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Introduction

N.M.R. = Nuclear Magnetic Resonance

Spectroscopic technique, thus relies on the interaction between material and electromagnetic radiation

The nuclei of all atoms possess a nuclear quantum number, L. (1=0, always multiples of '/2.)

Only nuclei with spin number (I) >0 can absorb/emit electromagnetic radiation.

Even atomic mass & number: | =0 ('2C, '°O)
Even atomic mass & odd number: | = whole integer ('“N, 2H, '°B)

Odd atomic mass: | = half integer ('H, '3C, '°N, 3'P)

U

The spinning nuclei possess angular momentum, P, and charge, and so an associated magnetic moment, .

u=y x P

Where Y is the gyromagnetic ratio



Spin State

The spin states of the nucleus are quantified:

L(-1),3-2),...,-]

Not all nuclei are suitable for NMR.
= 14 (eg.1H) 'H and °C are the most important NMR active nuclei in
TeE organic chemistry
Natural Abundance
'H 99.9% BC 1.1%
12C 98.9% (not NMR active)
A
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2 .
g % Vs AE=hv=hyBo/2TT
V2
Bo=0 Bo>0

Strength of the applied field (B,)



Boltzmann Distribution

/ l / In the ground state all nuclear spins are disordered, and
et \ there is no energy difference between them.They are

\/. T \ \\ degenerate.

Since they have a magnetic moment, when we apply a
l T l T l strong external magnetic field (Bo), they orient either

against or with it:

T B, Thereis always a small excess of nuclei (population
T I T l T T excess) aligned with the field than pointing against it.
¥l/ [ T I B
| A AE=hvo=hyBo/2TT
u Tin u u u B,>0 Vo is the Larmor Frequency
+ 444414 X wo=YBo, angular velocity

102 4 I . B =0 T T T 11

y-rays - :: Mossbauer ] aldehydic °

X-rays 4 aromatic | Each level has a different population (N), and the difference between the two is related
101 T | oefinic | to the energy difference by the Boltzmman distribution:

ultraviolet 10 1 electronic 200 - 5 | acetylenic
isible T —'P aliphatic
VISTE 0 0] — @AE/KT
infrared =+ vibrational ch/NB =e
1012 L P 100 4—13C Slppm
microwave 1010 :: rotational /
1 v IMHz
108 — NMR
radiofrequency AE for 'H at 400 MHz (Bo = 9.5T) is 3.8 x 10-> Kcal/mol
108 +
No/Ng =1.000064
v/Hz

The surplus population is small (especially when compared to UV or IR).

That renders NMR a rather insensitive technique!



Concept of Chemical Shift

v=1/At

Y
— At —

FT
time domain ::> frequency domain /\ /\ FT
\/ \/ \/ time frequency

The Chemical Shift

The NMR frequency V of a nucleus in a molecule is mainly determined by its
gyromagnetic ratio Y and the strength of the magnetic field B

_1B
Y 2m

The exact value of V depends, however, on the position of the nucleus in the molecule or
more precisely on the local electron distribution

this effect is called the chemical shift

Nuclei, however, in molecules are never isolated from other particles that are charged
and are in motion (electrons!).

Thus, the field actually felt by a nucleus is slightly different from that of the applied
external magnetic field!!



Concept of Chemical Shift

AE=hv=hyBeff/2TT B, is given by Bo-B'= Bo-Bo0=Bo(1-0)  v= 1Bo(1-0)

2p
V=V
5= (V-Yrer) 106 =1(Q°¢ (C,e:-0) O is the chemical shift
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Shieldini& De-shielding

v When an atom is placed in a magnetic field, its electrons
Induced field circulate about the direction of the applied magnetic field.
This circulation causes a small magnetic field at the nucleus

which opposes the externally applied magnetic field

External
magnetic

v This ultimately decreases the effective magnetic field felt
by the proton, shifting the signal to the higher magnetic
field. This is called local diamagnetic shielding.

v When H atom is bonded with an electronegative atom, this
electronegative atom attracts the electron towards it. Thus
the density of the electron cloud decreases and as a result
de-shields the nucleus. In this cause the resonance occur at

a lower magnetic field.

Circulating
electrons

~

>
Dehielded Shielded B,




J-J Coupling

Effect of neighboring protons — spin-spin coupling Consider two protons H, and H;, - neighbors
B Case 1 Case 2 Case 1
no spin-spin interaction spin-spin interaction

| Bp ———
H Ba __T

af 4
8 T Jab Jab
oo A 1

Absence of any interacting protons

No neighboring protons H, Hp
No spin-spin coupliflg — on!y a single only two transitions four transitions,
peak for each chemically different one for H, and one two each for H, and
nrotan for Hy Sb
¢ C H
No Coupled c (l: C—H \ MUltlpllClty (2HI+1)
I B No Coupled —
Hydrogens | C=C A Singlet
C A Single Hydrogens s .
R 3, ForI=%, (n+])
| i .
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Two Coupled N Hyd = I'_’I I"’l ADoublet
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C i <
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J S A AR A
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Hydrogens bt (I: C-H v A~ A Quartet H.v:l./ \C-w\ of Doublets



NMR Characteristics
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NMR spectrum of the hydrogen nuclei of ethanol (CH ,CH,OH)




Instrumentation
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. L Richard Robert Ernst

- ' awarded the Nobel Prize in Chemistry in 1991 for his contributions
~ Y towards the development of Fourier transform Nuclear Magnetic
Resonance (NMR) spectroscopy

2013-During Lindau Nobel Laureate Meeting
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