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CHAPTZR - I

INTRODUCTION

DIFOLE MQMENTS IN THE GROUND

AND ELECTRONICALLY EXCITED

STATES

SECTION — A

DIFQCLE MCMEWT IN THE GROUND STATE

I.1 Introduction :

_ Atoms and molecules interact with electric field
essentially because of their charged constituents., Study
of dipole moments of polar molecules reveals electric
charge distribution within a melecule, varicus reactive
centres, interactions with electromagnetic radiations etc,
At present varicus technigues 1,2 are at disposal for the
determination of molecular structure, each with its own
limitations. Knowledge of dipole moment in various states

is a simple tool for Jjudging ap;propriate structure out of



numerous possibilities, Study of stark effect (microwave
spectra), high frequency dielectri¢ absorption, molecular
beam techniQue etc, are some recent &dvances in the
methodology of measuring dipole moments, however use of

static dielectric constant and molar refraction for this
purpose is more popular amongst the chemists because of

the simplicity of the techniques,

Dielectric Constant :

Matter placed in an electric field interacts by
polarization of charges on the interfaces. This polarization
i1s like opposition or resistance effect to the applied field
andr esults inreducing intensity of the same., This is a
specific molecular property of the material measured as its

dielectric constant or specific inductive capacity.(Fig,1d).

Formally dielectric constant (D) of a material is
defined as the ratic between electrical capacity of a
condenser when the substance in question forms the dielectric
and electrical capacitance when a vacuum lies between the

electrodes,

Polarizability and dipole moment of molecules

The electrons and muclei in any molecule are, to

some extent, mobile and so when the moclecule, whether it

is polar or nonepolar, is placed in an electric field,
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there will be a small displacement of the electrical
centres with the result that a dipele, in addition to one
vhich may already be present, will be induced in the
molecule, If Pgry 1s the electrical moment of the induced
dipole, produced by a field of intensity F acting on a
single molecule, then

Pg,i " “F [ I ] * e (101)

The constant of is called the polarizability of the
molecule. It is a measure of the ease with which the
molecule can be polarised, that is the ease of displacement
of positive and negative charges with respect to each
other, in an electric field.

The product of the vector distance El'," between the
centres of positive and negative charges and the resultant
negative charge fe' gives the magnitude }‘g of the dipole

meaent,
}lg - ?e P . . (I- 2)

8

The molecular distances are of the order of 10" "an and

electronic charge is of the order of 10'10 e,s,u. Hence,
dipole moment will have an ordar of 10'18 e,F.U, cm,

Conveniently, this magnitude is called as 1 Debye. The
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5I unit for dipole moment is Coulomb meter (C m), which
is related to Debye unit as, 1 Debye = 3.334 x 10'3°Cn1-

I.2 Molar Polarization :

The relaticnship between dielectric constant and
4

polarizability was first deduced by Clausius3 and Mosotti
and the expression for the molar polarization (F)

P = D—1 . }i a h RN& L -« . (1'3)

is known as the Clausius-Mosotti equation, where, M and d
are the molecular weight and the density of the substance
respectively and N is the Avogadro's number, It is now
realised that the assumpticn of a small spherical cavity
containing a unit charge, on which the above deduction is
based, is only an approximation, and hence the equation
cannot be regarded as exact, It is strictly applicable to
non-polar gases and probably reasonably accurate for a

gas at low pressure where the static dielectric constant

is close to unity.

Contributory Parts of Molar Folarization:

The molar polarization consists of (1) the
distortion polarization (Ph) and (2) the orientation

polarization (Po).
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(1) The distortion polarization (Pa) resulting from
induction or deformation is due to the elastic displacement
of the charges in the atoms and molecules under the action
of electric field., This distortion polarization is the
sum of the electronic (E;) and atomic (Pa) polarization,

(2) The orientation polarization (PB) is due to the
orientation of the permanent dipoles in the direction of
the applied field. In case of non-polar molecules, there
is no contribution due to the orientation polarization,

Electronic Folarization:

Electronic polarization (F)) exists in all atoms
and molecules of both polar and non-polar dielectrics
resulting from the elastic displacement of the electron
charge cloud relative to the nuclei{ when the atom or
molecule is acted upon by an electric field., Its magnitude
when referred to 1 mole of the dielectric substance is,

P, = l;n;Na(e/B where o 1s the electronic polarizability.

Sabstitution of the Maxwell relations, D = n2, in

the equation (I.3) where n is the refractive index, gives

2
4 - n-=1 M
e 3 ¢ n242 d

the Lorentz- Lorentz expression§'7 for the molar polarization

(R) for visible 1ight,
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I.zzplaceB derived the formula, P, = (n2-1) M/d.
It was found, however, that for liquids this relationship
was not sufficiently independent of temperature, Gladstone
and DaJ.e9 proposed the expression Pe = R a (n1) M/d.
The molar refraction calculated from this equation was
found to be constant for gases 10'11. Emkman12 found that
the required independency of temperature was better secured
by the relation P, = (n2-1/n + 0,4) M/d. Since this
formula does not quite answer the purpose and moreover is

purely empirical, it has not found general acceptance,

Atomic Polarization

In an electric field, not only the electron-clouds
but the actual nuclei of the atoms forming the molecule are
also affected, being displaced relative to one another.
This form of polarizability of the molecule is usually
called the atomic polarizability e, and the polarization
corresponding to it as the atomic polarization P . The
megnitude of the atomic polarization is givea by the

expression, P, = 4Nk, /3, where «, is the atomic

polarizability., For polar molecules, atomic polarization
can be determined by plotting the molar polarization of a
compound against the reciprocal of absolute temperature.

A best straight line is drawn through the poiats and the
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intercept on polarization axis represents the distortion

polarization (Pa = Pe + Ph). Knowing the value of the

electronic polarization Pé it is possible to calculate the

13

atomic polarization P,. Jenkins showed that the

application of this method for measurement on solutions is
unsound owing to the variation of apparent moment of a
solute with dielectric constant of the solvent. Atomic
polarization can also be evaluated by using Fuch's14
dispersion formula and by indirect method15 which consists
of the dlelectric constant measurement of a given substance
in the s0lfd state at a temperature lower than the melting
point., Since the dipoles cannot orient under these
conditions, the molar polarization calculated from By, I.3
will be distortion polarization. The atomic polarization
will then be, P, = Pﬁ - Pe' The ideal method for

determination of atomic polarization of a polar compound
involves the measurement of refractive index in the infrared
region, Measurement of reiractive index with infrared

radiations is difficult and values of Pé are generally

determined indirectly. For most substances, they are small,
not more than 2 or 3 cc and as a rouzh approximation, they

nay e taken as 5 or 10 per cent of P, for the D-line of

sodium,
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Orientation Polarization:

The term orientation polarization (Po) arises in
case of polar molecules from the fact that the electric
doublets are oriented by the applied field so that the
positive ends of the permanent dipoles point towards the
negative charged plate, so; the intensity of the field
within the medium is thus diminished as compared with that
in a vacuum and hence the dielectric constant exceeds unity
by an appreciable amount, Substances with permanent moment
-thus generally have high dielectric constants, The
polarizability due to orientation of molecules is called

as the orientation polarizability &o°

Thus, the total molar polarization P of polar
dielectrics in an applied field is given by
= P + P + P - .e (1.4)

and the total polarizability of the molecule o as

o = Kd. +* (xo
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I.3 Static Dielectric Constant and Dipole iHoments:

Debye Huation :

Debye16'17 studied the behaviour of polar dielectrics
in an electric field considering following approximations
The field has no perturbing effect on the magnitude of the
dipole moment of the molecule., The dipoles may assume any
position relative to the direction of the applied field and
the energy of dipole-dipole lateraction is insignificant in
comparison with the energy of thermal motion, He derived an

expression, <

dipole of the molecule P and its orientation polarizability

= }128 / 3kT, correlating the permanent

oo+ In this equation K is Boltzmann's constant and T is the
absolute temperature, Thus, the overall expression for the

polarizability of the molecule 1is

i .
of = &e + da + —-—rn ae (I-5J

Substituting the above value of o in the Clausius-Mosotti

formiula,

2
1 M 4 L (1.6)
P = 2m . 2 = —quN(X 48, +~—B ) .
D+2 d 3 et

From equation I.5 and I.6, the orientation polarization

2
comes out as P, = ‘”‘N}ig / 9kT.

The Debye formula (BEq. I.6) include all the
limitations inherent in the Clausius=Mosotti equation and
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it is therefore approximate and can be applied only to

polar gases at very low pressures and also in rough
approximation to extremely dilute solutions of polar Subtances in
szc;l.nvpeorlﬁt‘: In considering the theory of polar dielectrics,
Debye also took no account of the reactive (internal) field

of the molecules.

Onsager Eguation:

0nsager18 was the first to provide a satisfactory

alternative to the Mosotti-Debye relation, In the Mosotti
field the molecule is imagined at the centre of a larger
(hypothetical) cavity within the medium, Onsager replaces
this with a spherical cavity of the size of the molecule,
which is assumed to be an isotropically polarizable
molecule carrying its dipole moment in a very small volume
located at its centre. In an electric field, the total
electric momen’r.,,ug’T per molecule in the direction of the
field is composed of the permanent dipole moment‘pg of the
molecule of a polar dielectric and the deformation moment

created in the so-called (effective) field (o(Eioc). Thus,
Pg.T = )J.g + o Eloc' The essence of Onsager's theory

is that the local (effective) field is separated into two
components: the cavity field G and the reaction field R,
Thus, Eloc = G + R, Theoretical calculations give the
following expressions for G and R :

3D 2(D-1) Bg st

C = R, R 2 e . o :
2D+ 1 2D + 1 ay
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where a, is the radius of the spherical cavity of the size
of the molecule. Using these expressions, Onsager derived
the following equation &

(D—n)2(2D+n2 M 4N ul
2 2) = m —lt-_'}:z' .e . ( 107)
D(n" +2) b okT

Onsager's concept had universal appeal. Number of

19-26

critics have tried to assess and improve this basic

equation, Even at present rumber of attempts are being
made in the same direction14h'1h7.

Next major development in the theory was made by
Kirwood?7. He pointed ocut that hindered rotation must play
an active part in the dielectric polarization of polar liquids
and must be responsible for the large departure from the
Lorentz field. Besides it should be iatroduced not to
supplement but to correct the Lorentz field. He proposed

the equation

D-1) ( 2D + 1 M 47N 2
( ) ) . o 'jL'(°% +BH)
gD d 3 3P

where ‘gt = 1 + Z Cos Y and z 1s the nuzber of closest
nefghbours of a given molecule. Cos J is the mean value of
the Cosine of the angle between the direction of the dipoles

of two neighbouring molecules. The correlation paranetertg’
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would be unity on the Cnsager model, vwhere the molecule

is regarded as being immersed in a contimuous medium of
uniform dilectric constant. Experimental data, however,
indicates that it may deviate appreciably from unity and
that the deviation may be either positive or negative,

For example g is 1.1 for nitrocenzene and 4.1 for hydrogen
cyanide, but only 0.9 for pyridine, Positive deviations
would be expected when short range hindering torques favour
parallel orientations of the dipoles of neghbouring molecules

and negative deviations when they favour aantiparallel orientation,

Determination of exact 'g' value is the main
difficulty in the application of this equation, which
is normally obtained by X-ray data,

Many workersaa-h1'48-72 have attempted to modify

these relations between dipole moment, dielectric constant,
refractive index in solution and gas phase; modifying the
basic concepts outlined in Fig,I.a=-Ii

41,42 was that

The concept proposed by Jatkar et,al
the molecules should not be considered as spherical shaped
l1ike in Onsager and Kirkwood theory but those should be
treated as needle shaped and hence total anisotrophic. The

orientaticn of these needle shaped molecqles should be
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" guantized, assuming qQuasicrystalline nature of 1liquid
dielectrics. The resulting equation is

. M Y 1%
P= (D-1)d— = 47N, +_3TI:‘P-§'(_1;)_+1) «ee (1.8)

J = ® for gases and 1/2 for solids and liquids.

There have been subsequent modifications sug:ested to

this equation alsokh'47’11a.

I.4 Solvent Effect and Evaluation of Dipole Moment
from Measurement of Dilute Sclutions.

Muller'>~ 70 was the first to show that the dipole
moments calculated from the experimental results for dilute
solutions by means of the Debye formula differ from their
.dipole moment values in the gas phase, This phenomenon
has acquired the name as solvent effect, The main cause
of the existence of the solvent effect is that the Debye
formula, which is based on the theory of the local Lorentz
field, cannot take into account the electrostatic interaction
arising between molecules of the solute and those of the
solvent surroundinz them, In all the cases studied by
Muller, the apparent dipole moment in solution was less
than the moment in the vapour state, but it was soon
realised that this can not be generalised. There are

number of instances where the apparent momeat in solution
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is greater than that for the vapour. The former is known
as a negative solvent effect and the latter a positive
solvent effect. The solution moment values were calculated
from polarization (P, _ ), obtained by extrapolating
polarization-concentgation curve to Zero concentration,
There have been innumerable attempts to derive equaticns

relating either P or the apparent dipole moment of a

2 o
substance in solution with the dielectric constaant of the
medium, The approaches to the problem are discussed in

the present section,

In extremely dilute solutions, the molecules of
polar substances must behave Just as in the vapour state
and must become freely oriented in the czpplied field. Hence,
Debye V7 considered that the method of finding the dipole
moment in gaseous state can be apzlied to dilute sclutions
with satisfactory approximation, assuring adcditivity of
the properties of the components of the soluticn, the
expression for molzr polarization of the solution (P12)

can be written as

P = P.f, +Pf, = .
12 11 272

D; 541 d12
Where P, £ and ! are the polzrization, mole fraction and

moleculsr weight respectively and the suffixes 1, 2 and 12
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refer to the solvent, solute anc¢ soluticn respectively,
Since, £f; + £5 = 1, the moler polarization P, of the solute
will be P, = Py + (P = Py)}/f,. If the concentrations are
expressed in weight fractions (4), the corresponding
expression ” for specific polarizatien P, of solute will be

Byp-1 . 4
Djp 2 d < ee(1.9)

Py =Py + (Pyp = P q)/¥y =

and
P, = P M,

The valn_:e of Pz 80 computed are then plotted againmst £, or
¥ and the resulting curve is extrapolated to £, or W, = 0.
The intercept, 8¢ obtained, is taken as the value of P, at
zero concentration (or infinite dilution), P, . . Then the

dipole moment can be calculated using an expression
By = By o= (P + P o) = bxs / oKt eee(1,10)

or

Jatkar equation can be applied to find out the molar and

specific polarizations of sclution as follows :

Py, = (Dyp = 1) (ML, +uxf)) / a12 eee(1.11)

Py,

u (D12 - 1)/ d12 ol.(I.12)
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Since P, = (D.l - 1)/d1, it follows, from Equations I,S
1,10 and I.11 that

P, = Dy-1 .M2+[D12-1 _D1‘1J My

dq dqp d4 w,

and
2

P =P,-(p +P )= SXMg_ I+

o 2 e a 3 kT 3

In solution (23 + 1} increases from 2 to 3, 4, 5 and infinity

only at zero concentration78.

Hedestrand '° pointed out that 1f the dielectric
constant and density of the solutions vary lineerly with
the mole fraction of the soclute, they can be expressed as
Dy, =Dy (1 + «f,) and dy, = 4, (1 + Bf,) respectively,
where o and P are the slopes of the straight lines describing
the dependence of D;, and d12 on fz. From the reletions,

he derived the following equation for P, o©"*

3D M D=1 M-Myp
P = 1 . 1 1 . 2 1
(D; + 2) dy D2 +2 d1

Hedestrand realized that, in certain circumstances the
assumption that Dy, is linear with fz over the concentration
range studied is not Jjustified and in such cases suggested
that  should be taken as limiting value of  AD;, /£, Dps

as zero concentration is approached.
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80-9

Many workers 0 have suggested modifications in

these methods,

The equation suggested by Halverstadt and Kumler®
has been widely used., They assumed linear dependsnce of
the dielectric constant and the specific volume (v) of the
solution on the weight fraction of solute i,e. Dyp= Dy+ x¥Wy

and V.5 = Vi+ PWp. From these relations they have derived
an equation for the molar polarization at infinite dilution

as

. B\ A Dy=1 ( ) (1.13)
. v, + . » hd
2 @ (D1"" 2)2 D, + 2 1 P u,

The molar refraction of the solute may else be uerived from
the measured values of the refractive index . by utilizing
the relationship.

3 Yv1 n21 -1

R = + (vy + B) M,
(n2+2)>  nfe2 !

which 1s analogous to Equation I.13 but with D replaced by

n® and o by Y, the velue of dnf2 / aw,.

Equation I.13 has been widely adopted, since the
use of the concentration expressed in weight fractions of
the solute considerably simplifies the c¢alculations. In
this connection, Hedestrand'?g expresses the concentration

in mole fraction in the calculations of &« end B. The
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(1)
(1)

definition of B= dv12/dwg1 1nstea§ of 312/df72 has also

been considered by Halverstadt and Kumler.

92

Higasi proposed an equation in which all parameters

except the dielectric constant were completely absent:

where 'B' is a constant depending on the nature of the
solvent and temperature. For benzene at 25°C, tB' = 0,5040,1
and for hexane it is 1,15 +0.,1, Somewhat later, Bal and

Srivastavag3

gave a more accurate value of 'B' for benzene
as 0.828, They have also shown that Higasi equation is
valid for straight part of the Ihz-fz curve, Higasigh
proposed a modification in By. I.14 and suggested anothep

- 1/2
form as Mg Bz(ao - aD) » where a_ and aj are the slopes
of D12'f2 and n12-f2 curves respectively. ViJ and
Shrivastava95 have Bhown that if the term ap be changed to
a,p » Where a  is the slope of n?@}- fa curve, the equation

would provide better results, The term noorepresents the

refractive index of solutions measured at a frequency where
the permanent dipoles are unable to follow the alternations.

Shrivastava and Charandas96

have proposed an analogous
ecuation in which the concentration of solute is expressed

in weight fraction.

Ry = A (1420()1/2
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where *®&f = 4 (D;,)/d¥, and 'A' = 0.012812 [3i/d1(q+2)231/§

Jai Pra.kash97 has shown that Higasi's equation is a special
case of general Debye equation and applies to those cases
where static dielectric constant of the solution is equal to
or close to unity and modified Higasi equation as

1/2

Pg = At(M, XT) where tAlt = A/T1/2.

('.ﬂuggeuhej.m98 suggested a method, based on the Debye
equation, of calculating the moment by plotting a quantity
A = (D12 - nfz ) - (D1-n‘:') against the concentration C
(moles per ml) of polar solute in solution state., The
intercept (A/c)o of the curve at ¢ = 0O is then used to

calculate the moment by means of the equation,

9kT . 3 . ( A )
41N (D1+2) (n2+2) T o

2
Pg =

He has recalculated the data on a few dichloronaphthalenes

in benzene solution, finding that his method gives goed
agreement with those obtained from polarization-extrapolation
method. In this method, the determination of the density of
the solution is necessary only to calculate the concentration.,
Bottcher99 has calculated the dipole moment of phenol from
benzene solutions by Debye, Hedestrand and Guggenheim
equations and obtained the dipole moment values as 1,5¢,1,50
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100

and 1,59 D respectively., Block and Iwacha ~, Few and

Sn.‘l.tl'l"""‘l and Iy«'mgar"lo‘2 have shown that the Guggenheim

equation does not give reasonable results.

3 105

» Smith 7,
08

Similar attempts have been made by Paii.i.'l;Io

deolte‘os. Fu;):ltaw?. Meyyappan and Arunachﬂan“ .
11 112 13

Gmnwald“o, Finsy , Guaha , F’ei:r'osy&u'l.l y etce

Modified Jatkar Fquation :

Deogadkar] 4 ana Patil’

in the Jatkar equation 41,&2. According to them in highly

15 suggested some modifications

dilute solution of polar molecules in nonpolar solvent, the
quasicrystalline nature of 1iquid shall not exist. This
eliminate many uncomfortable features of the Jatkar equation.
The technique of Halverstadt and Kumler to use relative
changes in concerned propertles to estimate P, ,, Wwas used -
by them replacing an empirical constant in place of (3+1)/3
in the Jatkar equation.

They derived the following equations for the molar
polarizaticn at ianfinite dilution (P2 d and the electronic
polarization (P,).

For the concentration in weight fraction:

P = [ LV, + (Dy=1) (vy ¢p)J M,
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+0

and
2
o= [ Vv« -1 vyep]
For the concentration in mole fraction :

The orientation polarization and dipole moment can be
evaluated using the following empirical formula:

P il
o = Py g - (Py + P) -———5—3kT (0.8955 Iy)

They tested the validity of modified Jatkar eguations by
recalculating the dipole moment values of several organic
compounds in various solvents and comparing them with the
ones obtained from Halverstadt-Kumler equation, They have
shown that the values obtained by using modified Jatkar
equation are in excellent agreement with those obtained by

using Halverstadt-Kumler equation,

The object of all the extrapolation equations is to
find out the total polarization at infinite dilution Péaﬁ
The orientation polarization and dipole moment is then

calculated by means of Hi. I.10.

The methods for the extrapolation of molar polarization

of dilute solutions of polar molecules in non-polar solvents
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to obtain P2 ODhLave been critically examined by Tay10r116.

It has been claimed that these methods are in error when
molar polarization of solvent varies with concentration.

He has also shown that the preceding methods of extrapolation
yield the partial molar polarization of the solute at infinite
dilution, a gquantity which has &an unambiguous theoretical
interpretaticn.

In conclusion, it may be noted that the methods for
computing dipole moments based on the extrapolation of
dielectric constant, density and sqQuare of refractive index
to zero concentration of solute give small deviaticns of
the values obtained than methods in which polarization is
subjected to extrapolation,

The validity of extrapolation method is now well
established. Most of the recent '«ror‘ker-su“'.’ﬁM"”'3 in
an attempt to eliminate the mutual effect of varicus

interactions prefered to use extrapolation methods,
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SECTION B

DIPOLE MOMENTS IN THE ELECTRONICALLY EXCITED STATE

I.5 Introductions

The method of measuring dipole moment, even though
anticipates an interaction with an electromagnetic field,
the interaction is not so severe as to change the basic
electron distribution of the molecule. However while
interacting with the high energy radiation like in uv region
of the electromagnetic spectrum, the interacting molecule
undergoes some basic change in its electronic structure.
There is hardly any method to measure the dipole moment of
this rearranged structure as directly as the measurement in

the ground state of the molecule,

The vapour phase absorption spectrum of a molecule
certainly offers the knowledge of energy of various
electroaic levels within the molecule, but that is not
enough to predict the electron distribution of the state.
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The process of dissolution is basically electronic
interactions between solute and solvent molecules, These
interactions are catagorized as (i) dispersion
(11) dipoleinduced dipole (iii) dipole-dipole and
multipole (iv) specific association ( e.g. Hydrogen bonding)
etc. Even in the electronically excited state, the same
interactions exist but to different extent because the
basic unit of interaction, the dipole moment is now different
due to different electron distribution, Assuming that the
interacting power of variocus solvents can be expressed in
terms of their dipole moments, polarizability etc. one
can estimate the differential energy of these interactions
with a common solute, These are basically function of the
dipole moment of the solute. With this philosophy it is
obvious that electronic (UV) spectrum of a molecule in
various solvents is a basic tool to estimate the dipole

moment of the molecule in the exclted state,

Several theoretical models have been proposed to
interprete solvent induced changes in various spectral
parameters such as electronic and vibrational frequencies

and intensities, n.m.r., chemical shifts and spin-spin

43,45

coupling constants of solute molecules due to non-

specific interactions, Most of the studies make use of

the continum model (i.e, Onsager's reaction fieﬁ.)18'99
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to obtain an expression for changes in the spectra of pelar
and non-polar solvents in terms of measurable solvent
parameters. Use of spectroscopic methods to study specific
interactions between solute and solvent molecules is well

documented in the 11teramre.“‘6'10"'109'129'“‘9"153-

1.6 Classification of Absorption Bands in Aromatic
Hydrocarbons:

Aromatic hydrocarbons show three main types of
absorption bands which are designated by C].ar117 ( as&,P
and B bands) according to their intensities. The molar
absorptivities of the « , P and B bands are of the order
% and 10% c®

of 102, 10 mol'1 respectively and the wavelengths

where these bands are observed are generally in the order
M DIAP D A

Benzene exhibits two intense absorption bands at
about 180 mm ( € max 47000) and 200 nm (emax.u'fooo)

118
and a weak absorption band around 250 nm (Emax ~ 220) .

A1 the three bands are associated with the electron system
of benzene. The two intense bands may be ascribed to

transitions to dipolar excited states, while the weak 260- nm
band is gz‘;‘cribed as the forbidden transition to a homopolar

excited state.
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Different nomenclatures have been used to describe
the three bands of benzene, Some of these important,

systematic and accepted assignments are as follows:

Table ~ T.1 3 Nomenclature of benzene bands' ' (*119-121
Band
Position/ Assignement
nm
180 1 1 1 1
P B e A Eq & A13 Sec¢ond primary
band.
1 1 1 1
200 P L, <= 4 Biue 44 g First primary
band.
1 1 1, &1
260 X L, < 'A By," A g Secondary band

Though the three bands of benzene are affected
markedly by substitution, the general spectroscopic behaviour
of substituted benzene is largely uniform and greatly resembles
with that of the parent compound, Thus in benzene substituted
by auxochromes, one usually finds the 260 mm band of the
parent compound with its characteristic vibrational structure

and the two shorter wavelength bands ( corresponding to the
bands observed in benzene of 200 and 180 nm} in benzene.
Out of these three bands, the 200 and 260 nm bands in substituted

benzene are of greater interest since both of themoccur in
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the wavelength range normally accessible with the most of
the spectro-photometers, Both the bands are of course
shifted to longer wavelengths by the substitution, The
spectrum of benzene is said to be perturbed by the
introduction of substituents.

I.7 Solvent Effect on Electronic Absorption Spectra

and Dipole Moment in Excited State:

This effect is observed as changes in positions of
the band maxima, band intensities, shapes and structures of
the bands. Since band maxima are direct repurcation of
the energy of the transition, most of the attempts of
interpretation are focussed on this parameter. The shifts
being very small at times, and the mutual cancellation or
addition of many effects, are main obstacles in the observat-

ion.

In the process of solution the solute molecule,
caged by solvent molecules, stabilizes because of the lowered

energy of the system. The process of electronic transition
by absorption of photonrequires ~~ 10~13 sec. During this
time, the positions of the nuclei remain unchanged because

3

time required for & bond vibration is ~ 10-1 sec., and for

rotation it is about 10'10 sec. The instantaneous state of
solute molecule at the time of electronic transition is

therefore a non-equilibrium state called Franck-Condon state,
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If the life time of the excited state is sufficiently long

( 10~ sec. ) an equilibrium is attained with the surround-
ing. Untill this equilibrium is attained, the solute
molecule experiences 'packing strain' depeandiag on the
geometrical arrangement of the surrounding solvent molecules,
The solvation energy in ground state S" changes to S', the
solution energy in the Franck-Conddn excited state.

Bayliss and FcRae12? have represented the effect of
solvent on the electronic absorption spectra of polar and
non-polar molecules in solutions in various categories as

follows :

(a) Non=polar solute in non-polar solvent:

They assumed that the solution energy in the both
ground and excited state, which is mainly dispersion energy
in this case, remains constant. There is no solute solvent
orientation or packing strain. The solution spectra
normally retains the characteristics of the vapour phase

spectrum,

On excitation, the non-polar molecule may become
polar. The solvation energy of the excited state S' is
then greater than the solvation energy in.the ground state
S*, Consequently the energy required to excite the
molecule from solvated ground state to the solvated excited :

state is less than that required to excite the unsolvated
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The effect of solvation energies on the solution absorption
frequency when dipole-polarization forces are dominant and
when there is no orientation strain, i,e. when the
Franck-Condon and the equilibrium excited state have the same

Solvation energy : (Fig. y.4) solute dipole moment decreases,

and (Fig.J .8) it increases, during the transition,
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Solution spectrum when dipole-dipole forces are dominant
batween solute and solvent, and when there 4s orientation
strain in the Franck-Condon excited state & (Fig. I .g) dipole
moment of solute decreases, and (Fig.1 .4.) it increases,

during the transition.
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molecule. Thus occurrance of excitation at lower energy
than the gas phase is called "red shift“, Fig. 1I.1.

The magnitude of this shift depends on the solvent

refractive 1ndex124.

(b) Non-polar solute in polar solvents :

As in the previous case, there is no dipole orientat~
ion and hence no packing or orientaticn strain existing in
this case. Upon excitation if a dipole is induced, it
results into red shift as described earlier. However
since solvent cage structure is stronger due to the polarity,

the packing strain may be little higher,

(c) A polar solute ia non-polar solvent :

Even in this case the orientation strain is minimum
because of the non-polar nature of the solvent, The main
contributors to the solvation energy are dispersion forces

and'dipole induced dipole forces,

Upon excitation the dipole moment Be may increase
or decrease than grouad state dipole moment pg,depending
upon electron distribution in the excited state, Two cases

arise-

(i) if pe> Pg the solvation energy S') S" and red
shift is observed as explained earlier. The shift depends
upon the refractive index of the solvent (Fig, I.2)
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(ii) if po { p, the solvation energy S' < S" and one
obviously expects a blue shift, This blue shift is super-
imposed on the polarization red shift and the resultant

shift, which may be red or blue is observed (Fig, I.1)

(da) Polar solute in polar solvent :

Even in this case the dipole moment in the excited
state Re maY be greater than or smaller than the ground state
dipcle moment depending upon the electroa distribution in
the excited state. The solute-solvent dipolar interactions
are strong in the ground state, with a good orientation
strain,

(1) if pe < Pgi the 5' £ §" and the orientation
strain decreases. If p, becomes zero; the solute becomes
non-polar in a polar solvent cage. This contributes a
negative term to the Franck-Condon solvation energy and it is
equal to the energy reguired to orient the polar solvent
molecules around & non-polar sclute, This gives rise to a
blue shift. The magnitude of this shift depends upon the
difference between p, and p, (Fig. I1.3)

(ii) if p, > P,i & S' ) S i,e, if the solute dipole
moment increases upon excitation the resultant is necessarily

a red shift { Fig. I.4)
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I.8 Theoretical Expressions for the Solvent Shifts:

As mentioned in the first section, the polarizability
* X' of a molecule is related to its refractive index 'n?'
and hence most of the expressions contain teras (na-1)/(n2+2)
or (n2-1)/ (2n2+ 1).

The dispersion term is normally small and given by

London 125 a

3 h .\
U - - V'l )’2 0(.0{2
(r) 5 1

2 | y1trye

Here the o' s are the polarizabilities and Ys arise from

the ionisation energies, h\)1 and h VZ for the molecules,

h being Flanck's constant., These forces are always attractive,
whatever the mutual orientation of the molecules., They are
additive vectorally (by the parallelogram law) between groups

of molecules and, they are independent of temperature.

For the total interaction energy between two similar
polarizable dipole molecules in the gas phase, one ganwitte

the expression123 as under
b 2 2p« 3 th
Uy = & "3 5

= Repulsion = -éggg%:- + f%ggigd + Dispersion
4 dipole
R - R S
r r kT 4
I 11 I1I
b Cl
U(rJ:. rh - rs
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Bayliss121' derived following equation for the

frequency shift oy caused by the solvent.

2
AW = Constant x(: f)r ] n -1
V. &
o 2

Vv 2

o+ 1

where *'f¢ is the oscillator strength, 'ao' radius of the
spherical molecule, 'n! the refractive index of the solvent
and J, 1is the frequency of absorption maximum in the gas

phase,

It is appropriate to mention here that most of these
theoretical developments are based on Onsager's Reaction

Field 18 which in brief can be described as : (Fig., 1h)

The solute molecule is to be considered as a point

dipole at the centre of a spherical cavity of radius a,

immersed in @ homogeneous solvent dielectric, The electro-
static interactions between the solute dipole 3 and dipole
induced in the solvent dielectric due to the former give

rise to the induction and orientation polarization. As a

result of these polarizations an effective electric field

'R' is set up in direction opposite to that of the point

dipole (induced moment is alWays oriented in the opposite
direction of the orienting field). Due to this reaction field,the
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dipole moment in solution j' is chan-~ed from the dipole

moment in gas phase value p by an amount xR', where « is
the electronic polarizability of the molecule, Thus

p' = p o+ R

*®*' is considered &8s a scaler Quantity and in most organic
molecules (K = 32 /2. Based on these considerations the

reactiocn field f*R!' is given by the expression,

R = (ZP/aZ) J.&‘u—

( D+2)

R can be thought of to be composed of two parts

R = R.

ind + Rox-

where Ry . = (2;1/33 ) ( n2-1) / (n2+2) and
- 3 (1) __, (%)
R, = (/a7 ) [ (De2) (Pa2) ]

The most uncomfortable part of this expression is a, vwhich

is not well defined and hence all subsequent theories, based
on Onsagsar reaction field, suffer from inaccuracy of the
excited state dipole moment, The only &@lternative is to
compare frequency shifts in fluorescence spectra and the
electronic spectra, the ratioc being related to dipole

moment without reference to a°137’ 138,148.
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Many other authors have developed
Quantitative theories of this type, We outline here
relevant ricRae and Suppan theories., Mcﬁae125'127 derived
an expression for the solvent induced freguency shift, from
the second order perturbation theory, taking into account
all the types of interactions suggested by Bayliss and
l"icRa1e125. On the basis of & simple electrostatic model, the
frequency shift, Ay, is related to the refractive index and
the static dielectric constant of the solveant by an equation
consisting of four terms which can be simplified by substitut-
ing the refractive index for the sodium-D-line (m) in place
of refractive index at zero frequency (noJ. The simplfied

form of the McRae expression may be written as

, - 2 2
AV = 'L—(A + A') + BJ _n2-1 +«c $X1_ 1 =1,
: 20%e1 D+2 n2+2J
r 2 2
+ E D1 n2-1 1 ee oo (I,15)}
De2 n +2_J .

Here the constants ( A+A') represent the contribution of
dispersion effect and the other constants

B = (p2 - po )/nca) e oo (1.16)
¢ = 2 (g - po)/noay ve oo (1AD)

and B = 67y (% - &) /hca e o (178)
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are functions of the ground and excited state dipole
moments (Fg and ;.le) and the corresponding polarizabilities
(d‘g and c(e) of the solute molecule with h, ¢ and a  being
the Flanck's constant, speed of light and the cavity radius

respectively,

In By, 1.15 the first term (A+A') (n2-1/2041), the
dispersion term, represents the contrivutiocn of dispersion
forces between the solute and solvent molecules, which
usually gives a red-shift of absorption, The dispersion
term depends in a complicated way on various .spectroscopic
properties of the solute and solvent mclecules. The second
term B(n2-1 /2n2+1) is the contribution due to interactions

between permanent dipoles of solute and solvent dipoles

" D1 nz.
thereby induced., 7The third term C |=——=—a ——2—-]
Ds2 n“+2

corresponds .to the contribution f rom interactions between

permanent dipoles of the solute and solvent molecules. The
D=1 - nz-1 2
D+2  n°e2

last term E represents the contritution

from interactions between permanent dipoles of solvent
molecules and solute dipoles thereby induced, which may be
regaprded as the cuadratic stark effect. It Lis assumed that
the contribution of the qQuadratic Start effect is small
compared with other contrioutions, hence the last term was

cl;l:'opped‘l 28,1 29. Thus,



(1]

3%

: 2 2
AV = [(A+A') +BJ —“ﬂ—+c( D1 _ “‘1] .o (1.19)

2n2+1 D2 n?+2

For non~polar solvents (D =< n?), the 1. I.19 reduces to

—_ n2 1
Av = (A*A') '|'B]_-_ e (1‘20)
2n2 +1

Various other thepries and attempts to generalise the
effect of solvents on spectra have been made by sewveral

workers130-13h.

135

According to Suppan , & comprehensive theory may

{
not always be necessary in order to have a quantitative

understanding for the interactions of a solute-solvent
molecules. These interactions can be listed as (i) dispersion
forces, (ii) dipole induced dipole interactions, (iii) dipole-
dipole interactions, (iv) (higher) multipole interactions,

(v) specific associations (hydrogen bonding, etc,) and

(vi) solvent cage strains. Fortunately, in most cases, it

is possible to neglect all but one or two of these
interactions and the theories derived for such restricted
cases can be quite simple and straight forward in their
application, The treatment by Suppan is based on the
classical Onsager model of dielectric which shows, how data
like dipole moments and polarizabilities of excited states

can be obtained from solvent shift experiments., Restricting
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for the moment to the case of a non-polarizable dipole,
Suppan has given the following equation, ™. I.21, for
relative solvent shift of an electronic absorption band due
to dipole-dipole interaction only, in solvent 4 with respect

to solvent 2 for the given solute,

41Dy, 5

a>
o

- OB, = (g - ppg

where AE)_, , 1is the observed energy shift of a solute
absorption band between solvent 1 and 2, a, is the radius of
the (spherical) cavity occupied by the solute molecule in any
of the solvent as it is assumed that a_, = ac,2 : (pe-pg) is

the change in the dipole moments of the solute between the
excited and ground state, £ (D) is the function equal to
2(D-1)/(2D+1) of a series of solvents with comparable values

of refractive indices, but different static dielectric
constants and Ai‘(DLI —32 is the corresponding change in

the function f£(D) between solvent 1 and 2. It is assumed
that in a particular solvent the radius of the cavity

occupied by the solute molecule in the ground state (aoj is
the same as that in the excited state (ae) ie. a = a, and
the molecular volume does not change appreciably on excitation,
The condition a, = a,  assumes also that dipoles Pg and M, are
centred at the same point in the molecule,
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The effect of the polarizability of the solute
molecule is introduced by Suppan as & separate term
independent of the dipole-dipole interaction term and it
wasg called as the dipole-induced dipole interaction term,
The polarizability change in the direction of a permanent
dipole moment PS is Ads_e given by . 1I.22, again for
solvents with comparable value of refractive index.

2
s 2
-AE 5 = A“g—e_—g'_df(nh—-rz

%

where A oL g-e is the change in polarizability of the solute
molecule in the ground and excited states,

Suppan raised some obJections to the 'l:l'1eo:|:~ie3126'133
wherein the dispersion interactions lead to a 'general
redshift' which depends, among other things, on the oscillator
strength (i.e, the intensity) of the absorption bands. He
has put forth an alternative theory of the solvent shift due
to dispersion forces by considering London dispersion
theory and derived an expression, '

AE1 — 2 = =Ct* -A"f'(ﬂ" Aq (n2)1 52 00(1023)

3
il

2
n-=1 and AO’ (n
nz+2

2
where ¢ (nz) is the function equal to )1...,2

is the corresponding change in the functions ¢ (nz) between

solvent 1 and 2 and C* = 1,8 x 10"" C. 8. 8. units. Thus,

ne has shown that the solvent shift can be attributed to &
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change in polarizability on excitation and the oscillator
strength plays no part,

The theory of solvatochromic shifts in solvents of
different dielectric constants and refractive indices is
used‘Bs_139 to measure both the absolute value and the
direction of dipole moment vectors in excited states., 4n
expression for the solvatochromic shift for polar molecules
(excluding effect of specific associations and some special

solvent anomalies) is given as139

-p)
_AE1___’2 = Pg(’;e Pg {A[‘f(D)-f(nz)J1_>2

a
o]

(WS . |

2 _ 2
S
+ _e;__s._.Af(nZH_)Z

%o

where the first term is the permanent dipole interaction

(1-24)

term, the second term represents the stabilization difference
of the ground state dipole Pg and the excited state dipole
He by the induced dipoles in the solvent and f(n2) is the
function equal to 2(n2-1)/ (2n2+1) and Af(n2)1_,2 is

the corresponding change in the functions f(n2) between
solvent 1 and 2, For non-polar solvent (D.:zn?) 0. I.24

‘ed st
reduce o 2 »

canle - B, L (1)

a
o

The f(nz) plot of the solvatochromic shifts for polar solute
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molecules in a series of non-polar solvents can provide a
measurement of the absolute excited state dipole moments,
When used in conjunction with the £ (D) plot in a series of
polar solvents of the same refractive index, information is
also obtajined about the direction of the excited state
dipole vector with respect to the resultant ground state

dipole vector,

1.9 Limitations of the Method of Estimating Dipole

e e e
Moment in Excited States 40:

The various equations s8¢ far discussed are based on
the classical dielectric model. Though of practical utility,
the acutal manner of employing this approach appears to have

a number of drawbacks as follows :

(1) Measurement in all sorts of solvents ranging from
quite inert (e.g. cyclohexane) to quite reactive one (e.g.
dimethyl sulfoxide), have been incorporated in one and the

same graph,

This would imply that all solvents irrespective of
their nature, structure, polarity etc., interact with the
solute in an identical manner, the extent of interaction
depending only on the dielectric constant of the solvent.
Actually, the experimental data shows a large variation(such

a variation is observed when solvents 1like benzZene, dioxane,
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triethylamine, valeric acid, l-chlorobutane, isopropyl
bromide, dichloromethane etc. ars used) which is obvious
since the solvent interaction must also depend on its
chemical nature. The extent of stabilization of the ground
and excited states of the solute molecule must be Aifferent
in different types of solvents, Under these circumstances,
the slope of the graph of AV vs AfL(D) is not much
meaningful,

(2) The frequency shift (. A Y ) of the solute band is
measured with respect to the band freQuency in some non-polar
solvent used as reference and then c¢lassifying the shift as
red or blue with respect to the former, However, the cholce
of the reference solvent is rather subjective and the AV

so obtained is of limited significance,

(3) They cavity radius a  in many cases is chosen in
somewhat arbitrary shape for the solute molecule, 1In a few
cases, 8 is calaulated from density of the solute, The
cavity radius so obtained is likely to be inaccurate; since
the molecular volume in dilute solutions (C = 1 x 10'4 to

1 x 10-5 M) where solute molecules are essentially free from
one another would be considerably different than that of
Fure solute in solid and 1liquid state. The use of equivalent

shell method 138,139 is also not very satisfactory since the
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solvent shell functionr = r (8 , ¢) is generally not
available and further the solvent shell cannot be considered
is a physical continuum on the molecular level though it
appears to be a statistical coantinuum.

Because of these drawbacks, it is difficult to
access the reliability of the reported Be values and their
implications on the related properties, The improvements
against these drawbacks have been mentioned in Chapter-1I

of the present work.,
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CHAPTER II

EXPERIMENT AL PROCEDURE AND
TREATMINT OF THE RESULTS,

The preseat work deals with the determination of
dielectric constant, density and refractive index of organic
compounds in benzene solvent. The measurements have been
carried out for solutions of various concentrations at 30°C.
with a view to study the effect of solvent on the dipole
moment of the organic compourds, Dipocle moments in the
ground state ( Pg) of the various methoxybenzaldehyde

isomers have been determined in benzene at 30°C.

The values of dipole moment in groumd state thus
obtained and solvent induced shifts of electronic absorption
bands of molecules in n-pentane , n-hexane, iso-octane and
cyclohexane were utilised for the estimation of dipole
moments in the excited states (p.).
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Following isomers are studied :
i) 2,Methoxybenzaldehyde,

ii) 3.Methoxybenzaldehyde,
iii) 4.Methoxybenzaldehyde,

II.A Purification of Solvents and Compounds and
Preparation of Sclutions:

Purification of Solvents:

Benzene : Various methods1 are reported for the purification
of benzene., The method used in the present work is the

modification of the methods of leonard and Sutton2 and

Washburn and Read®, Crystallisable GR grade benzene

(S. Merck) was used, The traces of thiophene were removed

by repeatedly shaking benzene with concentrated sulphuric

acid until tisatin test'h for thiophene was negative. It

was then successively washed with water, dilute socdium
hydroxide and water. This benzene was freed from water by
keeping it over anhydrous calcium chloride., It was then
subjected to repeated crystallisation by freezing., The portion
which froze at 5.5°C was distilled over phosphorous pentoxide
and stored over sodium in well=-closzd, amber glass container

until required for use, This benzene was redistilled over

phosphorous pentoxide Just prior to use.
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All the other solvents namely n-pentane, n~hexane,
iso-octane, cyclohexane, diethyl ether and acetonitrile
were of 'spectroscopic! grade purity, 'Fluka‘' (Switzerland)
make, and were used without any further purification.

It was confirmed, however, that no interfering
absorption in UV region was shown by all of these solvents.
Special precautions were taken so as to preveant the

absorption of moisture and sunlight by the solvents.

purification of Compounds:

The various isomeric methoxybenzaldehydes (MBH)were
repeatedly recrystallized from the solvents &s mentioned

below:

Compound Solvent
2=-MBH « o Pet.ether
3=MBH . chloroform
4_MBH . . ethylal cohol

and were dried perfectly under vacuum over phosphorous

pentoxlide,

Purification of Benzaldehyde s

Benzaldehyde is readily oxidised by atmospheric
oxygen ultimately giving benzoic acid, Benzaldehyde G.R,
grade (S.merck} was washed repeatedly with 10% sodium
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carbonate solution until no carbon dioxide gas was
evolved; then with water and dried over anhydrous calcium
chloride in preseance of litile hydroGuinone or catechol
(antioxidant). This benzaldehyde was double distilled
under reduced pressure in the stream of nitrogen gas and
stored under nitrogen gas in a well stoppered amber
coloured bottle, A litile quantity of hydroquinone was
added to avoid its autooxidation., This benzaldehyde was
redistilled in stream of nitrogen gas Jjust prior to use,

All the purified compounds were preserved in
airtight containers over phosphorous pentoxide under vacuum

in a dessicator and also protected from sunlight,

Reagents :

Fused calcium chloride LR grade (BDH, England),
potassium hydroxide (E. Merck) and sodium hydroxide,
phosphorous pentoxide, concentrated sulphuric acid, pet.
ether, chloroform, @nd ethyl alcohol of Sarabhai Merck
AR/CR grade were used for purification of solvents and

solutes,

Criteria of fhritx:

Purity of the purified solvent and solutes was
ascertained by measuring their physical constants such as
m.p., b.pe 8nd refractive index (nn). The values observed

are recorded in Tables II-1 and 1I.2e
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Preparation of Soluticns:

For the determination of dipole moment in ground
state the solutions of desired weight fractions (Hé) were
prepared in a specially designed ground glass stoppered
flask to minimise error in weighing due to evaporation of

solvent,

For the spectroscopic measurements, generally a
stock solution of concentration 1 x 104 was first
prepared, the solution of desired concentration being then
obtained by successive dilutions, Diluteions were carried
out with calibrated 1 and 2 ml, graduated pipettes and
5,10 ml specially designed ground glass-stoppered volumetric
flasks, All the weighings for spectroscopic measurements
were done on a microchemical balance, weighing accurately

up to 0,001 mg.

II, B BEmerimental Cell and Determination of Dielectric
Constant, Density and Refractive Index:

Experimental Cell :

A special type of experimental cell Fig, II.1 was
designed so as to avoid contamination of meisture with
solution under investigation and carry out the measurement
in an absolutely dry atmosphere. It consisted ot two
concentric stainless steel cylinders held rigidly by means
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of properly ground teflon spacers. The ianner one was solid
cylinder so as to avoid an excess of the solution, It was
connected to H.T., while the outer one was earthed, The

cell was placed in a glass container with a B 34 ground

glass lid, The leads of the respective cylinders were

sealed in the B 34 ground glass lid of the container using
araldite adhesive so that when properly placed, the entire
assemble was perfectly air tight, The cell could be evacuated .
by connecting end A of fhe lid to vacuum pump @nd fresh dry

air was aliowed to enter tne cell through end B,

The cell container was fitted in an outer glass
Jacket provided with an inlet and outlet for circulating
thermostate liquid. A thermometer with 0,1 degree accuracy
was fitted at the outlet of the jacket so that the temperature
of the out going thermostated liquid ¢ould be determined.
The desired temperature (30°C) was maintained by using MLY,

thermostat U10 (GDR).

Measurement of capacitance:

The present work deals with the determination of

dielectric constant by the electrical capacitance measurement

2

method. The following three methods 1 have been reported

for the determination of electrical capacitance,
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Fhysical Constants ¢f the solvents:

Sr. Solvent Bolling Density Dielectric Refractive Ref., for
Nos  (cut off/nm)  polnt ) -3 constant index 11t, value
o gt ¢/g e o o
t /¢ 25 25
o %
1. n-Pentane 36.3  (a) 135454 ()] g 49
(210) 36,7 (b)  0.62139% () 1.88%° (b)  1.35472 (D)
2. n-Hexane 68.4 (a) 1,37230 (a)) 9
(210) 58.7 (b) 0.65482%% (b) 1.883 (b) 1.37226 (b);
3, 1iso=Octane ¢8,9 (a) 1.38370 (a)) g
(210, $9.2 (b)  0.68681%° (b) 1.933 (b)  1.38398 (b);
4, Cyclohexane 20,5 (a) 1,423506 () g ik
(210) 0.7 (b)  0.76928°° (b) 2.015 (b}  1.42354 (b)
5. Dlethyl ether 34.4 (a) 1.3494 (o)) 1,9
(220, 34,6 (b)  0.708%2 (b) 4335 (b)  1,3497 (u]
6. Acetonitrile 81.4 (a) » 1.34159 (a)) 1,9
(210) 81.6 (b)  0.77683%% (b) 37.50  (b)  1.34163 (b)}

CONTD.
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3‘0'0 Solvent Boiling Density Dielectric Refractive Ref. for
. (cut off/nm) point t°%/g > constant index 1it. value
° q“ “/§ e 59
t/ % 2 ,25°
D
7. Benzene 7%.9 (a) 0.873525 (a) - 1.49754 (a) )
80.1 (b) 0.8737% (b) 2,274 (b) 1.49790 (b) g
8., Dioxane 101.0 (a) 1,0263%° (a) 2,2365 (a)  1.42018 (a) )
101.3  (b) 1.02687%7 (b) 2,209 (b)  1.42025 (b)

(a) Present work, (b)

Literature value,

79



Table - II.2

-
-

05

.
.

Physical constants of the solute :

S“ . ubstance Boiling Density Refractive Molecular Cavity Ref, for
O, point/ 25° o> 1ndex volume/ radius lit.value
melting a“’ /& 250 40>
point ng aO/ bt
t /%
1, DBenzaldenyde 178.8 (a) 1.0433 (a) 1,54274 (a) 16,7 (a) 1.59 (a) 1
172 (b) 1.0434 (b) 1.54230 (b) — —_
2.2-Methoxy- 36,8°C{a) = - 32,652 (a) 1.982 (a) 29 .
benzaldehyde 37 50c(p)  1,13262° (b) 1.5600°%(b) - - o
3.3ﬂ‘getho§g-hyd 230?6' (a) - - 20 32,632 (a) 1.982 (a) 23 )
enzalde e
230 (b) 1.11870 (b) 4.5530 ¢) - -
4, b=-Methoxybenzal- 249,33 (a) - - 29,447 (a) 1.915 (a) 23
dehyde
v 265,5 (b)  1.1191,7 (b) 1.5730%°(b) ~ —
(a) Fresent work (b) Literature Value,
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20.Basic ratio bridge
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i} Capacity bdridze method
ii) Resonance method

iii) Heterodyne beat method

In the present work, capacity bridge method was
employed; using type 1520-AP capacitance measuring ascembly
of General Radio Company, USi. The capacitance measuring
assembly for the precise measurement of capacitance consisted

of the following units.

i) Capacitance bridge (type 1515-4)
ii) Audio oscillator (Type 1311-4)

1ii) Tuned amplifier and null detector (type 1232-4).

The fixed frequency of 1200 ens and capacitance
bridge for two-terminal capacitance measurement were employed
in the persent work for which the circuit diasrams are shown

in Fig. I1I.2a and II,2b .,

Determination of Lead Correction :

The cell was cleaned repeatedly with alcohol and
acetone. It was then dried by passing & stream of hot air
which was followed by evacuation of cell at 40°C, using n
vacuum pump, Freshdry air was then introduced into the

cell by passing atmospheric air through the drying as-embly

(Fig., II.1). The dielectric constant (D) of a solution may

1
be calculated by using the expression 3,
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D -l 2 e e (ILY)
CA - 8a
where CL = the capacity of the cell filled with liquid,
CA = the capacity of the cell with air, and

a = the lead correction,

The capacity of cell with air and benzene were determined
at 25°C and 30°C. The lead corrections ta' at these
temperatures were calculated, using the literature value9

of dielectric constants of benzene at these temperatures.

Determination of Dielectric Constant:

After all the preliminary operations mentioned
earlier, the measured volumwe of the solution of known weight
fraction was introduced into the cell and the capacity of
the cell was measured at the desired temperature. Knowing
a, C and CA at the corresponding temperature, the
dielectric constant of the solution was calculated by using

l, II.1.

Measurement of Density:

Weissberger1h has reported various convenient methods

for determination of density. Lipkin's pycnOmeter15!16 of

0.5 min diameter capillary was employed in the present work,
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The level of 1iquids in the two arms above the reference
wark was more accurately measured with a travelling
microscope reading to * 0.001 em, It was calibrated with

double distilled water at different temperatures1

7 in a
thermostat controlled to + 0.01 °c. All weighings were
accurate to + 0,00001 g and the density value better than

+ 0.0001,

Measurement of Refractive Index:

The refractive indices at 25°C and 30°C were
determined using Abve refractometer at the wavelength of

sodium D line ( A = 5893 a°%).

IX. C Spectroscopi¢ Measurements:

The electronic absorption spectra of the various
compounds were recorded on microprocessor controlled Hitachi
(200 A) double beam UV-Visible spectrophotometer using a pair
of matehed 1 cm, qQuartz cells, with settings (1) slit widthe
1am, (2) absorbance range = 0 to 1 (3) scan speed 60 nm/
minute, {4) response time 0.1 sec, and (5) wavelength scalew

1 were used., The measurements were carried out

5 to 10 pm co
at room temperature in n-pentane, n-hexane, iso-octane and
cyclohexane solvents within a concentration range 1 x 10'5 to

1 x 10'6 M agzainst the same reference solvent, 3ands with
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small values of molar absorptivity were obtained by
selecting appropriate concentration of solution or with

the help of the absorbance scale expansions,

The data obtained in am on the positions of the
maxima for the bands, )\max. were convertad into the
frequency scale by the relation ﬁg (cm-1) = 107/ >\max.
The molar absorptivity, €, was calculated according to

A
c.1

the formila : £ = where ¢ denotes the molarity

of the solution, 1 the path in cm and A the absorbance.
The approximate oscillator strength 'f!' was evaluated by

using the formula:

~ ~S )
£ o2 (4.6 x 1077) € Lax AV 12

where E'max is the molar absorptivity at the )‘max and

AY 1/2 the half band width of the corresponding band,

The half=band width and the oscillator strength were

calculated for the most intense local maxima of the transit-

ion,

The accuracy of wavelength measurement is better
than + 0.2 nm since the wavelength scale of the instrument
is linear. The errors in the measurement of absolute molar
absorptivities, which are essentially due to concentration
errors, are propably less than 5 %. In some caseg, it was
not possible to determine precisely ine absorptivities

because of very low solubility of the solute.
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(1]
(13

II.D Methods for Computing Dipole Moment in Ground State:

The applications of various eguations indicated
minor differences inthe observed values of dipole moments
because of concentration, solute-solute and solute-solvent
interections which can be eliminated by using extrapolation

methods like Halverstadt-Kuml er21

y Gurgenheim and modified
Jasd;lt:a'r22 equations, Hence we have used only Halverstadt-

Kumler method and modified Jatkar methods for calculation.

1. Helverstadt-Kumler Hethoclzl :

When the concentration is expressed in weight

fraction, following equations are used:

L A D1-1
Py o © > + (v +B) Ma--(II.1)
(D,l + 2) D1+2
d
2 3V, n12-1
P, = + (vy+P) M, (11.2)

(n%'l-Z)z n‘12+2

where P2 . is the molar polarization of solute at zero
concentration, « , B and Y are the slopes and D, v, and
nﬁ are the ordinate intercepts of D12- 'n'a; V12 - w2 and

nfz - wz plots respectively., These values were computed by

using the method of least squares,
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The contribution due to the atomic polarization was

taken as described earlier,

The orientation polarization of solute was then

calculated by using the expression

Po = PZoo e -a

Finally dipole moment (FE) of the solute was calculated
by the foraula

2

_ Lt N
Po = _JE_._E..E._. .. .. (11.3)
9 kT
2. Modified Jatkar Exmati.on22

For the concentration in weight fraction

L]

P [ Vg + (D=1) (v1+p)] M, .- (1I.4)

2®

and
Pe

[ YV + (-0 (ep ] m,. (1L

The terms involved in the above two expressions have the

same significance as mentioned in Halverstadt-Kumler equation,

The contribution due to the atomic polarization was

taken as described earlier,
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,*”
*

The orientation polarization and hence the dipole
moment (Pg) was calculated by using the following relation:

- F =« P a "JlNllag

o 2 ® e a (0.8955 n;) (1I.6)
3KT

1I.E Determination of Solvatochromic Shifts and Dipole
Moment in Excited State:

In view of the practical utility of estimating excited
state dipole moments, the method has been modified S by

logical and systematic steps as given below:

(1) The solvent for such measurements must be restricted
to saturated hydrocarbons like pentane, hexane, heptane,
octane, cyclohexane etc, which are the least reactive
solvents, The solute-solvent interactions in such solvents
would then be very similar in nature, the maznitude depending
mostly on their dielectric constants as implied in the
déelectric model under consideration., Tnus, in the present
work, only the saturated hydrocarbon solvents (n-pencane,
n-hexane, iso-octane and cyclohexane) were employed in the

determination of p, and Apg o

(2) The subjectivity in the choice of the reference solvent
and thereby in Ay can be removed by measuring the frequency

J . of the band corresponding to an isolated solute molecule,
v
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The A Y so0 determined is the batter me.sure of tne
solute-solvent interaction, If experimental vapour phase
frequencies (7") are not available, as is generally the
case, then considering vacuum as the reference solvent

(D = n® = 1) the equations I.15, I.20 and I. 24 can be

written as
2 2 2
- -1
Ve = Vv ( Aea’) + Pe " P | T (1.7
s v hcaz 20241
2 .2 2
T = Y - Pe = ¥y [ 0= (11.8)
s hca3 2n2 + 1
0
and
5 - 9, - PgedBee _2(p-1) .. (11.9)
V. :
s hea Z 2D+1

respectively, where the subscripts v and s refer the vacuum

and particular solvent respectively, Now the y g Vvalues can

2 2
directly be plotted as a function of B =~ or 22(n =-1) or
2n~ + 1 2n“+ 1

2(D=1 yielding Be ©F APe g from the slope as expected,
2D #1 ’
In case of iicRae%s equationu contribution of (A+4) to the

slope is very small and can be neglected., Because of
restrictirg the solvents to hydrocarbon class, the slope of
the present line would be physically more geaningful, In
addition, the inrecept of tae straisht line on the frequency
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axis gives the vapour phase frequecy §v. Such an
extrapeclation would not be meaningful when all kinds of

solvents are incorporéted in one and the same graph,

7-0
“ were utilized

In the present work, BEgs. IIX.
in the determination of p, and AR, g values. In the
]

similar way, the following equation

- 2(D-1
-\-’s = -3-"v = (‘liLAPe.g] (o0 ve (II,10)

hca3 D2

o
. . 180,
was also employed to obtain Ap, g values
’
Various functicns of D and n used in the determination

of p. and APe, g values &re listed in the following table.

In this calculation, the values of D and n have been taken
from Table II,1.

Table : IT.3 ¢ Functions of D and n corresponding to
various solvents

Solvent n2-1 2(n%-1) 2(D-1) 2(p-1)
2n2 +1 2n2+1 2D+1 D+2
n-Fentane 0.17876 0.35753 00,3601 0.4391
n-Hexane 0.18530 0,37060 0.3724 0,4575
i so-Octane 0.19113 0.38226 0.3852 0.4772
Cyclohexane 0.20313 0.40626 0.4055 0,5086
Diethyl ether = - - 1,0525

Acetonitrile - - - 1.8481
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(3) A proper measure of the cavity size will be the
volume of a single solute molecule calculated from its

bond lengths and angles, considering the molecule as an
ellipsoid which is a better approximation than the spherical
or cylindrical shape, The lengths of the ellipsolid axes

(A, B and C) were determined by projections of various bonds
in three mutually perpendicular directions (a, b and c)
which are more or less obvious from the molecular skeletoén,

Equating the ellipsoid volume (V = %]C Z&-%-% ) with
that of an equivalent spherical cavity ( V = %J[az )

gives a , = 3 VYABC/2. If some groups in the solute
molecule are capable of free rotation, the ellipsoid axes

were appropriately averaged out over possible confbrmations.

The following example of benzaldehyde will
illustrate the approach wherein bond lengths and bond angles
are required for the ‘calculation., These parameters19’20

are listed in Fig., II.3 .
A = Y projections of oonds on a-axis
= 4,29 ?\

B = Zprojections of bonds on b-axis
5.93 &

C = Zprojections of bonds on c-axis
= 1.97 i
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Projection of -CHO group on c-axis changes from
einimum O to maximum ¢ when @ changes from O to /2

as @ result of the rotation of the group about Cy=C axis

where € is an angle between the planes of the aromatic
nucleus and the -CHO group. Therefore the calculation

of an average value (cavr) of all projections on c-axis

is required. Evaluaticn of Cayp 15 carried out in the

following way,

Jy/2
c = esine® / _x/2
avr Z
6=0
or
= }/2 csinde / x/2
0

where ¢ sin Q@ is the projection of the - CHO group on

C-axis at any moment corresponding to the angle © . After

solving the integration the value of C, . = 0.5564 € is

obtained,

. Volume of the molecule

0.6364 C
2

z 2 2

16070 3- v
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Bguating the ellipsoid volume with that of an equivalent
spherical cavity ( —;—‘—Jtaz }, the value of the cavity

a, is obtained as 1.59 Q.

A BASIC Computer program was written for the

cal culations, BBC microcomputer was used,
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GHAPTER 113

ANISALDEHYDES s
& $TRUGTURAL PERSPECTIVE

A large experimental data is published related
to the anlsaldehyde iscmers, specially as vital reactants
and intermediates; accordingly its structure 1s also
predicted. We feel that a natural continuity flows in the
interaction of these molecules to various parts of the
energy spectrum and such understanding is possible if the
basic electrical nature of matter is taken into account.
From this point of view, the basic electrical entity, the
dipole moment of these molecule is studied both in ground
and excited state and a correlation of these values 19

sought with 1‘?C KRMR and the UV spectrum of these compounds.
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CHAPTER _III-A

DIPOLE MOMENTS OF
ANISALDEHYDES IN THE
GROUND STATE

III.A.1 : Resultg and Discuasion

The experimental data of dielectric constant,
density end refractive index of lsomers of anigsaldehydes at
various concentrations in the solvent benzene at 30 °C have
been listed in Tables III.1l - III.32. The molar polarization
values Pz(oo) at infinite dilution,calculated from modified
Jatkar CHJ)i and Halverstadt-Kumler method (HK)z' and the
corresponding dipole moment values from these equations are
listed in the last two columns of these tables. The sum of
the electronic and atomic polarization values P(e*a) are
glven at the top of each table for modified Jatkar equaticm
and Halverstadt-Kumler (HK) method. For the interpretation
of results, dipole moment value obtained by Halverstadt-Kumler
method at 30 °C have been used. The values of dipole moments
investigated in the present works along with the availlable

literature values are given in Table III.4 for comparison.



abl

86

:1

Dipole moment of 2-methoxybenzaldehyde at 30 oc

2.99128

2.72969

4.68445

Solvent p(e*a) (MJT) P(G;a)(ﬂK)
{ cm®) ()
Benzene 169.61 38.51
2 |
(gm.cm™v) (em3)
 0.0000 2.265 0.86844  1.4947 a=15.022 MJ= 4.270
2506.06
0.97384 2.406 0.869885 1.49494 B==0.2750 HK= 4.377
422.80
2.02694 2.562 0.87206 1.49544 )= 0.1425

2.694 0.87411 1.49595
2.8123 0.87873 1.49626

2.967 0.87760 1.48670




Table I1J7I1.2

Dipole moment

g7

of 3-methoxybenzaldehyde at 30 °C

Solvent P(e*a)(MJ’ P(e*a)(ﬂx)
{ co®) (em?)
Benzene 16l.24 27.873
e a .
W2x 10 Dyp (gm%gh'a) n12 Slopes 2, o ng (D)
{cm*)
0.0000 2.265 0.86844 1.4947 a=6.8294 MJ = 2.959
12:2.84
0.87126 2,230 0.87040 1.495156 p=-0.2098 HK = 2.965
214.60
1.66745 2.388 0.87168 1.49521 )=0.01925
2.4564 2.44]) 0.87297 1.49526
2.24006 2,485 0.87414 1.49521
2.9649 2.541 0.87528 1.49525




8s

Table 111.3
Dipole moment of 4-methoxybenzaldehyde at 20 %
Solvent P (MJ) P (HK)
+ - +a
(0*2)cn?) @) end)
Benzene 157.74 36.74
W 102 D d12 n Slopes P u_(D)
2* 12 -5, 12 20 %
(gmecm )
0.000 2.265  0.86844 1.4947 a=13.072 MJ = 4.0894
2205.47
0.8023 2.251 0.86995 1.48522 p£=-0.2567 HK = 4.0966
374.12
1.6788 2.450 0.87171 1.49546 )=0.0472
2.4412 2.55% 0.87205 1.49557
2.2149 2,642 0.87459 1.49571
4.0131 2.775 0.87620 1.49582




Table 117.4
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Summary of dipocle moments of isomeric methoxybenzaldehydes (MBH)

Compound Solvent ug(D) Literature velue Refer-
o of u (D) ence
at 20 ‘C L .
present  at 20°C at 25 C
work
2-Methoxy- Benzene 4.37 4.19 4.24 1o, 17
benzaldehyde
d-Methoxy- Benzene 2.96 - 2.90 18
benzaldehyde
4-Methoxy- Benzene 4.09 3.8 3.9 18, 19

benzaldehyde
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II1.A.2 : Vectorial addition method for Estimating
Jig calculated

The use of the dipole moment value of 8 molecule to
investigate its structure, involves comparison of the
experimental value of the moment with the one, calculated by
the additive method, based on the rules of vector algebra.
To calculate the expected moment (pg, calcs) of substituted
benzene derivatives, the concept of group moment 1s very
useful. Using the value of 6 (the angle of orientation of
the dipole moment vector) as 146° and 72 % for -CHO and
=0CH; group respectively and assuming the magnltudes of
~CHO and -OCH3 group moments as 2.95 D and 1.2l D respectivelyz
the expected dipole moments (ug, cales) have been calculated

for the methoxybenzaldehyde lisomers.

II1.A.3 : Illustrative Calculation®

-

The methcd congsists of projecting the vector of
dipole moment p on arbitrarily chosen coordinate axes and
evaluating the components m., m, and m,. Results is

expressed &s

B = (mﬁ-i-m:fmz 1/2

If a molecule contains m polar groups, corresponding

appropriate formula is

2] 2 n 2 n 2 1l/2
n = EE;.““’ CE m s mziJ]
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In order to calculate the prolections, one must know the
angles between the vectors of group moments and the coordinate
axes. In some cases, particularly for planar molecules, these

angles are easy to calculate vhen the valence angles are known.

Illustrative calculation in this respect is given
below in the case of two probable conformers of para-anisal-

dehyde.

The values of structure (I) (Fig. III.lA)and
structure (II) (Fig. II1.IB) are reported in corresponding
Tables III.5 and III.6.

The calculated dipole moment values of two conformers
are 2.88 D (Structure 1) and 4.04 D (Structure I1). The root

mean square value can be estimated as follous?

2 _ X 2
b E, M
= 1 2, 1 2
= 3 (2.88)" + 3 (4.04)
"B.HS = 3,51 D.

If this value is very clogse to the experimental value then we
conclude that conformers I and 1I exlst in equal proportion
in the equilibrium mixture.

Similar calculations are made for each of the probable
conformers of methoxybenzaldehydes. The values thus obtalned

are mentioned in the subsequent discussion.
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y
l Y
: | ugCgHsCHO
"'\({_40
146° Mg CgHg50CHS °
o X X
72
o~ CHy
(1)
Fig. IT.1A
Table 1.5

Projection of group moments of -CHO and -OCH3 on x and y
c¢oordinates.

Group mx my
=CHO 2.96 sin 24 = + 1.655 2,96 cos 34 = + 2.45
-OCHa =1.28 sin 72 = - 1.217 +1.28 cog 72 = + 0.385

= my = 0.438 2%1 = 2.845

= [(zmx’.)z -+ (Emyi)zjlfa

= 2.880D

Beale
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i
! Y
: 119 CgHsCHO
H\\\é15;0 )
72 ugCgHsOCH
146° y o5 Ak
o — S
20
<
CHs |
I
Fig. TIL. 18
Iable IIX.¢

Projection of group moments of -CHO and -OCH. on x and y
coordinates.

Group oy my

~CHO 2.96 sin 34 = + 1.655 2.86 cos 24 = ¥ 2.45

~0CH, l.28 sin 72 = - 1.217 1.28 cos 72 = + 0.395
21!:1 = 2.872 anyi = 2.845

- 2 1/2
Beale. ~ E(Zmﬂ)a * (Z”yi’ :I
4.04 D.
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11I.A.4 : Stereochemistry of anigaldehvde jsomers

into
One should takeAaccount following facts while

proposing the stereochenistry of various anisaldehyde

iscomers.

h
(1) The group monent and}éﬂgle of orientation of

3

the groups” are

146°) and

-CHO (p

2.96 Dj
g 96 Dy ©

0
'OCHa (ug =1.28D; © = 727).

(2) (a) The steric¢ factor
{(b) The conjugation with the aromatic ring and
(c) The electrostatic forces

considered together

For example, in o~anisaldehyde,steric crowding between
the ortho groups,-CHO and -OCHsltends to push them out of the
plane of the aromatic¢ ring, while the mesomeric effect favours
the planar conformation of these groups so 8s to have effective
conjugation with the ring and also with each other through the
ring. The very fact that both -CHO and -OCHE groups of

5 of aromatic ring itself

anisaldehyde are in the same plene
reveals that the conjugation effect dominates the steric factor

in this case.
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The electrostatic factor also affects the relative
stability of the conformers. Thus, in prediction of the
relative abundance of the lsomers present in the eguilibrium

mixture of o—-anisaldehyde,

H
H\c¢0 o,\\‘ ~
0
“CH, “CHy
(1) ()
Mgy =3 93D Mgl = 4°20

the conformer I in which the positively charged ether
oxygen is closer to the carbonyl group, should predominate6

in the equilibrium mixture.

Such prediction should be supported by other evidences;
e.g. the local variation of electron density as reflected in
NMR shift. Delocalization of electron density can aleo be

predicted by the molar extinction coefficlent in the u.v.

spectrum?

Using above general principles and the data collected
experimentally or from literature, we propose following analysis

of the structures of anisaldehyde 1somers.
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III.A.5 : @Stereochemistry of o—anisaldehvde

The nearly planer structure of this molecule is first
evidenced by the high molar extinction coefficient (Table II1.7)
of the n ~ x* band. The easy electron delocalization is
facilitated only when p orbitals of benzene nuclel &nd the
resonating substituent groups are overlapping and are parallel
to each other. This condition 1s possible only in a planer
conformation. Thus the planer conformation reflects in high

molar extinction coefficient.

12

The second evidence can be located in C NMR spectrum

of the compound]a Lauterberal3

has demonstrated that there
exists an 'additive' relationship for the effect of
substituents on aryl carbon shielding in a number of benzene
derivatives. Since the chemical shifts for the aromatic
carbons in several monosubstituted benzenes have been reported
by Spiesecke and Schneiderlo y it 1s possible to predict the
shieldings in other derivatives by using these date and
assuming additivity. In general,in ortho substituted anisoles
this additivity is dist;urbed.“’lz‘I3 The magnitude of the devia-
tion from this additivity is a crude measure of steric

hindrance to the electronic 1nteractibn and resonance of
methoxyl function.
The methoxyl and aryl carbon shieldings in anisalde-

hydes are reported by Stothers and Dhami'4 as
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Table I111.7
3
1“c shieldings of methoxyl and aryl carbon nuclel in

some substituted anisoles (in ppm from Csz)I4

Substi- Methoxyl Aromatic carbons
tuent arb

en Carbon C.L ¢2 C-3 C-4 C5 C-6
2-CHO 138.8 32.9 70.2 66.7 73.9 58.2 B2.5
4-CHO 137.0 29-0 79-2 63.% 63-5 63-2 79.2
anlsole 128.8 ag2.8 78.0 62.1 72.2 ©63.1 78.6

These velues can be compared with t hose predicted
by additivity.

The methoxyl group has marked deshielding effect on
C-l. For 2-formyl anisole (o-znisaldehyde), it seems probable
that the preferred planer conformation will be that in which
the carbonyl oxygen and methoxyl methyl group are as far apart
as possible.
0§§c"ﬂ

0
\CH3



58

This probabllity stems up from C-6 shielding which
differs by 2.9 ppm from C-6 shielding in anisole (in
p-&nisaldehyde the deviation is only 0.6 ppm). This suggests
that C-6 shift to higher fields is caused by location of the
methoxyl carbon. If a planer conformation l1s assumed, the
distance separating the methoxyl and C-6 carbon nucleil 1is
approximately the same as that between two ortho-oriented
methyl groups on an aromatic ring14 For o-xylene it is well
established that these nuclel are abnormally shielded.(BJ'q3J5)
This suggests the common origin for high C-6 shielding.

Thue taking planarity into consideration following
two planer structurescan be proposed along with t he calculated

dipole moment values.

H ,0 o\ M
\Cé N
0 0
“CH3 CHy
() ()
Mgl =3-93D Mq=5-20

Although the structure I should be electrostatically stuble, the
evidence of lac MNMR prefers structurell and our experimental

value of the dipole moment, though slightly higher, confirms

the same.
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111.A.6 tereochemictry of p-anisczldehyce

As discussed earlier, the high veluesof € p,,
(Table IIl.1l) are suggesting planer structure of the

molecule.

1

£

C NMR (Table III.7) of anisole indicates highly
shielded o~ and p- positions i.e. high electron density at
these positions. Now if an electron withdrawing group like
-CHO or -COOH, bearing a carbonyl function, is attached at
such B shielded position, then this density 1s easily
ahifted on to the cerbonyl oxygen. The methoxyl carbon
deshielding observed in anisole is almost the same'in
p-anisaldehyde hence the electron withdrawing group must be
deshielding the methoxyl oxygen along with methoxyl carbon.
This suggests that mesomerism and conjugation is prominent
in p-anisaldehyde, indicative of effective x overlep. Thus

the following planer structures are proposed along with the

vectorial moment values.

0 H
ch/’ OQ}C,,H
0 NG
H3C/ CH3
(1) (1)

Mgy = 2°88D M gt = 404D
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The experimental dipole moment value 4.C9 D clearly
the
1ndicatesLdominance of structure 11 in the equilibrium

mixture.

The Jjustification of such dominance could perhaps be
found in the symmetry consideration. The line passing
through methoxyl '0' and carbonyl 'C' has szme mass on both

aldes only in structure II.

II1.A.7 s Stereochemistry of m-anlsaldehyde

In this cese also the high € max Vv8lues are

indicating the planarity of the molecule.

4 8(b)

Dhami and StothersI confirm that the Lauterber's
additivity rule is observed 1in m-anisaldehyde and the
gshift-values of C-2 and C-4 confirm the orientation of
methoxyl group in the same plane of aromatic ring. Thus the
planarity of m-anisaldehyde can be assumed and following

structures with vectorial moment values c&n be proposed.

5 O/CH3 O/CH3
/
H3C H3C
(I) 919 (ImI) (IY)

K gy=5-17D Meo= 174 M =305 u =396
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As in the case of p-anisaldehyde, the consideration
of symmetry about cl-C4 divider line suggests that
structure I11 and IV are more probable. The experimentsl
velue of dipole moment suggests that structure ITI is the most

probable structure.
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CHAPTER JJI-B

SOLVENT EFFECT ON ELECTKONIC
ABSORPTION SPECTRA AND DIPOLE
MOMENT IN EXCITED STATE_OF
ANISALDEHYDES

The small shift in the frequency of absorption maxima
of compound in UV spectrum, upon solvating the absorbing
species, is apparently insignificant phenomenon but a wealth
of information can be churned out of it. A redistribution of
electron in the chromophore, upon excitation by an UV
radiation, either increases or decreases its polarity and the

dipole moment.

This information 15 made available upon estimating
the dipole moment in excited state, by measuring the solvato-

chromatic shift.

The shift is alse an indicator of the solute-solvent

interaction energy, the polarity and solvating power of the

solvent, the ﬁolarizability of solute and solvent molecules etc.
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Frank - Cohdon
state

| N
N S Equilibrium
N stote

Flg III-;Z :The effect of solvation energies on the
solution absorption frequency when
dipole-polarization forces are dominant

and when there is no orientation strain,
i.e. when the. Frank-_Condon and
equilibrium excited state have the
same solvation energy. The solute

dipole moment increases during the

transition.
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The knowledge is useful to understand the reasctive centres of
¢ photochemicsl reaction. The excited state dipole moments
are also a valuzble parameter in quantum mechanical
calculations of verious physico-chemical properties of

molecules.

To evaluate thls valuable parameter a study of
golvatochromatic shifts is made of the anisaldehyde lisomers,

which is not reported in the literature.

The UV absorption spectrz were recorded at room
temperature, in solvents n-pentane, n-hexane, isooctane,
and cyclohexane. The solutions (~1 x 10'5 M) were prepared
and then the absorption spectra were recorded. Ususlly the
most intense local maxima of an electronic transition was
coneidered to obtain the spectral characteristics such as
the position of the maxima ('Xmaxj molar absorptivity (€ max’
half band width (.5551,2) and oscillator strength (f). The
cavity radii of the molecules were calculated from the

molecular dimensions.

The equation given by Hcﬁaezo and one that was

further simplified by Suppanzl were employed (Eqs. I11.7-10)

in the determination of the magnitudes of p, and z\pe_g
2

The experimentally determined i values calculated using HK

eguation at 20 % in benzene solution were utilized in the
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present workt The observations of solvatochromatic shifts,
Ko and t&ue.g_ values were used to look into the changes
in the electronic distribution in the excited stete of the

solute molecules.

Mcﬁaezo has developed a genertl expression for the
effect of solvents on the absorption frequency, in which he
has considered the contribution from the disperslion forces
between the solute and solvent molecules, interaction
between the solute dipole and the induced-solvent dipole,
interactions between the permanent dipoles of the solute and
solvent and a term from the quadratic Stark effect. 1In
practice many solute-solvent systems cannot be considered
purely as & nonspecific interactions as mentloned above. In
such cases, for example, the deviation from the 535 Vs (L)
plot is often an indication that some specific interaction,
usuelly much s tronger than the dielectric stabilization, has
occurred. This cen be a complex formation in which one or

more molecules of the solvent are bound strongly and

specifically to the sclute.

I11.B.1 petermination of the cevity radius

The parameter a, is the sphericeal cavity radius in

the OnsagarzA model, which 1s required in the calculation of

g+ The method used for calculating a, is already 1llustrated
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in Chapter 11, wherein bond lengths and bond angles are
required. The values of these bond and angle parameterszs'26

used for anisaldehyde are listed in Figz. II.3 and III.3.

Considering the ellipsoid form of the solute
molecules, their molecular volumes and cavity radii have
been computed. The calculated values of the length of
ellipsoid axes (A, B and C), molecular volumes and cavity

radius of the compounds are given in the Table III.S8.

Length of ellipscld and (A,B,C) molecular

Table 111.8
volumes and cavity radii of anisaldehyde.

Molecule A/A° B/A° Cav/Ao Mol.Vol Cavity'
/ 40° radii
8
2-methoxy~- 6.63 5.93 © 1.585 32.632 l.982
benzaldehyde
S-methoxy-

benzaldehyde 6.63 5.93 1.585 32.632 l.982

4-methoxy-
benzaldehyde 4.29 8.27 1.585 29.447 1.915

Benzaldehyde 4,29 5.93 1.97 16.7 l1.59

‘Calculated ap by projection.
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II1.B.2 s Jpetermination of cavity radius a, ~ modification

The method suggested to determine a, by earlier
workere?3=! can not be the unique method. We propose here
another approach to estimate 2,. The difference in the a,
velues determined by these two methods naturally reflects in the
Me velue. Since there 1s no absolute measure for the value of
the Onsager's cavity, such differences in the p, values are

inevitable.

A look into basic concepts 1s useful. Lorentz-
-lorentz and Clausius Mossottl  hypothesis assume polariza-
tion in the cavity fleld. Consequently polerization is
proporticnal to the volume of the polarized cavity. The
linear additivity of bond and atomic refractivities suggest
that molar refractivity 1s a function of molar volume.
Consequently, molar refraction very nearly represents the
polarizable volume of the molecules. This is a fraction of
the totel molar volume m/d. Thus use of R to estimate a,,
the molecular radius offers a reasonable, polarizable volume.
Oansager cavity envisages the same polarizable vclume cof the
molecule, which by induced pelarization creates the reaction
field R. Hence an attempt is mede to estimate 8, from Rp,
which are listed in Table 1JI.2. Theve values are more than

the values calculated using bond lengths and bond angles
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Izble JIJ.9 3 Csalculation of a, by molar refrzction
Molecule (HK) a. )i
P (e*a) (cma’ 0 /
2-methoxybenzaldehyde 38,57 2.094
3-methoxybenzaldehyde 27.87 2.083
4-methoxybenzal dehyde 36.74 2.062

in three dimension as depicted earller. Also, these values
are reasonably less than calculated from molar volume m/d.
The values of pg calculated, therefore, appear to be more

reasonable.

The values estimated with this modification are
listed in Table I111.10.



Teble 131.10

Compound Slope Intercept  Slope Intercept B(g)/D u(gl, F(Ez’
1 1 2 2 sup McRae

2-Methoxybenzaldehyde

8(p) = l.982 ~38840.70 42022 - 7768 42022 4.37 5.01 5.57

aomnf 2.094 -38840.,70 42022 - 7768 42022 4.27 5.11 5.76

3-Methoxybenzaldehyde

ao(p') = 1,082 - 5240.44 42627 -10679 42626 2.86 4.11 5.01

8, ®Rp )= 2.082 - 5%40.44 42627 -10679 42626 2.96 .27 5.26

4-Methoxybenzaldehyde

Bo(p) = 1.918 - 11580.%2 28076 - 2200 2807 4.09 4.28 4.46

89 (Rp @ 2.c62 =~ 1150.32 28076 - 2200 2807 4.09 4.23 4.55

8(p) = Cavity radius by projection method
%(R,)= Cavity radius by molar refraction.

ot



Table _ II1.11 Frequencles (2 ) of absorption band maxima corresponding molar absorptivities

(emax)' oscillator strengths (f) of methoxy benxaldehyde (MbH)

har 4 -l -1 — -
Compound Solvent Beand Vs / cm € ma.x/ ematnol A », ,2/ cm™d L
2-Methoxybenzaldehyde a X 40633.88 2378300 3872.835 0.422
b K 40584.41 11621.90 4261.19 0.228
¢ K 4056356.06 7063.24 a3B20.42 0.124
d K 40445.29 4442,568 1702.66 0.024
3-Methoxybenzaldehyde a K 40716.61 8704.71 23988.34 0.15¢
b K 40650.41 10282.10 4141.82 0.197
c K 40584.41 7228.46 4095.17 0.128
4 K 40467.50 2112.27 1277.79 0.052
4-Methoxybenzaldehyde a K 37664.78 8620-00 2328.77 0.092
b K 37660.60 15399.25 2896.11 0.205
¢ ) 4 37656.43 18521.99 4062.96 0.24¢6
d K 37608.98 905800 4512.84 0.18s

Contd «se
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ieble _I1X.11 (Contd.)
Compound Solvent Band s / em em‘ / c:nzmol A'”J./z/ en”1 o
Benzaldehyde a B 85868 502 2124 0.007
b B as8e62 468 2343 0.006
c B 256848 918 3831 0.016
a B 85778 248 3203 0. 006
Benzaldehyds 8 K 41667 9218 84156 0.366
b K 41668 5879 4334 0.117
c X 41606 11044 4182 0.212
| K 41459 4004 4019 0.08
& 2 n-pentans
b = n~hexane
e = I1so-octane
4 = cyclohexane
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III.B.3 3 QRemults and Discussjon

For convenlence an abbreviation MBH is used in the

following discussions for methoxybenzaldehyde{onisaldehyde)

Spectral features and ss=glgnments

The spectra of o-, m~- and p-anlsaldehyde in various
solvents are depicted in Fig.IIT 4~II-9 . The bands around
245 nm (o~ and m-anisaldehyde) and 265 nm (in p-anls-
aldehyde) are well isolated and sultable for recording the
solvatochromatic shifts, hence these bands have been used

for the purpose.

Benzaldehyde 1s assumed to be the parent compound
of the isomers under study. The band assignment of

benzaldehydez9 is as follows.

Teble III.1l2 Benzaldehyde in (ethonol)

K-band B~band R-band

x - x* (Benzencid) n— x*
Apax (0m) 244 280 328
15000 1500 20
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FIG.II4 ELECTRONIC ABSORPTION SPECTRA OF 2-METHOXY-
BENZALDEHYDE IN n-PENTANE , n~-HEXANE.
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FIG.TIT.6 :ELECTRONIC ABSORPTION SPECTRA OF 3-METHOXY-
BENZALOEHYDE IN n-PENTANE ,n-HEXANE.
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FIG.IIT.7 :ELECTRONIC ABSORPTION SPECTRA OF 3-METHOXY-
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The UV absorption epectra of benzuldehyde in
solvents
hydrocarbon,were recorded in which the K-band (x - x%)

appears around 240 nm and B-band around 279 nm. It 1s well

¥nown that substitutlion on aromatic ring shifts the Amax

position. In the present case o- und m-OMe substitution
and

shifts the band by + 7 nm eachyin p-OMe, by + 25 nm. Thus

the bands chosen for analysls are clearly the K-bands

representing = - n* transition.

I11.3.4 - Solvent effect on UV _spectra and Dipole moments

in Excited state

The solvatochromatic shifts of anisaldehydes have
been measured in non-polar solvents like n-pentane, n-hexane,
igo-octane and cyclohexane, in the present study. The
dlelectric constants and refractive indices of these
solvents vary only marginally and hence the shifts observed
are also very small. However distinct trends are exhibited

in the shifts asa follows :

(1) All the slopes of ¥4 and f(D), f(n) plots ere
negative i.e. as the dielectric constant or the

refractive index of the solvent increases 5,

value decreases.

(11) The above variation are linear and smooth.
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-benzaldehyde) 2,3,4
Solvents -a:n-pentane , b:n-hexane
¢ :iso-octane and d:cyclohexane
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(41i) In the isomers the order of shift is m-anisaldehyde >
o~anisaldehyde > p-anisaldehyde. These observations
can be explained in the light ol McRas equation as

follows :

HcRaezo conslders four contributing fuactors

to the sgsolvent effect.

£:9) dispersion forces

(b) dipole-induced dipole forces

(c) dipole-dipole forces, and

(d) the quadratic Stark-effect caused between
mutually induced dipoles of solutes and

golvent molecules.

In the present system, since the solvents are
non-polar, the contribution of factor (c) is negligible.
Also, induction on solute due to dipolar fleld of solvent
can be neglected. Thus factors (a) and (b) only are the

major contributors to the shift.

The dispersion phenomenon is known to lower the
potential of the system, hence the energy of the solvated
levels is lowered, causini a red shifts as explained
earlier (Chapter 1). However, the magnitude of this factor
does not change significantly for different sclute solvent

pairs. Thus the factor (b) is the deciding factor giving a
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particular slope to the graph. The higher f{(n), (D) vulues
of the solvente indicate higher polarizubility due to the
gsolute dipole. Thus as the f(n) value increases, the solva-

tion energy increases resulting in lowered .J; value.

Since the nature of interactione between solutes and
the various solvents of this class ls same, only the numerlcal
value of interaction energy changes. This 1a reflected in

linear variation of 5; with f(n) and £(D).

The lowering of 5; between cyclohexane and
n~pentane for varlious solutes 1g recorded as red shift

{(non~polar) in the table given below.

Table IIT.13

Methoxy Mg 5; (non=-polur)
benzaldehyde -1
isomer (D) (em *)
o~anisaldehyde 4,27 188
m-anisaldehyde 2.906 £59
p-anisaldehyde 4.09 56

To explain the trends observed in this table one
should look into the nature of solute-solvent interactions.

The polar solute induces Onsager's reactlon flield in the
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non-polar solvent. The interaction energy 1s given by the

equation?o
1l
R 1 —— 2
U(r) = = (u2 al)

where Ro 1s the inducling solute dipole mounent, oy 1z the
polarizability of the solvent and r is the effectlve

distance between the two.

Upon excitation the Be value changes to e and

interaction energy changes to

1
- 2 2
U'(I‘) = % ( uo = Pg ) 3 |

g ]

and between two solvents of polarizability @ and ag,
1

e 2 _ 2 -
U(r) = ~ (ue ug)(ar2 alJ

Remembering that we are considering only the effect of
induction and that the induction is in the direction

opposite to that of the inducing moment, the U“(r) will

be observed as the super_imposed effect over the red shift

due to dispersive interaction. Naturully, if inducing

monent ie smaller, the original red shift will be least

altered and with increasing dipole moment the red shift

will be lowered. This has been observed in a series of
trimethoxy benzaldehyde isomers28 and in the present case alsy

the redshift 1s lowered with increasing dipole moment of the

solute.



125

However in p-anlsaldehyde, the lowerling is
abnormally more. This 1s possible 1f the dirference between
R and pg is inherantly smaller. This statement ls cbvlous
if one considers the simplified form of McRae equation.

n2-1

AD = [(a+4a')+B])

n +<

where

v e
I

2 2 bl
- h
(ug ue) ca

The explanation can be based upen 'particle in the
box' theory. When an electron is delocalized over a longer
conjugated circult, the energy level separatlon Be ~ ug will
be smaller and vice verga. The delocalization in p-ani-
saldehyde is extended over longer distance, from methoxyl to
formyl group as discussed previously and hence the difference
(ue - ug) is smaller in p-anisaldehyde. This 13 also evident
from the following observation. The 'Amax value of
benzaldehyde 1n ethancl is red shifted in o~ and m-anisal-

dehyde by only 7 nm while in p-anisaldehyde the shift 1s 25 nm?

Thus These two effects together lower the red shift in

p~anisaldehyde to the minlzun level.

Thus the shift values and the trends observed thereof
can be explained on the basis of solvation process and the

Mcitze equation.



refraction (ag(pp))-

Dipole moments in excited states and related properties of anisaldehydes

a8s calculated by McRae using ag by projection (ao(p)’ and a, by molar

Solute McRae a. by projection - McRae agiby molar refraction
and

Intercept Slope /D a /D + A Intercept Slope w/Dap. /D utaAp
ng/D = an Mo/ D Atg g Wt Akg,g 20 CCT . e e,e e SV,
: Vv 107 p/end ’ /o " Vv MTH -p/eatl ’ /D

/ em / em
o-anisaldehyde
(4.37) 4.202 T7c8 5.57 0-3%5 6.32 4.20 7768 5.76 1.12 5.49
m-aniszldehyde -
o

(2.90) 4.262 10679 5.01 1-92 H-88 4.2 10679 5.26 2.23 5.19 @
p-anisaldehyde
(4.09) 2.807 2300 4.46 0.27 4.36 5480 2300 4.56 0.34 443




127

The Table III.14 1liets the pg and Ayg ¢

values for the three isomers.

The experimental velue pg = 5.2 D for m~anisaldehyde
is in fair agreement with the only reported value of

The largest value of Ang, g in cuse of m-anisaldehyde
is a natural consequence of localized electronlc excitation.
This can be compared with the extensively delocalized
p-anisaldehyde case for which Apg, ¢ value i=s the smallest.

Thus we conclude that the excited state dipole
moment values of snisaldehyde isomers, reported for the

first time, can be explained with the above logic.

Also the method to estimate a8, by molar refraction
methods appears to be practically simpler yet more logical.
The pe values obtained with two different methods of

evaluating ao,do not differ significantly.
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SUMMARY

Dipole moment values in benzene at 20 °C of
0~y m= and p-anisaldehyde have been determined. The
extrapolation method and the equation given by Halverstadt-
-Kumler and Deogadkar are used. Taking into account the
factors affecting the stereochemistry, the most probable
geometries of the anisaldehydes are predicted. Using the
group moment vzlues and the directions thereof, the
theoretical dipole moments of these structures are evaluated.
The close agreement of the structure and the experimental
moment is supported by NMR shift conclusions. Hence with
sufficient accuracy the molecular gecmetry of these

molecules 1s predicted.

The effect of solvents on the electronic spectra
of these molecules is studied. The shifts in A .. values
observed ere interpreted. McRae equatlion and some modificae-
tions are used to eveluate the dipole moments of these
molecules in the excited state. These values have been

determined for the first time.



