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2, BASIC THEURY OF NMR SPECTROSCOPY.
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2.1  INTRODUCTION 3

1t is well known that nuclei posssess mass as
well as the electric charge along with intrinsic
mochanical spin or angular momentum. The maximum
measurablo component of the angular momentum (ie.
Spin guantum numbsar 1) has values which are integral
or half integral miltiples of 527 Where h=planck's
constant depending upon atomic Qaight and atomic
number of the atom. The atoms with both odd-odd
atomic number and atomic weight has spin gquantum
number always of half integral multiple 0?15%; and
the atoms with odd=even atomic number and atomic

weight have spin gquantum number of integral multiple

h
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atomic weight has zero quantum number and hence have

. The atoms with even=sven atomic numbar and

no angular momentumj such atoms can not be studied
using NMR spectroscopy. This indicates that nuclei
with angular momentum only can be studied using NMR

spactroscopy.

If an external magnetic field (Ho) is applied
to a system of nuclei with magnetic moments, these
nuclear magnets will experience torques and will tend

to be lined up parallel to the field. Such magnetic
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Pield at ths site of a nucleus is the applied field
modified by certain sffects depanding upon nuclear
environments and the local magnsatic field is determined
by number of factors including the polarization of
remote parts of the sample, magnetic momants (nuclear
and slectronic) of nsighbouring molecules the
jntramolecular affacts due to other nuclei and
electrons in ths seme mblecule. It is due to these
effacts that NMR is of potential value in problems
involving the investigations of molecular structure

and environmental effacts to structural chemists.

For spin % nuclei ir diamagnetic materials

important parametars in NMR spectra are =

1) Chemical Shift.

2) Indirect spin=spin coupling constant.
3) Direct dipole=dipole coupling constant.
4) Relaxation time and line width.

5) The anisotropy of chemical shift.

NMR spactra of nuclei with spin?&ﬁ are in addition
influenced by Guadrupole and higher rank of interactions
(27). 1In paramagnetic spacies, additicnal factors
influence the spectra in the form of shifting and/or
broadaning the spectral linss. For the praesant work,
only nuclei of epin:&“are considered hencs tha parameters

1 to 5 mentioned abuve are discussad.
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2.2 Chemical Shift &

An atom or molscule in magnetic field acquires
a diamagnetic moment dus te induced orbital motions of
the slectrons; a secondary magnetic fisld is produced
at the site of nuclei having a direction opposite to
the direction of applied magnstic fisld. Since, the
inducad currents ars directly proporticnal ts the applied
magnetic field, the magnitude of secaondary fields is
also proportional to Ho. This induced field screens
the applied field at the site of nuclei and fiocld
experienced by nuelei becomes Ho(1=C) where & =is
dimensionless quantity known as 'sereening constant?,
5

Tha magnitude of Screening constant varias from 10%

for protons to 10'2~Fnr heavy atoms (28).

Vaiues of ¢ differ for nuclei in different
envornments. Consequently, resonance for such nuclei
occur at differsnt applied magnetic fields at constaht
radio=-frequancy; the diffsrence is directly proportional
to the difPerencas in ¢ values. This displaiemsnt
of the signal for different chamical %Qﬁgﬁguxﬁﬁrdue
to difference in the screening constant is called ths
chemical shift and is directly proportional to the
applisd magnatic fisld. The chemical shifts are

usually exprassad in terms of dijmension-less parameter é‘



given by the eguation (2.2).
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Wherd Heregonant Piald of the signal being maasuzed

at a fixed fraquancy and Hrethe corrasponding rascnaht
Pield for ths second proton signal chosen as referanca
signal, since tho proton chomizal shifts ara of the
order of 10°8, thay ara convaniently expressed in

parts per million (pepoms) definod by equation (2.3)

A¥in Heptzs PFM.
F(Spoccroneter Frequancy in maga Hertzs.

Where A m Y e e the ssparation batween the
resonanca fragquencies of nucleus under consideration
and that of referance necleus, generally internal
referancs TMS-~Tetra lMethyl Silane. From above
discussion of chamical ghift, it can also be defined
in torms of the screening constantsd « IF & and OF
ara raspectively the scrasening conatant of the proton

£o ba moasuraed and that of referé@ncs proton then

& ym S lx10%6 phpe  (2.4)

~

Aceordingly, a positive value of © corragponds io
higher slectrenic scresening than that of the raferdnce
protons. The chemical shifts 0 s in parts per
million, for a perticular nacleus in differant

compounds measured from the sama rafergnce are the
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same as for tha corresponding isotopic compounds

measured from the isoctopically subati?uted rafer@nce.

In fact, chemical shift changes with the orientation
of the nueleus relative to the applied magnetic field
and iz actually a second rank tensor with as many as
nine independent components. Howsvar, due to rapid
molscular motione, &the NMR spectra of isotropic liquids
and gasas arz influenced by single parameter preportional
t0 the trace of the tenscr. On the other hand, if the
nmotion of the molecule is anisotropic, le.8., when it
is dissolved in an anisotropic selvent such as liguid
crystal solvent, the spectra may in addition be
influenced by other elements of the chemical shift
tonsor. The interpratation of spectra in isotropic
solvents is, therofore, considerably simple but the
additional information about the chemical shift

anisotropy is lost,

263 Indizect Spin=Spin counling constant 3

The high rasolution NMR szpectra often conalst
of mors lines than are axpected on the basis of chemical
shift alone., This multiplicity of the lines is
independent of the applied magnatic fisld and
temperaturs variations, These multiplicities of

lines ars due to interactions betwsen nuclear spins



via wloctzons. (29). In liquids, the interaction

enargy is given by

/S E gt 31§ 1313 (2.5).
v

Whore Jij-ecoupling constant belween nuclei 1 and j.
axXa measurad in Hze. For protons iis megnitude

is of the order of 10 Hzs. In the czsa of spin §
nuclei so coupled, the resonance of each oRa is split
into a doublet with spacing =qual %o Jij. The sign of
the spin=spin cquplinq constant may be positive or
negative depending upon the relative orientations of
the coupling spins. If the spin arientations of the
coupled nuclei are antiparallel, the coupling batwesn
tnem is referred to as positivas whereas if they are
parallol, tha coupling is negative (30). The relative
intensities of lines duas apin-spin coupling are in

the ratio 0f tha corrasponding binomial coefficients.
From tha values of relative lins fintaensities of the
signals obtained, information can ba obtainad about
the number of aquivalent protons giving rise to each
signal. The slectronecouplad gpin~=gpin interaction
usually attanuatas rather rapidally with the number

of chemical bonds separating the two nuclei in question,
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2,4 Direct dipcle=dipols coupling constant 3

1t avises due to ths interaction of nuclear
dipoles irn space. The magnetic field of one dipole at
the site of ancther is proportional to (3cpaz uij-1)/
rij3, where (9;;15 the anale which the axis joining
nuelei i and § makes with the applied magnetic field
dipections and ©ij io the distance between the two
nuclei. The interaction, therafore, provides usaful
informakion on She meleculapr gaometty, A fine structure
in the NMR spechodie ie obiained due to this type of
interacsion, For nuclel sspardad by 1&0, this

interantion may he of magnituds o several KHZ,.

Sinaa the nuolear apine can align parallel ox
antinarallel ts tha divechion of applied magnetic
Piold, {(For I=}) such an intaraction produces a doublet
for sash of the twe intzraciing nuclei, This is knoun
as tha dirsct dinole=dipole in%araction, This type
of interactiosn is two times largst than the interaction
due to spinespin couplings. Direct dipola=dipole
jnteraction dapsnds upon the internuclear distances,
it may provide usaful noometrical information if 1t
doeg not vanishe Due to rapid molncular motions in
tha liquids and gases where all 'e are equally
probable the average value of {30932H13~1) is zero,

pesulting in less of tha information carried by this



0]
co

jnteraction. On tha other hand, in solids both ths
inter and the intramolecular dipola=dipole interactions
are nenvanishing which results into broad lines in their
MMR spectre. The goometrical infermation in such cases
may be derived from line width measuraments but with

low precisione.

Experiments, whare intermolecular dipolar
couplings are averaged out and the intramolecular ones
have non=zero valuss praovide mors pracise information
on molocular geometry, since it is dorxived from line
positions which can bse measured more accarately than
line widths. Pioneering expsriments in this direction
were carried out in 1963 by Saupe and Englert (10) who
suggested the use of nematic 1iquid crystal solvent as
an anisotropic media for orienting moleculas in NMR
studies. This technique has since than extensivaly
used to dériva information on relative inter muclear
distancas, bond order and bond angles. The tschnique
provides a unique method for the precise determination
of molscular shape in the liquid cryastal solvent. 1In
addition, thiec method provides information on tha
anisotropic contributions to the chemical shift and
to the indirect spin=spin coupling constants (31=33),
Sush information is not obtainable from the Spectra

in isotropic media.



2(0)
T
2,5 Relaxation times and line widthsg 3

Energy soparation betwsen two spin states of
nucleus (with spin + %) in an external magnetic field

Ho is equal to 2{Ho as shown in Fig. 2,1.
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Fig. 2¢1 Zeeman splitings of nuclear ensergy levels

in a magnatic field.

This spliting of energy lovels in a magnstic
field is referred to as nuclaar Zesman splitingsj
Where ' =ig magnatic moment of the nuclesus. If such
nuclei are in thermal equilibrium at a temperature T,
the lower of the two states is morelopulated., The
distribution of spins among the possible states is
gomatimes discussed in terms of the concaept of spin
temperature Tz, The distribution of aspins in different
levals is governed by the Boltzmann distribution law,

The relative spin populations in the twoe levels can be

- 2 ‘o
expressad approximately By s - 1+ s o So that
Ze

spin tempaerature Tz=T the thermal equilibrium
temperature and n+ and n=- are tha spin populations of

the lower and upper states raspectively. When such



nuclei ars-subjected to a radio-Frequsncy field of
suitable Prequsncy being the principia of NMR, some

of the nuclei ir ths lower snsrgy lsvsl absorb enargy
and go to the higher enezgy lavel., The populations

of tho energy levels are nou different Prom their
pquilibrium states. The pepulation nf upper level
inecroases. 1t may, tharaefore, appear that some time
when both the levels become equally populated, the
absorption of energy from r.f, should zoass; contrary
to the general absarvation. This indinates that some
of the nuclei in highar enargy lovel must be giving up
enarqy to other degress of freedom in the system i.8.
to the lattice (34). This process known as spin=
lattice relaxation, accurs exponentially with
characteristic time T, callad spin lattice ralaxation
time, Such a process is important as it not only helps

to maintain pesonance but governs its line width also,

Spins of the nuclei also ¢ransfer enargy by
intcracticns among themsalves. This process is called
spinespin relaxation that occurs with a characteristic
time T2 callad the spin-spin relaxation time. The
local fialds producad by such an interaction among
magnatic neighbours have in gengral a static and an
pscillating components. The static components add to

or substract Prom the external field and consequently
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the fialds at the sites of different nuclei are

diffaerent giving rise to line broa@ﬁlng. The oscillating
components produce spin exchanges shortning the life

of a nucleus in particular spin state and broaden the

reaaonance line.

Theao relaxation process are the main cause of
line broading in NVMR aspsctroscopy. The filtdd innomogensity,
the unrasolvad couplings, the dipolar and quadrupolar
{1=1) relaxation times are also tho additional factors
causing the line broadﬁing. To minimise the line
bruaqging effaects, nothing can be done excapt to adjust

the homogeﬁity of field and concentration of thae sampla.
N

2.6 The Anisotropy of Chemical shift

In isotropic media dus to random motion of nuclei
in all possible directions being equally probable the
chomical shift is identical along all direactions; but
in anisotropic madia such as linguid crystalsolvents
the chemical shift along the direction of magnetic
field and perpendicular to magnatic field diffar in
magnituds giving riss to tha effect called anisotropy
in chemical shift. To considar this anisotropic

contrabution of chamical shift Por liquid crystal
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solvent the factor (Jdiy -+ ¢ ) must be considered
whike analysing the spsctrum. This anisotropic affect
is found to be more in fluorine compounds as compared
to others, The anisotropy in chemical shif¢, spine
spin-coupling and direct dipolar coupling should be
taken into account for analysing only Fluorine
compounds and for other compounds the affect is

negligible,



