When atoms are heated the 

electrons can get excited to higher 
energy levels.  When these electrons 
relax to the ground level they may 
release a photon of light.

• As with absorbance, the wavelengths 
of emission will be specific for each 
atom.
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We can divide spectroscopy into two broad classes of techniques. In one 
class of techniques there is a transfer of energy between the photon and the 
sample. Table 10.1 provides a list of several representative examples. 

In absorption spectroscopy a photon is absorbed by an atom or mol-
ecule, which undergoes a transition from a lower-energy state to a higher-
energy, or excited state (Figure 10.4). The type of transition depends on the 
photon’s energy. The electromagnetic spectrum in Figure 10.3, for example, 
shows that absorbing a photon of visible light promotes one of the atom’s 
or molecule’s valence electrons to a higher-energy level. When an molecule 
absorbs infrared radiation, on the other hand, one of its chemical bonds 
experiences a change in vibrational energy.

Table 10.1 Examples of Spectroscopic Techniques Involving an Exchange of Energy 
Between a Photon and the Sample

Type of Energy Transfer
Region of 

Electromagnetic Spectrum Spectroscopic Techniquea

absorption γ-ray Mossbauer spectroscopy
X-ray X-ray absorption spectroscopy
UV/Vis UV/Vis spectroscopy

atomic absorption spectroscopy
IR infrared spectroscopy

raman spectroscopy
Microwave microwave spectroscopy
Radio wave electron spin resonance spectroscopy

nuclear magnetic resonance spectroscopy
emission (thermal excitation) UV/Vis atomic emission spectroscopy
photoluminescence X-ray X-ray fluorescence

UV/Vis fluorescence spectroscopy
phosphorescence spectroscopy
atomic fluorescence spectroscopy

chemiluminescence UV/Vis chemiluminescence spectroscopy
a Techniques discussed in this text are shown in italics.

Figure 10.4 Simplified energy diagram showing the 
absorption and emission of a photon by an atom or 
a molecule. When a photon of energy hn strikes the 
atom or molecule, absorption may occur if the differ-
ence in energy, DE, between the ground state and the 
excited state is equal to the photon’s energy. An atom 
or molecule in an excited state may emit a photon 
and return to the ground state. The photon’s energy, 
hn, equals the difference in energy, DE, between the 
two states. ground state

exicted states
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absorption emission
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ATOMIC EMISSION SPECTROSCOPY (AES)
• AES can be performed with most AAS instruments.

• The emission intensity (Ie) is proportional to the 
number of atoms in the excited state (N*).

• N is the total number of atoms, gi and go are the 
number of equivalent energy levels at the excited 
and ground states respectively.

• Ei is the energy of the excited level, relative to the 
ground level, T is the temperature of the atoms, 
and k is the Boltzmann constant (1.3807×10

-23
 J/K).

• Higher temperatures result in a higher percentage 
of the atoms in the excited state.



INDUCTIVELY COUPLED 
PLASMA (ICP)

• Though flame spectrometers can 
perform AES, ICP instruments 
are favored.

• ICPs can achieve much higher 
temperatures (10,000 K) 
through the formation of an 
argon plasma rather than a flame.
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electrons. A plasma’s high temperature results from resistive heating as the 
electrons and argon ions move through the gas. Because plasmas operate 
at much higher temperatures than flames, they provide better atomization 
and a higher population of excited states. 

A schematic diagram of the inductively coupled plasma source (ICP) is 
shown in Figure 10.58. The ICP torch consists of three concentric quartz 
tubes, surrounded at the top by a radio-frequency induction coil. The 
sample is mixed with a stream of Ar using a nebulizer, and is carried to 
the plasma through the torch’s central capillary tube. Plasma formation is 
initiated by a spark from a Tesla coil. An alternating radio-frequency cur-
rent in the induction coils creates a fluctuating magnetic field that induces 
the argon ions and the electrons to move in a circular path. The resulting 
collisions with the abundant unionized gas give rise to resistive heating, 
providing temperatures as high as 10 000 K at the base of the plasma, and 
between 6000 and 8000 K at a height of 15–20 mm above the coil, where 
emission is usually measured. At these high temperatures the outer quartz 
tube must be thermally isolated from the plasma. This is accomplished by 
the tangential flow of argon shown in the schematic diagram.

MULTIELEMENTAL ANALYSIS

Atomic emission spectroscopy is ideally suited for multielemental analysis 
because all analytes in a sample are excited simultaneously. If the instrument 
includes a scanning monochromator, we can program it to move rapidly to 
an analyte’s desired wavelength, pause to record its emission intensity, and 
then move to the next analyte’s wavelength. This sequential analysis allows 
for a sampling rate of 3–4 analytes per minute.

Another approach to a multielemental analysis is to use a multichan-
nel instrument that allows us to simultaneously monitor many analytes. A 
simple design for a multichannel spectrometer couples a monochroma-
tor with multiple detectors that can be positioned in a semicircular array 
around the monochromator at positions corresponding to the wavelengths  
for the analytes (Figure 10.59).

10G.3 Quantitative Applications

Atomic emission is widely used for the analysis of trace metals in a variety 
of sample matrices. The development of a quantitative atomic emission 
method requires several considerations, including choosing a source for 
atomization and excitation, selecting a wavelength and slit width, prepar-
ing the sample for analysis, minimizing spectral and chemical interferences, 
and selecting a method of standardization.

CHOICE OF ATOMIZATION AND EXCITATION SOURCE

Except for the alkali metals, detection limits when using an ICP are sig-
nificantly better than those obtained with flame emission (Table 10.14). 

Figure 10.58 Schematic diagram of an 
inductively coupled plasma torch. Source: 
modified from Xvlun (commons.wikipe-
dia.org).
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MULTI-ELEMENTAL ANALYSIS
Unlike AAS, the 
simultaneous analysis 
of several analytes can 
be done with AES, 
provided their emission 
wavelengths can be 
resolved with a 
monochromator.

Figure 10
ic emission spectrometer for the simultaneous analysis of 
several elements. 
(commons.wikipedia.org). Instruments may contain as 
many as 48–60 detectors.
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