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SCATTERING OF LIGHT

Why is the sky blue?

What are these days?
Crepuscular rays
(St. Peter’s basilica)

What makes the sunset red?



SCATTERING OF LIGHT

Explanation - classical physics

d
Molecule as a dipole
Dipole moment (po):

Light is an
electromagnetic wave
(E, B: electric and
magnetic fields)
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LIGHT SCATTERING

Rayleigh scattering
from air molecules

® Elastic collision: photon

— —= energy (wavelength)
Lord Rayléigh ¢ -‘f' does nOt Change )
(1842-1919) Lee” ‘ / ' ' c;_Emllsswm by resonating
en”" . ipoles
J O_ et R ‘ Js ® Scattering particles far
Light from each other
souree Observer i

Strong wavelength dependence > enhancement

8 Na?
J =J PETS (1+cosz(~))

Js=intensity of scattered light

Jo=intensity of incident light

N=number of scattering particles

a=polarizability (dipole moment per electric field)
A=wavelength of light

R=distance between scatterer and observer
O=angle between light source and observer

-

If scatterers are interacting particles the the overall
size of which is comparable to the wavelength >
of short wavelengths > blue sky interference, cancellation > gray clouds



BIOMEDICAL APPLICATIONS
OF LIGHT SCATTERING

Sample

- Detector (a)

J0 J

Light source

p Turbidimetry:

scattered ® measured via
apparent absorbance

Nephelometry:
Detector (b) ® small scatter
® concentration dependence

® concentration measurement of
immune complexes
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Absorption - absorbere, lat., swallow



Incident intensity

GENERAL ABSORPTION
(ATTENUATION) LAW
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PARAMETERS AND MEASUREMENT
OF ABSORPTION

J
Absorbance (A): = 0 K Dimensionless number
(A) A lg lg epu-x Synonyms: extinction, optical density (OD)

J

. : = i . Expressed in percent (%)
Transmittance (T): T = ] 100 Expressed inpercent ()
0
Photometry
(“measurement of light”):
\ Sample (])
> M S : Electronics PC
1 — Detector
Source Monochromdto
r - ) )
Reference (Jo)

R —




LIGHT ABSORTION

AN ATOM

Absorption

Incorning photon is
absorbed by the atom
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Absorption line spectrum
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higher energy (“excited” states)



STATE OF A MOLECULE IS AFFECTED
BY ITS MOTIONAL MODES

Molecule: atoms connected by
chemical bonds

Simplest case: diatomic molecule
(e.g., hydrogen molecule)

Molecules vibrate and rotate!

Vibration: periodic motion along the axis of the covalent bond
Rotation: periodic motion around the axis of the covalent bond

Examples of vibrational K K K
motion in the triatomic _ _ -

methylene group (-CHo-): ;:
EA

Asymmetric stretching Symmetric stretching Scissoring



ENERGY OF A MOLECULE

Born-Oppenheimer approximation:

E =Lk +E +E

Py )) AW ]
Max Born J. Robert Oppenheimer
(1882-1970) (1904-1967)

fo

Iportant notions:

Types of energy states are independent (not coupled)

Energy states are non-continuous, but discrete

Transition between states involves packets (quanta) of energy
Scales of transition energies between different states are different:

~100x ~100x

Ee > Ev > E;

~3x109] (~2 eV) > ~3x102] > ~3x102]



REPRESENTATION OF
ENERGY STATES

Jabtonski diagram:
illustrates the electronic states of a
molecule and the transitions between
them (with arrows)

Alexander Jabtonski
(1898-1980)

}Vibrational levels (light lines)

(dark lines) {

Absorption
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ORIGIN OF THE BAND
SPECTRUM

Individual atoms Molecules
light ) '
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0 wavelength, A

Line absorption
spectrum

Narrow black lines (“missing colors”) appear in
the spectrum of the light source: absorption lines

wavelength, A

Band spectrum - origin:
® chemically identical molecules

are in different energy states
® thermal motion
® solvent conditions




MOLECULES HAVE BAND
ABSORPTION SPECTRA

- Absorption
| spectrum of
_ \ hemoglobin
g - :
= absorption
._8 7 maxima
Z
<
T T T T I 1
350 400 450 500 550 600 650

Wavelength (nm)

® SI unit of molar extinction coefficient (£1) : m?mol!

® Method ideal for concentration measurement

® Based on the wavelength (at maximum) the
transition energy may be calculated:

General attenuation law:
J
A= lg7°= lge-u-x

For dilute solutions - Lambert-Beer law:

J
A,L=lg7°=e;t-c-x

e1= molar extinction coefficient
¢ = concentration



Absorbance
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ABSORPTION
SPECTROSCOPY

~— Carbonmonoxyhemoglobin
-~ Oxyhemoglobin
- Deoxyhemoglobin

450

500 550 600 650
Wavelength (nm)

® Spectrum: intensity (or its derived
units, e.g., OD) as a function of
photon energy (or its derived
units, e.g., frequency, wavelength).

® Spectroscopy: qualitative analysis
of the spectrum.

® Spectrometry, spectrophotometry:
quantitative analysis of the
spectrum.

® Applications: analysis of chemical
structure, concentration
measurement, etc.



PULSE OXYMETRY

Non-invasive meaurement of oxygen saturation (SOz2)

e % of HgB that carries O2 is measured

e Arterial oxygen saturation (SaQ2) is 10
estimated from the peripheral (SpO2)

e Normal value: 95-99%
¢ Ratio measurement is carried out (red /IR)

| Absorption Spectra of Hemoglobin

NIR region

Molar extinction coefficient {1/crm™m)
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Red and 1 1
> infrared
light Red light: Infrared light:
660-700 nm 900-940 nm

Detector



