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Unit Symbol Length (m) Type of radiation
Angstrom A 0= X-ray
Nanometer nm 10~° UV, visible
Micrometer pwm 107° IR

Millimeter mm 1073 IR
Centimeter cm 1072 Microwave
Meter m 1 Radio
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Example: Calculate the wavenumber of a beam of infrared radiation with a
wavelength of 5.00 um.

_ 1 1
V= — = 2000 cm™!

A 5.00 pm X 107* cm/pm
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where h is Planck’s constant, which has a value of 6.626 x 1024 J . s

Example: What is the energy per photon of the sodium D line (A =589 nm)?

E =

Wavelength (m) 1g0-14

Frequency (s}

Type of
transition

Spectral
region

he  (6.626 x 10734 J « 5) (3.00 x 10® m/s)

589 x 1077 m

=337 %102 ]
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Core-level Valence Molecular Mole_cula.r Nuclear
Nuclear N rotations; .
electrons electrons vibrations ; spin
electron spin
y-ray X-ray uv IR Microwave Radio wave
Visible
I [ I I ]
Wavelength (nm) 380 480 580 680 780
Violet Blue Green Yellow Orange Red
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Working ranges of the UV/Vis
and IR spectra.

uv 190—380 nm
Vis 380780 nm
Near-IR 0.78—-2.5 um
Mid-IR 2.5-15pum

I l | |

Type of NMR ESR Microwave Infrared Visible and X-ray Y-ray
spectroscopy: ultraviolet
Change of
Type of Change of Change of nuclear
quantum change:  Change of spin orientation configuration Change of electron distribution configuration
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Type of transition Spectroscopic method Wavelength range
Spin of nuclei in a magnetic field NMR spectroscopy 0.5-10m
Rotation and vibration of molecules Raman and IR spectroscopy 0.8-300 pm
Bonding electron energy, valence UV/VIS spectroscopy 180-800 nm

electron energy
Core electron energy X-ray spectroscopy 0.1-100 A
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y-ray Mossbauer spectroscopy
X- ray X-ray absorption spectroscopy
.. UV/Vis spectroscopy
Ve viellalle atomic absorption spectroscopy (AAS)
1 Absorption Infrared (IR) Infrared spectroscopy (IR)
Raman spectroscopy
: microwave spectroscopy
microwave .
electron spin resonance spectroscopy (ESR)
radio Waves nuclear magnetic resonance spectroscopy
(NMR)
2 Em|33|qn (.t hermal UV- visible atomic emission spectroscopy (AES)
excitation)
X- ray X-ray fluorescence (XRF)
3 | Photoluminescence » fluorescence spectroscopy
UV- visible phosphorescence spectroscopy
atomic fluorescence spectroscopy ( AFS)
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The IR absorption spectrum for polystyrene
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