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Infared absorption occurs between vibrational energy levels of the structural units of 
the glass.

For example:                     O        AS                    F         AS
Si Si or                      Zr Zr

these Asymmetric Stretching vibrations are IR-active, according to the basic selection 
rule which states that a variation of dipole moment must take place at the equilibrium 
configuration, with a non-zero derivative with respect to a vibrational coordinate, for the  
vibration to cause IR light absorption. (Also, for fundamental modes, the rule ∆v = ± 1).

Usually, the IR cut-off of a glass occurs at a frequency which is ~ double or triple the 
frequency of the highest energy IR fundamental vibration, corresponding to the first or 
second overtone modes. (The selection rule for overtone modes is ∆v = ± 2, ±3, …).

The vibrational frequency of a harmonic oscillator like an isolated Si-O- unit may be 
approximated as:

υ = 1/2π (k / µ)1/2 (in units of   s-1)

k being the bond force constant (in N/m) and µ = mOmSi/(mO+mSi) the reduced mass (in 
kg). (The appearance of overtone modes is due to anharmonicity).
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Vibrational absorption in the IR

For good IR transparency (long λ cut-off), heavy atoms bonded by weak forces are 
needed, like in alkali bromides or iodides, which, however, are not glass formers.

Multiphonon
(Adapted from: Introduction to ceramics, W.D. Kingery et al., John Wiley, 1976)
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For the purpose of IR transparency, therefore, the best alternatives to oxide glasses are 
the heavy metal fluoride glasses (HMFG) and the chalcogenide glasses (ChG).

HBLA

Ba-Zn-F

v-SiO2
(HMFG)

(Adapted from: Fundamentals of inorganic glasses, A.K. Varshneya, Academic Press, 1994) 
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Chalcogenide glass

(Adapted from: Fundamentals of inorganic glasses, A.K. Varshneya, Academic Press, 1994)
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(Adapted from: Fundamentals of inorganic glasses, A.K. Varshneya, Academic Press, 1994)

Some glass vibrational modes are not IR-active, but they may be Raman-active. Raman 
spectroscopy is an inelastic light scattering technique complementary to IR absorption 
(or reflection) spectroscopy, whose basic selection rule requires a non-zero value of the  
polarizability derivative with respect to a vibrational coordinate, at the equilibrium 
configuration of the vibrating unit. (Also, ∆v = ± 1, for Stokes or anti-Stokes spectra).

Ra-active                                                Ra

stretching                      bending

Ra, IR

AS

Ra, IR

AS
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Raman shift:   hνvib = hνexc – hνStokes Raman
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Vibrational spectra of  
v-SiO2

(Adapted from: F.L. Galeener
et al., Phys. Rev. B, 1983)

O +
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D1 (4-rings)

D2 (3-rings)
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IR absorption (as well as Raman) spectroscopy is also a means of detecting impurities 
in glass, such as OH groups, or H2O molecules, e.g. in fluorozirconate glasses 
(HMFG).
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Limits of transparency of different optical materials in the optical region of the 
electromagnetic spectrum (≥ 10% T, for 2 mm thickness)

→

(Adapted from: Introduction to ceramics, W.D. Kingery et al., John Wiley, 1976)
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