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NMR Spectroscopy

NMR spectroscopy is a form of absorgtion spectrometry.
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Most absorption techniques (e.g. — Ultraviolet-Visible and Infrared) involve

the electrons...
determines the response.

in the case of NMR, it is the nucleus of the atom which

An applied ield is necessary for th@on to o@
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Nuclear Magnetic Resonance (NIV[R) Spectrosc,opy
direct observation of the H's and C s of a molecules

Nuclei are positively charged and spin on an axis; they create a tiny magnletlc field
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Spectral Properties, Application and Interactions of Electromagnetic Radiation
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. A nucleus with anlodd atomic number or an odd mass number
has alnuclear s@
 The spinning charged nucleus generates a magnetic field.
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Spin Quantum Numbers

Energy levels for a nucleus with spin quantum number 1/2

Applied
No field magnetic field

N [=—

m= -

Energy
o

The number of spin gtates is 2l + 1,
where I is the spin quantum number.

3
]
+

N =

* If the number of neutrons and the number of protons are both even,
then the nucleus has'NO spim.

* If the number of neutrons plus the number of protons is odd, themn |
the'nucleus'hasathalf-integerspin (i.e. 1/2, 3/2, 5/2) -

* If the number of neutrons and the number of protons are both odd,

then thetnucleusthasramintegerspin (i.e. 1, 2, 3)
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ON NUCLE!

t have spin.

SPIN QUANTUM NUMBERS OF SOME COMM

The most abundant isotopes of C and O do no
2 . [ p=s, N-Si 7 | p=7,N=7| |[P=8, e
T 1 1N | =

Element 2H | 12C 14N O
Nuclear SpiniZ: =~ & - .
Quantum No}; 1 L/ | 1 IREY

() : : | e
No. of Spin 3 3
States 7 5 ..,f:ﬁ‘

Elements with either odd number of protons or neutrons (odd
mass number or odd atomic number) have the property of

nuclear “spin”.

The number of spin states is 21 + 1, where I is the spin quantum
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Table. General rules for determination of nuclear spin quantum numbers
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—8  odd Odd Integer (1,2,...) 1y
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Atoms active in NMR

| = 1/2: H, 13C, 19F, 3P
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Atoms active in NMR
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THE NUCLEUS IN A MAGNETIC FIELD

When nuclei are exposed to

external magnetic field of strength

B,, their spins line up parallel to
the applied field, either spin
aligned (a-spin state) or spin
opposed (3-spin state) to the

external field.
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In a strong magnetic field (B,) the
two spin states differ in energy
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AE and Magnet Strength
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The energy difference between aligned and opposed to the external magnetic field (Bo) is generally

small and is dependent upon Bo
Applied EM radiation (radio waves)

with Bo
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causes the spin to flip and the nuclei are said to be in resonance
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B, = external magnetic field strength

¥ = gyromagnetic ratio
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Shielded

Protons
Magnetic field strength must be increased for a
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Protons in a
Molecule
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* The number of signals shows how many different kinds of protons
are present.
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