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What is exciton chirality? Explain with diagram, what is Davydov splitting.

When two chromophores are in close spatial proximity to one another and so disposed that a chiral array
results, interaction (dynamic coupling) between the individual chromophores gives rise to characteristic CE
couplets, in the CD spectrum. This is known as exciton coupling or exciton chirality. From this the
configuration of the chiral array may be easily deduced.

For example, this method is used for determining the configuration of glycols from the sign of the CE of the

strong p-p* transition of the glycol dibenzoate derivatives (You can give the graph and Ae vs A scale values
only approximately, no need to give the inside values)
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In this exciton coupled spectra the difference between the wavelength of minima and maxima is known as
Davydov splitting as shown below.
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The benzoate ester of a given 2-octanol shows negative Cotton effect (-) CE. Applying the benzoate
sector rule, find out its absolute configuration.

The benzoate ester is prepared with the given 2-octanol and the Cotton effect is determined. It is given that
the CE is negative. According to benzoate sector rule we have to look the molecule from the plane of benzene
ring. Now it is divided into 8 sectors (as shown below). Then the large group is placed anti periplanar with
respect to C=0. If the medium group goes to negative sector, then it will show negative CE. So, following this
rule if we do a retro analysis, we can find that when the CE is negative the absolute configuration of the 2-
octanol is (R).




Relation between molar ellipticity [0] of CD curve and intensity (Ag) of CD curve.
[6] =3298.2 A¢

Relation between molar ellipticity [0] of CD curve and molar amplitude (a) of ORD curve.
a=0.0122 0]

Relation between intensity (Ag) of CD curve and molar amplitude (a) of ORD curve.
a=40.28 A¢e



The observed optical rotation a is proportional to the concentration of the optically acti
molecules and path Iength of the solution through which polarised light has traversed. This is
known as Biot’s law. : ; .

a = [a). c. I [where ¢ = concentration of the compound in gm per ml, [ = length of the
tube in dm ], where [a] = proportionality constant and is called specific rotation.
® Specific rotation: ,
The specific rotation, [a], may be defined as the rotation in degrees brought about by a
_pure transparent liquid or a solution containing 1g of an optically active substance per ml of
solution, placed in a 1 decimetre polarimeter tube.
Specific rotation is related to observed rotation by the following equation.
toc 100xa
: r T Ixec -
where, A=wave length of polarised light (generally yellow line of sodium vapour light (L=
5893 nm is used)
t°C = experimental temperature,
a = observed angle of rotation in degrees
! = length of solution in dm = length of the polarimeter tube in dm
¢ = concentration of the solution g /100 mL

When pure transparent liquid (neat liquid) is taken, the

[a] equation 3.1

t°C a =
i i = ——ea - 8.2
expression used is, | [u]k T d eq. 3

Since optical properiy o < Butive property.
nroperty: Is cnllodeIE)ii:g; of 'Isteremsmnors is associated with chirality, measurement of optical
dispersion) and CD (et 1 ]l(‘f! .mcfho'd. Other Chiroptical methods are ORD (optical rotations
cular dichronism). These are discussed in short latter in this Chapter.

® Molecular rotation or Molar rotation:
t°c lalxM
[q)]k = equation 3.3
100
Where, [®] = molar rotation
[a] = specific rotation
M = molar mass of the substance

For a sub : : <
\'cmmm — S‘tar‘\_ce of H}OILTculz_u: weight 100, molar and specific rotation are the same.




3.3. Circular Dicroism: WO
When an optically active compound is also capable of absorbing light, then an unequal

absoption of the two components vectors (circularly polarised components) is usqa]ly founq.
The phenomenon of the differential absoption of the right and left circularly polarised light is
called circular dicroism, usually abbreviated to CD.

An electronic or vibrational transition of energy states associated with a chiroptic
chromophore in a chiral molecule causes right and left circularly polarised to be absorbed
differentially. If A, and A, represents absoptions of left and right circularly polarised light,
then in case of CD, anisotropic absoption takes place, i.e., A;# Apand AA = (A - Ap) and is a
measure of the CD. If the molar concentrations are known then according to Lambert and
Beer's law, AA =A A=¢ cl, where c is the concentrationin moles per litre and / is the path

length in centimetres (cm). We may write g-£; =Ae, where ¢, and g are molar absoption
coefficient for left and right circularly polarised light, respectively, at the absobption
wavelength.

Since in case of CD, A;# Ap and from Lambert-Beer’s law, we get A=log (I,/I), where I, is
the intensity of the impinging light while I is that of the transmitted light, the two circularly
polarised components are now of unequal intensity (I zIg). During the passage of light through
the sample in a region where absorption takes place, the incident linearly polarised light is
converted into elliptically polarised light, that is, the resultant electric field vector traces an
elliptical path. In general the major axis of this ellipse is much greater than the minor axis,
and for the purpose of measurment may be treated as plane polarised light. The eccentricity of
the ellipse [(a-b)/a] is 1 for linearly polarised light (6=0), and 0 (zero) for circularly polarised
light (a=b). The major axis of the ellipse traces the angle a and the ellipticity v is defined by
the expression, tan y=b/a, where b=minor axis and a=major axis of the elliptical vector
respectively, of the ellipse that characterises the elliptically polarised light.

E E B
E, Eg

E;

Plane polarized light Elliptically polarised light produced from
Plane polarised light by differential absorption




shox%xlmkle):l?\sti:,?‘a ’ i:lis possil:Jle to define a specific ellipticity [y] and a molar ellipticity [#] as
it 2 itiolie L, i iti ific rotation
and molar rotation. and M as they do in the definitions of spec

vl = % in 10" deg cm? g

vy 1M
81=
91 100

When the ellepticity is small, which is a common oceurance, tanp=y, and latter is

proportionalto AA. Under this conditions, the circular dichroism is quantitatively expressed
as

in 10 deg cm? mol*

(0] = 3298.2A¢
ption or molar ellipticity is plotted against wavelength of the
t, a curve closely related to the electronic absorption spectrum (UV spectrum) is
ese are called CD curves. This curve can be either positive or negative (Fig. 37)
as positive Cotton effect and negative Cotton effect respectively.

When this differential absor
polarised ligh
obtained. Th
and termed

+
Molar ellipticity
0

~«—— Positive cotton effect

= ~€— Negative cotton effect

 —
CD curves
Fig. 3.7
CD bands are narrow and usually non-overlapping even in the presence of more than one
absorbing chromophore. Again, the amplitude of the CD cotton effect is related to molecular
dissymmetry. The sign and amplitude of the Cotton effecting CD curves may t?e used to
determine conformation of a molecule provided the absolute- conﬁguratan is -known.
Enantiomers have opposite sign of Cotton effect; however the magnitude of amplitude is same.



I:xke rotation a, it is possible to define a specific ellipticity [y] and a molar ellipticity [0] as
shown below, where the symbols ¢, [, and M as they do in the definitions of specific rotation
and molar rotation,

lv] = ci] in 10" deg cm? g!

yIM
0]=
[2] 100

, which is a common octurance, tany=ty, and latter is

proportionalto AA. Under this conditions, the circular dichroism is quantitatively expressed
as

in 10 deg cm? mol™*
When the ellepticity is small

(0] = 3298.2A¢
ption or molar ellipticity is plotted against wavelength of th.e
elated to the electronic absorption spectrum (UV spectrum) is

curves. This curve can be either positive or negative (Fig. 37)
ed as positive Cotton effect and negative Cotton effect respectively.

When this differential absor
polarised light, a curve closely r
obtained. These are called CD
and term
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Molar ellipticity
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~«—— Positive cotton effect

= ~«— Negative cotton effect
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CD curves
Fig. 3.7

CD bands are narrow and usually non-overlapping even in the presence of more than one
absorbing chromophore. Again, the amplitude of the CD cott_on effect is related to molecular
dissymmetry. The sign and amplitude of the potton effecting CD curves may t?e used to
determine conformation of a molecule provided the absolute. conﬁguratw.n is ‘known,
Enantiomers have opposite sign of Cotton effect; however the magnitude of amplitude is same.

i Dispersion:

34(25:::?1 mﬁi?;ogpersiin method consists in tl_xe plo.tting of variation of gptical rotation
[o] as a function of wavelength (%) in the polgnsec:i l;xgtht, l.lsualltzo abbrewrltzlxlted asl ORD.
Refrative index for right and left circularly polarised lig vz;nes s tggb';n wa\;e ength,

ti larly in the region of a chromophore (a moleculax: eature that has an electronic
f:artng:on in the observed region, eg. C=0, G, chomugat:d a-lkenesZimf'im Loy odf
chromophore are observed. An inherf!nt!y dissymmetric ¢ .’;’nm"P ore 1s °net 'callls c = :ned
lies on an axix or in a plane of chirality. An asymmetri 5 g’ or disymmetrically pertur
chromophore, which is itself achiral but is influenced by neighbouring chirality.

phore, ¥ : tation, [a] with (2] can belong to one of the above two types. In

The variation of spﬁﬂf;l::o’:hore ;15 mentioned above, a simple ORD curve is observed

the absence of any chro )

(Fig.3.8).



necessarily involving a change

An enantiomer that gives a steady increase in rotation, not % and onpaRite iy a

of sign, from high to low wavelengths is said to exhibit a positive cotton €
negative cotton effect.

A R—t
Simple ORD curve with Simple ORD curve with
negative Cotton effect

positive Cotton effect
Fig. 3.8

When a chromophore of either type is present, then anomalous Cottox? effect is observed,
as shown in the Fig. 3.9. A molecule is said to exhibit positive cotton effect if the-cur-ve shows a
peak before a trough when going from high to low wavelength. The opposite is called a

negative Cotton effect.
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Anomalous ORD curves with Anomalous ORD curves with

positive Cotton effect
Dotted curve represents the
absorption spectrum

negative Cotton effect
Dotted curve represents the
absorption spectrum
Fig. 3.9

The amplitude of the Cotton effect is the difference in specific rotation between the
highest maximum and the lowest minimum. The amplitude of ORD curve is useful guide to
the presence of inherently dissymmetric chromophores. The amplitude of the Cotton effect is a
measure of the power of the optical rotation and can be correlated with molecular
dissymmetry. Like CD, the sign and amplitude of the Cotton effect in ORD curves may be used
to determine conformation if the absolute configuration is known. The instrument used for the
mesurement of CE in CD and ORD is known as Spectropolarimeter.

3.5. Application of ORD and CD in stereochemistry:

The principal application of CD and ORD is in the assingnment of configuration or
conformation of molecules. A good application of ORD is determination of configuration of 5-,
6-, and 7-membered cyclic ketones. For this purpose an empirical rule known as octant ruie
has been developed. Cyclohexanones, which exhibit a low intensity 2.... (n-7*) at 290-300 nm,
have perhaps been the most widely studied and led to the formulation of the so called octant
rule which allows the sign and amplitude of the Cotton effect to be predicted.



