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LIGHT AND MATTER

• Radiation is very capable of interacting with the electrons 
of atoms and molecules.

• Absorption of light is why some compounds have colors.

• Microwaves heat food by causing water molecules to 
rotate.
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Figure 10.3 The electromagnetic spectrum showing the boundaries between different regions and the type 
of atomic or molecular transition responsible for the change in energy. The colored inset shows the visible 
spectrum. Source: modified from Zedh (www.commons.wikipedia.org).

Practice Exercise 10.2
What is the energy of a photon for the Balmer line at a wavelength of 
656.3 nm?
Click here to review your answer to this exercise.

THE ELECTROMAGNETIC SPECTRUM

The frequency and wavelength of electromagnetic radiation vary over many 
orders of magnitude. For convenience, we divide electromagnetic radiation 
into different regions—the ELECTROMAGNETIC SPECTRUM—based on the 
type of atomic or molecular transition that gives rise to the absorption or 
emission of photons (Figure 10.3). The boundaries between the regions of 
the electromagnetic spectrum are not rigid, and overlap between spectral 
regions is possible. 

10A.2 Photons as a Signal Source

In the previous section we defined several characteristic properties of elec-
tromagnetic radiation, including its energy, velocity, amplitude, frequency, 
phase angle, polarization, and direction of propagation. A spectroscopic 
measurement is possible only if the photon’s interaction with the sample 
leads to a change in one or more of these characteristic properties.

Types of  Atomic & Molecular Transitions
γ-rays: nuclear
X-rays: core-level electrons
Ultraviolet (UV): valence electrons
Visible (Vis): valence electrons
Infrared (IR): molecular vibrations
Microwave: molecular roations; electron spin
Radio waves: nuclear spin
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ABSORBANCE
• Absorbance occurs when the atom or 

molecule is capable of intercepting a 
photon of light and using the energy to 
excite an electron.

• Absorbance is limited by the need for an 
excited state with a corresponding energy 
level.

• Absorbance limits the number of photons 
of light (of a given wavelength) passing 
through, or reflecting off of a substance.
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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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EMMISSION
• Emission occurs when an atom or molecule 

with an electron in an excited state emits a 
photon of light as the electron relaxes to the 
ground state.

• The process generates light at a wavelength 
corresponding to the energy difference 
between the excited and ground states.

• Substances can have their electrons excited 
in a number of ways.  The more excited 
electrons, the more light is given off by the 
substance.
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SPECTROSCOPY

• Spectroscopy aims to use changes in the intensity 
of light (either by absorption or emission) to 
quantify the amount of an analyte present.

• As the signal change is proportional to the 
concentration of the analyte, the system can be 
very effective at determining the amount of an 
analyte present.


