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Absorption of light
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Intensity of radiations passing through matter 1s attenuated.

[Intensity] = [energy / unit area / unit time] = J/(m?*s) = W/m?



Law of attenuation
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Ji: incident intensities [W/m?]
AJ: change of intesity when passing through Ax thin layer

u: attenuation coefficient [1/m]

The decrease of intensity over a thin layer of the absorber
is proportional to the intensity entering into that layer.



Law of attenuation
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J=J,e "

Integral form
e = Euler’'s number = 2,71828...




J=J,e ™"

J 1s an exponential decay function of the layer thickness.

Jo: incoming intensity [W/m?]
J: intensity at x [m] layer thickness

u: attenuation coefficient [1/m]

The attenuation coefficient depends on:
- photon energy,
- material composition
- density of the absorber



Half-value thickness

J=J Oe_“x D: half-value thickness

o0: thickness of decreasing
J = ]OZ—x/ D intensity by a factor of e

i both D and o

' — characteristic for the absorption
of light by matter

— depend on the photon energy,
the material composition, and the
density of absorbers




Relationships of D, 0 and
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Analytical applications of light absorption

J=J,-e"” In diluted solutions p
J 1s proportional with
Ig 70 =u-x-lge the concentration:

L lge — S(QL)*C

J ,
lg70:gm-c-x Beer’s law

/

Absorbance \ layer thickness (usually set to 1 cm)
molar concentration [mol/l]

molar extinction coefficient Transmittance, T=J/J, *100 (%)
[mol-'cm']

Absorbance (A) = optical density, (OD)



Extinction of light?

A= 8(;L)°C°X

gp): molar extinction coefficient
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Extinction: attenuation by absorption and scattering together



Mechanism of light absorption

The potential energy of electrons is quantized in atoms and molecules
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Mechanism of light absorption

A individual, atoms and molecules
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Molecules can absorb photons 1n a certain energy range

=> band spectrum



Absorption spectrum

Absorbance depends on the wavelength: A = g sc*x
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absorbance

Absorption spectrums of several biomolecules
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Absorption and colors — complementary colors

additive color mixing substractive color mixing

0 Wavelength [nm] Absorbed color Complementary color
o 650-780 red [ W blue-green
595-650 orange NN M greenish blue
560-595  yellow-green B purple
oy 500-560 green [ W red-purple
430-500 bluish green [N W red _.:
500 — 480-490  greenish blue [ [ orange ' ’I' :
435-480 blue 1D yellow e
400 — 380-435 violet [ yellow-green




Application in Dentistry
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Refraction and reflection

Snell’s law:




Reflection of light

Diffuse reflection
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Scattering of light

scattered

Scattering coefficient: G(A) =

incident

Elastic scattering: no energy change => f, A are constant
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Rayleigh scattering 4 Mie scattering
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Rayleigh-scattering Light scattering
d<<A4

Mie-scattering

d=A




Factors affecting the color of objects

p(A)+o(d)+a(d) =1

Reflectance (%)

reflection scattering absorption
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Raman scattering

Energy transition between light and matter:

Virtual

=> inelastic scattering: A, f are not constant

energy
states

Vibrational
energy states
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Infrared Rayleigh
absorption scattering

Stokes Anti-Stokes
Raman Raman
scattering scattering

Sir Chandrasekhara Venkata Raman

Nobel Prize in physics, 1930

"for his work on the scattering of light and for
the discovery of the effect named after him"
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