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NMR Spectroscopy . .. .. .
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NMR spectroscopyis a form of absorption spectrometry.
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Most absorption techniques|(e.g. — Ultraviolet-Visible and Infrared) involve A ﬁ°“?~5'
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the electrons... In the case of NMR, it is thé nucleus df the atom which
defermines the response. " U

. An applied((magnetic) field Js necessary for the absorption to occur.
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Nuclear Magnetic Resonance (NMR) Spectroscopy
direct observation of the H’s and C’s of a molecules
fopic. number = wmber” of

Nuclei are positively charged and spin on an axis; they create a tiny magnetic field = number € € gy 5
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Not all nuclei are suitable for NMR. apomic 13
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'H and *3C are the most important NMR active nuclei in organic chemistry
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Nuclear Spin

A nucleus with an odd atomic number or an odd mass number
has a nuclear spin.

* The spinning charged nucleus generates a magnetic field.
[ 525162 ey il csbe Ll

Calsdl 5o spinning proton loop of current . bar magnet
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Spectral Properties, Application and Interactions of Electromagnetic Radiation

Wave Wavelength  Frequency
Energy Number V A v
Electron
volts, Type Type Type
Kcal/mol eV enr! cm Hy Radiation spectroscopy Quantum Transition
9.4x 107 4.9x10° 33x 3x10U 1021 " |Gamma T
1010 a Gamma ray
Y emission Nuciear T
X-ray Electronic
| =7
9.4x10° 49x102 3.3x10° 3x107 1017 ray absorption, (inner shell
emission v
Ultra
9.4x 10" 4.9x10° 3.3x10* 3x10° 1015 - violet | | UV absorption Electronic
Visible T (outei shell)
9.4x10" 4.9x102 3.3x102 3x103 1013 nfrared | | IR absorption  Molecular
vibration Molecular
rotation
3 4 0 1 1 _| Micro- T Microwave I
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Magnetically
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Spin Quantum Numbers

Energy levels for a nucleus with spin quantum number 142

Applied
\ Mo field magnetic field 13 /
; m= - 15 C

Energy
()

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

then the nucleus has NO spin. o

* If the number of neutrons plus the number of protons is odd, then ®H
the nucleus has a half-integer spin (i.e. 1/2, 3/2, 5/2) EIf

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

oL

then the nucleus has an integer spin (i.e. 1, 2, 3) C Ay G2 550X ha 1 ol
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SPIN QUANTUM NUMBERS OF SOME COMMON NUCLEI

The most abundant isotopes of C and O do not have spin.

. 2

P=1, N=1 P=6, N=6
| =2INer] 2|:| 12C
FHomic NMumber 044 emen
Alomil mass even |ven
Nuclear Spi Vv’ X
Quantum No 1 )
9l + AxOt
( I ) -3
No. of Spin 3 0
States
V¢ 1 A — é
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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|2] + 1] where 1 is the spin quantum
number. :




Table. General rules for determination of nuclear spin quantum numbers

Mass Number  Number of Protons  Number of Neutrons Spin (I) Example
Even Even 0 180 L
Even
Odd Odd Integer (1,2,...) 2H /
Even Odd Half-Integer (1/2,3/2,...) Bo [/
Odd
odd Even Half-Integer (1/2, 3/2,...) sy

|4N aJaw 1/
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toms active in NM
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|= 1/2: 1H, 13C, 19F, 31P
I=  1:  2H, 14N

= 3/2: 15N
pet
Atomsﬂ

active in NMR
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No magnetic field
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Applied magnetic field B

(a)

(b)
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Behavior of spinning protons with®

external magnetic field
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lower energy
more stable

(a-spin state)
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higher energy
less stable

(B-spin state)



THE NUCLEUS IN A MAGNETICFIELD ¢ g A

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 (B-spin state) to the

external field.
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Applied magnetic field By

No magnetic field

Nuclear Spin Energy Levels
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B-spin state
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In a strong magnetic field (B,) the
two spin states differ in energy
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Energy of spinning nuclei
The energy of the nucleus in th g?se two states (orientations) is given by:

umagh P Syofe
i) Vb 2

| Po
. \ |
Energy of a-state ab PD\“’\‘ :3—9) Energy of -state
(spin aligned) Ch Q?/;J (spin opposed)
2)h ’ y(=3)h
B E =- B
+/ 0 -1 21 0
_ _E g, -Mp
E+%  4n By  4n°
Energy difference h h h
between the two | AE = y—BO —(— A B,) = A B,
state 4m 4m 2T

Absorption of electromagnetic radiation of frequency v that
correspond to in energy to AE

AE = lfv =ﬂ{BO
2T
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AE and Magnet Strength

The energy difference between aligned and opposed to the external magnetic field (Bo) is generally small and is
dependentupon Bo
Applied EM radiation (radio waves) causes the spin to flip and the nuclei are said to be in resonance with Bo

JEC I tate ——

1
|

: |
— | B, | hv = AE

|
ay U 3 I
. 8‘ -.‘ o ““’
o state—
SEein Dok aOoe - Thomeos Leaving Strength of :l'l’.l."ll fieid, B, .

B, = external magnetic field strength
AE =hv y = gyromagnetic ratio
'H =26,752 s'lgauss!
13C=6.7 s'gauss™!

=)

.In a 14,092 gauss field, a 60 MHz (60,000,000) photon is required to flip a proton.

. Low energy, radio frequency.
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