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1. Optical Activity Phenomena

1.1 Natural optical rotation

Optical activity was first observed by Arago (1811) on a quartz crystal.
Biot (1812) distinguished between optical rotation (rotation of the
plane of polarization of linearly polarized light) and optical rotatory
dispersion (unequal rotation of the plane of polarization of different
wavelengths). Biot (1818) found out that the angle of rotation was
inversely proportional to the square of the wavelength for a fixed path
length. Drude replaced Biot’s law as follows
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Optical rotation was soon found in sever systems both in liquid state
and in ordered solids. It was thus recognized that the source of
natural optical activity lies in the presence of chiral molecules or
crystal structures. Two configurations give rise to equal and opposite
rotations at a given wavelength.

Fresnel (1825) found out that optical rotation can be ascribed to a
difference in the velocity of propagation of the left and right circularly
polarized components of the linearly polarized beam in the medium.
The phase difference between the circularly polarized components
changes the orientation of the plane of polarization.
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The instantaneous electric field vectors of a right
circularly polarized light beam propagating along z.
The vectors rotate clockwise when viewed in the -z
direction.




(a) The electric field vector of a linearly polarized
light beam decomposed into coherent right and left
circularly polarized components. The propagation
direction is out of the plane. (b) The rotated electric
field vector at some further point in the optically
active medium.
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A
enter the transparent medium at z=0. If at a given instant the
electric field vectors for the right and left circularly polarized
components at z =0 are parallel to the direction of polarization of the
linearly polarized beam, then at the same instant the electric field
vectors of the right and left circularly polarized components at some
point z =1 in the optically active medium are inclined at angles
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Let the linearly polarized light beam of angular frequency w=

X respectively, to this direction, where p*
v

and p* are the velocities of the right and left circularly polarized
components of the medium. The angle of rotation in rads is then

S +9 melpgl 1
a= =0 B_—_ 2
2 A Dt URE 2)

Since the refractive index is n = C—O, the angle per unit length can be

written as
Tt
0(=—(nL—nR) (3)

and it is thus a function of the circular birefringence of the medium
(nL —nR). The form of Drude (1) follows from (3) if we accept the
following version of Sellmeier’s equation (1 872)
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If the C,’s are slightly different for left and right circularly polarized

light, then we can write an expression for

(nL)2 - (nR)2 = (nL + nRXnL - nR)z 2n(nL —nR) and Eq. (1) is obtained

with A, = g—)\ (CJL - Cf), which shows that optical rotation can be
n

generated by a mechanism giving C; # C7.

Refraction and absorption are related, and an optically active medium
should also absorb right and left circularly polarized light differently.
This was observed in 1847 by Haidinger and later by Cotton (1895).
Furthermore, linearly polarized light becomes elliptically polarized in
an absorbing optically active medium. Elliptically polarized light can
be decomposed into coherent right and left circularly polarized
components with different amplitude. Thus the generation of the
ellipticity can be ascribed to a difference in absorption of the two
circularly polarized components.

tan = Er —E, (5)
ER + EL

The attenuation of the amplitude of a light beam by an absorbing
medium is related to the absorption index n' and path length [ by a
Lambert-Beer relationship

E, =E,e * (6)



Elliptical polarization, specified by the angle qJ,
resolved into coherent right and left circular
polarizations of different amplitudes

The ellipticity is then
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For small ellipticities, in rad per unit length
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and the ellipticity is a function of the circular dichroism (n* —n*) of
the medium.

Circular dichroism and optical rotatory dispersion have wavelength
dependence curves in the same region as the conventional absorption
and refraction, although they are signed quantities. Circular
dichroism and the anomalous optical rotation accompanying it in the



region of absorption are collectively known as Cotton effect. The
maximum of the ellipticity corresponds the point of inflection in the
curve of the optical rotatory dispersion, ideally coinciding with the
maximum of an electronic absorption band at A;. At wavelength far

away from A, the Drude relationship (1) describes the rotatory

dispersion, but in the anomalous region it must be modified to
remove the singularity and allow for a finite absorption width. For
several adjacent absorption bands the net Cotton effect is the
superposition of the individual effects.

he optical rotator easure ents are usuall presented as the
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