ELECTROCHEMICAL AND OPTICAL PROPERTIES OF SOME
PYRIDINYL COMPOUND: 1-ETHYL-4-CARBOMETHOXY PYRIDINIUM

IODIDE
h
X
§l7k£§
by

TARIQ MAHMOOD
(M.Sc. Chemdistry)

A dissentation submitted to the Quald-e-Azam University,
IsLamabad in parntial ulgilment for the graduation in the
degnree o

MASTER OF PHILOSOPHY
in

Physical Chemistry

Department of Chemistry
Quadd-e-Azam Undvensity
IsLamabad

DECEMBER, 1982



ABU BAKAR'S

FAMILY

L
\.
%
(=N
4
o

S
w
&
O
e
—

-._"’_“_-r.:.’."\luﬂ -




IN THE NAME OF ALLAH

ALL Commendaitions to ALMIGHTY ALLAH
who blessed me with intellect,nesclute-
ness and determination Lo accomplish
this assignment

I1



171

ACKNOWLEDGEMENTS

I have gheat pleasure o express my very sdincere and deepest
ghatitude to my supervison Dh. A.Y. Khan, Associate Professonr,
Department of Chemistry, Quaid-e-Azam University, Islamabad for

s valuable assistance fo accomplish this Linvestigation.

I am also indebted to Dr. Mahboob Mohammad, Associate Professon,
Department of Chemistry, who has helped me throughout the completion
of this wonk.

My thanks are also due to Drn. Afzal Ahmad, Chaimman, Department
of Chemistrny, Quaid-e-Azam University, Islamabad, forn providing me
all sont of facilities nelated to .this wonk.

I offen thanks Lo the authornities of Pakistan Science Foundation,

who sponsored and financed the project under PSF Profect No.QU-Chem
(73/1).

Aanagf oMbl

TARTQ MAHMOOD

Decemben, 1982



IV

ABSTRACT

In order to gain information regarding the structure of charge
transfer complex l-ethyl-4-carbomethoxy pyridinium iodide (PyI) and
to investigate the situation of ion-pairing, some proton magnetic
resonance and conductance studies were carried out in various sol-
vents. Proton magnetic resonance studies were extended to study the
exchange reactions between Pyl and Py 0104, and between pyridinium
salt and tetra-butyl ammonium salts.

shifts

It was noted that proton chemical Aarising from aromatic protons
of salt under investigation were solvent dependent, and a correlation
seems .to rexist between the solvent polarity parameter Z-value and
chemical shift values of aromatic protons. The &% values were highest
in chloroformA& = 1.17; (Z = 63.2) and lowest in H, O A& = 0,57
(Z = 94.6) .

An interesting phenomenonwas observed during the course of study
of exchange reactions between Pyl and Py ClO4 also, between Py 0104
and TBAI, was that instead of having two set of resonance lines, one
for each Pyl and PyClOa, rather only one setwas observed. It was con-
cluded that there was extremely rapid exchange between iodide and
perchlorate ion.

The conductance studies were carried out to investigate the ion-
pairing phonomena and also effect of change of temperature and solvent
polarity on the ion-pair dissociation constant. The magnitude of K was
of the order of 10;5 to 10“3, which suggested that pyridinium iodide
exists essentially/ion-pairs. In different solvents under the similar
conditions of temperature it was noted that ion-pair dissociation
constant value decreases with the decrease in solvent polarity (die-
lectric constant €). It has been observed for a particular solvent
that the K value increases with the rise in temperature.

It was concluded that both temperature and dielectric constant
of the solvent, affect the ion-pairing, such that the latter phenomenon
is unfavoured by the increase in temperature or dielectric constant



value of the solvent.

Conductance studies were also carried out in CHCl3 solvent but
conductance data obtained showed variation, thus it was not possible
to calculate the value of K and /No from the experimental data,log
N Vs, log ¢ plots exhibited a minima, and it was concluded that
triplet ions (Py+I-Py+ and I-Py+I_) may be existing.
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INTRODUCTION

Charge transfer phenomenon exhibited by certain compounds
is of great importance in biological systems. It also finds
wide application in photoelectrochemistry, where such charge-
transfer complexes can be used in Solar energy conversion and
storage. The role of charge transfer compound /complexes in
biological systems and in photo electrochemistry is summarized

below.

1.1 CHARGE TRANSFER COMPLEXES IN BIOLOGICAL SYSTEMS

In most of the biological systems the pyridinium ionis of
particular importance and must be considered in relation to the
behaviocur of two key coenzymes, Nicotinamide Adenine Dinucleotide
(NAD+, I,R = H, alternatively called diphosphopyridine nucleotide
= DPN) and Nicotinamide Adenine Dinucleotide phosphate (NADP+,
I,R= 0P (OH)Z’ alternatively called triphosphopyridine nucleotide

TPN) and to the functioning of widely used herbicide, Paraquat.

In biochemical process involving NAD+ (I,R = H) in oxidation-
reduction in which the pyridinium ring of NAD+ (IL,R = riboxyl
adenine phosphate residue) is reduced by hydride addition in the
4-position to give NADH (III,R = riboxyl adenine phosphate residue).

The coenzyme NADP+ may be reduced in a similar way to NADPH.

Biochemical interest in these coenzymes had led to the study
of simple model compounds containing the pyridinium part of these
structures,in particular l-alkyl pyridinium ions and various

substituted derivatives.
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Kosower2’3 and his coworkers after their extensive studies
on such model compounds, were able to show that the products formed
were in fact the intermolecular charge transfer complexes, in
which the pyridinium ion acts as the electron acceptor and iodide
ion as the donor species and he regarded such complexes essentially

as ion pairs.

1.2 CHARGE TRANSFER PHENOMENON IN PHOTOELECTROCHEMISTRY

A great interest has developed in the field of photoelectro-
chemistry, particularly in the applications of photoelectrochemical
systems to the problem of solar energy conversion and storage, since
with regards to renewable energy, solar power remains a most
important potential development both in developing and in the developed

is needed
countries. The problem of developing new energy sources/to supplement
and eventually replace fossil fuels. Although serious consideration

of photoelectrochemical systems for energy conversion js quite

recent, research in this area has a rather venerable origin.

Photoelectrochemistry is based on the unique properties of the

4’5’6. Semiconductors are the

semiconductor - electrolyte junction
basic raw materials used for the construction of all types of
electronic components. Semiconductors are now used in photo-

electrochemical systemé’5’7'9

and research and development have shown
that extraordinary electrical and optical properties can be introduced
into semiconductor material by controlling their impurity content.

In the recent years organic charge transfer saltslo, using TCNQ as
acceptors and various alkyl-substituted pyridinium cations as donor

are being investigated as semiconductors. Semiconductors in photo-

electrochemistry for the solar energy conversion are used as



electrodes in different type of photoelectrochemical cells, e.g.
photoelectrolysis cellgLQelectrochemical photovoltaic cellg{ and

7- _
photogalvanic cell% %gnd also in solar cells (solid state component).

1.2.1 PHOTOELECTROLYSIS CELLS

In the photoelectrolysis cells, optical energy is converted
into chemical energy and most commonly decomposition of water into
hydrogen and oxygen is preferred over other significant reactions

which are also possible via photoelectrolysis.

Photoelectrolysis of water using sunlight is extremely
attractive for several reasons. First, this type of solar energy
conversion alleviates the energy storage problem since hydrogen
can be stored much more easily than either electricity or heat.
Second, hydrogen is valuable as a potential as fuel and energy
carrierll; it is nonpolluting renewable, inexhaustible, and very
flexible with respect to the conversion to either form of energy
(heat via combustion or electricity via fuel cells). Finally hyc -
rogen is valuable in its own right as a basic chemical feed stock
used in large quantities for NH3 synthesis and petroleum refining.
Photoelectrosynthesis: in addition to the decomposition of water
into H,y and 02 other important and interesting reactions, can be
achieved in the photoelectrolysis cells. Frank and Bardl3 studied
the photo-oxidation of many compounds such as ethanol, ethyl formate,

hydroquinone, and p-aminophenol.

1.2.2 DYESENSITIZATION

The major part of the solar energy spectrum reaching our



earth, falls in the visible region. Lfforts have been made to
increase the visible absorptivity of stable, wide band gap semicon-
ductors, and hence to improve their conversion efficiency, by means

it . Yoot 14-24
of dye sensitization technique al

. The dye molecules are adsorbed
on the semiconductor surface, when they become excited by the absorp-
tion of wvisible light, charge transfer may occur from the excited
state of the absorbed molecule to the semiconductors energy

band54’25.

1.2.3 PHOTOVOLTAIC CELLS

In this type of photoelectrochemical cells optical energy is
converted into electrical energy. The most common are the inorganic
solar cells, a sandwich type device of the configuration, Al/mero-

; 5 ; 12
cyanine/Ag., have also been investigated ™~

1.2.4 PHOTOGALVANIC CELLsZ/31

In this cell optical energy is also converted into eléctrical
energy, but the light is absorbed by the dye molecules in the
electrolyte. Charge transfer process to an electrode follows the
absorption step whereas in photoelectrolysis cells and electro-
chemical photovollaic cells the incident light is absorbed in

semiconductor electrode.

A rigorous and detailed theory for photoelectrolysis has not
yet been derived, and controvercy exist concerning the energetics,
mechanism and upper limit conversion efficiency for photoelectro-

lysis.

A charge-transfer process to yield energy can be described



as (over-all process)

+ - h A + B 1.1

. A + e 1.2

and if A* is electrochemically (reversi-bly) reduced

*+ b°

A"+ e ——
-

the E° (cr:polarographic Eip2 ) can be source of energy.

2,3,32 discovered

It is already mentioned above that Kosower
charge-transfer phenomenon in some pyridinium iodides: the most
extensively investigated compound being l-ethyl-4-carbomethoxy
pyridinium iodide. Based upon the charge-transfer properties of

; e 34 . ; R
this compound, Kosower proposed the solvent polarity parameter

Z-value.

Kosower32 showed that l-ethyl-4-carbomethoxy pyridinium iodide

(Py+I_), under the influence of light undergoes the following reaction:

petie hY Py. + I- (1.3)

It is also shown that Py+ can be electrochemically (reversibly)
72

reduced .
-+ - ——\ Py. (1.4)

The Py- formed photochemically can produce current following

Py, —m > Py++ 8 (L.9)



It is clear that processes 1.3 - 1.4 are over-all pictures;
the photoelectrochemical reaction involves many steps, and many
factors have to be taken into account e.g. recombination of Py
and ' to form Py+1“, bimolecular combination of I to form Iy,
reaction of Py. with oxygen if the experiment is carried out in
open atmosphere etc. These various rates may be influenced by
the nature of the charge-transfer in various solvents depending

upon ion-pairing and solvation etc.

To study the phenomena of ion-pairing and solvation it was
thought necessary to carry out some nuclear magnetic resonance,
optical spectroscopic and conductance studies on the pyridinium
salt under various conditions. The present work is concerned with

such studies.
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HISTORICAL REVIEW

This chapter consistsof two sections. In the first section
a brief review of photoelectrochemistry and the charge transfer
complex under investigation is given, whereas the second section
summarizes relevant aspects of NMR spectroscopy and electrolytic
conductance. These latter-mentioned two techniques have been used

in the present work.

SECTION - I

Photouelectrochemistry/Charge Transfer Complex

The pyridinium salt which is under present investigation is

a charge transfer complex33’34.

Its charge transfer property is
invoked for understanding certain reactions of biological importance.
Furthermore, charge transfer phenomena are considered not only
important in understanding biological systems but also in the
advancement of solar energy conversion andstorage. Since solar
energy is a major source of energy which is renewable, studies on
charge transfer process can help in collecting information for the

eventual utilization of these charge transfer complexes in solar

energy conversion.

A) HISTORICAL DEVELOPMENT OF PHOTOELECTROCHEMISTRY

The first photochemical experiment was performed in 1839 by
Becquerel35, who demonstrated that a voltage and an electric current
was produced when a silver chloride electrode, immersed in electro-
lytic solution and connected to a counter electrode,is illuminated.

The origin of this photo.voltaic phenomenoncalled the '"Becquerel



effect'" was not well understood until Brattain and Garrett36
launched the modern era of photoelectrochemistry in 1954. These
pioneering workers showed how chemical reactions occurring at the
surface of germanium semiconductors could be influenced by cont-
rolling the semiconducting properties of the germanium electrode,
as well as by exposing the electrode to light. This development

was a direct result of the advent, at that time,of semiconductor
materials of controlled purity and the discovery of the extra-
ordinary electrical and optical properties that could be introducecd

into semiconductor materials by controlling their impurity content.

It became apparent that the Becquerel effect was due to the
presence of a semiconductor at the solid-electrolyte interface,
and in particular, to the establishment of a semiconductor -

electrolyte junction at the interface.

The pioneering work on the photoelectrochemistry of germanium
was rapidly followed up with the studies of other semiconductor
electrodes such as Si,CdS,ZnS,CdSe,ZnSe,ZnTe,GaAs,GaP,ZnO,KTa03,
Tazos,SrTiO3 and TiOz.

These investigations have been extensively reviewed and summarised

42,3740 416 have covered the work upto 1970. In

by several authors
general these fundamental studies established the basic characteristic
of the semiconductor-electrolyte junction. Of particular importance

4’5'7'9'41. The kinetics and energetics

has been the work of Gerischer
of electron transfer across semiconductor-electrolyte junctions and

nature of the spare charge lies in the semiconductor adjacent to the
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semiconductor-electrolyte interface.

Other important early contributions to the basic understanding

l
of photoelectrochemical phenomena were made by Turner42’43, Boddy&4’45,
Dewald 38’46, Williams47, Morrisonaa’ag, GomesSO'Sl, Freundsz,
Memming53'54 and Pleskov55

Whereas virtually all of the work in photoelectrochemistry
prior to 1970 was of a rather fundamental nature. Honda and co-

3660 beginning about 1970, were the first to point out the

workers
potential application of photoelectro-chemical systems to solar
energy conversion and storage. Fujishima and Honda60 using illumi-
nated n-type semiconducting titanium oxide anodes, showed that the
oxidation of water to oxygen could be achieved at a slightly more
negative potential compared to standard redox potential of the
H20/02 redox couple. Fujishima and Honda called this effect '"Photo-
sensitized electrolytic oxidation" and suggested that it be applied
to the problem of using sunlight to split water into hydrogen and
oxygen. This process is now generally known as photoelectrolysis.

96-60 appeared between

561-68.

Although the work of Honda and coworkers
1969 and 1972, the first follow-up work did not appear until 197
Since then, there has been a large and rapidly growing international
research and development effort concerned with both photoelectro-

lysis cells and electrochemical -photovoltaic cells.

B) CHARGE TRANSFER SPECTRA ANL PIIOTOCHEMICAL ROUTE

Shortly after Mulliken formulated the theory of charge transfer

spectra and complexes69’?0, Kosower and coworker52’3 discovered
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the first example directly relevant to biochemical and bitlogical
problems. 1 - alkylpuridinium iodides absorbed light at wave-
lengths longer than erpected for l-alkylpyridinium ions; the
intensity of the new absorption increased faster with concentration
thén expected for a linear concentration dependence. Further work
indicated that the absorption wavelength varies as the electron-
withdrawing power of the substituents on the pyridinium ring
changes, with the absorption wavelength shifting to longer wave-
length for the stronger electron-withdrawing groups. Replacing the
jodide ion with bromide ion caused a shift of the new absorption
to much shorter wavelengths. These observations corresponded
precisely to what was expected for a charge transfer complex of
iodide ion as donor and pyridinium ion as acceptor eq. 2.1

_I.. -
pi 1 Py" | 1 (2.1)

—————
Absorption of light by the complex produces the equivalent of

a radical pair in the excited state, which in this case is a

combination of a pyridinyl radical and an iodine atom eq. 2.2.

Py+ g hﬁ ; iy | (2.2)

Kosower and Lindquist47 have demonstrated by flash photolysis
of l-ethyl-4-carbomethoxypyridinium iodide that l-ethyl-4-carbome-
thoxypyridinyl radical may be generated through the excitation
process shown in Eq.2.2. Subsequent reactions between the radical
and iodide atoms or iodine molecules return the systems with high

efficiency to the starting pyridinium iodide.
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The pyridinium ion is an acceptor of sufficient strength
to make possible the formation of charge transfer complexes from
a wide variety of donors, especially when the donor moieties are
forced to be proximated to the pyridinium ring by a covalent link.
Examples of intermdecular and intramolecular charge transfer bands
are given by Kosower71. Particular attention has been paid to the
wide variation in the transition energy required for the excitation
process exemplified in eq.2.2. The wavelength at which the charge
transfer maximum occurs is generally expressed in energy unit that

is either Kcal/mole or cm_l

The frequent occunence of charge transfer complexes of pyri-

dinium ion suggests that the photochemical generation of pyridinyl

C) SOLVENT POLARITY PARAMETER THE Z-VALUE

Kosower34 has found that charge transfer light absorption
band of l-alkylpyridinium iodides is unusually sensitive to solvent
(in fact, it is one of the most solvent-sensitive electronic
transition known) and has derived a solvent rolarity narameter called
Z-value from the transition energies for l-ethyl-4-carbomethoxy -
pyridinium iodide. The u-value for a solvent is the transition
energy for tne loneest wavelength absorption band observed for
l-ethyl-4-carbomethoxy pyridinium iodide in that solvent. The defining
equation is given as eq.2.3. The choice of kilocalories per mole
as the energy unit is related to the usefulness of this quantity for

comparisons to other chemical process.
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Z = ET (Kilocalories / mole ) (2.3)
By = hy (Ergs / molecule ) (2.4)
h = Plancks' constant = 6.624 x 1072/ Erg Sec.

<
I

frequency of photon which produces transition.

<
I

c/A cycles per second
where ¢ = velocity of light = 2.998 x 1010 Cm/Sec:

and P . wavelength in cm.

Since " )\ " is most commonly expressed in angstrom units, so
the equation relating ET in kilocalories/mole withlin angstrom

units can be derived in the following manner

8

8
. 9_2_19_ c.p.s) ¢ 10° X =1 cm (2.5)
(o)

A 1 3 = ..
S\ expressed 1l A UiiLes

Using eq. (2.5) in 2a.(2.4)

- 8
Bp = h.c.10 (Exgs per molecule)
hetix10°
= — (Joules per mole)
Ao /

Substituting the values of constants h,c,N;ET in Kcals/mole

is given by

E. _ 2.859 x 10
A

when A is in Angstrom

5

= 2.859 x 10
Z =E, =
T A e Baait ) Kcals / mole (2.6)




The Z-value is evaluated from the position of maximum in

angstroms, by eq. 2.6

A process that transfers an electron to a pyridinium ring
should be very sensitive to the substitution on that ring, since
one should expect that substitution would affect markedly the
acceptor ability of the ring. This substitution effect on the
pyridinium was found to occur. The charge transfer spectra of the
pyridinium iodide (1) have been determined in different solvents
and it was observed that the longest wavelength band, which was
the charge-transfer band shifts from 3416A in methanol through
35918 (Ethanol), 37478 (Isopropanol) and 40054 (Acetonitrile)

) S

to 4508A in cis - 1,2- Dichlorethylene The above behaviour of

high solvent sensitivity of charge transfer band of (1) can be
explained in terms of charge transfer transition from the following

discussion.

?OOCH3 COOCH,

i hy | 1 2.2
CH;CH, CH;CH,

(1)
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Fig. 2.1: Optical spectra of Pyl in different solvents.



The special feature of the transition is that the dipole
moment of the excited state does not vanish completely.The reason
for this dipole moment of the excited state is that the ground
state dipole is perpendicular to the plane of pyridinium ring
whereas the dipole moment of the excited state is in the plane of
the ring. The change in direction of dipole is known as ''Dipole
Flip". Dipole moment of solvent molecule surrounding the solute
molecule (known as cybotactic region) would be parallel to the
dipole moment of the ground state of the pyridinium iodide. The
flip of the direction of the solute dipole upon excitation leads
to an instantaneous situation in which the dipole moment of the
solute is perpendicular to the dipole of the cybotactic region

(See. fig."2.2)

A list of Z-values based on the longest wavelength charge

transfer band of Pyl is given in table 2.1.

1-Ethyl-4-carbomethoxypyridinium iodide, used as a model
compound for the model charge transfer process for the evaluation
of Z-values that is the polarity parameter of solvent, has got
two limitations on its use for the measurement of Z-values. The
first limitation is that the salt is not soluble enough in certain
non-polar solvents, such as hexane, for direct measurement of Z-value.
The second limitation is that the longest charge transfer band
moves to such short wavelengths in highly polar solvents that it
cannot be observed underneath the much stronger transition of

pyridinium ion.
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Fig. 2.2:

i3

B

...‘» -.‘ -.. " - - - ;' - .o - I.
' 0,
\ e —
Q%c <Ef' TSSN*—CH,CHy )c—<i ~N—CH,CH;
¢ CH,0

CH;0

Dipole moment of the ground and excited state of the
pyridinium iodide.

GROUND STATE EXCITED STATE

Ty o \1/

Solute b Solute
= dipole ~ ~10-"*sec. dipole
x x
NET SOLVENT DIPOLE .. NET SOLVENT DIPOLE

reorlentation > 10—13 sec.

Dipole moment of solvent molecules surrounding the solute.
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TABLE .1

Z-VALUES OF DIFFERENT SOLVENT82’34

SOLVENT Z - VALUE
(Kcal / mole)

Water 94.6
Methanol 83.6
Ethanol 79.6
1-Propanol 78.3
Isopropyl alcohol 76.3
Chloroform (0.13MEtoH) 63.2
Acetonitrile <
Formamide 3
Dimethyl formamide .5
Benzene 54,0
Tetrahydrofuran 56.8

The first limitation was overcome by changing/ modifying the
compound pyridinium iodide (I) in order to record A\ e.g. pyridine-1-
oxide was used to extend the Z-value scale to isooctane, in which
the salt is isoluble, but again there are limitations. Second
limitation was for highly polar solvents; Z-values were determined
by extrapola-ting Z-values measured for a mixture of solvents to
zero concentration of second component of the mixture in a plot
against the Grunwald Winstein Y-value. In this manner the Z-values

of water have been determined.
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If there exists such a property of charge transfer complex
which is solvent dependent as well as directlyexperimentally
observed without resorting to extrapolation, such a property could
be worth further investigation. NMR chemical shift is such a
property which is directly experimentally observed.NMR spectros-
copic studies of such a charge transfer complex as l-ethyl-4-car-
bomethoxy pyridinium iodide could of course be most interesting
vis-a-vis Kosower Z-values. Eq.2pclearly indicates that through
continuous exposureof this charge transfer complex to the proper
wavelength of light,sufficient concentration of a Py. radical can

under
be built. At the same time Py+ is known tosgo a (reversible) one

electron reduction72

+
Py’ + e — Py

= o

giving pyrndinyl vadical Py-

Thus Py. can give off electron, via

Py. — 3Py + e

This source of electron supply can then, in principle be used

as power or energy source, through solar energy conversion.

since
It is also well established that/C.T property and ion pairingare

so closely related to each other to get more complete picture of a
CT complex like PyI it is necessary to carry out studies on ion-
pairing. The classical method of investigating the ion-pairing is
electrolytic conductance; from this technique information can be gained about

ion-pair formation andthe equilibrium constant.
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Thus it is now evident that proton magnetic resonance and
conductance studies on the CT complex Pyl in various solvents
would give useful information regarding the structure of this

class of compounds. Elements of NMR and conductance are discussed

_ the .
iny next section.
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SECTION -~ II

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY AND ELECTRO-
LYTIC CONDUCTANCE

This section of the Chapter is divided into two parts. In
the first part theory of NMR Spectroscopy is discussed while in

the second part the theory of electrolytic conductance is given.

PART-T

MR SPECTROSCOPY

The majority of nuclei have magnetic moment and when such a

of quantized orientations with respect to that field. Each nuclear
orientation corresponds to an energy level, the lowest correspon-
ding to the orientation in which the nuclear magnetic moment is
most closely aligned with the field. NMR spectroscopy consist in
inducing transitions between such energy level by means of fluc-
tuating magnetic field of the correct frequency,\) , so as to obey

the Bohr relationship?B E = hY, where h is Plancks constant.

A) MAGNETIC PROPERTIES OF ATOMIC NUCLEI

The nuclei of certain isotopes possessan intrinsic spin;that
is, they are associated with an angular momentum. The quantum-
mechanical expression for the total angular momentum is given by
L(I+1)h/2T , where I is the quantum number for the spinning motion.
Different nuclei have different half-integral values of the spin

quantum number I. I may have the values, I = 0,%,1,3/2,..... depending
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upon the particular isotopic nucleus (I = O corresponds to a
nucleus which does not possess a spin and for such a nucleus no
nuclear magnetic reasonance transition is expected). Since atomic
nuclei are also associated with an electric charge,the spin gives
rise to a magnetic field such that one may consider a spinning
nucleus as a minute bare magnet, the axis of which is coincident
with the axis of spin. The magnitude of this magnetic dipole is
expressed as the nuclear magnetic moment u4 , which has a charac-

teristic value for all isotopes for which I is greater than zero ?4.

B) NUCLEAR RESONANCE

The nuclei of those isotopes for which the spin quantum
number I and magnetic moment u are not equal to zero give rise to
magnetic resonance. Consider a bare nucleus such as a proton,
when such a nucleus is placed in a static uniform magnetic field
Ho it takes up one of (2I+1) orientations which are characterised
by energies dependent upon the magnitude of p and Ho' Since the
bare nucleus has a spin quantum number I equal to one half,quantum
mechanics tells us that the tiny proton magnet is restricted to just
two possible orientations( (2I + 1) = 2), in the applied field and
these can be considered to be a low energy or parallel orientation
in which the magnet is aligned with the field,and a high energy or
anti-parallel orientation in which it is aligned against the field.
Since these two orientations correspond to two energy states it
should be possible to induce transition between, them and the
frequency,"v , of the electromagnetic radiation which will affect

such transitions is given by the eauation 2.7.
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L
1.\J=’u|3“I o (2.7)

L

where B is a constant called the nuclear magnet-on.The equation

(2.7) can be re-written as

Y’HO
V = _fﬁ___ (2.8)
where Y is known as gyromagnetic ratic and is characteristic

of the nucleus.

The absorption or emission of the quantum of energy hV causes
the nuclear magnet to turn over or '"flip" from one orientation to
the other. For nuclei with spin quantum number greater than 1/2 there
will be more than two possible orientations and in each case a set
0¥ equally spaced energy level results. The electromagnetic radiation
of appropriate frequency can cause transitions between the various
energy levels with certain selection rules that allow the transition
between adjacent levels. Since the energy levels are equally spaced
this selection rule requires that there is only one characteristic
frequency for a given value of Ho' So one can say that in NMR spec-
troscopy the atomic nuclei of elements having (I=0) when placed in
a strong magnetic field may absorb radio frequency radiation of

discrete energy.

One may consider the classical picture of the absorption
process which is more helpful in understanding the nuclear magnetic
resonance and, also, is a helpful model for the experimental
procedure. Consider a spinning nucleus oriented to an angle 6 to
the direction of applied field H0 (Fig. 2.3). The main field acts

on the nuclear magnet so as to decrease the angle ©. However, because
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the nucleus is spinning, the net result is that the nuclear
magnet is caused to precess about the main field axis. The angular

velocity wo, of this precessional motion is given by equation No.2.9,
W, =Yu =2nYV (2.9)

The precessional frequency WO is directly proportional to

Ho and to the gyromagnetic ratio'YL , and is exactly equal to the
frequency of electromagnetic radiation which, on quantum mechanical
grounds, is necessary to induce a transition from one nuclear spin
state to an adjacent level. The act of turning over the nucleus
from one orientation to another corresponds to an alteration of the
angle ©. This can only be brought about by the application of mag-
netic field, Hl' Furthermore,if this new field,Hl, is to be conti-
nuously effective, it must rotate in a plane at right angles to the
direction of HO in phase with the precessing nucleus. When these
conditions are met the rotating magnetic field and the precessing
nuclear magnet are said to be in resonance and absorption of energy

by the latter can occur76.

So in order to obtain a physically observable effect it is
necessary to place the nucleus in a static field and then to subject
it to electromagnetic radiation in such a way that the magnetic
vector component of the radiation rotates with the appropriate
angular velocity in a plane perpendicular to the direction of the

field.
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C) CHEMICAL EFFECTS IN NMR

1- CHEMICAL SHIFT

The separation of resonance frequencies of nuclei in different
structural environments from some arbitrarily chosen line position
is generally termed the chemical shift. So far from the discussion
in the previous section, more or less it is assumed that the
resonance frequency of a nucleus is simply a function of the applied
field and the gyromagnetic ratio of the nucleus. But, however, it
has been observed that the resonance frequency is, to a small degree,
dependent on its molecular environment. This is because extra-nuclear
electron magnetically screensthe nucleus so that the magnetic field
felt by the nucleus is not the same as the applied field. Consider
a nucleus in a magnetic field of field strength (HO), but the field
has been altered by the screening or shielding of the electron
surrounding the nucleus. Since electrons are magnetic particles
also, their motion is influenced by the imposition of an external
field; in general, the motion induced by an applied field is in a

direction so as to oppose that field (Lenz's Law)

H ( Nucleus ) = H - 6H

B (T -6 ) (2.10)

where €' is shielding constant and its magnitude depends on the
orientation of the molecule relative to the applied field. The

-3 and

screening factor is found to be small for protons & = 10
less than ].0_3 for most of the other nuclei. NMR data are usually

measured in frequency units (Hert'z) from a particular reference,
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generally proton magnetic resonance (PMR) data is reported with
respect to the internal reference of tetra-methyl silane (TMS)
for non-aqueous solvents in which TMS is soluble and for aqueous

; ; . . 75
solutions no single reference is predominant’ ™.

In cases where complex spectra occur or where spin-spin coupling
constants are to be given, the results should be reported in fre-
quency units as well. For chemical shifts, however, the use of
frequency units has the disadvantage that the reported chemical
shift is induced by the field. Hence it is customary and highly desir-
able to report chemical shift in the dimensionless units of parts
per million (ppm), which is independent of radio frequency (rf),
radiation (V ) or magnetic field strength (H). The relation can be
arrived between the dimensionless scale and shielding constant

( € ) as under.

The frequency (VY ) at which a proton will resonate in the
nuclear magnetic resonance (NMR) spectrum is given by the equation
(2.11), in whichH(nucleus) is the local field experienced by the
proton and ¥ is a constant known as the gyromagnetic ratio. This

equation (2.11) is also known as armor equation.

\) o Y H(nucleus) /2R (2.11)

using equation 2.10 in equation 2.11 one gets

Vo= € YRR G, (-6) 2.1

There are two main methods for scanning the NMR spectrum. In
one method magnetic field (H) is held fixed and the frequency (V)

is varied and in the second procedure the radio frequency ( \JO) is
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kept constant and magnetic field strength (H) is varied.

Now consider the scanning of a NMR spectrum when the magnetic
field is held constant at H_ and the frequency (Y ) is varied. Then

the resonance frequency of the samples and reference are

N

Il

cYre ) B, (1- 6's) 2.1

S

]

Ve = (¥72 ) B (1-6) (2.14)

The chemrmical shift on the dimensionless scale is usually given

the symbol & (delta).

The chemical shift is defined as

Y =Y
> = 5 R o 10 €2 .15)
Vr

On substituting the values of'ﬂs and'VR from equations (2.13)

and (2.14) in equation (2.15) one obtains

gl
Sl _-,‘f“_€>_,_5 x 10° (2.16)
R

If one makes the anproximation that

6*R<§:: 1l in the equation (2.16), one gets S as,

6

g g (6% - &) x 10 (2.17)

Another way of scanning NMR spectrum is to keep the frequency constant
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and vary the magnetic field. The resonance of samples and reference

will then be found at the values of the applied field given by

Il

Y (¥/2 ) Hs ( 1- €) (2.18)

o]

Il

(¥/2 ) Hy ( 1-6p) (2.19)

-

Again using the same analogy for the chemical shift as used in

the equation (2.15)
H, - H
9 - RS 4 106 (2.20)

On substitutions of equation (2.18) and (2.19) in equation

(2.20) one gets, on simplification

6y - &
¥ _ ?{{TE“)_S x 10° (2.21)
S
Since €S<<l s0
> - (6 - 65 x 10° (2.22)

From the above discussion one concludes that more highly shielded
nucleus will show its resonance at higher applied field when the
field is scanned, but at lower frequency when frequency is varied.
Also, a sample that is less shielded than the reference will be

assigned a larger value of chemical shift.

In defining equations 2.17 and 2.22 for chemical shift, both
have had sample and reference reversed so that the value of chemical

shift would increase with increasing shielding. Both conventions are
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used for Hl resonance. The protons in the reference compound,
tetramethvlsilane (TMS), proved to be more shielded than almost

all other protons; hence the definition embodied in equations

2.17 and 2.22 is generally used, since it permits virtually all
chemical shiftsto be expressed as positive numbers. It is a con-
vention used for Hl resonance; a large chemical shift (measured with
respect to TMS) implies that its protons are less shielded and

hence resonate at lower field. Since it is often convenient to
think of increasing chemical shifts in the direction of increasing
rather than decreasing shielding, an alternative scale, the T scale,
is now widely used. This scale is a dimensionless scale that

assigns to TMS (internal reference) the value 10.000 ppm. Chemical
shifts are expressed in parts per million with decreasing number
corresponding to decreasing shielding. The € scale and & scale as
defined in equations 2.17 and 2.22 are related and values can be

converted from one to other by the equation 2.23.
T - 10.000 - & (2.23)

The present studies will be concerned almost exclusively with the
nuclear magnetic resonance of the hydrogen nucleus, that is,with
proton magnetic reasonance (PMR), and the idea of structure on
proton resonance frequencies can be gained by reference to figure
2.4. Tables of chemical shifts, expressed as T orS values are a
prereqﬁisite for the interpretation of nuclear magnetic resonance
spectra. Tables of proton chemical shifts, given as T and § values

?3’??. Figure 2.4 gives a

can be found in NMR spectroscopy books
general idea of the proton chemical shifts for some common functional

groups.



31

L
Aromatic protons - <
r 1 O—3 In saturated
Olefinic protons acyclic
I Sl 1 g hydrocarbons
faH, w2 : < — Cyelopropane
S8 6 O PICH, 3
0 lmm Sm P
— A9 el
Ao RY? 9% L/ -
~0“ ~CH,Ph ., CH.|CH,
S| |E
o A S
CH,C0,§ Ar-CHO R-CHO RO-CHO Hga <9 1S | el
‘ TMS
I [ [ [ | [ I I I | [ I
-1 0 1 2 3 4 5 6 7 8 9 10 -
11 10 8 6 4 2 0 s
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Some common functions in organic compounds and their proton chemical
shifts on the T and & scale.
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Some regions overlap, for example, those where aromatic and
olefinic proton lines appear, but in many cases chemical shifts
are very characteristic of the chemical groups and/or their
environment. Thus methyl groups in acyclic aliphatic compounds, and
removed from other functional groups always have chemical shifts
near to T 9.1 (or & 0.9). Methyl groups attached to aromatic or
pseudo aromatic rings appear at T 7-8 (& 3-2). Also in the latter
region one findsN—CH3 and CO.CH3 lines. However, distinction between
such possibilities is usually easy, especially with the help of

chemical and other physical data.

Consider a few simple proton resonance spectra (i) p-xylene,
Fig. 2.5 shows two lines, one at T Tl ($ 2.3) from the protons

of the methyl groups and one at T 2.95 ($ 7.05) from those of

?8(3). The integrated intensities of these lines are

78 (b)

benzene ring
in the ratio 6:4 respectively. (ii) The spectrum of toluene
in deuterochloroform also shows two linegbut with intensities of
5:3 (Fig.2.6). The line in the aromatic region of the spectrum is
of course from the ring protons and that at a higher field is from
the three equivalent protons of methyl substituent,6 so one can make
assignments to the resonating signals in a NMR spectrum of any
sample using the tables of proton chemical shifts and hence

elucidate the structure of the compound under investigation.

One may consider another example; in the molecule of methyl
P-amino-crotonate (ITI) there are four chemically distinct kinds
of hydrogen nuclei (those hydrogen nuclei which are having different
environment, also known as chemically non-equivalent), denoted as

shown in III, by (A), (B),(C),(D) and these groups, having different
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Fig. 2.5: Proton resonance lines from P=xylene in CDCI3
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Fig. 2.6: Proton magnetic resonance of toluene in carbon tetrachloride.
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chemical shifts, give

(D)
CII3
\ (B) ©)
’//////,C = CH == CO — OCH3
NH2
&) LI

rise to a four line spectrum79 Fig. 2.7. The assignments of the

signals as shown are readily made from the information of chemical
shifts and line intensities. As one observes the signal (A)
from NH, group is of broad nature. So from the latter NMR spectrum
it is obvious that band shapes vary enormously and the height of

the lines cannot be used as an approximation for intensity; only the
integrated intensities (area) will be proportional to the number of
protons responsible for the signals, and signals whose position may
vary over a wide region of the spectrum are tabulated in the text7.3
There, special characteristics are listed which help in correlating

these signals with the possible functional groups, hydroxyl, amino,

amido, thiol, and acid functioms

II) CHEMICAL SHIFT AND EXCHANGE PHENOMENA

Protons which exchange rapidly give sharp signals (as do non-
exchanging protons); their environments are well averaged. Protons
which exchange slowly are effectively in more than one environment
and may give rise to separate signals or to a brodened line,
depending on the residence time and rate of exchange. The proton
exchange phenomena are discussed later in this chapter under heading

time dependance phenomena.

of
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Fig. 2.7: The proton magnetic resonance spectrum of III, showing
the assignment of the 4 lines to the 4 different groups
of protons (A),(B),(C),(D).
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III- EFFECT OF SOLVENT ON CHEMICAL SHIFT VALUES

If the solvent is a hydrogen compound {e.g. CHCl3, dioxan,
methanol, etc.) then its own resonance lines are added to the
spectrum. The solvent lines are very intense because of the much
greater effective molar concentration of solvent protons,compared
to those of the solute. Very strong lines are always accompanied
by side bands, and so a region of the spectrum, rather than a
narrow band is effectively spoiled (Fig. 2.8). The interference is
worse the higher the hydrogen content of the solvent molecule. To
circumvent this nuisance deuterated solvents are employed. Sometimes
it may be necessary to examine a comvound in two different solvents
which have their resonance lines in different parts of the spectrum,

so that whole of the spectral range can be covered.

The side bands are of two types (Fig. 2.8). The spinning side
bands result from amplitude modulation of the main resonance signal
and appear in pairs centred about the main signal and spaced from
it by the sample rotation frequency or integral multiple of this.
Spinning side bands are easily recognized because of the symmetry
of their arrangement about the main signal and the fact that the
alteration of the speed of spinning of the sample causes them to
move in the spectrum. Other side bands, sometimes observed in
proton resonance spectra, are invariant in position with spinning
rate. These are so-called carbon—l3(l3C) satellites.
3¢ occurs naturally with 1% of the abundance of 12C. The
nucleus has a spin 1 = % and so causes splitting of the signal
from an attached proton into two components, and these appear

centred on the main proton signal some 120-200 cycles/sec(c/s)
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Fig. 2.8: Spinning side bands, 1,1,2,2 and C13-H satellite signals,
(a) and (b), surrounding the proton resonance line from
liquid dioxan.
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apart. The combined intensities of these satellite bands will be

17 of that of the main signal, corresponding to 13C abundance in

the particular functional grouping. Only in special cases do these
satellite signals become appreciable in magnitude. That is so with

dioxan (IV) (Fig. 2.8) where,

e \rz
N

jAY

Hy

because of the molecular symmetry, there is 4% chance of any one

- L3cy 76
molecule containing a 2 group

For a given solute, different solvents will give rise to
different sets of chemical shifts if the solvent molecules are not
chemically inert and magnetically isotropic (i.e. spherically
symmetrical in magnetic properties). Carbon tetra chloride (CCla) is

an ideal solvent.

IV~ CAUSES OF CHEMICAL SHIFT

As discussed above that the field experienced by a nucleus in
an atom or molecule is not precisely equal to the applied field,
Ho’ because the nucleus is to some extent shielded by the extra-
nuclear electrons associated with it and with neighbouring nuclei.

In principle, electrons can influence the field at a nucleus in one
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that the motion of electrons differs from that in the field-free

system by a common precession of frequency Ho e/4me (where HO

I

applied magnetic field, e = charge on electron; m = mass of
electron; ¢ = velocity with which electrons revolve around the
nucleus). The physical significance of the theorem can be explained
by reference to the Bohr model of hydrogen atom shown in Fig. 2.9,
In the presence of magnetic field the electron in the hydrogen
atom circulates (with a frequency Ho e/4me) in the direction shown
(clockwise). The motion of the electron is equivalent to an electric
current flowing in a closed loop and as such it is associated with

a secondary magnetic field which is also depicted in Fig. 2.9. The
secondary magnetic field opposes the applied field, Ho’ at the
nucleus which consequently experiences a total field which is
slightly less than that predicted from the value of HO and the magnetic

constant of the proton. Equation 2.1l can therefore be modified to

Y VH (1-g) 2% (2.24)

where 6" is the shielding constant for hydrogen atom. An important
result which follows from the above treatment is that the frequency
of Larmor precession is proportional to Ho . Extention of the treat-
ment of shielding in free atoms to that of atoms in molecules is
complicated by several factors. An understanding of these factors
is particularly important as they are related to the way in which

molecular structure affects the chemical shift. It is customary
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to separate the shielding arising from the electrons directly
associated with the nucleus, into two terms. The first term relates
to normal circulation in atoms and is a function of electron density.
The second term takes into account the restriction imposed on
circulation of electrons by chemical bonding. The two are referred
to as local diamagnetic shielding and local paramagnetic shielding
by electrons which are involved in the bonding of the proton in

question to the rest of the molecule.

Local diamagnetic shielding makes an important contribution to
the shielding of protons in organic molecules. Its magnitude will
differ from that of the shielding in the hydrogen atom by virtue of
changes in electron density in the immediate vicinity of the nucleus,
which result when hydrogen atom is involved in chemical bonding.

This type of shielding will be discussed in some detail later.

However ,local paramagnetic shielding, for proton,is much less
important than the diamagnetic term. In case of the hydrogen molecule
it ‘Is approximatelyxgn order of smaller lnugnitudegz, and its
variation with molecular structure is negligible. So for proton,

local paramagnetic shielding is most commonly neglected in the

theoretical treatment of chemical shift.

In addition to the local shielding effects just considered,
significant contributions to the shielding of protons may arise
from the circulations of electrons associated with other atoms or
groups in the molecule. Shielding of this type is called long-range
shielding. Long-range shielding arises only if the magnetic polari-

zibility of the electrons is anisotropic, i.e. if the circulation
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induced by the applied field s greater for some orientation of

the molecule in the applied field than for others. Long-range
shielding may arise from electron circulation about the neighbouring
atom in the molecule in which case it is referred to a neighbouring
paramagnetic shielding or, alternatively,circulation may occur about
two or more atomic centres and this effect is known as interatomic
diamagnetic shielding. An important feature of long-range shielding
is that it can be either positive or negative depending on the
geometric relation between the group of electrons responsible for
the effect and the nucleus under consideration. The magnitude of the
effect is such that it is important in the chemical shift of protons
but of less significance for heavier nuclei for which the overall

scale of chemical shifts is dominated by local paramagnetic shielding.

Chemical shifts of protons in organic compounds are almost
invariably measured in liquid phase, usually as solutions in suitable
solvents. A solvent can contribute to the shielding of a proton in
a molecule by its influence on the electronic structure of the
molecule and by direct magnetic field contributions in case of magne-

tically anisotropic solvents.

In summary, the shielding ( 6') of a nucleus can be expressed

as the sum of five terms

€ =gl +e +e" +e +& (2.25)
d P P d s

which are the local diamagnetic and paramagnetic, neighbouring
paramagnetic and interatomic diamagnetic and solvent shielding

contributions respectively.
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a) LOCAL DIAMAGNETIC PROTON SHIELDING

The relation between the local diamagnetic shielding of a
proton and chemical structure involves the effect of electric
fields on circulations of electrons around the proton, and of the
electron density at the proton. It has been found from quantum
mechanical treatment83 that the contribution from local paramagnetic

shielding is negligible.

The much more important factor determining the magnitude of
local diamagnetic shielding is the local electron density. Indeed
the relation between éﬂf and the polarity of the C - H bonds, as
inferred from several general criteria, forms the basis of the most
useful means of predicting approximate proton chemical shifts in

organic molecules.

Various attempts have been made to correlate proton chemical
shifts with the electronegativities of the substituents. First
attempt was made to correlate proton chemical shifts in substituted
alkanes with the electronegativities of the substituents. These

84-86
an

earliest attempts utilized data for monosubstitutedmethanes d

84,85,87

ethanes

It was noted that there was an approximately linear relation
between the shifts for the methanes and the differences ( & internal)
in chemical shifts between the methyl and methylene protons of
the ethanes and that both these cuantities were linearly related
to the electronegativities of the substituents. Accordingly, it
was suggested by Dailey and Shoolery84 that ( & internal) could be

used to measure electronegativities, the relation between the two
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being given®? by equation 2.26.

Electronegativity = 0.684 g'internal + 1.78 (2.26)

where g;:ﬁnternal is in parts per million (Ppmr),

The apparent success of the above correlations suggests that
the shielding in alkanes is due solely to the local diamagnetic
term ( Gg') which in turm is controlled by the inductive ( + I)
effect of the substituent. However, it is now clear that this was
not the case. Inspection of the data for substituted methane, showed
that chlorine, bromine, iodine and sulphur are anpmalous. It has
been shown that the shifts of o - protons in isopropyl chloride,
bromide and iodide are in opnosite order to that found for the
corresponding methyl halidesand « - protons of ethyl halidesag.
These findings cannot be explained simply in terms of the inductive
effect of substituents. Spiesecke and Schneider88 have considered
the proton chemical shift data for substituted methanes and

ethanes. They concluded that the long-range shielding was largely

responsible for the anomalous results for the halogens and sulphur.

The proton chemical shift has also been correlated with
parameters which reflect the effective electronegativity of the
group to which the proton is attached. For instance, correlations

of Hammett 6 - constants for substituents have been attempted for

20,91

aromatic protons in substituted benzenes aldehyde protons in

substituted benzaldehydes,92 the methoxy protons in substituted

94

methoxybenzenesg3, o{ - and B - protons in ethyl benzenes In

general reasonable correlations are reported for p-substituents
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but less satisfactory argument is obtained with the m-protons, for
which long-range shielding contributions are expected to be more

important.

In short the dependence of local diamagnetic shielding on
electronegativity and Hammett-type substituent parameters clearly
involves polarization of the C-H bond, the shielding being reduced
as the C ﬁ character of the bond increases. Hence for a detailed
understanding of the role of local diamagnetic shielding, all the
factors which affect the polarity of C-H bond should be considered.
These factors include , (i) direct electostatic effects of charges
and dipoles, (ii) inductive effects, (iii) mesomeric effects,

(iv) hybridization of the carbon to which the proton is attached,
(v) van der Waal effects. The detail of these effects on the local

diamagnetic shielding can be found in the text575’77.

b) LONG-RANGE/INTERATOMIC DIAMACNETIC SHIELDING

Aromatic and pseudo-aromatic rings, with their cyclically
delocalized K - electrons, allow the induced circulation of these
electrons over all the ring atoms. The considerable ring currents
thus induced produce correspondingly large magnetic fields. Such
systems are far from being spherically symmetrical; indeed, they
are markedly anisotropic, and so the effects of the induced field
at a point in the surrounding svace do not average to zero for all
possible orientations of the ring with respect to the applied magnetic
field. Aromatic rings therefore provide a strong source of long-range
shielding and deshielding. The induced field and resulting shielding
zones for the benzene molecule can be seen as in Fig. 2.10. The

field arising from the induced circulation of XK -electrons round the
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Fig. 2.10: The induced diamagnetic circulation of A -electrons
around a benzene ring and the resultant shielding
envelope.
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ring is opposed to the applied field at the centre of the ring,

but in the same direction outside, in the plane of the ring where
the benzene protons lie. These are then deshielded (negatively
shielded), because there the secondary induced field reinforcesthe
applied field. The result is that the protons come to resonance

at a correspondingly lower value of the applied field than would
otherwise be required. The protons of benzene have a chemical shift
of 3= 7.27;, on the other hand a nucleus held over the centre of
the benzene ring is shielded, because in the region induced and

applied fieldsare opposed. Thus, in the paracyclophane (V) one finds

[CHy 1S

the central methylene protons of the bridging chain have & = 0.80

as compared with & = 1.25 in a normal aliphatic chain.

does
The induced magnetic field / not really arise from induced
circulations of electrons around bonds or rings. The electrons
continue to move in their normal paths but additionally perform an

induced precessional motion about the lines of force of the applied
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field96. It is from the sum of their induced precessional motions

that the secondary magnetic field arises. The secondary induced
field has a distribution in the surrounding space such that it
could equally well have arisen from a prescribed circulation of
electrons within the bond. Thus, the induced secondary field about
a benzene molecule has the same form as if the K -electrons
circulated round in two superconducting loops (the & -lobes) one
above and one below the plane of 6 -bond framework. The secondary
field can be calculated on such a basis. In this way the shielding
and deshielding zones surrounding the benzene molecule have been
computed by Johnson and Bovey97. These computations are of great

help in explaining the chemical shifts of groups held in proximity

to benzene rings or any other aromatic rings in the same molecule.

C) SPIN-SPIN COUPLING

Consider the low resolution spectrum of ethanol (Fig.2.1l1l) which
consists of three bands as expected from the three types of protons
in the molecule . The intensitiesof these bands, as measuréd by the
areas they enclose, are in the ratio 1:2:3. This is to be expected
since the intensities of absorption bandsare proportional only to

the number of protons responsible for the absorption.

Now if the ordinary ethanol's NMR spectrum is scanned at high
resolution, one findsa somewhat more complicated picture (Fig.2.12).
The bands associated with the methyl and methylene groups now appear
as multiplets, the total areas of which are still in the ratio of
3 : 2;the spacing of the three components of the methyl groups
triplet are found to be equal to that in the quartet from the methylene

group. Furthermore the areas of the components of each multiplet
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approximate to simple integral ratios (1:2:1 for triplet and
1:3:3:1 for the quartet). These observations can be understood if
one imaginesthat the field experienced by the protons of the one
group is influenced by the spins of protons in the neighbouring
group. Consider the methyl protons in relation to possible spin

arrangement of the two methylene protons.

There are four spin arrangements for the methylene group. If
one labels the two protons A&B then one has (1) A and B both in
parallel spin states, (2) A & B both in anti-parallel spin states,
(3) A parallel and B anti-parallel, and (4) A anti-parallel and B
parallel. The arrangements (3) and (4) are equivalent. The magnetic
effect of these arrangements is in some way transmitted to the
methyl group protonsso that these protons will experience one of
three effective fields according to the instantaneous spin arrange-
ments of methylene groun. Thus for a collection of ethanol molecules
there will be three equally spaced transition energies for the methyl
protons. Since the probability of existence of each of four spin
arrangements are, to a higher order of approximation, equal and taking
into account the fact that (3) and (4) are equivalent, it follows that
the intensities of the three transitions will be 1:2:1. These results
are illustrated schematically in Fig. 2.13. Similarlyone findsthat
the spins of methyl group can be arranged in eight ways of which
there are two sets of three equivalent arrangements (Fig.2.14) thus
accounting for the observed structure of the methylene multiplet. In
this example, the spacing of adjacent lines in the multiplet is a
direct measure of the spin-spin coupling of the protons of the
methylene group with those of the methyl group, and is known as spin-

spin coupling constant J
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methyl group.
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d ) SOLVENT EFFECT

Since all NMR measurements are made in the liquid phase, the
position of a nuclear resonance line of a particular molecule in
a liquid is affected by the surrounding molecules. In solutions
the position of the resonance signal is often found to be concent-
ration dependent. By extrapolationto infinite dilution, the effect
of neighbouring solvent molecules can be observed separately. In

general two different effects can be distinguished.

1. Shifts due to difference in the bulk diamagnetic
susceptibility of the solute and solvent.

2. Shifts arising from intermolecular interaction
between solute molecules or between solute and

solvent molecules.

Theoretically definabl¢ effect arising from the solvent medium
such as association between solvent and solute molecules, hydrogen
bond between solvent and solute, such effects are particularly
important in proton magnetic resonance, where intermolecular shielding

is small.

The shielding contribution ( 6%) of the solvent to a proton in
a solute molecule was accounted by Buckingham et 3198 in terms of

five separate effects has been given by eq. 2.27.

G'S= €B+q1+€a +tS*E+s*'C €227

Where the first four terms on the right side of the equation

are associated respectively with the effects of bulk magnetic

susceptibility, van der Waals interactions, diamagnetic anisotropy
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of solvent, and electrical polarization and polarizibility of
solvent, the fifth term includes weak interactions such as charge
transfer and hydrogen bonding, which lead to the some form of
complex in which the solute and solvent molecules are specifically

oriented with respect to each other.

In complex molecules it is often found that solvent effects
are selective. It has been observed that the chemical shifts of
different methyl groupsin a steroid99 respond quite differently
to change of solvent. Systematic studies of variation in chemical
shifts of protons in well known location in large molecules have

shown considerable regularity in solvent effects:.l'00

In general, the solute-solvent complex is best thought of as
a transitory species that biases the otherwise random distribution
of solvent molecules around the solute, rather than a distinct

separate species.

The fourth factor 'EE arises from the effect of an electric
field on the nuclear shielding. Buckingham et 3198 has shown that
when a polar molecule or molecule ‘containing polar group is dissolved
in a dielectric medium, it induces a '"reaction field'" the effect
of which is usually to reduce the shielding around the proton in

the solute which affects the chemical shift values of the shielded

proton of solute.

e) TIME -DEPENDENT PHENOMENA

Molecules often exist in two (or more) co-existing states or

subspecies which are in rapid equilibrium with each other.These may
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be different conformation8101-10?,different ionized forms, different

positions of protonation10%orcomplex forms. In the u.v and I.R. of
such a molecule, one may expect to see the absorption peaks corres-
ponding to both states. At the high frequency associated with the

13 15

optical spectra (10 -10 sec_l) one may expect the broadening

of the absorption peaks if the life time of each form is very small,
10'14 -10_15 sec., or less. But broadening cannot be appreciable
compared to the resolving power of optical spectrometer if the life
time of the two forms is not small as mentioned above. However in
nmr spectroscopy the observing frequency is one millionth as great;
spectral lines may be only gpe cycle per second in width and these
corresponding to interchanging subspecies may be only a few cycleg/
second apart; very marked broadening, sufficient to merge the lines
for each subspecies, may occur even when life times are as long as

-1

10 to 10—3 sec, If their life times are much shorter than this,

the two forms will give a single narrow peak ard be entirely

indistinguishable. These life-times, say 10" o 1077 sec, correspond
to a range of reaction and isomerization that is of great importance

in chemistry.

One of the most commonly encountered reactions which may be
fast on n.m.r time scale is intermolecular exchange of labile

protons between groups such as -0H, -NH and -SH and kinetic n.m.r

have 109-112

studies of these and related/been reviewed by many authors.

The average spectrum corresponding to rapid exchange is
generally encountered with high concentrations, with some polar
solvents and in the presence of traces of acidic or basic catalysts,

113

such as mineral acids.Becker and coworkers studied the exchange
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effects on the proton n.m.r. spectra of 1,3-dimethyl cytosin
hydrochloride (VI) and hydroiodide in 802 and at different

temperatures.

Vi

The two -NH, protons are in different environments, thus
different chemical shift values were observed in the n.m.r. spectrum,
Further they observed that the values of the two NH, protons are
smaller in hydroiodide than in the hydrochloride showing that the
presence of different cations can exchange the environment and

hence change the chemical shift and & values.

Suppose a given nucleus can exchange between two sites, A and

B, and that in these sites it has resonance frequencies \JA and \)B
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respectively. If the life time at A and B are TA and TB seconds,
the life time of the system is defined as T = TA_TB/('TA + TBL

If one considers a special case in which the nucleus has equal proba-
bility of being in the two sites, in this case < = TA/Z ='TB/2,one

also assumes that the transverse relaxation times (TZ) for the nucleus

in the two sites are the same and are large compared with l/(”vB-‘vB).

So the conditions in qualitative terms for which the nucleus
gives rise to a single line at (‘VA.+-VB)/2 and a pair of lines
at i and ) B the former situation arises if T <<1/( vB - VA)
and similarly two lines at Y 5 and Y p are observed if "(’>> ]/{ Y5- \}A)
it being assumed that'v £:>1vAH Of particular interest is the

L

situation in which ¢ and 1/("UB - 'VA) are of the same order.
The behaviour of the system under this condition was first deduced

theoretically by Gutowsky, McCall and Slichterll4 , and more

simply, by Mcconnelllls. The predicted behaviour is presented in

Fig. 2.15. Cne notes that as the life time decreases through the
critical range the two lines broaden and move together until they
coalesce to a broad singlet. As the life-time decreases still further
the broad singlet sharpens and eventually reaches a line width

which is determined only by T,. The life time corresponding to

{nalescence is given by equation 2.28
T = VI 2R €Y ~ Y (2.28)

Since the line shapes can be computed for any value of T and
(Vv B " \QA) and since ( V B ”?A) can be determined directly
from the spectrum observed under conditions of slow exchange, it

follows that this phenomenon provides a method of determining the
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|
UGS

Fig. 2.15: Theoretical line shapes for nuclei exchanging
between two equally populated sites.
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rates of quite fast reactions. Since ( ‘OB - 'ﬁA) is generally in

-2 —lO"A sec

the range 10-1000 Hz, life-times of the order of 10
be investigated. For the particular case with which we are

dealing and with T2:§2> 1/¢( ‘Q '?A), four approximate methods

are available for extractlng/from spectra corresponding to partial

coalescence. The first due to Gutowsky and Holm116

takes advantage
of a simple relation between the separation,ZﬁPQObs, of the two

maxima in partially coalesced spectra equation 2.29

/2
_OVebs - ‘ 598
('\]B"' '\)A) ZKZTz[VB— 1A]2

dll?

The second metho relates life-time to the ratio of the

peak maxima to the minimum between them equation 2.30

/2
/2
]

‘T s 3[ 2rs 2(r2.r)
2K(Vg= Ya)

2.30

Where r = Max. intensity/Min.intensity. In the region where

the two peaks are broadened but do not overlap equation 2.31118’119

which is independent of peak separation can be applied.

1
2[ ! ! ] 2.31
0

T L

exch
2

widths found for exchange and in the absence of exchange respectively.

Where T and Tzo are found by multiplying X by the line
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Line width measurements of coalesced spectra can also yield

life-times through equation 2.32119’120.

v c e [Fe5) e

It is stressed that the last four equations do not hold in the
region of coalescence, i.e. when
T - V2/2 K (\}B - ‘QA). In this region, and when 1/T, and
Yy g - “YA) are of similar magnitude, the life-time can be determined

by comparison with theoretically computed spectr3121.



EXPERIMENTAL
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PART - II

THEORY OF ELECTROLYTIC CONDUCTANCE

The resistance of an electrolytic conductor to current
passage is governed by the Ohms' Law to such conductors. However,
instead of resistance, it is customary to speak of conductance,
which is merely the reciprocal of electrical resistance. The
resistance of any conductor is proportional directly to its length

and inversely to its cross-sectional area, namely,
R=FT=x €A (2.33)

where R is resistance in Ohms, ¢ is the length in Cm, A is the
area in square Cm and‘P the specific resistivity. The wvalue of f
depends on and is characteristic of the nature of the conductor.
From ea. 2.33 the expression for the corresponding conductance L

follows as

r!
I

1/R = 1/f x (AN)
Lg (AR ) (2.34)

r‘
Il

where Lg = 1/ 1is the specific conductance of the conductor. This
aquantity is defined as the conductance of one cm cube of material

and is expressed in reciprocal Ohms or Mhos per Centimeter.

Although the specific conductance is a property of conducting
medium, in dealing with solution of electrolytes a quantity of
greater significance is the equivalent conductance, A . The

equivalent conductance of an electrolyte is defined as the conduc-
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tance of a volume of solution containing one equivalent weight of
dissolved substance when placed between two parallel electrodes

1l cm apart and large enough to contain between them all of the
solution. A is never determined directly but it is calculated from
the specific conductance. If C is the concentration of a solution
in gram equivalents per liter, then the concentration per cubic
centimeter is C/1000, and the volume containing one equivalent of
the solute is therefore, 1000/C cc. Since LS is the conductance
of a centimeter cube of the solution, the conductance of 1000/C cc,

and hence A , will be

1000 LS
A = e (2.34)
C
Eq. 2.34 is the defining expression for the equivalent conductance,
where C is the number of gram equivalents of solute per liter of

solution.

PRINCIPLE OF CONDUCTIVITY MEASUREMENT

The problem of obtaining A values requires the determination
of specific conductance of electrolyte, and this in turn, to the
resistance of solution and use of eq. 2.34. For measuring resistance
of the electrolytic solutions the wheatstone bridge method125 is
employed, schematic diagram of which is shown in Fig. 2.16;RX, the
unknown resistance whose value is to be determined, is placed in
one arm of the bridge, a variable known resistance RS in the other.
AB is a uniform slide wire across which moves a contact point 'C'.
To balance the bridge the contact is moved alongwith this resistance
until no current from the battery 'E' flows through the galvanometer

'G'. When this condition is reached, Rs, the resistance from A to



Fig. 2.16: Wheatstone Bridge

6
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to C,R and that from C to B, R2’ are noted. Rx is then calculated

1
from these resistances according to the following considerations.
When the current 'I' from the battery reaches point 'B' it divides
into two parallel paths and into two currents, Il and I2. These
currents lead to potential drops across the resistances they traverse
The purpose of balancing the bridge is to find a point along AB,
namely C, such that the potential drops from B to C is equal to that
from B to D. When this point is found, D and C are at the same

potential and no current flows through the branch containing the

galvanometer. The condition for the bridge balance is, then,

L, (2:.35)

But, when these 'IR' drops are equal, those from D to A and from

C to A must also be equal. Hence

R. I, = R, 1 (2.36)

Hence

R_. /R =R, /R

B ™ RS (R1 ¥ Rz) (2.37)

Although the principle of Wheatstone bridge124

Jjust given
remains the same, several modifications in the techniques have been
made for the measurement of resistances of the electrolytic solu-
tions by this method. In the first place direct current is not used,
as it cause@electrolysis and concentration changes at the electrodes.

To avoid these, alternating current is employed, usually at a

frequency of 500-2000 cycles per second, and supplied by either a
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vibrating tuning fork or a vacuum tube oscillator. Since a current
of this frequency is within the range of human ear the galvanometer
can be replaced by a set of earphones. Passage of current through
these produces a buzzing sound which decreases in intensity as
balance is approached and is minimum when the balance point is
reached. Theoretically the sound should be zero at balance, but due
to capacitance introduced by the cells, such an ideal state is not
attained. However, by placing a variable condenser across the
standard resistance, it is possible to sharpen the balancing by
adjusting the condenser to the capacitance of the cell, thus neutra-
lizing the two to a degree. An alternate detecting device employed
in some of instruments is the Cathoderay oscilloscope. By its

use a balance of both resistance and capacitance can be obtained.

VARIATION OF CONDUCTIVITY WITH DILUTION

Although the actual conductivity of an electrolyte becomes
smaller as the solution is progressively diluted, the molecular and

; 2 s ; 12
equivalent conductivities increases 3

with dilution until a limiting
value is reached. The dilution effect on equivalent conductance can
be understood from Fig. 2.17., which is a plot of A vs. Vc. It is
apparent from Fig. 2.17., that equivalent conductance increases with
the decrease in concentration. This limiting value of equivalent

conductance is known as equivalent conductance at zero concentration

and is represented by Ao

EQUIVALENT CONDUCTANCE AT INFINITE DILUTION

Kohlrausch125 was the first to point out that when A for

strong electrolytes is plotted against V¢ the curve approaches
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linearity in dilute solutions, that is, in dilute solutions

A = Ao - by c (2.38)

where b is a constant. The validity of this finding may be seen
from the plot of potassium chloride in figure 2.17. Consequently,
to obtain Ao of such electrolytes the curve may be extrapolated
to Vc = o and the intercept read, or the slope of the linear
portion of the curve may be obtained from the plot, and Ao solved

for from equation 2.38.

THE CONDUCTANCE RATIO/DEGREE OF IONIZATION (el)

The limiting wvalue of A , at infinite dilution, or zero
concentration, is represented by Age or Ao respectively. The
amount of current passing clearly depends upon the number of ions
present in the solution, for they are the sole carriersof the
current, and also upon their mobility, or the ease with which they
get through the liquid. The two factors, then, upon which the
conductivity of a solution will depend are (a) the number of ions
and (b) their mobility. Arrhenius assumed that the latter did not
vary with dilution, and so the only reason for the increased equi-
valent conductance must be in the formation of more ions. At infinite
dilution, he reasonably supposed, that the electrolyte was completely
dissociated. Since the current flowing is proportional to the number
of ions present, the amount of dissociation at any dilution, v , or

concentration, C, would be given by

A
o(_ = A or & = Ae (2.39)
A‘C AO
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Arrhenius supposed that o measured the degree of ionic dissociation
of the electrolyte, so that, for instance potassium chloride in one
normal solution would be 767 ionized. For strong electrolytes
however this is not true; the dissociation is complete, or nearly

so, and is much greater than the value of o supgests. Therefore one
Av

Aot

prefer the non-committal phrase conductance ratio ford =

EFFECT OF DIELECTRIC CONETANT ON DISSOCIATION

Walden showed that a dissolved salt gives a definite value
for the ratio . A/Ae at a dilution which is inversely proportional
to the cube of dielectric constant of the solvent. Thus, if one
chooses 6(,= (—%—) = 0.5, one will find the dilution required to
give this wvalue o; a{ being inversely proportional to the cube of

the dielectric constant. This relationship is only approximately

true, and reaches this degree of accuracy only for strong electrolyte

It is found that only in liquids of fairly high dielectric
constant, dissociation can take place. The dielectric constant of
a substance is dependent upon its dipole moment, that is, upon the
degree of aSSYmmEtrylzz of the arrangements of charges in the mole-
cule. It is not surprising therefore to find that only those
liquids with high dielectric constants, that is, very unsymmetrical

fields, can bring about ionization.

The actual mechanism of ionization in solution, where the
solid salt is not completely ionized before dissociation, is not
understood. Some hold the view that a compound formation with the

solvent is a necessary preliminary to further breakdown into ions.
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The behaviour of salts in non-aqueous solvents is usually
considerably different from that in water. Ionization in any sol-
vent is governed largely by Fajan's rule. This states that ioni-
zation.will be promoted bv the presence of a small anion and a

large cation.

Further, in solvents of dielectic constant less than 25, the
dependence of the equivalent conductance on the concentration
becomes complex. Plots of log pA vs. log C, instead of being linear
or slightly curved as they are in solvents of higher dielectric
constant, contain minima which appear at lower concentrations the
lower the dielectric constant. To explain these minima and the
curves in general it has been suggested that in these solvents
ions exhibit a tendency to associate into complexes125 such as
A+B_, A+BhA+, and B_A+B_, which decrease the number of ions avail-
able to carry current, '‘and hence the conductance. These theories
of association into complexes seem to account fairly well for the

observed phenomena.

EFFECT OF TEMPERATURE ON CONDUCTANCE

The conductance of all electrolytes increases with temperature.
The variation of Ao with temperature can be represented by the

S [
equation

o
Aogty = No(25c) [1+p ¢t~ 25) (2.40)

o)
where Ao(t) is the limiting equivalent conductance at tc, A o0(25°
that at 250c, and B a constant. For salts p is usually 0.022 to

0.025, for acids 0.016 to 0.019. Similar behaviour is exhibited
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by the equivalent conductances of strong electrolytes in finite
concentration. However with weak electrolytes the variation of

A with temperature is not so regular, for in these not only do
the velocities of the ions and the interionic forces change, but

also the degree of dissociation.

OSTWALLS DILUTION LAW

The law of mass action finds a fruitful field of application
to ionic equilibrium. This application is especially instructive
because ions deviate more markedly from ideal behaviour than do the
neutral molecules, with the result that the activity corrections

are correspondingly more important.

Consider a simple type of ionic equilibrium involving the

dissociation of a neutral molecule (or ion pair) AB.
AR e AT g BT (2.41)

The condition of equilibriuﬁ is that the chemical potential
Mg of the undissociated molecule shall equal the sum of the chemical
potentials/uA+ and,UB— of the ions. In solution sufficiently dilute
to justify the use of van't Hoff's Law one may express Al for each
species of the solute asﬂO + RT In C, where 'C' is its equilibrium
concentration, andjup its chemical potential in a solution of unit

concentration. It follows that

Cpt) Cg~) _ -uymr
G

= K (2.42)
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where the constant K, though a function of temperature and

il ¢ o . :
pressure, is independent of the concentration, and ZS,U— is given

by

Ap® = oy + pp- - oy (2.43)

Let the salt AB be dissociated to a fraction 0( , in a
‘ : § =5
solution of concentration 'C'. Then the concentration of AB, A,

and B is given as

(48] = ¢l -dl y, and (A7) = 18”1 = e «2.40)

Substituting the values of [AB] [A+] and [B'] from equation 2.44

in equation 2.42 one gets

2
K = %% (2.45)

But according to Arrhenius (Ea. 2.39)
a{ = Ac / Ao

where Ac = equivalent conductance when the concentration of solute

= 'C' and Ay, ™= equivalent conductance at infinite dilution.
Hence
c A?
Bm = g (2.46)
o Ak = Ng)

The above equation is known as Ostwald's dilution law.
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To apply this equation one rearranges it as suggested by

Kraus (1922) into the form

CAC= _KcA° 4 K~-A—C—-— (2.47)
so that, by plotting C A¢ as a function of 1/ A, one obtains
a straight line, with an y-intercept of —K.Ao and a gradient of
KA% . So in this way one gets two equations with two unknowns,
k and ‘AO which are evaluated bv seclving them simultaneously.
As an example, the data of Mclnnes and Shedlovsky (1932) on acetic
acid in water at 298.16 £ have been analysed in this way (Fig.2.18).
One finds KAe = 7.00 x 1073 anc KAe = 2.74, which Follows
that Ao = 391.6 and that K = 1.787 x 10”5 equivalents per liter.

Both values have been confirmed by independent experiments.

1301
110
S0 -
704
50+
30-
10+
=10+
- 30+
-50 -

CA10°

R O PR ! e
0 8 16 24 34 40 48 56
[1/A 1%10°

Fig. 2.18: Determination of the ionizatio% constant of acetic
acid in aqueous solution at 25°C from conductivity
measurements.
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EXPERIMENTAL

During the present investigation, two experimental techniques

N.M.R. svectroscopy and conductance measurements were employed.

N.M.R. spectra of PyI and PyClOA were recorded under various
conditions (e.g. change in solvent etc.), whereas conductance
studies were carried out in different solvents and at different
temperatures. These observations were obtained to gain information
regarding charge transfer phenomena, ion pairing and its dissocia-

tion constants etc.

CONDUCTIVITY MEASUREMENTS

Conductance measurements of Pyl in different solvents and
at different temperatures were carried out. The conductance measure-
ments were carried out under inert atmosphere and an assembly was
self-designed in order to produce inert atmosphere. Nitrogen gas
was used for inert atmosphere production and was purified after
passing through the traps containing pyrogallol and then through

a trap containing the solvent under study.

A) INSTRUMENTATION

For conductivity measurements, conductivity bridge set Model
MC1 MKV,Electronic Instruments LimitedJChertsey’Surrey,England
was used. The instrument is designed for quick and accurate con-
ductivity measurements to be made over a wide measuring range

having the following specifications:
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Fig. 3.2: Panel diagram MCI MKV.

74



a) Measuring Ranges:

0.0I - 100mS / cm
(micromhos/cm)

1_--104'L MS/cm

10-10° MS/cm

0.1 - 103)us/cm
10 = 10° gs/em
100 - 10° us/em

b) Accuracy:

+ 1% of reading at centre

.0

+ 37 of reading at normal

(0.1

75

In three switched ranges.
Using a Cell with constant
K=20.1

In three switched ranges

using a cell with constant
K=1.0

scale
on dial)

scale ends.
and 10 on dial)

+ 10% of reading outside normal scale.

c) Power Supply:

(0.01 - 0.1 and 10.0 - 100

of dial range)

9 V PP 7 battery, or equivalent. Battery life

6-12 months; dependent on climate and usage.

d) Preliminary Procedure:

Before making the measurements the measuring cells

were cleaned. Also a brief test procedure was carried

out on the instrument to check calibration and battery

condition.

i) Cleaning the Cells:

The plastic bung was removed from the bottom of

the beaker cell; using the bottle brush, the cell's
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bore was scrubbedwith a 507 water/detergent solution
and was rinse thoroughly with distilled water. Surplus
water was shake out and the cell was examined to
ensure that the electrodes and interior surfaces were
evenly wetted (i.e. there were no grease deposits); if
they were not, the cleaning procedure was repeated and

plastic bung was replaced.

1i) Calibration of the Instrument etc:

The function switch was set to the test position and
the HOLD ON push button was depressed. The large cali-
bration dial was rotated until the null balance indicator
pointer coincided with the cursor line above it, the dial

reading opposite the cursor was at 1.0 mark.

The battery condition was checked by setting the
function switch te any one of the three measuring ranges,
and HOLD ON push button was depressed. The null balance
indicator showed a full scale deflection showing that

the battery was in working condition.

B) MEASUREMENT

The instrument used was provided with two beaker type cells of
cell constant 0.1 K and 1.0 K. For conductivity measurements of
a sample the cell with a cell constant 0.1 K was used, since this
cell had a greater precision through out the measuring range over
- the cell of cell constant 1.0 K as mentioned by the manufacturer

of the instrument.



Movable inner tube
connected to N2 gas

Fig.3.3: Assembly used for N, atmosphere during conductance
measurements
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The measuring cell was filled with the sample; the connecting
cables were plugged into the measuring socket. The temperature of
the sample was measured using the thermometer provided and the
temperature knob was adjusted to read the value as measured by the
thermometer. The thermometer was then removed from the cell
containing the sample. The housing made up of glass (see fig.3.3)
was placed on the cell, which provided a continuous flow of
nitrogen gas from the sample and hence the nitrogen atmosphere
was generated. The function switch was adjusted to the anticipated
range of measurement, then HOLD ON button was depressed and
graduated dial was slowly rotated until the edgewise balance
indicator showed centre scale precisely. The dial setting at which
this occured was read off and multiplied by the range factor for
the appropriate function switch position and cell constant. Tem-
perature of the sample solution was also noted after conductance
measurement; this was done in order to observe the temperature
fluctuations, if any. From the value of specific conductances for
samples of solute thus obtained, concentration ranging from 2 x1072M
to 2 X lOwémgha values of equivalent conductance ( A‘:), ion pair
dissociation constant K, and equivalent conductance at infinite

dilution ( Acﬂ’ were determined as described in chapter two.

N M R SPECTROSCOPY

i) Instrument

NMR studies were carried out on NMR spectrometer Model JNM-

PM-60 JEOL CO., JAPAN. This spectrometer is specially designed
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for measurements of hvdrogen nuclei resonance, that is for proton

magnetic resonance (PMR) studies. It has the following specifications

STANDARD FREOQUENCY = 60 MEz

FIELD INTENSITY = 14092 Gauss
RESOLUTION = 0.4 Hz

SAMPLE TURE SIZE = 5. mm(Outer diameter)
SAMPLE VOLUME = 0.3 ml

RECORDER = Plane XY

ii) Procedure

For the scanning of PMR spectra first the solutions of Pyl
(Concentration ranging from 0.05M to 0.4M) and PyClO4 (concentration
ranging from 0.1M to 0.2M) in the required solvent were prepared.
The sampnle tubes were pronerly washed and dried. For recording
the spectra the sample tubes were filled approximately one third
of their capacity and encapped wiped with the tissue paper and were
completely cleaned from the outer sides (since some attached
impurities may generate some undesired signals). The samples were
preheated to a temperature?%gwthat of sample holder compartment.
This preheating was done by placing the sample tubes in the sample
holding compartment (which is a nart of magnet console where the
sample is placed for scanning the NMR spectra) for approximately
five minutes as recommended by the manufacturer of the instrument.
After preheating the sample, tube was placed in sample holder and

the PMR spectra was recorded. This was repeated twice.
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CHEMICALS

1-Ethyl-4-Carbomethoxy Pyridinium iodide (PyI)

The impure sample of l-ethyl-4-carbomethoxy pyridinium iodide
was available in the laboratory. It was purified by recrystallizing
thrice. The recrystallization126 of the sample was done by dissol-
ving the given impure sample in hot acetone, until a saturated
solution was obfained at elevated temperature, the solution was
filtered off while hot. The solution in a sealed earlenmeyer flask,
was kept in the freezer compartment of refrigerator, the solid
that separated out was orange-coloured crystalline pure l-ethyl-4-
carbomethoxy pyridinium iodide. This orange crystalline powder was
filtered off and was dried in the vacuum desiccator for fortyeight
hours. The melting point was found 109°¢ (literature llOOC). The
salt is hygroscopic, its purification is necessary for the
accurate and precise results of the experiments with particular

reference to Z-values measurements.

1-Ethyl~4-Carbomethoxy Pyridinium Perchlorate (PyClOa):

l-ethyl-4-carbomethoxy pyridinium perchlorate was prepared

from PyI and AgClO4 using the following procedure126:

Eauimolar solutions of AgClOa and Pyl were mixed in methanol.
The resulting Agl was digested for one hour and Agl was filtered
off. The filtrate was evaporated at room temperature and reduced

pressure.
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Four crystallizations from hot methanol gave white crystals.
Further nurification of the above white crystals of l-ethyl-4-
carbomethoxy pyridinium perchlorate was carried out by washing it
with anhydrous ether and dried in vacuum desiccator at room tem-

perature for two days at 1 m.m. Hg pressure.

SILVER PERCHLORATE (AgCl10,)

Silver perchlorate of BDH chemicals Laboratory reagent was
used directly for the preparation of l-ethyl-4-carbomethoxy

pyridinium perchlorate from PyI and AgCloq.

TETRA BUTYL AMMONIUM IODIDE: (TBAI)

Tetra pucyl ammonium iodide of BDH chemicals Ltd., was used

directly.

SOLVENTS :

N,N-Dimethyl Formamide: (DMF)

Reagent grade N,N-Dimethyl Formamide of Merck Ltd., of Fischer

L2s particularly for the

reagent grade was used. For purification
removal of water, drying was carried out by molecular sieves type
4-A (heated at 250°C for 4-5 hours and cooled in vacuum desiccator)

and finally vacuum distilled.

Acetone:

Acetone of Merck reagent grade was used and was further

purifiedIZ? according to the following method. Acetone was refluxed
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with small portion of KMhOA, and small portion of KMnO4 were added
to acetone at reflux until the violet colour persists, followed

by drying with type 4-A Linde molecular sieve, and distilled.

Acetonitrile

Acetonitrile of Fischer reagent grade was used. It was dried127

on moleculgar sieve type 4-A., After drying it was stirred with CaH,
until no further hydrogen was evolved. The acetonitrile was dis-
tilled after an hour's reflux with 0.5-1% (w/v) P205 in the dis-

tillation flask.

Isopropanol

Isopropanol used was of ZEELZE-HANNOVER (GERMAN) chemicals.

Isopropanol was dried with Cal, and then it was vacuum distilled.

Mathanol

Methanol of Merck reagent grade was used. Drying was carried

out with type 4-A Linde molecular sieve and distilled.

Chloroform: (CHCI3)

Laboratory reagent Chloroform of BDH Chemicals was used

directly.

Formamide

Formamide of BDH reagent grade was directly used.
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RESULTS AND DISCUSSION

-

Some proton magnetic resonance and conductance studies on
l-ethyl-4-carbomethoxy pyridinium iodide were carried out. Proton
magnetic studies were performed under various conditions such
as changing the solvent, change of concentration of Pyl in a parti-
cular solvent, and also by adding tetra alkyl ammonium salts. The
conductance studies on l-ethyl-4-carbomethoxy pyridinium iodide

were carried out in different solvents to gain information about

ion-pairing.

The present investigations were carried out in order to study
the nature of ion-pairing and exchange reactions in presence of
salts under the conditions mentioned above, also to determine any
correlation between Z-values and chemical shifts and ion-pair

dissociation constant with the solvent polarity.

The proton magnetic resonance spectrum of l-ethyl-4-carbomethoxy

pvridinium iodide (I)

cooc
(B)Ha
(5) (7 3 S

(1) (6)y (2)

CHZ—'-CH3
(7) (8

consist of two doublets for aromatic nrotons (2,6)and(3,5) between

§}= 8 to 10.00 prm. , the quartet for CH2(7) and triplet of
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CH,(8), between (1.7 - 2.20 &), with a singlet about &= 4.0 -
5.5 ppm., which is labelled as due to CH3(9) of carbomethoxy

group. Some other peaks were also observed such as CHCl3 signal.
the resonance signal due to proton of chloroform appeared at

7.37 & , when chloroform was used, a quartet, a triplet and a singlet
were also observed, and they were labelled for CH2, CH3 and OH of
ethanol, since a 2% V/V ethanol is always present in CHCl3 acting
as a stabilizer, Chloroform was used as a solvent in counter ion
study and in the investigation if there exists any concentration

dependence of Pyl on its N.M.R. spectrum.

Proton magnetic studies on l-ethyl-4-carbomethoxy pyridinium
iodide were made to determine the solvent effect on chemical shift
values. It has been observed that the line position of aromatic
protons change in such a way that the difference between two doublets
ﬁSSr, varies with the change of solvent in a manner that \S decrease
with the increase of solvent polarity. That is, a correlation exists
between/AS and Z-value of the solvent. This value EZSS) was found
to be highest ,ZXS = 1.17 for chloroform (2 = 63.2);, and
decreases from dimethylformamide/A\S= 1.01, (Z = 68.5); isopropanol;

AS = 0.92, (Z = 76.3),ethanol ,AAS = 0.76(Z = 79.6); formamide;
As

Il

0.62, ( %4 = 83.3). The Jowest value for water AS = 0. 57, (z=94.6) .

Previously (Kosowega) the Z-value for water had been obtained
by extrapolating the Z-values measured for aceton-water, ethanol-
water and methanol-water mixtures to zero organic component in a
plot against Grunwald-Winstein y-value. This indirect procedure was

adopted due to the limitation, since the largest charge transfer
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band of Pyl moves to such a shorter wavelength in highly polar solvents
that it cannot be observed underneath the much stronger 7\-} Rn
transition of pyridinium ion. Whereas the present experimental observ-
able AA® was found independent of such a limitation and[}f; values were
obtained from the NMR spectrum of Pyl in water. These/\ §values calcu-
lated from the spectra of Pyl in different solvents could be related
with the Kosower's Z-values of the respective solvents. The information
about the relationship between Z-values of solvent and/\ Tcan thus be

gained.

NMR investigations were also carried out on the solution of Pyl
and PyClO4 in different ratios, 5:1, 1l:2, 2:1 etc. The results of such

studies are collected in table 3.

An interesting behaviour has been observed, that is instead of
one

two separate spectr%/each for Pyl and PyClO only the spectrum

4°?
consisting the two doublets arising from aromatic protons and a CH2
quartet, a CH, triplet and one CH3C00 singlet (with a quartet, triplet

3
were
and singlet due to ethanol present in CHCl3 as stabilizerz/observed,

whereas the separation between doublets, that iqf%glues of aromatic
protons decreases with the increase in the concentration of PyC104 in
the solutions. This effect that is, the decrease in/\ & values of
aromatic protons with the increase in PyClO4 concentration can be
éxplained on the argument that perchlorate may be pushing iodide ion
and farther
farther /from the pyridinium ring in the solutions of mixtures of Pyl
and PyClOa. However, ;here were no broadening or coalesceing of the
line. This behaviour can be attributed to a rapid exchange (phenomena)

of iodide to perchlorate (and vice versa) to the pyridinium ring, such

that the exchange is higher than the n.m.r. time scale. NMR studies
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on the solutions of Pyl in CHCl with different concentration (0.05M-

3’
0.4M) were carried out (table-4). It can be concluded from observed
A® values of aromatic protons, that/\% value is independent of PyI

concentration for a particular solvent.

SALT EFFECT

The effect of addition of tetrabutylammonium iodide (TBAI) on the
spectrum of PyClO, was investigated and;:¥:"2211ected in table 3.

NMR spectrum of PyClO4 and TBAI in chloroform with the variation
of the concentration ratio of the two were recorded. It was observed
that as the concentration of TBAI was increased, the value of/\& value
for the aromatic protons increased. In this case as may be noted that,
if there is rapid exchange, four species would be present:PyI,PyClOa,
TBAI, and TBAP. Since one does not observe two sets of resonance lines,
one each for the pyridinium iodide and perchlorate, rather only one
set is observed, it can be concluded that there is extremely rapid

exchange between iodide and perchlorate ion.

CONDUCTANCE STUDIES

ION-PAIR DISSOCIATION CONSTANTS

Conductance studies on Pyl were carried out in solvents, acetoni-
trile (CHSCN), dimethyl formamide (D.M.F), methanol (CHSOH), acetone
((CH3)2 CO) and chloroform (CHClS). The conductance studies were also
carried out at different temperatures for ABC, BOOC and 25°C in the
same solvent. The conductance data for Pyl in the above solvents are

collected in tables 6-21.
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The values of ion-pair dissociation constant K were calculated

using Onsager and Kraus method and are collected in table 5.

The Kd values obtained using Onsager method are collected in
fifth column and K€ due to Kraus method in seventh column of table 5.
It is apparent from the magnitude of K values that the Pyl exists
essentially as ion-pair in these solvents,.

also

The aim of the present study was/ to investigate (i) the

influence of solvent polarity parameters (€ dielectric constant

and Z-values) on K, and (ii) the temperature dependence of K.

The K values for Pyl in a specific solvent are recorded
alongwith the solvent polarity parameter () values. In general
the increase in temperature causes shift in equilibrium (eq.4.1)

towards left,

by 1T s By % 1 4.1
(ion-pair)

~ that is, ion-pairing would not be favoured by the increase in
temperature. However,at the same time the dielectfic constant of
the solvent which plays an important role in the dissociation/
association of the ion-pair, decreases with the increase in
temperature34. The latter role of solvent on the other hand
favours the ion-pair formation and causes the equilibrium (eq.4.1)

to shift towards right and hence a low value to K.
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Solvent polarity parameter e.g. dielectric constant decreases
with temperature according to the relationship128 € = GO exp( -LT).Values
of GO and L, are available for some solvents like methanol,ethanol,acetone
and chloroform. The same should be valid for acetonitrile. The observed

2 D.M.F = 2.27+0.86x10"

values of K9 for Pyl areyin CH,CN = 1.88 + 0.27 x 10
(within the limits of error, this value of Kd is of same order of magnitude

as that of Kd in CH,CN, which is expected, since the difference in the

3
dielectric constant values for the two solvents is small) CHBOH = 1.70 +

0.20 x 1072, and (CH CoO = 6.27 + 1.39 x 1073, in the tempetature

32
range 33°c - 35°C. From the data given above it is apparent that the
ion-pair dissociation constant decreases with the decrease in dielectric

constant (€) of the solvents, which is expected in more polar solvents,

dissociation is increased resulting in the increased Kd values( Table 5).

Again for the same solvent the magnitude of ion-pair dissociation
constant should be a resultant of two effects namely (i) temperature
effect (ii) solvent effect. The increase in temperature causes the ion-
pair to dissociate more and hence a larger value of K is expected i.e.
decrease in ion-pair formation. At the same time this increase in
temperature affects the solvent polarity in a manneg;%gscause the solvent
polarity value to decrease as mentioned above. As a result of decreased

solvent polarity the ion-pair dissociation value should decrease due to

increase of ion-pairs.

The Kd values for Pyl in acetonitrile were determined for three
temperatures, that is for 34.5°+1°C, 28.0° + 1°C and 25.0° + 2°C. The
magnitude of Kd was found to be greatest for the temperature 34.5°i1°C
and lowest for 25°+20C,-whereas the Kd value for 28.8i1°C lies in
between the two. This behaviour or Kd, i.e. to increase with the

rise in temperature suggests that temperature effect on the disso-

ciation of ion-pair is large compared to the decrease in solvent
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polarity ( € ).

For Pyl in dimethylformamide the K4 values were determined
for two different temperatures. The Kd values obtained are of the
same magnitude within the limitsof error, hence no decrease in

occurs
ion-pair formation/with the increase of temperature.

In methanol Kd values were determined at three temperatures,
40° + 3%, 30° + 1°¢,&25° + 2°C, the behaviour of K% for first two
temperatures was angmglous, The average Kd value atthe temperature
25° + 2°C, is 2.02 + 0.09 x 10”2, which considering the limits in
error, is of the same magnitude as that at 30° + 1% Q.15+ 0.76:110"2
but of hipher magnitude as compared to that at 40° + 306 (1.78 + 0.20
X 10H2). If the solvent polarity be the sole cause then the value

d

of K% at 25°C should be higher than that at 40°C, since at 25°C

the methanol's polarity is high compared to its polarity at 40°C.

In acetone the value of Kd is smallest of Kd observed in other
solvents, which is quite obvious, since acetone has got the lowest
€ - value of the solvents used in the conductance determination.
Here the temperature effect on the dissociation of Pyl ion-pair

seems dominant

The discussion has been centred upon the Onsager Kd values.
However, in general, the same conclusions can be drawn from Kraus
K® values (table 5 column 7) except in case of methanol (4000) and
acetone. Considering the experimental error and random error in

the two cases the values of Kd and K€ are overlapping .
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The difference in the Kd and K® values in the case of CHSOH
(ﬁd%) and (CH3)ZCO, it may be noted that Ao are different in the
two cases. This shows the difference in curve fittings of the data.
Without more extensive studies and perhaps, under very rigorous
and controlled conditions of impurity (probably water), temperature
etc. one could not make a case in favour of one or the other.

of

Conductivity data/Pyl in CHCL; is collected in tables 20-21.
When the C Ac Vs. 1/A, and Ac Vs. Vc plots were drawn they
showed an anomalous behaviour, from (showing)a linear relationship.

an electrotyte
Also, for/ which exists as ion-pair in solution, log A, Vs. log C
plot is linear, but linearity is dependent on the polarity of solvent
used. The log A, Vs. log C plot exhibits a minima, if the conduc-
tance measurements are carried out in solvents of dielectric
constant values less thanif{.The same behaviour is observed when
log A¢ Vs. log C plots were drawn for Pyl in CHC 3 (see Fig.4.16 )
The minima in such curves is explained by the ionic association
theory;zg The ion-pairs (Py+,I-) are electrically neutral and
do not contribute to the equivalent conductivity which therefore
falls as more pairs are formed. As the solution becomes still more
concentrated, triple ions, either (Py+I- Py+) or (IHPy+I-),
are formed from some of thquzirs, and since these triplets
bear a net charge, theycontribute to the conductivity, which there-
fore increases from its minima value. The quantitative theory of
these effects has not yet been worked out, although attempts - is

being madel30.
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TABLE - 2

KMR. DATA OF PyI? AND PyCl0P

4 IN DIFFERENT SOLVENTS

S.No. Concentration Solvent Z-Value (2,6)H 3,58 AS ~CH, (7) ~C0CGH, -Gl (9)
of PyI?/PyCloP KCal./ (6) 2
2 24 4 mole.

1 ~ 0.2MpyI? CHC1, 63.2 9.83,9.72 B.63,8.53 @ 1.19 5.33.,5.201, 409 1.97.1.84
5.09,4.97 .78

2 0.2¢py1? D.M.F. 68.5 9.22,9.11 §.23,8.06 100 %.74,4.63, 5 0 @
4.50,4.38 :

3 0.1MPyI® ISOPROPANOL  76.3 9.57,9.47 8.66,8.53 0.92 c c C

4 0.2MPyI? Ethanol 83.6 9.44,9.34 8.66,8.56 0.77 g ¢ &

5 0.1MPy0102 Ethanol 83.6 9,925,904 - 857,847 @ ©.67 c c C

a) l-gthyl-4-carbomethoxy pyridinium iodide.
b) 1-Ethyl-4-carbomethoxy pyridinium perchlorate.

¢) Unable to find out or lable their resonance signals in their spectra.



NMR DATA OF PyI%-PyCloz AND PyClO4 - TBAI® MIXTURES IN CHLOROFORM

TABLE - 3

b

SALT =CH(2,6) =CH(3,5) A S -CH, (7) C§3000(9) —CH3(8)
Pyl . 73,9.63 .56,8.46 1.17 5.23,5.13,5.00,4.86 4.03 1.89,1.76)1.66
PyClOa 9.05,8.95 .44,8.38 0.58 4.91,4.82,4.67,4.54 3.98 1.82,1.67,1.57
PyI:PyCLO4
5 ¢ d +8,8.0 :169,8.60 1.10 5.34,5.23,5.1,4.99 4.16 2.0,1.87,1.76
2 =1 J62,9.50 .56,8.46 1.06 5.22,5.09,4.97,4.85 4.05 1.92,3.,79,1.:67
1 =22 .34,9.24 .57,8.47 0.77 5.12,4.99,4.87,4.75 4.07 1.93,1:79:1.:67
PyCl04:TBAI
1 =5 .97,9.87 .57,8.47 1.40 5.27,5.37,5.03.4 .9 4.03 d
IO | .48,9.38 S B 0.97 5.10,5.0,4.9,4.8 d d
5 z 3923 .53,8.43 0.79 5.25,4.95,4.83,4.73 4.03 d

a) l1-Ethyl-4-carbomethoxy pyridinium iodide.

b) 1-Ethyl-4-carbomethoxy pyridinium perchlorate.

c) Tetrabutyl ammonium iodide

d) Unable to find out or lable their resonance signals in their spectra.
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TABLE - 4

NMR DATA OF PyIa IN CHLOROFORM AT DIFFERENT CONCENTRATIONS

S.No. Salt CH(2,5) CH(3,5) AS ~CH, (7) GH,C00(9) - -CH,(8)
Conc.
1 0.4MPy1®  9.79,9.69  8.57,8.47 1.21  5.25,5.14,5.02,4.90 4.03 1.87,1.76,1.65
2~ 0.3wy1*  9.80,9.70  8.59,8.49 1.21  5.35,5.16,5.04,4,93 4.06 1.93,1.80,1.68
3 0.2wyI*  9.83,9.72  8.63,8.53 1.19  5.33,5.21,5.09,4.97 4.09 1.97,1.84,1.73
4  0.1MPy1*  9.76,9.65 8.61,8.51  1.14  5.27,5.16,5.04,4.92 4,06 1.92,1.80,1.68
5  0.05MPyI®* 9.85,9.74  8.67,8.56 1.17  5.41,5.27,5.14,5.02 4.14 1.97,1.88,1.76

a) l-Ethyl-4-carbomethoxy pyridinium iodide



97

TABLE - 5

K and VALUES FOR PyI? IN DIFFERENT SOLVENTS FROM CONDUCTANCE MEASUREMENTS
S.No. SOLVENT Temp. °C e i@ . 102 AS & o G A
Fiv-/ o Glequiv. ™) (equiv./liter) (rho Gn equiv. )
1 Acetonitrile  34.5+1°C - 1.88+0.27 194.6 2.20+0.01 188.14
2 Acetonitrile  28.0+1°C - 1.2140.56 213.5 1.87+0.01 203.47
3 Acetonitrile  25.0+2°C 37.5°  1.18+0.29 186.31 1.65+0.01 177.63
4 Dimethyl formamide 33°+1°C - 2.27+0.86 97.6 2.00+0.01 99.19
5 Dimethyl formamide 25+1°C 36.7°  2.10+0.86 86.07 2.5+0.03 88.98
6 Methanol 40+3°C  29.17+0.47° 1.70+0.20 140.7 2.05+0.01 133.65
7 Methanol 30+1°C  30.79+0.16° 2.14+0.76 122.07 2.4140.02 118.14
8 Methanol 26+1°C 32.6°  2.13+0.58 114.6 1.91+0.01 118.22
9 Methanol 25+3°¢ 32.6°  1.97+0.22 116.73 2.20+0.01 109.47
10 Methanol 25+1°¢ 32.6°  2.21+0.50 LS 1.92+0.03 114,72
11 Methanol 25+1°¢ 32.6°  2.17+0.50 110.5 3.53+0.01 104.93
12 Acetone 33+2°C  19.9540.02° 0.63+0.14 145.8 0.19+0.01 210.67
13 Acetone 25+2°¢ 20.7°  0.62+0.14 128.6 0.15+0.01 206.97
14 Acetone 26+3°C 20.7°  0.48+0.16 165.52 0.67+0.03 159.16

a) l-Ethyl-4-carbomethoxy pyridinium iodide

b) The dielectric constant wvalues for 2596

c¢) Dielectric constants calculated from € = €o exp(-LT)le.

d) K and A, values calculated using Onsager method.

e) K and A, values calculated using Kraus method.
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TABLE - 6

CONDUCTIVITY DATA OF PyI® IN ACETONITRILES AT 34.5° + 1°C

r

S.No. Conc. Corrected Equivalent & Ac 1/ Ac KE = 001.2/
(Equiv/ specific conductance -1 -1 5 -2 A (1 -0o)
Fy (mhos Cm (mho Cm 1 c ;
Liter) - SousBptaies . A = 1.1000/6 /1000) equiv) w3 (equiv./
3 c liter)
C x 107  (mho Cm ™) 2 3. K0 X 10 Mo 2
L % 10% (mho Cm” Equiv ) X 10
1 20.0 24.45+0.20 122 .25+1.00 24.45+40.20 8.18+0.07 0.6282+0.C051 2.09+0.06
2 10.0 13.75+0.10 137.5 +1.0 13.7540.10 7.28+0.05 0.7066+0.0050 1.71+0.05
3 5.0 7.77%£0,07 155.:3% 1.5 T 7740 .07 6.44+0.06 O.?9f31i0.0077 1.66+0.01
4 2.5 4.28+0.04 171.2% 1.6 4.28+0.04  5.84+0.05 0.8?@810.0082 1.644+0.15
5 125 2.31+0.02 184.8+ 1.6 2.31+0.02 5.42+0.04 0.9747+0.0167 2.31+0.41
z) 1l-Ethyl-4-Carbo. ethoxy Pyridinium iodide.
b) The corrected specific conductance of Pyl solutions were obtained by subtracting the
specific conductance of solvent to that of solution. =F -1
c) Specific conductance of Acetonitrile used (Lq) = 4.684+0.05 x 10 ~ mho Cm
d} The value of Aghas been determined from entrZpolation tov¥'c = o in a Ac Vs.v ¢ plot (Figé.12(a))
, A,= 194.6 mho Cm? equivfl
e) Average value of ion-pair dissociation constant K = 1.88 + 0.27 X 10_2 equiv/liter (Onsager method)
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TABLE - 7

C (o]
CONDUCTIVITY DATA OF PyI® IN ACETONITRILE AT 28°C + 1C

S.No. Conc. Corrected Equivalent €_
(Equiv/ specific conductance ¥ Ac . Ac A g A
Liter) d =1 ok =D e (1-%)
5 conductance A= L.1000/C (mhos Cm = (mho ~ Cm d=—= (equiv./
C x 10 G Cm_l) (aiho sz Equiv"l) /1000% equlv% Ao llter%
L x 104 X 10 X 10 X 10
L 20.0 26.12+0.24 130.58+1.22 26.12+0.24 7.62+0.11 0.6119+0.0057 1.96+0.06
2 6.0 9.07+0.10 151.17+1.66 9.07+0.10 6.62+0.07 0.7084+0.0078 1.05+0.09
3 2.0 3.39+0.03 169.541.5 3.39%0.03 5.90+0.05 0.7943+0.0070 0.62+0.03
4 0.6 1.3040.13 216.67+21.66 1.30+0.13 4.67+0.46 - -
5 0.2 0.56+0.02 282.5+7.5 0.57+0.02 3.3540.09 = -

a) l-Ethyl-4-carbonethoxy pyridinium iodide.

b) The corrected specific conductance of Pyl solutions were obtained by subtracting the specific
conductance of solvent to that of solution.

c) Specific conductance of Acetonitrile used (Lg) = 3.5040.04 x 107 mho cm™t

d) The value of /\o determined from entrapolation to ¥Yc¢ = o in a /\C Vs.Vc plot (Figh.1l2(b))

/\0 = 213.5 mho sz equiv._1

e) Average value of ion-pair dissociation constant K = 1.21 + 0.56 x lO-2 equiv./liter
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TABLE - 8

CONDUCTIVITY DATA OF PyIa IN ACETONITRILES AT 25°C + 2%

S.No.  Conc. Corrggt.:ed Equivalent CAc 1/ e 5 A KE=CN*/
Gl meifc, cplemes ae Gl Gled K -3 00
C x 10° (uho en™Y)  (mho Co” Equiv™l) x 10! Xq g2 Mo liter )
L x 10* X 10
1 20.0  21.41+0.21  107.05+1.05 21.4+40.2 9.34+0.09  0.5746+0.0056  1.55+0.05
2 10.0  12.0540.12  120.5 +1.2 12.0540.12  8.3040.08  0.6468+0.0064  1.19+0.05
3 6.0 8.68+0.10  144.67+1.66 8.68+0.10  6.91+0.08  0.7765+0.0089 1.62+0.1
4 5.0 6.8140.08  136.2+1.6 6.81+0.08  7.35+0.08 0.7311+0.0085 1.00+0.05
: 2.5 3.7640.04  150.4+1.6 3.76+0.04  6.65+0.07 0.8078+0.0090  0.95+0.40
6 2.0 3.2440.03  162.00+1.50 3.2440.03  6.18+0.05 0.8696+0.0080  1.17+0.09
7 1.25  2.0240.02  163.2+1.6 2.04+0.02  6.13+0.06  0.8759+0.0085  0.78+0.06
8 0.6 1.08+0.03 18045 1.08+0.03  5.56+0.15 0.9662+0.0268  4.67+3.82
9 0.2 0.5440.01  272.5+7.5 0.5540.01  3.67+0.10 = 3

a) l-Ethyl-4-carbomethoxy pyridinium iodide.
b) The corrected specific conductance of Pyl solutions were obtained by subtracting the

specific conductance of solvent to that of solution. .

-6 =
c) Specific conductance of Acetonitrile used (Lg) = 3.34+0.04 x 10 mhos Cm 1

d) The value of /\0 has been determined from extrapolation tovec = o in a Ac Vs.\/cz: plot (Fig.4.12(c))
/\0 = 186.31 mho Cm equiv.-l
e) Average value of ion-pairs dissociation constant. K = 1.18+ 0.29 x lO2 equiv./liter
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TABLE - 9

c
CONDUCTIVITY DATA OF PyI® IN DIMETHYLFOR MAMIDE AT 33° + 1°C

S.No. Conc. Corrected Equivalent eilNe -1 111/\0 ) A K®=col*
(Equiv/ specific cKnductance (mhos Cm (mho ~ Cm 0{ o c (1 -2
Liter) =L.1000/C 1000) equiv.) q (equiv./

3 Soncuetsncy A e, i g i Ne liter)
C x 10 -1 (mho Cm~ Equiv ™) % IO X 10

(mho Cm ™) X 102

L = 104
1 20.0 13.57+0.1V 67.85+0.50 13.57+0.10 14.7440.11 0.6952+0.0051 3.17+0.1
2 6.0 4.5740.10 76.17+1.67 4.57+0.10 13.14+0.29 0.7804+0.0170 1.68+0.20
3 2.0 1.69+0.05 84.5+2.5 1.69+0.05 11.85+0.36 0.8659+0.0255 1.18+0.28
4 0.6 0.58+0.02 96.67+3.34 0.58+0.02 10.36+0.36 0.9904+0.0341 3.06+0.19
5 0.2 0.25+0.03 125.00+15 0.25+0.03 8.12+0.98 - -

a) l-Ethyl-4-carbomethoxy pyridinium iodide.
b) The corrected specific conductance of Pyl solutions were obtained by subtracting the
specific conductance of solvent to that of solution.

c) Specific conductance of dimethyformamide usecd (LS) = 3.05+0.03 x 107 mho cm~t

d) The value of /\O has been determined from extrapolation to ¥Yc = o in a A, Vs.V c plot (Fig.4.13(a))
No = 97.6 mho sz equiv.
e) Average value of ion-pair dissociation constant. K = 2.27+0.86 x 10._2 equiv./liter.
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TABLE

- 10

C
CONDUCTIVITY DATA OF PyI® IN DIMETHYLFORMAMIDE AT 25° + 1°C

S.No. Conc. Corrected Equivalent CA 1/ Ae A Ke=Csz/
(Equiv/  specific conductance T N o= —% a-o
Liter) donductance A\ =1L.1000/C 1880)111 / MG A (equiv./
C x 10°  (mho Cm™h) S =) 1 ke 8 . Hitex
4 (mho Cm~ Equiv ™) X 10 % 1D % 102
L x 10
1 20.0 12.07+0.10 60.35+0.50 12.34+0.37 16.57+0.14 0.7012+0.0058 3.29+0.12
2 6.0 4.05+0.10 67.50+1.67 4.05+0.10 14.83+0.36 0.7842+0.0194 1.73+0.24
3 2.0 1.50+0.05 75.0042.3 1.50+0.05 13.35+0.44 0.8714+0.0290 1.2740.36
4 0.6 0.51+0.02 85.0043.33 0.51+0.02 11.78+0.46 0.9876+0.0387 -
5 0.2 0.223+0.003 132,5%2.5 0.230+0.005 8.89+0,19 - -
a) l-Ethyl-4-carbomethoxy pyridinium iodide.
b) The corrected specific conductance of Pyl solutions were obtained by subtracting the
specific conductance of solvent to that of solution.
c) Specific conductance of dimethylformamide used (LS) = 2:7140.03 x 166 mho Cm-l
d) The value of Ao has been determined from extrapolation to to Yc = o0 in a Ac Vs.y/ ¢ plot(Fig.4.13(b))
Ao = 86.07 mho Cun° equiv.-l
e) Average value of ion-pair dissociation constant. K = 2,10 + 0.86 X 10_2 equiv./liter.
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TABLE - 11

CONDUCTIVITY DATA OF PyI® IN METHANOL AT 40° + 3°C

.No. Conc: Corrgci.:ed Equivalent c Ac l/Ac A k&= thzj

G Eiitinet RATMOGe  @mos o @l K- —F G

¢ x 10 (mho Cm;l) (mho Cm” Equiv')) 1,1 e i Ao l;teioz

L x 10

i 3 20.0 1745+0.15 87.28+0.93 17.46+0.19 11.4640.12 0.6203+0.0066 2.04+0.08
2 10.0 9.65+0.09 96.55+0.85 9.664+0.09 10.36+0.09 0.6863+0.0060 1.51+0.05
3 6.0  6.45+0.09 107.59+1.42 6.46+0.09  9.30+40.13  0.7647+0.0101 1.4940.10
& 253 3.09+0.02 123.8+0.6 3.10+0.02 8.08+0.04 0.8799+0.0043 1.73+0.18
5 2.0 2,.53+0.02 127 .25¢0.25 2.54+0.02 7.86+0.02 0.9044+0.0018 1.71+0.04
6 1.25 1.57+0.04 126.0+2.8 1.584+0.04 7.94+0.02 0.9417+0.0888 -
7 0.63 0.77+0.08 124.00+12 0.78+0.08 8.14+0.79 = -
8 0.6  0.73+0.08 122.5+12.5 0.74+0.08  8.25+0.84 - £
9 0.2  0.26+0.03 132.5+12.5 0.2740.03  7.6240.72 . "

1-gthyl-4-carbomethoxy pyridinium iodide.

The corrected specific conductance of Pyl solutions were obtained by subtracting the specific
conductance of solvent to that of solution.
Specific conductance of methanol used (LS) = 1.4940.15 x 10—5 mhos cm~ L
The value of Ao has been determined from extrapolation to Ve = o0 in alAc vs.V e plot (Fig.4 .14 (a))
Ao = 140.7 mho sz equiv.

Average value of ion-pair dissociation constant. K = 1.70+0.20 X 167 equiv./liter.
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TABLE -12

(o]}
CONDUCTIVITY DATA OF PyI® IN METHANOL AT 30° + 1°cC

S.No. Conc. Corrgct:,ed Equivalent c Ac Ac A gE CQ{ZI
Liters, conductance’ NecL.igodjc _ (heson/ @hoton K- —% (Lo
¢ x 10° (mho Cm;l) (mho sz Equiv'l) % 10l qx 103 /\0 li;erloz

L x: 1.0

1 20.0 16.4+0.5 82.08+2.48 16.42+0.49 12.20+0.37 0.672740.0203 2.7940.34
2 10.0 8.81+40.1 88.15+0.95 8.82+0.10 £1,35+0,. 13 0.7225+0.0078 1.89+0.09
3 6.0 5.79+40.06 96.59+0.92 5.80+0.06 10.34+40.10 0.7916+0.0075 2.054+0.34
4 2.5 2,9140.29 100.6+11.8 2.5240.30 10.08+1.18 0.8245+0.0967 3.78+1.09
5 2.0 2.19+0.02 109.7540.75 2.20+0.02 9.114+0.06 0.8996+0.0062 1.62+0.12
6 1.25 1.39+0.04 11E.6+2.8 1.40+0.04 8.:97+0.23 0.9147+0.0230 1.35+0.43
7 0.63 0.724+0.017 116.0+2.4 0.73+0.02 8.63+0.18 0.9509+0.0198 1.39+0.60
8 0.60 0.70+0.02 117.5+2.5 0.71+0.02 8.5240.19 0.9630+0.0205 2.23+1.29
9 0.20 0.28+0.01 142.5+42.5 0.29+0.01 7.9240.12 - -

a) l-Ethyl-4-carbomethoxy pyridinium iodide.

b) The corrected specific conductance of Pyl solutions were obtained by subtracting the

specific conductance of solvent to that of solution.
c) Specific conductance of methanol used (LS) = 8§.64+0.3 x 10_6 mhos Cm_l.
d) The value of Ao has been determined from extrapolation to Ve = o in alAc Vs. Ve plot (Fig4.l4 b))

Ao = 122.07 who G

e) Average value of ion-pair dissociation constant K=2.14+0.76 x lO_2 equiv./liter.

equiv.”
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TABLE - 13

c
CONDUCTIVITY DATA OF PyIa IN METHANOL AT 26° %+ o

S.No. Conc: Corrgct:.ed Equivalent c Ac l/Ac A K™ = C&zf
Gmiy meclfc o cpewtmes, @erel @ela? f-0g (LK)
c x 107 (mho Cm;l) (mho Cm? Equiv. ) x 10t ‘X 103 5 L;teig_z
L x 10

1 20.0 16.22+0.20 81.08+0.97 16.22+0.19 12.34+0.14 0.7075+0.0085 3.43+0.18

2 10.0 8.64+0.08 86.35+0.85 8.64+0.08 11.58+0.11 0.7535+0.0074 2.31+0.12

3 6.0 5.54+0.16 92.25%2.75 5.54+0.16 11.17+0.32 0.8050+0.240 2.04+0.37

4 5.0 4.67+0.04 93.340.9 4.67+0.04 10.7240.10 0.8142+0.0078 2.00+0.31

5 2.5 2.5740.02 102.6+1.0 2.57+0.02 9.7540.09 0.8953+0.0087 1.93+0.20

6 2.0 2.07+0.01 103.25+0.75 1.07+0.01 9.69+0.07 0.9010+0.0065 1.5¢

7 1.25 1.12+0..03 89.242.8 1.1240.03 11.2240.35 0.9671+0.0364 1.7:

8 0.63 0.795+0.023 127.2+4.0 0.7940.03 7.87+0.25 -

9 0.60 0.665+0.02 110.84+4.16 0.67+0.02 9.04+0.35 - =

10 0.20 0.256+0.007 127.542.5 0.26+0.01 7.85+0.15 - -

a) l-gthyl-4-carbomethoxy pyridinium iodide.

b) The corrected specific conductance of Pyl solutions were obtained by subtracting the
specific conductance of solvent to that of solution.

c) Specific conductance of methanol used (LS) = 8.50+0.26 x 10"6 mhos Cm
d) The wvalue of Ao has been determined from extrapolation toY c = o in al\e vsY'c plot (Fig.4.14(c))

No = 114,56 ulbio Gin” equiv.-l
e) Average value of ion-pair dissociation constent K = 2,134+0.58 X 10 = equiv./liter.

1
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TABLE - 14

(&4
CONDUCTIVITY DATA OF PyI? IN METHANOL AT 25° + 3°C

S.No. Conc: Corrt::ct;ed Equivalent c Ac l//\c A K® = Q§7/
(ifer) conductance® ‘AL.igoojc | (mbesom '/ @msom® o= — G057
c x 103 (mho Cm;l) (mho Cn? Equiv'l) X 101 X 105’; o li;eiéz
L x IO
1 20.0 14.28+0.19 71.4+0.9 14.2040.10 13.,9940.12 0.611840.0077 1.95%0.09
2 10.0 7.8740.09 78.740.9 7.87+0.09 12.71+0.15 0.674440.0077 1.74+0.40
3 6.0 5.2740.09 87.83+1.5 5.27+0.09 11.39+0.20 0.7527+0.0129 1.43+0.07
4 2.5 2.5240.02 100.8+0.8 2.52+0.02 9.9240.08 0.8638+0.0068 1.37+0.09
3 2.0 2.07+0.02 103 .5%1.0 2.0740.02 9.67+0.10 0.8871+0.0084 1.40+0.13
6 1.25 1.28+0.03 102.4+2 .4 1.28+0.03 9.7740.23 = =
7 0.63 0.6234+0.075 99.68+12.00 0.624+0.08 10.18+1.20 - -
8 0.60 0.605+0.075 100.83+12.5 0.61#0.08 10.07+1.25 - -
9 0.20 0.221:+0.025 110 .5¢12.5 0.22+0.03 9.17+1.04 ~ -

1-Ethyl-4-carbomethoxy pyridinium iodide.

The corrected specific conductance of Pyl solutions were obtained by subtracting the
specific conductance of solvent to that of solution.
Specific conductance of methanol used (LS) = 1.2240.15 x fI.O_5 mhos Cm_l
The wvalue of /\o has been determined from extrapolation toVec = o in a Ac VsVec plot (Fig!hl403)
No = 116.73 mho Cm (—:ﬂqu:i.v.-:L

Average value of ion-pair dissociation constant K = 1.57 + 0.22 X ]_0_2 equiv./liter.



107

TABLE - 15

Cc
CONDUCTIVITY DATA OF PyI? IN METHANOL AT 25° + 1%

S.No. Conc. Corrected Equivalent c/Ae 1/ Ac A ® = ngz/
(Equiv/ specific conductance -1 -1 - 15 c (1 - )
Liter) conductance® Ac-L.1900/c _;  (Fgos tm */ ke e « “Ad (Eaquiv./
3 -1 (ﬁ%o Cm~ Equiv 7) N 0 liter
C x 10 (mho Cm ™) x lOl % 103 2
4 X 10
L x 10
) 20.0 15.38+0.457 76.942.3 15.38+0.46 13.02+0.39 0.6897+0.0206 3.10+0.39
2 10.0 8.26+0.087 82.6+0.9 8.26+0.09 12.1140.13 0.7408+0.0081 2.12+0.11
3 6.0 5.47+0.057 91.17+1.0 5.47+0.06 10.97+0.12 0.8182+0.0095 2.21+0.16
4 20 2.3240.297 92.4+412 .4 2.3340.30 11.02+1.48 0.8287+0.1112 2.07+0.39
5 2.0 1.54+40.483 77.0+24 1.54+0.48 14.39+4.49 - -
6 1.25 1.4040.037 112.0+3.2 1.40+0.04 8.94+0.26 B o
# 0.63 0.660+0.020 105.6+43.2 0.66+0.02 9.44+0.34 0.9471+40.0287 1.55+0.91
8 0.60 0.655+0.017 109, 1742.5 0.66+0.02 9.1740.21 - -
9 0.20 0.0261+0.01 130.5+0.5 0.26+.001 7.66+0.03 - -
a) l-Ethyl-4-carbomethoxy pyridinium iodide.
b) The corrected specific conductance of Pyl solutions were obtained by subtracting the
specific conductance of solvent to that of solution.
c¢) Specific conductance of methanol used (LS) = 8.00+0.3 x 10_6 mho Cm_l
d) The value of /\O has been determined from extrapolation to¥ c = o in a Ac Vs.Vc Plot (Fig.4 .14 (e))

Ao =

111.5 who G equiv.”
Average value of ion-pair dissociation constant K = 2.214+0.50 X 10-2 equiv./liter.
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54
CONDUCTIVITY DATA OF PyI? IN METHANOL AT 25° + 1°C

108

.No. Conec. Corrected Equivalent C /\C -1 1 /AC-Z K€ = CX2/
(Equiv/ specific conductance (mhos Cm ~/ (mho Cm o(__ /\c (1-X)
Liter conductance /\C=L.1000/C 1000) equiv.) a d .

3 -1 2 g, 1 (A (equiv./
C x 10° (mho Cm ) (mho Cm~ Equiv ™) X 10 x 107 liter)
L x 10° x 102

1 20.0 15.6+0.20 78.1+1.0 15.62+0.20 12.81+0.16 0.7068+0.0090 3.22

2 10.0 8.319+0.087 83.2+0.9 8.32+0.09 12.06+0.09 0.7530+0.0081 2.30+0.12

3 6.0 5.34+0.16 89.00+2.83 5.3440.17 11:.2540.36 0.8054+0.0256 2.06+0.39

4 5.0 4.50+0.05 98.8+1.00 4.5+0.05 11.11+0.13 0.8145+0.0090 1.79+0.13

5 2.5 2.47+0.03 98.841.2 2.47+0.03 10.13+0.12 0.8914+0.0136 1.87+0.29

6 2.0 1.9940,01 99.5+1.0 1.99+0.02 10.05+0.10 0.9005i0.009l 1.?9i0.34

7 1.25 1.08+0.03 86.4+43.2 1.08+0.04 11.5940.43 0.9653+0.0302 6.97+6.17

8 0.625 0.766+0.024 122.4+4.0 0.77+0.02 8.18+0.27 - -

9 0.6 0.641+0.021 106.67+3.33 0.64+0.02 9.38+0.29 . 2

10 0.2 0.241+0.007 122.542.5 0.25+0.01 8.17+0.16 - -

1-Ethyl-4-carbomethoxy pyridinium iodide.

The corrected specific conductance of Pyl solutions were obtained by subtracting the
specific conductance of solvent to that of solution.

Specific conductance of methanol used (LS) = 8.194+0.25 x 10_6 mho Cm_l
The value of /No has been determined from extrapolation toV c = o0 in al\e VsV plot (Fig-a_la(f))
Ao = 110.5 mho Cm’ equiv.

<D .
Average value of ion-pair dissociation constant K = 2.17+0.50 X 10 ~ equiv./liter.
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TABLE

- 17

(&

CONDUCTIVITY DATA OF PyI® IN ACETONE AT 33° + 2%

S.No. Conc. Corrected Equivalent C Ac i/ Ac 5 & = (;(0(2/
(Equiv/ specific conductance -1 -1 - A (1 -X)
Liter) conductance /\C=L.1000/C (mgggggm / (ggziv)cm °<== 3 (equiv./
C x 103 (mho Cm_l) (mho Cm2 Equiv-l} 5 1 3 Ao liter)
X 10 % 30 3
4 10
L 2 10
1 20.0 10.91+0.09 54.54+40.47 10.91+0.09 18.3440.16 0.374040.0033 4.4740.10
2 10.0 7.6740.07 76.65+0.75 7.67+0.07 13.05+0.13 0.5258+0.0052 5.83+0.18
3 5.0 5.13+0.04 102.5 +0.9 5.13+0.04 9.76+0.08 0.7030+0.0062 8.33+0.32
4 2.5 2.81+0.02 112.2 4319 2.82+0.04 8.91+0.08 0.7696+0.0069 6.44+0.30
5 1.25 1.69+0.05 135.6+ 3.6 1.69+0.05 7.38+0.20 0.9300+0.0247 18.5+6.7
a) l-gthyl-4-carbomethoxy pyridinium iodide.

b)

c)
d)

e)

The corrected specific
specific conductance

Specific donductance of Acetone used (LS) = 9.5 +0.3 x 10-6 mho Cm

The value of A, has been determined from extrapolation to¥ c = o in alAc Vs.V c Plot (Figik.15(a))

Average value of ion-pair

dissociation constant K =

A

e}

1

=145.8

conductance of Pyl solutions were obtained by subtracting the
of solvent to that of solution.

mho sz equiv.

6.274139x10%quiv. /liter.



110

TABLE - 18

CONDUCTIVITY DATA OF PyI® IN ACETONE AT 25° + 2°C

S.No. Conc. Corrected Equivalent & N L/ N K® = 00(27
Eois!  mecifle ., cmisomes el ol @wie? . e G
¢ x 103 (mho Cm™})  (mho Cm® Equiv D) )1 equl}:') A el
% 104 10 10 10
L 20.0 9.610+0.001 48.04+0.02 9.61+0.01 20.82+0.01 0.3735+0.0002 4.46+0.00
2 10.0 6.71%0.03 67.05+0.25 6.71+0.02 14.92+0.05 0.5214+40.0020 5.68+0.07
3 2.0 4.514+0.05 90,1+0.9 4.51+0.45 11.10+0.11 0.7006+0.0070 8.21+0.36
4 2.5 2.48+0.03 99.0+1.0 2.48+0.02 10.10+0.1  0.7699+0078  6.45+0.35
5 1.25 1.494+0.05 119.6+3.6 1.49+0.05 8.37+0.25 0.9300+0280 17.87+9.43

a) 1-Ethyl-4-carbomethoxy pyridinium iodide.

b) The corrected specific conductance of Pyl solutions were obtained by subtracting the specific
conductance of solvent to that of solution.

c¢) Specific conductance of Acetone used (LS) = 8.4+0.3 x 10"6 mho Cm_l

d) The wvalue of /\O has been determined from extrapolation toVc = o,in al\e Vs. Ve plot (Fig.4.15 (b))
No = 128.6 mhos Cu” equiv._:L

e) Average value of ion-pair dissociation constant K = 6.20+1.36 x 1073 equiv./liter.
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TABLE - 19

Cc
CONDUCTIVITY DATA OF PyI® IN ACETONE AT 26° + 3°C

S.No. Conc. Corrected Equivalent C AC 1/ Ac K& = Cﬂ(?‘/
G it NS @ dl @olar? o A @)
C x 105 (mho Cm™l)  (uho Gn Equiv'l) el B No e
L x 10% 10
1 20.0 14.3340.01  71.65+0.50 14.3340.10  13.96+0.09  0.4329+0.003  6.61+0.13
2 6.0 5.83+0.09 97.17+1.66 5.83+0.10  10.29+0.18  0.5870+0.0101 5.02+0.29
3 2.0 2.23+0.01 111.5+1.0 2.2340.62  8.97+0.08 0.6736+0.006 2.78+0.10
4 0.6 1.03+0.02 171.6745.0 1.03+0.03  5.83+0.17 . .
5 0.2 0.59+0.02 300 + 10 0.60+0.02  3.34+0.11 - -

a) l-gthyl-4-carbomethoxy pyridinium iodide.

b) The corrected specific conductance of Pyl solutions were obtained by subtracting the specific
conductance of solvent to that of solution.

6 1

c) Specific conductance of Acetone used (Lg) =7.2 + 0.2 x 10"° mho Cm

d) The value of Ao has been determined from extrapolation toy c = o in al\c Vs.V ¢ plot (Fig.4.15 (e))

Ao = 165.52 mho Cm® equiv.”

e) Average value of ion-pair dissociation constant, K = 4.80 + 1.57 x 10_3 equiv./liter
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TABLE - 20

COND?CTIVITY DATA OF PyIa IN CHClg AT 36.5°j_ 1°%
S.No. Conc. Specific Equivalent Log A Log C

(Equiv./ conductance conductance £

ther)3 (mhos/Cm% /\c=1000 LC/C 102

C x 10 Lc x 10 102
1 20.0 30.2+0.90 15.10+0.45 =862..13+1.29 - 1.69
2 20.0 18.0+0.20 18.00+0.20 -74.48+0.48 - 2.00
3 50 3.99+0.04 7.98+0.08 -209.69+0.55 - 2.30
4 1.0 0.75+0.08 7.50+0.80 -112.74+4 .65 - 3.00
5 0.5 0.33+0.03 6.60+0.60 =118.23+3.95 - 3.30
6 0.2 0.10+0.01 5.00+0.50 -130.32+4.36 - 3.69

a) 1-Ethyl-4-carbomethoxy pyridinium iodide

b) Specific conductance of CHC].3 used 1 % 10_8 mho Cm“1
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TABLE -21

CONDUCTIVITY DATA OF PyI® IN CHCLY AT 26.5 + 2%

3
S.No. Conc. Specific Ecuivalent Log A Log C
(Equiv/Liter) Conductance conductance c
Bl 103 (mhostg;) /\c=10002LC/C 102
L. % 10 10
c
1 20.0 28.0+0.80 14.0+0.4 ~ 85.41%1.25 = 1.69
2 10.0 10.4+1.40 10.4+1.4 - 98.69+5.88 - 2.00
3 7.0 4.73+0.19 9.14+2.6 -105.78+1.30 -~ 2.16
4 5.0 2.52+0.08 5.04+0.16 -129.78%1.3 - 2.30
5 2.0 1.69+0.05 8.45+0.25 -107.34+1.28 - 3.00
6 0.6 0.45+40.05 7.5+ 0.83 -108.28+7.6 - 3.30
7 0.2 0.18+0.02 9.0+1.00 -108.45+8.45 - 3.69

a) 1-Ethyl-4-carbomethoxy pyridinium iodide

b) Specific conductance of CHCl3 used I = 10“8 mhos Cm~

1
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Fig. 4.1 NMR Spectrum of PyClO4 : TBAIL Solvent: Chloroform; Reference TMS.
0.1IM : 0.1M
HlLevel 0.5; Filter 20(Hz);Sweep Width (Hz) 600 ; Sweep Time (Sec) 250; Amplitude 10 x 9
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